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ABSTRACT

In this study, atmospheric dust samples were collected via Partisol 2025 ID device working in EPA mode by
using PMyo (Particulate matter less than 10 microns) filter during 2016-2017 from Sanliurfa, Turkey. The
arrival direction and source detection of atmospheric dust was determined by the MODIS satellite view and
HYSPLIT model. The structure of the samples was characterized by XRD (X-Ray Diffraction), SEM
(Scanning Electron Microscopy) combined with EDX (Energy Dispersive X-ray) and FTIR (Fourier
Transformed Infrared Spectrum). Results show that the major phases observed in the XRD spectrum of the
samples are calcite, dolomite, gibbsite, anorthite, and sodium borate hydroxide. The compositions of dust
samples were found to be Ca, Si, Al, Na, and Mg in a higher ratio than other elements via SEM-EDX analysis.
Further, this study reveals the variability of PM morphological and elemental composition on different days at
locations and highlighted the different probable sources associated with them.
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1. INTRODUCTION

Dust particles in deserts called particulate matter can be carried far away through winds
caused by differential pressure. Atmospheric dust transport contamination causes considerable
harm to the environment as well as human health as it involves air particulate matter which is a
blend of organic and inorganic contaminants [1]. Even though the main resources are dry areas,
due to the air circulation around the world, mineral particles are carried over long ranges. As an
example, Saharan dust, which generates approximately 2x108 tons of aerosols every year and is
transported on the Atlantic Ocean towards the Mediterranean Sea beside the south part of Europe,
is the most important natural resource of PM [2-4]. The harsh dust-storms commonly in Middle
East & Africa contribute to carrying a great amount of air contamination, especially to the
environmental particulate matter contamination [5-7]. Moreover, they also serve as an effective
platform to scavenge or convert gases. Typically, atmospheric dust transport stems from resources
such as soils, neighboring desert settings, industrial contaminants, traffic jams, unfinished fuel
combustion in house heating, physical plants, and vehicle exhausts [8]. Soil dust stands for the
main components of the atmospheric dust transport specimens. Qualification of the atmospheric
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dust transport specimens in terms of physics, chemistry, and mineralogy is crucial to figure out
the effect of atmospheric dust transport both on the environment and human well-being. Dust
sources, no matter how big or stro ng they are, maybe correlated with topographically low
altitudes placed in dry districts that receive yearly precipitation below 200-250 mm such as Iran,
Iraq, Jordan, the Southern part of Turkey, Saudi Arabia, Kuwait, and Syria. In addition to this, the
Sahara is known to be the biggest sole origin of the atmospheric dust [9].

Located in Southeastern Anatolia Region with a Syria border, Sanlhurfa is a significant city
due to air flows, through which PM (Particulate Matter) sized dust is transported from large
deserts such as Sahara, Syria, and Iran and enters the country at various times. Numerous studies
have been conducted to determine the physical and chemical features of dust in mass as well as
single dust particles (i.e. size distribution, particle morphology, chemical/mineral composition) to
determine the environmental interactions of dust [10-13]. Weather conditions can be affected by
the atmospheric particulates, particularly the ones dislocated through dust storms [14-17].
Atmospheric dust can change both mineral components and morphology of solid particulates [18],
the geological and geomorphological structure of the place as well as the form and destination of
the wind [19,20]. This fact is vital for comprehending the characteristics and the origin of the
dust. Jeong and Achterberg investigated the chemical and mineralogical structure of clay minerals
within Asian and Saharan dust. According to them, the analysis of dust in mass through X-ray
diffraction shows that Saharan dust is more abundant in clay minerals, whereas Asian dust
contains more chlorite [21,22], have found out in another research, on the mineralogical
properties and core features of singular fine particles of Sahara-originated dust, that the
mineralogical properties and core features of individual particles of Sahara-originated dust
particles include main ferrous minerals (i.e) illite—smectite series clay minerals and iron
(hydro)oxides [22]. The present study is aimed to investigate and compare the structural
properties by XRD, SEM-EDX, and FTIR methods of the Syrian, Saharan, and Arabian Peninsula
atmospheric dust particles collected from Sanliurfa, Turkey.

2. METHODS

Partisol 2025ID sampler was located to the Harran University, Osmanbey Campus, Sanlrurfa
(37.17 °N and 39.00 °E), Turkey, and it was used to collect atmospheric particles. Two samples of
PM,were collected every day. The device makes 16.7 L/min traction. Sample intakes were 1.4 m
high on the instrument to prevent suspended particles near to the ground surface during strong
winds. The special filters in 47 mm diameter were used that could both trap atmospheric
particulates and continue to function during the suction process and under very dusty conditions.
In the period from March to May, collapsing dust was collected from deserts that affected the
region through TS2544 collapsing dust collection device located in the same place.

X-ray diffraction patterns of the samples were obtained by using a Rigaku D-max 2000 X-
Ray diffractometer with CuKa radiation (A = 1.5406 A) at 40 kV and 30mA. The diffraction
pattern was scanned with a step size of 0.02 at a 10-60° angle range. The mineral phase, which is
the characteristic diffraction peak of each sample, was determined using Jade 7.0 software and the
ICDD database. To characterize shapes and sizes of atmospheric dust samples, SEM (ZEIS EVO
50 scanning electron microscope) with magnification ranging from 500 to 5000 times interfaced
with an energy dispersive X-ray analysis system (EDX) and Si(Li) detectors were used. Samples
were put on a carbon disk and coated with gold for 5 minutes. FT-IR spectrum of HR100 samples
was taken using the ATR method between 600-4000 cm™ via Shimadzu IRTracer-100 Fourier
transform infrared spectrophotometer.
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Figure 1. Study area where dust collection device was set up.
3. RESULTS AND DISCUSSION
3.1. Samples

The diagnosis of physical-chemical features and mineralogical structure of atmospheric
particulates resources is highly significant as the content of the particulate matter varies
depending on the source regions [23-26]. In many studies, dust transport has been detected using
MODIS and HYSPLIT. For example, [27], used MODIS to determine the transport of dust in the
Cyprus region in her study in 2016. Sanliurfa province is affected by the surrounding deserts as a
result of air movements.

The information of the studied atmospheric dust samples in this study is given in Table 1. As
shown in Fig.2(a) and 2(b), the source region is Sahara. The Sahara is known to carry billions of
desert dust every year with atmospheric transport to different countries of the world by air
movements. Fig. 2(c) and 2(d) came from Syria, which is a border country.

Fig.2 (e) and 2 (f) show how air quality is affected by the deserts in the Arabian Peninsula. As
these deserts have different sources, they differ in an element and chemical content.
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Figure 2. MODIS and HYSPLIT satellite information (a) HC4, (b) HC5, (c) HC6, (d) HC48, (e)
HC49, (f) HC66, (g) HC67, (i) HC68
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Table 1. MODIS and HYSPLIT Satellite information of the samples

Date Sample Code PM,s(ugm™®) PM(ugm?™)  Arrival Direction

14 June 2016 HC4 609,72 1012,08 Sahara

15 June 2016 HC5 968,98 1211,25 Sahara

16 June 2016 HC6 972,66 1214,32 Sahara

30 August 2016 HC48 344,91 604,17 Syria

31 August 2016 HC49 344,44 653,33 Syria
10 November 2016 HC66 304,52 653,21 Arab Peninsula
11 November 2016 HC67 316,67 660,42 Arab Peninsula
12 November 2016 HC68 301,39 561,67 Arab Peninsula

March-April-May 2016 HC100 1500,10 2100,75 Sahara, Syria, Arab
Peninsula
3.2. XRD

Figure 3 illustrates the XRD diffraction patterns of 10 atmospheric dust samples (HC4, HCS5,
HC6, HC48, HC49, HC50, HC66, HC67, HC68, and HC100). The mineral compositions of the
samples determined through XRD are given in Table 2. As seen in the table, the major phases
were found to be calcite (CaCO3) [JCPDF file 01-072-1650 and 1651, 99-000-0548], dolomite
(CaMg(COs),) [JCPDF file 01-079-1346], gibbsite (Al(OH);) [JCPDF file 01-076-1782 and 01-
070-2038], anorthite ((CaggsNaggs)(Al194Si5060g)) [JCPDF file 01-084-0750], sodium borate
hydroxide (Na,B40¢(OH),) [JCPDF file 01-070-0789], ammonium aluminum fluoride hydrate
((NH,),AlFs.H,0) [JCPDF file 00-042-0689], quartz (SiO,) [JCPDF file 99-000-3084] and
Jasmundite [JCPDF file 01-074-0745]. The main components were calcium carbonate as calcite
(CaCO0s3) and dolomite (CaMg (COs),), silicon dioxide or quartz (SiO,), aluminosilicates gypsum
(CaS0,4.2H,0) structure as compatible with literature data in the studied samples [28,29]. The
main phases were found to include Al (aluminum), Si (silicon), Ca (calcium), and F (fluoro).
Some new formations such as Jasmundite were also observed in the XRD pattern. Some
researchers report that the samples can be affected mainly by natural processes such as physical
and chemical weathering, which could vary from one site to another, and maybe traffic (exhaust
from local vehicles), exhausts of residential central heating, and industrial activity [30].
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Figure 3. XRD pattern of the atmospheric dust sample, Here Q: Quartz G: Gibbsite, S:
Sodium Borate Hydroxide, C: Calcite; D: Dolomite; A: Anorthite
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Table 2. The mineral phase of the samples.
Dust Phase Pdf number Phase Pdf number Phase Pdf number
Samples
HC4 Gibbsite ~ 01-070-2038 Calcite  01-072-1651 - -
HC5 Gibbsite  01-076-1782  Dolomite  01-079-1346 - -

Ammonium
HC6  Jasmundite 01-074-0745 AUMIMUM 05 545 66gg - -
Fluoride
Hydrate
Sodium
HC48 Borate 01-070-0789 Calcite 01-072-1650  Anorthite  01-078-1629
Hydroxide
Sodium
HC49 Borate 01-070-0789 Calcite 01-072-1650  Anorthite ~ 01-078-1629
Hydroxide
Ammonium
. Aluminium
HC50 Jasmundite  01-074-0745 Fluoride 00-042-0689 - -
Hydrate
Ammonium
. Aluminium
HC66 Jasmundite  01-074-0745 Fluoride 00-042-0689 - -
Hydrate
Sodium
HC67 Borate 01-070-0789 Calcite 01-072-1650  Anorthite  01-078-1629
Hydroxide
Sodium
HC68 Borate 01-070-0789 Calcite 01-072-1650  Anorthite  01-078-1629
Hydroxide

HR100 Quartz 99-000-3084 Calcite 98-000-0548 - -

The dust obtained from the Saharan Desert consists mostly of the gibbsite and calcite mineral
phase. It also includes small quantities of dolomite due to abundant clay minerals and carbonates
[31]. Aluminosilicate clay minerals form over half of mineral dust from Africa and Asia [32].
Calcite is known to exist due to the lack of rainfall in the surrounding areas and it is produced in
atmospheric dust transport samples [33]. Compared to the Sahara Desert, the atmospheric dust
samples from Arabian and Syrian deserts have higher sodium borate hydroxide and anorthite.
[34], reports that sodium and silica components are subject to rapid fluctuations from one sample
locality to another. The source of borate minerals is presumably volcanic thermal springs
genetically related to basalt flows that underlie the shale [35].

3.3. SEM

The composition of mineral dust was also determined by using scanning electron microscopy
(SEM) combined with energy dispersive X-ray microanalysis (EDX). Element analyses show that
these samples contain Ca, Si, Al, Na, and Mg element in a higher ratio than other elements (Table
3). HC48 and HC68 have higher calcium rates while HC5 and HC49 include higher Si elements
compared to other samples. The aluminum element observed in SEM-EDX analyses in HC4
shows the gibbsite structure in XRD data analyses. Higher Si and Ca ratio in the element ratio
table of HC49 is anorthite structure in the XRD pattern. HC4 and HC5 have different element
content although they were taken from the Saharan desert. The high Si and Ca rate attracts
attention in the microstructure observation of the HR100 sample similar to the XRD pattern of
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this sample [36], expresses that local differences in the mineralogical composition of the
undifferentiated source rocks and weathering conditions can affect the characteristics of samples.

HCa-1
MAG: 5000 x

HR100
MAG: 10000 x  HV:30.0kV  WD: 11.4 mm

Figure 4. SEM image of HC4 and HR100 samples.

Table 3. The elemental composition of atmospheric dust samples.

Atom/Element  Si Al Fe Mg Ca K Na O C Ti ClI Cu

HC4 1091 555 220 2.78 158 0.97 143 7267 - - - -

HC5 091 091 0.16 1.17 2261 - 2.11 5479 1476 - - -
HC48 444 263 049 242 5447 0.25 - 3264 04 - - -
HC49 1511 573 207 326 748 139 0.29 6154 1.72 0.34 0.18 -
HC67 575 228 037 183 29.36 0.22 2.15 5415 188 - 0.36 -
HC68 115 055 0.10 0.48 5335 - - 4127 071 - - 0.32
HR100 1496 6.33 1.78 3.92 18.01 0.51 0.06 54.12 - 0.17 - -
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3.4.FTIR

The FTIR spectrum of the HR100 sample can be seen in Figure 5. This spectrum contains a
mixed structure consisting of quartz and calcite. The silicate minerals are a primary concern
because of their relative abundance and importance. Quartz (SiO,) is common and invariably
present in all the samples. The Si-O bonds are the strongest in the silicate structure and can be
readily recognized in the infrared spectra of such minerals by very strong bands in the region 900-
1100 cm™ is due to stretching as well as less intense bands in the 400-800 cm™ region are due to
bending [37]. The quartz mineral in the samples were detected with bands at 618 cm™, 778 cm™,
800 cm?, 816cm™ and 1014,5 cm™. Calcite form was observed at 1440 cm™, 1642 cm™, 1743 cm’
11797 cm™, 2854 cm™ and 2926 cm™. Radulescu et al. expresses that these bands exhibit SO4%
(612-617 cm™), NO;™ (820-840 cm™, and 1350-1359 cm™), SiO™ (777-794 cm™ and 1035 cm™®),
CO4* (871-885 cm™ and 1450 cm™), NH," (1410-1412 cm™), carbonyl group, C = O (1640-1645
cm®) and aliphatic carbon, C-H (1455 and 2919-2937 cm™) [38].

100

4000 3600 300 2800 2400 2000 1800 1600 1400 1200 1000 800 500
ATR (KRS-5 em-1
Figure 5. FTIR spectrum of HR100 sample

4. CONCLUSION

The present study represents the structural characterization of atmospheric dust transported to
the southern region of Turkey, Sanliurfa. Six samples were collected from different locations and
at different times. Based on XRD measurements, the major phases found in the studied samples
were observed to be calcite (CaCOs;), dolomite (CaMg(COs),), gibbsite (AI(OH)s), anorthite
((CagsNage)(A1.92Sin.0608)), and sodium borate hydroxide (Na,B,Os(OH),). SEM-EDX
measurements showed good agreement with XRD results. FTIR spectrum of HR100 showed
mixed structure formed from calcite and quartz.
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