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Abstract

The PM, ; was collected by LVCI (low volume cascade impactor) during Group-A Period (September 1990 to Dec-
ember 2012) and the PM, 5 was collected by HVAS (high volume air sampler) during Group-B Period (September
2009 to April 2012) at Kyung Hee University, Global Campus located on the boarder of Yongin and Suwon. The 8
water-soluble ions (Na*, NH,*, K™, Mg2+, ca®, cr, NO;™, and SO42’) were analyzed by IC, and the 14 inorganic
elements (Al, Mn, Si, Fe, Cu, Pb, Cr, Ni, V, Cd, Ba, Zn, Ti, Ag) were analyzed by XRF and ICP-AES after perform-
ing proper pre-treatments of each sample filter. The average total mass fractions of SO,>~, NO;~, and NH,* to PM, 5
samples during Group-B Period were 0.39 in normal days, 0.44 in haze days, and 0.27 in Asian dust days, respecti-
vely; however, the average total mass fractions of Al, Fe, and Si to PM, 5 mass were 0.043 in normal days, 0.021 in
haze days, and 0.036 in Asian dust days, respectively. Especially the concentration of Pb was significantly decreased
during Group-B Period rather than during Group-A Period, while Cr and Ni was increased during Group-B Period.

In this study, we intensively compared the annual and seasonal patterns of major chemical species among normal
days, haze days, and Asian dust days. Further we developed mass fraction profiles by collecting episode cases of
haze days and Asian dust days, which were consisting of 22 chemical species. Those profiles are considered to be
useful when applying various receptor models and establishing air quality management plans near future.
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7] & YAAFEA (particulate matter)S A L A
QA7 RGE U= A ool2F (aerosol)=
oujstr, 712 H9 F2 LHEFAZA Tt B
I 2715 7 itk g7] Fo= w2 He 232
37|98+ 74 (aerodynamic diameter) 2.5 pumE 7| &
2 FSo& SHEE (nuclei mode)?} £HLE (accu-
mulation mode)S 2719 T3, &Zo= 1719 AUE
% BE (coarse mode) 5 & 3719 E|3}5Ha] 4ol
oh2 527} ZAfsit 2, 2.5 um olste] vl A2}
2.5 um oo ARz s 4 itk (Whitby
et al., 1972). PM,s= 2 @DolA A WiE=AY o
7] & B5tukgol o3 234 o= AP H 7= st
8 JEoRE A (SO,7), FAME (NOy), diw
d (NH) 2 47184S § & 3ot o]2H27 (secon-
dary aerosol)> QAo HZAF FFS vA= AL E
Eo)aL, 7RAIFA Abgte] o3t Al otE} § At
Q71 LHEAE 2efgich B9 opet = A YA
T BASEA S~ km7AR] EFE O] FIqt
2o EA= =L Qth (Baltensperger et al., 2008;
Forster et al., 2007). 2yt tj7] & PM,,9] ek
1132 ZAZolE, 1132 94 F29| &, 1
I YmA 132 F7] SA Y ET3erd A7+
o 7]QIgtttar ¥ ¥ v} §lt} (GRI, 2013).

iAo 2 =X G PM, s F 2XAFY oF 1/3
& AR SO, NO;, NH," 51 22 =84 o]
AEE TEY §Z2YeE 28T 4 SO 7|3
oL F23%t & 3t} (Chow ef al., 2006; Seinfeld
and Pandis, 2006; Andrews et al., 2000). K*, NH,*, NO;~
HEES A4 9 A4S B AAC] Sl
WEA e GFLE AEHE AW (Kelly er al..
2002), SO, 79} NOy &= A4S =] AeiA o) Az
&S £ %= o} (Seinfeld and Pandis, 1998). ¥t
ohUjet PM,, 3 o] S4B S 22 27 0 GEUL 7Y
02 3] R BAY 78S BOFE 22 T
ARE BHEHL ot 53], T TN ETE F56
I3 FEE AR e o= (haze)7t TS
o, PM, 5 5 SO, 2k NO,;™9] 1Adul= AFA 9L 3hd
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7SS A A 31 A3 =

3] ot E ExE Ro|7] 4l&9 (Gao et al., 2015; Han
et al., 2014; Sun et al., 2013) 0] = AT} 0] 5 0] &
3 Ajole) AETA] et WU SAzAS) AT
7 B asi.

o| &} T ti7] oRES s B F
F71 9248 A v E njgo s Xk, Ao &
gt JES IFRSER FasHA HEET (Lee and
Kim, 1997). =3t 2719 315123 J&5-2 2 ddo met
AZ g 2A4HE Holv, ZF 2 HYEL 35y &
012} (chemical marker)E 7}A| 3L Qlth. &, 7]Q13%t F7]
Y4 AE = Al Ca,Fe, K, Si, Sr, Ti & A ZAEOS
2 A A 2 =R EA5HH, Br, Cl, Mg, Na
52 oie] 22 ALET 015 4AH 2Qe
HEEe 22 PM,, Geo] &3t B, PM,; 9
o] 43} As, Cd, Co, Mn, Ni, Pb, Se, V, Zn 5 914
of Falgt HEER F2E AYGEFlA viEdh (Kim
et al., 2012; Lee et al., 2009; Oh et al., 2009; Hwang
and Kim, 2003; Kim and Kim, 2000). o]2|3t £7]¥4
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Table 1. A Summary of sampling and analytical methods for PM samples collected from 1990 to 2012 at Kyung Hee

University, Global Campus.

Sampling Period 1990.9~1995. 12 2005.9~2012.4 2006.3~2012.4
Particle Size (dp < pm) PM, PM, 5 PM, 5
Gravimetric method Gravimetric method Gravimetric method
Analytical Methods
XRF ICP-AES ICP-AES, IC
Sampler Type LVCI HVAS
Sampler Model Anderson sampler Thermo Electron Corp. Model GV2360, USA
ampler Mode Model KA-200 ermo Electron Corp. Mode 360,
Filter Type Membrane Quartz
Number of Samples 84 sets 355 272

Reference Lee et al.(1997)

Lee et al.(2008)

Lee et al.(2009)

Kim et al.(2012)
This study

PM, s I-83FF 7|23 7] (HVAS; high-volume air sam-
plenZ 33t AR E o] 2T ZutET T (I0)Z 4
ShTh £84 ol BAS ofe WA AR e
2t 2 A A7} 2 vo|A o] 2ed 0mLE
7Vt & 221} 3Z7] (Model 5210R-DTH, Bransonic
Ultrasonics Inc., USA)] @11 3083t &350t o] &
2173 47 mm, = 0.45 ume] 2] x| (Whatman corp.,
England)e] o}@}sto] IC £4] A] ZE (column) 9] 23]
S WAL, of e Eejz =g AHF 9] 50mL
EH (Corning Inc., USA)o]| @0 4°Cof| A F3} Bz}
At}

T, 1990 9€RE 19959 1297HA] A-§FF7]
A% 7] (LVCI,; low-volume cascade impactor)E ©]|-&3]
o] Y3 PM,, A|Z (Group-A)2} 20059 9LHE]
20124 49717 HVASS o]&3ta] 33 PM, 5 A2
(Group-B)Z Yo B7]94E EA4351%th Group-A
Alg o] BAol= x-A §3EF7] (x-ray fluorescence
spectrometer; XRF)E ©]-83}%th. XRF:= H|uba] 24
Moz Wuel Az AR B Baz oA Qe
t} (Lee and Kim, 1997). Group-B A|22] EXo&= &
=2% E=nt (ICP-AES)E o]&3hlaL, Alzel A
el ulZ EPA7} 2|3 CWA (Clean Water Act)©]
microwave A HE F835}9, Questron (Questron

Co., Model Q-15 MicroPrep)2 ©]-&3 AAL-AAF A A

Year

F T T T T T T
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Fig. 1. An annual variation of 8 soluble ion components
in PM, 5 collected by a HVAS.

YHE £YPstgch o2 9, ZAXEE AT =2
7|12 7,‘-;1-;4 3}o] PFA fluorocarbon polymer) linero]] -2
3z 83 34 248 61% A4 TmLe} 35% FAE 3

LE 713t & k9] 49} 304 Zz} 684 7125te] B
7]% ARG 2239t 22 AYPEL oA (fil-
ter paper, NO. 5B, 110 mm, Advantec MFS Inc.)& o]-&
sto] oA F, 50 mL FHof| Hof 245 7hstaL
50 mLE mass up 3t &, 4°Coj| A Y& 23}t
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Table 2. A statistical summary of ionic species in PM,; collected by a HVAS from March 2006 to April 2012. (unit: pg/m®)

Mass Na* NH,* K* Mg** Ca** ClI- NO;~ SO Yion

Mean 51.6 0.8 2.6 04 0.3 0.6 0.3 39 6.9 15.8

2006 Max 169.1 2.5 94 1.7 1.0 1.6 1.3 16.8 182 479
Min 8.8 0.2 0.1 0.0 0.0 0.1 0.1 04 0.8 1.8

S.D. 309 0.5 29 04 0.2 04 0.3 4.1 42 114

Mean 47.7 0.8 30 04 0.2 10 0.7 5.1 83 19.6

2007 Max 1319 3.7 132 2.1 0.8 4.4 3.6 255 323 770
Min 6.6 0.0 0.0 0.0 0.0 0.0 0.0 0.1 04 1.6

S.D. 26.5 09 29 04 0.2 10 0.8 52 6.8 155

Mean 542 1.8 4.1 0.5 0.3 14 1.5 72 79 244

2008 Max 171.3 4.5 17.6 1.6 0.8 4.8 49 40.5 42.6 107.2
Min 11.7 03 0.1 0.1 0.0 0.1 0.0 0.7 1.5 53

S.D. 34.1 1.1 3.8 0.3 0.2 1.1 14 69 6.6 16.5

Mean 59.0 1.7 49 0.7 0.1 13 1.1 8.0 6.8 24.1

2009 Max 2129 4.5 34.5 2.5 04 4.5 5.6 50.7 313 130.7
Min 14.1 03 0.0 0.1 0.0 0.0 0.0 04 1.2 22

S.D. 41.7 1.0 74 0.5 0.1 10 1.1 99 58 23.6

Mean 532 1.1 49 0.5 0.1 1.1 1.5 8.6 8.6 264

2010 Max 113.0 20 13.8 2.1 03 2.8 52 434 51.1 93.6
Min 8.3 04 13 0.0 0.0 0.1 0.1 09 09 52

S.D. 28.9 04 3.8 0.6 0.1 0.7 13 11.8 1.2 25.5

Mean 343 0.7 3.1 04 0.2 1.0 0.6 5.7 6.5 17.7

2011 Max 113.1 9.6 10.5 2.2 1.0 4.8 4.1 358 24.8 754
Min 9.3 0.0 0.1 0.0 0.0 0.0 0.0 0.1 0.6 1.7

S.D. 22.7 1.1 22 0.3 0.2 09 0.7 64 52 13.7

Mean 428 0.5 4.6 0.5 0.1 1.0 24 11.0 6.1 25.5

2012 Max 82.7 09 119 09 02 2.5 13.0 32.8 14.6 62.0
Min 28.5 0.0 09 0.2 0.0 03 0.1 1.6 1.8 5.1

S.D. 139 03 2.7 02 0.1 0.6 2.8 7.6 32 132

Mean 49.0 10 3.6 0.5 0.2 1.1 09 64 74 209

Total Max 2129 9.6 345 2.5 1.0 4.8 13.0 50.7 51.1 130.7
Min 6.6 0.0 0.0 0.0 0.0 0.0 0.0 0.1 04 1.6

S.D. 30.1 10 37 04 0.2 09 1.3 72 64 16.9

DSamples were collected until April 2012. Then each corresponding statistics in 2012 denotes a 4-month arithmetic means and standard deviations.
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Fig. 2. Long-term trends of 3 major ion components (NH,*,
NO;~, SO,%) in PM,; collected from March 2006 to
April 2012,

20124 49717)9] B EEL ThA] 42.8 pg/
m7b] Z7Velsict. A AR o5t ol 37}
A F9 olLHRo] PM,; F Aol BEL d
50~60%0lHeH, T2 38R ALH £ =&
&8 2t} (Chen et al., 2003; Weber et al., 2003).
29 2% 20064 3YEE 20124 49744 HVASZ
HHE PM,5s 3 NH,", NO;, SO, &9 4B+ &5
EREE £ Aolth F2 ALY B 2715
A3 7140l Yook, % ST 68 o
HHEElE RS B9k NH 9 4§ 20099 39
ol 927t FEH=H, BT o] = (haze)7} &
A 29 119 (23.1 pg/m?), 5E 199 (34.5 pg/md), 12
2 249 210 pg/m’)E SE T} B3] 128 4L L
ZALeL Fo]z7t FAlo ARt A2t} 3, NOs~
o F=7F 9%t 30 pg/m’ ol TFkE WIS Hol
31420084 13); 39 11 (40.5 ug/m®), 20094 13];
59 199 (YBH 507 ug/m’2A 2 A AR F
H1%EE), 20104 23); 119 259 (43.1 pg/m))t 129

013

R
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Fig. 3. A monthly variation of soluble ion components in
PM, 5 collected from March 2006 to April 2012 by a
HVAS.

159 (434 pg/m’), 20119 23]; 5 15¢ (35.8 pg/m®)
T 1249 309 (31.3 pg/m®), 2831 201299 13]; 24
249 (328 pg/mHE £ 73)0|¢tt. 1 F 20104 129
154& A&t 2E F$ Fo|= difo] BEHUL
20119 5¢ 15¢le AHEATE 84 B5E
SO,>79] 7%, Aol 30 pg/m’ o]AQl T WA
U2 2007HEH 2009d7HA] 22 13]40)gleH, B
T Fo|z7F EHU AA A27I7E F S0, d
P JusEl 20109 69 1899 51.1 ug/m’o]g]
o} o]} o] F8 o] AR LFERE UEd 92

dloj= @] #EHE g Ao LASAH. 74
TR HL VIR goj= WYY dexHoR
Fojz= di7] & —‘l"‘a Ao 553 714dE40] got
FET Ao)A], Fo]=22 s LAEL] FET} &ot
A AL o= A 13}.:,%14191011/\1 AE 22

A FEY SV PM, 5 =9 S7HE 7PARAL, A9
2 71827 (5, 22249 Egtety BA=zH)ol
52 4 PM,; $EE F5AA §loj= 4ol 24
o= Ao #ehEn. webd PM, 59 2 A=E JHA
5t7] A= 2229 EA Y AR A 232
AT B 712 AFE Sfistoiof d

I 33 & 3042t o], PM,5 F ° 2429 A
A FERTFS PM, 59| $EFFY A= ¢ ilﬁ}%"i
onf, F8 | 2HEES FE FHI ALH 1F
£ 2o dutE o2 AAYET} 2 o5 H Js‘i}?i}
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Table 3. Seasonal variation of 8 ion components in PM, 5
collected from March 2006 to April 2012 by a

HVAS. (unit: pg/m?>, (%))
Winter Spring  Summer Fall Total
Nat 1.40 1.25 0.65 0.83 1.04
(4.9) 5.1 (4.6) (4.8) (4.9)
NH.* 492 391 2.64 295 3.60
4 (174) (15.9) (18.7) (170) (17.1)
K 0.63 0.53 0.33 043 048
22 22) 24 2.5) 2.3)
M2t 0.26 0.29 0.14 0.11 0.20
& 0.9) (12) (1.0) 0.6) (1.0)
Catt 1.46 1.40 0.53 0.81 1.06
(52) 5.7 3.7 4.7 (5.0)
cr 2.09 0.67 031 0.70 0.94
74 2.7 22 (4.0) (4.5)
NO.- 9.66 7.79 275 544 6.37
’ (34.1) (31.7) (194) 313) (302
SO 7.90 8.75 6.80 6.07 742
4 (27.9) (35.6) (48.0) (35.0) (35.1)
> Tons 2831 24.60 14.15 17.35 2111

Hkgol o8l SO,7t H,SO,2 HSEHA WE £e2
SO,> YA A= 7] W&o (Park ef al., 2006; Chen
etal.,2003) 234 SOt £& =2 Helth 18U
B AoA SO & E5HY =7 B, ALH v
3 AH e g 2ok=d, ol el gt Nz
ot a7} F7| ELE wrdt o] 3 o 5HY

2 FEEEZE OE JEENNE Xt FFS
Bk Tt Rl flojAs o5 Hd 2 ¥&
< Bl AZER 8714 o] F AEYE&S AT
B, S0 = ALHE 27.9%E HAAT JSH o
£ 48.0%7HA F55. E3 NOy = 13 AL
ol 34.1%2 7P E9k1, IR o8d HJEHE
194%2 o] ¥=tl ol= NOy 9 E44 A=9
AH 2 29 A d7] F ] 93 &4 THeAAE
Z-g519lE Ao 2 AohEth NO; 9 tff2-2 344
7O A& 9 AFo P A viEE NOx7t o
7] & ASHAE AR FEH, 53] A5 7]
AR A EE7} 273} (Park et al., 2013; Park
and Kim, 2004).

A

B

3.2 RI|¥A (Cr, Ni, Pb)e| sEEx
2 dFolA E4% PM,s F 14709 F7194 (AL

7SS A A 31 A3 =

Mn, Si, Fe, Cu, Pb, Cr, Ni, V, Cd, Ba, Zn, Ti, Ag) 7}-&
o], §3] Aol fafstd 53 edd &l Fagt
nAR o] §5 1 §l= Cr,Ni, Pb A& Y52 5AE
A& st t7] F EAst= & (Ph)2 vzt
718371 2EE (A% 71 0.5 ug/m’ o|3h) ZF 3}
U2 AR5 d71e9 8 AL F U= o&
2 ok th7| @ ol Al Phe The L EHY 9
Wronf, 53] EXFH=Z 7] Foll viEE= Pbe 7l
A& Foll 527t Eot 371 F AFRATLE FHE
o2 At B3 v FE4ET Hlus) A4 EE=
(0.005~13cm/s)7t =8| 38hd oz Qryste] 4o
Aog vy 18 BIE {23} (Kim et al., 1997).
9, 3F (Cr)& Cr(0), Cr(ID), Cr(VD)F 3714 FH
2 EAst=d], Cr(0)T Cr(VD)2 2 A 9 Z+5 &
73 5 A9A &l s dAstka Cr(I)S B9
oju} SHihEbo]| gt WR|¢L kA T AA7| el 9
3 LAt EAQF o w2t Aozt glow, vl B
ARNAE= Cr FFES LY EFRE Rk ot
(Lee et al., 2009). Cr& Cu, Mni}+ tEo] A& Z o
Al 7108k A 2 HYY F8 FHAEA &8
=3 gt} (Hopke, 1985). &4, YA (Ni)& wi&sh=
LYo R YARARY, Ud=g 9 =849, Y
A, 7lEE d-A Az, A9 AxEE ol =,
8] Aertast A A{AA Al AZWHAE A

517] H2of, g, AFE 48R AMgste BE ¥
Aol viEdo] HH, 7|58 LFYY F8 FAA
(marker)2 0|81 Utk (Kim et al.,2012; Lee et al.,
2009; Oh et al., 2009).

A 7HA] 8 F71da9 FEREEZE OY 49 Zo
o, PM,5 & 8 Cr, Ni, Pb9] A=l F=H3=
1Y 5¢F Zth LVCIE 19909 99 ~19954d 127X
A% PM, ; (Group-A) 5 Cr, Ni, Pbo] Bd5%+= 2t
7} 0.023 ug/m®, 0.039 pg/m?, 0.156 pg/m30] ¢} 12, HVAS
2 20059 9¥~20124 4¥7HA] A FH 3 PM, 5 (Group-
B) % Cr,Ni, Pbe] B %= 717} 0.038 ug/m*, 0.031
ug/m’, 0.037 pg/m’olict. Fu2 vt d7|53
EEATAN A= 227 ZAdA 9 53] F7|Her F
5 &35t Sl=dl, 20129 % A=A €] Cr, Ni,
Pbo] 47t =99 742k 0.002~0.074 pg/m?, 0.001
~0.039 ug/m?®, 0.0250~0.1306 pg/m>o| ¢l o= (NIER,
2013), 20139 % Cr, Ni, Pbe] 47} =L 7tz

oL, Ob _I[\Tl
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Fig. 4. Long-term trends of 3 inorganic elements (Cr, Ni, and Pb) in PM,.

0.001~0.009 pg/m?, 0.001~0.009 ug/m?, 0.020~0.067
ug/m*o] ¢t (NIER, 2014).

I 4of &, 19879 FAERF FFHALE
A8 AaFAE EHHE Pb 57t 20003 T4t
F23] Azt vt A¥t 71£3] 0.5 pg/im’
Z23] BN A AHE AL ARSI

—}J\—U% =2
49 1% nlgro 2 EAISH} Group-B 7|2k Atk
¥ F7H8 BT 4 9gich 55, 200093 20109
o YAHoE SEIt SN} olF 2 Boz @
adhglin). oleldt Crat Nie] UAlE 7 Fux
ol o] ujEY Wskeh j&% 37t ROE ARE
oh F0E of 717 Fole ARAH A2 dAIBeA
20119 6871 e G AL AgEgle
w, SAZAAL Bea AT} R 1

0.30
Group A = Cr Group B
0.25- Ni
— [m—s)

0.204

0.154

0.104

Concentration (ug/m?)

0.054

Fig. 5. A comparison of annual average concentrations
for Cr, Ni, and Pb between Group-A and Group-B,
where Group-A is PM,, samples collected by a
LVCI; however, Group-B is PM,; samples collect-
ed by a HVAS. A bar of 2012 in Group-B is based
on samples collected by April, 2012.
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Table 4. Comparison of monthly and seasonal mass fractions for 3 inorganic elements to PM, ; mass between Group A

and B.

(Element/PM, 5 as %)

Group-A (1990~1995)
Month & Season

Group-B (2006~2012)

Cr Ni Pb Cr Ni Pb
Jan 0.005 0.060 0.314 0.069 0.082 0.068
Feb 0.006 0.060 0.307 0.060 0.066 0.072
Mar 0.036 0.083 0.351 0.038 0.044 0.077
Apr 0.028 0.061 0.257 0.064 0.047 0.115
May 0.180 0.092 0.264 0.090 0.051 0.068
Jun 0015 0.059 0.259 0.113 0.060 0.087
Jul 0.023 0.071 0.196 0.166 0.125 0.081
Aug 0.134 0.088 0.323 0.167 0.121 0.072
Sep 0.022 0.102 0.274 0.115 0.087 0.069
Oct 0.086 0.076 0.385 0.078 0.075 0.058
Nov 0.005 0.084 0.376 0.059 0.054 0.061
Dec 0.030 0.076 0313 0.053 0.050 0.057
Winter 0017 0.067 0315 0.060 0.064 0.064
Spring 0.062 0.074 0.283 0.067 0.050 0.086
Summer 0.048 0.069 0.254 0.135 0.087 0.086
Fall 0.055 0.085 0.351 0.077 0.067 0.063

Folth B3 ALHE Hr]0] 2009¢e] —1.2°C
9} 201090 —2.5°CE oL gjHct Y BxE 1
i, 20089 SAFEA7IE FHe AV S A%
ABmAREY 371 9 A F AR AMSTIE Cr
3 Nio] r7} 223 Aoz Alagd),

YA B F=¢ SR Rxs AEER
20|17} 9lgith & 4= Group-A9} BE JLESle] €9
T 71949 FE} PM, s Ak tf] 948 BE (%)
S AAg Aot} ZF Y7t AAshe g2 Ao
w2t 2}o|E B, Group-A 7|7 £ ZE AE 9] Pb
9] A Ego| & Y25 H& FEAA &8
t}. FAZ 2 Group-A 7|7t Fo& Cr 0.043%, Ni
0.072%, Pb 0.292%0]| ¢} 1L, Group-B 7|7t &=
0.078%, Ni 0.063%, Pb 0.074% 2 UER} A|7}o] x]]at
o] wet PM, 5 F Cro dgH|= 71513 Pbe 2A
2oyt 53] Nigj ¢ 11E58 o33 39 52t
of =2 28 BYEd, Ni9 F8 ogYgo] ALH
715d4 doll gt AAE A I 4= AUt

¢4

3.3 EF H7|2E AtEE PM,2 S
3.3.1 §|0|= (Haze) Al

< UElA Foj=ef 7]U% 1FE PM,;

AFEI7H istel Q1A Sl Bistel Balo] o,

EM
-1 o

7SS A A 31 A3 =

< W7l 39 &5
P =919 57171 238 A des
o] Yetute 714 F2E (APRA, 2003), 7H3
oA B AR A 23, 387 SoE WA
e ARTE AR Gl @S TR Foj=
T A AdisEE 75% vleke|s 7R AR 1~10
kmol B}t (KMA, 2013). 222 chefat shstd
Hpoz 74T B3e ERER. A ALl oo
Rol7t slort, slol=sh WAt 24 Al FEA}
3_71] Z7Vsh= EA o] Qlt} (Weber et al., 2003).
AN Y Y FEARE sl 1989FH
NI ol B4 8T A2 2 24E
Amd 9 ARUE T8 6o EATA A2 Ho]2
UL 20079 o]Fell= 19979 5248 A|9jsta
A 209 ghgho] 91O}, 2008 & 809, 20099 88Y
20109 629, 20114 6422 2743191, 2012 o=
110¥, 201390 = 148 WAsh= 5 TASIe7H &
Fach o Slolx WAl F2 AL BHol
BEEgden 2a) So] 44 BHE ol Hoj=
2 QI3 IFE PM,s =& ZE AE AT Favt
SIEF. 20084 ol Sol=e) WARGT B2 SN
® Sppe] ARE 1A Hol 28 WYL AR
7ol 271E] Wit 5, 7S F1ze) =

Qe o Fo|= &4 MYt gol
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Fig. 6. A number of annual haze days occurred in the study area (KMA, 1989 ~ 2013).

Table 5. Seasonal mean concentrations of PM,;, NH,*, NO;~, and SO, during the periods of haze days and normal

days monitored from Mar 2006 to April 2012.

(unit: pg/m®)

PM, 5 ® NH,* @ NO;” ® S0, PH(ONONO)]

Winier Normal 5044227 44435 96494 67446 2074176
Haze 63.1428.4 77456 1274938 54479 2984209

Sorin Normal 5424326 43447 92+9.1 82+73 217+21.1
pring Haze 65.5+40.1 57460 122+11.1 11.0+8.6 2894257
Summer Normal 298+199 29+3.1 35+38 53+74 11.7+143
Haze 4624280 57+50 34435 1174141 2074227

Fal Normal 4134298 31429 54450 59459 1434138
Haze 56.7+35.1 45436 72460 85+74 2014170

Zof At Al fut gfEstd 7

o] = (AF)et ¥R (misH E =

SE7h 80% ol4geld ¥R
FEs T, ATSET}F 70~80%

F]I‘

Byt

28 20079 9URH

3= 7|Eo 2 A
, 70% o]stol ™ Fo]==
5ol 75%
2 71202 ojabolu uHE, ojalolu Flo|22 FEa}
&8 371 Agsi3] HRols.
E Ao A= Group-B 717} (2006 39~2012¢
44) F SHT PM, 59 AFsEet PM, ;s
(NH,*,NO;7, SO,") 5= 8 &83le] L A5
AFolA PMys= B 5SY o2

Aol el

o] 2] PM, 5

F71F o7 ZA397] Y&, &AL T slo|=7t
AYgt & (haze day)9] A2 B4 Ao E-g3tict
A, Flo]= @4da PM, s AFs 9] F313 $714
o] AT #7o] Y& Ao Z wdsia Foj= T
A3} BAHA] (normal day)2 LHF0] PM, 5 F 0|29
=& A5t & 5o o] 371K o] AE
BHeEE AT AR, BAA R} o] = HAY
=7 AL S0, 453E NOy & A9

313, BE AN E2S 4 5 AU
Fo|= HALL ATt FAA] PM, s BdsEs

O uE of JIN'
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20099 58.0 pg/m’ (3|02 WY TFA o F 2]
A 590 pg/mHE ANXE el F,201149 352 ug/m’
(3lo]z2 ZFAOE 343 pg/m*)7HA] adtE o,
2012 (19 ~497H2] 9] BFsE)olE 41.1 pg/m’ (3]
o]Z ZFA] 49.0 ug/m*)E ThA] A8l HA Fo]= &
4& Asttgte PM, 5 A%+ 7184 71EA] 25
ugm’E 3A| 233He 2 Bt Fjoj =7t Iy
3 9o PM,s 4EF 5L 13.1~2129 ug/m’e] ¥
A5 Bk £ 20064 o] F HAFA] o] Fo]= W
A AE ALERE B aE o, PM, 9] BdsE F7HE
2 o5Ho| 55.0%2 7} UL o ® RS
37.5%, ALHE 223%, B3 122% £02 Vet &
o FET7HE0] B2 olf= thy o A¥E &
Aol ZHA o R Atm .

T, F 5904 PM, 59 A 528 B9 3
o] = WM AJZ o] nlmwsteitt AEE Fo]= i
A A AFE AR e ALE 2070, 5 32,
o153 1A, 7H&E 24709t Flo] = dAfo] WAYS
A4 NOy 5&& ALH (9.6 pg/m’ — 12.7 ug/m’)3}
23 (9.1 pg/m® — 12.2 pg/m’)ol FZ34¢1L, SO,* &

+ 53 (82 pg/m’ — 11.0 pgm))3t 354 (5.3 pg/
m’ — 11.7 pg/m’)o] 33929, NH," 5E& AL
A (44 pg/m®*— 7.7 pg/m*) 3+ =F 2.9 ug/m* — 5.7
pg/m’)oll FFagct. o|e} o] ALH| PM, ;5 T
NH, 9} NO;™ 9] 527} 2 o]+ A9 shd=
A 25 2 AAT 259 Tl E AR ARE
o, FoET ALH| 7| JHAAYe] 2t gir|7t
Aoz ket A2 7IAAE oA =7t
=739 7] WEo|t} (Park er al., 2013; Zhang et al.,
2013; Park and Kim, 2004). ¥t o 23¢] SO, 9] %
=7t F58 olf= Autel 9t AFRE o= 5}
I AT 2 20 A Sbet FEshekgol <)t
SO, 7k29] SO, 29| A gt wjEo|ch (Park er al.,
2006; Chen et al., 2003). 0|9} Zro] 30| = 9] BHAJL. 3|
o] = WA Al A 7|42 ol A F A (local
source) R 72| 5ol T FH2 A (regional
source)ol| A 2] HjETFo] F7tet7] WEOE HoH

3. 3.2 At (Asian Dust) (I AE
ikHoz A FF UFe) AutA T 237

7SS A A 31 A3 =

o

oo 2HE 75 AT vl o8 FHA|7L A
oL FFREA] Y3f FA LEE FHE {9
ol t7] & BXEEE 333 TV Aady
olth (Kim et al., 1990). 222 FY== 5%
2 AREANR] A st As AEEEA o)F
Aol et wAEZe] AFELo] HA} F7hgict.
Shaw (1980)°] 9|5}, stetolof A o] Ate] 27]= vt
7 1.0<d,< 10 pmo|gitt. T3, Duce et al.(1980)2]
ZAto] wEw, B ko] 80~85%7F 0.4<d,< 4
um Y G o, RN ZF9 FAY 27]=
4 umo]tt. Lee er al. (1988)] &JstH, gh=tol] =23t
FAL 2719 gl =gke] 4.7 umeo] itk g, & A2 o
oAl 1998 497} 19999 1€l 43 Aol o2
A 2735 m, 3.6 um (F3H o2 22 2.6 um,
2.4 um)©] At} (Kang and Kim, 2000).

1989 RE 20139717 =714l A #5H ¥
H AL A Y (Asian Dust days)S o]-8-3to] 19 7
zAstgich g3 o] AREE A FEY &
7180] Zow dAT fHS Holx| kst F2 349
oA 5971A] HA 712 Foll At IFE A5H e
2 Hekom, 2007 AHH 2010W7HA] 4d7He A &4
02 ALHE Aol BEE QI 19994 o=
ALZT A el 55 ATt B AFAGeA
198935 H 2013717 25\ 5k AEE A #&Y
T BHol F 16742 71 vIistg o, ALHo]
279, 7FEEo] F 12¢0|aL, A5 F ] TS FAt
Al A= §Iglch 200192 39 & 2 F2 & 11
U, 490 9Y 5 F 27 LAYFAL, 0]o] 20023
T 393t 490 47t F 8UT 60U WAt A F
184 9] AL #EE Yot

2 AFoA PM,sE Bt 59 7HH 02 EA51907]
HEo A S U SHE ARTS FAEAY 7
o o]gst3ith. 2006 3YHE 2012 4972 A+
717t &7t A&t viet o] o 5H Akl o1l 7t
SHO L o 13 (20099 10€ 21¢) ®olrt &
Aol A= A EA o T2 4] 24 HSEARS
24317] ¢J5te], PM, s9] AiFs=2t Al Fe, Siofl tfgt
FTEHIE ARSI ol dat Fa AR
o At ol theg =l o] 1tk (Zhang er al., 1993).

A A7t F U FAHENL FE AgEZl0]
Ak PM, s AFsEoe FFS & ASE BHsty

1o o
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Fig. 7. A number of annual Asian dust days occurred in the study area. (KMA, 1989 ~ 2013)

Table 6. Seasonal (mean + standard deviation) PM, 5, Al, Fe and Si comparison at the time of Asian dust (A.D.) days and

normal days between Mar 2006 and April 2012.

(unit: pg/m®)

PM, @Al @ Fe ® Si 2(@,2,0)
Wint Normal 504+227 036+0.54 0774097 04840231 1.61+181
et Asian Dust 7504410 0.56+0.46 1424157 0.61+0.45 2594248
Sorin Normal 5424326 0314033 0754093 0524039 1.58+1.65
pring Asian Dust 95.5+48.3 0.55+0.37 1.10£0.78 0494034 2.14+148
Normal 2984199 0174027 0.51+0.73 0574033 1254132
Summer K

Asian Dust - - - - -
Fal Normal 4134298 0.20+0.29 0.48+0.57 0444023 113£1.09
Asian Dust 382400 0.14+0.00 0.14+0.00 0.62+0.00 0.90+0.00

T8 Ha4E8T A FEEALS 24T & 62
JW*]Q} Hlaste] AL Y A9 A TS AEE

ALREE Zolth AL B A AFHE A2 A=
74%@ 370, &4 870, 1 HEEE I0= F 1270
O A 27k ARGE T BAAA Rt 5 AL E Y
Tl ol Eotow, HutH o AL AAF Al 9%
&+ PM,s 5= 9= 33.6 ug/m*~124.6 ug/m’o] gt
°]=20159 149 1956 AP 4B+ H7|18371E
Q1 50 pg/m*S 1 25u7HR] ZAste fFoF 3
ARZE PM, 8 5E ofy gt PM, s T 0= 2 F3Fs v]A
= A& ¢ 5 Uk

E 6014 FE FAL Al PM, 59 BatsEx 95.5 ug/
m’E HAMA] 542 pg/m’ B} 1 8|2 Zrlstg o, A
23 A} Aol 750 pg/m*E FAFA] 504 pg/m*E Tk
158 Z713tgiTt. o|et Zo], BHo| obd ALE At
@A Aol oF 2v) 7H7hE PM, s8] FEREF B
=o] AL dllo|= AT o] ALH ArdAd
A e &Aoo RUE Y-S ke Zarvt ik
9, # 69 7HEE A BAA PM,s9] it EE
Ho} =2jo] WA 2AbE o], g oFFt 71484 ofn]
o] FArEA o 2 HWrkE

PM,s & F8 AZALE9 == AL Ao 3
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Table 7. Mass percentages of 3 major ionic species and 3 crustal elements to PM, ;s mass during the periods of normal
days, haze days, and Asian dust days. The PM,; samples were collected from March 2006 to April 2012 by a

HVAS. (species/mass, %)
NH,* NO;~ S0, > (NH,*',NO;-,S0,>) Al Fe Si > (Al, Fe, Si)
Winter 9.1 20.0 14.0 43.1 0.8 1.7 1.2 3.7
Normal Spring 7.7 172 149 39.8 0.7 1.7 1.1 35
Summer 89 11.7 17.0 37.6 0.7 2.1 2.5 53
Fall 75 14.0 149 36.4 09 20 1.7 4.6
Winter 124 214 16.5 50.3 0.3 0.7 0.8 1.8
Haze Spring 82 19.2 17.0 44 4 04 1.1 0.8 23
Summer 11.7 7.7 24.1 435 02 0.7 1.5 24
Fall 8.1 13.0 16.0 37.1 02 0.6 09 1.7
Winter 9.1 18.3 9.3 36.7 1.3 3.6 12 6.1
Asian Dust Spring 4.8 129 10.5 28.2 0.6 12 0.5 2.3
Summer - - - - - - - -
Fall 2.8 72 6.3 16.3 04 04 1.6 24

A F7FstSTh Al Fe, Sif] 5= &2 ALE A
Al 2.59 ug/m’E HAFA] 1.61 pg/m’Eh 1.682 7}
atom, B A Aol 2.14 pg/m’ 2 HAFA] 1.58
ug/m*Bek 148 F7hetect.
3.3.3 &0 e Al PM, 59| BetdE2E
2 =

gloj =9} FAF A SEuEt t7] 5 PM, 59
=5 77l d7A Az 22 715Hst
U] e gAY HiEF F7F o= 1 T4
FoF =7 S7FstAL Qlof, =] A7 FAX]o
Z1L?‘3‘_} Och‘shg- 1 glul- -{ﬂ.;q\:r]- 011*&]-_% =131k
w2t =84 (receptor) Y2 A Fo]=9)
A mhof, FAtel s HlF 4 59 ?i
A7goltt.

& doflA 71adt viel #ol, 0|2 E= FAF FA
Al PM, 59| 3ot/ AFAI9} Blasto] AThed o]
£ 2tk o]& PM,59 AFsEs A 9 3 o F
Y] FFE Lo, 58] FIUFAA 79T PM,;5
o] A=A (precursor)o] FA FHo| IYWE F
U2 B 7 ERY ARG EARY HE (5. 2%
219 A4, 7] 5 AFAZ g Al A
g 2, 2 FE 5 7R HEkE dF gAY
473 e A9 9 %“?4 LHEEY F4 &l
ot EAERY 5, Al e YAMIE Wtz

Qg Fokshit-s-©] r%tﬂg} = 7tz Zajsleld ME

e OI-r

-

o B

r{o
fr e ;e
rﬁ fo o
o g Mo

7SS A A 31 A3 =

Z7] fizoltt. oje} o] &Yy} i £
1. 2% 71gaare) B4, Belsehs RO

= SESHL, 84 1A lA
PM,so 4299 1T 7 1 7ojEe} UL
R E LI
& A gaoiof gk,

2 ‘ﬂ?“’“}ﬂh 3" ] 9]’ A]' Ry }\] PM,s 5 ‘1‘—9-
sletAg Ho] 2} R|l= AZFE-E (mass fraction)S
St ARE EFE (profile)S 7HAskaLA} ‘5}‘2'1‘1}.
A shehie) AR Y2 A BREE &
L2293 (receptor modeling)e] £7to] Ho, E4 2 A

Qo] AgA 7|dx =4 A HAlo] Hr} E3)
AYERE DB7} vju|d St A ojwol B
1o AFoZ 9&35}1 1o}, CMB (chemical mass
balance)¢} Z& 8 RALS +s7]o AgHF o]
e},

574 0QuUs BREL olg X P 59
W 2 Stk $A1 Y] LAl 1Y 2T
BASAY, H9 B 24845 go] B4 fr] g
z4sto] HRES AU SE Atk T2 3 /) o
ol That o) ApRlE ZWste] gkt BekE
7BEste] BEF3E /L =% o}t (Watson et al.,
1998). Yukx o2 CMB Zdof 7|Hhg & $8mdo
1487 0 ANe YT FAT Tl gk, 2318
A edeE FHsH7 feiAe e Aol A& 7t
S BREY Jde] B asttt (Kim, 2008).

SR E (receptor methodology)

I -l

u:}ou
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b A Fa ol
Lo WL

4o e

AT AL ol= W

W R Ee] 2w,
24k Stk E 714 HEo] o] Ao
L ole R Bgol, AU B Use] Hgol
PapAleh wlmste] B olE MYk ol o] B
RE7L AHE (3 9EEE) SANOR SYPL
oJuiste w3 A% S4EAYe] BEY 5 U4

AR
U, BN 71202 Holzeh At Alg] AR
29 ol T ul, PM,50) FAREE 714 o]
248, NH,",NO;y", SO, 70| tH-E-& 2}2|5t¢ict. %
ZBAl olE o] &9 2 20068 ~2012d717] 67t B
392%0|90H, ARERL ALH 43192 7%
=X 7HeE o] 364%2 7H Witk Wb, 37kA] &
194 (AL Fe, Si)9] &2 6d7F Bt 4.3%°]Att. 5
RER Ao EA ALH= NO; 7 200%= 7}
B2 58 BYW 8- e SO 7 179%=

H‘F=LI

\I

A BE A A A 371A] o]2AR
7+ B 438% 2 Z7}5te] HAA| KT =
o7 37HA] R4 AFEEY d=
2 FAAET Witk PM, 5 A3Fdie] 37}
A o] 2/ (NH,",NO;~, S0,)9] & A&Ho] 503
%2 7V B9k, 7H&E0] 37.1%2 7P W3kt ut
H, 3714 F719h4 (AL Fe, SD9| AFEEY 2 7t
SHoll= 1.7%5 2o 7P Rkt 53] Foj= 2
A 4EH SO0 &L 24.1%7HX| Z71et vl A
A NO, L 214%2 BAA] 200%} H]2HoL} o
A3] o] F 7 & &S By
AL A Aolls BE AEA 37FA] o] 24879
Sto] Wt 27.1% 2 BANET} ) Uoky 3742 B
71940 e 3.6%2 BA4AHTE Wit o] 247
A%, ALH S0, B80] 93%= BAIA ¢} vl ws}
o 3A ZAsaAY. E5 B0 o] LA H] Flo)
282%2 A #2skAt $HE, ALE A A Al
37HA) B7194 9] L 6.1%= FAAIQ} v wElte] I
A =%en, 28 9 7 A 2 Ade 47
23%% 24%% ZAME O] 3T thEA W PE E
it ol= AL 2 AR GGl SsHAu A
AEE BgA 7} gt FFoR2REY ojF A
o GAHY] YR W] iR o2 AR EHT, o]

2 o] A 9] PM, 9] 8FaHH EAAT

H loj2ok St BA A SR AFEERY AT 235

w2l PM, s 3 A4 285 Aol HY Je=z
AR F2 U] fUEE AR EdA|
£ Hlolg+, av], g, FEIY, §7 (Tengel), 22
L (OrdOS)E TEE, FeA| o] w2t 2uete
ARYE 2FNEE i}°]7} AR en, T2 s
& ANEE, A 5 718 8a M= Zpel7h AU
o} (Kim and Lee, 2013) FE3H 7123 3rpe] AL AL

2 (18)7} o] 2|41l B0 Wad Ao P
.

A71= SRAAL} U Y FAAAGANN K] F
PM, ;& AFH 3L, o] 24 & (2006 39HE 20124
493 B QUAAAE (1990 9¥9EE 19959 124,
2005 9YHE 20129 4€¥)& E45H4 E} 2 Aol
1"1% 7(01'7]{} é‘xé‘% PMz_s o ]*?r 4'&"
AFsE g e s FEAFS E4519en, 59
AL A Fo]= WY A FEEALS AFHLeE B4
skt

PMzs«l ddd AFss W71SHE71EA] 25 g/

m'E 34 233He $£E& BT} 2006 o|F BA
Ao} vlwste] goj= A Al9] BHFE FHES
E23Ho0] 550%2 7} =31 BHo] 122%=2 713
2okt B3 PM,s 5 o9 TEF L PM,9 A
FEE A QA2 AL, 2 FHL AS
o 1F=E o

o] = WAy 2], o] 24 (NH,*, NO5~, SO,7)9] &
FEQ T2 438%2 B BAIA| 392% T} =9t}
53] AgHole 503%F 2o BAA 43.1%%T 2
A E9k2L, 7HEH = AFEL] HI A9 ¢l

o] 2AEHR AMHEH NO;” == ALHE (BY
96ug/m — o] = WA A] 12.7 pg/m’)zt B3 (E‘

vy

A 9.1 pg/m’ — o] = WHAY A] 122 pg/md)el| F
31911, SO, STt B (HAMA 8.2 pg/m’ ﬂsﬂc’lz
A Al 11.0 pg/m?)3 5 (FAA] 5.3 pg/m’ — 3

o]z ¥ A] 11.7 pg/m)ol| FZ384th ®3F NH," &
Tt AL (B 44 pgm’ — Foj= LAY A 77
pg/m’)T o3 5H (BAA] 2.9 pg/m’ — Flo] = WAY A]
5.7 pg/md)oll F55kglct. T, Foj= WA Al Al Fe,
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Sig 7HA) Br192e] FEE T 21%2 BAA
43%R 1t 34 Fekct

SARAE 72 A EACIAG PM,; Ao
= 3A FFE FAT FA Y Al 4B PMys F
T 33,6 ug/m3~124.6 pg/m’o]gich. BA A} A
PM, ;9 BH5EE 955 pg/m’E BAA] 54.2 pg/m’ 2
o 18812 Z7kstelon], AL A AL Aol 75.0 p/
m'E2 FAA] 504 ug/mPEoh 1.58) 2718} 3}
Y Alolls BE A-CA 3717 o] AR AR
& ol Bt 27.1%2 BAART e weih 53
ALH SO,79 B8 93%F HAA| 14.0%, 30| =
Y Al 16.5%2} v ste] SA] a8ttt E3F PM, 5
Z Al Fe, Si 3t0] AFEZ O 3692 WA 43%K
oF Qoo At Al o] FU|¥ad AR A
24 AL A] 2.59 pg/m’E BAMA] 1.61 pg/m*RTh 1.6
W2 Z7stom, B At Aol 214 pg/n' 2 3
AFA] 1.58 pg/m* BTt 1 48] Z7}814T.

SHH, & ATl A= sllo]=ef AL A Al PM, s 5
=9 33 Eo] xR|eH= AZFES (mass fraction)S
ZAe AEYE L JYUEF R (source profile)E 7N
Shith L AURRE DB} ululg elutelA 3
717t 340l 7Ivke ERE Y dF23E PM,;sl
gt 7t 2 7|2 At E =S E Aos udd
o},
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