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TECHNICAL NOTE

SEM/EDX BAM& o|§3t AzmA|o] ot B4

Analysis of Deposited Dust Particles using SEM/EDX

Eun—Ji Ha, Jeong—Ho Park’
Department of Environmental Engineering, Gyeongsang National University, Jinju 52725, Korea

Abstract

In this study, the composition and morphology of deposited dust particles with size ranging from a few to tens /m were
investigated using SEM/EDX (scanning electron microscopy with energy dispersive x-ray spectrometer). Then deposited dust
particles were classified into 8 groups: quartz, aluminosilicates, ca-rich, Fe/Ti oxide, carbon-rich, industrial particle, Fe-rich,
and biogenic particle. The sources of deposited dust were high in the order of aluminosilicates 41% > biogenic 18% > Fe-rich
11% > quartz and C-rich 8% > industrial 7% > Fe/Ti oxide 5% > Ca-rich 1%. In particular, the ratio of biogenic particles was
relatively high due to influence of pollen. The ratio of carbon-rich was 11% at YM site, 10% at MD site, and 4% at MO site,
and the site close to the large emission source was high.
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Fig. 1. Bulk(dry+wet) particle deposition sampler and sampling
site.
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Table 1. Meteorological conditions during sampling period.

Sample period Temperature (‘C) Wind speed (mv/s) Precipitation (mm)
Ist May 20 ~ Jun 5 2020 20.0 1.3 2
2nd September 10 ~ 25 2020 20.7 1.2 22

Table 2. Identification of major sources of particulate matters obtained through SEM-EDX

Particle groups Characteristics of morphology and composition References

1) Geogenic particles : natural particles that are of crustal origin

* Quartz (SiO,) particles is silica

A Quartz * In this study : consist of high amounts of Si and O (Si+O > 50%)

* (Pachauri et al., 2013)

* The soil dust is the dominant souces, with composed of Si and Al

B - Aluminosilicates oxides with varying amounts of Na, K, Mg, Ca, Fe, and Ti. * (Satsangi et al., 2014)
’ * In this study : Al-Si-O, Ca-Al-Si-O, Fe-Al-Si-0O, K-Al-Si-O, * (Byeon et al., 2015)
Ti-Al-Si-O

* A high percentage of Ca, like calcite (CaCO3)
C: Ca-rich * The sources including re-suspended dust and soil-related particles * (Lough et al., 2005)
* In this study : Ca-C-O, Ca-S-O, Ca-Si-Fe-Mg-O

* Rich in Fe, Ti, and O
D : Fe/Ti oxide * In this study : Fe-O, Ti-O, and the combination of mineral dust * (Watson et al., 2001)
elements such as C, Si, Ca, Al, K, Mg, Mn, and Cu.

)
C 106
0 418
F 29
P 113
Ca 304

Fe 1.0

2) Anthropogenic particles : the origin is local emissions (steelworks and power plant etc.)

* Carbon compounds such as soot and coal dust etc.
E : C-rich * In this study : C rich particle (C > 50%, C + O > 90%, C/O > 3), * (Park, 2017)
like coal dust including trace elements such as Si, Al, S, Fe and Ca.

* Spherical particles, like fly ash

¥+ Indusrial particle * In this study : fly ash containing (D Si-Al-O and (2 Fe-O

« (Park, 2017)

* A high percentage of Fe (Fe > 50%)
G : Fe-rich * In this study : consist of high amount of Fe including trace * (Pachauri et al., 2013)
elements such as Mn, Cu, and Ni.

3) Biogenic aerosols : particles of biological nature (bacteria, spores, pollen et al.)
* Bioaerosol : (C + O) > 75% and 1% < P; K; C1< 10%
* Contain minor amounts of Na, Mg, K, P, Si, Fe, Cl, Al, and Ca
H : Biological particle (usually < 10%)

* (Matthias-Maser and Jaenicke, 1994; Coz et al. 2010)
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(c) EDX spectrum
Fig. 2. SEM image and EDX mapping analysis of particulate matter deposited.

Table 3. Average weight(%) of elemental composition by mapping analysis

Weight(%)
Sample
C O Na Mg Al Si S & K Ca T @ Fe

" (n=4) 399 384 07 04 30 83 01 00 09 LI 03 68

MD g (-s) 585 288 00 03 18 44 00 00 05 08 00 49

Ave 1=9) 502 331 03 04 23 61 01 00 07 09 01 58

" (n=4) 381 383 13 04 27 90 01 00 L1 LI 04 76

IMM@es)y  sT1 279 00 05 L7 42 00 00 05 Ll 00 69

Ave (1=9) 487 325 06 05 21 63 00 00 08 LI 02 72

I (n=4) 344 427 09 05 35 103 01 00 12 07 03 54

MO Mes) 513 329 01 05 26 60 00 00 08 06 00 54

Ave (1=9) 438 373 04 05 30 79 00 00 10 06 01 54
2ol QR3] Q= A H A, LA A S T v &) B kaolinite (A1,052Si0,2H,0), pyrites (FeS,), calcite
Agere 118 3 4= itk (CaCOs) 5] FEAR FA o] QAL B3], o] & FE
Sh, W4 0] 7 e oA H Meke oF95%7} He A4 a1 2 1P| Ate]uh ujak =
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Particle groups Elements (Wt, %)

Si(42)-0(41)-C(17),

A quartz Si(43)-C(32)-0(21)-Fe(3)-Al(1) etc.

O(41)-C(26)-Si(15)-Al(13)-Fe(5),

B : aluminosilicates C(58)-Si(19)-C(15)-Al=Fe(3) etc.

C : Ca-rich Ca(37)-0(32)-C(9) etc.

0(35)-Fe(33)-Ca(11)-Si(91)-Al(2),

D : Fe/Ti oxide Fe(38)-0(34)-Ca(15)-Al=Si(1) etc.

C(88)-0(7)-Si(2)-Al=Fe(1),

E : C-rich C(92)-0(6)-Al=Si=S(1) etc.

C(46)-Si(26)-C(14)-K(6)-Na(4)-Ti(3)-

F : industrial particle Al=Fe(1), Fe(60)-0(33)-C(7) etc.

Fe(55)-0(36)-C(8)-Al(1),

G : Fe-rich Fe(61)-0-(29)-C(7)-Ca(1) etc.

C(72)-0(27)-Ca(1),

H : biological particle C(73)-0(26)-Ca() etc.

(d) particle groups

Fig. 3. Results of SEM/EDX analysis of particulate matter deposited by point analysis.
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Fig. 4. Frequency of particle groups observed during the study period.
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