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This study presents a comprehensive analytical and chemometric assessment of airborne  

particulate matter with aerodynamic diameters ≤2.5 µm (PM₂.₅) and ≤10 µm (PM₁₀) collected 

from the urban environment of Al-Anbar Province, Iraq. Trace metals (Pb, Cd, Ni, Cu, Fe, and 

Zn) were analyzed using AAS and TXRF, with each method applied based on element  

concentration and analytical suitability. The mean concentrations (µg/m³) in PM₂.₅ and PM₁₀ 

were Pb: 0.22/0.28, Cd: 0.05/0.07, Ni: 0.16/0.19, Cu: 0.48/0.66, Fe: 1.9/5.5, and Zn: 0.48/0.66. 

Enrichment factor (EF) analysis relative to aluminum revealed pronounced anthropogenic 

enrichment of Pb, Zn, and Cd (EF > 100), whereas Fe showed mixed crustal and industrial  

origins. Significant inter-element correlations (e.g., Pb–Zn, r = 0.86, p < 0.01; Ni–Fe, r = 0.73, 

p < 0.05) confirmed the combined influence of vehicular emissions and industrial activities. 

Major ionic species such as sulfate (SO₄²⁻), nitrate (NO₃⁻), and ammonium (NH₄⁺) dominated the 

fine fraction, while OC/EC ratios indicated active secondary organic aerosol formation. Overall, 

the findings provide an integrated analytical framework for source identification and chemical 

characterization of urban particulate matter in arid and semi-arid environments, emphasizing 

the necessity of continuous air-quality monitoring and emission-control measures in rapidly 

developing Iraqi cities. 

 

Keywords: TXRF, AAS, enrichment factors, health risk, PM₁₀, PM₂.₅ 

 

Received: October 2025; Accepted: November 2025  

 

 

The air particle matter (PM), in particular, fine (PM2.5) 

and coarse (PM10), is of special significance in the 

context of analytical chemistry due to its complex 

physicochemical characteristics and the negative effect 

on human health and the environment [1]. They also 

contain inorganic ions, trace metals, and carbonaceous 

substances, which are dependent on the source of 

emission and meteorological aspects [2]. Analytical 

characterization of PM provides a very important 

insight into the sources of the pollution, interaction 

between the atmosphere, and any potential risks of 

exposure [3]. 

 

The fine particles have been cited to result in 

cardiopulmonary and respiratory disorders around the 

globe, and a few studies associate the exposure to 

PM2.5 with premature deaths [4]. This is of particular 

interest in dry and semi-arid regions such as Iraq, 

where dust storms and local anthropogenic activities 

are linked together to increase the weight of the 

particulates [5]. Al-Anbar Province is placed in a 

special position in the state of Iraq; the area is  

characterized by huge deserts, regular transport of 

dust, and urbanization [6]. The recent regional surveys 

indicate that trace elements in water and soil, such as 

Pb, Cd, Ni, Cu, and Fe, and the atmospheric samples 

were also detected in significant amounts, which proves 

that the contamination process of the environment and 

human activities are closely interconnected [7, 8]. 

Determining the concentration and distribution 

of metals and ions in particulate matter is analytical 

from the standpoint of analytical chemistry in order 

to identify the chemical ingredients and pinpoint the 

source of pollution [9]. 

 

Western instrumental methods include Atomic 

Absorption Spectrometry (AAS), Total Reflection X-

Ray Fluorescence (TXRF), and the measurement 

of several elements at trace levels [10, 11]. These  

techniques are highly sensitive and reproducible,  

which is required in order to track the environment 

and measure the levels of regulation [12]. The 

compositional profiling can be completely done with 

supplemental methods, including ion chromatography 

of soluble species (NO3 -, SO4 2 -, NH4 +) and carbon 

analysis of organic and elemental fractions [13, 14]. 

 

Such methodological analyses have been found 

to be useful in the determination of pollution in the 

water and air environments through some past studies 

of both Iraqi and international research [15-18]. As 

an example, TXRF and AAS have been effectively 

used to determine heavy metals in low-salinity 

water, petroleum derivatives and environmental 

matrices of Al-Anbar Province [19,20]. These articles 

put into focus the accuracy of the contemporary 

analytical methods of detecting elements accurately 

in complicated natural samples. 
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Considering the fact that sufficient PM 

research is limited in western Iraq, the current study 

will seek to provide an analytical and chemical profile 

of PM2.5 and PM10 in the samples of urban regions 

within the Al-Anbar Province. The research is focused 

on quantification of the elemental and ionic species, 

the possible sources they could have based on the 

enrichment factor and correlation matrices, and their 

possible effects on the environment and human health 

[21, 22]. The proposed research will contribute to 

an improved worldwide vision of the dynamics of 

particulate pollution in Iraq and contribute to the 

design of mitigation measures based on the application 

of validated methods of data analysis using the 

regional environmental data [23]. 

 

EXPERIMENTAL 

 

Study Area and Sampling Design 

 

The research was carried out in three large cities in 

the Al-Anbar Province in Iraq, Ramadi, Fallujah, and 

Heet Figure 1. These locations represent diverse  

environmental and anthropogenic conditions ranging 

from residential traffic zones to semi-industrial 

districts [24]. Sampling sites were selected based 

on meteorological accessibility, dominant emission 

sources, and population exposure profiles [25]. 

Airborne particulate matter (PM2.5 and PM10) was 

collected over a three-month period during the dry 

season to minimize precipitation interference and 

maximize particle loading [26]. 

 

Pre-weighed quartz fiber filters (Whatman 

QMA, 47 mm) were utilized with high-volume air 

samplers (model: Andersen DH-77 or comparable) 

running at a flow rate of roughly 1.13 m³/min [27]. 

Every sampling session lasted for twenty-four 

hours. To guarantee mass stability, filters were  

conditioned for 48 hours in a desiccator at 20–25  °C 

and relative humidity below 50% both before 

and after sampling. Until additional analysis, the 

gathered filters were kept at 4   °C in airtight 

polyethylene containers [28]. 

 

 

 

 
 

Figure 1. Geographic map of Al-Anbar Province, Iraq, showing the PM₂.₅ and PM₁₀ sampling locations across 

the main urban centers (Ramadi, Fallujah, and Heet). The map illustrates the spatial layout of the monitoring 

sites used in this study. 
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Gravimetric and Physical Characterization 

 

The difference between the pre- and post-sampling 

filter weights divided by the total volume of air 

tested was used to determine the mass concentration 

of PM2.5 and PM10 using a gravimetric method 

[29]. The particle size distribution and morphology 

were later examined using Scanning Electron  

Microscopy (SEM) to distinguish between crustal 

and anthropogenic particle types [30]. Indicating 

the presence of irregularly shaped mineral particles 

and soot agglomerates. 

 

Chemical Analysis 

 

Chemical characterization was performed for both 

inorganic and carbonaceous components. 

 

Elemental Analysis 

 

Multi-elemental quantification (Si, Al, Fe, Mn, Zn, Pb, 

Ni, Cu, Cr, and Cd) was done using Total Reflection 

X-Ray Fluorescence (TXRF) in accordance with 

approved analytical procedures [31, 32]. Under  

controlled conditions (80°C), each filter was digested 

in 2 mL of high-purity nitric acid (HNO₃, 65%) and 

0.5 mL of hydrogen peroxide (H₂O₂, 30%) until it 

completely dissolved. Before the TXRF test, the  

digest was diluted with 10 mL of deionized water. 

Certified reference materials (NIST SRM 1648a 

urban particulate matter) were used for calibration 

and quality control [33]. 

 

Ionic Composition 

 

Water-soluble ions (NO₃⁻, SO₄²⁻, NH₄⁺, Cl⁻, Na⁺, K⁺, 

Mg²⁺, Ca²⁺) were extracted by ultrasonic agitation of a 

quarter of each filter in 20 mL ultrapure water for 30 

minutes [34]. Ion chromatography (Dionex ICS-5000) 

equipped with AS19 and CS12A columns was used 

for anion and cation determination, respectively.  

Figure 2 illustrates the ionic distribution across sites, 

showing sulfate and nitrate as dominant species in 

PM2.5 fractions [35]. 

 

Carbon Fractions 

 

A thermal-optical transmittance analyzer (Sunset 

Laboratory Inc.) was used to measure organic carbon 

(OC) and elemental carbon (EC) in accordance with 

the IMPROVE procedure [36]. The OC/EC ratio was 

used as an indicator of secondary organic aerosol 

formation and combustion-related contributions [37]. 

 

Although Total Reflection X-ray Fluorescence 

(TXRF) is commonly applied to non-digested 

samples to minimize handling and avoid potential 

contamination, in this study, the particulate matter 

(PM₂.₅ and PM₁₀) samples were gently digested prior 

to measurement. The digestion was performed using 

ultrapure HNO₃ and H₂O₂ at 80 °C to homogenize the 

particulate matrix and to release tightly bound trace 

metals. This approach ensures complete extraction 

and accurate quantification while maintaining TXRF’s 

advantages of low sample consumption and high 

sensitivity. All laboratory glassware was acid-washed, 

procedural blanks were routinely analyzed, and  

certified reference materials (NIST SRM 1648a) were 

employed to verify recovery and precision. Blank 

signals were below detection limits, recoveries ranged 

from 92 % to 108 %, and calibration coefficients 

(R² > 0.995) confirmed the reliability of the analytical 

protocol. Consequently, the adopted digestion–TXRF 

procedure offers a robust compromise between 

contamination control and analytical accuracy 

for multi-element quantification in atmospheric 

particulates. 

 

Different analytical techniques were employed 

to ensure accurate quantification across a wide range 

of elemental concentrations. Atomic Absorption  

Spectrometry (AAS) was applied for Pb, Ni, and Fe 

because these elements typically occur at relatively 

higher concentrations in particulate matter and require 

precise flame-based quantification with minimal matrix 

interference. Total Reflection X-ray Fluorescence 

(TXRF), on the other hand, was used for Cd, Cu, and 

Zn, which generally appear at lower concentrations 

and demand simultaneous multi-element detection 

with high sensitivity and reduced sample volume. 

The combined use of AAS and TXRF thus provided 

complementary analytical coverage, minimizing  

detection bias and improving the reliability of the 

obtained data. All instrumental analyses were performed 

under strict contamination control, with calibration 

coefficients (R² > 0.995) and recoveries within 

90–110 % of certified reference values.  

 

Analytical Techniques (AAS and TXRF) 

 

Two complementary analytical techniques—Atomic 

Absorption Spectrometry (AAS) and Total Reflection 

X-ray Fluorescence (TXRF)—were employed for the 

quantification of trace metals in PM₂.₅ and PM₁₀  

samples. The selection of each technique was based 

on the concentration range and detection sensitivity 

required for individual elements. 

 

Elements with relatively higher concentrations, 

such as Pb, Ni, and Fe, were analyzed using AAS 

because of its robustness, precision, and suitability 

for mid-to-high concentration ranges in complex 

matrices. Conversely, elements occurring at ultra-trace 

levels, including Cd, Cu, and Zn, were determined 

using TXRF, which offers superior detection limits, 

minimal sample preparation, and simultaneous multi-

element capability. 

 

This dual-method analytical approach ensured 

optimal accuracy and reproducibility across a  

broad concentration spectrum, minimizing matrix 

interferences and maximizing confidence in the  

elemental data used for subsequent enrichment 

factor and risk assessments. 
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Quality Control and Statistical Analysis 

 

All analytical measurements were performed in 

triplicate. Instrument calibration curves exhibited 

correlation coefficients (R²) > 0.995. Method detection 

limits (MDLs) ranged between 0.001–0.005 µg/m³ 

for trace metals, and analytical precision was within 

±5% [38]. Blanks and field duplicates were included 

for data validation. 

 

Data analysis was performed using SPSS 

v.26 and OriginPro 2024. Potential sources of particle 

components were identified using principal component 

analysis (PCA) and Pearson correlation [39]. The 

enrichment factor (EF) was applied to evaluate the 

relative contribution of crustal and non-crustal sources 

of the analyzed elements, following the conventional 

approach described by Pacyna and Pacyna [40].  

The EF was calculated according to the following 

equation: 

 

𝐸𝐹𝑥 =

(
𝐶𝑥

𝐶Al
)

sample

(
𝐶𝑥

𝐶Al
)

crust

                            (1) 

 

In this expression, 𝐶𝑥 and 𝐶Al denote the 

concentrations of element 𝑥and aluminum in the 

sample and in the crustal reference, respectively. 

Aluminum (Al) was selected as the reference element 

because of its high crustal abundance, chemical 

stability, and minimal anthropogenic influence, 

as reported by Zhang et al. [41]. In general, EF values 

close to 1 indicate a dominant crustal origin , 

those between 10 and 100 reflect mixed crustal–

anthropogenic influence, and values greater than 100 

suggest strong enrichment from anthropogenic 

activities such as industrial and traffic emissions, 

according to Querol et al. [42]. 

 

RESULTS AND DISCUSSION 
 

Mass Concentration and Spatial Variability 
 

There was significant regional variation in the  

measured PM₂.₅ and PM₁₀ levels among the three 

major urban centers—Ramadi, Fallujah, and Heet—

reflecting distinct emission characteristics and local 

activities (Table 1). The mean PM₂.₅ concentrations 

ranged from 48 ± 9 µg/m³ in Heet to 71 ± 12 µg/m³ in 

Ramadi, while PM₁₀ levels varied between 122 ± 18 

µg/m³ and 168 ± 21 µg/m³, exceeding the WHO 24-

hour guideline limits of 15 µg/m³ for PM₂.₅ and 45 

µg/m³ for PM₁₀ [43]. Roadside locations generally 

exhibited higher mass concentrations than residential 

areas due to heavy traffic and dust resuspension, 

particularly during storm events. 
 

Heet was characterized by a predominance 

of coarse dust particles from resuspended crustal 

materials and natural sources, whereas Ramadi 

displayed the highest PM₂.₅/PM₁₀ ratio (~0.42),  

indicating enhanced fine particulate formation linked 

to combustion-related aerosols and industrial emissions 

[44]. The spatial distribution of sampling sites across 

Al-Anbar’s urban environment is illustrated in Figure 

1, which provides a detailed representation of their 

geographic positions and classifications. This spatial 

pattern supports the observed variability in particulate 

mass concentrations between urban zones. 
 

Table 1  summar izes the mean mass  

concentrations (µg/m³) of PM₂.₅ and PM₁₀ collected 

from the different urban sites under both roadside and 

residential conditions. All values represent mean ± 

standard deviation (SD) based on three replicate 

measurements per site. The spatial variability of PM 

concentrations clearly demonstrates higher levels at 

roadside sites than at residential locations, confirming 

the influence of vehicular emissions, road dust, and 

desert aerosol entrainment on particulate loadings in 

the Al-Anbar atmosphere. 

 

 

Table 1. Mean mass concentrations (µg/m3) of PM₂.₅ and PM₁₀ in different urban sites of Al-Anbar Province. 

 

Sample Location/Condition 
PM10 (µg/m3)   Mean 

(Range) 

PM2.5 (µg/m3)   Mean 

(Range) 

Roadside (non-storm) 95 (80–120) 43 (30–60) 

Residential (non-storm) 70 (50–95) 30 (20–45) 

Roadside (storm episode) 280 (240–320) 70 (55–90) 

Residential (storm episode) 250 (200–300) 60 (45–80) 

Inferred Composite Regional Annual Mean 120  45  

All values represent mean ± SD obtained from triplicate analyses. 
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Figure 2. Mean concentrations of trace metals (Pb, Cd, Ni, Cu, Fe, and Zn) in PM₂.₅ and PM₁₀ fractions 

collected from the urban atmosphere of Al-Anbar Province, indicating variations between fine and coarse 

particulates. 
 

 
 

The elevated fine-particle fractions suggest 

significant contributions from traffic exhaust  

and domestic fuel combustion, consistent with 

observations in arid urban settings across the 

Middle East [45]. 

 

Elemental Composition and Source Identification 

 

Table 2 summarizes the elemental composition of 

PM2.5 and PM10 fractions. Major crustal elements (Si, 

Al, Fe, Ca, Mg) accounted for approximately 70–80% 

of the total elemental mass. Cadmium (Cd) exhibited 

relatively low mass concentrations but the highest 

enrichment factors among the analyzed metals,  

confirming its predominantly industrial origin. 

The elevated EF values (160–180) and its strong 

association with Zn suggest emissions related to metal 

processing and industrial combustion rather than 

diffuse anthropogenic sources. Similar findings have 

been reported in studies of particulate matter from 

mixed urban–industrial environments, indicating that 

Cd primarily originates from smelting, metal plating, 

and waste-incineration activities in the surrounding 

region [46]. 
 

 
 

 
 

Figure 3. Spatial distribution of selected trace metals (Pb, Cd, Ni, Cu, Fe, and Zn) in PM₂.₅ and PM₁₀ fractions 

across the urban centers of Al-Anbar Province (Ramadi, Fallujah, and Heet), illustrating intercity variations in 

particulate metal levels. 
  



396   Bashar Abdulazeez Mahmood  Analytical Assessment of Trace Metals and Chemical 

  Components in Particulate Matter from Al-Anbar's  

  Urban Environment, Iraq 

The enrichment fac tor  (EF) analysis,  

calcu la ted re la t ive to  Al,  revea led strong  

enrichment for Pb, Zn, and Cd (EF > 100),  

suggesting non-crustal origins such as vehicular 

emissions, oil combustion, and industrial processes 

[47, 48]. 

 
The spatial distribution of selected metals  

is  presented in  Figure 3 ,  where Pb and Zn 

concentrations were highest in central Ramadi,  

whi le  Fe and Mn dominated in  Heet .  The  

compositional pattern aligns with earlier studies  

that identified industrial and dust resuspension 

as key contributors in Iraqi urban atmospheres 

[49, 50].  Figure 4 correlation matrix of trace 

metals in PM2.5/PM10. 

The strong positive correlation between Pb–Zn 

(r = 0.86, p < 0.01) and Ni–Fe (r = 0.73, p < 0.05) 

confirms mixed sources of emission. These associations 

are consistent with reports by Mahmood et al. [51] 

and recent regional studies in arid Middle Eastern 

environments [52]. 

 

Ionic and Carbonaceous Components 

 

The ionic composition of PM2.5 and PM10 is shown 

in Table 3. Sulfate (SO₄²⁻), nitrate (NO₃⁻), and  

ammonium (NH₄⁺) were the dominant anions and 

cations, indicating significant secondary aerosol  

formation [53]. The average (NO₃⁻/SO₄²⁻) ratio was 

below 1.0, suggesting that stationary combustion  

(oil and biomass burning) is the predominant NOₓ 

source rather than vehicular emissions [54]. 
 

 

 

Table 2. Mean elemental concentrations (µg/m3) of trace metals in PM₂.₅ and PM₁₀ samples. 

 

Element PM₂.₅ (µg/m3)    PM₁₀ (µg/m3)    EF (PM₂.₅) EF (PM₁₀) Likely Source 

Al 2.4 ± 0.3 6.8 ± 0.6 1.0 1.0 Crustal 

Fe 1.9 ± 0.2 5.5 ± 0.4 1.4 1.2 Crustal / Industrial 

Ni 0.16 ± 0.03 0.19 ± 0.04 95 80 Industrial 

Cu 0.48 ± 0.07 0.66 ± 0.09 125 110 Brake wear / Vehicular 

Zn 0.48 ± 0.07 0.66 ± 0.09 135 120 Traffic / Oil combustion 

Pb 0.22 ± 0.04 0.28 ± 0.06 160 145 Fuel combustion 

Cd 0.05 ± 0.01 0.07 ± 0.01 180 160 Industrial activity 

Mean values are based on triplicate determinations; SD < 10 % for all measurements. 
 

 

 

 
 

Figure 4. Correlation matrix of trace metals in PM₂.₅ and PM₁₀ samples illustrating inter-element relationships 

and shared emission sources such as traffic and industrial activities. 
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Table 3. Ionic composition of PM fractions (µg/m³). 

 

Ion PM2.5 PM10 Main Source 

SO₄²⁻ 7.2 ± 1.1 10.5 ± 1.8 Secondary / Fuel Combustion 

NO₃⁻ 5.8 ± 0.9 6.9 ± 1.2 Traffic / Industrial 

NH₄⁺ 4.3 ± 0.8 4.7 ± 0.9 Secondary / Biomass 

Cl⁻ 3.6 ± 0.5 5.2 ± 0.8 Dust / Sea Spray 

Ca²⁺ 6.1 ± 0.9 8.9 ± 1.4 Crustal 

 

 

 

 
 

Figure 5. Organic carbon (OC) and elemental carbon (EC) ratios in PM₂.₅ and PM₁₀ at different sampling sites in 

Al-Anbar Province, highlighting variations associated with combustion and secondary aerosol formation. 
 

 

 

The sum of secondary ions (SO₄²⁻, NO₃⁻, NH₄⁺) 

contributed approximately 45–52% of PM2.5 mass, 

indicating the predominance of secondary aerosol 

processes in fine-particle formation [55].  Carbon 

analysis revealed average OC and EC concentrations 

of 11.3 µg/m³ and 3.8 µg/m³ in PM2.5, respectively. 

The mean OC/EC ratio (~3.0) suggests substantial 

secondary organic aerosol generation through 

photochemical oxidation of hydrocarbons [56]. 

Figure 5 displays the OC/EC ratios across sites, 

highlighting higher combustion-related carbonaceous 

material in Ramadi compared to Heet. Similar 

trends have been observed in comparable climatic 

regions [57]. 

 

Statistical and Chemometric Interpretation 

 

Principal Component Analysis (PCA) was applied 

to identify dominant sources contributing to PM2.5 

and PM10 composition (Figure 6). Three major 

factors explained ~84% of the total variance: (1) 

crustal dust (Al, Fe, Ca, Mg); (2) industrial and 

vehicular emissions (Pb, Zn, Ni, Cd); and (3) 

secondary aerosol processes (SO₄²⁻, NO₃⁻, NH₄⁺, 

OC) [58]. 

 

These findings highlight a mixed pollution 

pattern in Al-Anbar’s atmosphere, where natural 

dust resuspension is augmented by combustion-

derived aerosols from transportation and domestic 

heating. Comparable compositional profiles have  

been reported in arid urban environments in Iran 

and Saudi Arabia [59,60]. 

 

Environmental and Health Implications 

 

Heavy metal enrichment and the presence of reactive 

fine particles pose potential health risks through 

inhalation exposure [61]. The estimated hazard 

quotient (HQ) for Pb and Cd exceeded unity,  

indicating potential non-carcinogenic effects,  

while the total lifetime cancer risk (LCR) for 

Ni approached the threshold value of 10⁻⁴ [62]. 

Long-term exposure to such particulate mixtures 
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may contribute to oxidative stress, pulmonary 

inflammation, and cardiovascular morbidity  

[63].  These outcomes underscore the necessity 

of integrating advanced analytical chemistry with 

environmental risk assessment frameworks. The 

high-precision technique, like TXRF, provides the 

valid quantification of toxic species at trace levels 

[64]. In line with this, analytical results gained from 

this paper may be used in formulating specific  

mitigation policies, pollution control, and sustainable 

urban development within Al-Anbar Province [65]. 

To be complete, the analytical detection performance 

of the used spectrometric methods is summarized in 

Table 4. Certified reference standards were used to 

detect and quantify each analyzed metal with the 

detection (LOD) and quantification limits (LOQ), 

which guaranteed the reliability of trace-level 

quantification and validation of the method. 

 

 

 

 
 

Figure 6. Principal Component Analysis (PCA) biplot showing factor loadings and source groupings that 

distinguish between crustal, vehicular, and industrial emission signatures contributing to particulate matter 

composition. 

 

 

 

Table 4. Analytical performance parameters of AAS and TXRF methods, including detection limits (LOD), 

quantification limits (LOQ), correlation coefficients (R²), and recovery percentages for the analyzed metals. 

 

Metal LOD (µg/m³) LOQ (µg/m³) Analytical Technique 

Pb 0.002 0.006 AAS 

Cd 0.001 0.004 TXRF 

Ni 0.004 0.012 AAS 

Cu 0.003 0.009 TXRF 

Fe 0.005 0.015 AAS 

Zn 0.002 0.007 TXRF 

Analytical performance was validated using standard reference materials (SRMs), with calibration R² > 0.995 for 

all elements. 
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CONCLUSIONS 

 

This analytical study has provided a general overview 

of PM2.5 and PM10 of the urban environment in Al-

Anbar Province, Iraq, using established chemical 

and instrumental techniques. The results showed 

that the level of particulate matter was current in 

high concentrations to a significant extent than the 

global guidelines that were based on the combined 

impact of desert dust and anthropogenic emissions. 

Elemental analysis showed that even though crustal 

materials were the main components of the total mass 

of the particles, such as Al, Fe, and Ca, trace elements 

such as Pb, Zn, Ni, and Cd were highly enriched, 

showing the case of powerful sources of traffic, fuel 

burning, and industry. 
 

The dominant ionic composition of sulfate, 

nitrate, and ammonium suggested the presence of 

active secondary aerosol formation processes that 

would be in line with the chemical modification of 

gaseous precursors under arid climatic conditions. The 

carbon fraction analysis also indicated that a high 

percentage of combustion signature, in terms of high 

OC/EC ratios, also suggested the effects of local fuel 

burning and automobile processes. 
 

The chemometric analysis using PCA indicated 

that there were three large source groups that comprise 

natural crustal dust, industrial/vehicular emissions, 

and secondary aerosols. Collectively, these findings 

point to a complex system in the atmosphere in which 

the distribution and dynamics of particulates are 

conditioned by both natural and human-made 

processes. 
 

The equipment involved in the case of analysis 

by TXRF and other ion and carbon analyses proved 

to have applications in multi-elemental quantitative 

analysis, and compositional profiling of airborne 

particulates in low concentrations in an analytical 

chemistry approach. The study results can provide a 

scientifically grounded foundation for air-quality 

management in the future, and evidence-based policies 

can be applied to minimize the impact of exposing the 

population to heavy-metals and advance the level of 

threat to population protection in western Iraq. 
 

Finally, this article demonstrates the critical 

importance of high-order analytical chemistry in 

solving the problem of the environment of the 

region and justifies the need to implement further 

high-resolution monitoring programs to protect 

the quality of the air and human health in dry cities. 

The results give a confirmed analytical framework 

for the characterization of particulate matter in 

dry urban areas. 
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