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An analysis of individual Asian-dust particles collected at
Higashiosaka, Japan in 2007 and 2008

Kazuhiro YAMAGUCHI*, Yuzuru NAKAGUCHI* and Sonoyo MUKAT*

* School of Science and Engineering, Kinki University
3-4-1 Kowakae, Higashiosaka, Osaka 577-8502, Japan

Particulate samples were collected by dust sampler during the Asian dust storm events in
May 2007 and March 2008 at Higashiosaka, Japan (34°39’N, 135°35’E) to research modification
of the Asian dust during transportation. The elemental composition of individual particles was
determined using a scanning electron microprobe equipped with an energy-dispersive X-ray
analyzer (SEM-EDX). According to the elemental compositions of the 2.5 to 10 um particles,
94.4% of the particles in the May 2007 samples were Si-rich. The March 2008 samples were also
Si-rich but showed Ca- and Na-rich particles of 8.2% and 6.9%, respectively. Surface soil sam-
ples, collected at Saynshand and Han Uul, Mongolia, where are the ones of the recent possible
Asian dust source areas, were also analyzed. The results were similar to those found in the sam-
ples collected at Higashiosaka. Of special note was the similarity found in the ratio of Si-Al par-
ticles. The number of Asian dust storm particles adsorbing sulfur oxides was especially high in
2008. This could be explained by influences from the industrial areas in China. Other explana-
tions would include consideration of the relationships between the ratio of modified particles
and particle size and humidity during transport.

Key words: Asian dust, Individual particulate analysis, SEM-EDX, atmospheric transport,
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Fig.1 Location of sampling sites inthe present
study: Saynshand (SAY), Han Uul (HAN)
and Higashiosaka (HIG). Reference sites of
Zhangye (ZHA), Hohhot (HOH) and Yanan
(YAN) are also shown.

@: Soil sampling point,
O: Aerosol sampling point
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Fig.2 Temporal change of mass concentration of
PMi, and PM.;5 over Higashiosaka in 2007
and 2008.
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Altitude(m) = meters AGL; R.H.(%) = Relative Humidity

Fig.3 Backward trajectories from 1500 m and 2000 m altitude above Higashiosaka and their
relative humidity started at (A) 12:00 (UTC), 26, May, 2007, (B) 12:00 (UTC), 3, March,

2008 and (C) 12:00 (UTC), 27, May, 2008.
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Ca-S particle

X-ray spectrum of Ca-S particle

Fig. 4 Morphological features and X-ray spectra of dust particles col-

lected at Higashiosaka.
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5o SiUAMDOTTHRIZOVWTHRBTH 5. TOHH
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ThH Si-Al KT (50.9%) Db EVEISGTHY, Si-
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(25.4%) OHEEHE L, Si-NafiT (21.3%) bl
RN CFAELTWiz, NalloWwThb e, PMe,
PM,;& H 12 Na-rich i 725 0 5 #5113/ & £, Na
3T Si-Na ki 7-& L THEEL Tz,
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Table 1 Number of particles categorised using ele-
mental composition (%).

Elemental May, 2007 March,2008 May, 2008
composition PMc PMzs PMc PMzs PMc PMa2s
Number of particles 285 268 291 291 292 276
Sirich
Si-dominant 151 284 131 234 223 225
Si-Al 50.9 254 423 23.7 284 225
Si-Ca 14 3.7 341 5.2 1.7 1.1
Si-Cl 0.7
Si-Fe 25 0.7 14 24 03 0.7
Si-K 0.3 0.3 0.7 0.4
Si-Mg 04 0.7 03 0.7
Si-Mn 03
Si-Na 8.8 213 1.3 24.7 21.2 35.1
Si-S 14 14 1.8
Si-Ti 04 0.3 0.7
Si-other 15.1 13.8 8.9 134 103 12.7
Total 944 95.1 814 95.9 85.6 96.7
Ca-rich
Ca-dominant 0.7 14 1.0
Ca-Fe 0.3
Ca-Mg 04
Ca-P 03
Cas$s 0.7
Ca-Si 0.7 04 55 0.7 14 0.7
Ca-other 03 03
Total 1.8 04 8.2 1.0 27 0.7
Na-rich
Na-dominant 0.3 5.1
Na-CI 03
Na-S 0.7
Na-Si 11 14 5.2 24 0.4
Na-other 1.0
Total 11 11 6.9 8.2 0.4
Fe-rich
Fe-dominant 04 11 0.7 0.7 1.0 0.7
Fe-Al 04
Fe-Si 04 0.7 14 0.7
Fe-Ti 03
Fe-other 0.3 03 03
Total 04 1.9 21 24 241 0.7
Tirich
Ti-dominant 0.3
Ti-Si 0.7 03 03 1.1
Total 0.7 0.3 0.7 1.1
Al-rich
Aldominant 0.4
ALSi 0.7 04 0.7 03
Total 0.7 04 0.7 03 0.4
S-rich
S-Ca 0.7
§-Si 04 03 03
Total 04 03 03 0.7
Krich
K-Na 04
K-Si 04
Total 04 04
Mg-rich
Mg-Ca 0.4
Mg-Si 0.4
Total 0.7
Cl-rich
CkNa 04
Total 04

rich FI 1-%%8.2%, Na-rich ¥ 17-%%6.9% % W Z NWAF1E
L7272 TdH 5, 20074E5H & MKk 2 Si-rich Kz T- D
HTh Si-Al KT RN E VW ERE S (42.3%) T
HAE L, # Ol Si-dominant ¥ 7 (13.1%) = Si-
Na ki (11.83%) 25L#kN% < FFE L7z PMasd Si
-rich R T-234h T 095.9% & KT % 5 T iz,

L2 LZOWNFUL Si-Na kLT (24.7%) 2% £, Si-
ALK T (28.7%) 2SI 0572, NallEHT
% %, Na-rich ¥ 713 PMc Tl36.9% T, ZOHTYH

(I S (A

Na-Si ¥ T OB EE (5.2%) LKW &S 720
W24 L, PM.sT & Na-rich B T3 #B®» S %2 ) o
720 72, Si-Na kO MEH &1E PMe Ti1311.3%,
PM.;Ti324.7% TEH HIZ S A L 720 FFH D Na
OREIFIL G & TEOWM G HE 2 S, FFICHEBIEC
3% 7 I~ A yWERKOEL L A (Halite) A%
iHD1oE#E 2 51 b (Mohnal et al., 1993; Yabuki
et al., 1998;2002), Z®OHITIE, FH A NaCl T
HERTIZIEAE LD, RikT 5 X9 ITHET
OTHERT 7OV I EARTSi-Na A% WD T, Na
DL IFERETH L L EZObND, T4bDH, Na
rich B T1E EHMEBIR G OLEE L cH v, Si-
Na B F I FEICHEW ENTRGLZHEEZZ 6N
%o

T p IR 0200845 H 3 b O BB/ S 220 72
20084E3H & X KBk R &2 /R L 720 20084E5H27H
[ZERHL L 72 PMc @ 433 T & Si-rich F. 12340k 1 @
85.6% % 5 THY, Ml Na-rich #T4'8.2%, Ca-
rich ¥ T 252 7% 45 4 L 720 WM IEl D HE% (36°59N,
109°48°E) THRIML 7z# 128 W T, Ca-rich KT o
EEEA1323.0% (P15, 2007), ¥75<h W
FAF (B7°0IN, 80°44’E) » ¥ 1kt @ Ca-rich
BT OHEREEHAE139.0% (Okada and Kai, 2004) T
%o, Hto T Carich W T RFE L EZ 5N b,
PMc O Si-rich K. T-OWNiR%E & 5 &, Si-Al i1 (28.4
%), Si-dominant (22.3%) OfiZ, Si-Na .1 (21.2
%) b IERNZ SAEAE L TWize —, PMasid Si-rich
BT DSERT-D96.7% & Ko & D Tnwiehs, 2o
HC Si-Nafi ¥ (35.1%) Ak b % v, U bho k)
1220084F DHIEL D /N E WIS TIZ20074E DO F b & [
AT PMc (AR A L 72 2s ik Z < &g C
Wiz #EM E ERIRG Lo & £ 2 5B Si-Na
KFZEDH X T VITHLEREL, PMe £ ) b PM,s T
FEDE AN B o 720

Si-Al KL T- 12D W TIX20074E, 20084FE 3412 PM,s &
Db PMc ICHEBEMEWEHETHEL Tz, %D
1, HARICRRT 2O E LT, REY 4 X1
X567, W-RtFHEo A GG EWME L TWA
A (RS, 1991), FTH A XAOENIZLD, TLHE
MK AR 7 2 W REMEAVRIE S N D,

3.3 ECINREBLXORFOITHERMERKICELZ95E

FRBTT I EE L - W ORFEHH D720, Zoke
BD1oEE2zbNbEYyINVORBLORTOIEHE
MRS X B8 xdTo 720 ARHIA vy v F (B
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#% “Saynshand” & %fd), BLUOHEILE, Nyt —
V(LM% “Han Uul” & 3KE) THRINL 7= L% H
Wizo #4% Table 217§ %3, EDX #2175
7oL T- O SER R 4 X1 Saynshand 755.0 um,
Han Uul 7°4.2 um TH 5,

Saynshand @2 1213 Si-rich K. 753K 45 (98.3
%) % i@, FFIZ Si-AL KT A3E W E B A (56.3%)
THAEL Tz Z D1l Si-dominant 7 (29.7%)
%> Si-other K. T (5.7%) OFIEZMERT A Z L 5T
& 720 Han Uul ¥ Saynshand [F] # |2 Si-rich ¥ T

97

(95.0%) HSKH5> % 5 T 720 Si-rich K- Tl
Si-other Fi 7725 $ % { 81.3% % HdTHEY, oAl
Si-dominant 7 J- (23.3%) & Si-Al K. T (23.0%)
PUEIEH CEEFETHELTBY, Si-Nakif2°
12.3% & F T\ 7z, Si-rich K7 LI44Cid Han Uul,
Saynshand & & 2 Fe-rich #% 1+, Ti-rich ¥ ¥, Al-
rich }i 732N EN1%UUT & TN TIED 2532
DAFAEDTRD H 7z, Han Uul & Saynshand D&
I3 Han Uul |21 Ca-rich f. 74%4.0% & TN TV 5D

[

\2xf L, Saynshand (21 Ca-rich ¥ T O fF 4 D3 72

Table 2 Number fraction of particles categorised using elemental

composition (%).

Elemental Soil Aerosol
o * 1 *1 *2 *3 x4
composition Saynshand Han Uul Yanan Hohhot Zhangye
Number of particles 300 300 100 385 119
Skrich
Si-dominant 29.7 23.3 22.0 125 5.0
Si-Al 56.3 23.0 20.0 42.3 58.8
Si-Ca 0.3 23 5.0 3.6
Si-Fe 0.3 1.3 1.0 8.6 5.0
SiK 0.3 0.7 1.0
Si-Mg 13 0.7 0.8 10.1
Si-Na 4.0 12.3
Si-Ti 0.3
Si-other 5.7 31.3 23.0 1.8 4.2
Total 98.3 95.0 72.0 69.6 83.2
Cavich
Ca-dominant 1.3 2.0 9.9 5.9
CaMg 2.0 1.0 4.2
Ca$s 0.8 0.8
CaSi 2.7 17.0 4.9 1.7
Ca-other 2.0 1.0
Total 4.0 23.0 17.7 12.6
Na-rich
Na-dominant 0.8
Na-S 0.3 1.7
Na-Si 0.3
Total 1.3 1.7
Fe-rich
Fe<dominant 1.0 1.3
FeCa 1.0
FeS 0.3 0.8
FeSi 0.3 3.6 0.8
Fe-Ti 0.3 0.3
Total 0.7 0.3 2.0 5.2 1.7
Tirich
Ti-dominant 0.3 1.0 1.0
Ti-Fe 0.3
Ti-Si 0.3 1.0
Ti-other 1.0
Total 0.7 0.3 3.0 1.0
Al-rich
Al-dominant 03
Al-Si 0.3 1.3
Total 0.3 0.3 1.3
Srich
S-dominant 0.8
S-Na 1.0
S-Si 0.5
Total 23
K-rich
K-Si 0.8
Total 0.8
Mg-ich
Mg-Si 1.0
Total 1.0
Cl-rich
CINa 0.3
CI-Si 0.3
Total 0.5

*1: This work; %2 Nakaguchi,et al.(2007); % 3: Okada,et al.(2005); *4: Okada and Kai (1995)
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Fig.5 Composition of Si-rich particles.
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dominant and Ca-rich particles.
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Fig. 7 Change of number fraction (%) of Asian-dust
particles adsorbing sulfur compound.
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