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ABSTRACT

The Asian dust storms which originated in the deserts of Mongolia and China transported particles to Korea and led
to a high concentration of atmospheric particulate matters (PM) of more than 1000 pg/m?® throughout the country in the
spring, of 2007. Public concern, in Korea, about the possible adverse effects of these dust events has increased, as these
dust storms can contain various air pollutants emitted from heavily industrialized eastern China. The objectives of this
study were to understand the concentration characteristics of PM as a function of particle size between the Asian dust
storm episodes and non-Asian dust period and to consider the mass size distribution of PM in the Asian dust storms
and their water soluble ion species on the potential, possible effects on deposition levels in the three regions (nasopha-
ryngeal, tracheobronchial, and alveolar) of the human respiratory system. The size distribution of PM mass con-
centration during the Asian dust storms showed a peak in the coarse particle region due to the long-range transport of
soil particles from the deserts of Mongolia and China, which was identified by HYSPLIT-4 model for backward tra-
Jjectory analysis of air arriving in the sampling site of Iksan. During the non-Asian dust period, there were two different
types in PM size distribution: bimodal distribution when low concentrations of PM, s were observed, while unimodal
distribution having a peak in fine particle region when high concentrations of PM, s were showed. This unimodal dis-
tribution with high concentrations of fine particulate and secondary air pollutants such as SO,*, NOy, NH,* was found
to be due to the long-range transport of air pollutants from industrialized eastern China. During the Asian dust storms,
the mean concentrations of PM that can be deposited in the nasopharyngeal, tracheobronchial, and alveolar region were
128.8 pg/m’, 216.5 pg/m’, and 89.6 pg/m’, respectively. During the non-Asian dust period, the mean concentrations of
PM that can be deposited in the nasopharyngeal, tracheobronchial, and alveolar region were 8.4 pg/m?, 9.5 pg/m®, and
38.5 pg/m’, respectively.

Keywords: Asian dust storms, PM, s, human respiratory system, size distribution, backward trajectory analysis

LM B

SV 58 BAAA A9 TAFS B B

Prhe F2 B F3% B39 Ao ke

PRk T, 9ERa wE §) Bt $AER) F=
Al e Fes) A e Feltest

R WEG BHolAol] b 2 FFL F2, A

tCorresponding author : Department of Medical Adminis-
tration, Wonkwang Health Science University

Tel: 011-9629-7700, Fax: 82-63-840-1289

E-mail: gukang@wkhc.ac.kr

21

BEo g E/ wuR EngEerA] mEshr]
= 3thHusar e dl., 2001). FZole S5 A=A
g9] g WEIIYd 573 EAF FAGIAL
% Tr A AAE w3 QtkKim er dl,
2003). 20014 ©]F SaviEiela] HE2HE ko] g
I 3R WEZAY 39%, ZEAVE 23%, T
16%, FEAY 14%, EFFEHRIA 8%2A] W83l
o] F w2 gt 2ol UFA ] sy
W4 A FESkaL o, o] A 12X7F o]



2 7F
el Mal| e 5 AA Uz ma2d =g
shc}. IHANEs Y B2 5rglolla B13k ate] Ae-
T wniE MElEERE AR fehvel Ao 3%
£ FH, 24X7F Yol E"3k= Aoz By gt
(Asian dust center, 2009).

7] & AR EGEA AR 9} R BEA
VRS AU 573l Ae] G4l A A
G A= S, 7S 3EYLE gl )
HAHR e T2 Aoz LA ABIPCC, 2001).
g FUSOA viEE Ve gEdS ) & 5
SHAANN WS Ao dirjoojzEe] e =
‘gHslel] 7|oqgte A FAPEAR| oA FAE e $R]
S A A 2 Ol71R g3l Fag 9] H
3 Stk 7] F 2Rl HAYRE 45 Alibde
3o} 25 AeiAE A7et Jge sk, <
Al TF719 woll AFHAA FFge Fof 3F7) 2
37 = o 23 TUMIVIZ ) 199537 E
1998 A7EA] AEA oA dASE Aol Ul AV} &
o] AEAol gt 2 AT (Kwon et al., 2002)° uw}
2 A7 YR doll A2l (death riskye]l AA|
APERLS] A 1.7% S7HEEReH, 654 olde] BS-
22%, A4E g HARo T A9 41% F71EA
o}, iRt M = ElojHo](Taipeiyr] FUEL] APEALE
£ o|&3k] 19953%E 2000471 SALE Q18 At
AEE 2439E8(Chen ef dl., 2004) F7) A3k
2 A% APFHHe] A & ok 79 F718 Ao
2 ekt

o= Ul FAF SN} S A
AzAYe] 7|1& 7t 2 A5 A= A3 Al
A4, A 5o dgem A%
20029 3€oll= w9 e FAt RAske) 2eskw
Fu, ¥ 4%, 557 A8 B,
AEAJA ] LAE 28 FY 5 A4 Firt
ATt ol wel FH= FAE Q3 HHE )
A= <12l 7PFdeME 20024 490 IAER
AE 2dste] Algsia stk $AtES) qrIEe
A A M7 BE vAEAY FEE JEes
3l ksl BAH400 pg/m® P19, 738 3AH400~800
pg/m’), S 733 FAKE00 ug/m® ohE PR
Atk FAE Qs 1A HFE ARAERSE 400
ug/m® ol’do] 2AI7k o X&E Roz o ) g
AL RS T2)3 800 pg/m® olAke] 2A17F o]
&4 o= o4d o FAER 5o ERE Wds
2 At Asian dust center, 2009).

SApiA o] F3Eo] A F7I} X GA)E]elA

o

o

A 2 AR - FAE D 2R e T84
wjizol] 274 of¢l tigt At AEHH R o]
A3 glom, FTlAzte] digh FAle] RATE Al
e Za gk A4l giide] Har Aok FljellA AL
o o A7 P A JEALEE 2FHIS Y
doz 3 A ARALFAE dFMoon e dl,
2003), FHTAEE e 3 A7(Chang et dl.,
2001), M-&A1e] AAFRE dF-(Kwon et dl., 2002) &
o] Qon} o8] vlEg Aot FAYAe] EYs)
2] Sl 2k A7) B sk Ao 7
9 gjREC] PM,, ARE 7|E0Z Bl Qo] FAp)
2785 vz olaldlrle o#& ol Utk 7]
Z AxYR] 9% A E TF1A Fed ZEF
B3 gl B4 o8 AA=EEE 2g7A JRE
2 Qdxtel Zrje} LA HHe| vk YRkdoew
25um olate] FAIAR] A £F7) Aéo] Y
o Ho] 9458 Yoy RF o dYd FTS F
o] £&7] ¥ 4APFERS zYsAY 27 o
# 7K 27FElE 2Eshe AoE 99 I o
A AP wE QA FEE FrRP] AsiMe
Folrrhe #HE B9ol Az s viAl Sxrxtel
A AT} vl$ FadH "ok 4R =]
7b U A EFE 71BA AR AR 3] 4R
AAEA] Qa1 HE Zso] HYE, 22 IFHES Y
ER = (Nag et al., 2005; Heyder, 2004; Svartengren
et al., 1989; Hinds, 1982), T&7|HollX HA|YrR=
#AJ%Z (impaction), 52 A 7Hgravity settling), B&-&
L% 93t &rk(diffusion/Brownian motion), 2=}
Hinterception) 5l 93] Ak z27] € B &
71 el ulet AR} i ss thEA |k
(Hinds, 1982).

2 2007 4€ 198 AFolxe Sl 27
]9 33 gajege] A=H oz AZHeH, =
RA ARl AR} SEFETE FAFRAAA
7] F BRAEEL] e uel =lef RS o] 4|
A=l glovt, FARIAR 7R d S BHot Agst
Al oldislr] AsliME BAKIRY] 71829t 2 31t
ZAo] o9 T8 "ok E t7|HRe] Y
FE EAd AN EE & Cascade Impactor(Y™
Andersen Sampler)2] 7% UAte] A71EX] wE 9
el doz BFEHe] o]FA]7] wiige] 7|E& A+
NME F2 o 2d0A] 1FYE FNE slo] o]
o] Zo]HTHKim e al, 1999; Lee and Kim, 1985).
g 3Ale 7R e YAFeE HAsE &
&EE7] W] FAPRAIAAS IEdle SHFIE

©

=]
R

Journal of Environmental Health Sciences, Vol. 35(1)



a7

A} o 2m WA TARAS) FE B4 A 9 23

a7 & 2art gltk o] A Aduirld 2 el
PRl AR Gl tiE Bt AF-ARL o] 7t
w7 At
2 Aelrs HFA 0 E ARy g E 20074
B A} cllvies FHoE PAE X O] T

U

HADAE B8Rl AgllA T57190 mlAlE A
FEE Aot 5 U=S JAGAN Y] 7R
2o g th7] F dAURe] FFEES T84 ol
e s F4 - FHsle] dnEEe ue de
AAEE R e 84 o2 EY 'E BAE WY
sttt 7 Al swel mE AR 37 944 £
A& AAJsto] 7179 olFEel W A9 di7]de]
Fo LAYE FAIh E=F FAIAE 1Al 1]
2= AL FEE Hkelr] S8k A TE7W
A YRR Fa ol FH rRs g g § A
o] 27)Ex2e we WAGRe] F8 557 F9d A
s AEsIglon, ol AgE B A A

AP Qe A7slel e AR BAE A

NEAHE A BFe| A&l 98 e
", AT 126°5730M)
%l A ol Folzirt.
B2 t7] F 9AUA A SREEE et
T JEE PM,52.5 um ol gkl HAIYAD, PMgas
(2.5~10 ume] ZYAh, PMomo(IO pm o] 7]
W2HE S FA4E F e MC =2 (mult-
nozzle cascade impactor, Tokyo Dylec. Inc., Japan)
& ARESte 20079 3¢ 28U RE 49 219704 1Y
28] H7lelol2EE £ MCI g of3
T A dF SRR disiMe dadr
(Kang et al., 2008)014 AAIE vle} 2o}, A1)

LA FEl et Bk ARHS olal7t Thsskes <)
A Zg7) el mE FE AR sbsE o) F
HAYALe] YA FEE Cascade Impactor(Koritsu
Instruments Co.)8 ARE-sle] A8} o]71L 214
o 3F7) AR M2 T laRe) ARSES A
at@} g 5 9}5% ERHFo] 283 Umingl “dEelA

B 387 ]oﬂ
A ANG

Table 1. Various stages of cascade impactor which simulates
human respiratory

Impactor Si?e of Respiratory tract
particulate . Remark
stages region
matter (pm)
Stage 0 11~30
Stage 1 T~11 Nasopharyngeal NP
Stage 2 4.7~7.0 Nasopharyngeal NP
Stage 3 33~47 Tracheobronchial TB
Stage 4 2.1~3.3 Tracheobronchial TB
Stage 5 1.1~2.1 Alveolar AL
Stage 6 0.65~1.1 Alveolar AL
Stage 7 0.43~0.65  Alveolar AL
Backup stage 0.08~0.43  Alveolar AL
Cascade Impactors> TFe] AR X {Ret =273
A, ArkeA) 2 B PARE=E V] £9] X
WA= Table 1o)X} 7ol YRkl F5A4g0 wE
ZEARA A7) Wt thee] AR B
F BT 3] 39 wANE R 2Rl

<

oA olgiF o2 ez s vAdArE 2R
ol 11 pmBEe 2 YA, 190l 7~11 um, 2%
= 47-7pm, 399E 33~47um, 49 2.1~
33 um, 599E L1~2.1 um, 6%l 0.65~1.1 um, 7
o= 043-0.65 um7} ERAEI, 7P oldE v
Backup 3 EML 043 um 2o} 2 JA7F THFH=
2 AdAge] k. 7 gl ZFE WA EE YA
IE7M ARl AEste] H[Q1F(nasopharyngeal
region, NP), 7]¥ 2 7]3A](tracheobronchial region,
TB), ® % (alveolar/pulmonary region, AL) H9= 1}
E 4 YckSutherland, 2007; Nag et al., 2005; Hinds,
1982). 4710l A 1~25to] FRE 4.7~11 ume] WA Y
e HI9IE RIANPP] Aok AoB BRIGC
B, 3~45to] EFE 2.1~47 ume] WA 7184
2Byl 283 STollA Backup ©oll ¥ E
2.1 um °J3le] wAYAE HE FALel Ik
Aoz ERsIgh 3 1%l Backupt7A 23
d lipm olate] Aol g e U HA
(inhalable particles, IN)® ™3It}

7] % WA ARARE A e T2
248l ¥ Alge] A% o 8] A Alztst

<

o AY 7A] AFE BGlon, I o] FHH tE ¢ 8
A AB7R) 4@51 A% AEE st 2y o
71 F WA TeE

Tejsel NEAFALE 2
gaigion, 19 w2 €

A 84 ATl AlZelel g Ei= 2 vhe & o4
81 A} 2R AL -

Journal of Environmental Health Sciences, Vol. 35(1)



24 A

9ol JEP7E AREEI =, 0~7Tells A7) 80 mm
&l Polyethylene Sheet7} Z2]X Backup ©olE A
°] 80 mmo|: FFe] 045umel 49 HE(quartz
fiber filter, Pallflex Products Co., Japan)’} AM&-¥0
T Zt S PR F R o) Ee) BN
AP AT (Kang §, 200714 AAE nkel 2,

2. 9HH EM(backward trajectory analysis)

W7l F TeE 9Tt A5 Al olnjis @
A 7179 HhA] 2 o]5ARE Fefslr] Y5l o
AR B AAERY. B 32} oa4hs o u)g)
AR 7187 A9 di71 e v Geke v - Hot
g F UEE PM,; TEE 71E0E HEAN Y 2%
& 8 A= Al deiME 3719 SA44-E ZAV5
At

7154 9A4 u] =8 ol 71 S(NOAA,
National Oceanic and Atmospheric Administration)©]]
) A F3He  HYSPLIT-4(HYbrid — Single-Particle
Lagrangian Integrated Trajectory) 29-S o]&-3l%th
(Draxler and Rolph, 2003; Rolph, 2003). 9#& *
Aoll ARE 7VEANE(F Y, FE5)5= NOAAY GDASI
AZoH, 12087 53t F7] o|FARE A5
ot E94039] i A B 93 YA
e} 7 2~(35.94524°N, 126.95578°E)E AR5 H T

=] ]
"1_"_‘}‘\4'1_:

on. gzt ¥ &

1. EAl2} HIZAIA] A cio|HR]e] sEE=E
Fig. 12 2007d 24 ghrlou)iso] FRE vjofet

-
)

pal

=
g

F UY=E A A9 U)7] F PMy, yekd A
ot} o)A & A7t o)FoRl AEAAAH =Y
B g5E0Z oF 3km A A AAAIFH (@A
35E )9 PAAE S 248 A
9] WNZF HEAEE Q4AYe] 79 49 19 19-21
Al Alololl eF 1000 ug/m’e] AFE HIAZ 2= FA}
o=} AT} FHE EEAEMOE, 2009)
of wkEd 20073 39 30U%E 49 2d LA7A
Fay yulAlEkelA wklgt ket SAt et Ay
o) AFHoE JIg F Aog BTt of7)oA
29 TAY PM,, BEE AZ7MF Ha 1355~-2718
pgim*| itk gz 4k 3 2718 ng/m’4d
14 21A)E 71E39.0H, A&(1355 pgm’), ¥4k
(1799 pg/m®), 7067 ug/m®), WHZ(1450 pg/m?®)
o= HiAHT 10~206 =4 B=H0

Fig. 2 3} o¥ies 402 MCI AEEd
o5 24€ Ul7] 5 AxUYR] YAREE TP
7 VR Aol o470l PM el BEE PM,s9
PMy,58 BEE Fgt Zlo] e, A o] F=9
PM, o= T3 U171 Sl EAISRs $H-F-HA(TSP)
9] FE7} Heul, o Re 2-A HA Foje =0
o et ti7]l F wHAIGAte] Y sEREE
A SAF BN E AT H9- BE AROA H
AYR] PM,7F 717 B9 Akog & 55
S Holx glont, AL DAl vAIYRke] F
% S7FEIAIRE 2094REe] PMy,s9 947 10 pum ©]
8] PMyerto FE=7} Hl- FEISHAl F718HATH A
4y & AAe t7)d AElE B wEAA Y] A
¥ PM,s, PMygss, PMoeyy SBFEEE 247 346,

1000

800

600

PM10 (ng/m)
3
<>

200

[ag}

omw
[= ) - [=1 <> —
(\!M;;valﬂ\ol\w@_‘ 8 =

Date 2007

Fig. 1. Temporal variation of PM,, mass concentration optically measured at the air quality monitoring station of Namjung-dong,
which indicate the air quality automatic monitoring data obtained on the rooftop of main building of Iksan city hall.
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Fig. 2. Temporal variations of mass concentrations for atmospheric particulate matters (PM) in Tksan. Total height of bar means the
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days of measuring the mass size distribution of PM.
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Fig. 3. Size distribution of mass and ion species concentrations for atmospheric particulate matters of PM, 5 during the period of 2007

Asian dust storm episodes in Tksan.
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Fig, 5. Size distribution of atmospheric particulate matters with high mass concentration of PM, ; during the period of the Asian-dust

storm in spring 2007 in Iksan.
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