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Abstract 12 

As a result of some chemical elements (heavy metals) pollution of dust, the environmental concern of 13 

environmental pollution of dust has become an increasing concern, necessitating an assessment of risks to 14 

both ecology and human health, particularly in urban areas. The majority of these pollutants settles on the 15 

outdoor and eventually become part of the outdoor dust. These will have negative long-term repercussions 16 

on ecosystems and human health. In this research, energy dispersive X-ray fluorescence (EDXRF) 17 

spectrometry analytical method was used to assess the pollution characteristics of the eight heavy metals 18 

(HMs): Mn, Cu, As, Hg, Ni, Cr, Zn, and Pb in the East Mediterranean Sea area. The concentration of As, 19 

Mn, Cr, Cu, Hg, Ni, Pb, and Zn analyzed in outdoor dust samples varied from 0.94 to 19.52 mg kg-1, 190.08 20 

to 1019.7 mg kg-1, 20.46 to 45.9 mg kg-1, 19.5 to 62.56 mg kg-1, 0.01 to 0.93 mg kg-1, 10.48 to 40.64 mg 21 

kg-1, 12. 6 to 36.1 mg kg-1, and 48.96 to 112.41mg kg-1, respectively.  HMs have been detected in the outdoor 22 

dust samples analyzed in the study and, as a result, mean concentrations followed the order 23 

Mn>Zn>Cu>Cr>Ni>Pb>As>Hg, respectively. The ecological risk was observed at various contamination 24 

levels, with As and Hg pollution being the most severe. The highest hazard quotient (HQ) for adults and 25 

children was determined as a result of As and Cr, respectively. According to the US-EPA health risk 26 

threshold, the risk of cancer risk in study area is negligible. 27 
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1- Introduction 31 

Some chemical elements, called heavy metals (HMs) in this manuscript are the main toxic 32 

elements in atmospheric dust pollution, and due to their high toxicity, inability to dissolve, and 33 

persistence, they pose a risk to both human health and the environment (Li et al. 2022; Sultan et 34 

al. 2022). All terrestrial ecosystems contain natural components of the Earth's crust, including 35 

these elements, as well as anthropogenic elements from industrial activity and mining. As their 36 

concentration in natural ecosystems has changed over the past decades, however, this research 37 

tried to understand their adverse effects (Abbasi and Mirekhtiary 2020a).  38 

There are many different sources of HMs in urban soils and outdoor dust, including products of 39 

industrial processes, agricultural production, and other human activities (household trash, 40 

transportation, building, mining, etc.) (Wu et al. 2022). Due to this property of these materials, 41 

they are able to make into direct contact with the mouths and hands of humans infiltrate agricultural 42 

or aquaculture products. Subsequently, there is a potential for indirect eaten by humans, which 43 

poses a threat to human health (Pandion et al. 2022). Regarding to prior research, intemperate 44 

heavy metals in the human body have a negative impact on organs, immunological systems, 45 

endocrine systems, skin damage, skin cancer, peripheral neuropathy, vascular disease, and 46 

endocrine enzyme damage (Barchielli et al. 2022; Goyal et al. 2022; Nivetha et al. 2022). 47 

It is believed that the higher the heavy metals, the more they are produced as they are the result of 48 

the traffic emissions, land development, and industrial activities which surround all those urban 49 

resources. Depending on the levels of pollutants in the air in different cities, pollution levels vary 50 

quite a bit by the human activities (for example, industrial activity, traffic, etc.) and technologies 51 

used, as well as the local weather and wind conditions (Wang 2016). 52 

Outdoor HMs and particles eventually deposit on land via wet and dry deposition processes, 53 

resulting in pollution buildup(Altaf et al. 2021). Moreover, HMs deposited on the ground might be 54 

washed away by rainwater runoff, contributing to the total contamination of recipient aquatic 55 

bodies (Weerasundara et al. 2017; Vithanage et al. 2022). 56 

Non-essential and essential metals in the human body are typically classified as non-essential 57 

metals and essential metals, respectively. Terms of essential metals, like manganese and chromium 58 

are essential in body metabolism, while non-essential metals are those such as arsenic, mercury, 59 

and lead, which are non-essential (Jiang et al. 2020). For the proper functioning of living beings, 60 

essential metals are essential for maintaining a stable level of health and wellness. Deficiencies or 61 

harmful effects are induced on living beings when essential metals are reduced or overtaken over 62 

their required range. Metals that are not essential in small quantities are toxic and pose a significant 63 

health risk to individuals who are exposed to them (Abbasi et al. 2022a). 64 

The damage caused by heavy metals in the environment on the general population is not directly 65 

observable in the same way as diseases, but many of the effects that may result from an increase 66 

in heavy metal pollution are subclinical and therefore undetected, but they are not as visible as 67 



disease does. It may be that some of these effects are latent and will be detected later on after the 68 

toxic stress has abated. Furthermore, the effects of heavy metals are determined by the 69 

concentrations of the metals reaching the individual, which cannot be predicted because of 70 

stochastic variables such as weather conditions and distance from the source of the metals. Because 71 

of these stochastic factors, the number of occurrences of a particular effect cannot be measured 72 

directly. Since these stochastic factors cannot be directly measured, it's impossible to determine 73 

how often a particular effect occurs (Krenkel 2013). 74 

Several studies have demonstrated that HMs may be harmful to both natural systems and human 75 

health (Abbasi and Mirekhtiary 2020b; Roy et al. 2022; Wang et al. 2022; Zhou et al. 2022; Ajayi 76 

et al. 2023). The purpose of this research referred to evaluate the concern of heavy metals Arsenic 77 

(As), Manganese (Mn), Chromium (Cr), Copper (Cu), Mercury (Hg), Nickel (Ni), Lead (Pb), and 78 

Zinc (Zn) in outdoor dust of the Eastern Mediterranean Sea region, and assessed the risk in the 79 

study area. For this purpose, the HMs concentration, pollution index, and Health risks 80 

(noncarcinogenic and carcinogenic risks) were calculated in the study area.   81 

The novelty and purpose of this literature for the readers is to present the concentration of heavy 82 

metals in outdoor dust on the island of Cyprus which is surrounded by water. The importance of 83 

this issue is because of the origin of this pollution that reaches this island from across the waters. 84 

2. Materials and methods 85 

2.1. Study area 86 

The north area of Cyprus is located between latitude 35° 10' 17.6275" and 35° 42' 6.9002" N and 87 

longitude 32° 42' 58.6763" and 34° 36' 37.5529" E, West of Syria and south of Turkey. Cyprus is 88 

the third largest island in the Mediterranean after Sicily and Sardinia. The greatest dimensions of 89 

this island are 220 km in length and 90 km in breadth. The area of Cyprus Island is roughly 9251 90 

km2. The study area was selected from the northern section of Cyprus. There is an old copper mine 91 

in the study area. The mining started in the western coastal region in 1914 because of the ancient 92 

Roman slag piles that were rich in copper, and the firm was founded in 1916. The mine left behind 93 

tons of tailing deposits that were left exposed to the environment when the mining operation was 94 

abandoned in 1974 (Abbasi et al. 2022b). 95 

Fig 1. Sampling sites in the Eastern Mediterranean Sea region based on their geographical location 96 

2.2 Collecting and preparing the samples 97 

A total of 54 outdoor dust samples from 19 sampling sites (each weighing over 100 g) were 98 

collected from various places in the fall season of North Cyprus that were identified as highly 99 

populated distribution districts (Fig. 1). The samples were collected from the untouched places 100 

that indicate the settling of dust from the air. These places included the edge of some buildings 101 

and some parked cars. At each sample site, a dirt-free polymeric dustpan and brushes were utilized, 102 

and sampling was done carefully to limit the disruption of small particles. As described in the 103 



literature, our sampling preparation procedure is very similar to the one that has been used in 104 

previous studies (Abbasi et al. 2022a). The samples were delivered to the laboratory in self-sealed 105 

polyethylene containers. Initially, materials such as small fragments of brick, paving stone, leaves, 106 

and other waste were removed. The samples were then dried in an oven at 105 °C for 48 hours 107 

before being mechanically sieved. The grain size of the sample was 65 μm when sieved. 108 

Subsamples were weighed and stored in polyethylene container in a dry area until analysis. There 109 

were a variety of particles that were selected for this fraction, including those of 65 micrometers 110 

in diameter, since these particles can be efficiently carried in suspension and the finest particles 111 

can remain outdoor for an extended period (Shilton et al. 2005). Additionally, fine particles are 112 

typically connected with higher health concerns than coarser particles. 113 

2.3 Heavy metals (HMs) analysis 114 

Energy-dispersive-X-ray-fluorescence (EDXRF) spectrometry (Spectro Xepos) system was used 115 

to analyze the HMs in the dust samples, and an X-ray tube was used (work power:50 W & energy 116 

bond:60 kV). A band  pass filter on the EDXRF spectrometer is designed to increase the 117 

performance of the detector in the K-Mn range, while a highly annealed pyrolytic graphite  118 

polarizer is designed to enhance the sensitivity to Na-Cl elements. The EDXRF spectrometer uses 119 

polarization and secondary targets to enhance the excitation. It features software modules and an 120 

autosampler that can sample up to 12 things. The target changer, which can accommodate up to 121 

eight secondary targets with polarization, provides a wide range of excitation conditions to provide 122 

the best determination of all components from K to U. The details of the analysis procedure have 123 

been explained in the previous report(Abbasi et al. 2022a). 124 

The sophisticated calibration methods used by the EDXRF spectrometer, such as "standard" 125 

calibration, which is often based on the fundamental parameters (FP) approach, are used. The 126 

EDXRF measurements were carried out by using soil reference elements (NIST-SRM-2709) 127 

(Mackey et al. 2010) to ensure the system's quality control. The sample cups that had been prepared 128 

for each soil sample were put into the automated sampler, and the analytical operations were 129 

finished by counting them once every two hours. The analytical process's total level of uncertainty 130 

ranges from 5 to 15%. The detection limits for Zn, Pb, Ni, Hg, Cu, and Cr were found in order of 131 

0.5, 0.8, 0.5, 1, 0.5, and 1 mg kg-1, respectively. 132 

2.4 Determination of pollution index 133 

 It is known as the pollution index (PI) which represents the ratio between the metal content of 134 

outdoor dust and the reference material. The developed model by (Hakanson 1980) was used and 135 

presented by Eq.(1). To assess the level of heavy metal pollution at each sampling site, PI values 136 

were calculated. Hakanson's (1980) model divides contamination levels into four categories: PI > 137 

6, very high; 3<PI<6, high; 1<PI<3, moderate; and PI<1, low risk (Hakanson 1980). Moreover, 138 

Tomlinson et al. (1980) established the pollutant load index (PLI) model to assess contamination 139 

levels between various sample sites(Tomlinson et al. 1980). The PI values were calculated in Eq. 140 

(1), and the PLI values were obtained in Eq. (2): 141 



𝑷𝑰 =
𝑪𝒏

𝑪𝒃
                                                                             (1) 142 

𝑷𝑳𝑰 = (𝑷𝑰𝟏 × 𝑷𝑰𝟐 × 𝑷𝑰𝟏𝟑 × … × 𝑷𝑰𝒏)
𝟏

𝒏                                      (2) 143 

There are three elements to this equation: PI represents the pollution index single factor for each 144 

metal, Cn represents the level of that metal in the dust sample and Cb represents the background 145 

level of that metal (mg/kg). Insignificant contamination: PI< 1, Moderate contamination:1–3, 146 

Considerable contamination: 3–6 and High contamination: > 6 (Aguilera et al. 2021). Based on 147 

the PI value of the dust quality, it could be categorised into three levels, namely low pollution level 148 

(PLI ≤ 1), moderate pollution level (1 ≤ PLI ≤ 3), and high pollution level (PLI ≥ 3) (Wan et al. 149 

2016; Gupta et al. 2022) that in this research were called Category A, Category B, and Category 150 

C, respectively.  151 

2.5 Health risks assessment 152 

The Environmental Protection Agency (Staff 2001)has developed a model that identifies the health 153 

risks associated with inhaling, touching, ingestion, and skin contact with heavy metals in outdoor 154 

dusts. This model was used to evaluate the health risks. Carcinogenic and non-carcinogenic risks 155 

can be categorized into two categories according to the degree of health risk. 156 

2.5.1 The noncarcinogenic effects  157 

The noncarcinogenic health risk was evaluated as a function of daily dose and computed 158 

independently for each trace metal and exposure pathway by Eqs. (3)– (5). 159 

𝑨𝑫𝑫𝒊𝒏𝒉 =
𝑪𝒅𝒖𝒔𝒕×𝑹𝑰𝒏𝒉×𝑬𝑭×𝑬𝑫

𝑨𝑻𝒏𝒐𝒏𝒄𝒂×𝑩𝑾×𝑷𝑬𝑭
                                            (3) 160 

𝑨𝑫𝑫𝒅𝒆𝒓 =
𝑪𝒅𝒖𝒔𝒕×𝑺𝑨×𝑨𝑭×𝑨𝑩𝑺×𝑪𝑭×𝑬𝑭×𝑬𝑫

𝑨𝑻𝒏𝒐𝒏𝒄𝒂×𝑩𝑾
                             (4) 161 

𝑨𝑫𝑫𝒊𝒏𝒈 =
𝑪𝒅𝒖𝒔𝒕×𝑹𝑰𝒏𝒈×𝑬𝑭×𝑬𝑫×𝑪𝑭

𝑨𝑻𝒏𝒐𝒏𝒄𝒂×𝑩𝑾×𝑨𝑻𝒄𝒂𝒓
                                        (5) 162 

In the following formula, 𝑨𝑫𝑫𝒊𝒏𝒉  is a daily dose representing the average dose caused by 163 

inhalation exposure (mg kg-1 day-1), and 𝑨𝑫𝑫𝒅𝒆𝒓  is daily dose representing the average dose 164 

caused by dermal contact exposure (mg kg-1 day-1), as well as 𝑨𝑫𝑫𝒊𝒏𝒈 is daily dose representing 165 

ingestion exposure (mg kg-1 day-1).The other parameters with references were presented in Table 166 

1. 167 

 168 

The hazard index (HI) and hazard quotient (HQ) are two parameters that used for noncancer risk 169 

calculation. In the following Eqs (6) and (7) were used to determine the HQ and HI values: 170 

𝐻𝑄 =
𝐴𝐷𝐷𝑖𝑛ℎ+𝑑𝑒𝑟+𝑖𝑛𝑔

𝑅𝑓𝐷
         (6) 171 



𝐻𝐼 = ∑ 𝐻𝑄𝑖𝑛ℎ+𝑑𝑒𝑟+𝑖𝑛𝑔          (7) 172 

In this case, 𝑅𝑓𝐷  is an approximated value that determines the level of risk associated with 173 

exposure to a particular element every day for the remainder of a human's life that can cause the 174 

greatest harm to the population. It is currently recommended to use three different types of 175 

reference doses (𝑅𝑓𝐷) to correspond to three different types of exposure pathways: reference dose 176 

𝑅𝑓𝐷 o (mg kg-1 day-1) for ingestion, 𝑅𝑓𝐷 ABS (mg kg-1 day-1) for dermal contact and 𝑅𝑓𝐷 i (mg m-177 
3) for inhalation exposure. (USEPA 2013; Yadav et al. 2019). 178 

2.5.2 The carcinogenic effects 179 

The results for the lifetime average daily dose are based on skin contact, ingestion, and inhalation 180 

exposure. To assess the carcinogenic effect of exposure to outdoor dust polluted with heavy metals, 181 

the incremental lifetime cancer risk (ILTCR) was estimated. There are several ways in which the 182 

additional lifetime risk of cancer induced by exposure to a carcinogen can be quantified by 183 

studying the probability of developing cancer as a result of such exposure. EPA recommends that 184 

typically tolerable cancer risks fall between 1x10-6 and 1x10-4, based on its experience with cancer 185 

risk (Means 1989). There is a combination of the lifetime average daily dose (LADDinh), the cancer 186 

slope factor (CSFinh), and ILTCR that is determined using the following equations to estimate the 187 

incremental lifetime cancer risk (ILTCR) caused by inhalation: 188 

𝐿𝐴𝐷𝐷𝑖𝑛ℎ =
𝐶𝑑𝑢𝑠𝑡×𝑅𝐼𝑛ℎ×𝐸𝐹×𝐸𝐷

𝐴𝑇𝑐𝑎×𝐵𝑊×𝑃𝐸𝐹
                                                       (8) 189 

𝑳𝑨𝑫𝑫𝒅𝒆𝒓 =
𝑪𝒅𝒖𝒔𝒕×𝑺𝑨×𝑨𝑭×𝑨𝑩𝑺×𝑪𝑭×𝑬𝑭×𝑬𝑫

𝑨𝑻𝒄𝒂×𝑩𝑾
                                            (9) 190 

𝑳𝑨𝑫𝑫𝒊𝒏𝒈 =
𝑪𝒅𝒖𝒔𝒕×𝑹𝑰𝒏𝒈×𝑬𝑭×𝑬𝑫×𝑪𝑭

𝑨𝑻𝒄𝒂×𝑩𝑾×𝑨𝑻𝒄𝒂𝒓
                                                       (10) 191 

𝐼𝐿𝑇𝐶𝑅 = 𝐿𝐴𝐷𝐷𝑖𝑛ℎ × CSF𝑖𝑛ℎ                                                               (11) 192 

where, 𝑳𝑨𝑫𝑫𝒊𝒏𝒉, 𝑳𝑨𝑫𝑫𝒅𝒆𝒓 and 𝑳𝑨𝑫𝑫𝒊𝒏𝒈 are lifetime average daily doses of inhalation, dermal, 193 

and ingestion, respectively.  𝑰𝑳𝑻𝑪𝑹  is incremental lifetime cancer risk caused by inhalation 194 

exposure. The other parameters with references were presented in Table 1. 195 

Table 1. Variables and parameters of exposure applied in risk assessment calculation. 196 

2.6 Statistical analysis 197 

The HM's data were analyzed with the aid of Minitab® (Ver. 19) software, which was used to 198 

calculate statistical parameters (Min, Max, Mean, Kurtosis, Skewness) of the data. To investigate 199 

the sources of HMs in the dust, Pearson's correlation was applied, as well as principal component 200 

analysis (PCA) was employed. Using Varimax rotations as the means of calculating factors and 201 

clusters, we were able to perform factor analysis (FA, the components of the PCA). In order to 202 

clarify the PCA results, a rotation such as Varimax was used since orthogonal rotation minimizes 203 



the number of factors with high loading on each component and thereby facilitates elucidation of 204 

the results. 205 

3. Results and discussion 206 

3.1 Heavy metals concentration in outdoor dust 207 

The concentrations of potentially harmful metals in the study area outdoor dust were presented in 208 

Table 2. The mean concentrations of As, Mn, Cr, Cu, Hg, Ni, Pb, and Zn in outdoor dust were 7.66 209 

mg kg-1, 568.79 mg kg-1, 30.25 mg kg-1, 46.76 mg kg-1, 1.59 mg kg-1, 22.93 mg kg-1, 22.36 mg kg-210 
1, and 87.94 mg kg-1, respectively. This table also includes the Earth’s crust average value 211 

(reference values) for the examined HMs (Taylor and McLennan 1995) to compare the obtained 212 

results.  Based on this comparison, the average concentration of Mn  and Cr was lower than the 213 

Earth’s crust average value, while the average concentration of As, Cu, Hg, Ni, Pb, and Zn was 214 

higher than the Earth’s crust average value. The other remarkable result is that As average 215 

concentration (7.66 mg kg-1) was approximately five-fold of the Earth’s crust's average (1.5 mg 216 

kg-1).  217 

The highest mean value was found to be Mn (568.79 mg kg-1), followed by Zn (87.94 mg kg-1), 218 

Cu (46.76 mg kg-1), Cr (30.25 mg kg-1), Ni (22.93 mg kg-1), Pb (22.36 mg kg-1), As (7.66 mg kg-219 
1), and Hg (1.59 mg kg-1). The mean concentrations of Cr and Mn were slightly lower than the 220 

Earth's crust's average background value for soils worldwide, whereas the mean concentrations of 221 

the remaining six heavy metals all exceeded the corresponding background values for soils in 222 

Earth's crust. The average concentrations of Cr, Cu, Ni, Pb, and Zn measured in outdoor dust in 223 

this study were less than in global studies(Aguilera et al. 2021; Long et al. 2021).  224 

Abrasion processes in tires, brake wear, and corrosion of vehicle components, as well as outdoor 225 

infrastructure, are linked to the origin of Zn, As, and Pb (Lough et al. 2005; Salma and Maenhaut 226 

2006; López et al. 2011). In the present study area, the distribution chart of As, Mn, Cr, Cu, Hg, 227 

Ni, Pb, and Zn with the average value of each heavy metal is shown in Fig 2 . Also, the world 228 

average levels of heavy metals described above are shown in the chart for comparison. (See Fig.2). 229 

 230 

Table 2. The average concentration of HMs (mg kg-1) in outdoor dust collected from the study area 231 

and Earth’s crust average (Taylor and McLennan 1995) 232 

3.2 Risk assessment 233 

3.2.1 Pollution index assessment 234 

The average pollution index (PI) of all examined HMs is listed in descending order as follows: As 235 

(5.22) > Hg (5.15) > Cu (1.93) > Ni (1.21) > Zn (1.16) >Pb (1.15)  >Mn (1.11)> Cr(0.99) (Table. 236 

3). According to (Hakanson 1980) developed model As and Hg indicated considerable 237 

contamination level. Whilst, Mn, Cu, Ni, Pb, and Zn shown moderate contamination levels. Only 238 



Cr was included in the insignificant contamination category. The pollutant load index (PLI) of 239 

each sampling site was calculated and presented in Table 3. The average pollutant load index (PLI) 240 

in the studied area of 8.85 (>3) was estimated at a high pollution level. The comparable results of 241 

the heavy metal analysis in outdoor dust were reported in Ordu (2.5), Artvin (2.1), Samsun (1.8), 242 

Giresun (1.6), and Trabzon (1.2) as polluted category(Yesilkanat and Kobya 2021). The boxplot 243 

of the pollution index (PI) with four contamination categories is presented in Fig 3. 244 

Table 3. Calculated values of the pollution index (PI) factor of each metal, the pollutant load index 245 

(PLI), and pollution category (PC) for metals in outdoor dust in study area 246 

 247 

Fig 2. The scatter plot of heavy metals measured value along with the world average level in the 248 

study area 249 

Fig. 3 Box-plot of pollution index (PI) in the studied area outdoor dust samples (The grey point, 250 

cross points and boxes mark are represents mean, median, and 25th and 75th percentile values., 251 

respectively. Classification of pollution areas separated by dashed lines. 252 

3.2.2 The non-carcinogenic assessments 253 

For non-carcinogenic risk, the hazard quotient (HQ) and hazard index (HI) parameter were 254 

calculated. The HQ and HI values of heavy metals for both adults and children in different 255 

exposure routes (ingestion, inhalation, and dermal contact) were estimated and the results have 256 

been shown in Table 4. Ingestion was found to be the most common method of HMs in outdoor 257 

dust exposure, followed by inhalation, and dermal contact was found to be the least common 258 

pathway, which was comparable to (Taiwo et al. 2020; Gupta et al. 2022). The following is a list 259 

of the three exposure paths for children and adults, in decreasing order of HM intake: Mn > Zn > 260 

Cu > Cr > Ni > Pb > As > Hg. The HI values of the HMs were found 1.77E-03 and 8.66E-04 for 261 

adults and children, respectively. Based on the results of the analysis, the HI values were found to 262 

be lower than the safe level (HI < 1) for adults and children indicate that there are no adverse 263 

effects on adults or children that are non-carcinogenic (Fig.4). As seen in fig.4, the adult's average 264 

hazard index (HI) is approximately 2 times more than children average hazard index. 265 

The hazard quotient (HQ) distribution due to HMs in the studied area for children and adults were 266 

presented in Fig 5. As shown in this figure, As elements indicated a significant range in adults. 267 

3.2.3 The carcinogenic assessments 268 

As shown in Table 5, the lifetime average daily dose (LADD) levels through three different 269 

exposure pathways: inhalation, ingestion, and contact with the skin; as well as incremental lifetime 270 

cancer risk figures for all HMs in outdoor dust have been calculated and summarized. Also, like 271 

no-carcinogenic, ingestion was found to be the most common method of outdoor dust HMs 272 

exposure, followed by inhalation, and dermal contact was found to be the least common pathway 273 

of outdoor dust HM exposure in the study area. 274 



According to the results of the ILTCR calculations, the order of the ILTCR values for HMs is 275 

Zn > Mn > Cu > Cr > Ni > Pb>As > Hg. The results of incremental lifetime cancer risk assessment 276 

showed that ILTCR values for Mn, Cu, and Zn through all three paths were higher than 1.00E–6, 277 

suggesting that using outdoor dust to study potentially toxic HMs is associated with a considerable 278 

amount of carcinogenic risk. As a result, the level of carcinogenic risk calculated according to the 279 

Environmental Protection Agency of the U.S for the study area was within the range of acceptable 280 

levels (Means 1989). Figure 6 presents the box plot of ILTCR parameters for HMs in the outdoor 281 

dust samples in the study area. The figure shows that Zn contribution to the ILCR parameter was 282 

significant. According to (Chen et al. 2012) there is evidence that Zn contributes to urban dust not 283 

only via industrial sources but as well from traffic and garbage. Results suggested that traffic 284 

emissions and industrial pollutants are significant sources of HM enrichment in the study area. 285 

 286 

Table. 4 The hazard index (HI) for non-carcinogenic risk and hazard quotient (HQ) of the children 287 

and adults in the study area (n=54) 288 

Table. 5 The lifetime average daily dose of inhalation (LADDinh), dermal (LADDder), ingestion 289 

(LADDing), and incremental lifetime cancer risk ILTCR in the study area (n=54) 290 

Fig. 4 The dissemination of HI parameter for adults and children group 291 

Fig. 5 The hazard quotion (HQ) distribution range for adults and children 292 

Fig. 6 The box plot of incremental lifetime cancer risk ILTCR in the studied area outdoor dust  293 

3.4 Statistical assessments 294 

All of the metals examined in this study were correlated using Pearson coefficients in order to 295 

establish inter-element relationships within the outdoor dust samples. The correlation matrix 296 

obtained from the correlation analysis is shown in Table 6. In comparison with other heavy metals, 297 

all of the pairs except Cu - As (-0.683) and Ni - Mn (-0.608) showed a significant correlation. A 298 

significant correlation was also observed between Cr and As (0.620), As and Pb (0.657), Mn and 299 

Zn (0.671), Cr and Ni (0.465), Cu and Pb (0.457), whereas no significant correlation was observed 300 

between Cr and As (0.620). Some metals, including Cr, Cu, Ni, and Zn, have similar characteristics 301 

and may have acquired their emissions from similar sources. It is possible to produce Zn, Ni, Cu, 302 

and Cr from the wear and tear of tires and brakes (Amato et al. 2011; Bourliva et al. 2017). 303 

Table 6. The HMs concentration values correlation coefficients in examined samples 304 

 (*The bold values were indicated as statistically significant) 305 

 306 

To examine the classification of element groups in the outdoor dust data and to identify 307 

relationships among them, the cluster analysis method was employed for the data analysis and the 308 

classification of element groups. A diagram representing the results of the analysis is shown in 309 

Fig.7. The similarity index is represented by the vertical line, and the greater the value, the greater 310 

the significance of the association between the variables. The cluster analysis of the data shows 311 



two distinct subgroups of metals, the first of which contains Cu, Mn, and Zn, and the second of 312 

which includes Ni, Cr, Pb, Hg, and As. According to the results, Mn - Zn had the strongest 313 

association (similarity > 80 %), whereas As - Pb had the weakest association. In subgroup 3, Cr 314 

and Ni were also found to have a strong association with each other. 315 

Also, the factor analyses of HMs concentration values were performed and presented in Figure 8. 316 

As shown in this graph, the HMs was divided into four groups. The elements of Ni - Hg are in the 317 

(1, 1) group, Cu in (1,-1), Zn -Mn in (-1,-1), and Cr, As, and Pb in the (-1, 1) group. (See Figure8) 318 

Fig. 7 The HMs concentration and using cluster analysis of the variables 319 

Fig. 8 The factor analyses of HMs concentration in outdoor dust 320 

4. Conclusion 321 

Nineteen outdoor dust sampling sites with fifty-four samples were selected to investigate heavy 322 

metals in the dust contamination due to traffic and the outdoor dust of the Eastern Mediterranean 323 

Sea area. The concentration of HMs elements in outdoor dust was elucidated. It was found that the 324 

level of heavy metal pollution in the study area was higher than that of the Earth's crust average 325 

value except for Mn and Cr. The main sources of heavy metals in outdoor dust appear to be traffic 326 

emissions and industrial sources.  327 

The ecological-human-health-risk-assessment parameter (EHHRA) was calculated in the study 328 

area. The calculated results of EF and PLI showed that the studied area was detected in different 329 

pollution levels and the pollution in the forms of As and Hg was severe level. Regarding the risk 330 

to human health,  the HQ and HI parameters for the non-carcinogenic risk of the children and adults 331 

was calculated. The highest HQ for adults and children was obtained due to As and Cr, 332 

respectively. Lifetime average daily dose (LADD) and incremental lifetime cancer risk (ILCR) 333 

were assessed for carcinogenic risk. The LADD parameter estimation indicated that the ingestion 334 

pathway is the main exposure way. Additionally, Zn and Mn indicated a significant value for 335 

LADD. According to the US-EPA health risk assessment methodology, no metal exceeded the 336 

acceptable cancer risk range of 1×10-6 to 1×10-4. Hence, the cancer risk to human ratio in study 337 

area looks to be negligible. 338 
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 459 

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

 461 



 462 

Fig 2. The scatterplot of As, Mn, Cr, Cu, Hg, Ni, Pb, and Zn along with the world average level in 463 

the study area 464 



 465 

 466 

Fig. 3 Box-plot of pollution index (PI) in the studied area road dust samples (The grey point, cross 467 

points and boxes mark are represents mean, median, and 25th and 75th percentile values., 468 

respectively. Classification of pollution areas separated by dashed lines. 469 

 470 



 471 

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

 473 

 474 



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

 476 

 477 

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

 479 



 480 

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

 482 

 483 



Fig. 8 The factor analyses of As, Mn, Cr, Cu, Hg, Ni, Pb, and Zn elements in road dust 484 

 485 

 486 

Table 1. Variables and parameters of exposure applied in risk assessment calculation. 487 

 488 

Table 2. The average concentration of heavy metals (mg kg-1) in outdoor dust collected from the study area 489 

and Earth’s crust average value (Taylor and McLennan, 1995) 490 

Region Sites (#) 
HMs (mg/kg, dw)* 

As Mn Cr Cu Hg Ni Pb Zn 

Karpaz 

D-1 (n=3) 
8.86 539.08 33.95 47.29 0.75 27.13 21.24 81.17 

D-2 (n=3) 
5.74 366.23 40.26 44.16 0.47 30.47 12.6 77.36 

D-3 (n=3) 
11.64 528.93 32.42 46.74 0.93 26.34 21.84 80.59 

Famagusta 

D-4 (n=3) 
9.84 571.32 33.92 37.90 0.01 18.88 15.12 82.84 

D-5 (n=3) 
4.10 922.32 20.90 62.56 0.68 10.94 23.08 112.12 

D-6 (n=3)  
19.52 516.83 34.66 31.83 0.42 29.99 31.68 97.24 

D-7 (n=2) 
8.04 223.45 27.21 19.50 0.12 33.79 21.16 49.74 

Kyrenia 

D-8 (n=3) 
5.58 638.62 29.58 45.91 0.84 40.64 25.4 80.78 

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 27.94 38.46 0.16 17.89 27.48 83.92 

Variables Definition Adult Children General References 

𝐶𝑑𝑢𝑠𝑡(mg/kg) Heavy metal 

concentration in 

outdoor dust 

  

Calculated 

This study 

BW (kg) Body weight 70 15  (USEPA, 1989) 

InhR (m3/day) Inhalation rate  7.6 20  

(EPA, 1996) IngR (mg/day) Ingestion rate 100 200  

EF (d/y) Exposure frequency   180 

ED (y) Exposure duration 24 6  

(EPA, 2001) 

𝐴𝑇𝑐𝑎𝑟𝑐(𝑑) Averaging time for a 

carcinogenic effect 

  
70 х 365 

𝐴𝑇𝑛𝑜𝑛𝑐𝑎𝑟𝑐(𝑑) Averaging time for 

non-carcinogenic 

effect 

  

ED х 365 

SA (cm2) Surface area of skin 

exposed 

5700 2800 
 

AF (mg/cm/day) Skin adherence 

factor for dust 

0.7 0.2 
 

PEF (m3/kg) Particle emiDion 

factor 

  
1.36 х109 

ABS Absorption skin 

factor 

  
0.001 

CF Conversion factor   1.00 х 10-6 



D-11 (n=3) 
13.69 654.19 45.90 39.65 0.27 19.50 36.1 107.52 

Lefke 

D-12 (n=3) 
0.94 1019.70 21.77 60.17 0.04 11.03 15.36 103.60 

D-13 (n=2) 
1.62 1009.14 20.46 61.27 0.29 10.48 14.98 106.05 

D-14 (n=3) 
10.21 613.34 31.57 36.89 0.16 17.91 34.82 98.02 

D-15 (n=3) 
6.03 440.09 34.36 56.76 0.30 31.13 15.47 96.26 

Nicosia 

D-16 (n=3) 
7.49 497.76 25.74 39.93 0.70 16.63 25.16 83.82 

D-17 (n=2) 
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 21.34 112.41 

Min- 

Max 

0.94-

19.52 

190.08- 

1019.7 

20.46- 

45.9 

19.5- 

62.56 

0.01- 

0.93 

10.48- 

40.64 

12. 6- 

36.1 

48.96- 

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 3.72 -0.51 -0.09 0.63 

Skewness 1.03 0.47 0.58 -0.47 1.22 0.27 0.75 -0.76 

Earth's crust 

average value 
1.5 600 35 25 0.08 20 20 71 

*Uncertainties are given within 1 standard deviation 491 

 492 

Table 3. Calculated values of the pollution index (PI) factor of each metal, the pollutant load index 493 

(PLI), and pollution category (PC) for metals in road dust from different traffic areas of Nicosia, 494 

Cyprus 495 

Sites 

PI 

PLI 

 

As Mn Cr Cu Hg Ni Pb Zn 
Pollution 

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 



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 
Avg. 5.22 1.11 0.99 1.89 5.15 1.21 1.15 1.16 8.85 - 

 496 

 497 

Table. 4 Hazard Quotient (HQ) and Hazard Index (HI) for non-carcinogenic risk of the children and 498 

adults in the study area (n=19) 499 

Element Adult  Children 

ADDinh ADDing ADDder HQ HI ADDinh ADDing ADDder HQ 

As 3.02E-10 2.15E-07 2.11E-10 7.20E-04 

1.77E-03 
 

3.70E-09 1.41E-07 1.97E-09 4.89E-05 

Mn 2.24E-08 1.6E-05 1.57E-08 3.14E-04 2.75E-07 1.05E-05 1.46E-07 1.58E-04 

Cr 1.19E-09 8.5E-07 8.34E-10 4.26E-04 1.46E-08 5.57E-07 7.79E-09 2.90E-04 

Cu 1.84E-09 1.31E-06 1.29E-09 1.78E-05 2.26E-08 8.61E-07 1.20E-08 8.95E-05 

Hg 1.59E-11 1.13E-08 1.11E-11 7.10E-05 1.95E-10 7.43E-09 1.04E-10 2.58E-05 

Ni 9.03E-10 6.44E-07 6.32E-10 3.23E-05 1.11E-08 4.22E-07 5.90E-09 8.78E-05 

Pb 8.81E-10 6.29E-07 6.17E-10 1.80E-04 1.08E-08 4.12E-07 5.76E-09 1.43E-04 

 500 

 501 

Table. 5 Lifetime average daily dose of inhalation (LADDinh), derma (LADDder), ingestion (LADDing), 502 

and incremental lifetime cancer risk 𝐈𝐋𝐓𝐂𝐑  in the study area (n=19) 503 

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 

 504 

 505 



Table .6 Pearson correlation coefficients between HMs concentration values in bold are 506 

statistically significant 507 

 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 

 508 
* p < 0.05 509 

 510 

 511 

 512 

 513 

 514 


