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Acidification and Neutralization Characteristics of Atmospheric
Fine Particles at Gosan Site of Jeju Island in 2008
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Abstract

The collection of PM,q and PM, 5 samples was made at Gosan site of Jgju Island. Their ionic compositions of both
inorganic and organic phases were then analyzed to examine their acidification and neutralization characteristics in
atmospheric aerosols. The mass concentrations of PM,, and PM, s at Gosan site were 37.6+20.1 and 22.9+14.3
ug/m®, respectively, showing the content ratio of PM,5 to PMy, as 61.0%. In the evaluation of ionic balance, the
correlation coefficients(r) between the sums of cationic and anionic equivalent concentrations were excellent with
0.982 (PM,) and 0.991 (PM, ). The concentration ratios of PM,/PM, derived for nss-SO,2", NO;~, and NH,+ were
0.94, 0.56, and 1.02, respectively, indicating the relative dominance of fine fractions. The acidifying capacity of
inorganic anions (SO,2~ and NO;") in PM,, and PM, s were 96.5% and 97.3%, while those of organic anions
(HCOO™ and CH4COQ") in each fraction were 2.9% and 2.0%, respectively. On the other hand, the neutralizing
capacity of PM,, and PM, 5 by NH; were 72.8% and 82.3%, while their CaCO; counter parts were 22.5% and 13.3%,
respectively.
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w8k Ael o] ek PM,s RIM A= Al Bio] 7]A]

TEA | o] 5HE= Fot veFst &
< S35 A=, 7|53t kS w|X| 1, AlA
of @ 53&7] 23S Yoyl Fa EAe|t(Kim
al., 2006; He et al., 2004). 3] AFIAIA Sl A
%3 NH,, SO,, NO,, VOC, =-2] Alslo] ]3] A
U914 2909 S | wEel Fd 3Rl
3 v Bxkst setxeAdE el = PM,g0]
Z AFAIZES oF 742 PMygell v]sl] 2~3) 2
wfol] 2o iRtel wls] A e o]F °JsF= W
A =7 Jeplde} (Hwang et al., 2008; McMurry et
., 2004). o] A= d7] F°] PMypdt PM,g mIAI 3¢
= Beiskeld 54 9 wbyr)dde] vhaa, Rty
o wlet 24T 714, 2l ARBH EAE Aol
Hol7] wjie] e ¥ d 2L vad
27} e (== 374 2kt 2006).

g7] 2] $-7]Ak2 dliphatic acid, olefinic acid,
aromatic acid 5 100% o|Are] t}ekst 7l= B-A)AF 3
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Wz EAge o] FolA b o dre e
3} opEArelE, o) F 714k 7] FolA A

A5 7Adez EAEte Aoz dA Qo
Khwaja (1995)%= -§7]4ke] 90% o]Abe] 7|A|Abe =
EAeaL, 10% F=r1t ixbdell EAlskm, o] 5 80%
A= 1.0um v)Rke] A gAtel] Ex)gieta 8s)
7 glot. 1990 ¢ Virginiae] AM7EA]e] 1,014 m A9
o] /] =A3 HCOOH<} CH;COOH<e] E3m|= 1)
2 5.4¢} 21ppb #F& veR R it 223 WAy

el AE 5 4079 W £ 2o wmA
VY TP ehIAT 27 5 1914 7))

gkl oJEA I mlge] HEiAle Ade B
(Seinfeld and Pandis, 1998). z}&1 71%12] A% =7
R e e ML IEE
e AR e bEE A frIake
2 AR F4E T 5 leh ABelA s
T2 3WA §7]38E-2 isoprene, monoterpene 5
o|r], isoprene At % A JelA HFoz AT
o} (Likens et al., 1987). Likens 5 A& AlA}7]o)
714 st AR 23, 0l 4 A
FFoz 3l frlake] AH7] wgal Ao
Asta ¢lv} = Galoway: BermudaclA] =A]
F714F Ak2 g BAste] s mlA e ofF W=

T dphaolefinfe] gAasht-gos f7]xke] YA

ot e Lo

st 7] 33 813 R] A 27 W A 55

etz A B ol g AR s oFe] A
Al Fge] P 2 B AFAHC {714
sl7b 7 2 Aelglx FAsla ¢lv) (Galoway
al., 1989; Keene et al., 1988). w38t 3joFe] §-7]AF
< okl A ulEE= NMHCe] 50% % =7} ethene
3} propenee] 1z, o] 2] Aksab-gol ¢]sA] HCOOH
EE CH;COOH7} AAHYE 7oz Ry gt
(Chebbi and Carlier, 1996).

7] ellejz el == F7]4ke] el momo-
carboxylic acid, dicarboxylic acid, aromatic acid 5|
o o]& FFEES APEAE, /&P 9 A

& F4E gF, B, A2 Fo Ak =

@ o}‘_, m{n e,

£ 9 geld 8 1oz Mgy, /ay
shshpae] Abslel o8] 2xpqoz MAEYE &

oz S=E o8 Sla AFE 2 Aedela
2008105 Mz PMys o528 A Hske] Fo
S84 oozt wgkel 4714k ol & HBES ¥HE
ek el 3 1 A Re] WA PMy, PMys v
AL Bz e v, Fo T v
$714ke] AR 7)ol g 2AbseE,

2. ATy

2.1 A2 z;F =2

PMyo, PM,s Bl 2L Algs AlFE AMZE 2 AA-
o AT FAESAH L AFELHAA = AFA] T
W Ak &) 498, 33°28'N, 127°17’E)o| A A
Fstdeh ATE 38t Ak A de S d=
Al 7] wiAse AYer FA4e §d 72me)
sk Al A QA A FE nEd eyt
H2RE] A% Weko = of 300m Heix 9lut.
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2.2 PM,, A2 zF

PM o B)M Q4 AF Al 2= PM,, Sequential Air Sampler
(APM Engineering, model PMS-102, Korea) ¢} B Z &
e (Pl Co., Zefluor™, PTFE 47 mm, 2.0 um, USA)
= Alg3te] 20084 3YEE] 20084 12YU71R] 244
d9lz & M AR AEAE AFE
A Z 0] Zelel Sel AXske] gk
I, A& AF Al T frES AR (Mass Flow
Controller, MFC)7} R25l 2}EA]| AElS A}L-3}o]
Z27|1HE] F8 A7HA A&H o=z 167L/ming
Astoiet. ulH dabe] Aeke e A Fo) B
B E dAA e]EellA] ghefe] & o 7bA] (48~ 964]7)
Q2N F BES] A Aol ZAste] AEsY
o}

l—Jr:Lm

2.3 PM,; A2 xHF

PMys RIAI Q1AL A8 A% TAFEA Aol PMy;g
air samplers} ®|=2 =¥ (Pall Co., Zefluor™, PTFE
47 mm, 2.0 um, USA)S A}&3sle] 20084 143H-E
20081 12¢74x] 24A7r 912 F S587/0E AF st
Ao} PM, 5 air sampler:= Cyclone (URG, model URG-
2000-30EH, USA), gl =2 &9 (Savillex Co., 47
mm), 37| = (MeDO, model VP0625. 40 L/min)
% 23] THRAL, 3719 $52 9A 223
2~ (BGI, DO-10)& A}&3}o] =7]%<o] 16.7L/min
o) Hxg wskinh APsEE P UL
oz AlgdfFH HEFe FA AelzRE AMEst
Aot

A

2.4 IR RET dE2 =4

o

2.4.1 24 0|2ME £

AEFE AHE PV PMog w4914 BElE o
=ejel4le] gol BER F —20°C Y ETe] wH
A3 1~202 F712 FASsITh PM, BEe
Al A e] wto=m o]E_.l?_s].o:] 3t = o] AR
A el @ e Abde ¥ adala 24 o
33k PMys BB HAS 44 o] 2A4E
of o]g-3l9det. o] A4 PMy,, PM, 5 BE = o
£ °F 0.2mLE 7}8le] =44 30mLel] AAAZ] =,
3087 2e9E AR AR AP 147

B} EBo] 544 o] £ARE 2T olv) &

1z

= &

Adst 9l F3} 54020089 34 A3k 605
7]%= 125mL £-22] HDPE® (Nalgene, USA)S- A&
sz, &9 FA7]2E (Whatman, PVDF

syringefilter, 0.45um, 13mm)& -84 UA= AE

Fojue ¥4 Ane 01%%}9514. = o) &

H =
2 4% 3 %é } Il pH "E = ul* Onon*}oﬂ
pH 4103} 6.972] 3-84S AH4-3led
BAsH
A o] 2 RL o]eFenE T Z(IC)Yo
ZAle]] ®Askeo). ICE Metronmate] ModulalC 2
)¢} autosamplers SAloll AAA|Z] A|AElo R oF
o] &3} gol &g B AT 5 =S Pk
o}. NH,*, Na*, K+, Ca*, Mg?* oko]-2-2 Metrohm
Modula IC (907 IC pump, 732 IC detector)£} Metrohm
Metrosep C-2-150 22] -8 Apg-3sle] 1.0 mL/min -
4, 50uL $241329], 4.0mM HNO; ge]oe] =710 =
B 5. SO42’, NO;™, CI- L9o]2-2 Metrohm
Modula|C¢} Metrohm Metrosep A-SUPP-5 2] #-&
AFg-3te] 1.0mL/min §-<5, 20 uL F¢J33], 1.8 mM
NaHCO,/1.7 mM Na,CO; %El o 0.2% H,SO, # =)
A gole] 2oz PAsAC) oln ICS 71714%
SHA (IDL) e Has o] 2F89E 73] 9h8 24
3t EFHAE T3} £FHA]| Student-t 7} (98%
A=) 5zel A 314) Fsted Fshgon, IDL3
ZA4(CV)x= = 13} 2t} (Koetal., 2011, 2010).

2.4.2 7714 24
=] {714k o] (HCOO™, CH,COO )3 F,
CH3S0; o]2-2 IC(Dionex, model DX-500, USA)H
© 2 |onPac AG113} lonPac AS11 22]3S 2143}
o] Al EA3 . IC £8] 27 25mL/min 5

Table 1. Instrumental detection limit (IDL) and variation of
coefficient (CV) for ion chromatography analysis

(n=7).
Species  NH,* Na"* K+ Ca&* Mg?* S0,z
IDL (ug/L) 119 62 141 53 10.3 8.1
CV (%) 61 31 51 65 36 22
Speciess NO;, CI© F HCOO CH;COO CH,SO,
IDL(ug/L) 98 44 14 07 0.9 1.7
CV (%) 27 20 09 04 0.6 11
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2 25l Z9]3y], 0.25mM NaOH<} 5mM NaOH &
2]l ASRS suppressor S-o|n, A= =7]&7)8 A4
sled 7127] (gradient) S-2lH o= B3I 7]27]
28]= 2L 587F 0.25mM NaOH2 2.5mL/min -
o2 §YNA 24 HEES BT, olo] 4% %
)t 5mM NaOH= $=]A1A 2ed& M= o,
oAl 73 o)Ak 0.25mM NeOHE 4eshe] ebgsiA)
ZTF (Jaffrezo et al., 1998; Hofmann et al., 1997). o|uj
ARZAL 471K AR 2% 10, 50, 100, 200 ug/L
TFENE AMEEte] 2Adslkgl o, A A9l IDL
HEAS(CV)E = 15 24

By

3. Zw % 1&g

3.1 ojMdxte] HZ¥ST

AF7|17kel AT PMyp mlAliAbe] ks e
37.6420.1ug/mPe] 5112, PM,5 mA ) A= 22.94+14.3
ng/m’z, PM, 0] A= PMo| oF 61.0%%
Eligle) 282 PMypdt PMys ks xs = 3t 2H
o) AHA S (r)7h 0.852= ks gt AL el
o] 5 HI5E T FAE Bo 71AEA
% 583]9] AlgAF 7)7bel] A3 1747k w7 o
I o] F 3mm o]Ake vlwA we FFeeks wol
71%E 6Yolglon, uhiel - HhA)e d
Aot 714N PMyg, PMys plAl iAke] Aobe e
upol B Al z+zb 46.0+318, 36.5+20.1

> ¥ rlo K

o
—

rlr

600
y=0.9876x+1.3745
R?=0.965(r=0.982) o
400t
5
=
k]
c
<
W 200t
0 . .
0 200 400 600
> _[Cation] eq

ng/me) 1 ar, wkdel Bl el PMg, PM,s R
sy} 7b7b 3574157, 197499 ug/mtz HhE-s}
AT Aol AFgmr) A5dhs Aks By =3
20084 3Y 21URE] 129 31U7IA] IARA] Gl A
EA3 2 A7 PMp AFs=s 7134 A5F
Au) deoleje} vlas)] & A}, 2 AT Ht
37.6+20.1 ug/m® (n=44)& Jehi gl 31, A=A
gl o]el= 33.9+16.5ug/m® (n=47)2 Jehjo] & o
TFolA Tha o 2 3E Btk = F ESA3E 1
& mlas] 2 AF e ARA S () 0812
2 F Ab vlad A dAE L, 2 A7l &
A3 PMy AaFs=o} 2554 delEls A= ¥

s2 WsRdE dehig.

3.2 M Hlo|e Hxa|

84 o] 2AE BA dHelE: o] 24X (ion bal-
ance) s vlmgtozx HH o= A =g Hrksta
A= (QAIQC)ol| o] 48 4= 9ot m & i A
71 o2 FAE W] wjie] ofole] FFe= g
(X[Cation]e) T+ 2o]22] FHsx & (L [Anion]y)
7k ARAIS ()7 1l 7kEas #A4 H olE7t
A o] ol AF =Tt o3 B 4 gl kol
I Lol FEFe=e] 2 o229 A (D), (2 23
T3, AellA G o] 12 F=(uegll), Zix= ©
2+ o] g, Wi o] i9] AFelm], me ofol
o] 4 nE efo] 2 o] Selnt(Kang et al.,
2006, 20033, b, 2002).

800

y=0.9361x+0.4272
R?=0.9817 (r=0.991) °
600 |

>_[Anion] eq

200 |

400 600

> [Cation] eq

800

Fig. 1. Correlations between the sums of cationic equivalent concentrations (3 [Cation],,) and anionic equivalent
concentrations (3_[Anion],,) for the analytical data of PM,, (left) and PM, ; (right) fine particles.
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Fig. 2. Comparison of ionic concentrations in PM,, particles.

S [Cation] =3 G, Z/W, )
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PMp3t PMys 7 o] &A%
Wi Aol oa] 7R Feledt gole WA
¥ 29| A8 e Alole) 2

2 —,y‘f—* JJroa]zq /\Pi}zﬂ—,—(r)“ 27t 0,982, 09911
¥ AYIAE Belw ek ¥ AT AREL
qﬁﬂaiuﬂxwl lgRE w Fe 244 ARE
o ny Byaloly] Wil o) ol eaH] Wl
24 delEE Hrlale ¥ 2 Felrt gl
weleh )3 ¥4 AshEe] o|AW Mz s
ARE Bol Aoz wol ¥ dolE: v
F5d 219 EE el Aoz Bere,

3.3 PM,,, PM,; O|M| AL =M

3.3.1 PMy DM Ao =Y
AFe AR DA AFHT PMy A8 Fo

ol AR FEE I3 20 e AFelA
nss-SO,2 = ul&l el 3HAk (non-sea salt sulfate) @] =

2, ‘[nssS0,#]=[SO/]—[Na*] x 0.251'¢] AJe]] 2]
3 AABI T, nss-Caet A vjald B y 2
2} “[nss-Ca?*]=[Ca?"] ~[Na'] x 0.04'el] <3} A AkgH
=z o|t} (Ho et al., 2003; Nishikawa and Kanamori,
1001). 9] Ak} o PMy, o S EE] FEi

[18%

nss-Ca?*

2.4% )
HCO,
4.8%

Fig. 3. Composition of ionic components in PM,, particles.

nss-SO,2”>NO;™ > Cl™>NH,*>Na" > HCO;™ > nss-
Ca?* >K*>Mg* >CH,COO >HCOO >F >
CH;SO; >H* o2 7 Yehgw. 444 A+E
FollME nssSO 7 850ugm’s 1 2 v =
= Jehigl 1, nssSO,.7 /SO 2] H] 82 92.9%E 1}
Epfie] sl9AES] TdEme W Aoz FlE9]
o}. 28] NO; , NH,* 3=+ 717} 4.07, 2.86ug/m®
2 ogoz vwA 2 =5 Veligleh v
Eo}71919) nss-CaftS 2.86ug/m?, &%k 7142] Nat,
Cl", Mg?*& 7z} 258, 3.39, 0.38ug/m®e] ==

el gl}. &= w|gke] HCOO', CH;COO™ #-714k o]
Er 747 0.06, 0.34ug/m*S e 9, &) okl
A feAlEE Aoz g8xl CHSO; & 0.04ugm’
2 o}F v F=E Uitk =3 PMy, 584
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Fig. 4. Comparison of ionic concentrations in PM, 5 particles.

32 17 39] Az} 2Fe] q191X 4l 7]
9] o]x}2 984 (nss-SO,, NO;~, NH, o] 63.0%
2 7 B s e dgez dd A
F(Na*, ClI°, Mg?*)o] 25.8%2] xAlu|= ®4ich ub
wol] =¥ AH (nss-Catt)o] 2.4%, 574k (HCOO,
CH;COO )& 1.6%2] H]&& Hof 0|52 zAH]E
221 AEAT S QAAEERTE FH e 24N

2 epiglen

3.3.2 PMys OJM RIS =M
A7] 2 PMys vlAiAbE F2 3 dse] o
&, AsAk ek, SEEA Alxzdg F3 2l
As1Hl golel ofs HAE e HEAT Tt 2
HEA ] Aoz A3 23 AER FA o
HYawka (EC), £71

738F& B<lt}(Leeand Kang,
2001; Lighty et al., 2000). % & 7oA PM, B]A)
HA M Fo 84 AL 23 T=25 435
vlwsldet. 19 49] Astet o] AF7|zre] wAk
A PMys 544 o] 24 EE) FEE nssSO,” >
NH,*>NO; > Nat>K*>nss-Caf" >HCO; >Cl™ >
CH,COO™ >Mg* >HCOO > CH,S0;” >F >H* &
o2 A Jehge o] F nssSO,%, NH,*, NO;™ A
2To] 2wy} 7bzb 7.98, 2.90, 2.28 ug/m*=. A A
o= 22 weE vepligleh 183 nss SO/ /S0~
2] W& 98.5%=2 PM o] 92.9%c] wsf 444+
2] 7l Es o 22 AE Btk U] 29 7]
49 nss-Cat, sed A9 Nat, CI°, Mg?h ==

=) 7)37g st A A 27 A5

nss-SO,>

51.4%

- 0

Fig. 5. Composition of ionic components in PM, 5 parti-
cles.

o] 3o A EA) njd] AR g F=Z gl
(Kang et al., 2003c). 18] 37 m]gke] #-7]AF HCOO,
CH,CO0™ Q32 7+zt 0.06, 0.16 ug/m’e] =2
el et =3 27 59} Zro] PMpse] o] AR =
AL o]2k2 984 (nss-SO, NH,™, NO;) o] 2149
84.8%% A8, el sj9AE (Nar, Cl-,
M@?H)-2 6.2%, nss-Caf™-2 2.3%, §-7]AF ©]-2(HCOO;
CH;COO" )= 14%%E ApA3le] QA91H 294
vle] Ao v 2AuE e 9lH.

3.3.3 PMyZ} PMs ME =& H|In

AN 84 ool ¥

|
A
=

kl
o,
N

.
2
A3, 1 ATHE E 20 S5k 5] Azhel
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Table 2. Concentrations of ionic components and their
ratios in PM,, and PM,; particles.

Species Concentration (ug/m?) PV, o/PM
PM;5 PMo
H* 0.014 0.018 0.78
NH,* 2.904 2.860 1.02
Na* 0.495 2579 0.19
K* 0.408 0.429 0.95
nss-Ca?* 0.355 0.598 0.59
Mg?* 0.142 0.376 0.38
nss-SO,> 7.984 8.503 0.94
NO;~ 2.283 4.075 0.56
Cl~ 0.328 3.389 0.10
HCO;~ 0.334 1.187 0.28
F 0.033 0.040 0.84
HCOO™ 0.055 0.056 0.98
CH,COO~ 0.162 0.341 0.48
CH3SO;” 0.035 0.037 0.94

o] F8 AEES PM,g/PMy 5=H]E nss-SO,”7,
NH,*, K+, Hto] 7}z 0.94, 1.02, 0.95, 0.782 %2
&S e gy, geosE= nss-Cat, NO; 9
0.59, 0.562] %=xr]= HYch o] F FQ oz} 2%

E49] nssSO,4 7 NOy 2 ATEAqel SO,9 NO,
o] WEYE Mz ga27] die] F AR F=H

2RE vl YAt gt Ad 7d=s Rlud Fe
7b ok A8 d7E 29, SO /NO; ¢ x|
S =AAG Mg, AF, FFelr] A7 165,
151, 116 A== vehtx glo} (Park et al., 2004).
= 3 w|o] A Abstole A= SO /NO; 9] AHE
vz} 22t 1.38, 1.74¢] o= XM yEdoh(Wang et
al., 2006, 2005). 181} AR Aol A= SO /NO,”
9] =87} PMypd} PM,gollA] ZHz} 2.25, 3.552 o]
S EAA I Z Aol Helw gl

A o] Y =A] A el Hl?sH SO,7INO;™ 5
Ao A et A
A 295 e

o2 FHuEd.

: o] Z]EJ T
5 =] 7}
| LA Abgel] a2 <l
/‘17<l°—3°ﬂ Hlsl 27] wfal
o2 EAXYA SO”
INOg™ 9] AEn]7} v AL 53] AgA) 3o ot
£ NO& wiZo] 7| wio|nt. 1e]a AA 9
Sakedel vl A FLEr] wiel 7)o
Axred o] w7} 7Faste] SO2ZINO; 7 =
73S Hol7|= 3l (Minouraet al., 2006).

Jev Ak FE AR A4, "ARS 25 )
2 AR el A SO~

A
!

&
7

b3 R F3) 5420089 24 A3 609

INOy B¥wl7h 2 e F3e) Mgt @
ool AT o5l I oz FYHL.
o

= NOz ©] NH,*, SO 7o u]sj 2k PM,df
PMy 5 =r1E veblls A2 7kf Aal So] =

o bl EAshe $ZEAY ERRES B3t
S 4077 Wiz FAAY 3k NOy >
Ca’*, Mg™" 53 & AAsl7] wjzel] o] 2%, NO;
= ARG Aoz Eo Al He] 2
sl 733k HolA =} (Kerminen et al., 1997). =
g A7 5 A9 A 71k YRR K
739 PMg/PMyg 5 =0]7F 0.952 o] A& A o
£ Q9] 71 AEES vV E S 3EE PMys |
T2 A Bl
nss-Ca*2 PM,o/PM,, 5587} 0592 =
191 719 AEEF 2 AdHe=
Z APl Heo] FE3= S Btk = 397

21°] Na*, CI°, Mg?* 35 m] 747+ 0.19, 0.10,
0382 22 F=H|E Jelfigla, - =9zt
o @o] Fx3l3 olv Aoz FHAF

w3l Zujgke] §7)4k o]-& (HCOO™, CH,CO0 )2
F~, CHsS0;7 9] PM,o/PM;, s =H]= 0.48~0.989)
W2 dAH ez PMys rA Al REd= e
2 AT BE f7]AR 90% o] o] 71AlAe
2 FEA5kaz, 10% n]ukake] izpdel]l FEA) s, o]
Z 80% A= 1.0um m]Eke] wA|g)ate] EAf gt
3 d=lx 9lo} (Seinfeld and Pandis, 1998; Khwaja,
1995). 22v} & AFol|A] CHCOO™ A2 o|=dt
Ay A7z} vhas zpolE Holal glvh o] &
ATl PM g 39HRE 129717 4470, PM,s=
19328 129717 2 58719 Al&s AF st JF
g e R y] wjEel XpelE Mol oz A
ok = AFH I M2 o B A (57])elA
PM 3t PM,s¢] CHiCOO 9] =7} 2 2}o]S Mo
7] W&l Aoz Hold o]F AHHAZ| uwie} w
W B, 39 219 ~59 1792] A& (1770 =
CH,CO0 2] PM,¢/PMy, 3 51]7} 0.36, 69 4 ~12
2 314E 0622 JeRQE 283 CH,CO0
el HAaHn ol B2 FE dR AREE A9
st A Aoz wAYAF FGoA N B2 v
FEZE vep L Qo whebA o g HolHE &
Hsle] wlo|Ee YL FH3T PM? PMys
Alg A AL A dAAA vwsld ol d &
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3.4.1 g3t EY

PMyo? PMog oA R1A] A 25 Zoll 4 AR &)
9] Es) U4 golee FE FE ulwsiel
AR A o] AR E B8-S AR RHD 7] o
ol2Fe] AMETE = 3o £3HE AEEC A
T dojdeld, o] 202 o]F FolE Fxo| 3}
Fazo] g ZFF Fol¥ w=o {2 dA|sef &
o Iy A Elel T]eshe AR v AEEe
A el Al E R, = B4 delE 4] o
L Ax eakE piEly] el $9 £ 2 va
Atele B Aoz oSFHo & A7l = 39
Azpel Zro] 714 ckolxe] = I A Sl
<+ T= e AR 2 AT R S PMyel
A 747+ 0.262, 0.265 peg/m?®, PM 50l A 72t 0.215,
209pegm’s hee] wig- A A seiek ol
F ATz sob 3AAY B7] Bl A A
2 o ¥4 A¥Eel o3 Askel F3) uhgol

Jofus oz 4
upebr] B dTel A mAl At AHASEE PMy,
T PMys0] o] #NAAE Txz G714 el
FFe=et A ol FFEEE s v|aste
AR ditd ez d7] Feo= wEd s}
B3 AaastEe AERAE A F2 HS0,
HNO;9| el = dj7]o|oj2Ze] f-3i"e} 222 o
7] &9 dEdoht E¢F Fo] 9714 £+ (CaCo;,
Ca0, Mg(OH), 5)3} whgated SIAAF Spabel mi
Aatd oz AZE o] M YAt Rzl T3
SO 9} NO; 9] =8 &4shd vz o= H,S0,

¢

o

o

o

=
=
8 HEA F714F golel SO # NOy & F4
A=}
A

A 28 A &
I NO;” B 9 v&s vjugozy F A
=g Hrlsledeh o3 Whge=
A7 F7)AE g0l (SO # NOy )| 7]ed&2
PMyo2tell A 96.5%°] %132, PM,sell A 97.3%% e
At ol gt Atz ®ol tf7] nlM YYAte] A E=
718] H 52 H SO0, HNO; 2] -7]4kel] 23 Yo
U S5 ¥ 4 dsiok(Hong et al., 2011).
=3F 714k A3 78-S $)9) T
oz ZAR| BT H7] Fo] f7]AF diphatic
acid, olefinic acid, aromatic acid 5 100% o|Are] o
¥t 7h2EAAE Hel 2 EREin, o] FellA ZHY o
2 AJRe z2AH(HCOOH)T} o}A] EAF(CHZCOOH)
N Aoz dEA ot Hr|A Q| FFpelA F &
14ke] AHFAMd 2ol B3t 7] AL 23S B,
AdEL 7o go] 16~35% Axoln 298] 9lE
474 (remote) 2| Aol A= 1 7]e{E-0] 25~ 98%71A]
= 7V e RauEy glvh §7]4ke] B3)st
AL &3 odAle] vkl 23 7AdelM, 1
a1 AAA A A s =] sleRafe] 28k OH &}
vzzte] ukgel o5 FEUA A AAdE . v
o ot EAFS] A$-, pAakslolME A} HO, &=
+ RO, gt Ze] vhgel| osiM = . o] &
714k fA A o] 7] o] R oznt djE]H
™, Z5Ake] 7-$- pH 3.740| A °F 50%, pH 4 o] A}
A A HE S=]E 2 pH 3 o] 3tell Al A9 s =]
ek = b EA 4] bt B2 ZgAuchE
B e Akl g4E Leh 1, pH 4 ol sl A 25
Abp gl =} pH 4 ol el A g4kl )

[]

N

Table 3. Equivalent concentrations (ueq/m®) of major cations and counter anions in PM,, and PM, ; particles.

PM o PM, 5
Cation Anion Cation Anion

H+ 0.020 nss-SO,% 0.186 H+* 0.014 nss-SO,2” 0.166
nss-Ca?* 0.031 NO; 0.070 nss-Ca?* 0.018 NO;~ 0.037
NH,* 0.167 F 0.002 NH,* 0.161 F 0.002
K+ 0.012 HCOO™ 0.001 K+ 0.010 HCOO™ 0.001
Mg?* 0.032 CH,COO™ 0.006 Mg?* 0.012 CH,COO" 0.003

CH3SO;” 0.000, CH3SO;3” 0.000,
Total 0.262 Total 0.265 Total 0.215 Total 0.209
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7] ellejZ2Zel nAE A3 &b ww|EA vek
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=

DH7l %94 *&*é —%@% 9 2% NH;, CaCO,,
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2 28] 9k (Kangetal, 2009). o] 5 F B4 2
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Fig. 6. Correlations between the sums of neutralizing substances and counter anions in PM,, and PM,; particles.
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