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Abstract

In order to examine the variation characteristics of chemical compositions in accordance with the different mete-
orological conditions, PM,, and PM, 5 were collected at Gosan site of Jeju Island in 2014, and then their ionic and
elemental species were analyzed. The concentrations of nss-SO,”” and NH," were respectively 4.3 and 3.3 times
higher in fine particle mode (PM,5) compared to coarse particle mode (PM,,_,5), however NO;~ concentration was
1.6 times higher in coarse mode compared to fine particle mode. During Asian dust days, the concentrations of nss-
Ca® and NO, increased highly as 7.7 and 4.5 times in coarse particle mode, and 3.0 and 4.9 times higher in fine
particles, respectively. Especially, the concentrations of the crustal species (Al, Fe, Ca, K, Mn, Ba, Sr, etc.) indicat-
ed a noticeable increase during the Asian dust days. For the haze days, the concentrations of secondary pollutants
increased 2.2~2.7 and 2.9 ~6.0 times in coarse and fine particles, respectively, and they were 0.8 ~1.1 and
1.8 ~ 2.4 times, respectively, during the mist days. The aerosols were acidified largely by sulfuric and nitric acids,
and neutralized mainly by ammonia in fine particle mode during the haze days, but neutralized by calcium carbon-
ate in coarse particle mode during the Asian dust days. The clustered back trajectory analysis showed that the con-
centrations of nss-SO,>”, NO,~, and NH," were relatively high when the inflow pathway of air mass was from the

southern part of China.
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FEuets oMot Fo 2R E FAD $F5EH=
HAY Ld=49 FFez A& t7] wAHA
(PM,p) T B2 o2 A Qlth(Han et al.,
2006). 2ol RIMS] TSI Gl AR A4 GA|
EH—‘?‘--‘?'— AFe AR Z]star itk £3] AL
9 713842 d7] AR g

ARl wet frleEs, 84
ol24E, Fil FE&H v &7 tEA yEix
Ao1A] ool TRt ARt B7k7F B a st (Lee er al.,
2014; NIER, 2011). €3] 201595 ¢ tj7|gt47|&
AAste] B S 2uAEA (PM,5)9 2%, t7]
Foll A712 A7l ol TAHdezRE W A
7R BZAE FEEo FA 20| FHAFo R WA
Fo3tElE AFS Btk (Shin er al., 1996). T F2
AFAAE SolA HiEE NH;, SO, NO, 59 23 A4
52 theF 23513 QoA AA3 w7t e sttt
1 27 W97 0.1~1.0 pm¢] SoAYA= &5
Aoz QAo FUE o 371 Hee ¥4, &
Agshs A g2 st #H &
of A% faliel = Aoz ZAET 9
T} (Na and Lee, 2000).

AL AA= A7 0.002~0.05 mme] 22 B HX]
2 100~2005F £4 v|4bElo] BHES B3 o5tk
(Choi, 2011; Chun er al., 2003). o]&3t AL UR+=
Si, Ca, Al, Fe, K, Mg 5°] FAECZ t}oFst A=
Aol} 534 5 FAY 4 UL, olATEAE 4
A 7= 2o 98-S & £% 9tk (Zhang et al.,
2010). gREH o2 Al Aofl= 2HYAY] FEE= F
7¥skATE ulA| YA 2 ARkl vs 2A F7FsHA|
or= Ao 7 el itk (Park et al., 2012; Choi et
al., 2003).

AF= AR Tkm o4, F&= 75% o]ste] AHi2 4
7, 0A 5 AZF wAAA} b7lo] BaEel 371
b $fdon 53 Holk Arolth AL B
220} wigtol U WA, WA 5 A WA B
7] Foll Aol WA | = gt 2eu RE ZAG
STAANGY} 22 oF A QoAM= 3HL FHozR
Bl AR A7), A w717k 5 ASAHY e d9E

A, e
FE UIXIJ- AL, 71

in)
_i-lo
o]

Shs

IS A 2 AL =

Aof o3 WA= (Jo and Kim, 2010; Sun et al.,
2006).

e AR gug Fese 4949 5
strt. T2 80~90% )40 =L A& =t 31
= Y= 542 2ojn, 25um OIOP—J oAlg S
ojuf A, AAAY &2 F54 &7tV ¥
of © oA W x| EA7E 57 Hole @S B
th(Choi et al., 2003). 03}t ¥FELL Tt o <]y
w49 AHE AL, 7183 S S 7)4kel
Aol ol AR E-Z O] ARFAF(gas to particle
conversion) @ QJZ-2-%] (particle coagulation) TjAY
ol %S ok 291 A} 249 T STl
71oi8t7] 2ol t7] LHEEY v wxet dvd
¢ S8 71 @dolTa & & QUrk(Lee et al.,

-

2013).
°]E13J 3%“\}, AR, v 59 714a4S 7] vlA|
WA st = JFE njA2 Yot gutyes

m}qu}_ EQ7199] AAQES0l TR A
Fe A wi717kA, ARl AR AR 5 d9EY
Yo RRE HY wiEEHAY 3Bt AnT o
s A4 22t L HEWE ThFOR ZIFstal glrh
whebA AR e FetRde b A7, H#%'— Aol
A2 o 54& delA "o and Kim, 2011;
Chun et al., 2003).

AFEs k=gl 100 km, S 500 km, QH 7}
£ 200km o] HojA glow, IFHET} ¥il S|
L AU FFo] A2 BAHAGolnt. mEbA] FHOHA]
doA ZA olFH= d7IeAdEEY FFE Bt
shedl felet Aed 208 233 o 53] & d

£ FRT IS AFE AR 2 Zl?“oﬂ 9

A% BAA GO opAolhFold BAFL B o
B3k B0 @B G Frs|e) At o)
73 29 2AL Zk231 9tk (Huebert ef al., 2003). 0]

0|52 1991 9Yo] PEM-West A, 199411 290
PEM-West B, 2001 39€9]] ACE-Asia, 2005~2007
o ABC 5 ti7|e @8- FAE 53 BHE =
ZIYEFO] TAEH oA o] FojFTh.

B Ao e ohaFet 71 4dAe] ti7] wAIwA =
Aol oAmdt G vA L YEA 1 YFE I}
2+ &gk ol 3] = wAA G AFE 3k
2o A PM,,, PM, & AFetgch 22| ulAH
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AL, QAR 9

A9 Sexye BHst] nRA) 0 BHS =
AFSEL, AL, AR 9 A9 ool 2% sfatay s
2 vlwstgch & oblo} thSeld fUEE FALY

L e

ols LdEdo] 7] nNHA] 24 w]A]

sholstaz} st

2, 917

2.1 M=z xHF

7] AR Age SW EEA Q] TASA A
(33°17'N, 126°10'E)o|l A 514t} A 8L PM,,/
PM, 5 Sequential Air Sampler (APM Engineering, PMS-
103, Korea)Q} H|Z& ¥ (Pall Co., ZefluorTM,
PTEE 47 mm, 2.0 um, USA)S A}&35to] 33} gic}.
o] mj MEFo] F7| §4& MFC (Mass Flow Con-
troller)7} F2FE 2} A|AES ALESto] 27| HE £
2 A7 A&ALZ 167 L/ming §A8HAch 3
| ANge @FA S2E HEL S (SPL life
Science, PS, 52.7x 12.6 mm)o]] Yol W& & AlgAl
gAACIE oA kol 2 wi7hA] (48~96A1h) A=
T FAE S5 7 S-S vl AEe HE
2 glo] dof Padt & B A7bA] -24°C YF
o] 233}t (Kim et al., 2014).

T84 ZE AEE 20149 195E 129714 3Y
4, 24X 7 G2 PM,, 1187)], PM,; 110715 A F
St o] T Aol 3mm o)l AIRE AEhaL,
PM, 3t PM,, A129] AL U Amt BE
7970t} o] A|RE Fol= BA} AlRT} % 672014
W1 1Y, 209, 59 264~299)), A7 A& F 67
(2014 1€ 3¢, 169,29 219,249,274, 12¢¥ 24
), ¥ A& F 23700]aL, o] & A7t YA HE
A+l (non-event day) Al &= & 447l 0]t}

2.2 OO1ZE A= 24

2.2.1 0248 24
PM,, A2 BHE |53t g e ol24E, U
HA| 7 Tls YAE 2400 o] &SR, PMys Al
 ZE JAE ol2AE B4 ol &ttt 84
i)
=

ol& HEe AT AR o] ofetg 02mL A=

ol mAHAA gtxAel n A= G 20149 AFE AR Z 69

$29 At 24718
E] (Whatman, PVDF syringe filter, 0.45 um)2 284
BAES AE T AL o] 24 & E4 o ARt

7] olAHR] =8 o] 2RSS ol2IARUED
g (10) 22 EA5kgct ol (NH,", Na*, K¥,
Ca®*, Mg*") £44 22 M AccuStandardA}2] 100
ng/mL BEEAS AMEShe] 2ASHAT, BEEHT
R 0.1~50 pgmLo] W92 4T EEgAL 4t
&3to] AAstgnt. oA R EIH Y E4 L
Metrohm Modula IC (907 IC pump, 732 IC detector)®}
Metrohm Metrosep C6-150 &2}, 0.9 mL/min -4,
25 uL 5 1], 3.0 mM nitric acid 8| 2ASZ B
Hateict,

EFF 20]2(S0,”,NO,", CI")2 Metrohm Modula IC
£ o]g3}o] Metrohm Metrosep A-SUPP-16 22|, 0.8
mL/min §-<5, 100 uL. 3] 53], 7.5 mM Na,CO, 2]},
200 mM H,SO, HZa|d foo] 2A0 2 BAsIATt
o] f EFEYL AldrichAl2] 12} EEE2 (99.999%
(NH,),SO,, 99.99% KNO,, 99.99% NaCly& A}-§-5}]
z2ABHE o, EE2HAYFAL 0.1~5.0 ug/mL H 2
EZEHE AMEsEe] A5kl

IC &4 A] 7]1713&8A (IDL)= E=H/AIA 2
Aol AMge HA o BEENS 73 HHE 2%

U9} Student-t (98% AZ42)ZRE ALbaHgl
3, B4 AE=E HFA S (CV, coefficient of varia-
tion)S A4tste] Elstitt. o)A AF&d IC 7]7]
42T (DL)2} ASASE E 13} 2o,

Ly

2.2.2 gAME 2N

PM,, @} PM, 9] ¥4AEE= US EPAS ‘Compen-

Table 1. Instrument detection limit (IDL) and coefficient
of variation (CV) for IC analysis (n=7).

Species NH," Na* K* Ca’*
IDL(ug/L) 23~85 19~62 75~82 66~10.7
CV (%) 0.7~30 0.6~2.1 24~26 20~33

Species Mg™* Neka NO;~ cr
IDL(ug/L) 6.7~938 11~15 05~1.1 03~06
CV (%) 21~3.1 02~03 0.1~02 0.1~02
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dium of methods for the determination of inorganic
compounds in ambient air (Method 10-3)” B o] wha}
slolazal ARaMoR AAels F RASAt
(Mainey and William, 1999). A|& & ZA 2=
3 E|ZE (PFA, polyfluoroalkoxy) &7]¢] ¥, 7]
o] 5.55% HNO,/16.75% HCl Z%AF 10 mLE 713 &
nfo]Z 2} Ea)4] (Milestone, START D, USA)2
ARgsto] &5t o] o A]2 82 1000 W RF
powerZ ARt &5 158 59 180°CE A A
713, o] LA 158 FAAX F A A3] Yztst
fct. wola 2w BejE nhil &4 FA7| L
(Whatman, PVDF syringe filter, 0.45 pum)2 &84 ¢
A2 AZ 3, 3% HNO,/8% HCl EFAF 5mLe} 24
5 7hsto] §FETAA 25mlt HES 34613
t}. 9o} o] AE=H A]&E ICP-OES (PerkinElmer,
OPTIMA 7300DV, USA)2} ICP-MS (PerkinElmer,
ELAN DRC-¢, USA)E AML5He] QAAE 200 28
BASIGITh AR A4S EELAL ICPE Accu-
StandardA}2] 1000 pg/mL ¥&-8-H7} Perkin ElmerAk
9] ICP-MS% 10 ug/mL E&&N AREsle] 15
AEEL 001~50ug/mL, Ase AEELS 1~50 ug/L
ECEES R EEE N FESE
z|43k5t7] 93 ICP-OES€-& 3% HNO,/8% HCI &
4, ICP-MS-§-& 1% HNO; &5 AR5t} o|uf] ¢
48499 7]71823 (IDL)= 43l e} ICP-
OES7} 0.9~18.3 pg/L, ICP-MS7} 63~62.8 ng/Lo]
92 eyt

3. @t ¥ nF

3.1 CH7| OJMHX] =4

AE717Ee] A& F A AR EE 9 (G mm
oS Asta, ARANH X717t FLE PM,
PM, Bt A4 (n=44)sto] Hud A 27
39.5+17.0,15.1 7 4 ug/m*0| 1, PM,, , s= 24 .4 ug/m’
o|itt & AT+ PM, AFFEE fray FFHOE
3% 7143 A5E5AT dolEHY vug A,
B-ray ELHo A 250+ 112 pg/m’E FE o] tha
2 AFE B, F S Y ABAs=

r=0722 A2 $AR 248 Rk E PM,, Aok

IS A 2 AL =

B 5Y AFA 2008~2012d] Z7g3 A A
T} 18.6 ug/m’e ]3| T W2 Anks Holx glrk
(Lee et al., 2015). B3+ 3 Axpr} SAe A 20ke
o2 ShAE, AR, BHR A9 ARFs=E vlugt 2
3k, PM, 2 Z+z} 847, 67.2, 49.9 ugim*o]QaL, v] @A

dof sl Z+z} 2.1, 1.7, 1.38) ¥ &Skoh 123 PM, 5
AgsEe FAL QR 8- Ao 2427} 45.3,40.8,26.9
ug/m’2 Bl@Ade] vlal 3.0,27, 1.88) o &4 et
Sk dubd oz gt Al AFsEE PM, ol Hl3
PM, oA £& 7188 Holth(Park et al., 2012). 71
gy 2 dFZdgoMEe PM, AFsE F7HE0
PM,,ofl Bl&l| thar £& o3t AuE H it o]t
AL 7133 AFLESAES 4714 TARE 53
Shelsl & A}, FEY| AL Ao BFR et AR &
AE A2 FYENRL olHE AR <l PM,;
oA = F7HEo] AdFLeE o =4 Usidt Ao
2 44

| AAZ] (PM )0l A PM ., 55 ZH YA (coarse
particle, 2.5<D,< 10 pm), 121 PM, .= ul&| Y=}
(fine particle, D,<2.5 um)2 F&Esto] ZrfgGA=t
o A FGUAe 24 BG4S vlas] 2yt gyt
Ao g 2Rt AFEHAAY 71AH B3-S AA
A= A7) AFAIZEel vlwd Zhoh 2z u)A|
Y= FARY A4 T A9FY EFolY o=
3 LSt 7tAAt L AEZ] eSS Yo AA
AR E7] o] Fetx/do] thE ZolE EHlt
(Hyeon et al., 2014; McMurry et al., 2004; Seinfeld
and Pandis, 1998; Wolff et al., 1985). 0|& &<l13}7] ¢
sto] PM,o,59F PM, 50l Al 2} 0] 29] =& B sG]
TH™ 1). PM,o, 04 o] 2AE %+ CI'>Na'
>NO; >nss-SO,” >NH, " >nss-Ca** >Mg* >K* &
o2 CI' (3.11 pg/m*)@} Na*(2.12 pg/m’) s GAEo]
e HEE Yehygict v NH, T} nss-SO,
247 051, 1.00 pg/m’2 2R} FFo A W
UERY It} o] NH7} 7] FollA] S=Rol 83
T SAE A S FEESOR AREES A
A7) gio 2= FEo g3 Wi, 2 At
o] 21} TA nA YA FHo| FE £t wZolh
(Masiol et al.,2012; Lee et al., 1999). 18] 1 PM, ., 5]
ol AL FHYAE(Na*, ClI', Mg*™)o] 58.6%= 7}
A =1, ttgog2 o]zt LFEEZ (nss-SO,”, NO,,

]
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Fig. 1. Concentrations of water-soluble ionic species and their ratios in PM,,_,; and PM,; particles.

NH,*

9922227

%ﬁf&

I l
g"m;”z

PM,q.25

cr
"
! Na
4.7%
K
3 21%
b3 2+
0 351 nss-Ca
1550enst23432323343 o,
s 0.8%
s A g
555 5 3
1707 19592 2557 SRR
,é?ssséi?..g;/? o
,;2;’4 ' 2 5‘5’ % /ul ”55':’; 755525 ';
i ’y// é;o 25555555
I s
";‘:’j’ lllﬁ l{ ' 'f; ”%{/ Mgz+
\ZA% f" a4 S L% ’I’”
-.é’r 755 nss- SOA 2 /;g”?%”l

0
2% 0.7%

[y 2557 % /

{ ST4%

l II l I’ll SR ”Illl
'{I?;g’l’l Iﬂ“g;‘:’flll llf’llg/ f.
" 4% .4 ' S
ud?ftn

4100 25555335 “‘gingl 5527

PM.;

Fig. 2. Composition ratio of water-soluble ionic species in PM,,_,; and PM,; particles.

NH,") 36.4%,
(¥ 2).

E3 BEAY Y] PM,, o] 2AE EEL nss-SO,”
>NH,">NO, >Na">Cl">K*>nss-Ca** >Mg"" &
o]9th. o] = nss-SO,”, NH," =7} 2427+ 433, 1.68
ngm’2 g dgRte A o5 AH 7Y HE
9] 5Tt BN =& AFE Holx gt BiHo|| NO,”
2 PM,, 59 PM, oA 22k 191,073 pg/m’2 2oj
ARl A 2,68 o A YERE nss-SO,”, NH, TH=
oA o dAFEE 4L YeErG

T O 19 Zaet Zo] 7 o] 2 EE2] PM,,;
oF PM, ;049 Ex8|E vt 23, PM,,/PM,;

EFAHE (nss- Ca“) 32%9] 2A4& BY

SZH7F NH,', nss-S0,70] 120} 22 ks vreh
o] Mz wlA| YAt Wol EEdh= AFS B
o} 28U} Na*, CI7, nss-Ca®*, Mg™*, NO,” A &2 Alt)
o7 it BEsta, K e 2ot nlAYgAt
of LT BiEdt= A2 AT

Eg =AY B HA] oA nss-SO,* ol B3] NO,~
9] 7]l &0 AdiFer 2 AFE EiH. o=

s WAYo] iR AN Bl 21, 3] ©]
T 2HdYY Il 371 ‘IH—“#C’l‘:}- ARgdT d4E
Ho ZAIR S A, &3, w0, Adstol ol Al PM, s
A4 ) Ake] nss-SO,*/NO, 9] v|7} z+zh 1.37,1.62,
148, 1.669] ZF& Ho]i th(Jung and Han, 2008;
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Wang et al., 2006, 2005). o] AE Z=A|X| oA nss-
SO /NOL S Hl7k He e A%H £qol e
NO, Hi&9| 3ol 27] wZolct. olo] H]|3] =
A2 g2l WP Eel gH =] nss-SO,”/NO,” Hl&=
247} 3.34,3572 TAAYGETGE 22 7S Holn
Qlth(Lee et al., 2010; Lee et al., 2002). & A1LE 53
g AR o ¢ nSS‘SO42_/N03_ Hl= PM,; HIA| YA
A 592 2 & UL, o] s Aol o7t U
4 od w2 9Fo] AHOT He FFL Holn
Ak

T12]AL PM, 5 A YA} o] AR ol L EHE
(nss-SO,”, NH,", NO,)o| 89.4%2 718 =& n|%
AR BHHAL, PM g, 5 2T Aol H]Bl oF 2.5v) &2

Ntlo m

IS A 2 AL =

gulE Yebfoict. vhde] sjd7] 9 (Na”, CI, Mg™),
E%7) Y (nss-Ca’) AEL z+zt 7.8%,0.8%2 A&
o7 B 24HE By
T HEALS EOE PM,, 59 PM, oA 4
SR, 1 A 2 39 YER
it} Bl A thEk Al Al Fe, Ca, Na, K, Mgo] &
ZE HY, PM,, 5004 olE A7 s&& 5275,
211.7,232.1, 14380, 141.1, 2452 ng/m’E PM, ;] H]
a ztzb 4.8,25,70,59, 1.7, 578 £& =2 HY
tholE AEES AU B 4 A 719 HEE
2 F2 2R gol Bxsts E45 Hola 9l
o} ¥kl Zn, Pb, Cd A& F=+ HAYRIA 2
7+ 12.3,52,0.7ng/m’E 2R}t w8 z+z+ 2.5,

oX,
Sid
o
off
H1
i
i)
El



AL A HHE @A) mlAEA] Shetzd o

&S Hetdiol B4 slE 42

il

E3 YR 242 2HFGARAA F4 3|
719 AE (Na, Mg)©] 47.8%, E%71Y A+ (Al Fe,
Ca) 27.6%, 194 7] AE(S, Zn, Pb) 194%9] v]&
£ B4oh 28y oA ggygAtelAe olEel 42
242,193,483%2 2AuE Jehgich o] AH ¥4
Qi 2L 2l Aol = A B 719 ARl
a| K| ) zpell Hlal ZHzt 2.0, 1490 £, A7 A&
2 olg} i 2 ol Q)Apol| H] WA YRl A 2.54]
o 2 EAL HYoh(aE 4.

FAZE 2 g2 JFHE o= Agl €l
| Az mofo] o] UAlo] =1L, 17Ige] 9
o] ofafzl= HHH A7|¢e] s maf W7 A
FRst7] wiZoltt. oju FAte] TEE ] ARk,
A A, FS5 T 18R et 24 dFE T
EtH(Kim and Lee, 2013). & 2 F=9] £=do|y
FR3 Aol WvlelA) WS Qi AT AR
& 7k R EE 0% 0 PBAT HE T
Ao 71915k glom, HAHOR A (haze)e] Fel
= W3 gk 293 oleld LETASS et
A ZAY olgsto] tr|do FFS wAE= Ae=m
webal glok B3 9 (mist) = AHSE7F #i &
A, A 22 F54 JAE Bol =T

it

e G 20148 AFE DAY £ T3

(Chun et al., 2003). 0|9} Zro| 7|AF&AA Y| wat tf7)
A= S84 EAolu etxido] 247 T2 A
Uetu, 71384 @ 4A= 70 2 di7] ool=
£9] etz WIS AT v & et it
(Kim ez al., 2014). 0|2 &3] TAZAAo)A A3
ARE 7138 YEE 247 FAb(Asian dust, AD), A
X (haze, HZ), B} (mist, MT)9} B] @A} (non-event,
NE)Z &3t u|A|HA| o 24& v 2kt

PM,, 59} PM, 59| o] s=& 7|dAtde] uat
H|wg ATE & 20 =55 oA BRo] At
Ay A PM1072.59’]' PMz,soﬂ}"] nss-Ca’* == 4%
2.28,0.18 pg/m’2 w]@ArA o) v|s] zkz 7.74, 3.08)
F7hke HstE B4tk 283 NOy A& A AL
Al PM,,58F PM,soll A Z42F 45,498 & 555
YetliE Aoz 2AEIY 18y nss-S0,” sEE
AL Al 2 QJAReE m A Q)R ol A Zb2E 3.47, 14.16
pg/m’2 v @A H|sj 3.5, 338 =21} nss-Ca™
o vl AF R PN A2 Zo|E Ho|il gl
o} Ait 9 bl 9] F=7t AL Al 2 F AR
oA Hln A EA F7Fete olf= AiAtEEolu &
AbsHEo] mlAAA] A} e F2 B TGS
Yo 7# Ca(NO,),, CaSO, 5 4 FH=Z HEEH7
W Zo 2 =A =t (Rengarajan ef al., 2011; Shin et al.,
2005). o] gt dAF2 A3 AFolA = 1= 9lch
SO8t NO, 7k24 E4o] YA+ WA AbstE A,
St EE I AEH ] SXAAS AFS W A
o] 37], e 5 FH X7lo] Mgt} a1 o] 4
=2 BAF B4, 5SS A4 sl 2ERA |

Table 2. Concentrations of ionic species and their ratios in PM,,_,; and PM,; particles as the functions of meterologi-

cal conditions.

Concentrations (pig/m”) Ratio
SPeCieS PM,;,5 PM, 5 PM,(,5 PM,
AD HZ MT NE AD HZ MT NE AD/NE HZ/NE MT/NE AD/NE HZ/NE MT/NE
NH,* 1.79 125 050 051 530 586 389 1.68 35 24 1.0 32 35 23
Na* 259 158 1.3 212 045 030 027 036 12 0.7 0.5 13 0.8 0.8
K* 023 020 0.14 0.17 054 045 020 O0.16 1.4 1.2 0.8 34 2.8 12
nss-Ca”* 228 080 036 030 0.18 0.11 007 0.06 7.7 2.7 12 3.0 1.9 1.3
Mg™* 050 025 019 028 007 007 004 0.05 1.8 09 0.7 14 1.3 0.8
nss-SO,> 347 263 076 100 14.16 1245 1023 433 35 2.6 0.8 33 29 24
NO;” 859 412 218 191 355 437 129 0.73 45 22 1.1 49 6.0 1.8
Cr 367 173  1.19 311 021 013 009 0.18 12 0.6 04 12 0.7 0.5

AD: Asian dust, HZ: Haze, MT: Mist, NE: Non-event
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t}(Zhang et al., 2010; Sokolik et al., 2001; Wurzler et
al., 2000; Roth and Okada, 1998; Denterner et al.,
1996).

T3 NH," & A A] vj@igddol vjs] 2o yg=ket
QAL A 22t 3.5, 3260 F7bskgct. et At
%02 NH,'o] 1.0 um o|5ke] mA|Qxto] B 4
FS g olgd 2ol A NH, 9 = 3
7 e 5015 B4gelet NHLE d7] SOl SO,
ske] whgAo] o} AM WE HE2 4e A

r

-3
Aoz 4#HA ot 281 H,S0, ¢o|= HNO,, HCI
e APEAT uvr-go] & dojdth(Zhuang and

Huebert, 1996). 0|33t vkgo =2 AAE NH,NO,,
NH,HSO,,(NH,),S0, 5°| 33t} o|gi} 22 &84
HEE FoA =Yz olFATha A Utk
(Szigeti et al., 2013; Park er al., 2010; Yeatman et al.,
2001). FHAF Al 2 A4 NH, 9] F=7}F F7Fsh=

i
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.' e
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3 AFote AX| sl AZFo|th(Hyeon et al., 2014,
Kim et al.,2014).
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Fig. 5. Composition ratio of ionic species in PM,,_,; particles during Asian dust, haze, mist and non-event days.
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AR o) YA YAl IS v|A7] PEA ZF 60.0%, 63.7%, 53.2%F YEFH L, PM, oA =
Ao R Holm, o]& Q] o] JEEC] AT EE A7 94.1%, 95.6%, 96.4%E PM, ;04 B © &
o] & F7tel 71ofsty] fEoR A (Lee e 2AHS YERSITH WHHO| nss-Ca’'2 A} A
al.,2013). PM, 5014 9.9%= v1@ddel vlaf 3.18) =& =4
TS ARt W 7|7bo] o]E AEES =S ¥ HE HIrh 9 AE<Q Na', CIT 9A] 1 2Au)7t
s 2 Ay mE JEEo| grRET AR Ao PM,olME Z2F 11.2~17.5%, 15.8~184% %
12~358 o £& 52 Yehyigct 28z NH,", RAHE 2ok a2y PM,olAE Be =AHE
nss-SO,” JE9] =T PM, ;oA 2.5,3.58), PM,;  UERHSIL, nss-Ca™* T} &2] PM,,s& PM, oA =
oA 1.5, 128} B 21 NO 2 PM,5014 198,  F 7|84 UER 2 2jol§ HolA| gttt
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Fig. 6. Composition ratio of ionic species in PM,; particles during Asian dust, haze, mist and non-event days.
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Table 3. Concentrations of elemental species and their ratios in PM,,_,; and PM, particles as the functions of meter-
ological conditions.

Concentration (ng/m’) Ratio
Species PMiq,5 PM, PMq25 PM,
AD HZ MT NE AD HZ MT NE AD/NE HZ/NE MT/NE AD/NE HZ/NE MT/NE
Al 23755 7602 420.1 527.5 5189 53.8 51.1 1109 4.5 14 0.8 4.7 0.5 0.5
Fe 2057.8 660.1 2064 211.7 530.7 94.5 674 840 9.7 3.1 1.0 6.3 1.1 0.8
Ca 24600 6952 2049 232.1 389.1 484 338 330 10.6 3.0 09 11.8 1.5 1.0
Na 23562 13130 1017.7 14380 4213 1334 196.7 241.8 1.6 0.9 0.7 1.7 0.6 0.8
K 937.7 3527 1294 141.1 3629 112.1 835  8l.1 6.6 2.5 0.9 4.5 14 1.0
Mg 11406 3549 1878 2452 2728 36.5 42.1 43.0 4.7 14 0.8 6.3 0.8 1.0
S 2370.5 2081.8 1679.8 677.1 22572 8150 7892 551.8 35 3.1 2.5 4.1 1.5 14
Ti 69.5 26.1 11.0 174 189 39 33 2.6 40 1.5 0.6 72 1.5 1.3
Mn 36.1 16.8 57 43 17.8 5.8 4.8 39 84 39 1.3 4.5 1.5 1.2
Ba 17.2 6.7 19 20 5.6 1.7 0.8 0.6 8.6 34 1.0 8.7 2.7 13
Sr 13.1 49 1.8 2.3 3.8 0.7 0.4 04 5.8 2.1 0.8 8.7 1.7 1.0
Zn 443 35.8 184 49 432 204 22.7 12.3 9.0 72 3.7 35 1.7 1.8
\% 84 4.4 7.3 30 9.3 34 6.8 3.1 2.8 1.5 24 30 1.1 22
Cr 7.6 11.7 53 30 22 1.1 54 1.7 2.5 39 1.7 13 0.7 32
Pb 21.3 214 6.2 24 24.6 12.7 7.7 52 8.7 8.7 2.5 4.7 24 1.5
Cu 53 3.8 1.3 1.1 42 1.7 14 09 50 35 12 4.6 19 1.6
Ni 152 10.3 40 7.5 6.2 1.7 40 1.6 2.0 14 0.5 3.8 1.1 24
Co 0.9 0.5 0.2 0.3 0.3 0.1 0.1 0.1 34 20 0.7 5.1 1.1 1.9
Mo 0.7 0.6 0.3 0.2 0.5 0.2 0.3 0.2 32 2.8 1.2 2.5 1.1 1.6
Cd 1.0 0.8 04 0.5 0.8 04 0.7 0.7 2.0 1.6 0.8 1.2 0.7 1.0

AD: Asian dust, HZ: Haze, MT: Mist, NE: Non-event

2 A S 7o) et et 4AREE UE
Wth(Calvo et al., 2013). A} A] Y2AEL PM, 5
o /] Ca>Al>S>Na>Fe>Mg>K>Ti>Zn>Mn
>Pb>Ba>Ni>Sr>V>Cr>Cu>Cd>Co>Mo &
0 & Caol 7MY 2 X% (24600 ngmHE e G
th 22|l AL A] Zn, Pb FE7F nlA| bR 20
GAlA B A F7kete S 2o, ot
AR AL GAtol 19 L AEH ] FUET] W&
Ao g FAHL "o PM, oA+ S>Fe>Al>Na
>Ca>K>Mg>Zn>Pb>Ti>Mn>V>Ni>Ba>
Cu>Sr>Cr>Cd>Mo>Co2 <o =2 S AEo| 713
=2 =5 (2257 2ngm)E JERH ST

AT Aol S &0l PM,,58F PM, 04 25 7}
& =2 FEE U vl 1917199 Zn,
Pb, Ni Ad&-2 @ do] vlaf PM,, o4 22 7.2,
8.7, 149, PM, oA Z+ZF 17,24, 1.18)2 m) A=}
Hoh 2ggAtelA 8 F7hete E4E 24 oE
Al GA] AR} FAFSHA 2o YALeL mIA YA A B
FSAEY %7t 12,8, Zn, Pb JEL2 2 YAt

IS A 2 AL =

A Bl@Ade] B8 Z+z 2.5,3.7, 2.58) =of AR}
SPRUL U AFL Gehp

ES 713 EAAE AR 24 FAE Al =4
A ZHEZQl Al, Fe, Ca, K, Mg, Ti, Mn, Sr, Ba 50| &
2 upno) wjs) o 7 27H5900, B PM,
= PM, 5004 F3eE 371 FAIE 2ok vhe] o
Fop uhE Aoz o] AAAPREY T E WS
=2 wolx] ggtott, s, Zn, V, Cr, Pb, Cu, Ni, Cd 9]
Tt AdAeR 31, 53] wA|UAA @ASHA
2715t RS AT o)WY ALHRES P A
of EFAFEC] o2 A dol g @A XolE B
ojtf AR HHE Alofl= EGAES E Aol7t glaL, §
9719 HEES) w7} 27151 BAS ol ek,
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Table 4. Comparison between the sums of equivalent concentrations of basic cations and acidic anions in PM,,_,; and

PM,; particles.
PMyq,5, pﬁq/m3 PM, s, pJeq/m3

Meteorology

Cation Anion Cation Anion

H* 0.004 nss-SO,” 0.072 H* 0.008 nss-SO,” 0.295

NH,* 0.099 NO;~ 0.139 NH," 0.294 NO;~ 0.057
Asian dust nss-Ca™ 0.114 nss-Ca’* 0.009

nss-Mg** 0016 nss-Mg** 0.001

Total 0.233 Total 0.211 Total 0.312 Total 0.352

H* 0.005 nss-SO,” 0.055 H* 0.006 nss-SO,” 0.259

NH,* 0.069 NO;~ 0.066 NH," 0.325 NO;~ 0.071
Haze nss-Ca™ 0.040 nss-Ca™* 0.006

nss-Mg”* 0.005 nss-Mg** 0.003

Total 0.119 Total 0.121 Total 0.339 Total 0.330

H* 0.004 nss-SO,” 0016 H* 0.007 nss-SO,” 0.213

NH,* 0.028 NO;~ 0.035 NH," 0.215 NO;~ 0.021
Mist nss-Ca™ 0018 nss-Ca™* 0.004

nss-Mg** 0.005 nss-Mg”* 0.001

Total 0.055 Total 0.051 Total 0.226 Total 0.234

H* 0.005 nss-SO,> 0.021 H* 0.005 nss-SO,” 0.090

NH,* 0.028 NO;~ 0.031 NH," 0.093 NO;~ 0.012
Non-event nss-Ca”™ 0.015 nss-Ca™ 0.003

nss-Mg** 0.002 nss-Mg”* 0.001

Total 0.050 Total 0.052 Total 0.102 Total 0.102
HEdY =T B2 E*lxl@l«l A mAIYAIA 0352 peg/mol Ytk AR AlellE PM,,, 5004 ZH2)

o 0GB Tlofwst %

(Lee et al., 2012). u] A1 Z] 2] -,—_9_

Aoz Yehta et

S84 oleuE

0.119, 0.121 peg/m’, PM, ;olA] 0.339, 0.330 peq/m’©]
I, 9t Ao PM,,, 504 0.055,0.051 peq/m’,

A 4k, d7] D B FAHLRLE o] Fol2Tt
Lo]|& Y S AS H|wEtH nlAdER ] A
3t 9 53 EAE A5F & ok dRtgez oy
%9 H,S0,, HNO;2 NH U E¢9 &714 24
(CaCO;, CaO, Mg(OH), 5)2t §h-g-3to] YA A
e A4E FHRE nAdR|e] 223t (Lee e al.,
2011) weka] SO,7¢F NO, 9] JaFs=s S5
AR A 7| E 5T 5 ATk

40 7)GASERE ool 2T 7 o] 9] FEFE
E5 vusigith 9 Anpe} ol ujEddo] ol
2 Fol 9] FFst &S PM, 504 22 0.050,
0.052 peg/m’, PM, ;oA Z+2ZF 0.102, 0.102 peq/m’ &
T dRelA BE Hgt AaE YeE It 714
BEEE A Al PM 504 ol o9 T
e o] ZHzF 0233, 0211 peg/m’, PM, .= 0312,

PM, ;o4 0.226, 0234 peq/m’ 2 FFEEE 7ho] 1]
=T ES UEIT ol A" i dAket mA AR
REO|A ool &3} Lol 2e] FEE Fol A2 ul
o S Uelle A or Hop nAHA ARE2 F
2 H,S0,3 HNO,o] 2J3) AH43tel Ao 238},

itz oz tf7] FollA Fap Az 71%
H,SO,, HNO,& =& NH,, EX CaCO, $9] d7|4
=250l 98 Fedoh(Kang et al., 2009). 12|31 F
=4 9%t F3=E oo A1), ) 93l F3t
Q1A} (Neutralization Factor, NF)E H£3}o] 7j2Fd o2
H7Fe 4= g1tk (Galloway and Keene, 1989).

[NH, ]
NF = P - (1)
* [nss-SO, ]+ [NO;]
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Table 5. Neutralization factors (NF) by ammonia and cal-
cium carbonate in PM,,_,; and PM,; particles for
Asian dust, Haze, Mist and Non-event days.

NFyy, NFcyco,
Meteorology
PMI(!-Z,S PM[S PMIO-Z._S PM245
Asian dust 047 0.83 0.54 0.03
Haze 0.57 0.99 0.33 0.02
Mist 0.54 0.92 0.36 0.02
Non-event 0.55 091 0.29 0.03
[nss-Ca**]
NF nss—CaE+ = (2)

[nss-SO,”" ]+ [NO; ]

= Aol A [NH,'], [nss-SO,7], [NO, ], [nss-Ca*™*]-&
2 el gappol 59 Ak} Fo WA
o F37]0 =S AW u, g ole] O3t FHEL
PM,, €} PM, 50l 4 ZH2F 0.55, 0912 &L oto]| —4
3 F3hgo] MY o e oz FaHy
ok JE S off 88 T URlN 2
7 029,0.030% 38 2R xel 4 Fohereo] &
ofib Aoz AT 13 A Aol o
Uolo] oJat 8-S PM,,,58F PM, 0l 4 k2 0.47,
0830, BAFol o3t F8HES T ARl 22t
054,0030.2 THE AAe] uls) Zojel Aol At &
Aol o8 8Hg0] o £& Ao® ST
et AR Aol vAARA gmote] g &
shgo] 0092 ThE AR Hls) WA SAIE Ao
2 Z2AEGITh E U Aol 3 E4o] nayy
3 u|2a 258 Rolk A0 Uehyth o] 2
FER Ho} vl AR AHBU S F2 &
mujobe] o) Yojuka g, ZH YRt A TaE
%ol 93] FBHT e AW 4 e 53] F
A Aol gkl o8 S8kl ZYARelA,

A% Aol grmujotel] ofgt Fakgol A ARelA
20 e Row AT

A R 49 2 0% A2E seks] 9
3o} PM,, A2 AL 118DE oz 47
BHe AN APHAEHL wZ NOAAY]
HYSPLIT4 (HYbrid Single-Particle Lagrangian Inter-

IS A 2 AL =

Cluster means-Standard 91 backward
trajectories GDAS Meteorological Data

Soure at 33.17N 126.10E

Fig. 7. Clustered back trajectories of air masses corre-
sponding to PM,, sampling date at Gosan Site.

grated Trajectory) 223} GDAS (Global Data Assimi-
lation System) AHEE ol &-3te] ZURAL x5S
t}(Draxler and Rolph, 2013; Kim et al., 2004). 9 H&
BA0) HAAZHE 36AI7E0 2 Hohgla, B T

A YR (33°17N, 126°10'E), ZLAELE 72m,
WAz S Ao} o) 00 UTCR Agshec. o
4 2YRN 20E /122 /129 f942E 4
3, & Cluster 1 (ZFZEE), Cluster 2 (F=2EH),
Cluster 3 (3H1%), Cluster 4 (EE|H k2 BF519 11,
ol % 7o Yttt #AEAS I9 e Ao}
Z+o] Cluster 1(31%,284), Cluster 2 (32%, 29%), Clu-
ster 3 (30%, 274), Cluster 4 (8%, 7Q) HlE=E H 1,
AF7I1t FFHFL2REY 7/ F¢ Bl=7}
63%= 7F Wokth FQ o)z L 9EF NH,”, nss-
SO,”,NO, 9] 5&& 7|7 YA =E=R vjuse 2
Al 2 BF S5 (Cluster 2)0| 4] 7]dko] o]F
e o 7P =A Uebdth B 8 B¢ 224
9l nss-Ca’* & FIER|A 7|ho] o] FFE o 7}

é v rir

% 5L BEE YT o2 $IYRIA o5
2 W w2 Ao FAHIet 223 ojuf NO,” 4
H oA} r,}é G50 vlE) AR or =8 v 8

Hgou, Aye] B Fa ARl BATEN W
3 93 7] mAEAR ST Y Ao
e},



AL A HHE @A) mlAEA] Shetzd o

4, & =

W ARG AFE LASH A PM, T
PM, ;s XS AFete] o] X daFES
gt ANEEE 7@ WE nAHA] 24 ¥
ZAFSFA T

AT AR A8 PM, 3 PM, s A= HEA
o] 2z 39.5+17.0 pg/m’, 15.1+7 .4 ug/m’o| L,
PM,,,s ¥ 24 4 ug/m’o|ct. PM,,,olA=
A F=7 7MY =1 322 A97EY] o]
2 LAEHS] 52 FEE o PM, oA E <l
AARL o|AF LAEAY &rt o =i Y EY
AR FEE AYEeR ¥ AFE B4 o
HEY 242 PM,, 014 719 AENa', CI,
Mg**)o] 58.6%=2 7Ha @ FES ARsg oY
PM, oA E U979 o]z 2 HEH (nss-SO,™,
NH,",NO;)o| ZA|9] 894%5 A5ttt A&
2 PM,,,5914] Al, Fe, Ca, Na, K, Mgo| PM, 0| H]3}
17~708 & 5 & Ho|u}, Zn, Pb, Cd LS vt
Y2 PM, oA 14~2.58 o =2 AFE Uil
t}.
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30 o L % E B, nss-SO,, NH,", NO;
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S7FeH ATt AL Al Y4AdE-2 Al Fe, Ca, Mn, Ba,
Sr B =7} PM,, 50014 4.5~10.68] Z7}8tch & &
T A= nSS‘SO42_’ NH4+, NO3_-0’] =7 PM, 5 |4
29~6.08) 75t} PM, o, H o B =4 A58kt
R A] o5 HRES PM,, 04 & #EE gle
U PM, ol = o =7 $718ke A3 B3 oA
A ARG m AR 242 AL Alof] 2T YRl A
EUAY 4ol =L, AFe} v Aol mAIY
oA 221 L AEAL] o] A Frtele EAE
e it

H| U2 o] AHStoll= 2 Akt Aito] ok
u| 2|1, o]F R714He] F3h= PM, 04 2 Ry
oF, PM,, 0l M= T2 BAEEol 93 dojub= A
o2 = 53] A Aol shabd o] ot
F3H&ol 2YUANA =2, AF Aol gEY ot
5t SO WA YR A & EAS e

AAH 2HEA A F8 o3 e FEH (NH,,

e G 20148 AFE IAY Y 719

nss-SO,”, NO,) 9| skt F3dRolA 7|do] o]
P ) o =1, F8 EF AFAES nss-Ca™'e
TEROA 7do] o]FHE o] Eob T 24
g Wo| W= Ao R FAHE
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=
2
%

AL 2

o EEL 2013d% AR (WgETtR)] 2
o2 FFATATY APL ol +PH 7|2 ATLA
9 (NRF-2013R1A1A2011382).
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