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The Research Trend of Asian Dust Storm(AD) of Korea
and Recent Episode Analysis
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Abstract

This paper aims to give a summary and review of the research trend about subjects of Asian Dust (AD) storm in
the last three decades. The AD research was focused on classification of synoptic scale data and finding inflow

pathway in early stage. Recently, new approaches have been made to explain chemical composition, transportation,

transboundary movement reaction of AD, using satellite data, 3D modeling, the aerosol time of flight mass

spectroscopy, etc. During AD events, a large amount of dust particles flow into Korea and Japan from AD source
areas, and they are highly likely to be mixed with toxic substances when air mass contained AD particles pass over
seriously polluted areas. We concluded that, considering that AD events were classified into two cases according to
the source area and pathway, the concentrations of crustal components did not increase at the initial stage of AD

events, Whereas ammonium-sulfate, trace metal element, OC, EC relatively increased in the early stage. This

explains AD events have the possibility of being accompanied with polluted air mass or particles. Also, we further
need to compare and summarize the results of AD studies which already have been conducted, and prepare
strategies for particle management, particularly for Black Carbon (BC) and Brown Carbon (BrC) which are

considered to induce climate change effects.
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Table 1. Comparision of mass distributions between Aisan Dust (AD) episodes with non-espisode at Baengnyeong sta-

tions (2010) from NIER report (2011).

PMIO(p.g/m3) PM, 5 (Mg/mg) PMz.s(Mg/m3) PM, 5<(%) PM, s/PM;
Spring 18.1 15.3 12.4 84.4 0.69
Spring (AD) 63.2 42.2 26.1 66.7 0.62
Winter 15.0 11.7 19.2 77.5 1.28
Winter (AD) 121.3 18.0 45.8 75.4 0.60
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Fig. 1. Map of sampling sites showed with some primary
source regions of Asian Dust in northern China
(Han et al., 2004).

Shapotou, Minqin, Shandan, Badain, Gobi, Lanzhou,
Luochuan, Ganquan, Zhangbei, Taibusqi, Hungshan2]
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o]l wlg} v}A] 3= (Shandan, Luochuan, Ganquan,
Lanzhou), 2} - 3t 2%] %] (Shuifu, Jingyuan), 18] %]
o (Gobi), 1832 =22 x]%] (Badain, Mingin, Zhangbei,
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et al.,2004).
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21} (Han er al., 2004).
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Table 2. Soil composition measured at all the 13 sampling sites (Han et al., 2004). (unit: ug/g)
Loess Loess & Sand  Gobi Sand Grass

Shandan Luochuan Ganquan ShuiFu Jingyuan Gobi

Badain Minqin Zhangbei Shapotou Hungshan Lanzhou Taibusqi

Cr 26.3 78.8 14.2 30900 22.2 218 78.6 110 5.7 9.6 4.3 528 10.1
NO;~ 53.6 31.5 0.0 2760 0.0 149 0.0 0.0 0.0 0.0 0.0 1230 323
S0 340 263 21.2 24000 329 366 288 267 14.5 0.0 0.0 2050 41.0
NH,* 14.1 21.6 10.1 16.2 9.6 163 147 143 13.1 9.7 15.8 12.3 12.0
K* 405 21.4 26.8 79.7 982 720 527 56.6 27.7 14.0 21.2 29.0 45.9
Nat 61.9 200 50.0 14000 271 230 259 165 27.3 435 222 346 36.9
Ca’* 461 508 379 5620 387 431 237 240 159 17.4 31.6 1380 162
Al 33300 35000 28800 24000 20500 20600 12100 11600 10600 12700 5500 32800 28700
Ca 103000 150000 90700 149000 84800 73900 36200 30700 4220 1220 396 31000 5100
Fe 27100 27600 25400 20200 17000 19900 11200 10600 7460 8450 4430 30600 24100
Mg 15600 14000 12800 18300 12800 13800 7520 6580 2470 3900 1050 14300 6530
K 3530 2250 1860 1870 1850 1550 879 955 655 828 567 2370 2410
Na 180 107 47.3 3040 118 113 99.7 73.1 25.4 30.0 39.3 132 48.2
Mn 479 454 504 440 432 421 259 250 116 144 61.0 636 319
\% 29.2 33.1 29.0 23.7 209 242 157 129 12.7 11.1 7.3 36.9 35.0
Co 11.7 11.4 12.0 9.7 8.7 95 52 5.2 4.2 4.5 2.5 16.0 11.0
Cr 28.2 31.1 26.4 25.9 233 314 178 150 10.2 12.4 6.4 58.1 29.9
Ni 335 26.8 23.0 13.6 9.8 9.1 7.8 4.4 26.6
Cd 1.5 1.4 1.4 1.3 1.2 1.2 0.6 0.7 0.3 0.4 0.7 1.8 1.4
Cu 338 25.3 27.1 29.8 239 199 128 9.3 8.1 8.6 4.1 435 25.9
Pb 27.9 27.7 239 26.9 195 203 90 9.9 6.0 2.9 1.4 243 14.4
Zn 50.4 43.2 45.0 42.7 37.7  31.0 169 204 10.3 16.2 6.6 49.5 48.6

x First and second low indicate the soil type and the name of each sample collected site.

Table 3. Soil composition concentration compared with other studies (Han et al., 2004).

(unit: ug/g)

A B C D E
i *

Loess Gobi Sand ADM Seoul Loess Tungeori Taylor Korea
ClI- 39.7 218 41.6 - - - - - 0.27
NO;~ 28.4 149 0.0 - - - - - 0.0039
S0, 208 366 114 - - - - - 0.24
NH,* 15.2 16.3 13.5 - - - - - 0.18
K* 151 72.0 34.4 - - - - - 0.14
Na* 104 230 103 - - - - - 0.085

Ca™ 449 431 137 - - - - - -
Al 32400 20600 10500 60000 85400 73400 39200 81300 31000
Ca 115000 73900 14500 76000 17400 56700 48200 36300 12000
Fe 26700 19900 8430 29000 29000 53000 13000 50000 28000
Mg 14100 13800 4300 - - - - - 8000
K 2550 1550 777 21000 18000 6400 2300 25900 15000
Na 111 113 53.5 - 15800 20400 21200 28300 7200
Mn 479 421 166 530 660 630 720 1000 2000

\% 30.4 242 11.9 60 70 65 58 120 -
Co 11.7 9.5 4.3 - 11 18 6 20 60
Cr 28.6 314 12.4 50 55 110 250 100 85
Ni 335 - 8.9 40 60 42 37 35 30
Cd 1.4 1.2 0.5 - - - - 0.15 5
Cu 28.7 19.9 8.6 30 - - - - 140
Pb 26.5 20.3 5.8 20 230 107 73 15 44
Zn 46.2 31.0 14.1 70 130 180 230 40 410

=) 7)373 st A A 29A A5 5
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A5 AHSTA S1deh A1 F & PAHs 5
S SR 140% A 0 vebto
Al e} 250% 7 Vhehdobn v sl w9
e TR Qe B A 9SE
PAHs®| A4S B8t 23 PAHs¢} 714 73st
AeESE SO,9 07, The-e TSP folaiv}. o2
A

A71ee] el mel #ab AR HEE

Al Q7AkEe] ol : Sk Ao BEE

3] b7 F2 HAHY AlmEs AFste] A3
s FAsA o NN AE B ez 27
o2 gAte] wEks AEA o=z eldiAl Hdd
(NIER, 2009). /18312 A75 T3l Ak A4
Ny 2 woF Fo) Ane BuE 4+ glov,
] Zell= TEM (Transmission Electron Microscopy)/
EDS (Energy Disperse Spectroscopy), LIBS (Laser In-
duced Breakdown Spectroscopy) 5-°] &&= 51 gl
20099 FFA oA 438l LIBS (laser induced
breakdown spectroscopy) ¥*Jol| 4] Ca, Al, Mg, Na, K
£l U 5o} 27hsielon PR Aol ol
@ Fe, Cu, Ni, Mn 59| F3<% {47} 475
TEM/EDS ]34} ICP-MS (inductively coupled plasma-
mass spectroscopy)EA oA = AR A Re] A4S
o] Eel=E it 2009 1049 19¢ A= W5-3A
Ao A Aslg=d LIBS M43} 3A1717 Fe,
Co, Mn, Ca 59| sx7} v|3A7| 7kt wlmsjA] oF
3~4ull 27131231, ICP-MS BA o A= maj A 2ql
Fe, Si 8 o}lu2} Al, Ca, Mg, Zn 52| =F&= %3
=9 (NIER, 2009).

g9l A7 F2 UAE Bl AR 24
= 7]¥ o]y} # < Aerosol Mass Spectrometer (Aero-
dyene, USA) o] 483 Ho] 74 %3} §7]27
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3.5 Al B T2/FTol/YAX[o i
At YARM

.
B EAE ARSI PAIE Fe) A
& 179ngm= % WA Hlske] 4T
SEolgiE AR Fate] el FAHoR §o)
& e = AsATlE 2 g Hlez ¥

r_l

A=At wed A EBxksE 7 2 B4 (factor analy-
sis) 23}, A7 FF 22 oF3AEA (SO,) 9}

s,

2qlges 74 Wk Aolo
gate] Boa 546 g A7) 78 A
P b, AYE7] L YA (Bio aerosol)ol] =3k <
= Matthias-Maser and Jaenike (1995) 5-o] Z7}+
(pollen), A3t A4 3 4 AN FE2 =4 AE
27}, FEA o v 2A, vlelg 2 Fo| A7)9k =
< Bdk o opFdt welM At A=
At P 7R Zd] - 2] 7] 5 oule] & of o] 2L
A3 d7E WA o, 53] kel #F vl
© oozl Ha Q7 WA ke Aol
Wl FAksh HAF AF=E Kim (2004) 5ol
& AN Bl TAY) B Aol
29} AAe] SMsA ko 67 A7
7} gl =3 ez maslgih o5 %
=

FAFO] AL 3FAle] oAzl AT e = A

lo 2 o ofw

St 2R ADPAE A Sla4 S

N Fod axold, B we e Azt

i QpeE Seivdeel A 2 Q9e AR
2eoAbe, debaiabe, ebgeteliabe el 3
39 Ao 22T FHE ADPAHAE
A BHE 2AF A77F AW uh Qe (Lee ef
al., 2008). 7t Aol Al AF 3T =g Fo v
A5 (specific activity; SA, Bg/kg)Z} v]H}IASs ¥] (SA

ratio; SAR)E AbEste] o] F <AE bR

()

o
I
l‘—lF‘
s,
H
£
i
=]
32
L
®
)
Y
i,
fo in bo ot X =
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£ L

o] dztz AHEE F S-S BT (Lee et al,

3.6 @Ate| Tet E4T ajo|ct 5 AT

A Al BRI St el A A
o meoh WAl et ATbiE Zrhe AT
1] BARAo) AT G vAA Ak B}
5 07 F olojeles o] v Seraly] dE
o AATH 71583 A7l Qo] elolei&e] e
s} xhgol W Q77 PR ol FolAw oot
(Han et al., 2008; Yoon et al., 2005). 33+ &2 2=
3 7V Ak 24 A Sk 2ol 1950
Aol e A AAA ez 24o] AlztEle] 19604
HHEE AFA e AAE7h 2o 9lvt (Streets
et al., 2009).

1990 58] #)4, 337] 22 94 #5S

W8] A= ¢} (Nakajima ef al., 2007; Kim et al.,
2005; Huebert et al., 2003; Murayama et al., 2001).

Eck et al. (2005), Kim et al. (2004)-2 }AbIx] 2]
SKYNET #A22 BA3}slon, Yu et al. (2006)2
20019438 20059742 FF, 5, 2 W 107)
AERONET A3 3} A28 #4skdct 35 3
AFe $eldel Qe sk AOD7} AT $AEE
2|47} 219k} (Ghim, 2011). 2 2ol = 2197373
YeojlA] Zx13 DRAGON 2012 NE-asiacl|A] So}A|
19 AODE Z437|= shalck

Kim et al. (2004)& W41#] o2 =AH4 = Dun-
huang®] ©rAbet Wkalg-o] 714k yelsr 3¢ o) Yu
et al. 2006)e| A= 27, Yuling & odHxxnd
=9k} Kim et al. (2004)2 AR S FAl 0z # x| 9
FLAAES 7z sl o) Yuetal (2006)2 =A] 2
A vl WEez E 4 glek(Ghim, 2011).
Lee et al. (2007)= CSHNET=} 37 MODIS A==
o] &3] whalgt ¥iALE-E FA}SlIY.eH, Du ef al.
(2008)2 20051 ~200737}<] CSHNET 157) #|&

AR o g3to] WA WA B2, A 2]



2} o]t} (Lidar; Light Detection and Ranging)E ©]-&
AR ZE oflejE) o] A Fxe} FpakehA 4 (back-
scattering coefficient) 18] 31 of]o]2]< AAH 4 (aero-
sol extinction coefficient) 5-2] 97 #= 2w 7} A}
" 7] 9 EAe] A7 424 (Yoon et al., 2010) &
TFoll AHEE T, =4 A A7) e 2%
2 AAR 2 4 AE EAKim et al., 2008, 2007)
2] A7t AP wt etk

AL A ellojE o] ET3shY EAdel gk
2 53 3P 5ot SAbel w|EAL edleje]&
A 9l B4 EA] 9 (Kim et al., 2005), 33 9]
AG715 o] 43k o] L] 7R, vl 2 w]E 9}
AZHEE o] 43 olojei&e] JalEt ¥ Frw
o g #= AT (Kim et al., 2006; Lee et al., 2006;
Kim et al., 2003) o] Slot. A& A} Aleel] =gk
QT2 vholcks AT IS o] 43 o ofei ]
A3ty B4 AT (Lee et al., 2008) 5 ©h57} i)

ot o ¢

e

-~
2L lo 4y

A

o oL

1 d

3.7 EAMALE wiieid JjojE i

Shin et al. (2006)2- 9x}e| 3A}ALE ol o 5l CMB
8.0% o]g3le] AU V=T A AAE B
318k mf glek AR 13E] 97EA1 = 27 20006 4
24, 20013 2xh8, 2=]l3 20023 3xkE9) SAMA)
S B8 Aoz AxH oz F APElA|
oF AAEH BN B 7S Hela,
AUARt 22 A YRS Q3 Tedx A =
Aol 73] HledE 3 Qe Aoz vehyd.
F 2 A UA7E SO, 7k~ B HNO; 9} wh-gel 9
o] W3- WA YAFHE CasSO,, Ca(NOs),,
Na,S0,, NaNO; & 7}AAME7Re] uh-of] o)3) A A H
£ (NH4),S0,, NH,NO; 5-2] 22} A4 §iAtel] 3t 7]
o e 5 Hrislaa} shglow, wdll S8 A of 2~
11%9] 7|e =5 7 A2 Bee 71 F=eisl
7| =g Holx BAL EoFEIAIel CaSO,% 2
H, 1 & o]o] CaNO;, Na,SO,, (NH,),S0,¢} 722
EALe] 3RS YA B 7Ee Ao
2 JeRgch 33 3Pl =0k 93t 7=
Abw R, TSP =7} 300 ug/m® o] AFel SpApaLe €]
A% 9F 80% o]ike] 7| =E el gl em, 200 ug/
m’He} 2 As e 7S5 Al S At

=1

o im ot 2

Pare] ) ATEY} AT L= £H 560

Fuel Industrial

Marin o mpbustion 1.0%
aerosol 0.3%

1.5%

Vehicle
emission

China soil 8.8%

81.0%
Geological

4.4%

Secondary
2.9%

Calc./Meas. TSP: 461.5/458.2 ug/m*

Fig. 2. Source apportionment of TSP during the Asian
Dust episodes (Shin et al., 2006).

1A e oF 65% vkl 7]ei w8 nee

§A717E Bere] AT TSPoll o3t Fo BAUE
(China soil, marine aerosol, fuel combustion, industrial
process, vehicle emission, geological, secondary pro-
ducts)®] 7]ejzi= 29 29} 3Fo] vehyith. H TSP
= 4582ug/m’el Bjs] Z]e =RAel o7t & e
FEGEE 4615 pg/m'E JeRyglom, ol FeA 7ha
271 =E Bole AL T APEA =%
©2 374ugm?, 81%2] FAu¥|S Hoe|x glon, 1
s AP} W7)7ke) A RS B AS A7)
8.8% %} 4.4%, |Gl 27 7 xE 1.5%S e
odeh =9 9 HYEFUAT 2JT 2 AR
£ CaSO,, Ca(NO3;),, Na,SO,, NaNO;, (NH,),SO,,
NH,NO;ol| 2J8t 7| == oF 2.9% = vrepgow, At
A3A H dadaA el BAsE 2gE8He 9
T w2 7)ol = 1% o|318] SFow FHALA] TSPo
A3l Bl 22 71 =g Holar gl

3.8 EAdER

Fakel FARSE HA|FFel] Hg md3e Aslet
Abbe] 2718 BAREZ] 913 1Ak, 22 md
(Berkofsky, 1982)517-8 A|2te =z 273} =]t} o]
Z MR ZF3Eo] 3k A A A dF= Westphal ef al.
(1988, 1987)el] &J3f o]Fo]zc}.

SEveEt 7] 3aked f#E dTe F2 FW
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62 Al - AN - ke

Apt} ol T3 BA o] e AE R ond, A}
A &A1 FBEA (Kim et al., 2004), 72| 5%
¥ A (Chun et al., 1999, 2000) S-o] Ehi-s] 713}
5o] $H22)7} 7hed lukg vhIsh

AL Aekdal G ne] d3to g A dE
x el ADAM (Asian Dust Aerosol Model)& 235}
o} ol 52 AAska 9lrh. ADAM=L- 1996~2006'1 2]
F2717kel wsiA AA 714717 (WMO: World Me-
teorological Organization)®] ZF#7]A#= (SYNOP:
Synoptic observation) At22 E7] A 3le] Folr]o}
Aefe] FAPEAAG BAE AT YANIEAE
Aeletdon, SAPLAA| A 7)1 d271E S5 T
$ uhagee] fem Az P PASES A4
& wel o]t} (Park and Lee 2004; Park and In, 2003).

o] 73 R el A A FF2] WA, A, o
% oelx AR g AAHe 2RdTe
Chung and Park (1995) Sl 2J3] $3= i} A 7]
AReIN AHg3le 2He) 9273 ADAMe] 3
A2 Cho e al. (2007) So] FApe] LA} o] %
of WE B M2 M= stk ADAM
oAl =¥l PM, Aefg=st SpdiA|eA #5
B PM, A= @ A wmsle] 34} 271 3
A% AF 23E B £ s S
o AT A% £2E Do) el Ao, o

=, = X T 7] 3] #E4x (Korea Global Atmo-
sphere Watch; KGAWO) 4 A|F Al A TH=x]
PM,, A% 5= 22 v msjsic.

Kang et al. (2012)2 3A} 2 o)A 7P F238F Q9]
ol bl ERFE 2007 Abeell M 83t 7)E 5 =
AolA AT A b 2 AL o
A= AFE Adst 2, SAPEA 71 7H59F WRF
Jechem & o] §3le] SAPEAA ) Az 4ol
WA gke)] wX|= of3kS BAElIt}h Moon (2010,
2009)-> WRF 2®l-& 7julto 2 73A 7t stapiday ek
& QTS BPAEAS Hxele A7E A
Wale] 4T A7 oS sl sjeleh

Lee (2009) & A<M #3535 AR (NDVL
Normalized Difference Vegetation Index)E ©]-§-3}o]
Aol e waele A A4 B4 7Y
4 9lE PR 2ES A|ksls o, Park ef al.
(2010)-> NDVI¢} SYNOP stApitgnl =9} Abakst
A £Z38)e] o|S A &40 Aoz AL

2l

o ﬂ*i

< e
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stod AHAA el A8 7Fed ADAM2E A skieh
g 7)) A RAI SRl o2 o
=] E§r=® (UM: Unified Model)& 20083 5]
=qietar 2010978 Fgjel &8sk ot o &t
Eloz UM 7|4 o|&2AL 7)ulo g 3= 3Algy)
|52 A|2Elel UM-ADAM29] 7i4s}$] 31, 2010
W O3YRE A7 A 119RE A "
w}aﬂzoﬂ 8813 gle} (Lee ef al., 2012). UM
3= 71440 FREER V1F AT A, e
& AFgAA R A8t s mdolth
2 kel At RS o83 A7t
AYH 3 glom, ADAM2E %w NDVIZ
AHABR sho] WA Ao HskE 3T 5
== A= e, F74 R UM% ek
2 &8% 5 =5 st 9o
Lee et al. (2012)& UM-ADAM29] A% 2 ¢
AH=E spefshr] flsted 20109 3~124 A7)zt
FRF 12417 P o= AR AbsRE o5 B9
st =l Bl Fell AT FFAeNA HE3

_8,

iic)

Em;":ﬂruz.l

(
fo 4

|\

B

s
)

o

PMy, s} Bla 4 sleleh B4 Aee] s
molE PM, FEE #53 44H e nee

Aoz sha ) 25t Aol veker
o WAAG APHESS WA welo] WA
HET AL e & A Fh AYSE @ Aws
A ol Aol H% uslolol & Aoz A
31515k UM-ADAM2¢| 3ael 2] AIztel] miel ok
Aoz AL Aoz AR ot & A7
A st mHle] eAYEE AREste] Fajelne
o570 AR S5 Aoz FAH,

Ao A A o1£7ﬂis4 o
B dRmd S W Fog Qe Ay



A=

AR 7 AN BAke] AHE AFES] 913 dF=E
= MTSAT-IR AR A= $|AA8S o] §3le] HoA
3317 2] 4> (Infraed Optical Depth Index)S 7§1ts}
o] A4AZAt5 % MODIS AAe A AFEH ofo] 2
4 #3}+57) (Aerosol Optical Depth), 2le|o} A}2 5
3 wme Folel A0E dwelEe) B44E B2
3 77k A1E wh glek (Kim, 2008). o] 7= 7}
AL o] 43k AOD2| &84 /idS HoA A
o] g5 Whgoz A7]7]/4914d <] MTSAT-IR =}
B2 SRR EE AFEsgohed v E 7HAs

494 % o 48 AL 113} 12um F A de)
W) exAlE ol gdlel TEH BT FEIE 4
©2 Prata(1989)0] )3 Mooz AxH) o]
Ackerman (1989), Ellrod (2003) S¢] AdS =¥ 3}
AHs '8l o, Sle A= Ha er al. (2006) 5o
3Ad Wzt= £AS B8 MTSATe| A 4A1A 3}
5 AT olE dFE 3.7um BjoFe] ke
2 Fogt AAZke]l IHE ©Ale] 9lem, 11, 12um
 AmSA wiel A5E Sl sr e =
o] WAt o]23t TS ¥ksl7] $13ke] Hong
etal. (2010)= w7 27 L=ae =318k BAF
o2 FAEAC] Wites /NAET Park er al.
(2012)2 ARA= A lA] A3l BBTD (Back-
ground Brightness Temperature Difference, BBTD) H}

<+ FA= $14 <l MODISe| x5)3te] FAapA]4<l
MODIS Yellow sand IndexZ AM&E319] 1, o] 7 &
MTSATe| #8171 MTSAT YSI, AF2]A1S o] L-3)
ALE A=31= OMI olo] 24 X4 (Aerosol Index,
ADE B3] AZeh7] = sheiet.

Hol4 o Asluatmalel U3 QT2 ARM
(Atmospheric Radiation Measurement, ARM) 2 7
el st ol Hl=¢] oA = (U.S. Depart-
ment of Energy, DOE)el|A] ©)7] F2] £&17]4 ¢} o]
ol el )3k Auhaa} olix|e] Waisl 7] 3ol 1)
e L CIE MEREEE
7} o]t} (Stokes and Schwartz, 1994). ARM Z & 720
HE S8 AuaAE 2se e 3w
Az A7) &g 41 Fx 2, T8 w4
2o B4 Q7 dloleiee] wAe B4 Qe
22 okt &4 A58 4938k slok(Knuteson et

al., 1994).

Pare] ) ATEY} AT A= BH 563

54

=3, &g A9EA F4E& 918kl Fourier
Transform Infrared Spectroscopy (FT-IR) ZHd A S o]
goh glod], FI-RAAS o83 A3t =
AL A A5 AYA, 34 A agA, 1=
3 AA e H9E AT =z SAE
= A o] gk (Park, 1984).

el ME AR A4 FT-IRS o] 43 3leks
AL A o)A~ eI} Aqua 91439 AlA ¢l Atmospheric
Infrared Sounder (AIRS)d|A] FZ&E= AFsFEAL A
gaslEd $HE Foho] FohAlol AdoA] Uz
ol oolei&al BAF Aopual 2o ee] v
%9 e pREA 54 olslsaA 8
T Lee et al. (2009) o] Z18§3F v} gio}.
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20119 59 7140 SAp|EREAAH] B4
oM AZHEFHI PM,, T= 1,025 ug/m'e 7153}
TRz #2" vl$ AL A} o) F 20123}

Z A
01398 ke PYASE Fasdn B2 3

£

A2 At 101 (2002~201 1) 2AY7F 9335]¢] 3
AL o] 5 RS Fotsle] SE|veted] FgFSs F 3t
AR 9} o] FARE A3

At 40 (1965~2004) 7]7e] SAapabe & A
g A}, 3 A=z0F A S0 f¥eE ERE 4
8)=} (Kim, 2008). 13 32 Fde] #U== Al
ARE 273 ez 519 A2 (A-BE)e A4 A
A AL 20.5%, 28.4%, 22.7%, 14.8%, 13.6% 2 =}
A8k} aR Ak, W83, S8R9 () 3
EuY 5 FHx dAA e} o5 AHRE FAow FE
59 o]¥ARE AFEY F2 A S
Fol|A] ke W (LN E)E A TR
o= s AREZE dhelAl o3, 2007 o] ¥ 5T
< BRI QoA st 23ulE (B3 AA
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S64 b4 -

)

A4 - ol

2001148 20083744 87 A=g dio=
g SAtol g7 R BAMAI A LA zke] vlmA >
7] AR ZE F7bskedet (Ghim, 2011).
o] Fo olEA =zl WalsHA =EAZkE A
&717ke] g2 APt Frkehe A 7189 At
AR MM B A48 Saka s el AAF e
Ae o7t oot BALE A stz A ojstn
HARAQ S wgh 12} St Zg
A (2008 ~2012)el| M= EALAS FolE F3 o
B 79 sk @A SAL fElviEE B3 A
A F55 53 MRS 7Y A3 8 A= 7
A Aol AF AT AFSAHLE FHIA A
FZA] 40| A= EPA’s Compendium Methos 10-3.3
< 43 FEAFFIRA Ao FFE5 A
7] (Yanca et al., 2006)% &-g3}o] wjA|Zt 7hAo=

~

Transport routes

Fig. 3. The contribution rate of Asian Dust by inflow path-
ways during past 40 years (NIER, 2012a).
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2 EEE 464~1,027 ug/m® $Fo = “uje Do
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Fig. 4. The variation of element and mass concentrations of PM,, during 1~ 4 May, 2011 at Bulkwang stations.
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