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Abstract
Most research studies regarding the contamination of urban road dust (RD) focused on mega cities, but little consideration is 
given for small cities in border areas. The present work investigated the trace elements content in 16 RD samples of particle 
size < 63 μm at six areas with different anthropogenic activities in Sakaka city, KSA. The trace elements were analyzed using 
XRF and ICP-MS. Significantly high trace elements concentrations were recorded at small-scale industrial area. Concentra-
tions of trace elements are ranked as Fe > Mn > Pb > Zn > Cr > Cu > Co > As > Se. The contamination evaluation through 
enrichment factor calculation refers to the existence of an anthropogenic source for certain trace elements, such as Fe, Zn, 
Mn, Cu, and Pb. The values of contamination factor indicate the contamination of RD samples collected from small-scale 
industrial area with these trace elements. The highest pollution load index value recorded at this industrial area suggests that 
it is a highly polluted area. This was confirmed by applying the one-way ANOVA test for the difference analysis between the 
investigated areas. The correlation between most of the detected trace elements at the small scale-industrial area was lost due 
to the variation in their industrial sources. The health risk of some detected trace elements was estimated for two groups of 
populations, namely workers at the small scale-industrial area and residents (adults and children) at residential areas at this 
city under study. Workers and resident children were more likely affected by arsenic through the ingestion pathway to cancer 
because of its higher cancer risk values that were more than the acceptable value 1 × 10−6. Workers and residents (adults and 
children) are susceptible to noncarcinogenic risks through the ingestion pathway of Fe because of its higher hazard quotient 
values that are more than one.

Border provinces are characterized by small cities with low 
population and low congestion compared with central prov-
inces with their mega cities. But these border cities have 
characteristic anthropogenic activities that leads to heavy 
metals emission into the environment. Most of these heavy 
metals are stored in the road dust as trace elements. One of 
these anthropogenic activities is the small-scale industries. 
This type of industries is defined as either nonmanufactured 

industries with no more than 20 workers and employees or 
manufacturing industries with less than 100 workers and 
employees (Seneviratne and Phoon 2006). These industries 
have several features, such as owned and operated indepen-
dently, and controlled closely by owners or managers who 
are decision makers (Ahmad et al. 2017). The small-scale 
industries, for instance, car service, body painting, auto 
repairing, and metallic welding workshops, represent an 
urgent and indispensable need for urban residents. These 
industries have a key role in the booming of countries’ 
economic growth by introducing a large proportion of jobs 
(Balkhyour et al. 2019). On the other hand, contaminations 
emitted from small-scale industries, especially particulate 
matter, can affect the environment, through pollutant enrich-
ment of road dust.

Road dust (RD) is formed by the atmospheric deposi-
tion of particulate matter by the influence of gravity in road 
surface. This particulate matter comes from various sources, 
such as traffic emissions, construction processes, industrial 
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activities, etc. (Cao et al. 2017). Resuspension and deposi-
tion of road dust particles enable it to act as a source and a 
sink for both inorganic and organic pollutants, such as heavy 
metals and polyaromatic hydrocarbons (PAHs), respectively 
(Offenberg et al. 2003; Khanal et al. 2018). The danger of 
RD lies in its possibility of entering the aquatic environ-
ment and urban drainage networks, as well as its widespread 
movement through air. It was found that 10% of suspended 
particulates  (PM2.5) in urban environments were released 
from RD (Yu et al. 2013). Therefore, RD is considered one 
of the most dangerous sources of environmental pollutants 
in urban areas, which indicates the extent of the atmospheric 
deposition of heavy metals (Zheng et al. 2010).

Documentation of the harmful impacts of exposure to 
heavy metals on human health was performed satisfactorily 
(Valko et al. 2006; Kumar and Gayathri 2009; Zheng et al. 
2006; Shyam et al. 2013, Sun et al. 2010). People exposed 
to high doses of trace metals suffer from various diseases, 
such as cardiovascular issues, osteoporosis, tumors, renal, 
and gastrointestinal toxicity (Vardhan et al. 2019). To reach 
the human body readily, there are three pathways for heavy 
metals: inhalation, ingestion, and dermal contact (Cook et al. 
2005).

There is previous research related to the determination of 
trace elements content in RD and their health risks (Zheng 
et al. 2010; Apeagyei et al. 2011). However, most of these 
studies were done at mega-cities or capital cities that are 
characterized by high traffic due to their high population 
density, such as Cairo (Egypt) (Abdel-Latif and Saleh 2012), 
Tokyo (Japan) (Khanal et al. 2015), Jeddah (KSA) (Shab-
baj et al. 2018), Dhaka (Bangladesh) (Rahman et al. 2019), 
and Guangzhou (China) (Liang et al. 2019). On the other 
hand, small cities, especially at border provinces, have little 
attention.

The goals of this study were to investigate the elemental 
composition of fine fraction of road dust gathered in Sakaka 
City and to evaluate the contamination levels of these ele-
ments at small-scale industries areas compared with other 
areas with different activities. This was done by calculat-
ing enrichment and contamination factors besides pollution 
load index. Finally, both trace elements carcinogenic and 
noncarcinogenic risks were estimated for adults and chil-
dren inhabitants in addition to workers at the small-scale 
industrial area.

Materials and Methods

Sampling Sites

Figure 1 shows the RD sampling sites in Sakaka city, located 
at the northern border of KSA. It is a capital of a border 

province called Al-Jouf. A concise description of these sam-
pling sites was displayed in Table 1.

Sample Collection

Samples were gathered with a smooth brush and plastic pow-
der pan from an area of 1 m2 from each sampling site in April 
2019. The collected dust samples were separated into three 
equal quantities then stored in polyethylene pages.

Sample Processing

At first, drying of RD samples at 105 °C was done using an 
oven for 24 h and then screened through a tower consisting of 
seven sieve dishes whose mesh sizes were as follows: 1000, 
500, 355, 250, 180 125, and less than 63 μm. They were 
ordered from the largest to the smallest mesh size. Due to the 
ability of RD particles of low volume (< 63 μm) for redisper-
sion process (Al-Dabbous et al. 2013), the analysis of trace 
element content was restricted to this smaller size. For sample 
digestion, 5 ml of concentrated nitric acid  (HNO3) was added 
to 1 g of each sample. Then, the samples were boiled slowly 
and evaporated on a sand bath at 100 °C to the lowest possible 
volume (near dryness). Heating and addition of concentrated 
 HNO3 were continued until digestion was completed (clear 
solution). Digested samples were rinsed with distilled water 
and filtered. Finally, the filtrate was diluted to 25 ml using 
ultra-pure water (Eaton et al. 1995).

Instrumentation

Total metal contents were measured in road dust samples by 
using x-ray fluorescence spectrometry (XRF-1800, Shimadzu, 
Japan) with a rhodium (Rh) x-ray tube with a 4.0 kW thin-win-
dow x-ray tube generator (40 kV, 95 mA), using fundamental 
parameter (FP) method. Calibration curve method (linear and 
quadratic) in addition to automatic selection of five divisions 
(Ti-U; S, K, Ca, Sn-Cs; S; Si and Al) were performed. RD 
samples were mechanically compressed to make pellets for 
x-ray fluorescence (XRF) analysis in form of quantitative 
and qualitative analysis mode. The obtained results are in 
terms of weight percentage.

Analysis of digested samples was done using Inductively 
Coupled Plasma ICP-MS (Agilent 7500CE). Three replicates 
of each sample were measured. The tested solutions were con-
tinuously aspirated at 5 ml min−1. Reference standards (sup-
plied from Agilent Co.) of each metal (1000 mg  L−1) were 
used. The detection and quantification limits of this method 
for the desired trace elements (Fe, Cr, Mn, Co, As, Se, Zn, Pb, 
Cu) are listed in Table 2.
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Statistical Analysis

The statistical and correlation assessment was done using 
SPSS (version 13.0.; SPSS Inc.). To describe the distribution 
of trace element levels, parameters of descriptive statistics 
(maximum, minimum, mean, and standard deviation) were 
calculated. A variance analysis (ANOVA) with the post 
hoc Scheffe test was used for average trace elements levels 

comparison at the distinct studied areas. Differences at prob-
ability (p) < 0.05 were regarded to be important statistically. 
Pearson correlation coefficients have been screened for cor-
relation between trace elements levels. These coefficients 
of correlation (r) at p < 0.05 were regarded statistically 
important.

9%
14%

11%

12%
14%

17%

16%
7% Size ≥1000 μm

1000 μm>Size≥500 μm
500 μm>Size≥355 μm
355 μm>Size≥250 μm
250 μm>Size≥180 μm
180 μm>Size≥125 μm
125 μm>Size≥63 μm
Size<63 μm

(a)

(b)

Fig. 1  Map of Sakaka City indicating the road dust sampling sites (a) and the average size of all collected road dust samples (b)
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Estimation of Pollution Impact

Calculations of enrichment and contamination factors 
besides pollution load index were carried out to determine 
the trace elements sources and to recognize the most pol-
luted sites among tested areas.

Enrichment Factor

The anthropogenic source and natural origin can be distin-
guished by the enrichment factor (EF) estimated by Eq. (1) 
(Cheng et al. 2018; Loska et al. 2005):

where Cm is the trace metal concentration in RD (mg/kg) and 
Cref is the reference element concentration (mg/kg).

Contamination Factor and Pollution Load Index

The contamination degree by anthropogenic trace metals 
was evaluated using contamination factor (Cf). It was esti-
mated by using Eq. (2) (Li et al. 2013):

where Cbkg is the background trace metal concentration.
However, the pollution load index (PLI) evaluates the pol-

lution degree in the area under investigation from number 
of trace metals (n) by using Eq. (3) (Tomlinson et al. 1980).

Health Risk Assessment

It is a method to predict the impacts on health due to expo-
sure to certain chemicals, whether carcinogenic or noncar-
cinogenic (USEPA 2001).

(1)EF =

(

Cm∕Cref

)

sample
(

Cm∕Cref

)

background

(2)Cf =
Cmetal

Cbkg

(3)PLI =
(

Cf1 × Cf2 × Cf3 ×⋯ × Cf
n

)1∕n

Table 1  Description of sampling sites

Site code Activity Description

RD1 Small-scale industry In front of a small workshop for vehicle painting, repairing, and metallic welding
RD2 In front of a small workshop for alumetal manufacturing, such as alumetal kitchens, doors, and 

windows
RD3 In front of a blacksmith’s workshop for production of gates, grilles, railings, light fixtures, furniture, 

and decorative items
RD4 Located at the exit road to the small-scale industrial area. High traffic area
RD5 Educational and traffic A parking area located close to college of dentistry. High traffic area
RD6 Commercial A parking area located close to Othaim supermarket
RD7 Educational A parking area located close to girl’s campus of Jouf University
RD8 Commercial A parking area located close to Carrefour supermarket
RD9 Commercial and residential A parking area located at a commercial district. High traffic area
RD10 Hospital In front of Maternity and Children Hospital and close to roads under repair
RD11 Traffic Next to a bus station and near to high traffic main road
RD12 Located near to a high traffic main road and in front of a petrol station
RD13 Hospital and residential In front of health care center surrounded by unpaved roads
RD14 Residential In front of a mosque. No industrial influence
RD15 Residential and commercial In front of a mosque and close to traffic intersection
RD16 Educational and residential Located near city center and close to a school. No industrial influence

Table 2  Limits of detection 
and quantification for elements 
measured by ICP-MS. 
Concentration unit was μg/g

Element ICP-MS

LOD LOQ

Fe 0.0068 0.0227
Pb 0.0213 0.0709
Se 0.0111 0.0370
As 0.0002 0.0006
Zn 0.0013 0.0044
Cu 0.0011 0.0038
Co 0.0000 0.0001
Mn 0.0003 0.0010
Cr 0.0004 0.0012
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Average Daily Intake (ADI)

In the current study, health risk assessment was done by 
calculation of trace elements ADI through ingestion, inhala-
tion, and dermal contact pathways using parameters given 
in Table 3 for adults and children residents in all study areas 
beside workers in the small-scale industrial area.

(a) Average ingestion of RD trace elements per day 
 (ADIing) (mg kg−1 day−1) was calculated by Eq. (4) 
(Aluko, et al. 2018);

  
where C is the trace metal concentration in RD 
(mg kg−1), IR is the ingestion rate (mg day−1), EF is the 
exposure frequency (days year−1), ED is the exposure 
duration (years), BW is the individual weight (kg), AT 
is the average dose time period (days), and CF is the 
conversion factor (kg mg−1).

(b) Average inhalation of trace metals in RD per day 
 (ADIinh) (mg kg−1 day−1) was calculated by Eq. (5) 
(Aluko et al. 2018);

  
where  IRair is the inhalation rate  (m3 day−1) and PEF is 
the emission factor of particulate  (m3 kg−1).

(c) Dermal Contact with RD is calculated by Eq.  (6) 
(Aluko et al. 2018);

where  ADIdem is the trace metals dermal contact exposure 
dose (mg kg−1 day−1), SA is the skin exposed area  (cm2), FE 

(4)ADIing =
C × IR × EF × ED × CF

BW × AT

(5)ADIinh =
C × IRair × EF × ED

BW × AT × PEF

(6)

ADIdem =
C × SA × FE × AF × ABS × EF × ED × CF

BW × AT

is the fraction of the dermal exposure to RD, AF is the soil 
adherence factor (mg cm−2), and ABS is the applied dose 
fraction absorbed through skin.

Carcinogenic Risk Assessment

The cancer risk (CR) was evaluated by Eq. (7) (Zhou et al. 
2019):

where CR is the probability of cancer over a lifetime and 
 CSFk is the cancer slope factor (mg/kg/day) taken from offi-
cial agencies (USEPA 1991, 2007, 2010; Aluko et al. 2018).

The total carcinogenic risk (TR) can be evaluated by 
Eq. (8) through all of the previous mentioned pathways.

Noncarcinogenic Risk Assessment

It is evaluated by hazard quotient (HQ) value, which is 
calculated by using Eq. (9) (USEPA 1989).

where RfD is the chronic reference dose (mg kg−1  day−1) 
taken from official agencies (USEPA 1991, 2007, 2010; 
Aluko et al. 2018).

Hazard Index (HI) is the summation of HQ for every 
trace element in the collected RD.

(7)CR = ADI
k (ing∕inh∕der) × CSF

k

(8)Risk(total) = Risk(ing) + Risk(inh) + Risk(dermal)

(9)HQ =
ADI

RfD

(10)HI =

n
∑

k=1

HQk =

n
∑

k=1

ADI
k

RfD
k

Table 3  Parameters for risk 
assessment calculations via 
various pathways (USEPA 
2004)

Parameter Definition Unit Worker Child Adult

SA Skin surface area cm2 5800 2100 5800
IRair Inhalation rate m3/day 100 200 100
FE Dermal exposure ratio – 0.61 0.61 0.61
AF Soil adherence factor mg/cm2 0.07 0.2 0.07
ABS Dermal absorption factor – 0.1 0.1 0.1
EF Exposure frequency days/year 330 350 350
ED Exposure duration years 42 6 30
PEF Particulate emission factor m3/kg 1.30 × 109 1.30 × 109 1.30 × 109

BW Body weight kg 70 15 70
CF Conversion factor kg/mg 1.00 × 10−6 1.00 × 10−6 1.00 × 10−6

AT Average time
For carcinogenic assessment 365 × 70 365 × 70 365 × 70
For noncarcinogenic assessment 365 × ED 365 × ED 365 × ED
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where (n) is the number of trace elements.
If HI value is lower than unity, it is improbable that the 

exposed population will experience any negative health 
effects, whereas if it exceeds this value, non-carcinogenic 
impacts are probable to occur (USEPA 1989).

Results and Discussion

RD Size Distribution

Figure 1 shows the average weight percentage of the dif-
ferent size fractions among all collected RD samples. 
The highest ratio is found to be 17% for size fraction 
(180–125 μm), and the lowest is 7% for the smallest size 

fraction (< 63 μm). In agreement with previous studies, the 
fine-sized fraction of RD almost present in small propor-
tions (Bourliva et al. 2017; Valotto et al. 2018; Lanzer-
storfer and Logiewa 2019). The obtained results illustrate 
that 23% of the RD have size fraction less than 125 μm. In 
general, the anthropogenic RD pollutants are particularly 
of fine sizes (Afrifa et al. 2015). This fine-sized fraction 
of RD (< 100 μm) can easily resuspend into air by vehi-
cles movement or wind blowing more than coarse ones 
(Wang et al. 2005; El-Hashemy and Nazeer 2016). The 
fine fraction also is adhered easily to human’s skin, espe-
cially particles of diameters < 63 μm (Choate et al. 2006), 
so that the fine RD particles have more harmful impact on 
health. This work focused on the RD particles of small size 
mainly less than 63 μm.

Fig. 2  Concentration distribu-
tion of the essential elements 
obtained by XRF analysis of the 
collected road dust samples
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Fig. 3  Concentration distri-
bution of the nonessential 
elements obtained by XRF 
analysis of the collected road 
dust samples
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Figures 2 and 3 represent the percentage of the composi-
tion of RD particles of size < 63 μm obtained by XRF analy-
sis. Generally, the elements concentration is increased by 
decreasing particle size of RD except for silicon (Afrifa et al. 
2015; Lanzerstorfer and Logiewa 2019). The fine RD par-
ticles have higher specific surface area in comparison with 
coarse ones. Thus, elements of high concentration in the 
fine-sized fraction may be due to bonding of such elements 
to the particle surface. The obtained results indicate that 
there were variations in the concentration of elements from 
one site to another. This may be attributed to the different 
activities in each site. For instance, the iron concentration is 
high in four sites namely (RD1, RD2, RD3, & RD4) due to 
the presence of small-scale industries which use iron alloys 
as a raw material.

Trace Metal Content in RD of Particle Size (< 63 μm)

Table 4 shows some statistics related to the contents of nine 
trace elements in RD of particle size smaller than 63 μm 
collected from different activity areas. The highest levels of 
all measured trace elements were recorded at the small-scale 
industrial area. The average iron level is the highest level 
among other trace elements. So, it is clear that iron is one 

of the major elements and most abundant species in urban 
RD (Ramírez et al. 2019). The concentration values of trace 
elements are ranked as Fe > Mn > Pb > Zn > Cr > Cu > Co > 
As > Se. Compared with data obtained from previous stud-
ies for other cities, the trace elements measured in RD in 
Sakaka City are comparable with those determined in both 
of Ottawa City (Cu, Cr, Zn, and Pb) and Xi’an City (Mn, Co, 
Cu, Zn, and Pb). However, contents of copper and zinc were 
less than those in Venice, Delhi, Shanghai, Hsinchu, Man-
chester, and Kleszczów, although the contents of iron were 
comparable with those in Hsinchu and Kleszczów (Table 5).

Table 6 mentions the differences between the trace ele-
ment concentrations in all studied areas and their probability 
values. A significant difference (p < 0.05) is present among 
the average concentrations of Fe, Mn, Zn, Cu, and Cr meas-
ured at low-scale industrial region and all other investigated 
regions of different activities. Difference in arsenic concen-
tration in the small-scale manufacturing areas and all other 
investigated areas except hospital areas is significant.

Table 4  Statistical description of element concentrations (μg/g) determined using ICP-MS

Area description Cr Mn Co Cu Zn As Se Pb Fe

Small-scale industrial area N = 4 Mean 42.82 400.32 6.21 37.48 103.90 2.43 0.61 114.78 42,942.90
SD 15.01 138.55 2.61 12.45 17.74 0.98 0.51 71.61 21,182.46
Max 56.05 543.55 9.55 45.88 124.86 3.82 1.37 220.49 65,875.93
Min 21.46 218.16 3.70 19.00 81.91 1.56 0.26 65.78 21,246.86

Residential area N = 5 Mean 6.72 88.27 1.71 4.15 16.94 0.55 0.22 43.17 3297.78
SD 2.50 42.34 0.57 2.61 9.30 0.23 0.07 2.85 1255.38
Max 10.15 158.32 2.13 8.33 31.80 0.80 0.31 46.55 4898.14
Min 3.62 49.34 0.91 2.19 9.95 0.28 0.12 39.23 1482.65

Hospitals area N = 2 Mean 7.99 103.95 2.11 3.63 13.88 0.84 0.29 44.48 4003.42
SD 2.04 13.64 0.01 1.10 4.59 0.11 0.07 1.12 794.26
Max 9.43 113.59 2.11 4.41 17.12 0.92 0.34 45.27 4565.05
Min 6.55 94.30 2.10 2.85 10.63 0.76 0.24 43.69 3441.79

Main roads N = 3 Mean 8.51 117.78 2.23 6.20 16.46 0.70 0.33 62.30 4542.04
SD 4.90 71.66 1.10 2.76 8.33 0.39 0.12 33.40 1999.53
Max 14.13 199.58 3.46 9.38 26.08 1.13 0.46 100.72 6836.02
Min 5.15 66.12 1.36 4.58 11.40 0.35 0.22 40.19 3168.45

Commercial area N = 4 Mean 10.01 132.54 2.11 8.08 28.17 0.64 0.25 42.31 5277.87
SD 4.64 57.73 0.80 2.90 6.77 0.50 0.15 2.99 1825.27
Max 14.58 172.88 2.90 10.85 32.35 1.20 0.43 46.55 6974.49
Min 5.30 66.42 1.30 5.07 20.37 0.00 0.08 40.06 2872.29

Educational area N = 3 Mean 9.05 125.54 2.36 5.54 17.81 0.75 0.31 61.00 4339.04
SD 5.27 75.15 1.31 3.62 7.36 0.43 0.17 34.43 2694.72
Max 14.13 199.58 3.46 9.38 26.08 1.13 0.46 100.72 6836.02
Min 3.62 49.34 0.91 2.19 11.96 0.28 0.12 39.74 1482.65
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Trace Metal Contamination Assessment

Analysis of EF Values

EF values were calculated using Si as reference element 
(Shi and Lu 2018) to recognize the trace elements origin 
whether anthropogenic or natural (Han et al. 2006; Kamani 
et al. 2015; Zhong et al. 2016; Wang et al. 2016). Figure 4 
presents the obtained EF values of trace elements in RD of 
fraction size < 63 μm. The average EF values were ranked 
as Pb > Zn > Mn > Fe > Cu > Se > Cr > Co > As. In the small-
scale industrial area, the maximum EF value of Pb (40.0) 
indicates very high enrichment. On the other hand, the maxi-
mum EF value of As (1.5) was less than 2 and this demon-
strates minimal enrichment, whereas the maximum EF value 
of Co (3.0) shows moderate enrichment that ranges from 
2 to 5. The maximum EF values of Cr (5.2), Cu (8.5), Zn 
(10.3), Fe (11.6), and Mn (12.0) are between 5 and 20, which 
shows significant enrichment (Abrahim and Parker 2008). 
In the other investigated areas, the average EF values were 
less than unity for all investigated trace elements, except for 
Se and Pb. Generally, if the EF value is near to 1, the corre-
sponding element has natural origin. But if it exceeds 10, the 
corresponding element has anthropogenic origin (Han et al. 
2006; Zhong et al. 2016; Wang et al. 2016). The calculated 
EF values confirm the existence of an anthropogenic source 
for Pb, Zn, Fe, Mn, and Cu. These trace elements in RD have 
many anthropogenic sources, such as traffic, industry, and 
construction materials.

Fuel combustion was a source for As, Cr, Fe, and Mn 
(Suryawanshi et al. 2016a, b; Police et al. 2016; Hsu et al. 
2017). Traffic sources include fuel consumption, fuel addi-
tives, and vehicle component wear, such as tire wear and 
debris from brake. Traffic-derived trace elements are Pb, 
Mn, Cu, Zn, and Fe (Dytłow and Kostrubiec 2019). From 
literature, Pb was used previously in fuel additives manu-
facture as tetraethyl lead, which is added to gasoline, but 
it is forbidden now. Although Pb is no longer a component 
of traffic exhaust, it still found in wheel weights and brake 

wear (Grigoratos and Martini 2015). Construction materi-
als besides the metallic materials used in manufacture are 
considered as Cu source (Jiang et al. 2016; Men et al. 2018).

Analysis of CF and PLI Values

CF is used as a measure of RD trace element contamination 
degree at the investigated areas. As shown in Fig. 5, the 
maximum CF values of Mn (1.45), Cu (1.02), Zn (1.89), 
and Fe (1.40) at small-scale industrial areas are between 
1 and 3, which indicates mild contamination. On the other 
hand, Pb has a maximum CF value (11.02), which refers 
to very high contamination degree at small-scale industrial 
areas. The average calculated trace elements CF values have 
been decreased as follows: Pb > Zn > Mn > Se > Fe > Cu > 
Cr > Co > As. The average CF values of all trace elements 
collected from other investigated areas were less than unity 
except for Pb. The obtained results of CF values confirm the 
same observations of EF and shows a contamination of RD 
collected at the small-scale industrial area with Pb, Zn, Mn, 
Se, Fe, Cu, Cr, Co, and As.

The calculated values of PLI are 0.22, 0.75, 0.16, 0.19, 
0.19, and 0.22 for mean roads, industrial, residential, hos-
pitals, commercial, and educational areas, respectively. The 
highest PLI value recorded at small-scale industrial area 
(≈ 1) indicates that it is a polluted area.

Correlation Analysis

As shown in Table 7, Pearson’s correlation assessment for 
trace elements is conducted for all studied areas. Strong 
significant positive correlation is found in RD among only 
Cr–Mn, Co-As, Pb-As, Co-Pb, and Fe-Cu with p < 0.05 at 
small-scale industrial area. However, at other investigated 
regions, there is a very strong positive correlation between 
most of the measured trace elements specially at hospitals 
areas. The obtained results suggest the accumulation of trace 
elements from similar sources, such as traffic source at all 
investigated areas except at small-scale industrial area. The 

Table 5  Mean trace elements concentrations (μg/g) in road dust recorded in different countries

NA not available

City/province Country Area Cr Mn Co Cu Zn As Se Pb Fe References

Venice Italy Urban NA NA 13 1814 1495 NA NA 678 NA Valotto et al. (2015)
Delhi India Urban 148.8 NA NA 192 285 NA NA 121 NA Suryawanshi et al. (2016a, b)
Shanghai China Urban 159 NA NA 197 734 NA NA 295 NA Shi et al. (2008)
Hsinchu Taiwan Urban-industrial 200 490 NA 101 493 NA 19 204 35,900 Wang et al. (2005)
Manchester UK Urban NA NA NA 113 653 NA NA 265 NA Robertson et al. (2003)
Kleszczów Poland Mining area NA 960 NA 130 440 12 NA 91 61,000 Lanzerstorfer and Logiewa (2019)
Xi’an China Urban-residential 172 377 12 48 163 NA NA 115 NA Shi and Lu (2018)
Ottawa Canada Urban 41.7 NA NA 38.13 101.3 NA NA 33.49 NA Rasmussen et al. (2001)
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Table 6  Mean trace element concentration differences between the investigated areas and their p values

Residential area Hospital Main roads Commercial area Educational areas

Cr
Industrial area Mean difference 36.10068* 34.83747* 34.31687* 32.81212* 33.77796*

Significance level (p) 0.000 0.006 0.002 0.003 0.003
Residential area Mean difference − 1.26321 − 1.78381 − 3.28856 − 2.32272

Significance level (p) 1.000 1.000 0.996 0.999
Hospital Mean difference − 0.5206 − 2.02535 − 1.05951

Significance level (p) 1.000 1.000 1.000
Main roads Mean difference − 1.50475 − 0.53891

Significance level (p) 1.000 1.000
Commercial area Mean difference 0.96584

Significance level (p) 1.000
Mn
Industrial area Mean difference 312.04907* 296.36940* 282.54007* 267.77656* 274.78063*

Significance level (p) 0.003 0.029 0.017 0.024 0.02
Residential area Mean difference − 15.67966 − 29.509 − 44.27251 − 37.26844

Significance level (p) 1 0.998 0.988 0.995
Hospital Mean difference − 13.82933 − 28.59285 − 21.58878

Significance level (p) 1 0.999 1
Main roads Mean difference − 14.76351 − 7.75944

Significance level (p) 1 1
Commercial area Mean difference 7.00407

Significance level (p) 1
Co
Industrial area Mean difference 4.49449* 4.1012 3.98095 4.09727 3.84462

Significance level (p) 0.013 0.115 0.07 0.059 0.084
Residential area Mean difference − 0.39329 − 0.51354 − 0.39722 − 0.64987

Significance level (p) 1 0.998 1 0.995
Hospital Mean difference − 0.12025 − 0.00393 − 0.25658

Significance level (p) 1 1 1
Main roads Mean difference 0.11632 − 0.13632

Significance level (p) 1 1
Commercial area Mean difference − 0.25265

Significance level (p) 1
Cu
Industrial area Mean difference 33.32718* 33.84216* 31.27267* 29.39227* 31.93962*

Significance level (p) 0 0.001 0.001 0.001 0.001
Residential area Mean difference 0.51498 − 2.05451 − 3.93491 − 1.38756

Significance level (p) 1 0.999 0.978 1
Hospital Mean difference − 2.56949 − 4.44989 − 1.90254

Significance level (p) 0.999 0.986 1
Main roads Mean difference − 1.8804 0.66695

Significance level (p) 1 1
Commercial area Mean difference 2.54735

Significance level (p) 0.998
Zn
Industrial area Mean difference 86.95807* 90.02113* 87.43968* 75.72653* 86.08435*

Significance level (p) 0 0 0 0 0
Residential area Mean difference 3.06306 0.48161 − 11.23153 − 0.87371

Significance level (p) 1 1 0.84 1
Hospital Mean difference − 2.58145 − 14.2946 − 3.93678

Significance level (p) 1 0.83 0.999
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Calculated by one-way ANOVA with Scheffe test
* p < 0.05

Table 6  (continued)

Residential area Hospital Main roads Commercial area Educational areas

Main roads Mean difference − 11.71315 − 1.35533
Significance level (p) 0.874 1

Commercial area Mean difference 10.35782
Significance level 0.92

As
Industrial area Mean difference 1.87289* 1.58292 1.72076* 1.78752* 1.67075*

Significance level (p) 0.006 0.107 0.031 0.013 0.038
Residential area Mean difference − 0.28997 − 0.15214 − 0.08537 − 0.20214

Significance level (p) 0.994 1 1 0.998
Hospital Mean difference 0.13783 0.20459 0.08783

Significance level (p) 1 0.999 1
Main roads Mean difference 0.06676 − 0.05001

Significance level (p) 1 1
Commercial area Mean difference − 0.11677

Significance level (p) 1
Se
Industrial area Mean difference 0.38982 0.32183 0.27572 0.35976 0.3015

Significance level (p) 0.428 0.823 0.839 0.566 0.784
Residential area Mean difference − 0.06799 − 0.1141 − 0.03006 − 0.08832

Significance level (p) 1 0.995 1 0.999
Hospital Mean difference − 0.04611 0.03793 − 0.02033

Significance level (p) 1 1 1
Main roads Mean difference 0.08404 0.02578

Significance level (p) 0.999 1
Commercial area Mean difference − 0.05826

Significance level (p) 1
Pb
Industrial area Mean difference 71.6055 70.29675 52.48036 72.463 53.77702

Significance level (p) 0.194 0.458 0.627 0.228 0.604
Residential area Mean difference − 1.30875 − 19.12515 0.8575 − 17.82848

Significance level (p) 1 0.99 1 0.993
Hospital Mean difference − 17.8164 2.16625 − 16.51973

Significance level (p) 0.997 1 0.998
Main roads Mean difference 19.98265 1.29667

Significance level (p) 0.99 1
Commercial area Mean difference − 18.68598

Significance level (p) 0.993
Fe
Industrial area Mean difference 39,645.11424* 38,939.47717* 38,400.85780* 37,665.02551* 38,603.86105*

Significance level (p) 0.001 0.012 0.005 0.003 0.004
Residential area Mean difference − 705.6371 − 1244.256 − 1980.089 − 1041.253

Significance level (p) 1 1 1 1
Hospital Mean difference − 538.6194 − 1274.452 − 335.6161

Significance level (p) 1 1 1
Main roads Mean difference − 735.8323 203.00325

Significance level (p) 1 1
Commercial area Mean difference 938.83554

Significance level (p) 1
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presence of different trace element sources that are related to 
various industrial activities explains this exception.

Exposure and Health Risk Assessment

Exposure Scenario

The population of Sakaka City is exposed to the toxicity of 
trace elements that are present in RD due to their outdoor 
activities. Children are highly affected by the contami-
nated RD more than adults due to their incomplete safety 
awareness and their playing habits (Shi et al. 2011; Eqani 
et al. 2016). At schools and parks, children are not careful 
to wash their hands before eating food. Moreover, they 
have a hand-to-mouth behavior and buy street vendor’s 
food that may be contaminated by the polluted RD. One 
of the tribal traditions in this border region is that people 
spend their spare time and even celebrations inside tents 
established in open yards that are exposed to contaminated 
RD. Workers at the small-scale industrial area spend most 
of their daytime outdoors in contact with the contaminated 

RD. Their poor level of health awareness leads to careless 
behavior, such as eating food in the contaminated work 
area. This exposure scenario to contaminated RD is sup-
ported by the geographical location and weather as Sakaka 
City is surrounded by a vast desert and characterized by 
scarcity of rain and frequent sandstorms.

Calculations of health risks resulting from exposure to 
some trace elements present in road dust have been per-
formed for two population groups of this city under study, 
namely the category of workers at the small-scale industrial 
area, and the category of residents in the residential areas of 
the city, whether adults or children.

Carcinogenic and Noncarcinogenic Risk Assessment

The cancer risk values of Pb, Cr, and Co according to the 
inhalation pathway are represented in Fig. 6. Furthermore, 
the cancer risk values of arsenic according to ingestion, 
inhalation, and dermal pathways also are shown in Fig. 6. 
The acceptable cancer risk value should be in the range 
from 1 × 10−6 to 1 × 10−4 according to U.S. Environmental 
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Protection Agency (Zhou et al. 2019). The values of cancer 
risk for Pb, Cr, and Co were below that range. Arsenic is 
found to be the leading trace metal to cancer, especially 
for workers at the small-scale industrial area. The cancer 
risk values of arsenic for workers (1.8 × 10−6–4.4 × 10−6) 
and resident children (4.7 × 10−7–1.3 × 10−6) are found 
to be > 1 × 10−6 by ingestion pathway, but for adult 
residents, it was less than this acceptable range. There-
fore, workers and resident children are exposed to high 
risk more than resident adults. It’s worth mentioning 
that the ingestion pathway was the more effective one 
for cancer risk followed by the dermal contact pathway 
(4.5 × 10−7–1.1 × 10−6), especially for workers at the 
small-scale industrial area. Consistent with our results, 
the ingestion is the major pathway for cancer risk in Petal-
ing Jaya (Malysia) (Shabanda et al. 2019).

Total cancer risk values for all investigated trace met-
als were less than the accepted range except for As. This 
implies carcinogenic risk as shown in Fig.  6 for both 
resident children (5.3 × 10−7–1.5 × 10−6) and workers 
(2.3 × 10−6–5.6 × 10−6) at the small-scale industrial area.

The results of the ingestion, inhalation, and dermal con-
tact pathways are given as HQ and HI values as illustrated 
in Fig. 7. If HQ and HI have values lower than unity, the 

population will not be exposed to risk, but if they become 
more than unity, potential noncarcinogenic effects become 
more likely (El-Hashemy and Ali 2018).

The obtained HQ values for iron are lower than unity 
through inhalation and dermal contact pathways. But this 
HQ value is more than one through ingestion pathway for all 
tested groups of population. This indicates very high non-
cancer risk from iron for both adults and children inhabit-
ing the residential areas and for workers at the small-scale 
industrial area.

Similar to our results, ingestion is the major pathway for 
noncancer risk in Shanghai (China) (Shi et al. 2008), Luanda 
(Angola) (Baptista and De Migue 2005), Hassi Messaoud 
(Algeria) (Benhaddya et al. 2016), and Pakistan (Eqani et al. 
2016).

In general, the ingestion pathway is the major contribu-
tor to health risk relative to the inhalation pathway because 
of the detention of dust particles through nasal pathway 
(Mohmand et al. 2015). However, HQ and HI values for As, 
Cr, Cu, Mn, Pb, and Zn as indicated by the three pathways 
are less than one. This means that the noncarcinogenic risk 
is neglected for the previous listed metals regarding both 
workers and residents (adults and children).
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Fig. 6  Carcinogenic risk (CR) of (Cr, Co, Pb) through inhalation pathway (a) and that of As in addition to total risk (b) for residents (children 
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Conclusions

Sakaka City is a small city in a border region and is char-
acterized by the presence of small-scale industries. Our 
results indicate the diversity of average trace elements con-
centrations in RD samples of particles size < 63 μm among 
different areas in this city according to the anthropogenic 
activities that caused their release. The EF and CF values 
confirmed the presence of anthropogenic sources for the 
investigated trace elements. The highest calculated PLI 
value found at the small-scale industrial area indicates that 
it is a highly polluted area. There is a strong correlation 
between most of the detected trace elements at all sites, 
except at the small-scale industrial area. The variation of 
the industrial sources of those trace elements explains this 
exception. There is a noncarcinogenic risk for ingestion of 
Fe by residents (children and adults) and workers at small-
scale industrial area. Both of resident children and workers 
at small-scale industrial area are more susceptible to carci-
nogenic risk than adult residents. The trend of contribution 
to cancer risk shows that the ingestion route is the major 
one followed by the dermal route. The current evaluation 

of trace elements levels in RD and related health risk will 
assist policy makers to make action plans to reduce trace 
elements that cause pollution in Sakaka City as well as 
similar cities in the border provinces.
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