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Abstract

Concerns on the air pollution problem caused by ambient fine particles have become a big social issue in Korea.

Important factors that should be addressed to develop effective and efficient air quality management policy,

especially, against fine particles are discussed and research and policy directions to address these factors are

suggested. It is suggested that two factors are in high priority; one is scientific understanding of the major

formation mechanisms of fine particles and the other is the process of policy decision and implementation. For the

scientific understanding, smog chamber measurement, intensive field study, and chemical transport model

development that can simulate the characteristics of Northeast Asia are considered to be important. For the policy

directions, priority setting of the proposed policies and development and implement of effective communication

sytem are considered to be important.
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TFu old AE7F BEEE, o] tig B =&

of wa 1 91, FYEL © EQHEst gtk A

=t Yot ff 752 ofgA fE ok 2rAwA
FEFE @ IS ¢ A=A, AFTA FRoAE o™
LHEE &S E017] 3l ofF A= AR
AUE AJAA] Fofl gt AT 4= = HEE A5t
3 ).

ARolAE 20139 1280 nAHA FHAS 5
%aho] AlWSLI QITh(KLRI, 2015). o] T3 (1) ]
AHA A 2A] g 9 FEA AAL Q) TF5YE =AF
g 73t 3) WA B g, A& vjEs&
71% 9GAA A3} nEea W A4S} @) AR
£3871% 4ok d7| e dEd FFwe 3L NO, A
g 2Yde 5 uA AY, 6 L934Y &5 59
W&S B ok AL mAHA e F AdS
A gt AYYFS TRz ZHsto] AAS
I YA A ] Yol AR FAAo] He
A= A 743 89 243 52 78 WEes st
o] AAZARI vAEA 2 Ao =&el 2 4 3
=74 9J&olgh= H7ko|th(KLRI, 2015). 3 Fy
Aol ARAQ WG vt Al7]of] ERE 2% &
4 71838 71248 djFaolet Aoz Hel

L m7}o]tH(KLRI, 2015).

S dr|gE e 71248 1249 eu
2k e Ant Aert A3 s =AY 7o 9
= A7) s 9, A E Aol A 20059
FE 1097 3290] Y= dike FYste] s=dY
AR ot o] AtetE 2 =S Fol7] 93 B (1%
71 2A18)E Aol gkal (MOE, 2005), 201595
1097F 23 712 A 8E A3ste] 4258 90| d+=
e FYsl uARA, oj4tatd 20t THA ZulAH
Aot 2& FEE Eole AL HI Y (MOE,
2013). 71 2A g2 HAHA] FERAL vj=stA A
A7k A EQ), BRAEAY] AR BA AR
F 1L dEE SEHHAEIEE ARA 23, =
T AF 2719H%, 22 Fa 5 o diFo] gk
(MOE, 2013). 28 1x} 7124189 37} o] A
QA& o}& FAISHA] ¢kl (Han et al., 2017), B8

7SS IA A 33 A A3 &

oF A3 o] 2dAYT Heh ojsfe] oA/
3] A H-< rFTH(BAL 2015, 2008).
20164 69 ARoINE Fle] Beke S5 9
2 =]

S WEAHo uAuA Pe) SHYAS BEs),
ole] AEAS Fudty] 915l FrHHFRzAE o

7183} ItH(MASC, 2016).

a2 3 A 2A et 719 75%7F BF-9
A R £l Ao 2 YERT ol R
7t ()R e st SRS AFolM AF
olz| gttte A& Rt @A EAle EHeEeS
FHaspste Zlo| FASHARL, ol WA FRAIEE
AL TR 2L FHastste Aot 2uAHAIE
=49t 718 £Ae =Rle] AAsta e
AT = e FE2 A o] £Ae 77 T84
O BAE Tefste, diAE Al AfAdsteior &
EAoltt.

o] 22 (D) 9 2u|HHUA7} £A7F H=AE ol
st7] 1% A}l v drgstal, (2) BEH o)
7b 2ulAAA] A a2, Z2aL =7 B} sfae] of
A 71ASAE =9k, (3) 2ulAHA 24 siE
= 93 283 ZA 5 A W AL
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2.1 ZOMEXIC =2 HiE, 4dH

ZU| A A (PM, )&} v HA] (PM,)= 22 3719
a2 22| 2.5um, 10 um olste] WAE jujgic}.
grlegeae WAl MY WEHE 1% g
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212 FREL dgoR [Bo] 25 mBh 2
HA= vk 59 714 7%l 93 B7ick &
HA Slth At FAREOlA deEl= FHA, AR
Ho]z wi2 A7} YEHQ] do|t} o] 5L BF 1
2 izl e dEdolth. AFo] 2.5 pumE ek 22 WA=
o|¢}= th=A drtr oz FFsHkgo ofsf AB7ick
A& A 9tk (Seinfeld and Pandis, 2016). 735252}
AN daxofA A7]= AY (1A 7l edE=d)olv o
7100 A 71414 SHatsHE o] REGSA A7) At o
A 71edEd)7t HEAQ dolth 7|9 &
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Fig. 1. A high PM,, episode observed in Seoul, February, 2014 and comparison of chemical composition and mass
concentration of the PM,; in usual case. The area of the circle is proportional to the mass concentration (Shin

et al., 2014).
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Sof 93] 7)== AE (Secondary Organic Aerosol,
SOA)ez FRHETH 7] X&) Hhgof oJsf 7=
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AR} 2uAEAE 13 g7 e dEdd) 23}
d71edEdR2 FAE 3lon, 53] A=At
AMe 22 di71edEd9 vFe] £ (Kim and Yeo,
2013). wEhA] di7]9] 2oHHA] FEE Fol7] 9]
AMe z2oAEA 9] &R obyzt o] & A4Sk A

T2 HiEE o] oo At A § S°] 20149

29 Agola 227 7199 71ZbE 284 g2 7]
7t zoAA| s=o} shetayS wwshd I |
I 2ok WAL A vlEste I%S). 1
= AR W A sEE 3A SHAT, A4EE
of spshik-gof o3 HAdE A, A, g2 E 7
7|0l §=7F 3A F7HAL 0CY| A4 F= SOA
d AR .

2.2 Z0OIMHX| St

2R F2 QA Asidol 2 A= EA
Ak 2O AR FEot 357], HEWA AT} AL
FE daiAe o2 A7 JNAFE A Pope and
Dockery (2006)= vl=ioll A =3H (2)u|AHA] &=
oF o7 ARH AFGE Aold] AFARE T
4, AEste] O 9F0] o= A=IAE B ¢
gluetol M e ZuAA] s=ok A Hide] &
A diet d77F AR E L AT (MSIP, 2016).

2O AR 9] A Heid dtelM T8 A=
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7F k= Aol ol 2ulAHAl A AR S
A AR QBE= EAoIH. dlE S0 oW viEd
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7] F Zu|AEA S shehy 24 9 G o
£ JA Y8 B7F A Ak 2000 E U
=7] A&5H3t. Laden ef al. (2000)2 Zu|H|Hz] 2]
sheta AR wet A fEe] A=t EgE A
TAIE LR o] 5L 197995 H 19881714
o=t 6t ZAJfA] APGEE AFAE SR Zu]A|
AR S AE 2T F A, S EANAS A, H)
H AN 2 T4 EE e 2 Qg Al ate] B
e Bt A 23 AEAREH wEd =
o AEA] 10 pg/m’ F7Hs 34%9] AE Abg Fiet
o] AL, Auk AAoA HEH F9 1.1%2 4E
AP S7HeE Edo] glou, FHAY A= AMYE
7kt #Ro] YlSS BAF o] A o]F 7]
Zu|AH] ] 3HhA 24 9 Ao 2 A IF
of gt AEo| th49 A GofA =Y =7 X259
TH(NIER, 2009). Ito et al.(2006)2 1988 ARE] 1997
W7bA] vl YRS A" DClA Apget Azt
oF 2w 44T BE iAo R ZuAHA BAYYUE =
Zo 2 & A 2 AE8A AFYES BA5HT
3 A zu A9 A JET AgE A4
& Qo] FARLE FY5HA AFFES 7
71 AL E Yekith o] o= ofg] A7 A 4t
it =R2olFedddA 9 wiE o] AA A
o] Q= Ao Z YeERth(Maynard ef al., 2007; Mar et
al., 2006).

Syt M= ZulAHR| 7} QAo W= AT
7} 2000t FHHEE A=Al ¢l (Heo, 2010),
F 2ol EolAoF Ets] AFE I glof ofF] Azl=to|
v A A A7t @A g2 Holt}. & & Bae
(2014)= A&AY wAAA Y} Zu|AHA] @7 =&
2 Qg AAUI € AEHA ArGIFE TAZLE
A & F7P7 23RS BARL
2 F5HA &2 A& FAHT(EE 10 pg/im’ F
7b Al vlAHA 9 2ol WAl HA 9AS 4
0.44%, 0.95% F7HA71 1, AEBA AFGeFS 242
0.76%, 1.63% 27N 7= A o2 vehygth.
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2l tH(MSIP, 2016).
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W) golh AlNSe] AR 420 o= AT F
AR 1980 AT o7l e AEAC] dEt BAlo] &
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Fig. 2. Scematic diagram of the fate of PM, .
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NN FFe FFe AR 2 AL AT o wiEEHe 8714 di7jedE2 (CO, NO,, SO,, TSP,
7L HEEE Wol viEshs Ageolu /5 XA PM,, PM,;, VOC, NH;) 9] vi&=FS o d Abggic}.
Iy tH7]gC§ Zo] AA 4L LPGL AA7FA(ZEA] 71298 WiEHF AEe HHQ A Yt
72y, E9.2 Astet @L Aot 1980E ] Al3o] W2l zFEo|n, CAPSSE Ao H]a|A]

= 98

SHHRE 1990 2WE7EA] ZF 7oA dA'k /\l%
< AlReta 7R Y E 7tAaR Y E vHEA E
o] Bt o] Ao |t} vjEY Tl A=l JUd A P
AL o8 o= o|HSHAY PAA oA viET
T Sl 38 TEE Eol=(Ed87IE %3 B4
olth. o] T 7kA Ao 2 QIsf 1980t FHHLE A
+9 12 Q71 F9EE 5= 20008 2714 &
71702 Z£o]E%th(Kim and Yeo, 2013). &L} o]
€ AASS FYUEH EA4ES ot —r*jd A3
HAr Boks A5l 4Ed ARES WAt
7ekod A@T Aoz Beltk 1Y 20 AN 7 3}
HoA A3HQ 7|8 E Yaf vt PetFor
tf olsfjstojof & Fiof s oS AAIsHAT

B0 /1A 57, 9712453 ol %, o

718 i 52 98 Bt e dRA hEYe X
A 8 A 2 8 FeR i BB
FUAE, AAA B8 T AAE 59 2A%

2 9 g5 B 5ol EARE BeeT UG
(NIER, 2017). $-2|uete] j23% A2t of71427)

XA e Aadoz Frbhc 2y Seje
Al 2§ 7HsEA AFol obd HX) e el
WEASE ASSn, BN da 59 FaT WE
e obd Wzwe] A=t BoiRE F A&H
A4, meke] ofx7} gick. B3] o7l welgolut 3
o) wAH7E 5 BYL Y| Bartgo|n, &
SEERERE I EE ¥

3.2 0|=, HEl

19 3 oA BEo] Zu|AH x] 1.—_5% 24 Za7}
Q= 2003 RE HebH oz 7ha
FE dg+t fr18d71E OJ
A8tar lek. m|AH ] & @ﬁv} %Eh
A& ZrAaste] 2010W0s Jd9F J7|B A7 =
9l 50 pg/m*Brk F 49 ug/m*S 7|25+, 2012
e 12} 7|EAE EEQ] 40 pg/m’o)] 717k 41 pg/

m’ & UeEpdch 2t 20139 o]l Zu|Aw x| e} ulAIH
A F=7F S7FsEAT

oA 2R AHA] FE7}F 2003~2012E Alo]
o 723t o]§uh, 2013~2015d Atolo] ZF7}35t o] &
L g8six] gt SA R ME 2012717 9] Za
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Fig. 3. Variation of the yearly average concentration of PM,, and PM,; at Seoul.

ZAE 12 7| 8Ae net A2t $Ede) 7o
G2 WEFS A7 Aol FUoltn AYag
©UH(MOE, 2013), 2013958 57 Al thalls
ojRegro] glrke A ool W 4Pe A o
T gith 2 201349 o SRR AU
AoE Hol3, Byt 2012dAA Y 74 FA7} 7]
Az70] o Roleks BA ATE 9lon (Lim er
al., 2012), 20139H5 F715t A2 7|20 ot
Aolgh= B4 A Qth(Kim ef al., 2016a). EFF
e 5 22 A4 T2 A wAEA = S

e B9, 1% 71 8A L] 4Bl 2AS
27 F3gris =o% Qlth(Han ef al., 2017). whe}

BE 0|2 YHoR AUT 4 Qi ek ol

oA iiEE el ThEE A48k 4 (NO)
Uk 7104w Akskstel olikshaa (NOYR B
sheict. SRS 13 71 2AY Bhelq SEA I
A0k &3} 5= Azke] Itk 4T AolX) gkt
ThIL H7FSHATHMOE, 2013). Tejth 19 4ol 2
Sol, 429 ojiishda BEE It A %
srout WANeHE SEE A FAsigch Bebd
o AFE} /A AkeHE B o] Z7HSIST o] Ze

7SS IA A 33 A A3 &

Fol7t TEE olfol HafA= () & A7 v
v, (2) AHAEAY AoldA R (3) tj7] Ak
Ae) Wsh 59l ol o7k ok, obl Baksial w
XA ¢kt (Han and Kim, 2015). 9|& &9 Kim er
al.(2011) -=uhete] 20009 ] FH7hA] 9] A4k
HE wjEgo] vnd A AT B AR
32HY F3letrdS &83t 929 (inverse model-
ing) 218 Fote] Hastgct £ =29yt gyl
7] 52 BE AAE v e 2 ARAEAe] Ao
A7} o] L AT, ol4iteHd e o o= F
T 7lostaey, & 292 ofd Zog % A
T A3= UTh(ST, 2010). wEhA EAQAE LS
71383HE (Volatile Organic Compounds, VOCs) X th=
A vilE A 82 o 7] ArsHtE
of @} o= A= ZuAIHRA B £=7 FUHE
7FsAd o] 1ol (Jin er al., 2012; Lee et al., 2006), 7]
oA TAsHE= o]F, ME 7|2 AEsHA oldfist=
AL 2H|AHA] Azl D42 o]t}

SEOFAoLY] tj7]of| A o] 8 HhE 7|2k m|=o]
U oA dFtstel 4383 A oE Aoz 9
FEH, ofof tigt olsf glol= ARt FA FEolut
AR, A o 2 Aok UA "ok qF S0 F
= o] QoA #SE Zu|A|HA S FPTY 7HEH|
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Fig. 4. The NO, (NO,=NO + NO,) and NO, concentration, NO,/ NO, concentration ratio and trend of NO, in Seoul.

skl A/ (nucleation) Mg thE A H1t= 2
WA 24 A&EE= Ao B1EYH(Guo et al.,
2014). T3t SHopA|o} XL EoF AR Lyl =
of Hjo Az T8 WA R} obd EFYA HHEL
50| 8% 7HeAe] & ALRE Bt (Hong er
al.,2014). %EILHM T 22 FEOHoAIY9 H
719 ojuf ul=olA FA gk Muta JEA
A4} ?&Wﬂ A2t oMY A4, T8 B A&
o] ol HA, otk nl=ollA olafgt t7] 54
Te g2 7] E4 olairt o#& 4 Sltk(Hallquist
et al., 2016). H & et 2& ko FAT oF
3 2 A Yo 7| = B4 (Shin et al., 2012)0]
ZuAIHA] Y AolE AT LAR71SRE Al
A2 (Shin ef al., 2013) £9] AT Axr} HFEHYO
L}, o5& 71& v A Ao vigE £ A7
A, FEOMAoF t7]oA 9 8 ¥Eg 7|Zro] m]=o]
U ST o2 A o] dat) vl £ AR 432
adHolA & 4= Ut

ol o], W3 7|% o]F|7t F2g skt ol
= vlFoA AdE RdEL2 o] 3t §hg7] %ol Bk
=2 G2 glo], 71 A 2 Py Y an Frt
oA Al Enret a5 WA Zska §l7] diZoltt
(Ghim et al., 2017). @A L2yzts w54 e

CMAQ, CAMx 59| 32349 tf7]3tstdlE AHg-3tof
7] @3 gheh, 7|8 2ol HA AH o] ARgst
ek 2t o] RAES u]=o] Aol g i
Z0]0| A (Heo et al., 2010) S vbatt SHolxo} 2|
A9 df7] EAS WAl £ 740l Aok aA
SEuEte] 2d #Y A4 vSolld E4E 2d9
Md Atolw, +2 wiEFt

AR Sl R
29 A0l RS £ ATE Aetn ek ol
B AT hEHel B4 vhot 9l 2t S Sz X
X3 g},

E3 2uAHA Y 7] BTSN 0F 5o
spst Absh=alo] o] AAEle], ZRAEA A4 7]
A oldle 9F 5 T o7led=d AgdE B4
Holt}. wpx|uro 2 ZulRAE th7] e @B Dol7| =
SHAIEE 71 5 MBS fuste WIAR I FasE AR
3 A HE AA 12 olsieke Aol Fasich

Soblohs 2ulAHA 9] w7}
o Tata) ol 52
2 Rolct.

e Adolo], 9]

=, & SoMAE &8E & %
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AR of o7t = wfofo] Al FECE Um 4 3l
o} ZulqHz| o dutd oz BAEE slshd ] &
E4& v= R EYoL A9 A7 58 LR
243 4~ Qlth(Kim and Kim, 2017). 28\ &3 Hj
SHolA HiEE = 2uAEAU, d7]oA BEE=
U AR Bt R, 53] F714E8ES 1 TR}
e gon, ol &9 54 e At oFF
AR gt AE S0 2HAHAY F71FLAHE
7he-dl $lsiAdol B XA b2 Ad&o] oF2] Hrh(Lee
and Wexler, 2013). WetA 8 dj&dolA &=L
At Selueteld AHE Zuq@Ae] ST §
=242 sjelsi A7} Basic.

Z0) A7 A4 $2 Felo] FFol et Prh}
FASHEAE BAASE 2B BAHe ofd A7t
w1 got ARGl Anprh BIEA RSkTHMSIP,
2016). o= A717r0] AA WL AFES) BES B2
sl 178 astolof shul, o]@ BEhAk cohory)
Q77 BAHoR SuE AL HAZo|oH(MSIP,
2016). oz o Fof o] urt WA A7
Basit

4. ZOIMHX| 22|15 Hg I3 L

oo

ZUAEA] #E A AR Y @ AT

Monitoring (80)

mechanism (50)

Understanding formation \ Problem identification ‘%

and evaluation

Yo BAES 39 5o BAsstat 3 49 9
AW AL A olo] Wagk ok /)& 9
Uet )& 5% A9 2ol AN 2 axe) A
A3 o] $2l9] 74 $EG)S BT ol EAIFY
3, A Yu) 70% vlgko 2 Bole Roks wEw
BABGT. 714 Hoke BARA WEoz AN
H}7)&7]8 wlARA Hg HekSh (MASC, 2016)
o AT 71& Hobg AT EASYL, 714
SEGE AN 71 Bopd 71& 4722 ATAT
714 Hofol gkl Hzkolut WS ANt
o] ATz Bl @R Selvtetoln) 7 Foket Hof
L zuEA A7 FE ARee) 24 L A
8 Hofol}.

EAE sersta, 0|8 A5 A% AR AA
37 9alAE take Rotol b, 744, B
A&7k 54, AEEojof B} o] uj & Hopo] HTE
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Fig. 5. The policy-making decisions diagram to reduce the ambient concentration of PM,.
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