O o ~NO U b

10
11
12

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

28

29

30

Heavy metal levels of outdoor dust from the Eastern Mediterranean

Sea region and assessment of the ecological and health risk

Akbar Abbasi®", Fatemeh Mirekhtiary”, Hesham MH. Zakaly4

) Faculty of Art and Science, University of Kyrenia, Kyrenia, TRNC, via Mersin 10, Turkey
b) Department of Engineering, Near East University, Nicosia, TRNC, via Mersin 10, Turkey

°) Physics Department, Faculty of Science, Al-Azhar University, Assiut Branch, Egypt
9 Institute of Physics and Technology, Ural Federal University, Ekaterinburg, Russia

*Corresponding author: akbar.abbasi@kyrenia.edu.tr, Orcid id: 0000-0002-4664-3744
Tel: +90 392 650 26 00

Fax: +90 392 650 26 50

Abstract

As a result of some chemical elements (heavy metals) pollution of dust, the environmental concern of
environmental pollution of dust has become an increasing concern, necessitating an assessment of risks to
both ecology and human health, particularly in urban areas. The majority of these pollutants settles on the
outdoor and eventually become part of the outdoor dust. These will have negative long-term repercussions
on ecosystems and human health. In this research, energy dispersive X-ray fluorescence (EDXRF)
spectrometry analytical method was used to assess the pollution characteristics of the eight heavy metals
(HMs): Mn, Cu, As, Hg, Ni, Cr, Zn, and Pb in the East Mediterranean Sea area. The concentration of As,
Mn, Cr, Cu, Hg, Ni, Pb, and Zn analyzed in outdoor dust samples varied from 0.94 to 19.52 mg kg™!, 190.08
to 1019.7 mg kg!, 20.46 to 45.9 mg kg!, 19.5 to 62.56 mg kg™, 0.01 to 0.93 mg kg!, 10.48 to 40.64 mg
kg'!, 12.6t036.1 mgkg',and 48.96 to 112.41mg kg™, respectively. HMs have been detected in the outdoor
dust samples analyzed in the study and, as a result, mean concentrations followed the order
Mn>Zn>Cu>Cr>Ni>Pb>As>Hg, respectively. The ecological risk was observed at various contamination
levels, with As and Hg pollution being the most severe. The highest hazard quotient (HQ) for adults and
children was determined as a result of As and Cr, respectively. According to the US-EPA health risk

threshold, the risk of cancer risk in study area is negligible.
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1- Introduction

Some chemical elements, called heavy metals (HMs) in this manuscript are the main toxic
elements in atmospheric dust pollution, and due to their high toxicity, inability to dissolve, and
persistence, they pose a risk to both human health and the environment (Li et al. 2022; Sultan et
al. 2022). All terrestrial ecosystems contain natural components of the Earth's crust, including
these elements, as well as anthropogenic elements from industrial activity and mining. As their
concentration in natural ecosystems has changed over the past decades, however, this research
tried to understand their adverse effects (Abbasi and Mirekhtiary 2020a).

There are many different sources of HMs in urban soils and outdoor dust, including products of
industrial processes, agricultural production, and other human activities (household trash,
transportation, building, mining, etc.) (Wu et al. 2022). Due to this property of these materials,
they are able to make into direct contact with the mouths and hands of humans infiltrate agricultural
or aquaculture products. Subsequently, there is a potential for indirect eaten by humans, which
poses a threat to human health (Pandion et al. 2022). Regarding to prior research, intemperate
heavy metals in the human body have a negative impact on organs, immunological systems,
endocrine systems, skin damage, skin cancer, peripheral neuropathy, vascular disease, and
endocrine enzyme damage (Barchielli et al. 2022; Goyal et al. 2022; Nivetha et al. 2022).

It is believed that the higher the heavy metals, the more they are produced as they are the result of
the traffic emissions, land development, and industrial activities which surround all those urban
resources. Depending on the levels of pollutants in the air in different cities, pollution levels vary
quite a bit by the human activities (for example, industrial activity, traffic, etc.) and technologies
used, as well as the local weather and wind conditions (Wang 2016).

Outdoor HMs and particles eventually deposit on land via wet and dry deposition processes,
resulting in pollution buildup(Altaf et al. 2021). Moreover, HMs deposited on the ground might be
washed away by rainwater runoff, contributing to the total contamination of recipient aquatic
bodies (Weerasundara et al. 2017; Vithanage et al. 2022).

Non-essential and essential metals in the human body are typically classified as non-essential
metals and essential metals, respectively. Terms of essential metals, like manganese and chromium
are essential in body metabolism, while non-essential metals are those such as arsenic, mercury,
and lead, which are non-essential (Jiang et al. 2020). For the proper functioning of living beings,
essential metals are essential for maintaining a stable level of health and wellness. Deficiencies or
harmful effects are induced on living beings when essential metals are reduced or overtaken over
their required range. Metals that are not essential in small quantities are toxic and pose a significant
health risk to individuals who are exposed to them (Abbasi et al. 2022a).

The damage caused by heavy metals in the environment on the general population is not directly
observable in the same way as diseases, but many of the effects that may result from an increase
in heavy metal pollution are subclinical and therefore undetected, but they are not as visible as
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disease does. It may be that some of these effects are latent and will be detected later on after the
toxic stress has abated. Furthermore, the effects of heavy metals are determined by the
concentrations of the metals reaching the individual, which cannot be predicted because of
stochastic variables such as weather conditions and distance from the source of the metals. Because
of these stochastic factors, the number of occurrences of a particular effect cannot be measured
directly. Since these stochastic factors cannot be directly measured, it's impossible to determine
how often a particular effect occurs (Krenkel 2013).

Several studies have demonstrated that HMs may be harmful to both natural systems and human
health (Abbasi and Mirekhtiary 2020b; Roy et al. 2022; Wang et al. 2022; Zhou et al. 2022; Ajayi
et al. 2023). The purpose of this research referred to evaluate the concern of heavy metals Arsenic
(As), Manganese (Mn), Chromium (Cr), Copper (Cu), Mercury (Hg), Nickel (Ni), Lead (Pb), and
Zinc (Zn) in outdoor dust of the Eastern Mediterranean Sea region, and assessed the risk in the
study area. For this purpose, the HMs concentration, pollution index, and Health risks
(noncarcinogenic and carcinogenic risks) were calculated in the study area.

The novelty and purpose of this literature for the readers is to present the concentration of heavy
metals in outdoor dust on the island of Cyprus which is surrounded by water. The importance of
this issue is because of the origin of this pollution that reaches this island from across the waters.

2. Materials and methods
2.1. Study area

The north area of Cyprus is located between latitude 35° 10" 17.6275" and 35° 42' 6.9002" N and
longitude 32° 42' 58.6763" and 34° 36' 37.5529" E, West of Syria and south of Turkey. Cyprus is
the third largest island in the Mediterranean after Sicily and Sardinia. The greatest dimensions of
this island are 220 km in length and 90 km in breadth. The area of Cyprus Island is roughly 9251
km?. The study area was selected from the northern section of Cyprus. There is an old copper mine
in the study area. The mining started in the western coastal region in 1914 because of the ancient
Roman slag piles that were rich in copper, and the firm was founded in 1916. The mine left behind
tons of tailing deposits that were left exposed to the environment when the mining operation was
abandoned in 1974 (Abbasi et al. 2022b).

Fig 1. Sampling sites in the Eastern Mediterranean Sea region based on their geographical location
2.2 Collecting and preparing the samples

A total of 54 outdoor dust samples from 19 sampling sites (each weighing over 100 g) were
collected from various places in the fall season of North Cyprus that were identified as highly
populated distribution districts (Fig. 1). The samples were collected from the untouched places
that indicate the settling of dust from the air. These places included the edge of some buildings
and some parked cars. At each sample site, a dirt-free polymeric dustpan and brushes were utilized,
and sampling was done carefully to limit the disruption of small particles. As described in the
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literature, our sampling preparation procedure is very similar to the one that has been used in
previous studies (Abbasi et al. 2022a). The samples were delivered to the laboratory in self-sealed
polyethylene containers. Initially, materials such as small fragments of brick, paving stone, leaves,
and other waste were removed. The samples were then dried in an oven at 105 °C for 48 hours
before being mechanically sieved. The grain size of the sample was 65 pum when sieved.
Subsamples were weighed and stored in polyethylene container in a dry area until analysis. There
were a variety of particles that were selected for this fraction, including those of 65 micrometers
in diameter, since these particles can be efficiently carried in suspension and the finest particles
can remain outdoor for an extended period (Shilton et al. 2005). Additionally, fine particles are
typically connected with higher health concerns than coarser particles.

2.3 Heavy metals (HMs) analysis

Energy-dispersive-X-ray-fluorescence (EDXRF) spectrometry (Spectro Xepos) system was used
to analyze the HMs in the dust samples, and an X-ray tube was used (work power:50 W & energy
bond:60 kV). A band pass filter on the EDXRF spectrometer is designed to increase the
performance of the detector in the K-Mn range, while a highly annealed pyrolytic graphite
polarizer is designed to enhance the sensitivity to Na-Cl elements. The EDXRF spectrometer uses
polarization and secondary targets to enhance the excitation. It features software modules and an
autosampler that can sample up to 12 things. The target changer, which can accommodate up to
eight secondary targets with polarization, provides a wide range of excitation conditions to provide
the best determination of all components from K to U. The details of the analysis procedure have
been explained in the previous report(Abbasi et al. 2022a).

The sophisticated calibration methods used by the EDXRF spectrometer, such as "standard"
calibration, which is often based on the fundamental parameters (FP) approach, are used. The
EDXRF measurements were carried out by using soil reference elements (NIST-SRM-2709)
(Mackey et al. 2010) to ensure the system's quality control. The sample cups that had been prepared
for each soil sample were put into the automated sampler, and the analytical operations were
finished by counting them once every two hours. The analytical process's total level of uncertainty
ranges from 5 to 15%. The detection limits for Zn, Pb, Ni, Hg, Cu, and Cr were found in order of
0.5,0.8,0.5,1,0.5, and 1 mg kg™!, respectively.

2.4 Determination of pollution index

It is known as the pollution index (PI) which represents the ratio between the metal content of
outdoor dust and the reference material. The developed model by (Hakanson 1980) was used and
presented by Eq.(1). To assess the level of heavy metal pollution at each sampling site, PI values
were calculated. Hakanson's (1980) model divides contamination levels into four categories: P1 >
6, very high; 3<PI<6, high; 1<PI<3, moderate; and PI<1, low risk (Hakanson 1980). Moreover,
Tomlinson et al. (1980) established the pollutant load index (PLI) model to assess contamination
levels between various sample sites(Tomlinson et al. 1980). The PI values were calculated in Eq.
(1), and the PLI values were obtained in Eq. (2):
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PI = (1)

PLI = (PI{ X PI, X PI43 X ... X PIn)% )

There are three elements to this equation: PI represents the pollution index single factor for each
metal, C, represents the level of that metal in the dust sample and Cy, represents the background
level of that metal (mg/kg). Insignificant contamination: PI< 1, Moderate contamination:1-3,
Considerable contamination: 3—6 and High contamination: > 6 (Aguilera et al. 2021). Based on
the PI value of the dust quality, it could be categorised into three levels, namely low pollution level
(PLI<1), moderate pollution level (1 <PLI<3), and high pollution level (PLI>3) (Wan et al.
2016; Gupta et al. 2022) that in this research were called Category A, Category B, and Category
C, respectively.

2.5 Health risks assessment

The Environmental Protection Agency (Staff 2001)has developed a model that identifies the health
risks associated with inhaling, touching, ingestion, and skin contact with heavy metals in outdoor
dusts. This model was used to evaluate the health risks. Carcinogenic and non-carcinogenic risks
can be categorized into two categories according to the degree of health risk.

2.5.1 The noncarcinogenic effects

The noncarcinogenic health risk was evaluated as a function of daily dose and computed
independently for each trace metal and exposure pathway by Egs. (3)— (5).

ADD. — Caust XRmnhXEFXED (3)
imh = AT, oncaXBWXPEF
_ CaustXSAXAFXABSXCFXEFXED
ADDder - AT. <BW (4)
nonca
ADD.. . — CaustXRing<EFXEDXCF 5)
ng ATnoncaXBWXAT cqr

In the following formula, ADD;,, is a daily dose representing the average dose caused by
inhalation exposure (mg kg' day'), and ADDy,, is daily dose representing the average dose
caused by dermal contact exposure (mg kg™!' day™!), as well as ADD, 4 is daily dose representing

ingestion exposure (mg kg™' day™').The other parameters with references were presented in Table
1.

The hazard index (HI) and hazard quotient (HQ) are two parameters that used for noncancer risk
calculation. In the following Eqs (6) and (7) were used to determine the HQ and HI values:

ADDinh+der+ing
= 6
¢ RfD (6)
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In this case, RfD is an approximated value that determines the level of risk associated with
exposure to a particular element every day for the remainder of a human's life that can cause the
greatest harm to the population. It is currently recommended to use three different types of
reference doses (Rf D) to correspond to three different types of exposure pathways: reference dose
RfD, (mg kg ! day™) for ingestion, RfD ags (mg kg™ day™!) for dermal contact and RfD i (mg m"
3) for inhalation exposure. (USEPA 2013; Yadav et al. 2019).

2.5.2 The carcinogenic effects

The results for the lifetime average daily dose are based on skin contact, ingestion, and inhalation
exposure. To assess the carcinogenic effect of exposure to outdoor dust polluted with heavy metals,
the incremental lifetime cancer risk (ILTCR) was estimated. There are several ways in which the
additional lifetime risk of cancer induced by exposure to a carcinogen can be quantified by
studying the probability of developing cancer as a result of such exposure. EPA recommends that
typically tolerable cancer risks fall between 1x10° and 1x10#, based on its experience with cancer
risk (Means 1989). There is a combination of the lifetime average daily dose (LADDiun), the cancer
slope factor (CSFinn), and ILTCR that is determined using the following equations to estimate the
incremental lifetime cancer risk (ILTCR) caused by inhalation:

CaustXRinnXEFXED

LADDyy = dA;mxIBI:lePEF (&)
CaustXSAXAFXABSXCFXEFXED

LADD,,, = -2t AT XEW ©)
CaustXRingXEFXEDXCF

LADDy, = - AtTcaIX;WXATcaT (10)

ILTCR = LADD;,;, X CSF;np, (11)

where, LADDyp,, LADD 4., and LAD Dy, 4 are lifetime average daily doses of inhalation, dermal,

and ingestion, respectively. ILTCR 1is incremental lifetime cancer risk caused by inhalation
exposure. The other parameters with references were presented in Table 1.
Table 1. Variables and parameters of exposure applied in risk assessment calculation.

2.6 Statistical analysis

The HM's data were analyzed with the aid of Minitab® (Ver. 19) software, which was used to
calculate statistical parameters (Min, Max, Mean, Kurtosis, Skewness) of the data. To investigate
the sources of HMs in the dust, Pearson's correlation was applied, as well as principal component
analysis (PCA) was employed. Using Varimax rotations as the means of calculating factors and
clusters, we were able to perform factor analysis (FA, the components of the PCA). In order to
clarify the PCA results, a rotation such as Varimax was used since orthogonal rotation minimizes
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the number of factors with high loading on each component and thereby facilitates elucidation of
the results.

3. Results and discussion
3.1 Heavy metals concentration in outdoor dust

The concentrations of potentially harmful metals in the study area outdoor dust were presented in
Table 2. The mean concentrations of As, Mn, Cr, Cu, Hg, Ni, Pb, and Zn in outdoor dust were 7.66
mg kg!, 568.79 mg kg™!, 30.25 mg kg™, 46.76 mg kg!, 1.59 mg kg, 22.93 mg kg!, 22.36 mg kg
! and 87.94 mg kg'!, respectively. This table also includes the Earth’s crust average value
(reference values) for the examined HMs (Taylor and McLennan 1995) to compare the obtained
results. Based on this comparison, the average concentration of Mn and Cr was lower than the
Earth’s crust average value, while the average concentration of As, Cu, Hg, Ni, Pb, and Zn was
higher than the Earth’s crust average value. The other remarkable result is that As average
concentration (7.66 mg kg'!) was approximately five-fold of the Earth’s crust's average (1.5 mg

kg'l).

The highest mean value was found to be Mn (568.79 mg kg™!), followed by Zn (87.94 mg kg™!),
Cu (46.76 mg kg, Cr (30.25 mg kg™!), Ni (22.93 mg kg!), Pb (22.36 mg kg!), As (7.66 mg kg
1, and Hg (1.59 mg kg!). The mean concentrations of Cr and Mn were slightly lower than the
Earth's crust's average background value for soils worldwide, whereas the mean concentrations of
the remaining six heavy metals all exceeded the corresponding background values for soils in
Earth's crust. The average concentrations of Cr, Cu, Ni, Pb, and Zn measured in outdoor dust in
this study were less than in global studies(Aguilera et al. 2021; Long et al. 2021).

Abrasion processes in tires, brake wear, and corrosion of vehicle components, as well as outdoor
infrastructure, are linked to the origin of Zn, As, and Pb (Lough et al. 2005; Salma and Maenhaut
2006; Lopez et al. 2011). In the present study area, the distribution chart of As, Mn, Cr, Cu, Hg,
Ni, Pb, and Zn with the average value of each heavy metal is shown in Fig 2 . Also, the world
average levels of heavy metals described above are shown in the chart for comparison. (See Fig.2).

Table 2. The average concentration of HMs (mg kg™!) in outdoor dust collected from the study area
and Earth’s crust average (Taylor and McLennan 1995)

3.2 Risk assessment
3.2.1 Pollution index assessment

The average pollution index (PI) of all examined HMs is listed in descending order as follows: As
(5.22)>Hg (5.15)>Cu (1.93)>Ni (1.21)> Zn (1.16) >Pb (1.15) >Mn (1.11)> Cr(0.99) (Table.
3). According to (Hakanson 1980) developed model As and Hg indicated considerable
contamination level. Whilst, Mn, Cu, Ni, Pb, and Zn shown moderate contamination levels. Only
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Cr was included in the insignificant contamination category. The pollutant load index (PLI) of
each sampling site was calculated and presented in Table 3. The average pollutant load index (PLI)
in the studied area of 8.85 (>3) was estimated at a high pollution level. The comparable results of
the heavy metal analysis in outdoor dust were reported in Ordu (2.5), Artvin (2.1), Samsun (1.8),
Giresun (1.6), and Trabzon (1.2) as polluted category(Yesilkanat and Kobya 2021). The boxplot
of the pollution index (PI) with four contamination categories is presented in Fig 3.

Table 3. Calculated values of the pollution index (PI) factor of each metal, the pollutant load index
(PLI), and pollution category (PC) for metals in outdoor dust in study area

Fig 2. The scatter plot of heavy metals measured value along with the world average level in the
study area

Fig. 3 Box-plot of pollution index (PI) in the studied area outdoor dust samples (The grey point,
cross points and boxes mark are represents mean, median, and 25" and 75" percentile values.,
respectively. Classification of pollution areas separated by dashed lines.

3.2.2 The non-carcinogenic assessments

For non-carcinogenic risk, the hazard quotient (HQ) and hazard index (HI) parameter were
calculated. The HQ and HI values of heavy metals for both adults and children in different
exposure routes (ingestion, inhalation, and dermal contact) were estimated and the results have
been shown in Table 4. Ingestion was found to be the most common method of HMs in outdoor
dust exposure, followed by inhalation, and dermal contact was found to be the least common
pathway, which was comparable to (Taiwo et al. 2020; Gupta et al. 2022). The following is a list
of the three exposure paths for children and adults, in decreasing order of HM intake: Mn > Zn >
Cu > Cr > Ni > Pb > As > Hg. The HI values of the HMs were found 1.77E-03 and 8.66E-04 for
adults and children, respectively. Based on the results of the analysis, the HI values were found to
be lower than the safe level (HI<1) for adults and children indicate that there are no adverse
effects on adults or children that are non-carcinogenic (Fig.4). As seen in fig.4, the adult's average
hazard index (HI) is approximately 2 times more than children average hazard index.

The hazard quotient (HQ) distribution due to HMs in the studied area for children and adults were
presented in Fig 5. As shown in this figure, As elements indicated a significant range in adults.

3.2.3 The carcinogenic assessments

As shown in Table 5, the lifetime average daily dose (LADD) levels through three different
exposure pathways: inhalation, ingestion, and contact with the skin; as well as incremental lifetime
cancer risk figures for all HMs in outdoor dust have been calculated and summarized. Also, like
no-carcinogenic, ingestion was found to be the most common method of outdoor dust HMs
exposure, followed by inhalation, and dermal contact was found to be the least common pathway
of outdoor dust HM exposure in the study area.
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According to the results of the ILTCR calculations, the order of the ILTCR values for HMs is
Zn>Mn > Cu > Cr> Ni>Pb>As > Hg. The results of incremental lifetime cancer risk assessment
showed that ILTCR values for Mn, Cu, and Zn through all three paths were higher than 1.00E—6,
suggesting that using outdoor dust to study potentially toxic HMs is associated with a considerable
amount of carcinogenic risk. As a result, the level of carcinogenic risk calculated according to the
Environmental Protection Agency of the U.S for the study area was within the range of acceptable
levels (Means 1989). Figure 6 presents the box plot of ILTCR parameters for HMs in the outdoor
dust samples in the study area. The figure shows that Zn contribution to the ILCR parameter was
significant. According to (Chen et al. 2012) there is evidence that Zn contributes to urban dust not
only via industrial sources but as well from traffic and garbage. Results suggested that traffic
emissions and industrial pollutants are significant sources of HM enrichment in the study area.

Table. 4 The hazard index (HI) for non-carcinogenic risk and hazard quotient (HQ) of the children
and adults in the study area (n=54)

Table. 5 The lifetime average daily dose of inhalation (LADDjn), dermal (LADDyer), ingestion
(LADDing), and incremental lifetime cancer risk ILTCR in the study area (n=54)

Fig. 4 The dissemination of HI parameter for adults and children group
Fig. 5 The hazard quotion (HQ) distribution range for adults and children

Fig. 6 The box plot of incremental lifetime cancer risk ILTCR in the studied area outdoor dust

3.4 Statistical assessments

All of the metals examined in this study were correlated using Pearson coefficients in order to
establish inter-element relationships within the outdoor dust samples. The correlation matrix
obtained from the correlation analysis is shown in Table 6. In comparison with other heavy metals,
all of the pairs except Cu - As (-0.683) and Ni - Mn (-0.608) showed a significant correlation. A
significant correlation was also observed between Cr and As (0.620), As and Pb (0.657), Mn and
Zn (0.671), Cr and Ni (0.465), Cu and Pb (0.457), whereas no significant correlation was observed
between Cr and As (0.620). Some metals, including Cr, Cu, Ni, and Zn, have similar characteristics
and may have acquired their emissions from similar sources. It is possible to produce Zn, Ni, Cu,
and Cr from the wear and tear of tires and brakes (Amato et al. 2011; Bourliva et al. 2017).

Table 6. The HMs concentration values correlation coefficients in examined samples

(*The bold values were indicated as statistically significant)

To examine the classification of element groups in the outdoor dust data and to identify
relationships among them, the cluster analysis method was employed for the data analysis and the
classification of element groups. A diagram representing the results of the analysis is shown in
Fig.7. The similarity index is represented by the vertical line, and the greater the value, the greater
the significance of the association between the variables. The cluster analysis of the data shows
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two distinct subgroups of metals, the first of which contains Cu, Mn, and Zn, and the second of
which includes Ni, Cr, Pb, Hg, and As. According to the results, Mn - Zn had the strongest
association (similarity > 80 %), whereas As - Pb had the weakest association. In subgroup 3, Cr
and Ni were also found to have a strong association with each other.

Also, the factor analyses of HMs concentration values were performed and presented in Figure 8.
As shown in this graph, the HMs was divided into four groups. The elements of Ni - Hg are in the
(1, 1) group, Cuin (1,-1), Zn -Mn in (-1,-1), and Cr, As, and Pb in the (-1, 1) group. (See FigureS8)

Fig. 7 The HMs concentration and using cluster analysis of the variables
Fig. 8 The factor analyses of HMs concentration in outdoor dust
4. Conclusion

Nineteen outdoor dust sampling sites with fifty-four samples were selected to investigate heavy
metals in the dust contamination due to traffic and the outdoor dust of the Eastern Mediterranean
Sea area. The concentration of HMs elements in outdoor dust was elucidated. It was found that the
level of heavy metal pollution in the study area was higher than that of the Earth's crust average
value except for Mn and Cr. The main sources of heavy metals in outdoor dust appear to be traffic
emissions and industrial sources.

The ecological-human-health-risk-assessment parameter (EHHRA) was calculated in the study
area. The calculated results of EF and PLI showed that the studied area was detected in different
pollution levels and the pollution in the forms of As and Hg was severe level. Regarding the risk
to human health, the HQ and HI parameters for the non-carcinogenic risk of the children and adults
was calculated. The highest HQ for adults and children was obtained due to As and Cr,
respectively. Lifetime average daily dose (LADD) and incremental lifetime cancer risk (ILCR)
were assessed for carcinogenic risk. The LADD parameter estimation indicated that the ingestion
pathway is the main exposure way. Additionally, Zn and Mn indicated a significant value for
LADD. According to the US-EPA health risk assessment methodology, no metal exceeded the
acceptable cancer risk range of 1x10° to 1x10™. Hence, the cancer risk to human ratio in study
area looks to be negligible.

Ethical Approval

The authors approvals the ethical responsibilities.
Consent to Participate

Approved.

Consent to Publish

Approved.

Authors Contributions



347
348
349
350

351
352

353
354
355

356
357
358
359

360

361
362

363
364

365
366

367
368

369
370

371
372
373

374
375

376
377

378
379

380
381
382

Akbar Abbasi: Investigation, Conceptualization, Methodology, Software, Project administration,
Visualization, Writing- Original draft preparation. Fatemeh Mirekhtiary: Draft preparation,
Software, Writing. Hesham MH. Zakaly: Methodology, Software, Writing- Original draft
preparation, Writing- Review& Editing.

Funding
Financial support was not provided for this research.

Declaration of competing interest
The authors declare that they have no known competing financial interests or personal relationships
that could have appeared to influence the work reported in this paper.

Acknowledgements

H.M.H Zakaly thanks the Ministry of Science and Higher Education of the Russian Federation
(Ural Federal University Program of Development within the Priority-2030 Program) is gratefully
acknowledged.

References

Abbasi A, Mirekhtiary F (2020a) Heavy metals and natural radioactivity concentration in sediments of the
Mediterranean Sea coast. Mar Pollut Bull 154:. https://doi.org/10.1016/j.marpolbul.2020.111041

Abbasi A, Mirekhtiary F (2020b) Heavy metals and natural radioactivity concentration in sediments of the
Mediterranean Sea coast. Mar Pollut Bull 154:. https://doi.org/10.1016/j.marpolbul.2020.111041

Abbasi A, Mirekhtiary F, Turhan S, et al (2022a) Spatial distribution and health risk assessment in urban surface soils
of Mediterranean Sea region, Cyprus Island. Arabian Journal of Geosciences 15:1-11

Abbasi A, Mirekhtiary F, Turhan §, et al (2022b) Spatial distribution and health risk assessment in urban surface soils
of Mediterranean Sea region, Cyprus Island. Arabian Journal of Geosciences 15:1-11

Aguilera A, Bautista F, Gutiérrez-Ruiz M, et al (2021) Heavy metal pollution of street dust in the largest city of
Mexico, sources and health risk assessment. Environ Monit Assess 193:1-16.

Ajayi OO, Aborode AT, Orege J1, et al (2023) Bio-accessibility and health risk assessment of some selected heavy
metals in indoor dust from higher institutions in Ondo State, Nigeria. Environmental Science and Pollution
Research 30:25256-25264

Altaf R, Altaf S, Hussain M, et al (2021) Heavy metal accumulation by roadside vegetation and implications for
pollution control. PLoS One 16:¢0249147

Amato F, Pandolfi M, Moreno T, et al (2011) Sources and variability of inhalable road dust particles in three European
cities. Atmos Environ 45:6777-6787

Barchielli G, Capperucci A, Tanini D (2022) The role of selenium in pathologies: An updated review. Antioxidants
11:251

Bourliva A, Christophoridis C, Papadopoulou L, et al (2017) Characterization, heavy metal content and health risk
assessment of urban road dust from the historic center of the city of Thessaloniki, Greece. Environ Geochem
Health 39:611-634



383
384

385
386

387
388
389

390
391

392
393

394
395

396
397

398
399

400
401

402
403

404
405
406
407

408
409

410
411

412
413

414
415

416
417

418
419
420

Chen S, Levine MD, Li H, et al (2012) Measured air tightness performance of residential buildings in North China
and its influence on district space heating energy use. Energy Build 51:157-164

Goyal K, Goel H, Baranwal P, et al (2022) Unravelling the molecular mechanism of mutagenic factors impacting
human health. Environmental Science and Pollution Research 29:61993-62013

Gupta V, Bisht L, Deep A, Gautam S (2022) Spatial distribution, pollution levels, and risk assessment of potentially
toxic metals in road dust from major tourist city, Dehradun, Uttarakhand India. Stochastic Environmental
Research and Risk Assessment 36:3517-3533

Hakanson L (1980) An ecological risk index for aquatic pollution control. A sedimentological approach. Water Res
14:975-1001

Jiang H-H, Cai L-M, Wen H-H, et al (2020) An integrated approach to quantifying ecological and human health risks
from different sources of soil heavy metals. Science of the Total Environment 701:134466

Krenkel, P. A. (Ed.). (2013). Heavy metals in the aquatic environment: proceedings of the international conference
held in Nashville, Tennessee, December 1973. Elsevier.

Li F, Yang H, Ayyamperumal R, Liu Y (2022) Pollution, sources, and human health risk assessment of heavy metals
in urban areas around industrialization and urbanization-Northwest China. Chemosphere 308:136396

Long Z, Zhu H, Bing H, et al (2021) Contamination, sources and health risk of heavy metals in soil and dust from
different functional areas in an industrial city of Panzhihua City, Southwest China. J Hazard Mater 420:126638

Lépez ML, Ceppi S, Palancar GG, et al (2011) Elemental concentration and source identification of PM10 and PM2.
5 by SR-XRF in Cérdoba City, Argentina. Atmos Environ 45:5450-5457

Lough GC, Schauer JJ, Park J-S, et al (2005) Emissions of metals associated with motor vehicle roadways. Environ
Sci Technol 39:826-836

Mackey, E. A., Christopher, S. J., Lindstrom, R. M., Long, S. E., Marlow, A. F., Murphy, K. E., ... & Nebelsick, J.
(2010). Certification of three NIST renewal soil standard reference materials for element content: SRM 2709a
San Joaquin soil. SRM 2710a Montana soil I, and SRM 2711a Montana soil II, National Institute of Standards
and Technology, Special Publication, 260-172.

Nivetha N, Srivarshine B, Sowmya B, et al (2022) A comprehensive review on bio-stimulation and bio-enhancement
towards remediation of heavy metals degeneration. Chemosphere 137099

Pandion K, Khalith SBM, Ravindran B, et al (2022) Potential health risk caused by heavy metal associated with
seafood consumption around coastal area. Environmental Pollution 294:118553

Roy S, Gupta SK, Prakash J, et al (2022) A global perspective of the current state of heavy metal contamination in
road dust. Environmental Science and Pollution Research 1-22

Salma I, Maenhaut W (2006) Changes in elemental composition and mass of atmospheric aerosol pollution between
1996 and 2002 in a Central European city. Environmental pollution 143:479-488

Shilton VF, Booth CA, Smith JP, et al (2005) Magnetic properties of urban street dust and their relationship with
organic matter content in the West Midlands, UK. Atmos Environ 39:3651-3659

Staff, E. (2001). Supplemental guidance for developing soil screening levels for superfund sites, peer review draft.
Washington, DC: US Environmental Protection Agency Office of Solid Waste and Emergency Response,
OSWER, 9355, 9354-9324.



421
422
423

424
425
426

427
428

429
430

431
432

433
434
435

436
437

438
439

440
441

442
443

444
445
446

447
448

449
450
451

452
453

454
455

456

457

458

Sultan MB, Choudhury TR, Alam MN-E, et al (2022) Soil, dust, and leaf-based novel multi-sample approach for
urban heavy metal contamination appraisals in a megacity, Dhaka, Bangladesh. Environmental Advances
7:100154

Taiwo AM, Michael JO, Gbadebo AM, Oladoyinbo FO (2020) Pollution and health risk assessment of road dust from
Osogbo metropolis, Osun state, Southwestern Nigeria. Human and ecological risk assessment: an international
journal 26:1254-1269

Taylor SR, McLennan SM (1995) The geochemical evolution of the continental crust. Reviews of geophysics 33:241—
265

Tomlinson DL, Wilson JG, Harris CR, Jeffrey DW (1980) Problems in the assessment of heavy-metal levels in
estuaries and the formation of a pollution index. Helgoldnder meeresuntersuchungen 33:566—575

USEPA (2013) Mid Atlantic Risk Assessment. Regional Screening Level,
http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/index.htm

Means, B. (1989). Risk-assessment guidance for superfund. Volume 1. Human health evaluation manual. Part A.
Interim report (Final) (No. PB-90-155581/XAB; EPA-540/1-89/002). Environmental Protection Agency,
Washington, DC (USA). Office of Solid Waste and Emergency Response.

Vithanage M, Bandara PC, Novo LAB, et al (2022) Deposition of trace metals associated with atmospheric particulate
matter: Environmental fate and health risk assessment. Chemosphere 303:135051

Wan D, Han Z, Yang J, et al (2016) Heavy metal pollution in settled dust associated with different urban functional
areas in a heavily air-polluted city in North China. Int J Environ Res Public Health 13:1119

Wang J, Huang JJ, Mulligan C (2022) Seasonal source identification and source-specific health risk assessment of
pollutants in road dust. Environmental Science and Pollution Research 1-14

Wang XS (2016) Discriminating sources of chemical elements in urban street dust using multivariate statistical
techniques and lead isotopic analysis. Environ Earth Sci 75:1-14

Weerasundara L, Amarasekara RWK, Magana-Arachchi DN, et al (2017) Microorganisms and heavy metals
associated with atmospheric deposition in a congested urban environment of a developing country: Sri Lanka.
Science of the Total Environment 584:803—812

WuY, Li X, YuL, et al (2022) Review of soil heavy metal pollution in China: Spatial distribution, primary sources,
and remediation alternatives. Resour Conserv Recycl 181:106261

Yadav IC, Devi NL, Singh VK, et al (2019) Spatial distribution, source analysis, and health risk assessment of heavy
metals contamination in house dust and surface soil from four major cities of Nepal. Chemosphere 218:1100—
1113

Yesilkanat CM, Kobya Y (2021) Spatial characteristics of ecological and health risks of toxic heavy metal pollution
from road dust in the Black Sea coast of Turkey. Geoderma Regional 25:¢00388

Zhou L, Liu G, Shen M, Liu Y (2022) Potential ecological and health risks of heavy metals for indoor and
corresponding outdoor dust in Hefei, Central China. Chemosphere 302:134864



® Sampling point

km

459 e 0 510 IE 20

460  Fig 1. Geographical location and sampling sites in the study area

461



462

463
464

20 Ag .

=
£ 151
oB L]
B
] L]
.E 10 . . "
£ . . Ave.
E _—_——— ¢ —-—-—78§
g L]
] .
] s ®
SIS
L L]
____________________________________ . World average level |
o

Site number

1100
Mn
1000 L
£ 200 =
%: 300
E o L]
= . ® . World average level
2 - 600
£}
& “Aeg T 6E
£ Vg
= .
]
H *
153
300 L4
L]
200 .
0 1 2 3 4 5 6 7 B 9 10 1 12 13 14 15 16 17 18 19 20
Site number
]
os Hg
L]
08
.
F o7 [ L]
£ ' .
o
= 05
5 051 é
k-] Ave.
& Q4 04
£
=
g .
£ 03 & .
153
02
o1t 008
001
0 1 2z 3 4 5 & T B 9 W0 M 1z 13 4 15 16 17T 18 13 20
Site number
.
s Ph .
L]
= 20
£
% L]
E i L .
s
] Avg.
£ I A R e i
£ o . World Sevet
E i e e b i ek R R Tt e orld average level 5,
£
3 .
15 . * . .
®
10
0 1 2z 3 4 5 6 7 B 3 10 M 12 13 14 1 16 17 18 13 20

Site number

Fig 2. The scatterplot of As, Mn, Cr, Cu, Hg, Ni,

the study area

Cr .
45
*
= 40
£
b
= -
£ World average level
‘535 """""""""" ."""""""""""'. """""""" 35
= . L]
2
" L]
£ —_———— e — e — - — - — 3025
]
: .
g
S | .
L
25
. .
201 b
0 1 2 3 4 5 6 7 8 9 101 121314151617 181920
Site number
Cu - =
50 . L]
.
L]
= .
< 50
B A
= - e e
=
S 40 . .
- . "
£ .
=
g
] .
S w0
World level
L s SROTLOMAELITE e
20 *
0 1 2 3 4 5 65 7 8 9 10 12 13 14 15 16 17 18 19 20
Site number
. .
a0 Ni
EH
= .
£
3 .
B
< 30 L . @
= * -
g 2 i
= Avg.
£ e — e 7283
=
S
£
=
153

. .
10 -

O 1 2 3 4 5 6 7 8 9 W M 12 13 14 15 16 17 18 19 20

Site number

Concentration (mg/kg, dw)
8
|
i
|
|
|
|
|
|
|

a 1 2 3 4 5 6 7 &8 95 10 M 12 13 14 15 1w 17 18 19 20

Site number

Pb, and Zn along with the world average level in



465

466

467
468
469

470

14

11

10

High contamination

3 Considerable contamination

Pollution index

41 ——

Ny

_ _ Insignificant contamination
Cu Hz Ni Fb Tu
Heavy metals

0 :
As

Fig. 3 Box-plot of pollution index (PI) in the studied area road dust samples (The grey point, cross
points and boxes mark are represents mean, median, and 25" and 75" percentile values.,

respectively. Classification of pollution areas separated by dashed lines.



0.0030 == Hl |Adults)
ﬁ —B— Hi|Children)

Q.0025

0.0020

0.0015

Hazard index (HI)

0.0010

471

472  Fig. 4 The distribution of hazard index (HI) for adults and children group

473
006107 e, Adults Children
o
o
0.0008 |
o
g .
0.0006 |
s il
-E o
&
E 00004 o
i @ s :
0.0002 | g i
o it e
bd
0.0000 & m

474 As Mn Cr Co Hg Ni Pbh Zn As Mn Cr Cu Hg N Pb In



475  Fig. 5 The hazard quotion (HQ) distribution range for adults and children

476

0.000025 |
0.000020

0.000015

0.000010 m

0.000005 * m

Incremental lifetime cancer risk (ILTCR)

0.000000 : : : : et

477

478  Fig. 6 The box plot of incremental lifetime cancer risk ILTCR in the studied area road dust

479



16.35 1

L 4473
Fr
E
= L
=

7212 1 1

10000 ~ ‘

As Fb Hg Cr Mi An In Cu
Variables

480

481  Fig. 7 Cluster analysis of variables of As, Mn, Cr, Cu, Hg, Ni, Pb, and Zn concentration

482

z .
[
1) L ]
L ® e
: Hg Bi
= Cu ¥, "g.-
: — /f o
0 TT— I
B0 “.::r{h__
= & ® e |
§ * M R
1= - - -
b L [ -
7] _F'zz Pk
L
-1+
L
L
-2
L
-2 -1 a 1 2

First Factor
483



484

485

486
487

488

489
490

Fig. 8 The factor analyses of As, Mn, Cr, Cu, Hg, Ni, Pb, and Zn elements in road dust

Table 1. Variables and parameters of exposure applied in risk assessment calculation.

Variables Definition Adult Children General References
Cause(mg/kg) Heavy metal This study
concentration in Calculated
outdoor dust
BW (kg) Body weight 70 15 (USEPA, 1989)
InhR (m?/day) Inhalation rate 7.6 20
IngR (mg/day) Ingestion rate 100 200 (EPA, 1996)
EF (d/y) Exposure frequency 180
ED (y) Exposure duration 24 6
AT prc () Ave?aging Fime for a 70 x 365
carcinogenic effect
ATy oncare () Averaging time for
non-carcinogenic ED x 365
effect
SA (cm?) Surface area of skin | 5700 2800
exposed (EPA, 2001)
AF (mg/cm/day) Skin adherence 0.7 0.2
factor for dust
PEF (m*/kg) Particle emiDion 136 x10°
factor
ABS Absorption skin 0.001
factor
CF Conversion factor 1.00x 10°°

Table 2. The average concentration of heavy metals (mg kg™') in outdoor dust collected from the study area

and Earth’s crust average value (Taylor and McLennan, 1995)

HMs (mg/kg, dw)*

Region Sites (#)
As Mn Cr Cu Hg Ni Pb Zn
D-1(n=3) 8.86 539.08 3395 47.29 0.75 27.13 2124 81.17
Karpaz  D-2 (n=3) 5.74 366.23 4026 44.16 0.47 3047 126 7736
D3M=) 164 528.93 3242 46.74 0.93 2634 21.84 80.59
D-4 (n=3) 9.84 571.32 3392 37.90 0.01 18.88 15.12 82.84
Famagusta Do O ) 4.10 922.32 2090 62.56 0.68 10.94 23.08 112.12
D6(M=3) g5 516.83 3466 31.83 0.42 29.99 31.68 97.24
D-7(n=2) 8.04 223.45 2721 19.50 0.12 33.79 21.16 49.74
D-8 (n=3) 558 63862 2958 4501 0.84 40.64 254 80.78
Kyrenia D-9 (n=3) 5.74 647.66 30.89 47.20 0.09 23.78 22.14 81.66
D-10 (n=2) 9.84 698.94 2794 3846 0.16 17.89 27.48 83.92
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492

493
494
495

D-11 (n=3)

13.69 654.19 45.90 39.65 0.27 19.50 36.1 107.52
D-12 (n=3) 0.94 1019.70 21.77 60.17 0.04 11.03 15.36 103.60
Lefke D-13 (n=2) 1.62 1009.14 20.46 61.27 0.29 10.48 14.98 106.05
D-14 (n=3) 1021 613.34 31.57 36.89 0.16 17.91 34.82 98.02
D-15 (n=3) 6.03 440.09 3436 56.76 0.30 31.13 15.47 96.26
D-16 (n=3) 7.49 497.76 25.74 39.93 0.70 16.63 25.16 83.82
D-17 (n=2)
Nicosia 5.99 190.08 25.73 59.89 0.66 18.83 17.45 48.96
D-18 (n=3) 6.74 301.58 30.82 53.91 0.70 29.47 22.59 86.85
D-19 (n=3) 3.99 427.78 26.76 58.33 0.08 20.78 2134 112.41
Min- 0.94- 190.08- 20.46- 19.5- 0.01- 10.48- 12. 6- 48.96-
Max 19.52 1019.7 45.9 62.56 0.93 40.64 36.1 112.41
Mean 7.66 568.79 30.25 46.76 0.40 22.93 22.36 87.94
Kurtosis 2.03 0.01 0.76 -0.01 372 051 -0.09 0.63
Skewness 1.03 0.47 0.58 0.47 122 027 0.75 -0.76
Earth's crust
1.5 600 35 25 0.08 20 20 71

average value

*Uncertainties are given within 1 standard deviation

Table 3. Calculated values of the pollution index (PI) factor of each metal, the pollutant load index

(PLI), and pollution category (PC) for metals in road dust from different traffic areas of Nicosia,

Cyprus
PI
Sites PLI Pollution
As Mn Cr Cu Hg Ni Pb Zn
Category
D-1 6 1 1 2 9 1 1 1 18.7 C
D-2 4 1 1 2 6 2 1 1 3.7 C
D-3 8 1 1 2 12 1 1 1 28.2 C
D-4 7 1 1 2 0 1 1 1 0.1 A
D-5 3 2 1 3 9 1 1 2 6.7 C
D-6 13 1 1 1 5 1 2 1 30.2 C
D-7 5 0 1 1 2 2 1 1 0.3 A
D-8 4 1 1 2 11 2 1 1 23.7 C
D-9 4 1 1 2 1 1 1 1 1 B
D-10 7 1 1 2 2 1 1 1 3.3 C
D-11 9 1 1 2 3 1 2 2 23.4 C
D-12 1 2 1 2 1 1 1 1 0.1 A
D-13 1 2 1 2 4 1 1 1 0.7 A
D-14 7 1 1 1 2 1 2 1 4.9 C
D-15 4 1 1 2 4 2 1 1 5.1 C
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D-16

5 1 1 2 9 1 1 1 6.6 C
D-17 4 0 1 2 8 1 1 1 1.3 B
D-18 4 1 0.9 2 9 1 1 1 9.6 C
D-19 3 1 1 2 1 1 1 2 0.7 A
Ave, 522 111 099 189 515 12 1.15 1.16 8.85 -

Table. 4 Hazard Quotient (HQ) and Hazard Index (HI) for non-carcinogenic risk of the children and

adults in the study area (n=19)

Element Adult Children
ADDinh ADDing ADDder HQ HI ADDinh ADDing ADDder

As 3.02E-10 2.15E-07 2.11E-10 | 7.20E-04 3.70E-09 | 1.41E-07 1.97E-09 | ¢
Mn 2.24E-08 1.6E-05 1.57E-08 | 3.14E-04 2.75E-07 | 1.05E-05 1.46E-07 | !
Cr 1.19E-09 8.5E-07 8.34E-10 | 4.26E-04 | -0 1.46E-08 | 5.57E-07 7.79E-09 |
Cu 1.84E-09 1.31E-06 1.29E-09 | 1.78E-05 ' 2.26E-08 | 8.61E-07 1.20E-08 | ¢
Hg 1.59E-11 1.13E-08 1.11E-11 | 7.10E-05 1.95E-10 | 7.43E-09 1.04E-10 |
Ni 9.03E-10 6.44E-07 6.32E-10 | 3.23E-05 1.11E-08 | 4.22E-07 5.90E-09 | ¢
Pb 8.81E-10 6.29E-07 6.17E-10 | 1.80E-04 1.08E-08 | 4.12E-07 5.76E-09 | 1

Table. 5 Lifetime average daily dose of inhalation (LADDinh), derma (LADDder), ingestion (LADDing),

and incremental lifetime cancer risk ILTCR in the study area (n=19)

Element LADDinh LADDing LADDder ILTCR

As 1.04E-10 7.37E-08 7.23E-11 1.84E-06

Mn 7.68E-09 5.49E-06 5.38E-09 1.38E-05

Cr 4.08E-10 2.91E-07 2.86E-10 7.29E-06

Cu 6.31E-10 4.49E-07 4.42E-10 1.12E-05

Hg 5.45E-12 3.87E-09 3.81E-12 9.69E-08

Ni 3.10E-10 2.21E-07 2.17E-10 5.52E-06

Pb 3.02E-10 2.16E-07 2.12E-10 5.39E-06

Zn 1.19E-09 8.47E-07 8.30E-10 2.12E-05
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Table .6 Pearson correlation coefficients between HMs concentration values in bold are

statistically significant

As Mn Cr Cu Hg Ni Pb Zn

As 1

Mn 0.290 1

Cr 0.620* 0.367 1

Cu -0.673* 0.354 0.428 1

Hg 0.089 0.197 0.008 0.198 1

Ni 0.299 -0.608*  0.465* 0.412 0.311 1

Pb 0.657* 0.036 0.315 0.457* 0.042 0.036 1

Zn -0.078 0.671* -0.035 0.403 -0.209 -0.446 0.237 1
*p <0.05



