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Abstract: This review gives insights into the levels of metals in urban dust, their determination
methods, and risk assessment. Urban dust harbors a number of pollutants, including heavy metals.
There are various methods used for the sampling of urban dust for heavy-metal analysis and source-
apportionment purposes, with the predominant one being the use of plastic sampling materials to
avoid prior contamination. There are also various methods for the determination of metals, which
include: atomic absorption spectroscopy (AAS) and inductively coupled plasma-mass spectrometry
(ICP-MS), among others. Studies have shown that pollutants in urban dust are mainly derived from
industrial activities and coal combustion, whereas traffic emissions are also an important, but not a
predominant source of pollution. The varying particle-size distribution of urban dust and its large
surface area makes it easier for the deposition and transport of heavy metals. Risk-assessment studies
have shown that metals in urban dust could cause such problems as human pulmonary toxicity
and reduction of invertebrate populations. The risk levels seem to be higher in children than adults,
as some studies have shown. It is therefore important that studies on metals in urban dust should
always incorporate risk assessment as one of the main issues.

Keywords: heavy metals; pollution; urban dust; risk assessment; toxicity; human health

1. Introduction

The urban atmosphere is a recipient of various hazardous contaminants from both
stationary sources, such as industries, thermal power stations, waste incinerators, and
mobile sources, such as motor vehicles. Furthermore, many cities are recipients of frequent
dust storms from long distances [1], such as dust particles from the Sahara desert, which,
under certain weather conditions, are transported across the Mediterranean Sea to some
cities in Europe [2]. By definition, dusts are solid particles, ranging in size from below
1 µm up to at least 100 µm, which may be or become airborne, depending on their origin,
physical characteristics, and ambient conditions [3]. Urban dust is often contaminated
with hazardous substances, which following dermal contact, inhalation, or ingestion
can cause cancer and non-cancer-related adverse effects in humans and other organisms.
Heavy-metal levels in urban dust and soils are an important indicator of environmental
contamination [4].

It is particularly important to study human exposure to urban dust because modern
urban areas are often densely populated due to the presence of industrial and commercial
activities as well as easy access to amenities such as transportation, electricity, water,
entertainment, and healthcare. This results in intense resource consumption and generation
of waste that may result in emission of hazardous atmospheric dust [5].

The atmospheric concentration and toxicity of urban dust depends on its location,
nature of sources, proximity to sources, physico-chemical composition, and season. Ur-
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ban dust contains about two to three times the hazardous metal concentration found in
urban soils [6].

In China, heavy-metal (Cu, Pb, and Zn) levels were greater in cities located in the south
than in the north [7]. Furthermore, dust from commercial and residential areas accumulated
more Cd than dust from industrial and traffic areas, while dust from industrial areas and
residential areas accumulated more Pb than dust from commercial and traffic areas. A
comparison of 2007 and 2012 contamination levels also indicated temporal changes, with
lower Cd concentrations in 2012 than in 2007; this change could be attributed to relocation of
many industries from the Beijing region [8]. These and other studies have shown the impact
of sources and proximity of receptors to sources on the concentration and composition of
atmospheric dust.

Since there are seasonal changes in climatic conditions such as temperature, rainfall,
and humidity, as well as changes in the types and intensities of human activity, many
studies have reported seasonal differences in atmospheric particulate matter (PM) and
heavy-metal concentrations in PM [5,9,10]. Temporal variations, such as seasonal, week-
day/weekend, and diurnal/nocturnal fluctuations, may provide additional information
on the sources of PM [11]. Moreover, various methods exist for source apportionment of
atmospheric dust. All these approaches can have an impact on the results of health-risk
assessment that are conducted in various urban areas to evaluate the potential adverse
health impacts of atmospheric dust on humans and other species.

Indeed, health-risk assessment of heavy metals in urban dust has been conducted in
various countries including, inter alia, Iran [12,13], China [14–16], Nepal [4], Armenia [17],
Malaysia [18], and Pakistan [19]. These studies have shown different levels of heavy metals
in urban atmospheric environments, as well as different levels of risk, through inhalational
exposure, ingestion, and/or dermal contact. Furthermore, the assessment of heavy metals
and the subsequent risk assessments were conducted using different approaches. There-
fore, this paper presents a review of the literature on heavy metals in urban atmospheric
dust, focusing on key findings, common areas and gaps in studies, the methods used for
sampling, analysis of dust, source apportionment, and health-risk assessment.

2. Sampling Methods for Urban Dust

There are various methods of sampling urban dust. Those that have been reported
include the use of: a plastic dustpan and a brush [14,20–22], a plastic hand broom and
dustpan [23,24], brushing 1 m2 of previously delimited surface of asphalt [25], an ABA-
1-120-02A portable aspirator [17,26], a brush and plastic hand shovel [27], a vacuum
cleaner [8,28], and a portable high-pressure washer device with a piston fitted into a rigid,
sealed rubber dome [29].

These methods are used mainly for dry dust samples. According to Lundberg et al. [30],
in snowy and wet conditions, a wet dust sampler (WDS) becomes handy. The wet dust
sampler uses a principle of flushing high-pressurised water over a defined surface area
and transferring the dust-laden water into a container for further analyses.

Apart from these methods that are used for the actual sampling of the dust for
heavy-metal analysis, Colinet [31] describes some dust-sampling instruments that contain
detectors that give the real-time concentration of dust in a specific area. These include a
gravimetric dust sampler that provides time-weighted-average respirable dust concentra-
tion, and a personal dust monitor (PDM) that provides instant measurement of respirable
dust. Combining these methods of dust sampling with the results of heavy-metal analysis
gives an idea of the potential risk of urban dust to human health.

3. Determination Methods for Heavy Metals in Urban Dust

The determination of heavy metals in urban dust has been done using different
methods across the globe. The commonly used methods are summarised in Table 1.
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Table 1. A summary of the dust measurement methods.

Method Used for Measuring Dust References

Atomic Absorption Spectrophotometry (AAS) and Atomic Fluorescence
Spectrophotometry (AFS) [32,33]

Inductively Coupled Plasma-Dynamic Reaction Cell-Mass
Spectrometry (ICP-DRC-MS). [28]

Inductively Coupled Plasma Mass Spectrometry (ICP-MS) [20,23,24,34]

Atomic Absorption Spectrophotometry (AAS) [5,17,26,27,35]

Inductively Coupled Plasma-Optical Emission Spectroscopy (ICP-OES)
and Cold Vapor Generation-Atomic Fluorescence Spectrometry

(CV-AFS, XGF-1011A)
[8,14,22]

X-ray Spectrometry for Energy-Dispersive Spectroscopy (EDS) [36]

Energy-Dispersive X-ray Fluorescence Spectroscopy [21,37]

Flame Atomic Absorption Spectroscopy (FAAS) [29]

Energy-Dispersive
X-ray Analysis (EDXRA) [38]

According to Bioline [39], the following factors should be considered when purchasing
equipment for analysis of samples in the laboratory: price, service contract (warranty),
availability of spare parts and consumables, technical support and system updates, and
end-user ability to operate the equipment. There are also other factors such as time taken
by the instrument to complete analysis, accuracy, and precision.

According to Brooks Applied Labs [40], due to its ion beam smoothing technology,
the ICP-DRC-MS has been seen to support a much more static ion beam, leading to less
variability in replicate measurements. The ICP-DRC-MS also has another advantage, which
is that elements with a high first ionization potential can be determined with no loss of
sensitivity [41]. The disadvantages of ICP-DRC- MS are the high initial capital costs and
the exorbitant operational costs. According to Wilschefski and Baxter [42], the ICP-MS has
the following as advantages: multi-element technique, large analytical range, low detection
limit, low sample volume, and a very high level of interference control. It has the following
disadvantages: high equipment and operating costs, and it requires a high level of staff
expertise and that interferences be controlled. ICP-AES (also known as ICP-OES) has the
following advantages: multi-element technique, large analytical range, low sample volume,
and simple sample preparation. The following are the disadvantages of ICP-AES: high
detection limit, high equipment cost, and high level of human-resource expertise. Flame
atomic emission has the following advantages: reasonable equipment cost, low level of
staff expertise, simple sample preparation, and low laboratory setup cost. The following are
the disadvantages of flame atomic emission: single-element technique, limited analytical
range, high detection limit, higher sample volume, and use of flammable gases. Flame
atomic absorption has the following advantages: reasonable equipment cost, low level
of staff expertise, simple sample preparation, reasonably high sample throughput, and
few interferences. The following are disadvantages of flame atomic absorption: single-
element technique, limited analytical range, high detection limit, higher sample volume,
and use of flammable gases. Atomic absorption (cold vapour/hydride generation) has the
following advantages: low detection limit, reasonable equipment cost, few interferences,
and low laboratory setup cost. The following are disadvantages of atomic absorption (cold
vapour/hydride generation): suitable for limited elements, limited analytical range, low
sample throughput, high sample volume, and complex acid digestions are required for
biological samples.

Mathias [43] gave the following as advantages of X-ray spectrometry: analysis is effec-
tive across a range of organic and inorganic materials, analyses stainless steel passivation,
effective at identifying surface contaminants, and is an efficient testing method in that
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an analysis can be done within 30 min. The disadvantages are that sample size matters,
there are challenges with reproducibility, and samples must be compatible with a high
vacuum environment.

4. Source Apportionment of Heavy Metals in Urban Dust

The heavy metals in dust from various sources have been shown to have different
bioavailabilities that result in different health-risk levels [44]. Therefore, the determination
of different constituents of urban dust and their levels together with their sources is impor-
tant for their risk assessment and management [45]. Quantification of health risks according
to sources, rather than individual pollutants, may reveal complex pollutant interactions
that reflect the relationships between urban dust and adverse human health [46].

The most common approaches used in source apportionment of urban dust include
receptor models and isotopic analysis. Receptor models include chemical mass balance
(CMB) analyses, enrichment factor (EF) analysis and statistical multivariate factor analysis
such as positive matrix factorization (PMF), principal component analysis (PCA), clustering
analysis (hierarchical cluster analysis), and multivariate curve resolution [47]. Receptor
models require the analysis of physico-chemical properties of dust measured at one or
more specific receptor sites [48], as well as the use of databases that contain chemical
analyses information for both major and trace chemical compounds from various emission
sources [47].

Chemical mass balance (CMB) approaches are widely applied for source apportion-
ment to estimate contributions from all independent sources using mass-balance equations
that account for all chemical species in the available number of samples [49]. CMB analyses
use physico-chemical characteristics of particles measured at various sources and receptors
to estimate contributions of each source to the receptor [46]. CMB approaches calculate a
solution to a set of linear equations that express ambient chemical concentrations at each
receptor as a linear sum of products of source-profile abundances and source contribu-
tions [50]. The main assumption in CMB approaches is that chemical profiles at the source
do not change as the pollutants are transported from the source and to the receptor. This
assumption may not be valid at all times. Enrichment factor (EF) analysis has been used to
study sources of pollutants by discriminating anthropogenic sources from natural sources
in sample matrices such as soils and urban dust [51]. This approach compares the relative
concentration of an analyte accumulated in dust to that in background:

EF =

(
Cx

CRe f

)
sample(

CX
CRe f

)
background

where Cx is the concentration of target metal and CRef is the concentration of the reference
element [52]. A reference element is characterized by large stability in the soil and absence
of vertical mobility and/or degradation [53]. An EF close to 1 indicates that the element
did originate from the soil [54], while EF values greater than 1 typically indicate that
the sample is enriched from anthropogenic sources [51]. Due to limited capabilities to
discriminate among multiple sources, EF analysis does not identify sources in complex
source setups. Statistical multivariate approaches such as PCA are better at distinguishing
multiple sources. Nevertheless, statistical approaches just provide general information
about sources.

The multivariate methods provide information about association among pollutants
and their sources in a manner that is not possible with conventional descriptive statistical
analyses. Correlation analysis can be used to investigate chemical–environmental associa-
tions among heavy metals that can reflect possible relationships among their sources, while
PCA can unravel existing relationships between environmental (meteorological) factors
and concentrations of heavy metals [55]. Cluster analysis (CA), which aggregates data
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according to the similarity of their features, simplifies and classifies the characteristics and
properties of environmental pollutants in a specific region [56].

Isotopic analyses are based on ratios of some stable isotopes such as carbon, oxygen,
and lead to provide sources of urban dust. Isotopic analysis provides more specific and
accurate approaches for identification of sources in urban dust [8]. Lead isotopes have
been the most widely used in the source apportionment of heavy metals. Natural lead
comprises four stable isotopes—Pb-204, Pb-206, Pb-207, and Pb-208—in ratios that vary
over time due to the radioactive decay of 238 U (206 Pb), 235 U (207 Pb), and 232 Th (208 Pb).
Since anthropogenic lead has different isotopic ratios from geogenic sources such as soil,
Pb-bearing media can reliably be distinguished from each other [57]. Other heavy metals
used in isotopic analysis include, among others, Cd [58], Hg [59], Cu, and Zn [60].

Generally, source apportionment is important for the prevention of heavy metals
in urban dust. However, source-apportionment methods are deficient or inadequate
when applied exclusively. In this regard, the integrated use of suites of complementary
source-apportionment tools can eliminate their individual deficiencies and provide a more
accurate approach for identification of sources of urban dust. For example, [51] used PEF
analysis to confirm the anthropogenic origin of Na, Cu, Cd, Zn, Sn, K, Ca, Sb, Ba, Ti,
Ni, and Mo. Among these sources, hierarchical cluster analysis (HCA) and PCA could
identify four sources, including soil, asphalt wear, tyre wear, and brake wear. Similarly,
Huang et al. [59] used isotopic analysis, GIS mapping, and multivariate statistical analysis
for source apportionment in peri-urban agricultural soils: GIS mapping could show that
Cd pollution originates from point sources, whereas Hg, Pb, and Cr were from both point
and non-point sources. Principal component analysis (PCA) indicated that Mn and Ni
were from natural sources, while Hg, Pb, and Cd were from two different anthropogenic
sources, which CA identified as wastewater, industrial solid wastes, road dust, fertilizers,
and atmospheric deposition.

Zhao et al. [61] used isotopic analysis and multivariate statistical analysis for soil
apportionment of heavy metals in urban road dust in China. The isotopic analysis could
show that Pb in dust was mainly from vehicular traffic and industrial emissions (at 61%
and 26% contributions, respectively), while Sr originated from anthropogenic sources and
the soil (at 59.7% and 40.3% contributions, respectively). On the other hand, multivariate
statistical analysis could show that the total heavy metals primarily originated from motor
vehicles (43%), industrial emissions (29%), soil (21%), and unknown sources (7%). The
isotopic analyses and multivariate statistical analysis were perfectly complementary.

5. Levels of Heavy Metals in Urban Dust

Table 2 shows levels of heavy metals in urban dust from some parts of the world.
These values were comparable in most cases, but there were still some extremes. For
example, a value of 141 mg/kg for Ag from Nepal [4] did not compare well with values
of 5.5 mg/kg and 4.55 mg/kg from Angola [62] and Spain [63], respectively, for the same
metal. This was also the case for the other metals. The main cause of these variations was
the presence of such industries like mining and others near the sampling areas.
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Table 2. Heavy-metal levels in urban dust of some parts of the world.

Metal Max. Detected Conc. (mg/kg) Country Author

Ag

141 Nepal [4]

5.5 Angola [62]

4.55 Spain [63]

Cd

55.8 Nepal [4]

11.0 China [7]

0.85 Iran [13]

0.352 Poland [36]

4 Angola [62]

104 Spain [63]

2.54 South Africa [64]

0.78 India [65]

Co

46.1 Nepal [4]

7 Angola [62]

11.5 Spain [63]

36.2 South Africa [64]

16.9 India [65]

Cr

712 Nepal [4]

233 China [7]

105.9 Iran [13]

1058.7 Mexico [21]

60.2 Colombia [27]

211 Poland [36]

37 Angola [62]

54.5 Spain [63]

221.9 South Africa [64]

75.4 India [65]

Cu

1250 Nepal [4]

261 China [7]

232.5 Iran [13]

490.2 Colombia [27]

176.2 Algeria [35]

239 Poland [36]

118 Angola [62]

374 Spain [63]

157.2 South Africa [64]

56.8 India [65]
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Table 2. Cont.

Metal Max. Detected Conc. (mg/kg) Country Author

Ni

210 Nepal [4]

129 China [7]

117.9 Iran [13]

75.6 Algeria [35]

43.7 Poland [36]

32 Angola [62]

74.3 South Africa [64]

66 India [65]

Pb

1070 Nepal [4]

375 China [7]

234.3 Iran [13]

1070.1 Mexico [21]

1289.4 Colombia [27]

993.84 Algeria [35]

430 Poland [36]

1856 Angola [62]

964 Spain [63]

304.6 South Africa [64]

67.8 India [65]

558 United Kingdom [66]

Sb

17.5 Nepal [4]

9.45 Iran [13]

37 Angola [62]

9.00 Spain [63]

2.54 South Africa [64]

Fe

1070 Nepal [4]

50,298 Poland [36]

20,100 Angola [62]

Mn

3480 Nepal [4]

652 Iran [13]

974.4 Algeria [35]

728 Angola [62]

3.148 Spain [63]

392.4 South Africa [64]

658 India [65]
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Table 2. Cont.

Metal Max. Detected Conc. (mg/kg) Country Author

Zn

2300 Nepal [4]

2716 China [7]

778.3 Iran [13]

4426.4 Mexico [21]

387.6 Colombia [27]

1009 Algeria [35]

2030 Poland [36]

1412 Angola [62]

23,400 Spain [63]

754.3 South Africa [64]

163.6 India [65]

As

13.8 Nepal [4]

8.6 Iran [13]

7.8 Angola [62]

26 Spain [63]

5.02 South Africa [64]

4.1 India [65]

Hg

4.504 Iran [13]

0.57 Angola [62]

10.8 Spain [63]

The presence of heavy metals in urban dust has been studied, and is prominently
used as one of the indicators of environmental contamination across the globe [8,12,67].
Most of these studies have linked the presence of heavy metals in urban dust to station-
ary (power plants, industries, incinerators, and residential heating) and mobile sources
(vehicular exhausts and abrasion of vehicle body parts such as tyres). As observed by
Benhaddya et al. [35], the differentiation of dust particle sizes and their large surface area
makes them an excellent mode of transport and deposition of heavy metals in the envi-
ronment. Urban environments have also been subjected to impacts of dust storms, which
are known to collect and deposit pollutants in cities [68,69]. A study by Zhu et al. [70]
revealed that metal pollutants in the dust in urban environments were derived mainly
from industrial activities and coal combustion, whereas the traffic emissions were not a
predominant source of pollution.

A wide range of sizes of dust particles also was reported by Abbasi et al. [71], who
used fluorescence microscopy to establish that dust particles from areas with heavy traffic
circulation were finer than those from other locations. Liu et al. [72] additionally linked
population density to toxic levels of heavy-metal pollution in urban dust. Since the
population densities of most cities worldwide continue to increase due to urbanization,
there is need to devise mechanisms that will abate the levels of these heavy metals in urban
dust [72]. In the literature reviewed, it was shown that the most studied heavy metals in
urban dust include Hg, As, Cd, Cu, Cr, Ni, Mn, Fe, Pb, Sb, and Zn [35]. A study by Ferreira-
Baptista and De Miguel [62] found elevated levels of arsenic and lead in dust particles
in the streets of Luanda in Angola, despite uncertainties regarding the sources, exposure
factors, and toxicity values of the heavy metals. Similarly, Benhaddya et al. [35] found that
levels and non-carcinogenic health risk from heavy metals (Cu, Mn, Ni, Pb, and Zn) in
urban dust from Hassi Messaoud in Algeria were extremely elevated. Olowoyo et al. [64]
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also found elevated concentrations of Pb, Mn, Cu, Zn, and Cr in urban classroom dust from
selected high schools in Pretoria, South Africa. On the contrary, a study by Liu et al. [72]
found that “the non-carcinogenic health risk resulting from exposure to the potentially toxic
metals from urban trunk roads (TR) in Nanjing, in China, was within safe levels based on
the Hazard Index (HI), except in pollution hotspots where exposure to Pb, Cr, and Cu may
be hazardous to children”. A study by Praveena [22] in Malaysia found that the highest
potentially toxic element concentration in urban road dust was Pb (593.3 mg/kg), whereas
the lowest was Co (5.6 mg/kg), and a linkage to anthropogenic sources (urbanization
process, industrial and commercial growth, and urban traffic congestion) was stipulated.
The findings by Praveena [22] were consistent with findings by Shabanda et al. [18], who
reported Pb, Cu, and Zn as the most representative metals in dust samples from Petaling
Jaya, Malaysia.

Another study done by Sahakyan et al. [17] in Armenia established the presence of
heavy metals (Pb, Zn, Cu, Cr, Ni, and Mo) in urban dust, and the mean concentrations of
all the detected metals exceeded geochemical background levels by 1.1–5.0 times. A study
of the spatial characteristics and pollution levels of metals in urban street dust of Beijing,
China [73] established varied concentrations of heavy metals in the following descending
order: Mn > Cr > Cu > Pb > Ni > Cd.

Elom et al. [66] found urban dust in cities in the northern part of United Kingdom
to contain total lead concentrations ranging from 306 to 558 mg/kg, which was above
those found in other cities worldwide. Rajaram et al. [74] studied heavy-metal levels in
the city of Delhi in India, and found that the levels were low and quite comparable to
those in other cities in the world. A study by Amato et al. [75] that instigated heavy-
metal loadings in road dust (below 10 mm) in the three European urban cities of Barcelona,
Girona, and Zürich established that the loadings were lowest in Zürich (Switzerland), while
Barcelona (Spain) recorded the highest concentration of the three cities. Davila et al. [38]
found acceptable levels of heavy metals in urban dust in the city of Vigo (Ria de Vigo) in
Spain, the main source of which was found to be harbor activities and vehicle emissions.
These findings contrasted remarkably with the high levels of heavy metals from the city
of Talcahuano in Chile, which exceeded the ecologically safe levels for avian wildlife as
established by the Environmental Protection Agency [76]. However, a study of heavy
metals in urban dust in the three cities of Torreon, Chihuahua, and Monterrey in northern
Mexico [77] established very high levels of heavy metals (greater than EPA limits), especially
in residential neighbourhoods around metal smelting and refining sites, thereby posing a
health risk to the people residing there. The findings from all these studies clearly showed
that heavy-metal pollution in urban environments is noticeably becoming an issue of
concern and a threat to urban human population.

6. Risk Assessment

Risk assessment is performed to systematically evaluate the potential adverse health
impacts from chemical exposures. The current risk assessment process comprises four
steps that include hazard identification, dose-response assessment, exposure assessment
and risk characterization. The hazard-identification step aims to determine the inherent
potential of a substance to cause harm in vitro or in vivo (in animals or humans).

Hazard identification of urban dust from various places has shown its hazardous
nature. For example, Adamson et al. [78] showed that urban dust from Canada could
cause pulmonary toxicity (inflammation and fibrosis) that could be attributed to metals
in the soluble fraction. The metals included some heavy metals such as copper, iron, lead,
tin, titanium, and zinc. Urban dust in such countries as Italy and South Africa has also
been shown to be highly toxic to invertebrates (Sphaerechinus granularis and Caenorhabditis
elegans) [79] and the BEAS-2B cell line [80]. In a comparative study [81], Zn and Cu in
urban dust was shown to be most likely to cause lung injury and inflammation compared
to similar concentrations of other metals such as Ni, Fe, Pb, and V. These studies show that
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the inherent hazardous nature of the dust depends on the composition and the inherent
source of the dust.

The dose-response-assessment process aims to evaluate responses at particular expo-
sure levels [82], where a response can be any “detectable adverse alteration of morphology,
functional capacity, growth, development or life span of the target organism” [83]. In most
cases, urban dust was shown to elicit effects in a dose-dependent manner. For example,
O’Driscoll et al. [84] showed that ambient urban dust caused a route- and dose-dependent
reduction of pathologic T cells in the central nervous system. Similarly, urban dust has
been shown to cause dose-dependent DNA damage [85].

Risk assessment of urban dust requires the assessment of exposure of various popula-
tions to urban dust in the exposure-assessment step. For inhalational risk, exposure can be
assessed using actual external exposure based on ambient exposure levels or simulated
internal exposure using lung deposition, bioaccessibility, and clearance of particles in the
lungs. Indeed, Goix et al. [86] showed the importance of the use of the relevant size frac-
tions, as well as the bioaccessibility of the heavy metals, in urban dust in risk assessment.
In other words, knowledge of the total concentration of heavy metals in urban dust is not
sufficient for the assessment of its risk.

Indeed, size fractions and particle size have been shown to be an important deter-
minant of both toxicity of particles and risk. For example, Mirowsky et al. [87] showed
that the aerodynamic size was among factors that affected the response of pulmonary
endothelial cells to reactive oxygen species (ROS), as well as inflammation in mice. Size
and size fractions are important for two reasons. First, there are higher concentrations of
heavy metals in small particles than in larger fractions [88]. Han et al. [89] showed that
with the exception of Ba and Co, other metals such as Cr, Pb, and Zn were accumulated in
the <50 µm particles. Hieu and Lee [90] also reported high concentrations of heavy metals
(Cd, Cr, Cu, Ni, Mn, and Pb) in fine particles, with high concentrations of only two heavy
metals (Fe and Zn) in coarse particles. Similarly, use of size-selective particle sampling
could reveal increasing heavy-metal concentrations with decreasing aerodynamic diameter
for V, Mn, Ni, Cu, Zn, and Cd, while some heavy metals, including Mo, Fe, Sb, Sn, and Pb,
were largely concentrated in fine particles [91].

Second, smaller particles penetrate deeper into the lungs than larger particles [92,93].
As an example, Deng et al. [94] reported that coarse particles (>2.5 µm) were mainly
deposited in the tracheobronchial region, while fine particles (<2.5 µm) were mainly
deposited in the pulmonary region. For these, reasons, deposition modelling is required in
the health-risk assessment of urban dust. Deposition models, such as the multipathway
particle dosimetry model (MPPD), International Commission on Radiological Protection
(ICRP) models, and the National Council on Radiation Protection and Measurement (NCRP)
model, provide more accurate lung-dose estimations by incorporating specific physico-
chemical and biokinetic parameters that affect the dose of inhaled particles.

Using the MPPD model, Long et al. [95] estimated a non-carcinogenic risk (HI) of less
than 1 from pulmonary-deposition fractions ranging from 12.4% to 15.1% and 6.66% to
12.3% for fine and coarse particles, respectively, for 17 elements. Megido et al. [93] also
used the MPPD model to show that 40.2% of the particles were inhaled and deposited in
the human respiratory tract, with 12.3% of the particles reaching the deepest zones.

Non-cancer risk can also be based on heavy-metal doses calculated using simple math-
ematical equations that are based on the United States Environmental Protection Agency
(USEPA) methodology for risk assessment. For example, Equations (1) and (2) can be used
to calculate the daily dose resulting from inhalation (Dinh), while Equations (3) and (4) can
be used to estimate the ingestion (Ding) and dermal (Dder) doses, respectively:

Dinh =
Cp × InhR × Pa × RF × ET × EF × ED × CF

BW × AT
(1)

Dinh =
InhR × Pa × RF × ET × EF × ED × CF

PEF × BW × AT
(2)
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Ding =
Cp × IngR × EF × ED × CF

BW × AT
(3)

DDer =
Cp × SL × SA × AF × ABS × EF × ED × CF

BW × AT
(4)

where Cp is the chemical concentration in airborne particles (mg/mg), Pa is the particle
concentration in air (mg/m3), RF is the respirable fraction of particulates (unitless), InhR
is the inhalation rate (m3/day), ET is the exposure time (h/day), ED is the exposure
duration (days), BW is the body weight of the exposed group (kg), ABS is the absorption
factor (unitless), AF is the soil-adhesion factor (in mg/cm2), and AT is the averaging
time (days) [96,97]. PEF is the particulate emission factor that relates the concentration
of contaminant in soil with the concentration of dust particles in the air [98]. A default
PEF value of 1.36 × 109 m3/kg is commonly used. Equation (2) and PEF are used when
the concentration of the heavy metal in the atmosphere is not known, as required in
Equation (1).

Non-cancer risks are estimated by comparing the dose with toxicological parameters
such as the reference dose to calculate hazard quotients (HQs), hazard indices (HIs), and
margin of safety (MOSs), or NOAELs to calculate the margin of exposures (MOEs). The
risk of cancer from genotoxic carcinogens is estimated using Equation (5):

Risk = LADD × CSF (5)

where risk is a unitless probability of an individual developing cancer, LADD is the
lifetime average daily dose (mg/kg/d), and CSF is the cancer slope factor expressed in
(mg/kg/d)–1.

LADD
(

mg
kg.day

)
= C × EF

AT
× (ingRchild ×

EDchild
BWchild

+ ingRadult ×
EDadult
BWadult

)× 10−6 (6)

Using PEF, LADD can also be estimated for the inhalation route using Equation (7):

LADD
(

mg
kg.day

)
= C × EF

AT×PEF ×
(

InhRchild × EDchild
BWchild

+ InhRadult × EDadult
BWadult

)
× 10−6 (7)

For the inhalation route, the exposure concentration (EC) can be used directly, together
with inhalational unit risks (IURs), to estimate the incremental cancer risks, as shown in
Equation (8) [99]:

Risk = IUR × EC (8)

The IUR can be calculated from the CSFs and is expressed in units of 1/µg/m3, while
the EC has units of µg/m3. The IURs, also known as unit-risk estimates [100], are used to
estimate lifetime cancer risks associated with inhalation exposure to carcinogens [101].

These and similar equations have been used to estimate exposure and risks of exposure
to heavy metals in urban dusts in many cities around the world. In some cases, there are
no appreciable cancer and non-cancer risks, while there are significant risks in others.
For example, Chonokhuu et al. [102] calculated acceptable non-cancer and cancer risks
from urban dust in industrial cities of Mongolia. Similarly, non-significant cancer and
non-cancer risks have been reported in other places, such as in Ahvaz, Iran [103] and
Northwest China [104]. On the other hand, major cancer and/or non-cancer risks were
reported in Baotou city in China [105], Tianjin in China [15,106] and the Persian Gulf [107].

In many risk-assessment reports, significant differences have been reported between
risks for children and those for adults. For example, in Tianjin, China, total carcinogenic
risk for children (2.01 × 10−3) was almost twice that for adults (1.05 × 10−3) [106]. The
non-cancer risk for children (0.588) was also twice as large as that for adults (0.280). Similar
differences have been reported elsewhere, including in Lanzhou, Northwest China [104],
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Jharia (India) [65], and the Persian Gulf [107]. These differences were attributed to higher
metabolic rates, as well as differences in hand-to-mouth activities and time-activity patterns
between adults and children [97].

Notable differences have also been reported between risks from outdoor and indoor
urban dust [34]. These differences have largely been attributed to differences in composition
of indoor and outdoor dust that result from differences in the sources that contribute to
these types of dust. For example, in Southwest China, the non-cancer risks for Zn, Cr, Mn,
Hg, and Cu were mainly attributed to indoor dust, which had higher levels of Pb, Cd,
and As than did outdoor dust [34]. Potential sources of the pollutants in indoor dust were
cited as animals, furniture, and other human activities such as smoking, cleaning, and
coal combustion. Similarly, in Kuala Lumpur, Malaysia, the major source of heavy metals
in indoor dust was road dust (69%), whereas soil was the dominant source for outdoor
dust (74%) [108]. The differences in levels of heavy metals in urban dust are likely to be
site-specific, and it is therefore important to account for these differences in the design of
risk-assessment studies of heavy metals in urban dust.

In source-specific risk assessments, distance from the source is an important factor
that determines the level of risk. For example, in China the concentration of Pb in ur-
ban dust decreased exponentially with increasing distance from lead industries [109,110].
Therefore, the level of risk in relation to distance from one source can be estimated using
an exponential equation of distance from the source. In the presence of numerous sources,
Yu et al. [109] showed that the use of Bayesian analysis could result in less uncertainty for
estimating Pb dust than maximum likelihood estimation (MLE). These tools can be used in
conjunction with spatial statistical tools, such as spatial interpolation and ordinary kriging,
to prepare contour maps that allow more elaborate visual assessment of the distribution of
heavy metals in urban areas [56].

The most recent studies on the health-risk assessment of heavy metals in atmospheric
dust have been conducted in the Northern Hemisphere; i.e., Europe, North America, and
Asia. In particular, there have been numerous studies in cities in China, with some notable
differences and similarities among various cities, depending on the prevalent sources in the
city. For example, in the eastern Chinese city of Huainan, street dust contained moderate
to high levels of Cd and Hg, primarily from motor vehicles, industries, weathering of coal
dust, and natural soils, as well as coal combustion [111]. Similarly in Beijing, street dust
contained high levels of Cd and Hg, in addition to other metals, from motor vehicles, coal
combustion, metal manufacturing and processing industries, as well as use of pesticides,
fertilizers, and medical devices [112].

In northern Spain, elevated concentrations were reported for Zn, Cd, and Hg in dust
samples from streets located near industrial areas. The most important sources were
metallurgical processes, transportation of raw materials for local industries, and motor-
vehicle traffic [63]. In the Polish city of Lublin, levels were reported for heavy metals
(Zn, Cd, Cu, Pb, Ni). Cu and Zn in road dust decreased between 2013 and 2018, and
were assessed to not pose a significant risk to human health [113]. Overall, since 1990, the
concentration and environmental risks of many heavy metals have declined in Europe, as
shown by biomonitoring studies in mosses [114]. Nevertheless, hotspots still remain, such
as Albania, where dominant sources include natural contamination and dust emissions
from local mining operations and mineral dumps [115].

Few studies have been conducted recently in Africa on the health-risk assessment of
heavy metals in urban atmospheric dust. In Ghana, both non-cancer and cancer risks for
heavy metals in dust around fuel filling stations were reported to be below the threshold
values [116]. These results were similar to the findings on environmental and human health
risk of heavy metals in atmospheric PM10 around gas-flaring activities in Nigeria [117].
In South Africa, dust from inside and outside classrooms had elevated concentrations of
Zn, with significant differences in the concentrations of trace metals from the schools [64].
Positive correlation showed that elements such as Pb, Cu, Zn, Mn, and Sb possibly had one
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common source. In Egypt, widespread heavy-metal contamination was reported, especially
Pb, Mn, and Fe, in outdoor, indoor, and street dust [118].

In addition to the estimation of risks using HQs and incremental cancer risk, pollution
indices are often used in the risk assessment of heavy metals in soil and dust. These
indices help to assess the extent of contamination, as well as to determine if the source
of contamination is due to natural processes or anthropogenic activities. These indices
have been adequately and comprehensively discussed elsewhere, most notably by Kowal-
ska et al. [119]. Generally, the determination of metals in urban dust is important, but it
will be more significant if risk studies are added on top of mere analysis of toxicants.

7. Conclusions

As shown in this review, there have been many studies conducted on heavy metals in
urban dust. These studies have shown that urban dust in close proximity to industrial or
other anthropogenic activities tend to have higher heavy-metal concentrations than that
sampled in other areas. The dust in areas of high anthropogenic activities such as mining
poses a high risk to both humans and invertebrates. To compliment studies on metal levels
in dust, it is always important to carry out risk assessments. These risk-assessment studies
are important, as they have revealed which groups of individuals are more at risk than
others, and which type of dust (indoor vs. outdoor) contains more contaminants than the
other. Quantification of health risks according to sources, rather than individual pollutants,
is important for risk mitigation and management, and it may reveal complex relationships
between urban dust and adverse health.
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