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Abstract: The twin earthquakes that struck Kahramanmaraş, Türkiye on February 6, 2023, caused widespread 24 

destruction and loss of life. This study offers a unique perspective on multi-pollutant assessment in post- 25 

earthquake urban areas by detecting heavy metals, asbestos, and inorganic fibers in dust samples taken from 26 

collapsed building foundations in the Hatay city center, and identifying potentially sensitive areas in terms of 27 

environmental and public health using GIS.  Dust samples collected from 61 locations were sieved into three size 28 

fractions, and elemental analyzed via XRF. Qualitative pollution was assessed using the enrichment factor and 29 

ecological risk index, and spatial distribution maps generated for heavy metal concentration. SEM-EDS identified 30 

1,370 fibrous objects across 23 sites, including 10 potentially asbestos fibers. Despite the extremely small absolute 31 

number of confirmed asbestos fibers, asbestos was detected primarily at sites consisting of older informal housing, 32 

suggesting legacy contamination. Spatial analysis showed elemental concentrations positively correlated with 33 

demolished building age and proximity to traffic arteries, revealing distinct anthropogenic contamination hotspots. 34 

The ecological risk index of 168.6 indicated moderate ecological risk for the overall study area. High 35 

concentrations of major elements such as Ca, Si, Mg, Fe, and Al are consistent with composition of construction 36 

and demolition wastes, particularly those related to cement and raw materials, and were analyzed using PCA in 37 

this study. These findings highlight the need for protective measures against dust inhalation in post-earthquake 38 

areas and underscore the importance of further research on airborne exposure for environmental and public health. 39 

Keywords: Disaster management, Natural hazards, Public Health, Aerosols and particles, Pollution: urban and 40 

regional/global 41 

 42 

Highlights 43 

1,370 fibrous objects were identified; 10 were confirmed as asbestos. 44 

Ca, Si, Mg, Fe, and Al indicated construction waste. 45 

Ni, S, and Ca showed very high enrichment. 46 

As and Ni showed high ecological risk. 47 

PCA linked elements to cement and raw materials. 48 

 49 

 50 
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1. Introduction 54 

On February 6, 2023, two major earthquakes centered in Kahramanmaraş, Türkiye, caused widespread structural 55 

destruction and substantial loss of life across 10 provinces. The seismic sequence, associated with rupture of the 56 

East Anatolian Fault, began with a magnitude 7.7 earthquake at 4:17 a.m. local time, followed approximately 57 

nine hours later by a magnitude 7.6 earthquake at 1:24 p.m., further intensifying the damage (Maden, 2023). 58 

Damage assessments indicated that, among approximately 1.52 million buildings inspected, more than 202,000 59 

had collapsed, sustained severe damage, or required urgent demolition (ÇBS, 2023). The unprecedented scale of 60 

destruction was estimated to generate more than 170 million tons of earthquake-related debris across the affected 61 

provinces (DHA, 2023). Hatay Province was among the most severely affected areas, with reports documenting 62 

13,517 collapsed buildings, 8,162 requiring urgent demolition, and 67,346 classified as heavily damaged based 63 

on completed or contested damage assessments (AA, 2023).  64 

Beyond the immediate physical devastation, large-scale disasters such as earthquakes can generate secondary 65 

environmental hazards, particularly particulate matter (PM) released during building collapses and subsequent 66 

debris removal activities. Exposure to these airborne particles through inhalation can pose significant risks to 67 

human health, while their deposition can adversely affect air, water, soil, and vegetation. The potential health 68 

effects of particulate matter depend largely on particle size, size distribution, chemical composition, and route of 69 

exposure (Liu et al., 2014; Briffa et al., 2020). The impacts of building demolition on air quality have been 70 

investigated in several studies, commonly through particulate matter sampling using dust collection plates 71 

positioned near demolition sites and high-volume air samplers (Jacobs et al., 2013; Ding et al., 2016). Such studies 72 

provide valuable information on the generation, transport, and characteristics of demolition-related particulate 73 

matter and can support authorities in developing strategies to minimize environmental and public health impacts 74 

associated with demolition and debris management (Ding et al., 2016). 75 

Among the constituents of particulate matter, heavy metals, such as lead, cadmium, and zinc, are of particular 76 

concern due to their persistence in the environment and living tissue (Kanwar et al. 2020). This characteristic 77 

makes street dust a valuable indicator for assessing environmental contamination (Delibašić et al. 2020), and it has 78 

been widely utilized as an environmental medium in numerous studies evaluating heavy metal pollution levels in 79 

urban areas (Kafle et al. 2022; Kravkaz Kuşçu et al. 2022; Marjovvi et al. 2022; Moskovchenko et al. 2022; Ulutaş 80 

2023a; Abujayyab et al. 2025).  81 

Earthquake-generated dust can also contain hazardous materials, including asbestos and other inorganic fibers, 82 

substantially degrading air quality and posing serious risks to public health (Oral et al., 2025). These fine, rigid 83 

fibers can readily become airborne and, following exposure, penetrate the human body and become lodged in the 84 

respiratory and gastrointestinal systems (Güney and Yılmaz, 2023; Dimiskovska, 2010; Metin et al., 2023). 85 

Because the body has limited ability to break down or eliminate retained asbestos fibers, exposure can result in 86 

long-term health effects and diseases that may not become apparent until many years later (Dimiskovska, 2010; 87 

Metin et al., 2023). Asbestos minerals are broadly classified into serpentine (chrysotile) and amphibole 88 

(crocidolite, amosite, anthophyllite, actinolite, and tremolite) groups, and all forms of asbestos are classified as 89 

carcinogenic by major international health organizations (IARC, 2012). Although the use of asbestos was banned 90 

in Türkiye in 2010, it had previously been widely used as an insulation and construction material, particularly from 91 
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the 1980s through the early 2000s. Consequently, the collapse and demolition of older buildings can release 92 

asbestos-containing materials into the surrounding environment, creating potential exposure risks for nearby 93 

residents, demolition workers, and their families (Tokkamiş and Uraz, 2022). 94 

In Hatay, it had been observed that dust from demolition and debris removal became a major source of air pollution. 95 

Based on the critical need for assessing contamination risks in post-earthquake areas and considering relevant 96 

literature and regulations, the objective of this study was to comprehensively examine the dust accumulated on the 97 

foundations of collapsed buildings in Hatay by analyzing its heavy metal, asbestos, and other inorganic fiber 98 

content, and to identify sensitive areas for public health management with GIS, thereby contributing to the existing 99 

literature on disaster-related environmental contamination. The dust on building foundations was sampled as it 100 

represents a composite accumulation of all dust deposited in the earthquake’s immediate aftermath and subsequent 101 

debris removal, similar to methods used in street dust (Ulutaş 2022; 2023b). To achieve this objective, a total of 102 

61 dust samples were collected from various points across the affected area in Hatay. All 61 samples were analyzed 103 

for major and minor element content using Wavelength Dispersive X-ray Fluorescence (XRF). Additionally, a 104 

subset of 23 dust samples underwent analysis using Scanning Electron Microscopy (SEM) coupled with Energy-105 

Dispersive X-ray Spectroscopy (EDS) to identify inorganic fibrous structures and asbestos. Pollution levels were 106 

determined using Enrichment Factor (EF) and Ecological Risk Index (ERI) calculations. Spatial distribution maps 107 

of the analyzed parameters were created using GIS to identify areas potentially sensitive in terms of environmental 108 

and public health across the city. 109 

2. Materials and Methods 110 

2.1. Information on Study Area and Sampling Locations 111 

Hatay, one of the provinces most severely affected by the February 6 Kahramanmaraş earthquakes, was selected 112 

as the study area due to the extensive structural damage sustained across the region. The scale of the destruction 113 

necessitated widespread demolition and debris removal operations involving both manual and machine-assisted 114 

methods. These activities, combined with the handling, transportation, and disposal of large quantities of 115 

demolition debris, resulted in substantial dust generation and the potential release of particulate matter into the 116 

surrounding environment. 117 

In the immediate aftermath of the disaster, emergency responders focused on critical priorities such as debris 118 

removal, providing shelter and food, healthcare, and epidemic control. The large scale and urgency of the 119 

demolition process meant that waste materials in buildings, such as construction materials and household items, 120 

were not sorted before demolition. This practice generated mixed debris. Furthermore, the high risks involved 121 

made the separation of hazardous waste impractical, and conventional dust suppression methods were also not 122 

implemented. These conditions led to the wide dispersion of airborne dust from demolished structures into the 123 

environment during demolition and debris removal operations, with subsequent uncontrolled deposition. 124 

As a result, post-demolition, dust naturally accumulated on the exposed surfaces of building foundations. This 125 

accumulated dust represents a composite sample reflecting the mixed materials present in the collapsed structures 126 

that settled from the air. Collecting samples from these foundation surfaces allowed for an assessment of the 127 

composition of this earthquake-related dust and the identification of key pollutants present. In the study area, due 128 
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to the magnitude of the earthquake and the damage to tens of thousands of buildings, the available resources only 129 

allowed for the collection of composite samples. 130 

In this study, a total of 61 dust samples were collected from the surface of collapsed building foundations in the 131 

city of Hatay between April 28 and May 13, 2023, after initial debris removal and demolition work had been 132 

completed. Sampling locations were strategically selected from areas that experienced the highest rates of 133 

demolition to ensure representative coverage across the most impacted parts of the city (Figure 1). Each sample, 134 

weighing between 1.0 and 1.5 kg, was collected from an approximate area of 1.0–1.5 m² on the foundation surface 135 

using clean plastic brooms and dustpans. The collected samples were then placed into sealed plastic bags, labeled 136 

with unique identifiers, and stored in a cool, dry environment to preserve them before analysis.  137 

 138 

Fig. 1 Sampling Points in the Study Area. 139 

2.1. Sample Preparation and Content Analysis 140 

Upon arrival at the laboratory, the collected dust samples were oven-dried at 105 °C to remove moisture. The dried 141 

samples were then sieved and separated into three particle-size fractions as follows: (i) <38 µm, (ii) 38 µm–2 mm, 142 

and (iii) >2 mm. The mass of each fraction was measured, and its percentage contribution to the total sample mass 143 

was calculated. 144 
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Following sieve analysis, the elemental composition of the different dust fractions was determined using a 145 

wavelength-dispersive X-ray fluorescence (XRF) spectrometer (Rigaku Primus IV). For XRF analysis, 3 grams of 146 

each specimen were prepared by pelletizing under 40 tons of pressure to ensure uniformity. The SQX (Semi-147 

Quantitative X-ray) analysis mode, integrated into the instrument, was selected for measurements. This eliminates 148 

the need for any pre-calibration and allows for the determination of approximate sample concentrations. The SQX 149 

analysis method operates on the basis of X-ray interaction models and pre-defined fundamental parameters (basic 150 

physical constants). Fluxana validation RAW V01 and V06 OXIDE-FB-PAK (Rigaku) are used for this purpose. 151 

This allows semi-quantitative calculations of the mass percentages of oxides and elements in the sample without 152 

the need for calibration standards. This method has been shown to be an ideal analytical tool to determine the 153 

chemical composition of samples with highly satisfactory accuracy (Smoliński et al. 2022), as it offers a rapid and 154 

a cost-effective solution for studies involving large numbers of samples (González & Saadatkhah, 2024). Both the 155 

sieve and elemental analyses were performed at the Gebze Technical University, Institute of Earth and Marine 156 

Sciences Laboratory in Turkiye. The results obtained from the elemental analysis were statistically evaluated using 157 

IBM SPSS Statistics software. 158 

2.2. Assessment of Pollution Levels Using Enrichment Factor and Ecological Risk Index 159 

To evaluate the enrichment degree of specific elements in debris dust relative to background soil composition, the 160 

Enrichment Factor (EF) was calculated as defined by Mason (1966) (Equation 1): 161 

EF = ௫ܥ) ⁄஺௟ܥ )௦௔௠௣௟௘ ௫ܥ)  ⁄஺௟ܥ )௥௘௙.  (1) 

where (Cx/CAl)sample represents the concentration ratio of the element of interest (Cx) to iron (CAl) in the dust sample, 162 

and (Cx/CAl)ref. represents the corresponding concentration ratio in the background soil sample. Al was selected as 163 

the reference element due to its abundance in the Earth’s crust (Cesari et al. 2012; Mason, 1966). EF values were 164 

interpreted using the following categories: minimal (EF < 2), moderate (2 ≤ EF < 5), significant (5 ≤ EF < 20), 165 

high (20 ≤ EF < 40), and very high (EF ≥ 40). 166 

To further investigate the pollution levels and assess the potential ecological risk posed by heavy metal 167 

contamination in the dust samples, the Ecological Risk Factor (ERF) and Ecological Risk Index (ERI) analyses 168 

were employed based on the methodology proposed by Hakanson (1980). The assessment began first by 169 

calculating the Contamination Factor (Cf) for each toxic element (Equation 2): 170 

݂ܥ = ௜ܥ  ௜,௡ (2)ܥ 

where Ci represents the concentration of element i in the debris dust sample (mg/kg), and Ci,n is its concentration 171 

in the Earth’s crust. 172 

The Ecological Risk Factor (ERF), which indicates potential health risks in an ecosystem, was calculated using 173 

Equation 3: 174 
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ܨܴܧ = ௜ܶ  ௙ (3)ܥ ܺ 

where Cf is the contamination factor, and Ti is the toxicological response factor proposed by Hakanson (1980) in 175 

his risk index approach. The ERF values were categorized as follows: low risk (ERF < 40), moderate risk (40 ≤ 176 

ERF < 80), moderate to high risk (80 ≤ ERF < 160), high risk (160 ≤ ERF < 320), and very high risk (ERF ≥ 320). 177 

Finally, the Ecological Risk Index (ERI), representing the cumulative potential ecological risk from multiple 178 

elements, was calculated as the sum of the individual Ecological Risk Factors (Equation 4): 179 

ܫܴܧ = ∑ ௜௡ܨܴܧ
௜=1  (4) 

Based on the calculated ERI values, the overall ecological risk was classified as follows: low ecological risk (ERI 180 

< 150), moderate ecological risk (150 ≤ ERI < 300), and significant ecological risk (300 ≤ ERI < 600) (Hakanson, 181 

1980; Kara, 2020).  182 

Although Enrichment Factor and Ecological Risk Index were not specifically developed for application in post-183 

earthquake regions, they were used in this study to assess pollution levels. 184 

2.3. Analysis of Fibrous Structures 185 

A total of 23 dust samples with particle sizes smaller than 38 µm were selected to analyze fibrous structures. These 186 

samples were attached to 2.5 mm carbon adhesive tapes (Yang et al. 2020). For each sample, 50 distinct points 187 

were examined using a Quattro S Scanning Electron Microscope (Thermo Scientific, Waltham, MA, USA) located 188 

at Istanbul Medeniyet University’s Center for Science and Advanced Technology. The Scanning Electron 189 

Microscopy (SEM) was operated at a magnification of 5000X, and each point was further analyzed using Energy-190 

Dispersive X-ray Spectroscopy (EDS) to determine the elemental composition of any observed fibrous structures. 191 

This approach allowed for the assessment of both the morphology and chemical makeup of individual fibers 192 

(Stevulova et al. 2020).  193 

The morphological features and dimensions (length and diameter) of each identified fiber were meticulously 194 

determined from the SEM images. In addition to these morphological characteristics, the fibrous structures' 195 

lengths, diameters, and chemical compositions were also analyzed. The classification of asbestos and other fibrous 196 

materials were based not only on dimensional parameters, but also on the compositional criteria associated with 197 

the six recognized types of asbestos (Table 1). Subsequently, the chemical composition obtained from EDS analysis 198 

was used to aid in the classification of asbestos and other fibrous structures. The classification of a fiber as asbestos 199 

was based on a combination of dimensional criteria and the presence of characteristic elements. Following the 200 

guidelines outlined in the Occupational Health and Safety Implementation Guide for Asbestos Work (AÇİSGUR, 201 

2019), a fiber was considered asbestos if it exhibited a length greater than 5 µm, a diameter less than 3 µm, and a 202 

length-to-diameter ratio exceeding 3:1. In the SEM images, all fibrous and non-fibrous microscopic structures 203 

corresponding to this proportion were identified during the initial scanning. In addition to these dimensional 204 

thresholds, EDS analysis specifically focused on detecting the presence of silicon (Si) and magnesium (Mg), which 205 
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are key elemental indicators for asbestos. Fibers that did not contain detectable levels of these elements were 206 

presumed to be of organic origin. All SEM and EDS analyses were conducted in compliance with the applicable 207 

regulatory standards and best scientific practices to ensure the reliability and validity of the results.  208 

 Table 1. The asbestos types  209 

Asbestos Type Formula 

Chrysotile (white asbestos) Mg3[Si2O5](OH)4 

Anthophyllite Mg7[Si8O22](OH)2 

Amosite (brown asbestos) Fe7[Si8O22](OH)2 

Crocidolite (blue asbestos) Na2Fe5[Si8O22](OH)2 

Tremolite and Actinolite Ca2(Mg, Fe2+)5[Si8O22](OH)2 

 210 

2.4. Preparation of Distribution Maps 211 

This study employed Geographic Information System (GIS) tools to visualize heavy metal pollution levels and 212 

enrichment factor (ZF) values in dust samples collected from building foundations post-demolition and debris 213 

removal. Using the ArcMap module of the ArcGIS software, spatial distribution maps were generated based on 214 

the concentration levels of measured parameters. Sampling locations were georeferenced, and interpolated data 215 

were stored in a grid raster format. Additional geospatial datasets, including topographic maps and satellite 216 

imagery, were processed via GeoMedia and ArcGIS to create an updatable geodatabase. Given the limited number 217 

of sampling points, a geostatistical interpolation method, Inverse Distance Weighting (IDW), was applied to 218 

estimate pollution density across the study area (Wang and Liu, 2005; Nagalakshmi et al. 2016). The IDW method 219 

assigns values to unsampled locations based on the spatial relationship of measured points, assuming that closer 220 

points have a greater influence than distant ones. Consequently, the influence of a data point decreases with 221 

increasing distance, producing a smoothly modeled distribution surface (Li et al. 2017; Guo et al. 2021; Shafie et 222 

al. 2021; Xie et al. 2021). The relatively limited number of sampling points may lead to uncertainty and risk of 223 

over-interpretation in some spatial patterns. Therefore, map results should be considered a preliminary assessment, 224 

and interpretations should be made accordingly. 225 

3. Results and Discussion 226 

3.1. Results of Sieve Analyses 227 

The results of the sieve analysis of the 61 samples collected from the study area are presented (Figure 2). The 228 

results indicated that particle sizes predominantly fell within the 38 µm–2 mm range for most samples, accounting 229 

for 41% to 90% (w/w) of the total sample mass. On average, the fraction smaller than 38 µm constituted 1.9% of 230 

the samples; the fraction between 38 µm–2 mm was 68.7%; and the fraction larger than 2 mm was 29.4%. 231 

The fact that the majority of the dust is in the 38 µm to 2 mm range and above 2 mm suggests that a significant 232 

portion of the debris consists of coarser material from the collapsed buildings. Even though it represents a small 233 

percentage by weight, the <38 µm fraction is essential for evaluating inhalable particulate matter and its associated 234 

health risks, such as asbestos inhalation. 235 
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 236 

Fig. 2 Particle size distribution of 61 samples based on three size fraction classes (w/w). 237 

3.2. Results of Major and Minor Elemental Analyses 238 

Elemental analysis was conducted on all 61 post-demolition dust samples collected from building foundations in 239 

Hatay using a Wavelength Dispersive XRF device. The samples were analyzed to determine the concentrations of 240 

major and minor elements, presented as oxides (e.g., CaO, SiO₂, Fe₂O₃) and elemental concentrations (e.g., Ca, Si, 241 

Fe). A summary of the analyzed oxide compounds, including average percentages, is presented in Table 2. Basic 242 

descriptive statistics for the elemental concentrations (in g/kg), such as median, mean, and standard deviation, are 243 

provided in Table 3; parameters that did not meet the minimum required number of measurements were excluded 244 

from the statistical summary in this table. 245 

Table 2. XRF analysis results of 61 samples (%). 246 

Compound Minimum Maximum Median Mean 

CaO 17.00 82.10 59.00 59.23 

SiO2 7.030 47.40 20.60 20.38 

Fe2O3 1.960 10.40 5.840 5.483 

Al2O3 2.150 10.20 5.630 5.424 

MgO 2.030 15.60 5.210 5.360 

SO3 0.218 19.10 0.960 1.793 

Na2O 0.178 1.070 0.474 0.491 

TiO2 0.236 0.940 0.562 0.599 

K2O 0.271 1.160 0.622 0.600 

MnO 0.060 0.455 0.143 0.158 

SrO 0.039 0.141 0.073 0.080 

Cr2O3 0.048 0.414 0.132 0.149 

P2O5 0.065 0.571 0.129 0.161 

NiO 0.017 0.668 0.063 0.075 

Cl 0.018 0.189 0.040 0.050 

ZnO 0.000 0.068 0.029 0.030 

CuO 0.005 0.022 0.015 0.015 

ZrO2 0.000 0.022 0.006 0.007 
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Co2O3 0.013 0.026 0.019 0.019 

Y2O3 0.003 0.010 0.008 0.007 

As2O3 0.000 0.014 0.010 0.008 

Table 3. Summary of Basic Statistical Values for Element Analysis in 61 Samples (g/kg). 247 
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Ca 61 121.5 586.8 421.7 423.3 74.75 -0.606 3.548 17.66 0.2 0.003 

Si 61 32.86 221.6 96.29 95.24 29.61 0.965 4.393 31.085 0.2 0.002 

Fe 61 6.854 36.37 20.42 19.18 6.01 -0.097 0.058 31.321 0.017 0.113 

Al 61 5.689 26.99 14.9 14.35 4.16 0.11 0.427 29.004 0.2 0.499 

Mg 61 3.697 94.07 31.12 31.75 12.23 2.284 11.49 38.537 0 0 

S 61 0.873 76.49 3.84 7.18 10.8 4.884 28.861 150.42 0 0 

Na 61 0.66 3.969 1.758 1.82 0.647 0.839 1.335 35.552 0.2 0.428 

Ti 55 1.414 5.634 3.368 3.589 1.038 0.258 -0.851 28.911 0.2 0.107 

K 61 1.125 4.815 2.582 2.49 0.686 0.347 1.12 27.558 0.2 0.175 

Mn 61 0.461 3.524 1.108 1.223 0.504 2.152 7.225 41.237 0.001 0 

Sr 61 0.333 1.192 0.621 0.68 0.221 0.758 -0.288 32.426 0.031 0.002 

Cr 40 0.165 1.416 0.452 0.508 0.244 1.483 3.548 48.009 0.186 0.001 

P  61 0.142 1.246 0.282 0.351 0.205 2.264 6.271 58.47 0 0 

Ni 60 0.131 5.248 0.495 0.589 0.675 5.882 39.697 114.584 0 0 

Cl 53 0.175 1.89 0.398 0.496 0.335 2 5.117 67.535 0 0 

Zn 59 0.104 0.542 0.237 0.241 0.102 1.027 0.973 42.266 0.2 0.001 

Cu 23 0.042 0.177 0.117 0.12 0.03 -0.315 1.005 24.87 0.2 0.703 

Zr 57 0.004 0.166 0.049 0.054 0.031 1.127 2.24 57.864 0.2 0.003 

Co  12 0.046 0.091 0.066 0.069 0.015 0.26 -0.959 21.66 0.2 0.566 

Y 10 0.01 0.038 0.031 0.028 0.009 -0.834 0.008 32.885 0.2 0.304 

As 19 0.005 0.053 0.037 0.033 0.013 -0.784 -0.293 40.921 0.002 0.052 

 248 

The average elemental concentrations in the samples ranged widely, from a minimum of 0.028 g/kg for Yttrium 249 

(Y) to a maximum of 423.3 g/kg for Calcium (Ca). The elements with the highest average concentrations, listed 250 

in descending order were: Ca (423.3 g/kg), Si (95.24 g/kg), Mg (31.75 g/kg), Fe (19.18 g/kg), Al (14.35 g/kg), and 251 

S (7.18 g/kg). The high concentrations of major elements like Ca, Si, Mg, Fe, and Al, and their corresponding 252 

oxides (CaO, SiO₂, MgO, Fe₂O₃, Al₂O₃), are consistent with the expected composition of construction and 253 

demolition waste, particularly components related to cement and raw materials (Stevulova et al. 2020).  254 

The CaO/SiO₂ ratio in the samples (2.91, based on average oxide percentages) falls within the typical range for 255 

Portland cement (Type 1; 2.68-3.1), further indicating the significant influence of cementitious materials. The 256 

presence of other oxides and elements such as SO₃, P₂O₅, K₂O, and Cl is also consistent with the composition of 257 

cement and raw materials (Stevulova et al. 2020), aligning our results with findings from the literature. 258 

Beyond the primary building materials, the elemental composition also suggests potential contributions from other 259 

anthropogenic sources, consistent with findings from global urban dust studies. Research has linked elements like 260 
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Co, K, Mn, and As to sources such as coal and wood burning (Kara, 2020); Cu and Zn to traffic emissions, vehicle 261 

wear and tear, gasoline use, and fossil fuel combustion (Kara, 2020; Sadeghdoust et al. 2020; Delibašić et al. 2020; 262 

Akhter and Madany, 1993; Manasreh, 2010); and Cr and Ni to industrial metallurgical processes and vehicle wear 263 

(Sadeghdoust et al. 2020; Delibašić et al. 2020; Ite et al. 2014; Akhter and Madany, 1993; Taşpınar and Bozkurt, 264 

2018; Manasreh, 2010). Consistent with Azarmi and Kumar (2016) finding Si and Al as the main components in 265 

debris particles, our study also shows their high prevalence. In the context of this study, the use of heavy vehicles 266 

and machinery during extensive debris removal activities after the earthquake likely contributed significantly to 267 

the heavy metal pollution observed in the dust samples. 268 

3.3. Correlation Analysis and Principal Component Analysis  269 

A Pearson correlation analysis was conducted to investigate the relationships among the analyzed elemental 270 

concentrations in the 61 dust samples and assess the potential co-occurrence of elements originating from similar 271 

sources. The strength of relationships was classified based on Pearson correlation coefficients: very weak (0.00–272 

0.25), weak (0.26–0.49), moderate (0.50–0.69), strong (0.70–0.89), and very strong (0.90–1.00) (Ersöz and Ersöz, 273 

2022). Although the correlation analysis between elements has been presented in detail, correlations analysis alone 274 

may be limited to indicate common sources. For this reason, Principal Component Analysis (PCA) was also applied 275 

in this study to classify the elements in the dust samples (Ulutaş et al. 2025). The suitability of the dataset for PCA 276 

was examined using the Kaiser-Meyer-Olkin (KMO) and Bartlett's Sphericity tests. The KMO sample adequacy 277 

value was calculated as 0.758 (>0.50). Furthermore, it is recommended that future studies utilize different 278 

independent verification methods to support these findings and thus strengthen the interpretation of the sources. 279 

The Pearson correlation coefficient matrix, presenting the relationships between all analyzed elemental pairs, is 280 

shown in Table 4. The analysis identified several significant correlations, indicating varying degrees of association 281 

between element concentrations. Four very strong correlations were observed: two negative correlations between 282 

Si and Ca (-0.97), and Al and Ca (-0.90); and two positive correlations between Al and Si (0.93), and Co and Cu 283 

(0.91). Additionally, several strong correlations were identified, including a negative correlation between Fe and 284 

Ca (-0.87), and positive correlations between Fe and Si (0.88), Al and Fe (0.82), and Y and Co (0.71). Other than 285 

these, 28 moderate correlations were detected, with Ti-Al (0.68) and Ni-Al (0.69) exhibiting the highest 286 

coefficients among them. 287 

 288 

 289 

Table 4. Pearson Correlation Coefficients for Elements Identified in 61 Samples 290 

  Ca Si Fe Al Mg S Na Ti K Mn Sr Cr P Ni Cl Zn Cu Zr Co Y As 

Ca 1
                                         

Si 

-0
.9

7
 

1
                                       

Fe 

-0
.8

7
 

0
.8

8
 

1
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Al -0
.9

 

0
.9

3
 

0
.8

2
 

1
                                   

Mg 

-0
.5

5
 

0
.5

2
 

0
.5

6
 

0
.2

7
 

1
                                 

S 

0
.0

5
 

-0
.2

5
 

-0
.3

4
 

-0
.2

1
 

-0
.3

2
 

1
                               

Na 

-0
.6

4
 

0
.6

6
 

0
.4

6
 

0
.6

9
 

0
.0

7
 

0
.0

4
 

1
                             

Ti 

-0
.5

1
 

0
.5

4
 

0
.4

9
 

0
.6

8
 

0
.0

8
 

-0
.2

3
 

0
.3

4
 

1
                           

K 

-0
.5

7
 

0
.6

1
 

0
.3

2
 

0
.6

5
 

-0
.0

6
 

0
.0

8
 

0
.6

7
 

0
.3

1
 

1
                         

Mn 

-0
.0

5
 

0
.0

7
 

-0
.0

6
 

0
.1

5
 

0
.0

1
 

-0
.0

4
 

0
.1

5
 

0
.1

6
 

0
.2

8
 

1
                       

Sr 

0
.0

2
 

-0
.1

 

-0
.2

8
 

0
 

-0
.3

9
 

0
.6

 

0
.3

5
 

-0
.1

1
 

0
.4

4
 

0
.3

 

1
                     

Cr 

-0
.5

1
 

0
.4

9
 

0
.5

3
 

0
.2

7
 

0
.5

1
 

-0
.4

 

0
.1

5
 

0
.1

5
 

-0
.0

2
 

0
.0

9
 

-0
.4

5
 

1
                   

P 

-0
.2

7
 

0
.2

7
 

0
.2

3
 

0
.1

8
 

0
.2

2
 

-0
.2

 

-0
.0

3
 

0
.0

4
 

0
.2

 

-0
.0

6
 

-0
.0

5
 

-0
.0

6
 

1
                 

Ni 

-0
.3

1
 

0
.3

 

0
.4

 

0
.2

4
 

0
.3

3
 

-0
.1

6
 

-0
.0

8
 

0
.0

6
 

0
.0

2
 

0
 

-0
.2

2
 

0
.2

4
 

0
.2

3
 

1
               

Cl 

0
.0

2
 

-0
.0

4
 

-0
.1

7
 

-0
.0

2
 

-0
.1

6
 

0
.3

1
 

0
.3

4
 

-0
.1

5
 

0
.2

6
 

-0
.0

1
 

0
.3

4
 

-0
.2

8
 

0
.0

7
 

-0
.1

9
 

1
             

Zn 

-0
.2

6
 

0
.2

8
 

0
.2

1
 

0
.3

3
 

-0
.1

1
 

-0
.0

5
 

0
.3

3
 

0
.2

3
 

0
.3

4
 

-0
.0

1
 

0
.2

1
 

-0
.1

4
 

0
.5

2
 

0
.3

 

0
.1

2
 

1
           

Cu 

-0
.1

4
 

0
.1

1
 

0
.0

5
 

0
.1

 

-0
.2

3
 

-0
.1

4
 

0
.1

1
 

0
.4

 

0
.0

9
 

-0
.0

4
 

0
.1

6
 

-0
.0

3
 

0
.3

9
 

-0
.1

 

-0
.0

5
 

0
.4

2
 

1
         

Zr 

-0
.5

6
 

0
.5

6
 

0
.5

 

0
.5

9
 

0
.1

9
 

-0
.0

7
 

0
.3

3
 

0
.6

1
 

0
.2

3
 

-0
.0

7
 

-0
.2

6
 

0
.5

5
 

0
.0

7
 

0
.2

2
 

-0
.0

4
 

0
.1

7
 

0
.2

1
 

1
       

Co 

-0
.3

5
 

0
.3

6
 

0
.4

 

0
.2

1
 

0
.4

5
 

-0
.5

6
 

0
.3

9
 

0
.2

8
 

0
.2

4
 

0
.3

6
 

-0
.3

7
 

0
.5

6
 

-0
.0

5
 

0
.4

8
 

-0
.0

4
 

0
.1

3
 

0
.9

1
 

0
.4

2
 

1
     

Y 

-0
.2

9
 

0
.2

7
 

0
.3

1
 

0
.2

4
 

0
.3

1
 

-0
.1

6
 

0
.6

 

0
.1

5
 

-0
.4

3
 

-0
.3

8
 

-0
.6

4
 

0
.2

6
 

-0
.6

3
 

-0
.6

3
 

-0
.4

4
 

-0
.5

7
 

-0
.4

3
 

-0
.0

1
 

0
.7

1
 

1
   

As 

-0
.3

6
 

0
.3

7
 

0
.5

 

0
.3

6
 

0
.0

2
 

-0
.1

 

0
.0

7
 

0
.1

 

0
.1

7
 

-0
.0

1
 

-0
.1

8
 

0
.1

4
 

0
.0

3
 

0
.1

8
 

0
.0

7
 

0
.1

1
 

-0
.2

2
 

0
.3

1
 

-0
.1

2
 

0
.2

8
 

1
 

 291 

These identified correlations provide insights into the potential sources contributing to the dust composition. The 292 

strong negative correlations between Ca (a major component of cement) and elements like Si, Al, and Fe (abundant 293 

in silicate and aluminosilicate minerals) are consistent with the inverse relationship expected between these 294 

primary constituents in construction materials. Conversely, the strong positive correlations among Si, Al, and Fe 295 

suggest their co-occurrence in silicate and aluminosilicate minerals present in the demolished structures. 296 

Furthermore, the correlation analysis revealed relationships potentially indicative of specific asbestos types, 297 

aligning with interpretations from the elemental analysis. Medium to strong positive correlations between Si and 298 

elements like Fe, Mg, and Na suggest the possible presence of serpentine and amphibole asbestos types, such as 299 

chrysotile, anthophyllite, amosite, and crocidolite. The very strong negative correlation between Ca and Si, and 300 
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the strong negative correlation between Ca and Fe, might indicate the limited presence or absence of tremolite and 301 

actinolite asbestos among the identified silicate/aluminosilicate-rich particles. 302 

Beyond the primary components of cement and potential asbestos, the correlation analysis also suggests the 303 

influence of other sources of contamination. Positive correlations like Co-Cu and Y-Co, along with several 304 

moderate correlations, point towards contributions likely originating from demolition activities, materials from 305 

vehicles operating in the debris area, and various other materials in the demolished buildings, such as household 306 

contents. These relationships support the interpretation of significant anthropogenic influences on the elemental 307 

composition of the earthquake-generated dust. 308 

Based on the Kaiser criterion (eigenvalue > 1) and using the Varimax rotation method, the analysis revealed a 309 

robust 6-component structure explaining 71.72% of the total variance. This ratio shows that the majority of the 310 

data is successfully represented for identifying the sources of earthquake dust. 311 

Table 5: Principal Component Analysis (PCA) results and attributed possible sources affecting the collected 312 
samples. 313 

Parameters PC1 PC2 PC3 PC4 PC5 PC6 

Si 0.957      

Ca -0.942      

Al 0.932      

Fe 0.808      

Na 0.796      

K 0.709      

Ti 0.485      

Sr  0.787     

S  0.742     

Mg  -0.561     

Mn       

Cr   0.698    

Zr   0.632    

Cl   -0.6    

Y    -0.837   

Ni    0.818   

Cu     0.796  

Zn     0.681  

P     0.634  

Co      -0.738 

As      0.698 

Sum of Squared 

Loadings 
5.43 2.36 1.92 1.9 1.8 1.41 

Variance Percent 25.86 11.23 9.13 9.03 8.55 6.71 
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Cumulative 

Percent 
25.9 37.1 46.2 55.2 63.8 70.5 

 314 

Principal component 1 (PC1) showed 25.86 % of the total data variance. PC1 was loaded very heavily with Si 315 

(0.957), Al (0.932), Fe (0.808), Na (0.796), and K (0.709) positively, while Ca (-0.942) loaded negatively. PC1 316 

reflects Si- and Al-rich construction debris contrasted with Ca-rich materials (Table 5). The CaO/SiO₂ ratio is also 317 

important for cement quality (Stevulova et al. 2020). Natural resources can also have an effect due to the elements 318 

that are abundant in the soil. Therefore, PC1 is most likely associated with construction waste and the earth's crust. 319 

PC2 accounted for 11.23% of the total data variance. PC2 was heavily loaded with Sr (0.787), S (0.742) positively, 320 

while Mg (-0.561) loaded negatively. Sr has different absorption rates from cement-based materials (Wieland et 321 

al. 2008). Sr and Mg are the most abundant elements in the Earth's crust (Nedobukh and Semenishchev, 2019). 322 

However, since they behave in opposite ways, they are not expected to represent the same source. S represents 323 

gypsum (CaSO₄) and plaster materials used in the interior walls of buildings. This group has separated from coarse 324 

concrete to form a finer powder phase (Lancia et al. 2000). PC2 can serve as an indicator of mixed sources, gypsum, 325 

plaster materials, and the earth's crust. PC3 specified 9.13% of the total data variance. PC3 was loaded with Cr 326 

(0.698), Zr (0.632), Cl (-0.600). Cr is commonly used in steel alloys and chromium coatings (Fuge, 2012), while 327 

Zr is widely applied in ceramic coatings (Long et al. 2016). PC3 may be more associated with industrial products 328 

and chlorine decomposition. PC4 showed 9.03 % of the total data variance. PC4 was loaded with Ni (0.818) and 329 

Y (-0.837). Previous studies have reported that fuel combustion, engine wear, and industrial activities such as 330 

alloying and welding are the main sources of Ni (Kumari et al. 2021; Xu et al. 2017). Its contrasting action with 331 

yttrium (Y) indicates that rare earth elements and industrial metals in the debris originated from different sources. 332 

PC4 can be classified in relation to special alloys and traffic. PC5 and Factor 6 explain 8.55% and 6.71% of the 333 

total variance, respectively. Factor 5 is charged by Cu (0.796), Zn (0.681), P (0.634). In buildings, the most 334 

common sources of copper (Cu) are electrical cables, zinc (Zn) are galvanized sheets (roofing/pipes), and 335 

phosphorus (P) are organic wastes in sewage systems. PC5 may be more associated with plumbing, electrical and 336 

electronic waste, and urban infrastructure waste.  PC6 is dominated by As (0.698) and Co (-0.738). Although both 337 

are toxic, the contrasting interaction between them suggests they originate from different sources. This is the most 338 

critical finding from an environmental and public health management perspective because it has emerged as a 339 

dominant factor, isolated from other heavy metals. This situation can be considered a hidden danger. Therefore, 340 

PC6 is most likely associated with toxic risk. 341 

3.4. Determination of Pollution Levels Using Enrichment Factor and Ecological Risk Index 342 

To evaluate the enrichment of specific elements in debris dust relative to background soil composition and to 343 

evaluate the influence of natural and anthropogenic sources, the Enrichment Factor (EF) was calculated using Al 344 

as the reference element (Equation 1). The calculated EF values were visualized using a Box-Whisker plot in 345 

Figure 3. The box edges represent the 25th and 75th percentiles; the central line indicates the median (50th 346 

percentile), and “X” denotes the mean. 347 

 348 
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 349 

Fig. 3 EFs calculated for the elements identified in 61 samples, with the y-axis shown on a logarithmic scale 350 

The interpretation of EF values enabled the identification of source contributions and the extent of anthropogenic 351 

impact. Elements with minimal enrichment (EF < 2), specifically Na, K, Al, Zr, Si, and Fe, suggest they primarily 352 

originate from the geological composition of the study area. While some of these elements are present in concrete, 353 

their low EF values are likely due to their significant presence in background soil. Elements with moderate 354 

enrichment (2 ≤ EF < 5), including P, and Ti, indicate potential influence from non-soil sources. Elements 355 

exhibiting significant enrichment (5 ≤ EF < 20), such as Cl, Mn, Sr, Mg, Zn, Co, and Cu, strongly suggest human-356 

induced pollution in the study area. High enrichment (20 ≤ EF < 40) was observed for Cr, and As while Ni, S, and 357 

Ca displayed very high enrichment (EF ≥ 40). The high EF values for Ni, S, and Ca are strong indicators of 358 

significant anthropogenic origins. While Ca is a major component of concrete, its high EF highlights the substantial 359 

contribution of this source in the dust. Collectively, the high EF values for multiple elements point towards 360 

significant anthropogenic pollution in the study area, likely attributable to construction waste, heavy vehicles used 361 

in demolition and debris removal, and potentially other materials present in the structures affected by the 362 

earthquake. Additionally, given the composite nature of the samples, other sources mixed with debris from various 363 

household materials may also contribute to the observed enrichment. 364 
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 365 

Fig. 4 ERFs for Zn, Mn, Cr, Cu, Ni, and As, with the y-axis shown on a logarithmic scale 366 

To assess the pollution levels of dust accumulated on building foundations following demolition and debris 367 

removal, Ecological Risk Factor (ERF) (Figure 4) and Ecological Risk Index (ERI) analyses were applied 368 

(Hakanson, 1980). The average ERF values for Cu, Cr, Zn, and Mn were calculated as 21.45, 11.05, 3.60, and 369 

1.58, respectively. In contrast, the ERF values for As and Ni were notably higher, at 68.22 and 62.69. For As, 370 

moderate ecological risk (40≤ERF<80) was identified at seven sampling points, and considerable ecological risk 371 

(80≤ERF<160) at 8 points. For Ni, 35 samples indicated moderate risk, four samples considerable risk, one sample 372 

high risk (160≤ERF<320), and one sample very high ecological risk (ERF≥320). Overall, the ERF values for Zn, 373 

Cr, Mn, and Cu remained below 40, indicating low potential ecological risk from these specific elements across 374 

most samples. Based on the average concentrations, the potential ecological risk values for elements As, Ni, Cu, 375 

Cr, Zn, and Mn indicated a moderate level of risk overall for the study area. 376 

The ERI was calculated as 168.59 by summing the risk factor values of Zn, Mn, Cr, Cu, Ni, and As, which were 377 

the elements for which ecological risk factors were determined. This ERI value indicates a moderate level of 378 

ecological risk in terms of pollution for the study area, as it falls within the range of 150 to 300.  379 

Although these methods were not specifically developed for application in post-earthquake regions, they were 380 

used in this study to assess pollution levels. The results demonstrate that the EF and ERI methods can be applied 381 

to post-earthquake study areas using composite sampling due to their ability to reflect the effects across the entire 382 

sampling area. However, a critical approach may be necessary as EF and ERI were developed for natural soils and 383 

therefore have some limitations in mixed construction and demolition waste. Therefore, EF and ERI may not be 384 

considered absolute risk indicators, but they may use as rather comparative tools for screening and spatial 385 

assessment. To support this approach, the results of these methods were visualized using maps in order to 386 

strengthen the interpretations.  387 
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3.5. Analysis Results of Asbestos and Fibrous Structures 388 

Analysis for fibrous structures, including potential asbestos presence, was conducted on a total of 23 selected dust 389 

samples. Samples were collected by adhering dust onto 2.5-mm diameter carbon adhesive tapes. Using Scanning 390 

Electron Microscopy coupled with Energy-Dispersive X-ray Spectroscopy (SEM-EDS), fifty distinct points were 391 

examined per sample to assess both particle dimensions and chemical composition. An initial screening process 392 

was implemented based on dimensional criteria on dimensional criteria (AÇİSGUR, 2019). Particles or fibers 393 

identified with a length exceeding 5 µm, a width less than 3.5 µm, and a length-to-width ratio greater than 3:1 394 

were selected. In this initial scan using SEM technology, a total of 1,415 particles or fibers were detected in all 23 395 

samples at dimensional ratios and their chemical composition was subsequently determined using EDS. After the 396 

dimensional and chemical screening, particles lacking detectable silicon (Si) levels were excluded. This exclusion 397 

was based on Si being a key component of the silicate minerals that form asbestos. This filtering step resulted in a 398 

reduced set of 1370 fibrous structures retained for further chemical characterization. These selected structures were 399 

then analyzed by EDS to determine their elemental composition, considering the typical mineral profiles of various 400 

asbestos types (Table 1). Analysis of the elemental composition within this set of 1,370 fibrous structures revealed 401 

varying distributions of key elements associated with asbestos minerals. Specifically, magnesium (Mg) was 402 

detected in 1148 particles, iron (Fe) in 669, sodium (Na) in 79, and calcium (Ca) was present in all 1370 particles. 403 

The co-occurrence of Ca, Mg, and Fe, observed in 669 particles, suggests potential overlap with the elemental 404 

profiles of multiple asbestos mineral types. The prevalence of Mg detection is particularly noteworthy, given that 405 

chrysotile, the most common type of asbestos, contains Mg as a primary component. 406 

Following the initial identification of fibrous structures based on dimensional criteria and Si presence, a more 407 

comprehensive evaluation was deemed necessary since visual examination revealed that not all these structures 408 

exhibited the characteristic fibrous morphology of asbestos. Therefore, a rigorous assessment incorporating 409 

dimensional, chemical, and morphological characteristics was performed. Combining morphological (SEM) and 410 

chemical (EDS) analyses proved crucial for accurate and definitive classification, as visual similarity alone was 411 

insufficient.  412 

Table 6. The chemical composition (%, w/w) of the fibrous structures identified as asbestos. 413 

Figure No. C O Mg Al Si Ca Fe Mo S K F 

8a 20.97 56.83 2.99 2.19 6.75 6.61 3.65     

8a 17.70 61.45 4.12  9.50 7.23      

9b 6.57 51.37 5.50 1.37 14.66 12.57 6.69 1.28    

10c 20.91 57.25 4.10  9.30 8.44      

11d 10.43 49.86 3.00 1.58 11.39 19.30 4.44     

12e 7.10 58.02 4.78 2.25 11.92 11.81 4.11     

13f 11.05 59.79 2.35 3.80 9.18 11.04 2.19   0.60  

14g 6.15 55.76 7.24 1.69 13.94 11.57 2.59 1.07    

15h 6.56 56.45 5.89 1.86 11.29 13.97 3.98     

16i 19.05 53.14 5.12 1.10 10.35 6.89 4.35     

17j 6.09 58.04 15.13 0.51 11.91 5.28 2.35    0.69 
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17j 12.54 59.12 9.22 0.66 6.90 9.92 1.63     

 414 
Table 6 presents the chemical composition (by weight %) of these selected particles identified as asbestos, while 415 

their SEM images, illustrating key morphological features, are shown in Figure 5a-j. Visual assessment frequently 416 

revealed characteristic features consistent with asbestos fibers, such as frayed or split ends, which are apparent in 417 

numerous figures. Fibers were also observed in bundled or clustered arrangements, sometimes appearing thicker, 418 

as seen in Figure 5b, d, g, and j. Additionally, as seen in Figure 5j, asbestos fibers are flexible and can be bent. 419 

Particles displaying clear bundling and distinct frayed ends (Figure 5h) were confidently identified as asbestos. 420 

Similarly, the presence of frayed edges and ends on fine fibers, coupled with compatible chemical compositions 421 

(Figure 5a, c, d, and f), increased the likelihood of their identification as asbestos. Although some structures 422 

showed visual similarities to fibrous asbestos, such as in Figure 5i where coarser fragmentation and thicker 423 

appearance raised doubts, it was ultimately identified as due to its frayed ends and general chemical composition. 424 

 425 
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Fig. 5 SEM-EDS images and of the fibrous structures identified as asbestos (a–j). 427 

 428 
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Following this comprehensive assessment, only a very small proportion of the analyzed objects-10 out of 1,370-429 

were identified as asbestos, highlighting the limited prevalence of asbestos in the studied sample. The confirmed 430 

asbestos fibers were detected at 6 out of the 61 sampling locations, with their occurrences ranging from one to 431 

four fibers per location. The spatial distribution of all fibrous structures (represented by green circles) and the 432 

confirmed asbestos fibers (represented by red triangles) across the sampling locations is illustrated in Figure 6. 433 

The highest number of detected asbestos fibers was observed at a sampling point located in an area characterized 434 

by 2–3-story old informal housing. Notably, no significant correlation was found between the total number of 435 

fibrous structures identified and the presence of confirmed asbestos fibers. Only 10 asbestos fibers were detected 436 

in the study. Therefore, with such a small number of fibers, spatial distribution and precise source identification 437 

would be quite limited. Furthermore, factors such as wind effects or mechanical activity should be considered, 438 

and it should be thought that different sources may have influenced the spatial distribution of the fibers. Therefore, 439 

more comprehensive and detailed studies are needed regarding the spatial distribution and source analysis of 440 

asbestos fibers. 441 

 442 

 443 

Fig. 6 Distribution map of asbestos and fibrous particles identified in 23 samples.  444 
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3.6. Distribution Maps of Analyzed Parameters and Enrichment Factors 445 

The spatial distribution of elemental concentrations across the sampling points was evaluated to identify potential 446 

source influences. This analysis considered the general age of surrounding demolished buildings (broadly 447 

categorized as old or new based on pre-earthquake Google Earth imagery) and proximity to main traffic arteries 448 

as potential factors influencing concentration variations. The comprehensive spatial distribution maps for each 449 

analyzed parameter are presented in Figure 7, visually illustrating these patterns. 450 

Si, Fe, Al, and Cr exhibited their highest concentrations concurrently at Sampling Point 28 (see Figure 1 for 451 

sampling locations), located on a main road passing through the city, while Ca and S showed their lowest 452 

concentrations at the same point. In contrast, the lowest Si, Fe, and Al concentrations were observed together at 453 

Point 12, characterized by older 3–4 storey buildings. The highest Mg concentration and the lowest concentrations 454 

of Na, Ti, K, Sr, and Zn were recorded at Point 41, situated on a road in the eastern part of the city with limited 455 

demolition activity. The lowest Mg concentration, coupled with the highest Cu concentration, was found at Point 456 

40, located on a bridge behind an industrial site with a few low-rise buildings. High S and low P concentrations 457 

were noted at Point 2, where a new 7–8 storey building was located. High Na and K concentrations were measured 458 

at Point 19, which consisted of older informal settlements of 2–3 storeys. High Ti and Y concentrations were 459 

found at Point 60, near older 5-storey buildings. Other elements, such as Mn (Point 9, an old 6-storey building 460 

site), Sr (Point 20, old 4–5 storey buildings), and P (Point 54, old historical 1–2 storey houses), also exhibited 461 

their highest concentrations at specific locations associated with older structures. Ni showed both its highest (Point 462 

26) and lowest (Point 46) concentrations near recently constructed 5–6 storey and 7–8 storey buildings, 463 

respectively. The highest and lowest Cl concentrations were detected at sampling points located at intersections 464 

with 5–6-storey old buildings and 2–3-storey old buildings, respectively. The highest Zr concentration was found 465 

at Sampling Point 23, located at an intersection along a major road outside the city to the northwest, whereas the 466 

lowest Zr concentration was observed at Sampling Point 10, where both 2–3-storey old buildings and 5–6-storey 467 

new buildings were present. For Co, the highest and lowest concentrations were recorded at Sampling Points 49 468 

(along a street opposite a park, with 6–7-storey old buildings) and 32 (with 4–5-storey old buildings), respectively. 469 

The highest Zn concentration was measured at Sampling Point 8, where mixed old and new 4–5-storey buildings 470 

were located. The lowest Cr concentration was observed at Sampling Point 6 (4–5-storey old buildings), while 471 

the lowest Cu and Y concentrations were detected at Sampling Points 58 (6–7-storey new buildings) and 26 (5–472 

6-storey new buildings), respectively. 473 

Spatial analysis revealed that variations in elemental concentrations were influenced by both the age of demolished 474 

structures and the proximity of sampling points to traffic arteries. Higher concentrations of elements such as P, Y, 475 

Co, Na, K, and Sr were generally associated with areas characterized by older buildings, whereas Si, Fe, Al, and 476 

Mg concentrations were elevated near main traffic routes. For example, Si, Fe, Al, and Cr reached peak levels at 477 

a sampling point along a major city road, whereas Ca and S were lowest at the same location. Conversely, the 478 

lowest concentrations of Si, Fe, and Al were found at a point with older structures, and high Mg but low Na, Ti, 479 

K, Sr, and Zn concentrations were recorded in an eastern area with limited demolition activity. 480 

Distribution maps further indicated distinct spatial patterns. Zn, Ni, Mg, and P concentrations were dominant in 481 

the city's southern parts, with Mg and P also elevated in the city center and decreasing southeastward. Ti and Cl 482 
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concentrations were notably higher in the northwest, whereas Al, Fe, Mn, Na, and Si showed higher levels in the 483 

north, with Al and Fe also elevated in the southwest. Cr and Zr were lower in the south and southeast, though Zr 484 

was locally high in the city center. As and Ca concentrations were elevated in the southwest and northeast, while 485 

Co, Cu, and Y were more influential in the north and northeast. These findings reflect a complex distribution of 486 

elements driven by multiple anthropogenic and environmental factors in the post-earthquake urban environment. 487 

In addition to the concentration-based distribution maps, distribution maps based on Enrichment Factor (EF) 488 

values were generated to assess the degree of elemental enrichment relative to background levels (Figure 8). EF 489 

maps are particularly useful for identifying significant anthropogenic contamination. Maps were prepared for 490 

elements with an average EF value greater than 5, indicating significant enrichment. Ordered by increasing 491 

average EF values, these elements were Sr (5.53), Cu (5.86), Co (6.35), Cl (11.21), Cr (11.57), Ni (19.35), Ca 492 

(36.43), As (45.90), and S (96.75).  493 

For Sr, relatively low EF values were observed in the city center, north, south, and west, while higher values 494 

appeared in the east and northwest. Cu exhibited a similar distribution but showed more clustered moderate 495 

enrichment, with significant EF values across most areas except for some points north of the center and in the 496 

south. Co displayed significant enrichment citywide, indicating widespread contamination relative to background 497 

levels. Zn also exhibited considerable enrichment, although high values were confined to specific areas. Cl showed 498 

moderate EF values in the west and northwest, rising to very high levels in the northeast and parts of the city 499 

center, with generally significant enrichment elsewhere. Ni EF values were particularly high to very high in the 500 

southern part of the city. Ca EF values ranged from very high to extremely high, especially in the west and east. 501 

As EF values were predominantly extremely high, with only a limited area in the city center showing lower 502 

enrichment. Similarly, S exhibited generally extremely high EF values across the city, with a few locations 503 

displaying very high enrichment.  504 
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Fig. 7 Distribution maps of the analyzed elements.  513 
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Fig. 8 EF distribution map for the analyzed elements. 523 
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4. Conclusion 525 

This study provides an integrated assessment of elemental contamination, asbestos, and other inorganic fibers in 526 

post-earthquake dust from Hatay, Türkiye. The dust was dominated by construction-related materials, while 527 

multivariate analyses indicated additional contributions from traffic, heavy machinery, industrial materials, and 528 

other urban sources. Enrichment Factor analysis showed substantial anthropogenic enrichment of several 529 

elements, and the overall Ecological Risk Index (ERI = 168.59) indicated moderate ecological risk, with As and 530 

Ni contributing the highest individual risks.  531 

SEM-EDS analysis identified 10 confirmed asbestos fibers among 1,370 fibrous structures examined at 23 532 

locations. These fibers were detected at six sites, mainly in areas with older informal housing, suggesting legacy 533 

asbestos-containing building materials as a likely source. Spatial analysis also revealed distinct contamination 534 

patterns associated with building age and proximity to traffic arteries.  535 

Overall, the findings demonstrate that post-earthquake dust can contain a complex mixture of construction-derived 536 

and anthropogenic contaminants with potential environmental and public health implications. Effective dust 537 

control, proper debris management, and targeted monitoring are therefore essential. Future studies should include 538 

direct ambient-air measurements to better evaluate inhalation exposure and long-term health risks management.  539 
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