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Abstract

A single particle analytical technique, named low-Z particle electron probe X-ray microanalysis, was applied to
characterize four samples collected at an underground shopping area connected to Dongdeamun subway station, in
January and May 2006. Based on the analysis of their chemical compositions of the samples, many distinctive
particle types are identified and the major chemical species are observed to be soil-derived particles, iron-contain-
ing particles, sulfates, nitrates, and carbonaceous particles, which are encountered both in coarse and fine fractions.
Carbonaceous particles exist in carbon-rich and organic. Soil derived particles such as aluminosilicates, AlISi/C,
CaCO; and SiO, are more frequently encountered in spring samples than winter samples. Nitrate- and sulfate-con-
taining particles are more frequently encountered in winter samples, and those nitrate- and sulfate-containing par-
ticles mostly exist in the chemical forms of Ca(CO;, NOy), Ca(NO;, SO,), (Na, Mg)NO;, and (Mg, Na)(NO;, SO,).
Fe-containing particles which came from nearby subway platform are in the range of about 10% relative abundances
for all the samples. It is observed that nitrate- and sulfate-containing particles and carbonaceous particles are much
more frequently encountered in indoor aerosol samples than in outdoor aerosols, implying that NO,, SO,, and VOCs
at the underground shopping area were more partitioned into aerosol phase.
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Fig. 1. Sampling site at Dongdaemun underground shopping area.
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Fig. 2. Exemplar SEM images for underground shopping area aerosols: (a) coarse stage (2.5~ 10 um), (b) fine stage

(1.0~2.5um).
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Fig. 6. X-ray spectrum of Fe,O, particle.
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Fig. 9. Particle number concentrations of indoor and outdoor aerosols: (a) winter samples (Jan. 11% and 15™), (b)

spring samples (May 25" and 31°).

2 EAFe] (Mg, Ca)NO;, (Na, Ca) (NO;, SO,) 52
72 gatg oz MAHY =3 g} I EA
Heo] Ca(NOs, SO,)/C, Ca(NO,),/C, (Na, Mg)NO,/C %
= & 4 A o2 IS 53] A As
oA v w2 < LRALEY ole ez 3
o} Wl M #7)7F d o] feil Atz Bl
o =F (NH S0, A€ Alae] vA At el
A 1Y 1193 1596 22 4.2%,9.5%2] A4 &
xz ZAgoen AL Ard EAL BAF

A A Aatel|A] & F2 oz qA7A
= AHo] &3 YA= Fe,0;, Fe,04/C, (Si, Fe)O,,
(Si. Fe)0,/C §¢) 3oz wasglon. A3t
S REL CER I CREE RN R )
o] fale] o8] W2d How 24T 4 ok 2
g YAE a9 Amdld 2% A vehte
™, 1 Fole ded ¥ AFHI A8 (2006/01
115)9] wiAdAred el A 21.6%2] M4 w22 7H
wol VEPE=Y o]= a3 Aoz HE|S] W@
& F3AF2 Q3| Azl el A e
oJ3ke w|z Ao AZgch

olsh Ze setFe] $EE Fo Al F
= = PAAE Aes §71YAL A
9 -3 YAE dedos F 4 gled oF
)

==

H
A7) 2 LA e Ad +7loﬂ w0 Ao
2 oA 3)E NO,, SO,, VOCs9] o3&l 7oz
HetElct

3.3 M2 REQ AHE

A7t A AAHE FEEE F die AR
AA Azel] A e Aoz F2aRE {3
H oolzEz dAE, A % UAF A
Ashe Aoz vl A e A At e=
BE|9] o8k 9188 oF 4 SUsTh 17 964 B
= oupel o] FARIAMAIS7] (OPC)YE B3 SiA
Moz IAE v=o Fzrh A - 9elr Z
< g Vel Aoz nel Al o3z A
%k U)X Aoz Bleh w8 | 7HA] Alg Foll
114, 1593 59 31l AH3 252 Ade
A Bo) A RE7} ul4gh w59 25U 3
Age o 43E Bk Alg AFH Add e
HF PM =5 A9Rd o 3] =k 875
~102.0 pg/m*2 Bxsl= ubw, 59 2599 yxx
428 pgm's Jehd Flez wol R #Ae] o
He w2 olo o e el o HIR
& vepe Aoz Az

Alele]] vla] EHe] ofekg o Whe AW AR
M AL B2 Foll AT A& Atold 3t =
Aol AEA a]lel A7t Aol A9 Helx] ¢
UL, FHEEAT At AT oz E
Am ool AFRE ohdel A3t W} AAH<l 7]
doll e g2 & W oz Holnz A3t
ANA 71918 ool Ee] AA Y kg Wt of A
Mgk A7t B et

l

rPN zs

oft

I"—?‘-"ﬁm_l

J. KOSAE Vol. 24, No. 5(2008)



BN
N
hu

Low-Z particle EPMA ©t{ 41z} 2498 23 %)
Sk 7] F K 9] e 54 s
+ glew, 850 22T 59 AN F
2 =RHoz WAYE Aoz $710A) AN
AR YAE oz & 4 9l Carbon-rich,
organicsh 2& Ba T YA 29 YA} 4 2
PA QAF S BFA N4 E-& 18.7~37.6%%
EA3Hom SEM images B3 i Fito=
At A& Fdssioh 271994 alumino-
silicates (AlISI), AISI/C, CaCO,, SiO, 5-9] 3}3Fo 2
BAEG e B AR 234~245%, 7& A&
ANME 9.7~ 11.4%2) NG Fx2 FHo o %2
& A=A FAabd - A A =3 APt
deiz oM F2 LAHE HFFozy Cat’ Y
Na*, Mg*’, NH *9] #abq - Ak g2 b
ok 19 1193 159 AgddMEe zdidateids
oA dAped ) BReA A4 EE 25% W2 X
31, 549 31 AlgelXE AR g3 v
Az Aol A 42 5.4%, 19.3% 2R s A4 59
259 ARAE 2% ntez BAHYG. £
(NH),80,+= 1€ 1193} 159 Alg2] wlA gxed o
oA 7H7} 42%,9.5%2 EAsklch 2H Ak o
Aol A] o gfg& W2 Zlo 2 o AA] L Fe,0;, Fe,04/C,
(Si,Fe)O,, (Si,Fe)O,/C 53 2L A &+ iz A
3 &3 Al Bele|m 9l Y, dat niF), Al
ot 5o gcldl 3 wiEd Fle= FAHT 4 9l
o olEF dAE F dRE AY=e FaaiE
#4492z Eg2 AT 4 9len, 1 9B
AW - gellr HAT dAblee=e] 4B3E =
FEZ B3 Zlsdnt =3 2GR s o
T AW AaedMe AdHd s<ldd o3t zhel=
9 gslen, HHHE FFe I Y =rE
I ofuiz} A3} ] AAHQ 1L T =
Z A& A3kt

i)

ORI T

ZArel 2
o wEe A WAV LT AL (A

o718 A A 244 A5 =

3. 2005-09001-0032-0)8) Aol &3ty A=Y
76l e]dl] A=}

fal

Ho

#F

ZAaled, AAA, eheE, FEA, old, B A (1998) M4
AT 1A BE S4e) B AT, G
71873 83 19989 &3] =74, 1,233-236.

A= (1996) AleHd7 g7 g 2 BAA, 371 AHA
71 A9, 4, 19-28.

787, =441 (2003) Low-Z electron probe X-ray micro-
analysis 4 43 skl A9 7]
B2 A, 718/ 3 E) A, 19(5), 503-514.

oA, & 2Tk ZEd, w71 (1989) FAEA o A3}
A7re) drled=me] #AF 24 AT S
BRI A, 5(1), 22-32.

Hwang, H. and C.-U. Ro (2005) Single-particle characteriza-
tion of four aerosol samples collected in ChunCheon,
Korea, during Asian Dust Storm events in 2002,
Journal of Geophysical Research, 110, D23201.

Hwang, H. and C.-U. Ro (2006) Single-particle characteriza-
tion of “Asian Dust” certified reference materials
using low-Z particle electron probe X-ray micro-
analysis, Spectrochimica Acta B, 61, 400-406.

Johansson, C. and P. Johansson (2003) Particulate matter in
the underground of Stockholm, Atmospheric Envi-
ronment, 37, 3-9,

Osan, J., I. Szaloki, C.-U. Ro, and R. Van Grieken (2000)
Light element analysis of individual microparticles
using thin-window EPMA, Mikrochim. Acta, 132,
349-355.

Ro, C.-U., H. Hwang, H. Kim, Y. Chun, and R. Van Grieken
(2005) Single-particle characterization of four “*Asi-
an Dust” samples collected in Korea, using low-Z
particle electron probe X-ray microanalysis, Envi-
ronmental Science & Technology, 39, 1409-1419.

Ro, C.-U., H. Kim, and R. Van Grieken (2004) An expert
system for chemical speciation of individual parti-
cles using low-Z particle electron probe X-ray mic-
roanalysis data, Analytical Chemistry, 76, 1322-
1327.

Ro, C.-U., J. Osan, and R. Van Grieken (1999) Determination
of low-Z elements in individual environmental parti-
cles using windowless EPMA, Analytical Chemi-
stry, 71, 1521-1528.

Ro, C.-U., J. Osan, I. Szaloki, J. de Hoog, A. Worobiec, and



FAYAEAGE o

R. ¥an Grieken (2003) A Monte Carlo program for
quantitative electron-induced X-ray analysis of in-
dividual particles, Analytical Chemistry, 75, 851-
859.

Szaloki, 1., J. Osan, C.-U. Ro, and R. Van Grieken (2000)

188 A sparbol M A g AWsixtel BA48A 603

Quantitative characterization of individual aerosol
particles by thin-window EPMA combined with
iterative simulation, Spectrochimica Acta B. 55,
1017-1030.

J. KOSAE Vol. 24, No. 5(2008)



