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Abstract
The present work was conducted to highlight the elemental composition, quantify the extent of pollution, and assess the linked risk
due to the exposure to metals in dust samples. The collected samples from Al-Qassim Region were subjected to two complemen-
tary analytical techniques: instrumental neutron activation analysis and inductively coupled plasma mass spectrometry. A total of
42 elements were determined, and the concentrations (mg/kg) were compared with the corresponding values from the literature.
Considerable concentrations of Br (7.1), Zr (640), Hf (16.5), As (8.9), and Sb (0.7) were observed. Enrichment factor (EF) was
calculated to be more than 7 for the same elements, and this a good indicator of a mixed source of pollution with these elements.
The integrative pollution index (PI) sortedBureydah South as the strongest contributor of contamination. The exposure assessment
showed no hazard risk was observed due to the inhalation of selected elements that distinguished their high toxicity.
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Introduction

The recent study in the Al-Qassim industrial zone showed a
marked increase in the overall prevalence rate of non-
communicable diseases under the study (cardiovascular

diseases, eye and derma problems, respiratory infection,
hearing problem, impairment, and diabetes) from 7.1 to
15.7% from the year 2011 to 2015 (Mustafa et al. 2016).
Sandstorms increase in April and May due to low pressure
in the north of the country. These low pressures or depres-
sions are accompanied with cold fronts that move southeast
and cause sandstorms. Dust particles start moving when the
horizontal wind speed reaches 20 km per h. In fact, most dust
storms start when the speed exceeds 35 km per h. In addition,
the ongoing development ignores the local ecosystem.

Crustal aerosol, which is produced from deserts and wadi
deposits, plays an important role in the physics and chemistry
of the atmosphere. Recently, this key role has been increas-
ingly recognized, and studies of desert aerosol and its atmo-
spheric effects are rapidly increasing. As reported by Rahn
et al. (1979), approximately one half of the elements in the
atmospheric aerosol occur in near-crustal proportions and are
probably soil derived. Deserts are likely to be the main con-
tributors of this crustal dust even to remote temperate and
polar regions. Further to that, a large number of elements in
the aerosol throughout the troposphere are essentially exclu-
sively controlled by crustal sources. Marine, desert, and an-
thropogenic aerosols are the main and typical aerosols that
exist in Al-Qassim Region, Kingdom of Saudi Arabia. The
prevalent of the first two types is attributed to the geographical

Respondible Editor: Domenico M. Doronzo

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s12517-019-4818-x) contains supplementary
material, which is available to authorized users.

* Atef El-Taher
atef.eltaher@gmail.com

Awad A. Ibraheem
awad_ah_eb@hotmail.com

1 Department of Physics, Faculty of Science, Al-Azhar University,
Assiut Branch, Assiut 71524, Egypt

2 Department of Radiation Protection & Civil Defense, Nuclear
Research Center, Egyptian Atomic Energy Authority (EAEA), Abu
Zaabal 13759, Egypt

3 Frank Laboratory of Neutron Physics, Joint Institute for Nuclear
Research, str. Joliot-Curie, 6, Dubna, Moscow Region, Russian
Federation 141980

4 Department of Physics, Faculty of Science, King Khalid University,
Abha, Saudi Arabia

https://doi.org/10.1007/s12517-019-4818-x
Arabian Journal of Geosciences (2019) 12: 635

/Published online: 16 October 2019

http://crossmark.crossref.org/dialog/?doi=10.1007/s12517-019-4818-x&domain=pdf
https://doi.org/10.1007/s12517-019-4818-x
mailto:atef.eltaher@gmail.com


location of the country between the Arabian Gulf and large
desert areas. Marine aerosols are derived from Arabian Gulf
spray, whereas the desert ones are mainly composed of mate-
rials such as quartz, calcite, dolomite, feldspars, gypsum, and
clay minerals (Ganor et al. 1991; Ganor and Mamane 1982).
The anthropogenic aerosols are produced from industrial
emissions, power generation, and agriculture. A study of the
content of metals in dust and the effect of dust aerosols has
attracted the attention of several researchers in the last decades
for instance; regionally, a wide-scaled study was conducted,
for instance in Kuwait (Al-Awadhi et al. 2014; Al-Dousari
2005, 2009; Al-Dousari et al. 2016, 2017; Al-enezi et al.
2014; Subramaniam et al. 2015), Iraq (Al-Ghadban et al.
2008), and Emirates (Al-Taani et al. 2019; Dan 1990; Ganor
1991; Ganor et al. 1991; Ganor and Mamane 1982; Norouzi
et al. 2015; Shaltout et al. 2013). There are many studies
regarding dust phenomena globally (Amato et al. 2009;
Beavington and Cawse 1979; Blott et al. 2004; Doronzo
et al. 2016; Doronzo and Al-Dousari 2019; Khan et al.
1999; Rahn et al. 1979; Rydell and Prospero 1972; Whicker
et al. 2006; Zheng et al. 2010).

Therefore, the aim of the present work is the determination
of the elemental composition of airborne dust samples and
assessment of associated exposure and pollution extent quan-
tification as well. The samples were collected fromAl-Qassim
Region, Kingdom of Saudi Arabia, and subjected to instru-
mental neutron activation analysis (INAA) and inductively
coupled plasma mass spectrometry (ICP-MS) for analysis.
The mentioned analytical techniques are complementary to
each other and are distinguished their high accuracy and pre-
cision among others.

Materials and methods

Features of the studied area

Al-Qassim Region is one of the thirteen administrative prov-
inces of Saudi Arabia. It is located in the center of Saudi
Arabia approximately 400 km northwest of Riyadh. Its area
is about 65,000 km2. Qassim Region has an arid climate, with
very hot summer, low rainfall winter, low humidity, and fre-
quent dust storms. A statistical summary of meteorological
data for the period of 1985–2010 indicates that the climate
in Qassim Region has a mean monthly rainfall of 11.4 mm
(Jeddah Regional Centre for Climate 2015). Rain may also
occur in the spring, and its rainfall is very rare and normally
non-existent. The mean monthly air temperature is 25.1 °C,
but winters are much cooler than summer. The mean monthly
air temperature is 34 °C and 15 °C, in summer and winter
seasons, respectively. During summer, the wind blows domi-
nantly. The average wind speed is 6 kts/month. Dust storms
can occur anytime of the year, but they are mostly frequent

during March, April, and May and less frequently during the
rest of year. Statistical analysis of airborne dust data in Qassim
Region shows that blowing dust, dust/sand storm, and haze
occur during 34.40%, 6.44%, and 59.15% of the total dusty
days, respectively. According to Jeddah Regional Centre for
Climate (2015), the blowing dust, dust/sand storms, and
rising/suspended dust are continuously present at 29.78%
throughout the year in Qassim Region. In addition, statistical
analysis shows that the annual average number of dusty days
in Qassim Region is 108.7 days (≈ 30% of year).

Sampling and preparation

Fifteen dust samples (total suspended particles) were col-
lected at 1.5 m above ground level from different cities of
Al-Qassim Region. The dust samples were collected using
dry stainless steel dust fall collectors (squared with the
length 1.2 m) modeled on the ASTM standard (A.S.T.M.
Standard D-1739-70 1979). The collectors were allocated in
some cities in Al-Qassim Region, viz. Shmaceah, Bandareh,
Shmaceah East, Bureydah Southeast, Bureydah South,
Muleeda South, Muleeda North, Bureydah Center,
Bureydah West, Bureydah East, Bureydah North,
Bureydah Northeast, Unezah Southeast, Unezah East, and
Unezah North as shown in Fig. 1, and the description of the
sampling areas is given in Table SM1 (Supplementary ma-
terial). The samples were collected at the end of the study
period (≈ 1 year).

Analytical technique

The prepared samples were analyzed by means of instrumen-
tal neutron activation analysis, total digestion ICP, and lithium
metaborate/tetraborate fusion ICP. More details on the irradi-
ation and measurement by thermal neutrons at Act Labs in
Canada can be found elsewhere by Alharbi and El-Taher
(2016) and El-Taher et al. (2003). The analytical parameters
of determining packages by INAA and the detection limits are
published elsewhere by Hoffman (1992).

For ICP-MS measurement, a 0.25-g sample is digested
with four acids beginning with hydrofluoric, followed by a
mixture of nitric and perchloric acids, heated using precise
programmer–controlled heating in several ramping and
holding cycles, which takes the samples to dryness. After
dryness is attained, samples were brought back into solution
using hydrochloric acid. With this digestion, certain phases
may be only partially solubilized. Fused sample is diluted
and analyzed by Perkin Elmer Sciex ELAN 6000, 6100, or
9000 ICP/MS. More detail about the treatment of samples
for measurement by means of ICP-MS and INAA was pub-
lished elsewhere (Alharbi and El-Taher 2016; El-Taher and
Khater 2016).
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Enrichment factor

The abundances of many elements in the atmospheric aerosol
are controlled by the crustal aerosol. This can be seen most
easily by enrichment factor (EF) analysis, that is, by calculat-
ing a normalized enrichment factor of each element in the
aerosol relative to the crust. This is usually done for an ele-
ment by using the following formula (Abrahim and Parker
2008; Badawy et al. 2016, 2017; Lv et al. 2015; Reimann
and de Caritat 2005):

EF ¼ Cx=CScð Þaerosol= Cx=CScð Þcrust ð1Þ

where (Cx/CSc)aerosol is the ratio of the content of the element
in the sample and the content of Sc in the sample and (Cx/
CSc)crust is the ratio of the same reference or background ele-
ment, which in our case is Sc, in the upper continental crust
(UCC) as reported by Rudnick and Gao (2014). Based on the
interpretation categories suggested by Ganor et al. (1991), the
level of pollution was quantified.

Average single pollution index

In order to estimate the quality of soil and sediments, average
single pollution index (PIavg) was first employed by Qingjie
et al. (2008). PIavg is defined as

PIavg ¼ 1

n
∑
n

i¼1
PI ð2Þ

where n denotes for the number of examined metals and PI is
standing for the single pollution index. PIavg values higher
than unity show a lower soil or sediment quality, which is
conditioned by a high contamination level.

Exposure assessment due to dust inhalation

Human exposure pathways of heavy metals to the dust are as
follows: (a) direct ingestion of substrate particles (Ding), (b)
inhalation of resuspended particles (Dinh), and (c) dermal ab-
sorption of trace elements to exposed skin (Ddermal) or through
inhalation of vapors (Dvapor) (Zheng et al. 2010). In the present
work, a model suggested byUSEPA (1996) and Van den Berg
(1995) was used to calculate the exposure of adults to the
elemental toxicants in dust. The following assumptions and
steps underlie the model applied:

a. The chemical risk linked to chemical elements is calculat-
ed for some selected elements, viz. Cr, Co, Ni, Cu, Zn, and
Pb, because of available inhalation-specific toxicity data
(US EPA 1996). The toxicity of Cr is directly dependent
on its valence states of Cr(VI) and Cr(III) and the SLF and
RfD0 of Cr(VI) were assumed as for total Cr as stipulated
in Table 4 (Kurt-Karakus 2012). As the US EPA has not

established an RfD0 for Pb (US EPA 2010), therefore RfD0

value used in the calculations in this study was 3.5 × 10−3

mg/kg per day that was calculated from the provisional
tolerable weekly Pb intake limit, 25 μg/kg per body
weight, recommended by the FAO/WHO for adults
(Kurt-Karakus 2012).

b. Chemical daily intake (Dinh, mg/kg per day) via inhalation
only is considered in the present study and can be given
for each element using the following equation (US EPA
1996; Zheng et al. 2010):

CDIInh ¼ CUCL
RInh � Fexp � T exp

PEF� ABW � T avrg
ð3Þ

The details of the mathematical model, along with the pro-
spective abbreviations and values used in these equations, are
specified in Table SM2 (Supplementary material).

CUCL is the exposure, upper confidence limit content in mg
kg−1, an estimate of reasonable maximum exposure, and the
upper limit at 95% confidence interval of the mean. Since the
concentration of most elements in the dust samples has an
approximate log-normal distribution, the 95% upper confi-
dence limit (UCL) was calculated using the following equa-
tion (US EPA 1996):

C95%UCL ¼ exp X
�þ 0:5� s2 þ s� H

ffiffiffiffiffiffiffiffi

n−1
p

� �

ð4Þ

where X
�

is the arithmetic mean of the log-transformed data, s
is the standard deviation of the log-transformed data, H is the
H statistic, and n is the number of samples (Gilbert 1987).

c. The carcinogenic hazard index (carcinogenic risk (CR)) is
a method to estimate the probability of developing cancer
in an individual from exposure to trace metals, whereas
the non-carcinogenic risk estimates the probability of de-
veloping other illnesses. CR is calculated for each metal,
using the following equation (Kurt-Karakus 2012;
Mohmand et al. 2015; US EPA 2007):

CR ¼ CDIInh � BAF� SLF ð5Þ

The values for the slope factor (SLF), the oral reference
dose (RfD0, mg/kg per day), and the bioaccumulation factor
(BAF%) are given in Table 4. The tolerable values for regu-
latory purposes of the carcinogenic health risk index for dif-
ferent trace metals ranged from 1 × 10−6 to 1 × 10−4 as report-
ed by US EPA (2001).

d. For the studied elements included in the risk analysis, the
toxicity reference values considered for the inhalation
route are the corresponding oral reference doses (RfD0,
mg/kg per day) and slope factors (SLF). Both are taken
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fromRegional Screening Levels tables (US EPA 2017) on
the assumption that, after inhalation, the absorption of the
particle-bound toxicants will result in similar health ef-
fects as if the particles had been ingested. Based on the
previous available data and assumptions, the hazard quo-
tient (HQ) was calculated using the following equation:

HQ ¼ CDIInh � BAFð Þ=R fD0 ð6Þ

Finally, the total hazard index is the summation of the haz-
ard quotient.

Statistical analysis

Software packages OriginLab™ Origin 8.5, MS™ Excel, as
well as PAST 3.12 (Davis 2002; Hammer et al. 2001) were
used for data analysis and graphing. R Programming
Environment was used for statistics (R Core Team 2016).
Spatial maps were constructed by using ArcGIS.

Results and discussions

Abundance of the elements and inter-correlation

A summary of the descriptive statistics of the obtained con-
centrations of elements is stipulated in Table 1, as well as the
mean, median, standard deviation, minimum, and maximum
regarding the distribution of 42 trace elements in dust samples.
The results are compared with those published worldwide for
the UCC by Rudnick and Gao (2014) and regional published

data from dust by Ganor et al. (1991). The Shapiro-Wilk test
of normality (Shapiro and Wilk 1965) was calculated where a
significance at p value is equal to 0.05. All contents are
expressed in mg/kg except S which is given in %. With 95%
probability, the normality test show that the total of 42 ele-
ments are normally distributed, except that 8 elements are not
normally distributed, viz. Be, Cu, Zn, Br, Sn, Sb, Cs, and Pb.
All the concentrations of the elements are slightly higher than
those averages published worldwide for UCC by Rudnick and
Gao (2014) except Be, S, Sc, V, Cr, Co, Ni, Ga, Ge, Sr, Eu, Tl,
and Th. For comparison purposes, the results are compared
with average published regionally for dust samples by Ganor
et al. (1991) and the obtained results are in line as shown in
Table 1. The obtained results were normalized and plotted in
Fig. 2, relative UCC as reported by Rudnick and Gao (2014).
Looking at Fig. 1, considerable concentrations of Br (12.6%)
> Zr (7.5%) > Hf (6.9%) > As (5.6%) > Sb (5.5%) are ob-
served and given in descending order.

Based on the normalized concentrations, Fig. 3 is plotted to
show three different patterns with respect to regional and
worldwide corresponding values. To a great extent, there is a
good matching between the obtained results and the
corresponding values reported by Ganor et al. (1991) and
Hans Wedepohl (1995) and Rudnick and Gao (2003) region-
ally and worldwide, respectively. Figure 3 can be summarized
as follows:

& A group of transition elements includes nine elements
such as V, Cr, Co, Ni, Cu, Zn, Y, Hf, and Ta as shown in
Fig. 3a. The concentrations (mg/kg) are given for V (85.6
± 24 with a range of 48–131), Cr (105 ± 25.8 with a range
of 57–136), Co (13.2 ± 5.4 with an interval of 5.8–23), Ni

Fig. 1 A map of the studied areas
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(52.7 ± 22.4 with an interval of 26–94), Cu (29.8 ± 18.8
with a range of 14–94), Zn (72.5 ± 64.8 with a range of

33–226), Y (24.9 ± 3.5 with a range of 18–31), Hf (16.5 ±
9.1 with a range of 4.4–31.6), and Ta (0.98 ± 0.16 with an

Table 1 Mean, median, standard deviation, minimum, and maximum regarding the distribution of 42 major and trace elements and 11 oxides in
airborne dust

Element Detection limit Analytical method Mean Median SD Min Max Statistic p value UCC (Rudnick
and Gao 2014)

Dust (Ganor
et al. 1991)

Be 1 FUS-ICP 1.53 2.00 0.52 1.00 2.00 0.64 0.000 1.90 1.7

S % 0.001 TD-ICP 0.04 0.03 0.02 0.01 0.08 0.95 0.475 0.04 0.24

Sc 0.01 INAA 10.89 10.30 3.25 5.45 17.40 0.97 0.804 21.90 11

V 5 FUS-ICP 85.60 83.00 24.04 48.00 131.00 0.96 0.762 138.00 97

Cr 0.5 INAA 105.01 113.00 25.78 57.00 136.00 0.91 0.139 135.00 89

Co 0.1 INAA 13.17 11.40 5.41 5.80 23.00 0.93 0.259 26.60 9.5

Ni 1 TD-ICP 52.73 46.00 22.41 26.00 94.00 0.89 0.079 59.00 53.1

Cu 1 TD-ICP 29.80 22.00 18.80 14.00 90.00 0.70 0.000 27.00 42

Zn 1 INAA 72.47 64.00 46.84 33.00 226.00 0.68 0.000 72.00 166

Ga 1 FUS-MS 12.73 12.00 3.59 8.00 19.00 0.91 0.133 16.00 ND

Ge 0.5 FUS-MS 1.18 1.10 0.17 0.80 1.50 0.93 0.313 1.30 ND

As 1 INAA 8.93 9.00 2.69 5.00 15.00 0.94 0.356 2.50 3

Br 0.5 INAA 7.12 3.90 9.75 0.50 38.40 0.68 0.000 0.88 10.2

Rb 1 FUS-MS 60.60 61.00 8.93 44.00 72.00 0.92 0.218 49.00 41

Sr 2 FUS-ICP 251.73 252.00 48.39 182.00 341.00 0.95 0.500 320.00 379

Y 1 FUS-ICP 24.93 25.00 3.45 18.00 31.00 0.98 0.957 19.00 23

Zr 1 FUS-ICP 639.73 694.00 370.02 150.00 1284.00 0.93 0.282 132.00 ND

Nb 0.2 FUS-MS 11.41 11.70 2.48 6.00 15.10 0.93 0.230 8.00 ND

Sn 1 FUS-MS 2.13 2.00 0.64 1.00 4.00 0.61 0.000 1.70 ND

Sb 0.1 INAA 0.72 0.70 0.17 0.30 0.90 0.87 0.040 0.20 2

Cs 0.1 FUS-MS 2.10 1.70 0.97 1.00 3.70 0.87 0.035 2.00 ND

Ba 1 FUS-ICP 460.67 487.00 77.27 335.00 612.00 0.95 0.494 456.00 350

La 0.05 FUS-MS 27.42 28.10 3.24 20.80 32.30 0.90 0.103 20.00 27.8

Ce 0.05 FUS-MS 57.61 59.00 7.43 42.20 67.70 0.92 0.162 43.00 51

Pr 0.01 FUS-MS 6.52 6.76 0.84 4.75 8.01 0.95 0.468 4.90 ND

Nd 0.05 FUS-MS 24.37 24.90 3.15 17.40 29.50 0.93 0.259 20.00 ND

Sm 0.01 FUS-MS 4.88 4.88 0.72 3.43 6.27 0.95 0.584 3.90 ND

Eu 0.005 FUS-MS 1.00 1.00 0.15 0.71 1.22 0.95 0.581 1.10 0.58

Gd 0.01 FUS-MS 4.26 4.39 0.70 2.81 5.53 0.96 0.699 3.70 ND

Tb 0.01 FUS-MS 0.69 0.70 0.10 0.46 0.91 0.95 0.567 0.60 ND

Dy 0.01 FUS-MS 4.24 4.30 0.62 2.70 5.32 0.88 0.053 3.60 ND

Ho 0.01 FUS-MS 0.85 0.86 0.12 0.57 1.07 0.92 0.166 0.77 ND

Er 0.01 FUS-MS 2.54 2.52 0.39 1.63 3.24 0.93 0.246 2.10 ND

Tm 0.005 FUS-MS 0.39 0.39 0.07 0.25 0.50 0.96 0.770 0.28 ND

Yb 0.01 FUS-MS 2.74 2.52 0.49 1.79 3.52 0.94 0.328 1.90 2.2

Lu 0.002 FUS-MS 0.45 0.42 0.08 0.29 0.57 0.94 0.445 0.30 ND

Hf 0.1 FUS-MS 16.52 16.30 9.06 4.40 31.60 0.93 0.303 3.70 10.2

Ta 0.01 FUS-MS 0.98 1.00 0.16 0.62 1.26 0.97 0.790 0.70 0.85

Tl 0.05 FUS-MS 0.24 0.25 0.05 0.15 0.31 0.94 0.434 0.50 ND

Pb 5 TD-ICP 15.07 12.00 7.52 10.00 41.00 0.55 0.000 11.00 105

Th 0.05 FUS-MS 9.90 9.32 2.15 7.35 13.40 0.89 0.065 10.50 5.5

U 0.01 FUS-MS 2.93 2.98 0.47 2.03 3.59 0.95 0.582 2.70 1.8

The results are compared with those published worldwide for the UCC byRudnick and Gao (2014) and regional published data from dust by Ganor et al.
(1991). All contents are expressed in mg/kg except S, and the obtained oxides are given in %
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interval of 0.62–1.26). It is obvious from the figure that
there is a significance concentration of Hf.

& The concentrations (mg/kg) of actinides and heavy ele-
ments are given for Rb (60.6 ± 8.9 with a range of 44–
72), Sr (251.7 ± 48.4 with a range of 182–341), Ba (460.7
± 77.3 with a range of 335–612), Pb (15.1 ± 7.5 with a
range of 10–41), Th (9.9 ± 2 with a range of 7.4–13.4), U
(2.9 ± 0.5 with a range of 2.0–3.6), and Sb (0.7 ± 0.1 with
a range of 0.3–0.9). The normalized and comparable
values are shown in Fig. 3b. The results show that the
concentrations of Rb, Ba, Pb, U, and Sb are slight higher
than those in UCC, whereas the concentrations of Sr and
Th are lower than those in UCC as reported by Rudnick
and Gao (2014). It is clear that the data of the present work
is in good agreement with those reported regionally and
average weighted worldwide by Ganor et al. (1991), Al-
Dousari et al. (2016), and Hans Wedepohl (1995), and
Rudnick and Gao (2003), respectively.

& A symbiotic behavior of the rare-earth elements compared
with the corresponding values in the literature is obviously
illustrated in Fig. 3c. The concentration (mg/kg) of La is
ranging from 20.8 to 32.3 with an average value of 27.4 ±
3.2, and similarly, the concentration of Ce shows a mini-
mum value of 42.2 and a maximum value of 67.7 with a
mean value of 57.6 ± 7.4. Pr concentration is ranging from
4.6 to 8 with a mean value of 6.5 ± 0.8. Nd concentration
is ranging from 17.4 to 29.5 with a mean value of 24.4 ±
3.2, likewise for Eu (0.9 ± 0.1 and ranges from 0.7 to 1.2),
Tb (0.7 ± 0.1 with a range of 0.5–0.9), and Yb (2.8 ± 0.5
with a minimum value of 1.8 and a maximum value of
3.5). The obtained results are slightly higher than those
reported by Taylor and McLennan (1985) and Rudnick

Fig. 2 Box and whisker plot illustrates the normalized content to UCC of 42 elements in the dust samples

Fig. 3 Comparison of different models for upper-crust composition of the
trace elements with studies of airborne dust samples. All values are
normalized to the upper-crust composition of Rudnick and Gao (2014).
Gray-shaded field represents a ± 20% variation from this value. Trace
elements are divided into the following groups: a transition metals, b
actinides and heavy metals, alkali and alkaline earth, and c REEs
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and Gao (2003) with an exception for Eu anomaly, which
is slightly lower.

It is apparent from the results that concentrations of Zr are
significantly high. This peculiarity was studied by plotting the
ratio indicators of Th/Sc (≈ 0.9) versus Zr/Sc (≈ 58.7) as illus-
trated in Fig. 4. The ratio Th/Sc was compared with the cor-
responding values (≈ 0.5) by Ganor et al. (1991) and Rudnick
and Gao (2014), whereas the Zr/Sc ratio is greater than the
corresponding values (≈ 19.5) reported by Badawy et al.
(2017) and the world average soil (≈ 22.8) by Kabata-
Pendias (2011). Therefore, it can be inferred that significant
and high sedimentary recycling was observed. It is clear from
Fig. 4 that the source material of these elements is a mixture of
UCC and felsic rocks with significant tendency to granite.

The correlation between the concentrations of Th and U in
the examined dust samples is presented in Fig. 5. For
comparison purposes, other corresponding Th/U ratios were
added. For instance, the Th/U ratio of 4.1 was derived by
Rudnick and Gao (2014) for UCC, 3.4 was reported by
Ganor et al. (1991) for dust, and 3.7 was given by Kabata-
Pendias (2011) for world soil average (WSA). To a great ex-
tent, the obtained ratio of Th/U for dust samples (3.4 ± 0.5) is
almost the same as that obtained by Ganor et al. (1991) for
dust. Based on this finding, it could be inferred that the con-
centration of Th and U in the investigated dust samples is
originating from the weathering processes and the anthropo-
logical impact is not evidenced.

Pollution extent and webs of possible contamination

The EF was calculated for different elements, and the results
are stipulated in Table 2. The obtained results of EF are com-
pared with the regional results reported by Ganor et al. (1991)
and weighted average worldwide by Rahn et al. (1979). The
calculated EFs are lower than the corresponding values report-
ed by Rahn et al. (1979) and in a good matching with the
regional results reported by Ganor et al. (1991). The results
of EF range from 0.98 to 14.91 for Co and Br, respectively,
with a mean value of 3.2. For a better understanding about the
pollution extent, the interpretation category of enriched ele-
ments and non-enriched ones is given in Table 3. Based on the
categories suggested by Ganor et al. (1991), the enrichment
factor lower than 2 leads to non-enriched elements and that of
more than 7 initiates a significant impact on the human and
environment, while the enrichment factor higher than 2 and
lower than 7 causes intermediate-enriched elements and inves-
tigation process should be launched to get more data on the
root cause of the increment to avoid potential consequences.
The sorted elements as enriched or non-enriched are summa-
rized as follows:

& A total of 12 elements out of 42 are not enriched, namely
Be, S, Sc, V, Cr, Co, Ni, Ga, Ge, Sr, Eu, and Tl, where EF
is lower than 2.

& An intermediate-enriched elements are observed for 25
elements, viz. Cu, Zn, Rb, Y, Nb, Sn, Cs, Ba, La, Ce, Pr,
Nd, Sm, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Ta, Pb, Th, and
U, where EF is higher than 2 and lower than 7.

& Only 5 elements are enriched, namely As, Br, Zr, Sb, and
Hf, as their EF is higher than 7. This finding could be due

Fig. 4 The Th/Sc vs Zr/Sc biplot illustrating an increased degree of Zr
enrichment, proving a high sedimentary recycling, a characteristic for a
majority of samples as data confirmed byGromet et al. (1984), Viers et al.
(2009), and Savenko (1986) for North American shale composite
(NASC), river sediments, and sediments, respectively. The obtained
results show that, most probably, the source material of these elements
is a mixture of UCC and felsic rocks with significant tendency are
attributed to granite

Fig. 5 A plot illustrates the correlation between Th and U in the studied
dust samples. For comparison purposes, the corresponding values for the
regional study, UCC, and world soil average WSA are added (Ganor
1991; Kabata-Pendias 2011; Rudnick and Gao 2014)
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to the intensely urban extent and anthropological activities
in Al-Qassim Region (Jones Lii et al. 2017).

The average single pollution index was calculated to give
an integrative assessment of the contamination. The calculated
values show that the PI ranges from a minimum value of 0.74
for location 8 (Bureydah Center), while the maximum value
was observed for location 5 (Bureydah South). The spatial
distribution of PI is mapped as shown in Fig. 6.

Findings of dust exposure

In order to assess the human health risk as a result of exposure
to metals due to dust inhalation, the HQ was calculated for
selected elements, namely carcinogenic Cr, Cr, Co, Ni, Cu,
Zn, and Pb. Chemical daily intake (Dinh) via inhalation was
calculated based on the toxic parameters provided by US EPA
(2007) as shown in Table SM1. First, the upper confidence
limit content (CUCL) values were calculated and are presented
in Table 4. The calculated values of Dinh range from 6.8 ×
10−10 for Pb to 2.1 × 10−9 for non-carcinogenic Cr with a
mean value of 1.3 × 10−9 ± 6.1 × 10−10 mg/kg per day. The
obtained results are quite low compared with those published
by Kurt-Karakus (2012) for similar elements and almost in
line with those published by Mohmand et al. (2015) for

Table 2 Enrichment factor (EF) compared with the regional and
weighted average worldwide (Ganor et al. 1991; Rahn et al. 1979)

Element Present EF Ganor et al. (1991) Rahn et al. (1979)

Sahara EF
(Fe, rock)

World EF
(Al, rock)

Sahara Worldwide

Be 1.64 0.83 0.83 ND ND

S 1.97 2.75 2.62 ND ND

Sc 1.00 0.87 0.62 0.73 1.17

V 1.26 0.79 0.62 0.88 14

Cr 1.63 1.01 0.74 1.02 8.1

Co 0.98 0.26 0.26 0.88 3.5

Ni 1.75 0.72 0.75 2.35 32

Cu 2.33 0.6 0.6 < 20 102

Zn 2.03 2.12 2.12 2.34 260

Ga 1.62 ND ND 1.94 2.5

Ge 1.92 ND ND ND ND

As 7.27 2.25 2.33 8 310

Br 14.91 4.69 3.53 ND ND

Rb 2.62 0.82 0.59 1.03 3.4

Sr 1.67 1.25 1.18 ND ND

Y 2.84 0.97 1.03 ND ND

Zr 11.55 ND ND 2.18 1.36

Nb 2.97 ND ND ND ND

Sn 2.73 ND ND ND ND

Sb 7.55 2.02 2.1 5.8 1430

Cs 2.04 ND ND 1.45 12.4

Ba 2.29 1.03 0.66 2.33 5.5

La 2.93 1.15 1.11 1.78 2.7

Ce 2.85 1.16 1 1.85 2.6

Pr 2.84 ND ND ND ND

Nd 2.59 ND ND ND ND

Sm 2.65 ND ND 1.68 2.1

Eu 1.91 0.54 0.55 1.73 2.7

Gd 2.43 ND ND ND ND

Tb 2.45 ND ND 2.02 1.92

Dy 2.50 ND ND 1.66 2.5

Ho 2.36 ND ND ND ND

Er 2.60 ND ND ND ND

Tm 3.05 ND ND ND ND

Yb 3.14 0.69 0.56 0.91 1.06

Lu 3.27 ND ND 1.35 1.95

Hf 10.57 2.84 2.23 1.98 2

Ta 3.00 ND ND ND ND

Tl 1.01 ND ND ND ND

Pb 3.08 4.66 4.85 ND ND

Th 2.09 1.1 0.91 1.92 1.78

U 2.36 0.58 0.28 ND ND

Fig. 6 Spatial map of the average single pollution index illustrates the
peak areas

Table 3 Classification of elements by category of enrichment factor
values according to Ganor et al. (1991)

EF < 2 non-enriched
elements (12)

Be, S, Sc, V, Cr, Co, Ni, Ga, Ge, Sr, Eu, Tl

2 < EF > 7 intermediate
elements (25)

Cu, Zn, Rb, Y, Nb, Sn, Cs, Ba, La, Ce, Pr,
Nd, Sm, Gd, Tb, Dy, Ho, Er, Tm, Yb,
Lu, Ta, Pb, Th, U

EF > 7 enriched
elements (5)

As, Br, Zr, Sb, Hf
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inhaled dust from rural, urban, and industrial areas in Pakistan.
The present study is focused only on one exposure pathway.
Therefore, in this case, HQ is equal to CR. CR was calculated
for carcinogenic Cr to be 2 × 10−11 and showed a low value
compared with the corresponding values reported by Kurt-
Karakus (2012) (3.4 × 10−10) and a value of 4.12 × 10−7, 1.8
× 10−7, and 1.4 × 10−7 for adult in industrial, urban, and rural
areas, respectively, as reported byMohmand et al. (2015). The
obtained results of HQs reveal a mean value of 4.5 × 10−8, and
the calculated standard deviation was 3.8 × 10−8 with a min-
imum value of 3.6 × 10−9 for Zn and a maximum value of 1.1
× 10−7 for Co. The HQs were calculated for the other elements
and are given in descending order as follows: Co > Pb > Cr >
Ni > Cu > Zn > carcinogenic Cr. Overall, the obtained results
are lower even than the tolerable values as clearly illustrated in
Fig. 7. Tolerable values of the carcinogenic health risk index
for different trace metals ranged from 1 × 10−6 to 1 × 10−4 (US
EPA 2001). Therefore, these elements have no significant
health hazard from a point of view of their toxicity and this
may be attributed to the decreased concentrations of the con-
sidered elements in the dust samples.

Conclusions

The present study outlined the abundances of 42 elements,
which were determined in fifteen dust samples collected from
Al-Qassim Region, KSA, by means of NAA and ICP-MS.
Considerable concentrations of Br, Zr, Hf, As, and Sb were
observed. Similarly, EF distinguished the same elements as
highly enriched. Ratio indicators of Zr/Sc versus Th/Sc figure
out a significant and high tendency of sedimentary recycling
in the examined samples. Likewise, the Th/U ratio indicator
outlines that no anthropological impact was observed and,
most probably, the provenance of these elements is ultimately
correlated with UCC. The integrative single pollution index
sorted the highest peak value to be Bureydah South.
Eventually, the present study shows that the calculated values
of HQ (4.5 × 10−8) are significantly lower than the tolerable
values (1 × 10−6 to 1 × 10−4).

Funding information The authors extend their appreciation to the
Deanship of Scientific Research at King Khalid University for funding
this work through the research group program under grant number
R.G.P.1/118/40.
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