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ased on the contents of heavy metals (Co, Cr, Cu, Fe, Mo, Mn, Pb, and Zn) in 22 road dust 
samples, the urban environmental quality of Wadi El-Qamar area was evaluated. It is a residential 

area suffering from unplanned industrial activities, overpopulation, and uncontrolled urbanization. 
Heavy metal sources and geochemical associations were deciphered using a multivariate statistical 
approach, while the contamination degree and ecological risks were identified using various pollution 
indices. Moreover, the human health risks (carcinogenic and non-carcinogenic) for residents were 
estimated via different exposure pathways. The mean abundances of elements were as follows: Fe > 
Mn > Zn > Cr > Cu > Pb > Mo > Co, while the individual contamination grades decreased in the 
following order: Mo > Cu > Zn > Pb > Cr > Fe > Mn > Co, according to the geoaccumulation index 
(Igeo) and the contamination factor (CF) average values. The high correlation between Zn and Cu (r = 
0.92) reflected their common origin (traffic-related emissions). Notably, only Cu showed individual 
ecological risk; meanwhile, the overall ecological risk index (RI) classified the study area as having 
low ecological risk (RI < 150), with an average of 75.20. The health risk assessment indicated the 
absence of adverse non-carcinogenic risks and the presence of unacceptable carcinogenic risks posed 
by Cr and Pb. Ultimately, heavy-duty vehicular emissions (e.g., tire and brake wear) and industrial 
emissions from cement and refining companies are likely the main contributors to heavy metal 
loadings in the study area. The results of this research will be useful in developing strategies for 
pollution control and management and can be utilized for comparison in future studies. 
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1. Introduction 
Unplanned urbanization and uncontrolled industrial 
activities lead to the rapid degradation of urban 
environmental quality, especially in large cities 
(Aguilera et al., 2021; Kabir et al., 2021). Being a 
temporary sink of heavy metal pollutants, road dust 
(RD) contamination has become a major 
environmental issue in an urban context (Choi et al., 
2020; Gopal et al., 2017). RD particles are 
composed mainly of quartz and feldspar, in addition 
to a mixture of solid materials (organic and 
inorganic) and liquid particles accumulated along 

pavements (Al-Shidi et al., 2021; Kamani et al., 
2018). The chemical composition of RD can be 
continuously altered as a result of the complex 
mixing actions that occur during various on-road 
activities (Bourliva et al., 2017). RD originates 
from several input sources, which can be 
categorized into natural and anthropogenic sources. 
Natural sources are attributed mainly to natural 
geochemical processes such as soil formation and 
erosion (Cao et al., 2018), whereas anthropogenic 
sources include metallurgical activities, burning of 
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fossil fuels, waste incineration, and traffic-related 
emissions from the exhaust and non-exhaust parts 
(Jiménez et al., 2018; Sultan et al., 2022; Žibret, 
2019). For example, Cr and Zn contents in RD are 
reported to be derived from braking and tire wear 
(Hong et al., 2020). 

 

Recently, numerous studies have been carried out to 
investigate the high concentrations of heavy metals 
in RD and their ecological and health implications, 
especially in megacities with high traffic loadings 
and uncontrolled industrial emitters (Duong & Lee, 
2011; Ebqa’ai & Ibrahim, 2017; Logiewa et al., 
2020; Yang et al., 2010; Zgłobicki et al., 2019; 
Zhao et al., 2015). Chronic exposure to toxic 
metals, such as lead, cadmium, and arsenic, 
increases the risk of kidney and liver failure, 
infertility, mental illness, cancer, and nervous 
breakdown (Khan et al., 2011). The risks associated 
with these pollutants become more serious as wind, 
street sweeping, and vehicle-generated turbulence 
resuspend these particles in the air, causing them to 
become inhalable (Amato et al., 2014; Žibret, 
2019). Correspondingly, metals in RD are 
susceptible to getting deposited in the circulatory 
system through ingestion due to their high chemical 
mobility. Additionally, they can be washed off by 
road runoff and enter the water bodies, causing 
highly toxic impacts on the aquatic organisms 
(Zafra et al., 2017). Noteworthy, RD is regarded as 
an indicator of urban environmental quality (Li et 
al., 2016; Najmeddin et al., 2018), as it acts as both 
a sink and a source of environmental pollutants 
(Huang et al., 2016). Compared to other urban 
sediments such as urban soils, roadside plants, and 
gully sediments, RD has a greater capacity for the 
adsorption of HMs from the atmosphere (Liu et al., 
2019; Shahab et al., 2020). Consequently, it is 
considered a valuable environmental matrix for 
monitoring urban pollution. 

 

Wadi El-Qamar area, an industrial and residential 
district located in the western coastal sector of 
Alexandria Governorate, is heavily affected by the 
industrial emissions of the unplanned complex 
industrial center (cement production, chemical 
industries, and petrochemicals), in addition to 
vehicle emissions from cars and heavy-duty 
vehicles. The proximity of the industrial complex to 
residential areas, especially with the use of coal as 
fuel in a number of factories and the emission of 
cement dust, has increased the potential ecological 
and health risks (Jadoon et al., 2021). Additionally, 

several industrial plants near the coast discharge 
their effluents into the Mediterranean Sea (Okbah et 
al., 2013; Shreadah et al., 2015). These factors 
together contribute to worsening the environmental 
conditions, and therefore, RD is suggested to be 
loaded with elevated levels of heavy metals in the 
study area, making it more serious than normal. 
Concerning the dearth of studies regarding RD 
pollution in the study area, this study aimed to form 
a more comprehensive knowledge about RD 
contamination and the environmental impacts of 
Wadi El-Qamar complex industrial center as an 
unplanned industrial area. Accordingly, the study 
was conducted to (a) ascertain the levels and 
evaluate the distribution of selected heavy metals in 
RD, (b) detect critical points with high 
contamination grade, (c) decipher the geochemical 
associations among the investigated metals and 
identify main pollution sources, and (d) estimate the 
potential health risks to residents and factory 
workers through different exposure pathways. 
 

2. Materials and Methods 
2.1 Site description and road dust sampling 
Wadi El-Qamar, the study area is situated between 
latitudes 31° 8' and 31° 6' N and longitudes 29° 50' 
and 29° 51' E (Fig. 1a), is an unplanned residential 
and industrial area located in the west of Alexandria 
Governorate, the second economic capital of Egypt. 
Alexandria is a major tourist, industrial, and harbor 
center located in northern Egypt on the 
Mediterranean coast, about 216 km from the 
capital, Cairo. It is inhabited by more than 5 million 
people and characterized by a desert climate, 
exhibiting two seasons: the dry, hot season between 
May and October and the mild, wet season between 
November and April (Jadoon et al., 2021). The 
prevailing wind direction is north, which blows 
across the Mediterranean, resulting in a less severe 
climate than the desert regions (El-Geziry, 2021). 
The study area lies in the west of Alexandria, which 
is considered a growing commercial hub, 
containing several seaports, such as the Eastern Port 
and Dekheila Port, and industrial activities, 
represented, for example, in crude oil refineries and 
cement factories. What is striking is the presence of 
residential buildings almost without spatial 
separation from these industrial facilities, and 
thereby the residents of this area are directly 
exposed to emissions from vehicles and factories. 

 

In dry and windless climatic conditions, a 
systematic sampling of 22 road dust samples (Q1-
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Q22) (combining 5 subsamples; 200 g) was 
conducted using pre-clean polyethylene brushes and 
plastic dustpans, where the sampling points were 
homogeneously distributed from both sides along 
the paved main road of Wadi El-Qamar area, which 
crosses the industrial area with a length of 
approximately 8 km and is dominated by heavy-
duty vehicles (Fig. 1b). To collect the sample, dust 
was swept within a 2.5-m radius circle around each 
sampling site from the impervious surfaces (where 
the road meets the curb). This sampling protocol, 
despite its simplicity, continues to be regularly used 
in investigations of this kind (e.g., Alsanad & 
Alolayan, 2020; Kabir et al., 2021; Zgłobicki et al., 
2019). During sampling, it was taken into 
consideration to record the coordinates of each 

sample using a hand-held GPS (Garmin eTrex 30), 
wear hand gloves and nose masks, avoid sampling 
near construction sites, conduct sampling in the 
morning hours (low traffic loads), and sweep the 
dust gently to minimize the disturbance and 
resuspension of the fine particles. Samples were 
packed up in self-sealing polyethylene bags, 
labeled, and transported to the laboratory, where 
they were air-dried at room temperature (about 27 
°C) for 3 days, homogenized using a ceramic 
mortar and pestle, and passed through a 63-µm 
sieve. This fraction was used for analysis, as it is 
more likely to be resuspended, adheres easily to the 
hands, contains high metal loadings, and is thereby 
associated with higher health risks (Charlesworth et 
al., 2011; Logiewa et al., 2020; Saeedi et al., 2012). 

Fig. 1. (a) Location of Wadi El-Qamar area, Alexandria (the study area) and (b) RD sampling points (Q1-
Q22). 

2.2 Chemical analysis procedures 
For elemental total form extraction, the acid 
digestion procedures suggested by the US 
Environmental Protection Agency (USEPA) 
(method 3050B) were followed using a mixture of 
HNO3 (70%), HCl (70%), and HF (40%) (9:3:1) 
(USEPA, 1996a). The digested samples were 
transferred to a 50 mL volumetric flask, filtered, 

and diluted with ultra-pure water to the mark. 
Subsequently, concentrations of Co, Cr, Cu, Fe, 
Mo, Mn, Pb, and Zn were analyzed using an ICP-
AES (inductively coupled plasma atomic emission 
spectrometry; iCAP-6500 Duo, Thermo Scientific, 
UK). All the analytical work was conducted at the 
central laboratory of the Desert Research Center, 
Egypt. Limits of detection (LOD) were 0.001, 0.01, 
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0.006, 0.02, 0.002, 0.001, 0.008, and 0.0006 mg/kg 
for Co, Cr, Cu, Fe, Mn, Mo, Pb, and Zn, 
respectively. 

To provide quality assurance (QA) and quality 
control (QC), some procedures, including three 
analytical duplicates and calibrating the instrument 
using a calibration blank, were applied. Moreover, 
all the reagents used for analysis were of high 
analytical grade and superior purity. Additionally, 
the analytical precision and accuracy were checked 
by analyzing certified reference materials from the 
Merck Company (Darmstadt, Germany) and the 
National Institute of Standards and Technology 
(NIST), exhibiting ratios of recoveries of 87-113% 
for all investigated metals. 

2.3 Statistical analysis 
Descriptive statistics were applied to the data 
acquired from the geochemical analysis to 
characterize the contents of HMs, while 
multivariate statistical techniques, including 
principal component analysis (PCA), cluster 
analysis (CA), and Pearson correlation coefficient 
analysis, were used to decipher the origin of the 
HMs and elucidate the interrelationships between 
them. PCA was applied by Varimax normalized 
rotation to reduce the number of independent 
variables by generating substitute parameters (the 
principal components). Each component is 
composed of a group of metals that are presumed to 
have a similar origin (Zgłobicki et al., 2018). 
Furthermore, CA was performed to provide 
additional information about the mutual 
relationships of data based on their similarity by 
determining the geometric, multidimensional 
Pearson’s distances between the investigated 
elements using Ward’s method. Pearson correlation 
was employed to confirm the results of PCA and 
CA by defining the strength of a linear relationship 
between two metals, which reveals information in 
terms of their origin and geochemical 
characterizations (Pellinen et al., 2021). All 
statistical analyses were conducted using IBM 
SPSS (version 23) and Minitab (version 17) 
software packages, while, for graph drawing, 
OriginPro software (2021) was used. 

2.4 Pollution assessment methodology 
The geo-accumulation index (Igeo) is widely applied 
to distinguish natural and anthropogenic influences 
on metal enrichment in different environmental 
matrices (Cai et al., 2021; Malakootian et al., 2021). 
It was computed through Eq. (1), where Cn 

represents the measured content of the target HM in 
RD samples (mg.kg-1), and Bn is the content of this 
HM in the background. Factor (1.5) is the 
background matrix correction factor to adjust the 
natural fluctuations in HM contents and detect very 
slight anthropogenic influences (Trujillo-González 
et al., 2016). Notably, due to the difficulty of 
determining local geochemical reference values for 
RD being a mobile matrix, the average elemental 
contents in the upper continental crust, reported by 
Wedepohl (1995), were used as reference values. 
According to the precious scale of Muller (1969), 
Igeo values were classified into seven categories 
(Table 1).  

൫I୥ୣ୭൯
୬

= logଶ ቀ
େ౤

ଵ.ହ ×୆౤
ቁ  (1) 

The contamination factor (CF) is an individual 
pollution index used to identify pollution levels 
(Kabir et al., 2021; Shimod et al., 2022). It can be 
calculated by normalizing the content of the target 
HM in the RD sample (Csample) by the local 
background concentrations in the earth crust 
(Cbackground), which were the background values of 
Wedepohl (1995) in this study (Eq. 2) (Hakanson, 
1980; Yesilkanat & Kobya, 2021). Sediment 
contamination levels based on CF results were 
briefed in Table 1. 

CF =
େ౩౗ౣ౦ౢ౛

େౘ౗ౙౡౝ౨౥౫౤ౚ
 (2) 

The pollution load index (PLI) was applied to 
determine the overall contamination grade 
regarding the combined impact of all investigated 
metals (Tomlinson et al., 1980; Varol, 2011) and 
calculated through Equation (3), where CF is the 
contamination factor of each HM and n is the 
number of analyzed HMs. Notably, PLI values 
greater than unity are associated with deterioration 
in sediment quality, denoting that pollution exists, 
whereas PLI values less than unity reveal that the 
sediment quality is perfect (no metal pollution) 
(Hakanson, 1980). 

PLI =  ሺCFଵ × CFଶ × CFଷ × … × CF୬ሻ
భ
౤  (3) 

The enrichment factor (EF) was used to investigate 
the degree of metal enrichment from natural and 
anthropogenic sources depending on a reference 
element (widely used elements are Fe, Al, and Mn) 
to control the variations caused by heterogeneous 
samples (Bourliva et al., 2017; Wu et al., 2015; 
Yuen et al., 2012). It was computed using Equation 
(4) according to Buat-Menard and Chesselet (1979),
where Cx is the measured concentration of the metal



 SOURCE IDENTIFICATION, POLLUTION STATUS, AND ECOLOGICAL RISK ASSESSMENT OF HEAVY METALS ... 223 
 

________________________ 
Egypt. J. Geo. Vol. 67 (2023) 

x in the sample, Cref is the measured concentration 
of the chosen reference element in the sample, Bx is 
the geochemical background value of the target 
element in the upper continental crust (Wedepohl, 
1995), and Bref is the corresponding background 
concentration of the reference element. In this 
study, Fe was chosen as a reference element owing 
to its ability to associate with fine-grained 
sediments, its uniform natural concentrations and 
abundance in the Earth’s crust, and the similarity of 
its geochemical characteristics with those of HMs 
(Bhuiyan et al., 2010; Ekoa Bessa et al., 2022). 
Values of EF lower than 1.5 were considered to 
originate mainly from natural processes (e.g., 
weathering), whereas values higher than 1.5 are 
assumed to reveal anthropogenic inputs of HMs 
(e.g., traffic emissions) (Liu et al., 2015; Wang et 
al., 2008). 

EF =  
൬

ి౮
ి౨౛౜

൰ୗୟ୫୮୪ୣ

൬
ా౮

ా౨౛౜
൰୆ୟୡ୩୥୰୭୳୬ୢ 

          (4) 

Depending on the toxicity limit of each HM, and 
the biological response to this toxicity level, the 
individual ecological risk factor (Er) and the overall 
ecological risk index (RI) were applied to evaluate 
the potential ecological threats to the biological 
community posed by single and multiple toxic 
metals, respectively (Guo et al., 2012; Maanan et 
al., 2015), computing as specified in Equations (5) 

and (6). Notably, T୰
୧ denotes the biological toxic-

response factor for a given element, which was 
estimated and defined for Mn (1), Co (5), Cr (2), Cu 
(5), Pb (5), and Zn (1), according to Hakanson 
(1980). Interpretations for these calculations were 
presented in Table 1. 

Er = T୰
୧ × CF୧           (5)  

RI = ∑ Er୬
୧ୀଵ            (6) 

 
Table 1. Classification grades of the pollution indices used in this study. 

Igeo (Muller, 1969) CF (Hakanson, 1980; Yesilkanat & Kobya, 2021) 
≤ 0 Class 0: Uncontaminated 

≤ 1 Class 1: Low contamination 
0-1 Class 1: Uncontaminated to moderately contaminated 
1-2 Class 2: Moderately contaminated 

1-3 Class 2: Moderate contamination 
2-3 Class 3: Moderately contaminated to heavily contaminated 
3-4 Class 4: Heavily contaminated 

3-6 Class 3: Considerable contamination 
4-5 Class 5: Heavily contaminated to extremely contaminated 
> 5 Class 6: Extremely contaminated > 6 Class 4: Very high contamination 

Er (Guo et al., 2010; Hakanson, 1980) RI (Hakanson, 1980; Mostafa et al., 2023). 
< 40 Low risk <150 Low risk 

40-80 Moderate risk 150-300 Moderate risk 
80-160 Considerable risk 300-600 Considerable risk 

160-320 High risk 
≥ 600 High risk 

≥ 320 Very high risk 
    

2.5 Health risk assessment model 
This study evaluated the human health risks 
associated with exposure to cancer-causing and 
non-cancer-causing HMs in road dust, based on the 
health risk assessment model that was developed by 
the USEPA (2002a, 2004), consisting of four key 
procedures: data measurements, exposure 
evaluation, dose-reaction evaluation, and health risk 
estimation (Dat et al., 2021; Rahman et al., 2021; 
USEPA, 2011). Notably, adults and children are 
isolated due to the physiological variations between 
them (Kelepertzis, 2014). The average daily doses 
(ADD, [mg/(kg/day)]), representing the doses 
received through ingestion, inhalation, and dermal 
contact could be estimated using Equations (7)–(9), 
which were recommended by the USEPA (1989, 
1996b, 2011), while the relevant parameters used in 
these calculations were listed and described in 
Table 2. 

ADD୧୬୥ୣୱ୲୧୭୬  =  
େ౤ × ୍ୖ౟౤ౝ ×୉ୈ ×୉୊ 

୆୛ ×୅୘
 × CF        (7) 

ADD୧୬୦ୟ୪ୟ୲୧୭୬ =
େ౤ × ୍ୖ౟౤౞ ×୉ୈ ×୉୊ 

୆୛ ×୅୘ × ୔୉୊
         (8) 

 

ADDୢୣ୰୫ୟ୪ =  
େ౤ ×ୗ୅ × ୅୊ × ୈ୅୊ × ୉ୈ ×୉୊ 

୆୛ ×୅୘
× CF        (9) 

 

For evaluation of non-carcinogenic risk, the 
calculated ADDs (mg/kg/day) for each element of 
interest and an individual pathway was divided by 
the corresponding reference dose (RfD) to yield the 
hazard quotient (HQ, Eq. 10) (USEPA, 2011). 
According to the Integrated Risk Information 
System (IRIS), RfD can be defined as an estimation 
of the maximum appreciable risk level of each 
metal that does not cause deleterious effects in the 
human body during a lifetime, as listed in Table 3 
(USEPA, 2012). HQs were subsequently summed 
to compute the total health risk of non-carcinogenic 
elements through multiple exposure pathways 
(hazard index, HI). In particular, if HQ and HI 
values are less than 1.0, no adverse non-
carcinogenic risks are believed to occur; 
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conversely, when these values exceed 1.0, there is a 
potentiality for non-carcinogenic risks, considering 
that unity is the threshold reference value (Diami et 
al., 2016; USEPA, 2002b; Xu et al., 2013). 

HQ =
୅ୈୈ

ୖ୤ୈ
         (10)

HM carcinogenic risks were assessed for each 
exposure pathway using the individual carcinogenic 
risk (CR, Eq. 11) and summed to yield the total 
carcinogenic risk (TCR), depending on the cancer 
slope factor (CSF), the plausible upper-bound 
estimate of the biological response to a potential 
carcinogen, and the calculated average daily dose 

(ADD) (USEPA, 2002a, 2005). Due to the 
unknown values of CSF for some HMs, or 
according to the fact that some metals are not 
considered to create cancer (e.g., iron), this study 
evaluated the carcinogenic risks for only four 
metals (Pb, Cr, Cd, and Ni) (Table 3). For data 
interpretation, the CR and TCR value of 1×10-4 was 
the acceptable threshold as the exceeding values 
imply potential lifetime carcinogenic risks 
(unacceptable high carcinogenic risks). 
CR = ADD × CSF                      (11) 

Table 2. Description of exposure parameters used for ADD calculations. 

Symbol 
(unit) 

Parameter 
Value 

Reference 
Children Adults 

IRIng (mg/d) Ingestion rate 200 100 (USEPA, 1996b, 2002b) 
ED (yr) Exposure duration 6 24 (USEPA, 2002b) 

EF (d/yr) Exposure frequency 350 (USEPA, 1996b) 

BW (kg) 
Average body 

weight 
15 70 (USEPA, 2002b) 

AT (d) Averaging time 365 × ED (Dat et al., 2021; Malakootian et al., 2021) 

IRInh (m
3/d) Inhalation rate 7.63 20 

(Ferreira-Baptista & De Miguel, 2005; USEPA, 
2002b; Xu et al., 2013) 

PEF (m3/kg) 
Particle emission 

factor 
1.36×109 (USEPA, 1996b, 2002b, 2011) 

SA (cm2) 
Exposed skin 
surface area 

2800 5700 (Dat et al., 2021; USEPA, 2002b) 

AF 
(mg/cm2/d) 

Skin-soil adherence 
factor

0.2 0.07 (USEPA, 2002b) 

DAF (unit-
less) 

Dermal absorption 
factor 

0.001 (USEPA, 2002b) 

CF (kg/mg) Conversion factor 1×10-6 (USEPA, 2002b) 

Table 3. Reference doses (RfD) and cancer slope factors (CSF) for toxic HMs via different exposure pathways 
(Adimalla, 2020; Dat et al., 2021; Malakootian et al., 2021; Tan et al., 2018; USEPA, 2002b, 2011, 2012). 

HMs Reference dose (RfD) (mg/kg/d) Cancer slope factor 
(CSF) (mg/kg/day) Ingestion Inhalation Dermal contact 

Pb 3.50E-03 3.52E-03 5.25E-04 8.50E-03 
Co 2.00E-02 5.71E-06 1.60E-02 - 
Cr 3.00E-03 2.86E-05 6.00E-05 5.00E-01 
Cu 4.00E-02 4.02E-02 1.20E-02 - 
Zn 3.00E-01 3.00E-01 6.00E-02 - 

3. Results and discussion
3.1 Concentrations and spatial distribution of
HMs in road dust
Abundances of Co, Cr, Cu, Fe, Mn, Mo, Pb, and Zn
in analyzed urban RD samples fluctuated from 0.72
to 8.74, 29.31 to 121.22, 27.76 to 165.83, 8309 to
22350, 163.48 to 333.32, 7.36 to 46.22, 17.16 to
119.10, and 111.51 to 451.33 mg/kg, respectively.
The abundance of elements according to their mean
values was as follows: Fe > Mn > Zn > Cr > Cu >

Pb > Mo > Co (Table 4). Notably, typical urban 
elements (Pb, Zn, and Cu) showed skewness and 
kurtosis values higher than other elements, 
demonstrating the presence of pollution hotspots 
(Najmeddin et al., 2018). Moreover, the high 
coefficient of variation (CV) values of Cu, Pb, Zn, 
Mo, and Cr associated with relatively high standard 
deviation (SD) results pointed out that these metals 
displayed high variability, which can reflect that 
anthropogenic activities exerted a strong influence 
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on their loadings (Karim et al., 2014). Higher 
abundance and clear hotspots of HMs were 
observed in the central zone of the study area, 
especially Zn, Cr, Cu, Fe, and Mn, where most 
polluting industrial facilities are situated (mineral 
oils and refining companies). As contaminants from 
point sources could be responsible for the localized 
hotspots (Ekoa Bessa et al., 2022), it seems 

reasonable to infer that these heavy industrial 
activities in this zone have led to the release of large 
amounts of heavy metals. In this regard, Jaradat et 
al. (2004) reported relatively high Zn levels in street 
dust samples around a petroleum refinery area in 
Jordan. 

Table 4. The loadings of heavy metals and their descriptive statistics in road dust samples from Wadi El-
Qamar area (mg/kg) and average background values. 

Sample code Co Cr Cu Fe Mn Mo Pb Zn 
Q1 2.48 65.27 39.85 10970 225.51 32.17 45.39 138.81 
Q2 3.94 77.14 27.76 11080 234.66 26.14 88.78 136.45 
Q3 2.42 49.33 28.30 10830 213.14 22.82 32.81 139.73 
Q4 2.62 58.77 32.45 10800 242.62 14.55 22.02 141.42 
Q5 4.75 48.22 47.41 10890 246.87 11.43 24.04 137.37 
Q6 2.21 29.31 49.11 10690 240.29 10.63 34.16 144.62 
Q7 5.49 121.22 84.51 19350 325.74 15.19 19.32 239.72 
Q8 2.14 100.51 89.25 19604 333.32 7.36 36.85 246.86 
Q9 3.14 63.79 73.68 18560 310.54 11.43 51.01 249.12 
Q10 0.72 117.85 102.13 21720 313.37 21.41 44.27 205.34 
Q11 3.07 74.91 90.59 22350 304.82 23.27 67.87 204.76 
Q12 4.58 116.11 109.73 21420 324.41 37.63 50.34 207.16 
Q13 0.83 99.31 164.9 19110 314.58 36.24 30.33 451.33 
Q14 7.08 87.04 158.56 21080 305.50 46.22 32.81 390.32 
Q15 1.25 66.01 165.83 17580 311.34 25.06 28.14 428.81 
Q16 1.74 53.77 34.25 12129 189.33 32.31 17.16 162.84 
Q17 3.73 51.55 32.86 17140 178.49 15.64 119.10 157.75 
Q18 5.66 39.32 27.9 16730 193.71 19.43 60.46 168.77 
Q19 3.84 69.71 49.42 17900 228.94 24.44 35.73 221.13 
Q20 8.74 78.25 53.19 19890 181.25 22.74 36.54 222.85 
Q21 5.96 62.68 50.05 8309 163.48 39.58 26.32 111.51 
Q22 4.82 56.52 39.85 9418 173.52 32.26 19.44 112.26 

Univariate statistical analysis 
Mean 3.69 72.12 70.53 15798 252.52 24.00 41.95 209.95 
Median 3.44 65.64 49.74 17360 241.46 23.05 34.95 186.77 
Maximum 8.74 121.22 165.83 22350 333.32 46.22 119.10 451.33 
Minimum 0.72 29.31 27.76 8309 163.48 7.36 17.16 111.51 
SD 2.06 25.54 45.19 4710 58.80 10.51 24.47 97.18 
CV 55.71 35.42 64.08 29.81 23.28 43.81 58.33 46.29 
Skewness 0.67 0.58 1.14 -0.19 -0.02 0.34 1.88 1.50 
Kurtosis 0.24 -0.40 0.23 -1.65 -1.60 -0.62 3.97 1.57 

Geochemical reference values 
a Turekian and Wedepohl 
(1961) 

19 90 45 47,200 850 2.6 20 95 

b Wedepohl (1995) 11.6 35 14.3 30,890 527 1.4 17 52 
c Kabata-Pendias and 
Pendias (2001) 

6.9 42 14 47,000 418 1.8 25 62 

(a) Distribution of the elements in Earth’s Crust in sedimentary rocks (shales); (b) Chemical composition of the Continental Crust (Upper 
Continental Crust); (c) Average HM concentrations for world soils. 
SD standard deviation, CV coefficient of variation 
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Mo, Pb, Cu, and Zn exhibited higher average 
concentrations compared with their corresponding 
values in the geochemical backgrounds of Turekian 
and Wedepohl (1961), Wedepohl (1995), and 
Kabata-Pendias and Pendias (2001) in Earth’s Crust 
sedimentary rocks (shales), Upper Continental 
Crust, and world soils, figuring out their 
anthropogenic enrichment in road-deposited 
sediments (Table 4). Molybdenum contents in the 
studied RD samples were compared to those of 
other explorations performed in other countries and 
revealed that its abundance in this investigation was 
much higher than those found in other studies 
(Chatterjee & Banerjee, 1999; Ferreira-Baptista & 
De Miguel, 2005; Najmeddin et al., 2018; Wang et 
al., 2020) (Table 5). Moreover, the mean content of 
Cu was higher in Wadi El-Qamar than in Dhaka, 
Bangladesh (Safiur Rahman et al., 2019), Greater 
Calcutta, India (Chatterjee & Banerjee, 1999), 
Luanda, Angola (Ferreira-Baptista & De Miguel, 
2005), Toronto, Canada (Nazzal et al., 2013), and 

Al-Qunfudah, Saudi Arabia (Harb et al., 2015), and 
lower than that in Alexandria, Egypt (Jadoon et al., 
2021), Nanjing, China (Wang et al., 2020), Ahvaz, 
Iran (Najmeddin et al., 2018), Lublin, Poland 
(Zgłobicki et al., 2018), Madrid, Spain (Miguel et 
al., 1997), Mexico City, Mexico (Aguilera et al., 
2021), and Ho Chi Minh, Vietnam (Dat et al., 
2021). Based on these comparisons, the Mo 
contents can generally be classified as exhibiting 
high accumulation levels, while the Cu, Pb, and Zn 
concentrations can be classified as showing 
moderate accumulation levels. Notably, many 
studies reposted the association of Mo with 
industrial and traffic emissions (Amato et al., 2014; 
Vanegas et al., 2021; Wiseman et al., 2021). 
Consequently, the high values of Mo compared to 
other cities and geochemical references are 
explained since both of the mentioned input sources 
exist in Wadi El-Qamar area. 

Table 5. A comparison of toxic metal mean concentrations (mg/kg) in road dust from different cities 
around the world. 

City and country Co Cr Cu Mo Pb Zn Reference 
Wadi El-Qamar, Egypt 4 72 71 24 42 210 This study 
Alexandria, Egypt 3 24 80 - 70 169 (Jadoon et al., 2021) 
Nanjing, China 11 - 133 4.5 102 281 (Wang et al., 2020) 
Dhaka, Bangladesh - 144 50 - 19 239 (Safiur Rahman et al., 2019) 
Greater Calcutta, India 16 54 44 1 536 159 (Chatterjee & Banerjee, 1999) 
Ahvaz, Iran 10 52 74 3 85 309 (Najmeddin et al., 2018) 
Luanda, Angola 3 26 42 2 351 317 (Ferreira-Baptista & De Miguel, 2005) 
Lublin, Poland - 86 82 - 44 241 (Zgłobicki et al., 2018) 
Madrid, Spain 3 61 188 - 1927 476 (Miguel et al., 1997) 
Mexico City, Mexico 7 51 100 - 128 281 (Aguilera et al., 2021) 
Toronto, Canada - 198 162 - 183 233 (Nazzal et al., 2013) 
Al-Qunfudah, Saudi Arabia 5 - 40 - 26 47 (Harb et al., 2015) 
Ho Chi Minh, Vietnam 8 102 154 - 50 466 (Dat et al., 2021) 

3.2 Source identification and association of HMs 
in road dust 
The statistical analyses were applied widely to 
discriminate the sources of HMs (e.g., (Mostafa et 
al., 2023; Said et al., 2021). The correlation 
between Zn and Cu was the strongest (r = 0.915), 
reflecting their mutual dependencies and common 
origin (traffic emissions) (Table 6). Additionally, 
the correlation matrix showed strong positive 
correlations (r > 0.6) among Fe with Cr (r = 0.664), 
Cu (r = 0.641), Mn (r = 0.668), and Zn (0.623), and 
Mn with Cu (r = 0.757) and Cr (r = 0.688), pointing 
out that the mentioned HMs share similar 
geochemical characteristics and could be bound to 

Fe and Mn oxides/hydroxides, considering that 
these marker elements (Fe and Mn) can help in 
metal source identification (Zhong et al., 2016). 
According to Dall’Osto et al. (2010), the presence 
of brake wear in the road dust can be inferred 
depending on the Fe-Cu correlation, as Cu is used 
in vehicle brakes to adjust heat transfer (Adachi & 
Tainosho, 2004; Bourliva et al., 2017), while the 
wear of brake pads (especially brake rotors and 
drums) can contribute to Fe accumulation in road 
dust (Apeagyei et al., 2011). Otherwise, the absence 
of correlation among Co, Pb, Mo, and other HMs 
indicated their different geochemical 
characteristics. 
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Table 6. Pearson correlation matrix between HM concentrations in road dust samples from Wadi El-
Qamar area (n = 22 samples). 

HMs Co Cr Cu Fe Mn Mo Pb Zn 
Co 1 
Cr -0.008 1 
Cu -0.174 0.582** 1 
Fe 0.054 0.664** 0.641** 1 
Mn -0.341 0.688** 0.757** 0.668** 1 
Mo 0.212 0.213 0.348 0.001 -0.109 1 
Pb 0.014 -0.073 -0.199 0.214 -0.105 -0.149 1 
Zn -0.151 0.436* 0.915** 0.623** -0.638** 0.255 -0.161 1 
** Correlation is significant at the 0.01 level (2-tailed). 
* Correlation is significant at the 0.05 level (2-tailed). 

Three principal components (PCs) with eigenvalues 
higher than 1 were extracted and allocated for 
78.90% of the total variation within the variables 
(Fig. 2, Table 7). PC1 was mainly loaded with Fe, 
Mn, Cr, Cu, and Zn, implying that these metals 
represent contributions from both natural (Fe, Mn) 
and anthropogenic sources (Cu, Zn, and Cr), which 
highlights the role of iron and manganese oxides in 
adsorbing the traffic metals (Cu and Zn). 
Noteworthy, multiple research projects have 
recognized that Cu and Zn are associated with 
traffic emissions (e.g., Budai & Clement, 2018; 
Choi et al., 2020; Grigoratos & Martini, 2015). 
Additionally, PC2, which was loaded mainly with 
Co and Mo, appeared to be a multi-source-related 
component, and their accumulation can be referred 
to both natural processes (e.g., soil and asphalt 

weathering and atmospheric deposition) and 
anthropogenic inputs to a lesser extent (e.g., 
metallic vehicle components) for Co (Han et al., 
2016; Wiseman et al., 2021) and fly ash and fossil-
fuel combustion for Mo (Smedley & Kinniburgh, 
2017). For the third PC, it was only highly loaded 
with Pb, demonstrating its anthropogenic origin 
(e.g., combustion of fossil fuels, tire wear, lubricant 
oils for engines, and industrial raw materials) 
(Bourliva et al., 2017; Guney et al., 2010; Kabir et 
al., 2021), considering its relatively high 
concentrations. The individual loading of Pb in this 
component suggests it has different geochemical 
characteristics (e.g., immobility and a strongly 
hydrophobic nature) (Ameh et al., 2016; Liu et al., 
2019). 

Table 7. Rotated component matrix of HMs in RD samples from Wadi El-Qamar area. 
Heavy metals Principal components 

PC1 PC2 PC3 
Co -0.13 0.83 0.22 
Cr 0.79 0.12 0.06 
Cu 0.91 0.02 -0.31
Fe 0.86 0.07 0.37 
Mn 0.86 -0.37 -0.02
Mo 0.20 0.70 -0.45
Pb -0.02 0.03 0.86 
Zn 0.84 0.00 -0.27

Rotation sums of squared loadings 
Eigenvalues 3.69 1.33 1.29 
Proportion of variance % 46.10 16.66 16.14 
Cumulative % of variance 46.10 62.76 78.90 
Rotation Method: Varimax with Kaiser Normalization; Bold values indicate significant loading factors (>0.7) 
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Fig. 2. 3D plot of the principal component analysis (PCA) loadings of HMs in RD samples of Wadi El-
Qamar area, Egypt. 

Figure 3 shows the results of the cluster analysis 
(CA) as a dendrogram with five specific clusters. 
Cluster 1, cluster 2, and cluster 3 were mainly 
responsible for Co, Mo, and Pb, respectively, 
suggesting different geochemical characteristics or 
origins, which are consistent with the correlation 
analysis results. Moreover, the fourth cluster was 
dominated by Cr, Mn, and Fe, which confirmed the 

dominance of the geogenic sources in their 
enrichment. Several studies have documented the 
natural origin of Mn in road-deposited sediments 
(e.g., Al-Khashman, 2007; Fan et al., 2022; Pan et 
al., 2017). Furthermore, cluster 5 contained Cu and 
Zn (the traffic marker elements), exhibiting similar 
geochemical behavior as chalcophile elements. 

Fig. 3. Cluster analysis (CA) of HMs in RD samples from Wadi El-Qamar area, Egypt. 
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3.3 Pollution and ecological risk assessment of 
HMs in road dust  
The study found that Igeo values of HMs in the RD 
samples decreased in the following order: Mo > Cu 
> Zn > Pb > Cr > Fe > Mn > Co, considering that
the highest Igeo value was observed for Mo at the
locality of Q14 (Igeo = 4.46, heavily to extremely
contaminated) (Fig, 4). This high contamination
grade for Mo can be referred significantly to brake
pad abrasion (Vanegas et al., 2021; Wiseman et al.,
2021), as in general, the brake discs are made up of
Fe (about 95%), silica (about 2%), and Mo (about
0.2%) (Hulskotte et al., 2014), regarding the great
contribution made by braking-related emissions in
the total traffic emissions, with ratios up to 50, 12,
and 70% in PM10, PM2.5, and total braking-related
emissions, respectively (Bozlaker et al., 2014;

Harrison et al., 2012; Hulskotte et al., 2014). Being 
a geochemical signature for contamination from 
traffic sources, the comparatively higher Igeo 
values observed for Cu, Zn, and Pb were mainly 
attributed to traffic-related emissions (e.g., the 
deposition of exhaust particles from vehicles) 
followed by industrial emissions (Aguilera et al., 
2021; Choi et al., 2020; Shahab et al., 2020). 
Otherwise, negative Igeo values were recorded for 
Co, Fe, and Mn in all sampling sites, which showed 
that the RD is uncontaminated with these metals, 
which were minimally affected by anthropogenic 
influences. 

Fig. 4. Box plot of the geoaccumulation index (Igeo) for studied HMs in RD samples from Wadi El-Qamar 

area, Egypt. 
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Table 8 presents the results of the contamination 
factor (CF) of eight HMs, which showed that CF 
values of Mo for nearly all samples were higher 
than 5.26, demonstrating extremely contaminated 
road-deposited sediments (CF > 6). By comparison, 
the hot pollution sites were Q14 for Mo, Q15 for 
Cu, Q13 for Zn, and Q17 for Pb, falling under class 
4 (very high contamination level). The CF values 
for Cr ranged from 0.84 to 3.46, with an average of 
2.06, indicating a moderate contamination level 
(class 2, 1 < CF < 3). Noteworthy, Cr accumulation 
in urban RD may be owing to cement kilns, oil 
refineries, car corrosion, the combustion of fossil 
fuels, and tire and brake wear (Adamiec et al., 
2016; Ekoa Bessa et al., 2021; Mandal & 
Voutchkov, 2011). In the study area, heavy metal 
contents (especially Pb, Zn, and Cr) in samples 
north of the study area are suggested to be related to 
the atmospheric deposition from the chimney of the 
Portland Cement plant, as cement production 
requires a substantial energy supply, which is 
provided by fossil fuel combustion. In the same 
context, Cr could also be released due to the friction 
of the lining for the rotary cement kilns (Banat et 
al., 2005). This explanation matches what was 
documented by Mandal and Voutchkov (2011) that 
the accumulation of Cr, Pb, and Zn in the topsoil 
around a cement factory in Kingston, Jamaica, was 
attributed to the shared contribution by the air 
emissions from cement kilns and vehicles. 
Furthermore, in agreement with the Igeo evaluation, 

the average CFs of Mn, Fe, and Co were < 1, 
inferring that these metals exhibited low 
contamination levels. Regarding an aggregative 
explanation of the overall pollution degree, PLI 
values, regardless of the sampling point, were 
higher than unity, which confirmed that RD 
sediment quality deteriorated (Table 8). In fact, 
heavy-duty vehicles generate high friction with the 
road surface and inevitably contribute more to road 
wear and traffic emissions when compared to light-
duty vehicles (Abu-Allaban et al., 2003; Denby et 
al., 2013), as the mass of deposited particles from 
one heavy-duty vehicle can be approximately equal 
to the mass deposited by fifty light-duty vehicles 
(Hong et al., 2020). Hence, heavy-duty vehicle 
volume in Wadi El-Qamar area should be 
controlled by allowing them to pass during 
particular periods of the day or setting vehicle 
weight restrictions. 
HM enrichment factors (EFs) for RD samples are 
shown via violin plot in Fig. 5, which reveals that 
all studied metals, except for Mn and Co, had EF 
values higher than the limit value of 1.5, attributed 
to anthropogenic input sources. Moreover, HMs 
were ranked according to the enrichment degree as: 
Mo > Cu > Zn > Pb > Cr > Mn > Co. The EF values 
for Zn ranged between 5.44 and 14.49, implying a 
significant enrichment degree (5 < EF < 20), while 
the EF values for Cr hovered around 4, referring to 
a moderate enrichment degree.  

Table 8. Contamination factor (CF) and pollution load index (PLI) values for heavy metals in road dust 
samples from Wadi El-Qamar area. 

Sites CF PLI 
Co Cr Cu Fe Mn Mo Pb Zn 

Q1 0.21 1.86 2.79 0.36 0.43 22.98 2.67 2.67 1.51 
Q2 0.34 2.20 1.94 0.36 0.45 18.67 5.22 2.62 1.67 
Q3 0.21 1.41 1.98 0.35 0.40 16.30 1.93 2.69 1.27 
Q4 0.23 1.68 2.27 0.35 0.46 10.39 1.30 2.72 1.23 
Q5 0.41 1.38 3.32 0.35 0.47 8.16 1.41 2.64 1.32 
Q6 0.19 0.84 3.43 0.35 0.46 7.59 2.01 2.78 1.18 
Q7 0.47 3.46 5.91 0.63 0.62 10.85 1.14 4.61 1.95 
Q8 0.18 2.87 6.24 0.63 0.63 5.26 2.17 4.75 1.71 
Q9 0.27 1.82 5.15 0.60 0.59 8.16 3.00 4.79 1.79 
Q10 0.06 3.37 7.14 0.70 0.59 15.29 2.60 3.95 1.77 
Q11 0.26 2.14 6.33 0.72 0.58 16.62 3.99 3.94 2.11 
Q12 0.39 3.32 7.67 0.69 0.62 26.88 2.96 3.98 2.46 
Q13 0.07 2.84 11.53 0.62 0.60 25.89 1.78 8.68 2.08 
Q14 0.61 2.49 11.09 0.68 0.58 33.01 1.93 7.51 2.74 
Q15 0.11 1.89 11.60 0.57 0.59 17.90 1.66 8.25 1.93 
Q16 0.15 1.54 2.40 0.39 0.36 23.08 1.01 3.13 1.24 
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Q17 0.32 1.47 2.30 0.55 0.34 11.17 7.01 3.03 1.62 
Q18 0.49 1.12 1.95 0.54 0.37 13.88 3.56 3.25 1.55 
Q19 0.33 1.99 3.46 0.58 0.43 17.46 2.10 4.25 1.75 
Q20 0.75 2.24 3.72 0.64 0.34 16.24 2.15 4.29 1.95 
Q21 0.51 1.79 3.50 0.27 0.31 28.27 1.55 2.14 1.50 
Q22 0.42 1.61 2.79 0.30 0.33 23.04 1.14 2.16 1.34 
Mean 0.32 2.06 4.93 0.51 0.48 17.14 2.47 4.04 1.71 
Maximum 0.75 3.46 11.60 0.72 0.63 33.01 7.01 8.68 2.74 
Minimum 0.06 0.84 1.94 0.27 0.31 5.26 1.01 2.14 1.18 
Standard deviation (SD) 0.18 0.73 3.16 0.15 0.11 7.51 1.44 1.87 0.40 

Fig. 5. Violin plot of enrichment factor (EF) for investigated toxic HMs in RD samples, Wadi El-Qamar 
area, Egypt. 

In this regard, anthropogenic sources of Zn in RD 
particles are primarily from the tear and wear of 
vehicle tires (as a vulcanization accelerator), diesel 
exhaust emissions, lubricating oils, and 
metallurgical industries (Arslan, 2001; Baensch-
Baltruschat et al., 2020; Fan et al., 2021; 
Trojanowska & Świetlik, 2019; Zheng et al., 2010). 
According to the estimation conducted by Hwang et 

al. (2016), about 0.57 million kg of Zn were 
released into the urban environment of South Korea 
in 2014 due to the mechanical abrasion of vehicle 
tires. Consequently, to control dust metal 
enrichment and minimize its loading budget, 
frequent water washing of street surfaces is 
suggested, as it is efficient in increasing the mass 
and surface tension forces for the deposited urban 
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sediments, which subsequently reduces their 
mobility and mitigates dust resuspension (Amato et 
al., 2010; Gulia et al., 2019). Moreover, combining 
dust palliatives during street cleaning activities is an 
effective mitigating measure for binding fine dust 
particles together to prevent them from becoming 
airborne (Polukarova et al., 2020; Tong et al., 
2021). Many kinds of chemical dust suppressants 
are used, such as petroleum-based binders (e.g., 
cutback asphalt), electrochemical stabilizers (e.g., 
sulfonated petroleum), and organic non-petroleum 
chemicals (e.g., lignosulfonates), with no 
preference for petroleum-based binders due to the 
possibility of contaminating waterways via urban 
runoff (Amato et al., 2010). 
According to the given interpretation criteria for the 
individual ecological risk factor (Er), all HMs 
presented low ecological risks (Er < 40). The 
exception was copper, which showed a moderate 
ecological risk in three sites (Q13, Q14, and Q15) 
(Table 9). In biological systems, Cu is redox-active, 

having the capability of generating reactive oxygen 
species like other transition elements, which gives it 
an ecologically particular concern (Gao et al., 2020; 
Kelly & Fussell, 2012). In particular, the overall 
ecological risk index (RI) classified the RD in the 
study area as having low ecological risk (RI < 150), 
with an average of 75.20 (Table 9). 
Notwithstanding, the secondary ecological impacts 
can occur as a result of entering HMs into the 
aquatic system of the Mediterranean Sea (as 
particulate and dissolved phases) through road 
runoff (Ahmed & Ishiga, 2006; Pang et al., 2015). 
For instance, Smedley et al. (2014) attributed the 
elevation of Mo contents in the British surface 
water to urban and industrial pollution. Therefore, it 
is also important to sample and geochemically 
monitor urban runoff after precipitation events, 
specifically with the unstable climate and wet 
winter in the study area. 
 
 

 
Table 9. Ecological risk results: individual ecological risk factor (Er) and overall ecological risk index (RI) for HMs in 

road dust samples from Wadi El-Qamar area. 
Sites Er RI 

Co Cr Cu Mn Pb Zn 
Q1 1.05 3.72 13.95 0.43 13.35 2.67 59.59 
Q2 1.70 4.40 9.70 0.45 26.10 2.62 71.40 
Q3 1.05 2.82 9.90 0.40 9.65 2.69 48.92 
Q4 1.15 3.36 11.35 0.46 6.50 2.72 47.97 
Q5 2.05 2.76 16.60 0.47 7.05 2.64 54.79 
Q6 0.95 1.68 17.15 0.46 10.05 2.78 56.59 
Q7 2.35 6.92 29.55 0.62 5.70 4.61 79.49 
Q8 0.90 5.74 31.20 0.63 10.85 4.75 84.73 
Q9 1.35 3.64 25.75 0.59 15.00 4.79 80.47 
Q10 0.30 6.74 35.70 0.59 13.00 3.95 91.93 
Q11 1.30 4.28 31.65 0.58 19.95 3.94 92.68 
Q12 1.95 6.64 38.35 0.62 14.80 3.98 98.89 
Q13 0.35 5.68 57.65 0.60 8.90 8.68 121.29 
Q14 3.05 4.98 55.45 0.58 9.65 7.51 118.82 
Q15 0.55 3.78 58.00 0.59 8.30 8.25 117.46 
Q16 0.75 3.08 12.00 0.36 5.05 3.13 46.81 
Q17 1.60 2.94 11.50 0.34 35.05 3.03 82.61 
Q18 2.45 2.24 9.75 0.37 17.80 3.25 60.11 
Q19 1.65 3.98 17.30 0.43 10.50 4.25 64.34 
Q20 3.75 4.48 18.60 0.34 10.75 4.29 68.95 
Q21 2.55 3.58 17.50 0.31 7.75 2.14 57.12 
Q22 2.10 3.22 13.95 0.33 5.70 2.16 49.49 
Mean  1.59 4.12 24.66 0.48 12.34 4.04 75.20 
Maximum  3.75 6.92 58.00 0.63 35.05 8.68 121.29 
Minimum 0.30 1.68 9.70 0.31 5.05 2.14 46.81 
Standard deviation (SD) 0.88 1.46 15.80 0.11 7.20 1.87 23.69 
        

3.4 Human health risk evaluation 
Expressed as average daily doses (ADDs), exposure 
assessment for HMs via dermal, ingestion, and 

inhalation pathways was employed, as presented in 
Table 10. Zn and Cr showed the highest exposure 
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doses through the ingestion pathway, which was the 
most critical exposure pathway. Notably, children 
are more susceptible to being exposed to HMs as 
they can easily ingest the contaminated dust by 
swallowing RD particles during their outdoor play 
activities, in addition to their lower body weight 
and higher gastrointestinal absorption rates 
(Bourliva et al., 2017; Zhang et al., 2017). Several 
studies have also shown that children have a higher 
risk compared to adults in contaminated areas (e.g., 
Cao et al., 2015; Huang et al., 2020); thus, their 
teachers and parents should make them aware of the 
need to avoid direct ingestion of RD and to wash 
their hands before eating. Since the residential areas 
in the study area are located directly nearby to the 
factories and on the main road, reducing outdoor 
activities is recommended to control RD inhalation 
exposure for local inhabitants, as RD particles exist 
in the ground-level atmosphere (the living zone). As 
for people whose nature of work requires them to 
exist in the streets for long periods (e.g., traffic men 
and street vendors), they should wear suitable 
masks, owing to the obvious source-pathway-
receptor linkage associated with the direct and 
chronic exposure to HMs. Jadoon et al. (2021) 
studied house dust contamination in Alexandria 
City through pollution indices and revealed a 
moderate contamination grade of Cu and a high 
contamination level of Pb, which emphasizes the 
ability of transfer and the high potential for 
exposure of the population, even inside their homes 
through the atmospheric deposition after the 
resuspension of dust particles. 
Generally, HQ and HI values for all studied metals 
were lower than the safe level of 1, indicating the 

absence of adverse non-carcinogenic risks posed to 
the local inhabitants from dust exposure in Wadi El-
Qamar area, as shown in Table 10. Particularly, Cr 
and Pb posed the highest cumulative non-
carcinogenic risks for both children (HI = 0.35 and 
0.16, respectively) and adults (HI = 0.04 and 0.02, 
respectively). Compared with adults, children 
showed higher non-carcinogenic risks, with an 
average HI value for all studied metals of about 
nine times that of adults, which confirms the high 
vulnerability of the children. In regards to the 
carcinogenic risks through ingestion, the individual 
carcinogenic risk (CR) values for Cr exceeded the 
acceptable limit for children and adults (CR = 1×10-

4), demonstrating unacceptable carcinogenic risks; 
meanwhile, Pb posed carcinogenic risks only for 
children (Table 10). Regarding the inhalation 
pathway, CR values for Cr were between 1×10-6 
and 1×10-4, which were considered acceptable and 
tolerable (moderate carcinogenic risks), whereas 
CR values for Pb were less than 1×10-6, 
demonstrating negligible carcinogenic risks. 
Likewise, the total carcinogenic risk (TCR) related 
to the three routes of exposure showed high 
carcinogenic risks of Cr for children and adults and 
Pb for children. Significantly, the potential negative 
health impacts of overexposure to Cr include lung 
and stomach cancer, pneumonia, and renal effects 
(Dayan & Paine, 2001; Entwistle et al., 2019), 
while chronic exposure to Pb can cause irreparable 
renal failure and decrements in intelligence 
quotients in children (Jose & Srimuruganandam, 
2020; Wijayawardena et al., 2016). 

Table 10. Exposure assessment and non-carcinogenic and carcinogenic risks for children and adults as a 
result of exposure to HMs in the road dust of Wadi El-Qamar area. 

HMs Children Adults 
Exposure assessment 
 Ingestion Inhalation Dermal contact Ingestion Inhalation Dermal contact 
Co 4.72E-05 1.32E-09 1.32E-07 5.06E-06 7.44E-10 2.02E-08 
Cr 9.22E-04 2.59E-08 2.58E-06 9.88E-05 1.45E-08 3.94E-07 
Cu 9.02E-04 2.53E-08 2.52E-06 9.66E-05 1.42E-08 3.85E-07 
Pb 5.36E-04 1.50E-08 1.50E-06 5.75E-05 8.45E-09 2.29E-07 
Zn 2.68E-03 7.53E-08 7.52E-06 2.88E-04 4.23E-08 1.15E-06 
Non-carcinogenic risks 
 HQing HQinh HQderm HI HQing HQinh HQderm HI 
Co 2.36E-03 2.31E-04 8.25E-06 2.60E-03 2.53E-04 1.30E-04 1.26E-06 3.85E-04 
Cr 3.07E-01 9.06E-04 4.30E-02 3.51E-01 3.29E-02 5.07E-04 6.57E-03 4.00E-02 
Cu 2.26E-02 6.29E-07 2.10E-04 2.28E-02 2.42E-03 3.53E-07 3.21E-05 2.45E-03 
Pb 1.53E-01 4.26E-06 2.86E-03 1.56E-01 1.64E-02 2.40E-06 4.36E-04 1.69E-02 
Zn 8.93E-03 2.51E-07 1.25E-04 9.06E-03 9.60E-04 1.41E-07 1.92E-05 9.79E-04 
Carcinogenic risks 
 CRing CRinh CRderm TCR CRing CRinh CRderm TCR 
Cr 4.61E-04 1.29E-08 1.29E-06 4.62E-04 4.94E-05 7.26E-09 1.97E-07 4.96E-05 
Pb 4.56E-06 1.28E-10 1.28E-08 4.57E-06 4.88E-07 7.18E-11 1.95E-09 4.90E-07 
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4. Conclusions 
In a preliminary study, the environmental 
geochemistry of HMs in the road dust of the 
industrial area of Wadi El-Qamar was studied to 
evaluate the impact of unplanned industrialization 
and urbanization. Based on the study findings, the 
heavy metals were classified into two groups, 
according to the degree of impact by human 
activities (1) metals of predominantly natural origin 
(Fe, Mn, and Co) and (2) metals of dominantly 
anthropogenic origin (Mo, Cu, Zn, Pb, and Cr). In 
particular, HMs were not influenced by certain 
factors as complex input sources have impacted 
their enrichment; however, Cu, Zn, and Pb were 
mainly attributed to traffic emissions, while Mo and 
Cr were suggested to originate from industrial 
sources. Hence, traffic emissions and industrial 
activities are the two principal sources of metal-
enriched levels in RD samples from the study area. 
Therefore, to improve public health in Wadi El-
Qamar area, governmental actions are needed, 
including (1) demolishing homes and compensating 
the residents, with priority given to those whose 
homes are very adjacent to factories, (2) applying 
environmental laws to factories and enforcing them 
to reduce emissions, and (3) setting a road dust 
management program with a recommendation of 
regularly watering the road surface to minimize the 
re-suspension of particles. Furthermore, the 
environmental situation calls for permanent 
monitoring of HM levels, sources, and adsorption 
mechanisms. Besides, future studies should 
evaluate HM contents in other urban sediments 
(e.g., roadside soils and beach sediments) in 
addition to investigating organic contaminants (e.g., 
polycyclic aromatic hydrocarbons). 
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منطقة صناعية غير  تحديد المصدر وحالة التلوث وتقييم المخاطر البيئية للتلوث بالعناصر الثقيلة في
 مخططة ذات كثافة سكانية عالية )وادي القمر(، الإسكندرية، مصر

 

 3وإبراهيم حسين خليفة ،2وسلمان عبد الرؤف سلمان ،1ورمضان محمد جمعة ،1، وحبش النادي1معتز طارق مصطفى
 

 شمال سيناء، مصر قسم الجيولوجيا، كلية العلوم، جامعة العريش،1
 مصر الجيزة، المركز القومي للبحوث، الجيولوجية،العلوم  قسم2
 مصر الإسماعيلية، قناة السويس، جامعة العلوم، كلية الجيولوجيا، قسم3

 

تم إجراء دراسة للجيوكيمياء البيئية لغبار الطرق بمنطقة وادي القمر بمحافظة الإسكندرية التي تعد منطقة صناعية 
لنشاط الصناعي والبشري بها. فجاء ترتيب متوسطات تركيز العناصر على وسكانية غير مخططة، وذلك لتقييم تأثير ا

النحو التالي: الحديد< المنجنيز< الزنك< الكروميوم< النحاس< الرصاص< الموليبدنوم< الكوبلت. وصنفت العناصر 
من أصل  ( عناصر1الثقيلة محل الدراسة حسب درجة تأثير الأنشطة البشرية في معدل تراكمها إلى مجموعتين: )

( عناصر من أصل بشري )النحاس والرصاص والكروميوم 2طبيعي في المقام الأول )الحديد والمنجنيز والكوبلت(؛ )
والزنك والموليبدنوم(، حيث تم ربط وجود النحاس والزنك والرصاص بشكل رئيسي إلى انبعاثات عوادم السيارات واحتكاك 

الثقيلة. كما اقترح ارتباط الموليبدنوم والكروميوم بمصادر صناعية  الإطارات مع سطح الطريق، ولا سيما المركبات
خاصةً مصانع الأسمنت وشركات تكرير الزيوت. لذلك، لتحسين الصحة العامة في منطقة وادي القمر، هناك حاجة 

يبة جدًا من لاتخاذ إجراءات حكومية بهدم المنازل ونقل السكان وتعويضهم، مع إعطاء الأولوية لمن تكون منازلهم قر 
 المصانع، وكذا تشجيع المصانع على تسريع وتيرة التحول للعمل باستخدام الطاقة النظيفة.




