
TRENDS IN SCIENCES 2023; 20(11): 6978                  RESEARCH ARTICLE  

https://doi.org/10.48048/tis.2023.6978  

Evaluation of Toxic Heavy Metals and Health Risk in Airborne 

Particulate Matter at Qassim region, Saudi Arabia 
 

Hamed Alnagran1,2, Howaida Mansour3,4, Saleh Alashrah2,  

Nursakinah Suardi1,* and Azhar Abdul Rahman1 

 

1School of Physics, Universiti Sains Malaysia, 11800 Penang, Malaysia 
2Physics Department, College of Science, Qassim University, Buraydah 51452, Saudi Arabia 
3Physics Department, College of Science and Art, Qassim University, Ar Rass 51921, Saudi Arabia 
4Physics Department, Faculty of Women for Arts, Science and Education, Ain Shams University,  

Cairo 11757, Egypt 
 

(*Corresponding author’s e-mail: nsakinahsuardi@usm.my) 

 
Received: 11 April 2023,   Revised: 15 May 2023,   Accepted: 18 May 2023,   Published: 28 August 2023  
 

Abstract  

 Particulate matter (PM) significantly influences air quality, visibility, climate change, the earth’s 

radiative balance, and human health. The significance of carrying out this investigation in its entirety is due 

to the small amount of data that has been collected and published in Qassim region (26.2078º N, 43.4837º 

E). Understanding the origins of PM and its chemical species in Qassim districts is advantageous for the 

purpose of identifying impacts on one’s health Characterization of pollution sources also will assist in the 

success of mitigation strategies and solve the issue of increased PM concentrations in outdoor areas. 

Therefore, this study described the physical and chemical properties of PM by measuring the PM1, PM2.5, 

and PM10 concentrations in Qassim’s central urban and rural areas. In urban Qassim, the average PM1, 

PM2.5, and PM10 concentrations were 12.23, 33.16, and 155.38 µg/m3, respectively. On the other hand, the 

average PM1, PM2.5, and PM10 concentrations reached 8.18, 23.03, and 93.57 µg/m3 in rural Qassim, 

respectively. The findings revealed that fine particle concentrations have risen over allowable levels due to 

dust storms. A total of 18 elements and 8 chemical compounds were determined and identified. The 

compound concentrations of Al2O3, SiO2, CaO, TiO2, K2O, BaO, MnO, Fe2O3 and the essential elements 

Sr, V, Al, Cu, Ca, Fe, Cr, As, Zr, K, Br, Ba, Pb, Mn, Ni, Zn, Rb and Ti were determined using XRF and 

XRD. The findings revealed that fine particle concentrations have risen over allowable levels due to dust 

storms. The main elements in the trace elements were Ca, Fe, Al, Sr, K, and Mg, indicating significant 

contributions from the soil (Ca, Fe, Al, Mg), as well as from industrial and vehicle emissions (Sr, Ca, Al, 

Fe, K). V, Cu, Zn, Cr, Ni, Pb, Sr, As, Mn and Br fall under the anthropogenic category of trace elements, 

while Al, S, Na, Mg, Rb, K, Zr, Ti, Fe, Mn, Sr, Y, Cr, Ca, Ni, Zn and Cu are obtained from the earth's crust. 

Keywords: PM, Airborne, Air quality, PM monitoring, Concentration, Chemical analysis, Metals, 

Pollution, Air quality, Qassim, Saudia Arabia 

 

Introduction 

Airborne particulate matter (PM) contaminants play a major role in the transmission of microbial, 

infectious, and allergic diseases which may induce or enhance respiratory disorders [1,2]. PM affects the 

air quality and in turn, the well-being of humans and ecosystems [3,4]. A recent study of the Qassim area 

revealed the marked rise (from 7.1 to 15.7 %) in the total prevalence rate of non-communicable diseases, 

such as cardiovascular diseases and complications with the eye and skin, between 2011 and 2015. These 

increases in the prevalence of illnesses were ascribed to air pollution and high PM level [5]. The health 

symptoms aggravated as the number of sandstorms increased due to low pressure in the north of Qassim in 

spring, the incidences of sandstorms have increased. Sandstorms are sparked by cold fronts in such low-

pressure regions. Dust particles are dispersed due to the approaching 20 km/h horizontal wind speed. The 

majority of dust storms occur when velocity exceeds 35 km/h [6]. Because of Saudi Arabia’s typical semi-

arid to dry environment, air pollutants linger in the atmosphere for a longer period of time. While 

sandstorms are a significant contributor to air pollution in Saudi Arabia, several studies [7-9] have revealed 

a significant contribution from anthropogenic emissions, particularly those related to the combustion of 

fossil fuels and vehicle emissions. Thus, additional air quality tests are required in Saudi Arabia's main 

cities. 
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Given the physical and chemical properties of the atmosphere, around half of the elements in airborne 

PM exist largely in the crust and are possibly derived from soil. Deserts are potentially the central origin of 

this crustal dust in distant temperate and polar zones [10-12]. The size, shape, and chemical composition 

of PM are regarded to be the key variables in human toxicity, with smaller particles being more harmful 

than the same mass of large particles when all other criteria are equal [13]. Furthermore, it has been 

proposed that low-toxicity results are produced from soil dust, sodium chloride, and ammonium nitrate, 

despite the fact that they constitute the majority of the continental border layer of PM2.5 mass concentrations 

[14]. In contrast, transition metals, which account for a small proportion of total PM2.5 mass concentration, 

are assumed to be very hazardous [15]. As a result, understanding PM composition in depth can aid in 

toxicity assessment and enable policies to target emission sources associated with the most harmful 

components in order to most effectively mitigate the health implications of poor air quality. 

The Qassim Region, which is located in the Kingdom of Saudi Arabia, is home to a variety of different 

types of PM, the most common of which include marine, desert, and anthropogenic particles. The physical 

position of the nation, which is sandwiched between the Arabian Gulf and extensive desert regions, is 

largely responsible for the prevalence of the first 2 categories. Quartz, calcite, dolomite, feldspars, gypsum, 

and clay minerals are the primary components of marine aerosols, while quartz, calcite, dolomite, feldspars, 

and gypsum are the primary components of desert PM. Marine aerosols are produced by the spray of the 

Arabian Gulf [16,17]. The emissions of industrial processes, the creation of electrical power, and 

agricultural practices all contribute to the production of anthropogenic aerosols. During the course of the 

last several decades, for example, the investigation of the amount of metals found in PM and the impact of 

PM has captured the interest of a number of researchers; in the area, for example, a comprehensive study 

was carried out in Kuwait [18-22] and Emirates [23-27]. 

 In addition, industrial pollution, the production of energy, and farming activities produce 

anthropogenic PM. Over the last several decades, several researchers have studied the metal contents of 

dust and the influence of PM on the environment; the survey findings revealed the increased contamination 

of PM within a short period of time (1 year) [28-30]. 

 Environmental PM is not only an individual pollutant but also consists of various chemical species, 

including trace metals, elemental carbon, nitrate, sulphates, and various organic species [31]. The chemical 

components of PM are typically measured at government agency-established fixed testing stations, which 

are operated for regulatory purposes. However, in Qassim, Saudi Arabia, no data are available because 

chemical components are not assessed by tracking networks. Additionally, there are not enough data 

available for measurements of particle concentration. 

 Therefore, the aim of this research was to study the concentrations of atmospheric PM (PM1, PM2.5, 

and PM10) and finding out what elements are in airborne PM samples and evaluate the extent of 

quantification as well of the particles suspended in the medium filter at 23 locations in the Qassim region. 

On the basis of the mass concentrations of PM and its chemical components, including chemical compound 

and trace elements, we provide a complete evaluation and delineation of numerous emission sources of 

particle (PM) air pollution in Qassim. This study will provide an overview of the air quality and contribute 

to our understanding of the features of particulate matter in this area of the world. Furthermore, the 

information obtained from this research will fill the gap in the scarcity of data on particles in this region. 

In addition, the findings of this study are essential for guiding the development and application of the 

current policies for the prevention of air pollution in Qassim and the rest of Saudi Arabia. 

 

Materials and methods 

Location description 

 Qassim is one of Saudi Arabia’s 13 administrative districts, located in the middle of the region. The 

hot season lasted for 4 - 5 months, with a daily high temperature above 40 ºC, from May 2019 to September 

2020. The winter season lasted for 3 months, and the maximum temperatures were below 25 ºC daily 

between November 26 and February 26.  

 Qassim is the seventh most populous zone in the country, with a population of 1,016,756 [32] and an 

area of 58,046 km2. It is considered the country’s “food bowl” due to its agricultural riches. The Qassim 

area has a typical desert climate and is known for its cold, rainy winters, and dry, less humid summers. On 

January 19, the highest rainfall starts, and this condition lasts for 1 month; the total overall precipitation is 

8 mm. At the beginning of July, the minimum rainfall is ⁓0 mm. The primary causes of PM emissions in 

Qassim comprise farm waste and heavy road traffic. Occasionally, dust storms occur from March to 

September, but they can be observed at any time of the year. The wind speed and direction vary 

considerably more than the hourly average. It is calculated as the wide-scale wind vector average at 10 m 
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above the ground. The average annual wind speed is 4.2 m/s from January to August [33]. However, the 

low wind intensity remains at an average of 5.6 months, that is, from August to January, at a rate of 3.5 

m/s. The humidity level in Qassim remains constant during the year. Samples were collected from 23 

locations that represent urban cities in the Qassim region during different seasons from May 2019 to 

September 2020. Figure 1 and Table 1 show the position of the sampling site. Figure 2 illustrates the mean 

temperature in the Qassim region.  

 

  
 

Figure 1 Geological map of the studied PM in Qassim region [34,35]. 

 

Table 1 Locations of the samples collected. 

Sample Location (City) 

S1 North Alrass 

S2 Centre Alrass 

S3 South Alrass 

S4 North Buraydah 

S5 Centre Buraydah 

S6 South Buraydah 

S7 Alshmasiyah 

S8 Alrubayiyah 

S9 North Unizah 

S10 Centre Unizah 

S11 South Unizah 

S12 Albukayriyah 

S13 Almalida 

S14 Albadayea 

S15 Alhilaliah 

S16 Riyadh Alkhabra 

S17 Alkhabra 

S18 Alfuwayliq 

S19 UyunAljawa 

S20 UglatAsugour 

S21 Almithnab 

S22 Alnabhaniyah 

S23 Alasyah 
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Figure 2 Mean temperature (observed data) for the Qassim region (6 years) [36]. 

 

Sample collection and preparation 

 A total of 276 samples were collected for the purpose of conducting chemical analysis from 23 

different locations in Qassim. Before the initial phase of measurement, each sample was held in a plastic 

bag and homogenized (i.e., thoroughly mixed by stirring and rotating). All samples were measured in 

triplicate. Figure 3 shows the device used to collect PM samples for the project. The device consisted of a 

pipe housing (60 cm (length) × 47 mm (diameter)) with a Teflon-membrane and quartz fiber filters mounted 

in the middle with a polysynthetic membrane (47 mm diameter) axial extract fan. During collection, the 

instrument was placed 1.5 m above ground level. The samples were sieved using a 0.125 mm sieve to 

remove ash (bark and compound leaves). The model sampling device collected particles at acceptable (d < 

2.5 µm) and field (2.5 < d < 10 µm) flow rates of 35 m3/h, where d represents the diameter of particles. 

 

 

Figure 3 Device used for sample collections. 

 

PM monitoring 

Two dust detectors (Grimm Spectrometer Particles, Model 1.108, Germany; aerosol spectrometer and 

dust monitor) were used to measure the concentrations and proportions of particle sizes from 1 µg m -3 to 

100 µg m-3, with a minimal detectable particle size of 0.75 µm. PM concentrations were measured in urban 

and rural areas, and their differences were compared. 

The monitoring of PM was conducted at 2 locations: The city center of Buraydah on King Abdulaziz 

Road for the urban area and another location at the Qassim University campus for the rural area. The Grimm 

Spectrometer Particles (detector) were placed 7 m above the ground. Air quality monitoring was carried 

out at these locations for one year, that is, from July 2020 to June 2021. 
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Chemical analysis techniques 

 The chemical composition of PM will decide the form and severity of toxic reactions because different 

metals and organic compounds influence environmental and health effects of particles [37,38]. In this study, 

X-ray fluorescence (XRF) and X-ray diffraction (XRD) were used to analyze the samples. 

The ARL Quant’X (Thermo Scientific Inc., USA) energy-dispersive XRF (EDXRF) instrument was 

used at Qassim University Laboratory to analyze the samples. A total of 18 elements, including Ca, Al, Fe, 

K, Sr, Ti, V, Cr, Mn, Zr, Ni, Cu, Zn, Pb, As, Ba, Rb, and Br, have been considered in the EDXRF study to 

obtain accurate quantitative details quickly. The metal composition of each sample was determined. 

XRD (Rigaku, UK) analysis was used to determine the crystalline phases in the substances and 

discover details about their chemical composition by observing the crystalline structure. Phases were 

identified by matching the data obtained with the information retrieved in comparison databases. 

 

Enrichment coefficient 

 The relative abundances of numerous elements in the atmospheric PM are regulated by crustal 

aerosol. Enrichment factor (EF) analysis, which determines the normalized EF of each element in the PM 

compared with the crust, best demonstrates this phenomenon. EF analysis is often performed for an element 

using Eq. (1) [39-41]. 

 

𝐸𝐹 =
(

𝐶𝑥
𝐶𝐹𝑒

)
𝑃𝑀    

   (
𝐶𝑥

𝐶𝐹𝑒
)

𝑐𝑟𝑢𝑠𝑡

                 (1) 

 

where (
𝐶𝑥

𝐶𝐹𝑒
)

𝑃𝑀
is the ratio of an element’s content to Fe content in the sample, and (

𝐶𝑥

𝐶𝐹𝑒
)

𝑐𝑟𝑢𝑠𝑡
denotes the 

ratio of the same reference or background element; in this example, Fe originated from the upper continental 

crust (UCC), according to Rudnick and Gao [42]. The degree of contamination was measured using the 

interpretive categories proposed by Ganor et al. [16]. 

 

Result and discussion 

Physical analysis results 

 The average particle concentrations in urban and rural areas were measured from July 2020 to June 

2021 are shown in Figures 4 and 5. The PM concentrations in March, April, June, August, and May were 

higher than those in December, January, February, October, and September.  

 

 
Figure 4 Comparisons of PM10 concentration in urban and rural areas. 
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Figure 5 Comparison of PM2.5 concentrations in urban and rural areas. 

 

Table 2 Comparison of Average PM concentration in different locations. 

Location PM 2.5 μg/m3 PM10 μg/m3 Reference 

Present study 32.79 151.67 - 

Saudi Arabia 87.90 NA [43] 

Damam, Saudi Arabia 89 NA [44] 

Makkah, Saudi Arabia 84.2 NA [45] 

Jeddah, Saudi Arabia 28.4 87.3 [46] 

Beirut, Lebanon 33.1 51.3 [47] 

Doha, Qatar 40 145 [48] 

Qena, Egypt NA 114.32 [49] 

 

Average PM concentrations of PM10 and PM2.5 in urban area within 1 year is 151.67 and 32.79 µg/m3, 

respectively. While in rural area PM concentrations of PM10 and PM2.5 is 93.57 and 23.03 µg/m3, 

respectively. These values are higher by multiple times compared with those in the USA (2 - 27 µg/m3 for 

PM2.5 and 2 - 35 µg/m3 for PM10) [50] and Europe (7 - 39 µg/m3 for PM2.5 and 8 - 55 µg /m3 for PM10) [51]. 

Table 2 compared PM concentration in different locations, these present values are lower compared with 

those in Damam, Makkah, and Qatar for PM2.5. There are similar values in PM2.5 concentration in Qassim, 

Jeddah and Lebanon. The PM10 in Qassim is higher compared with those in Jeddah, Qatar, Egypt and 

Lebanon. The significant reasons are likely attributable to high PM levels in Saudi Arabia, which is known 

for its dust storms and oil companies. Notably, the PM concentration constantly decreased, but the levels 

rose sharply, creating a peak representing the sandstorm effects on (from March to August). The findings 

also indicate the disparity between day and night readings, where concentrations were reduced at night 

(Figure 6). At 1 Am and 1 Pm, the wind speed is higher, which raises the PM concentration in rural 

compared to urban and this represents the peak in Figure 6. 
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Figure 6 Accumulation of PM in urban and rural areas ((a) PM10 and (b) PM2.5) and the disparity between 

day and night readings. 

 

Moreover, the concentrations during sandstorms (from May to August) have reached a maximum 

level that exceeds the standard limits stipulated by the World Health Organization [52] and the Presidency 

of Meteorology and Environment (PME) of Saudi Arabia regulates PM2.5 at 15 and 35 μg/m3 annual and 

24-h mean, respectively, that is, 500 µg/m3 for the PM10 concentrations and 800 µg/m3 for the PM2.5 

concentrations. The concentrations remained high for several hours after the storm, which resulted in a 

major adverse effect on human health. PM irritates the respiratory system causing nose allergies and 

asthma. PM may cause bacterial conjunctivitis, which occurs as a result of frequent eye exposure to dust 

[53]. 

The levels of PM indicated evident differences depending on the season (Figures 4 and 5). In spring 

and summer (March to August), the PM2.5 and PM10 concentrations were higher than those in autumn and 

winter (spring to February). The high concentration in summer was due to the impacts of sand and dust 

storms and dry soil. The lowest amount recorded during winter was due to heavy rainy precipitation. These 

findings gave a variation of PM10 and PM2.5 concentrations in urban and rural areas. Urban PM10 and PM2.5 

levels were higher than those in rural areas. In urban areas, PM concentrations can be tens higher than those 

in the past, suggesting the enormous inhomogeneity of space. The elevated levels in urban areas were 

attributable to intensive anthropogenic practices, such as transportation and industry [54]. In the 

comparison, the urban PM2.5 level was 32.79 µg/m3, and the rural PM2.5 level was 23.41 µg/m3. Meanwhile, 

the urban PM10 level was 151.67 µg/m3, and the rural PM10 level was 97.28 µg/m3. 

Figure 7 depicts an example of monitoring particles over a period of 235 hours, which shows the 

concentration of particles (PM10, PM2.5 and PM1) and the occurrence of a peak during a dust storm. 
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Figure 7 (a) PM10, (b) PM2.5 and (c) PM1 concentrations in urban and rural areas of Qassim. 

 

Chemical analysis results 

 Table 3 and Figure 8 present the 18 elements analyzed by EDXRF: Al, V, Cr, Ni, Cu, Ca, Zn, Zr, 

As, K, Br, Ba, Sr, Rb, Pb, Ti, Mn, and Fe. The chemical compound percentages, including those of SiO2, 

Al2O3, CaO, Fe2O3, K2O, TiO2, MnO, and BaO, were also calculated for each sample (Tables 3 and 4 and 

Figures 8 and 9). The mentioned elements were selected due to their toxicity and their effect on human 

health when inhaled. They may lead to death if their concentration is high, and individuals may also be 

affected by their cumulative effects [55,56].
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Table 3 Average chemical abundances of deposition sample. 

Elements 
Analysis 

method 

Minimum 

Concentration 

ppm (mg/kg) 

Maximum 

Concentration 

ppm (mg/kg) 

Average 

Concentration 

ppm (mg/kg) 

UCC  

(R and G 2003) 

ppm (mg/kg) 

Al XRF 16460 28650 22500±380 81500 

V XRF 47 138 90±23 97 

Ni XRF 28 96 59±13 47 

Cr XRF 47 152 102±23.7 92 

Fe XRF 9475 25200 12382±351 39200 

Cu XRF 26 88 50±17 28 

Ca XRF 23458 35600 27876±337 25700 

Zn XRF 36 264 150±60 67 

Zr XRF 69 512 187±97 193 

As XRF 0 12 3±1.8 4.8 

K XRF 2512 9114 4620±187 23200 

Br XRF 12 79 30±17 1.6 

Ba XRF 324 597 443±69 628 

Sr XRF 148 421 249±81 320 

Rb XRF 17 92 40±19 84 

Pb XRF 16 43 26±8 17 

Ti XRF 0.16 0.40 0.32±0.08 0.90 

Mn XRF 159 307 223±47 775 

* Average ± STDEV 

 

Table 4 Chemical compound in deposition samples. 

Compound Analysis method Concentration (%) 
UCC  

(Rudnick and Gao [57]) 

SiO2 XRF 36.77±8.9 66.6 

Al2O3 XRF 3.533±0.8 15.4 

CaO XRF 2.751±1.4 3.59 

Fe2O3 XRF 4.45±0.9 5.04 

K2O XRF 0.617±0.18 2.80 

TiO2 XRF 0.542±0.12 0.64 

MnO XRF 0.164±0.07 0.10 

BaO XRF 0.0743±0.013 - 

* Average ± STDEV 

 

 

Figure 8 Chemical concentration of deposition samples (elements). 
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Figure 9 Chemical compound concentration of deposition samples. 

 

The total and leached compositions were compared with the Rudnick and Gao [57] global average 

UCC. We included this comparison because the UCC is commonly used to determine lithogenic 

composition when local data sets are unavailable, and we aimed to demonstrate how Qassim PM varies 

from the UCC. The resolved data due to the chemical analysis of PM indicated that all the element 

concentrations were marginally greater than those published by Rudnick and Gao [49,57], with the 

exception of Al, As, Fe, Cr, Ba, Mn, and Ti. The highest concentrations were observed for Al, Fe, Ca, and 

K, which are considered the main components of PM. The basic elements were evident from the chemical 

analysis and accounted for most of the mass concentration of PM2.5 and PM10. The results of several 

samples, such as As, Pb, and Ti, indicated that they are not the main components in the particles given their 

very low concentrations. Atmospheric dust is a major contributor to particles in the Qassim region. The 

excess concentrations of several elements can be attributed to planktonic or anthropogenic sources. These 

elements had low concentrations in comparison with the UCC data, implying that their quantities in PM 

may be interpreted to be of dust origin. A similarity was observed in the concentrations of compounds 

compared with the UCC data except for SiO2. Silica is a common component of sand in numerous parts of 

the world, and given that the majority of PM in Qassim originated from sandstorms, the SiO2 level is 

significant. 

The first set of elements, including Al, Fe, Cr, Ca, Mn, Ni, Pb, and Li, may be of dust origin. The 

second category consisted primarily of biogenic or anthropogenic elements, such as As, Ti, Cu, Mo, and 

Zn. Heavy metals have been found in settling dust samples. The study was able to investigate the types and 

sizes of minerals in a range of environments. The most likely metal sources were established using 

anthropogenic and high concentration variations (V, Cr, Cu, Ni, Zn, Pb, Br, and Mn) and geochemical 

analyses (K, Al, Ti, Fe Si, and Ca). With the combination of the 4 crustacean parts, the crustacean 

contribution in Qassim was rather substantial (Fe, K, Ca, and Al). Mg, 185 Ca, Al, K, and Fe components 

were frequently linked with specific sources such as manufacturing, agriculture, and unpaved roads. 

The chemically examined deposition samples contained large quantities of SiO2 (Figure 9) with an 

average of 36.7 % quartz, along with an average Al2O3 of 3.5 % and average CaO of 2.7 % in plagioclase. 

K2O had an average of 0.617 % in potassium feldspars. The samples previously detected by XRD-SiO2, 

Al2O3, Fe2O3, TiO2, MnO, BaO, and several K2O- also contained clay, mica, and amphiboles. Gypsum and 

calcite contained smaller concentrations of CaO with MgO in dolomite. The Fe in Fe2O3 can be found in 

the goethite FeO(OH)Fe2O3 or clay crystals, including illite. Significant fractions of iron in soils and 

contaminants have been proposed as amorphous, quartz, and feldspar colloidal coatings [58]. 

XRD analyses of the 23 samples (Figure 10) established the variable amounts of quartz (47 %), calcite 

(21.5 %), alpha-SiO2 (8 %), dolomite (4.57 %), SiO2 (3.29 %), mica (2.04 %), dissakisite-(Ce) (1.6 %), 

Si O3, 36.77

Al2 O3, 3.533

CaO, 2.751

Fe2 O3, 4.45 K2 O, 0.617 Ti O2, 0.542 MnO, 0.164 BaO, 0.0743

CONCENTRATION (%)
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annealed mineral (NR) (1.26 %), paragonite-2M1 (1.21 %), tin yttrium zinc (1.17 %), tripotassium 

manganate (1.01 %), and low quantities of (0.9 to 0.01 %) zirconium cerium oxide, phosphonium iodide, 

lutetium silicon, albite, calcian, hexamolybdate dihydrate, stolzite, lithium oxovanadium, calcium 

carbonate, barium calcium molybdenum, calcium sodium aluminum silicon oxide, lanthanum indium 

antimonide, dithallium, trioxoselenate, boron iron neodymium, and copper indium zirconium. 

The proportion of quartz rose concurrently from 19 to 83 %, except for sample 4 (Figure 10). The 

calcite values rose from 9.8 to 52.5 %, except for samples 2, 3, 15, and 18. The mineral group of dolomites 

decreased from 25.9 to 6.6 % in all samples. The concentration of alpha-SiO2 in the samples varied from 0 

to 90 %. SiO2 was present only on samples 18 and 21, with amounts of 51.4 and 24 %, respectively. Mica 

was present only on sample 21 at 47 %. Likewise, dissakisite-(Ce) (39 % in sample 6), NR (29 % in sample 

1), paragonite-2M1 (28 % in sample 13), tin yttrium zinc (27 % in sample 15), and tripotassium manganate 

(23.3 % in sample 22) were detected in selected samples. 

 

 

Figure 10 Chemical compound as minerals (%). 
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The XRD results of the dust samples were measured, and the XRD data were identical. Figure 11 

shows the XRD data for sample 1. Contrastingly, the intensity was averaged at the most extreme peak (2θ), 

and the peaks represented various minerals. The plot for 2θ value was in the range of 0 - 100 °. 

 

 

Figure 11 Measurement profile of sample 1. 

 

Different letters reflect the peaks of numerous minerals: Q = quartz, C = calcite, and NR = annealed 

mineral. Minerals were detected in dust samples by contrasting the signature XRD peaks to those in 

literature and the RRUFF open-access reference database [59]. 

Finally, several components showed regular dependence on the PM concentration, which is in contrast 

to the typical seasonal variety caused by meteorology (high concentrations amid cold seasons with strong 

inversions). 

Table 5 shows the results of EF calculation for various components. The EF results were compared 

with the regional findings provided by Ganor et al. [16]. The computed EFs were less than the equivalent 

values listed by Ganor et al. [16]. The EF findings varied from 0.2 to 59.3. According to the categories 

proposed by Ganor et al. [16], an EF less than 2 results in non-enriched elements, whereas an EF greater 

than 7 has a substantial influence on people and the environment (unhealthy). Meanwhile, EFs that are 

greater than 2 and less than 7 result in intermediately enriched elements. An investigation should be started 

to gather more information to determine the reason for the increased EF to prevent any negative effects on 

human and environment. 

Out of the 18 elements, 6 were not enriched (Al, Be, Zr, As, K, Rb, Ti, and Mn), and their EF was 

less than 2. The elements with intermediate enrichment included V, Ni, Cr, Cu, Ca, Ba, Sr, and Pb, and 

their EF was greater than 2 and less than 7. Only Zn and Br were enriched because their EF was greater 

than 7. This finding may be attributed to the highly urbanized area and anthropological operations in Qassim 

region [60]. Electrolysis is used to recover bromine from natural bromine-rich brine resources in the United 

States, Israel, and China. Bromine, in the form of bromide, is found in all living organisms in trace levels. 

However, no biological role in humans is known. Bromine is irritating to the eyes and throat, and it causes 

severe sores when it comes into touch with the skin (61). The 2 main ores that contain zinc are calamine 

(zinc silicate) and zinc blende, both of which are found in abundance. zinc is extracted from its ores by 

crushing and roasting the ore, followed by reduction with carbon or electrolysis to produce zinc. Inhaling 

recently generated zinc (II) oxide can cause a condition known as the “oxide shakes” or “zinc chills” (62).  
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Table 5 Comparison of the EF with the regional and global weighted averages [57]. 
 

Elements Current Study EF 
Ganor et al. [16] 

(Fe, rock) 

Al 0.8740176 NA 

V 2.93741997 0.79 

Ni 3.97419727 0.72 

Cr 3.510004 1.01 

Cu 5.65336779 0.6 

Ca 3.43393919 NA 

Zn 7.0878044 2.12 

Zr 0.27886042 NA 

As 1.97867873 2.25 

K 0.63044798 NA 

Br 59.3603618 4.69 

Ba 2.23326032 1.03 

Sr 2.46345502 1.25 

Rb 1.50756474 0.82 

Pb 4.84194324 4.66 

Ti 1.12564834 NA 

Mn 0.91095815 NA 

 

 

Conclusions 

 In this work, we report the results of XRF and XRD analyses of 276 dust samples from 23 locations 

in Qassim Region, where we found the abundances of 18 elements and 8 compounds. According to the 

findings of the investigation, the concentration of PM10 and PM2.5 was shown to be greater than the 

permitted level. The experimental findings showed that the average PM2.5was considered unhealthy. Thus, 

humans must care for themselves and avoid outdoor activities on certain days. In addition, the windows 

and doors of houses must be closed during peak hours. Also, the finding confirmed that PM concentrations 

in spring and summertime (March to August) were higher than those in other seasons because of 

sandstorms, and the concentration is significantly higher in urban regions compared to rural areas. In this 

study, the most likely metal origin was determined by the anthropogenic and high-concentration (Cr, V, 

Cu, Zn, Ni, Pb, Mn, and Br) and geochemical (Al, Ca, Fe Si, K, and Ti) variants. The crustal source of 

Qassim’s contribution was fairly high. 
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