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Abstract  Envi tal in Korea began with the enactment of the Framewark Act on
Environmental Poficy in 1991, To manage air quality, national emissions inventories and pollstant conceniration maasurements.
have been conducted to set objectives and evaluate i efforts. Chunge
classified as part of the central region undar the Air Guality Control Act and is managed by the Geum River Basin Envimnmental
Office. Howsver, uniform policies applied across the five provinces in the central region often fail to account for regional

ARTICLE INFO ABSTRACT

Feywerds: Despte the implemeatation of arioes plices wrkdvwide 9 rduce Pl conomizations, ey bave remained
- Ab0BDgcrErey s sufficiently high Mot studies and pulicies rrganfing PM
S Clremsial compesiien h&mlmhmmrﬂyinuurdmhhrsmnlummumdru including Seoul, and thers i 2 lack of
Aichorslagiod paogite research data neceesary far policiesin Sauth Brorvinoe (SCP) Tn
ecactn i - el study, muddzuﬁmw.urqnmmnmmmlnmw:nmmm_nmluhnm-n!
= M., fetsng an i cheraicl s the infivence of [—
“The e M 167 £ 125 pi/m? bn the wann seasn and 311+ 18.7 g/
o in the cold season, showing  twofold increase in the cold seasom. The ratio of NO fn the chemical
compasition uf PM; o wus higher in the col seasan (19%) crmpared t0 the vwarms season (15%], while $03 was
1,75 timeet higher in the varm sesson, Using the stmosphertc oxidant (Cx) and analyzing M., concentrations
ander different phochemical conditians, we found that amall particles domirated in the warm seasn, difting
covearc sanalber parsiche stees i the sar distution with higher temperacas da (o secoudary particle pro-
ductian. In eantzust, bigher comcentrations af PM, during the cald srascn veere atiribited to direct emissioes
md extereal inflax. Cr findings bighlighi the importance of managing small pasicles in sy d provide

S e s R st s valiable data for Sinth Chungrheomy Frovince, widing funare policy developmsent 10 reduce PMys lerls
L 5 o FMys : thus, effectively man-

«characteristics. This study analyzes air pollutant emissions and concentration data from 15 cities in Chunge do to
identify priofity sectors and substances for management. Based on major emission sources and pollutants, the ragions are
categorized into fowr types: Energy-Industrial, Agricuftural, Rural-Urban mixed, and Urban-Rural mixed. The diverse emission
sources, environmentzl conditions, and topographical variations across these regions indicate that uniform policies may not
effectively mitigate air pollution. To address this, the study propases taifored regional pelicies that reflact lﬂeenussmn
‘characteristics and major sources spedific to each locafity in Chungch . This approach e waaf
region-specific strategies for efficient air quality management and offers \ﬁ]mlﬂe:ﬂgﬂsﬁxopﬁ!rini‘g futurs environmental
policies.

Rey words: Region-specific air quality 0 7 i paiicy, Chungc ] do, Clean Air Policy Support
System {CAPSS), Air Quality Monitoring Station (AQMS)
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Deapite continuots efforts to lower PM, < levels, PM ¢ has continued
to cause problems for the environment and human health worldwide
(Lim et al, 2000). Atmospheric PMs < remain 2 major atmospheric
pollutant and haz variows effect on the enovironmen:, climate, and
banan health (Yousefi et al | 2023; Zheng =t al 20191 The sources of
PMy; can be divided imto natural 2nd human-made emision sources,
and a wide range of rpecific sources exist, including industrial processes,
fuel combuation, and biomazs burning (Fade! 2t 2l 2073 Fumar 2t al,,
2017). Furthermore, in addition to the direct smision of PMos by pri-
mary sourcez, secondary production from physicochemical chamgen als

ek (LA Kim):

57
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VA 1M42/8) 2025 Tarkish Narional Commmitses for Alr Pollntion Research und Cantrol, Produetion and hosting by Elsevier BV, All rights are seserved. including
those for text andd datn mining, AL maimimg. and similar techmologies.

ondary peoduction of My« i especially high: thus, to reduce PMys
lewelz, controlling zecondary production must be prioritized (Fim et 2l
20001

Fram the perspective of climate, atmosphieric PM; ¢ directly scattera
and aboorba solar radiation, which iz 2 direct effect of 2erosols. Addi-
tionally, s can indirectly affect the radiation bulget in the Barth-
atmosphere zystem by influencing cloud formation, propertisa, and
Mmmmngllmgmnnardnﬂm&mammumm[m
=12l 2015 Moreovir, ch logical factars
rainfall, homidity, clowd cover, etc) ommdmm:hmgemﬂd

fiors § March 2025, Accepted 5 March 2025
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ﬂ’% g 3;'!'9-] iﬂlﬂl?_" xI(PMZS, Qi 7 Ioj‘i' J Total emission: 1,135 tonl/year Total emission: 226 ton/year Total emission: 333 tonlyear
9%% e v =a - R
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[ Non-industrial combustion
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1 e
[ Biological combustion

N Production process

Energy industry combustion
0 Energy transport and storage
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H712Y 8 X BEAMLTP) 1 1 L L L / L 1 | Other area poliution sources
— ] 10 20 30 a0 50 60 70 80 50 100
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A2 : Hwang et al (2023, AJAE)
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0 1 L L o
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 108 e/ L2 12
Month 118 30.7 37 29.5
12¢ 25.4 30.6 28

22/47



3. A A A7H | - < sy

| 25 AEHA| XIG9E PM, s S2]2HtE £

O ZA7|HS PM, BT 5571 26.4 ig/m LR 7% 52 (EHH 23.4 g/, =3 21.8 ug/ )
O MEHZ ZAE(NO;)0| 71 52 E28 BT, 1 OS2 S7I2(0M), #AHH(S0,2), Y2E 0I=2(NH, ) £22 EQIE
O DT A 2 YR S52 75 ug/m O[AQ1 117t / 47 OJHIE MH

BN sAR BN GAR W CAR (a) SAR

17.3%

25.5%

150

100

50

20.6%

. 150 T (b) GAR 9.7%
=

E 8.5% 27.4% - S0.2

S 100 R

:g': 5.4%

:ﬁ 50 2.0%
=
o 0 \ 13.2%
150 | 21.0% [ Unknown

100

50

0 h L 'l
11 2/1 3/1 4/1 5/1 6/1 7M1 8/1 9/1 101 111 121

22.3%

Date 23/47



3. S A A0 | oy

| XI9E PM,; £ ARE =8t =d &4

O M=0] FASHA Z41E(SO,2 )+ EMA(NOSY) 2f 30-40%E XX, HEH &MY S435| 716 2F 2L 45| 44
O R7I2(0OM) HIE SHE 7Y &2 / &25(NH,) HIE 37138 71 &8 / ECE MHHC = 2-3% XA

Spring Summer Autumn Winter

SAR
S 21.0% 1349 O
13.1%
—_— | L] —_— _— L] L] | L] ] — _— _— | | L] | L] ] —_— |
1.7% o 12.4% 9.8% I o
e 26.8% 6.7% dom
3.2% - S0,
25% 1w,
GAR > :
\ I ci
14.2%
: \ Cec
_ sz = metal
11.4% e I unknown
—— —— — —_— = —_— = —_—— —— — — —_— — — — . | = —_— — —— —_—
. 1.7%
18.6% 19.3% 11.0% 17.0% 18.4%
CAR

/

1.2% ~
1.6% 10.0%

24/47



3. G| A2 | - Fenoa

| 1= AlH|(Episode 1) XI<E PM, . 22|3t5Y E4

O Episode 1:2/12~2/14 — =N SYHU2 S L MS0| 2M, F7[H2 SS0| XY 2 LIEHH
O XY G2 st DI = el / L0 74 =10, AR E, i, RIIEHAIL =S
O =30 SYH HIE0| RAtotH, F71A2 B XY UiH| f2=2] HIE0| 11, 85d= HE0| R LIEY

A = =
T T =T T T T T T T T T — T T PSCF
50°N b - : 50°Nf — - e PSCF 50°N b = . F—t—t— babil
/ SAR - E1 / GAR _ ETREERE \ / CAR - ETRE w\
- o =il L~
! B 1 e ‘."‘ | - F B 4‘,- { 09
asNF- _f,,_-’." 45'NF . < | - | _~0 s 45°N - = N T ro=y Lot 03
Inner Mongolia \ = e e o7
- o1 ‘ )
[ 06
soN}  Beiiinge 40°N e 40N ~Befiinge .
} Tianjin Tianjin 05
0.5
| 04 — NO;-
| . 04 M I om
3sNE - 3N KB ==
C*:hina " c:hma 03 B <o,
| 102 ' | = —1 NH,*
sow 30°N Ere] Fd R ) ecr
y lo. 0.1 - =
e . . | ) " o i : ! sc
ME MSE 120E Y 3 135 0 b 110°E  115'E 120 125°E  130°E 1 metal
I unknown

39.0%

9.8%

25/47



3. Ak A0 | o Fenzy

| CH7 |BIAGTIARL B L] SHAZH MY B
O ZAIXY 7|1 & 2L E D HAET 2ot 2 S @lol U7|SEU0| AX|- 2YED JAS (PM, s 28 7|1EEF)
0202149 7|& 8 40704, B713 123704, SHH 460271 XIS US (EA+E2HESHL)
O CH7|etE AL Held 68 HHS 2lol PM, B &SR 4 BN 3

w
®

(CH71gEe+L)
(ZAICH7 1S EY)

IS5YA
RHEHA

2

7 i
pr i )
s / {
i t.} :Dd:mgugu Y
£ { 1 }
f \ {
- ¢ | e ‘l N.Jm-gu\[
- ) L ) LN
5 l Gangbuk-g '\: 1
T {
f ( A 1 {
L v sy
;Eunp%u‘l = ,f.. | “’c{&
| A ]
\“ S ‘Jongno-g ) /{u 7 \ X
o) P .,\ ’ Dﬂngdaemunigu & e
. f < s 1 ! _J Jungnang-g -
./ﬂ et ' < Seonpbuk-g 1. L4 1 ¥ ,f"
2 < S 9.— =N = —
& Gangseo-gu N % [ i ~
A 2  Mepoau 77_77,‘/- dunggu — o
- N 5\\ Y ® o i / 7 Gangdong-gu
= - PR TS, 3 W g
GBI T T S O Gwangiilﬂgux"\ Li e
| \ ‘ 3 N Yongsangu }——®. 7] e
e e ‘ Jé \/ A
| Yangcheon-gu 7 N =
L, 9 g } ‘. [ ] ;f—*-l S ° Y l ~
0 T / e \ !. StRi {
s Yeungdeungpc-m i S i 7
. 5 ANy S d s :
- Gu ro-gu . !\ Ly ° \ A
i T el o \ (
P Y ooe e Seochogu = oA
5 Gwanak-gu ', 5., K Al
Y o, N )
‘ —
i £ - e Y
i b 3
Geumcheon-gut, §

SEHME) 2712




| HESEA (M7 12EATL) HY W A HHE Y

O 7|23 A4 ASZHA 712 PM, s #Hd 24 8 : 2= SHA0M R20.8 0|2 E 2 oH0| LIEHE
OMES E2 8471 2t 28+ S84 52 dHIS HO|H SUH2 = O AT R2 JHd2 UEHH

O F7|32 ALS 7|ZE2 2 MZ sH2tofl /XIS X0l =2(AUH, AE )M =2 HHES B, SZLE Z4+E WOty
O SEH2 §8271 /ARt Mitat T, SH0IM =2 dBES 20|H, SF2E 0|55 dTH0| 2ok

O LUzt 30| SMS2E MZRNM SHZROE 45 40| HotX|= AS &olE £ UUS

W ASESHA|2EATL) R?2

TEHAM2)

£33 08
27/47




ChungMNam Institute

A0 R

| ZEEADT0| ME SOAYE E4 &Y

OO CAPSS : A7|= HIEE H= 19, QLA VOCs BiEE X[ L 29(1212h |AD / EHE E AlSt S7HUHEX] X
O S0| M1, SANE FF, Y2HH 35.0~45.9% — LUK ek 310, iSE LEE T 5|M, e ofgt

 Alm 7| MEERE 2021

\\\'/. \\L/
0 ’/r

rMAl HIESE 2 F(2019)

@
e Nl
7/|\\\ ii TR~ i
ﬁ_llfm W———E—E_}wi
T g g fon g = —— ® ®
il HEY @ \i”ﬂ A8 H7Igx2| HlARIR| (I}E : ﬁ§#¢(1 5‘07.1 3) 0ss  sas BOS 130 (W) o5 4= 0= 130 () 08 A4 B80S 0% (W)
20,000 I|-§_ : 0]'—,—EH§,|‘I|"_ SIEXLS 2 ]
MUAE | XAAE | 3SAE
ay sxizel| W @
© 100 ?’ 'E 7’( ) ?q .?q ?q I?' I L
g AH) | 31495 | 18380 | 1761 | 5613 | 5741 | = 1978w
3 -~ 19| =AY, 28%,
2 o000 Uha | | mea | s | 4| 2086 | 4932 |surery 5 38
- gy B[ 434 | 4130 48 1| 125 | ot 267%

27H AE | 11,817 6,321 1,286 3526 684 AlIBA| 73.3%
AbE
YooK T o g, 85 15 R0 O i K 95 R o Fo sl o b, *“ﬂ;ﬁ%«"% BN Zo@g« A4 16,121 10451 1334 3527 809

B Ny %%%r’z;%:xx’;m* N4V oS00y 55
M= - CAPSS, 2019 Xa 220t =2E)) 28/47




3. G| A2 | o Fenoa

| B3EAD 0| ME SOAYE S8 &4

OSF712t i +=8E L AAE 24

(VARTE

20 —
10007 10008 10009 1040 10/11 E] 7&'—?—0'_?_

I'II'

3::9!23 0824 09/25 09i26 09127 09/28 591'19 08/20 10/01 :nmz 10/03 10/04 10/05 10-:08 r% éol %HI uEru Hﬁﬂlﬁ
kK £ A |- e ol 2% B Baef® LT EMe e e m’f,, o |
rzm -y F 'S- i i & o ; '.s' o F"’f’ oI5 ° I iy ‘:& 2%,
é’m) a é ,. = *,- itﬁ Lo B ‘ 1\‘!?#‘ A a’%ﬁ%ﬁ‘:'#m #‘J ;
i T s i --: 25 g
i :'f‘ S mb LIRS Tell Drasoe sRe IR B
“23 09/24 ﬂQfZS 09/26 09/30 10101 10/02 10/06 10/07 ;WDG 10/09 10110 10111 '6_""
= 06— ;
E i o
M 1] Al..mﬂ ([|anf | omesmezems
& 02 /—] 5 3
=
TR os:zr 0930 1001 10002 1004 10 wor 1008 1009 om0 ot _ >

OS2 42 M= &= F71=2 UL
ES 20|l 32 0% TEIO] Af2HH

NO (ppb)
{qdd) fo

(]
0
09123 0s/24 09i25 09{26 09.’27 og/28 08729 09!1! 10/01 10.'02 -10/03 10/04 10/05 10/06 10'07 10/08 10/09 10/10 10/11

00,8 RIS THAY OHST2 AAY &
HoIM SAFEHSEHS IES 2l
0| AT U HHE D EX

N

09123 09/24 09125 09/26 09/27 09/28 09729 09/30 10/01 10/02 10/03 10/04 10/05 10/06 10107 10/08 10/09 10/10 10/11

| | i 1 1 ‘, . ! 'l; A ‘ bt ,
09i24 3 ‘7025 . USZI 09/29 09:‘0 10/01 10/ 3 10/04 10/05 10108 I 10/07 10/08 10/09 10110 10111 : D SRm %E, 03 EI 37} Tork}akﬂl Eﬂ

% of VOCs
2

OO 22kl AlZ NO Z|HI 3 2 24 X

09/24 09125 08/26 08/27 09/28 09/29 08/30 10/01 10/02 10/03 10/04 10/05 10/08 1007 10/08 10/08 10/10 10/11

T T AT | ol o Eﬁ O VOCsi =229l QA 717t 2QlElL
RN ARSI 1 | M T 4EYe S e

T T T T T T T T T T T T T T T T T T T T
9/23 9/24 9/25 9/26 927 9/28 9/29 9/30 101 10/2 10/3 10/4 10/5 10/6 107 10/8 109 10/10 10111 10M2 2 9/4 7
date



3. S aAf 27 | o i

ool

| 25T OJN[THX] A PM, o2 PM, s LH2| SEk0f| THE 2Ol &M 24

O X% 88 7Hs3 SARE XYM S5 — 7| 20K £ — 072 7 2E YUK2 27 — Y50 24

O #3842 : A7, RtER S50+, 7|58, EX0I, 0K X MANY, HEAL B2, 0h7|HEY, 7ISHY 555
O X% &S - Aot

i@

-’:—f— % xl' Contents

2,22:? Iﬂsmolqﬂ L HISTORY - 44
T == 571"._... I, E4Y7e LAND AND CLMATE - %8
ey
9l POPULATION - 110
H602) . Z LATER
V. . LABOR - 173
klgsxlﬂi V. ARA ESTABLISHMENT - 182 §§HE uDIEa‘—EI ”!)Ilﬂ
‘ o 73
SEQUL STATISTICAL YEARBOOK
2020 VI, 82448 AGRICULTURE, FORESTRY AND FISHERY - 190
I
i
K

r
Ju
05:_ )l-lu:l-
r_?_ u‘l)l'
2doﬂ
ro

LTS e sy

- ARG Y MINING - MANUFACTURING AND ENERGY - 210
M| 7A 28 ELECTRICITY, GAS AND WATER-SUPPLY + 233 >

X #4M HOUSING AND CONSTRUCTION - 285

.23t al TRANSPORTATION - TOURISM
N 2% 333 AND INFORMATION COMMUNICATIONS - 340

XL 2 ARy HEALTH AND SOCIAL SECURITY - 368
&% ENVIRONMENT - 468

1, 28988 EDUCATION AND CULTURE + 502
v, A3 PUBLIC FINANCE - 570

JURESR R INCOME AND EXPENDITURE - 606
ML 334 YA PUBLIC ADMNISTRATION AND JUSTICE - 618 Py

. 7IE OTHERS - 674 ﬁ‘:‘"‘: §% HE

i

30/47



3. A abA] 270 11
- AIEXIY ZOHBHEI(PM, ;) LA 72




3

Zol}
S
:rf
4

rie

3. StabA]| 270 1

| AR Z0|MTHX|(PM, o) 2H &2 S

AN 22

QA MURFHY: 20, 20

M5 +=H-

R AIEXR: 54, 28

« 2E{7|8 PM, 5815t R, VOCs §F
« 2-7|1E SYXE DB X|HEN
AI-SUEEZ W SN-HES[YEY
« AlEHXIS FEAR XY S

« ZEIHIO]A AlA|ZE ElEHME, VOCSs
o MR 7|1E SYAE DB XAHSM
« AEZO|S, 0|24, HIRE IS

o XY A0/2E XY 5o

]

M5 3574

« SFH ABXH: S, M-S TR

« &A|ZH PM, 8181, VOCs, NH,
« A7F-2|1E S DBY|E X9 EY

« 0| SH{F AT -0IX] 2 A HISSY
« AJRZX|Y 442 XY Y

M5 =27

« R AEXY: &3 B3YHS

« 3hr PM, 53814 E, VOCs, S35
« AR IIE SH 7|8 IS FH

« 2R R XL A S, RN

« Al HIE- A F3 e Mg §Y




ChungMNam Institute

o
_.T
Bl
[
flo

\Y 4

(EE) MEX|Y Z0|MHX] 2

| g1 74

T
H
— 4 0
| = 3 I ok __H_.o <0
& o T " ur
= e e - K|l o %0 ...AM E_
HE S BRE S mo
Bh B MR > wo
iy ~; ~ ~ y 0 _|_._
0 - N0 g0 | K sl
N Rl r o+ ~ % o Ho
1 Lo © = M
ok I N
Br
fr
T
o0 ...Anﬂ B
_f o os |
I < o F AT 9
= . ke ™~ @u._ AO a x___._._
=3 <F ol g K R =
ms g 7ok 2O
o+ R IH &K KO| = et oF
an 80 O HoniHr s il
0 g o S & U
1 = < =
KIr ok [} =
g
S
i N
e R -y 0
H\_ﬂo,m_m_._. mm_mm_mu_._mﬂ -
SelE g959 3 | 5
I+ |.._AAIL for Klo .A, .__A_..A_. 0 WH_ H WH_
Mo wo O or M0 g Moo X
=¥ od X g 2EH O
< Jol ._.A.o ol Y H O LH
Kl m
<
L —~~|
= w.._ = % g Mm iy o
XL REELEE R
- 0 =
T E 5 KON |
STEE  DEa 5
Fe i v e | @
Wade wpimaz | o
SR R o A Bl o
- of & iy o 70

o

HMAI S B

dq

X0
iy
X0
0

dq

H

b 2%t

]

K

HAE X[H 14} by

o
T 0
L =
153 5!
~ ofl
0 X0
L ol
Br 4
K g
]
ar wlg
= RO
wl

<
3
o

Wo X0 30

o ur ﬂ

W I m

B X0 0

e 8

of ol ar
fh = o
I U W
i
I+
a0

=0

0 wjr
ﬁ_ﬁ Br
100 3
80 ol
T

2 @ B

- H
ar s.
T s
ol o
K T
S 1
Klo

0

= wir
ol |

d Ar =

K0 = of

KMy fu &0

o IH T e

flu o 3

= Ho 2

Mo | 1
<+

kio

el HA|

I:)'\/|2,5

H Z2A A

)
o

5

.
{=)
=l

2 K|XHH| S0 St= DIMTX| MZCHROf aF

3. OH7|58Y ol &

33/47



3. S| & o ke

| EAIZESHIE 1Y H 0|3 5HYSE St SR MEXY X9 54 78

- A 7] 27 A|Agio|
O|SZH B2UE 72 9l S AJHK|
AZ 05 ZHg SotOHHX] A4
EXM gl ouig|

ACSM, PTR—MS, XRF, Mobile lab

£ ENp
S AlRiel Tl S o N
N 28 Be X1 S Apt B R e
HA g 7
MEEM ZFI|U iZ-S8R| By WIS PMLEENE |
S S5 AEXFe X0|MHX| A HMA=HO| X|F

34/47



3. kR A7 11 -

| S5 Z0|MTX|2| S2|=tely £ | X[ L EA}

0O LN MRE U 7|01 = (Factor10) L. E DU et -y a @ - 4
e 3 o 5 [Z=Z 177) A|=2| Z0l4HX| 7HY §E ]
' B B 20204 - = 9% s/
2o, ! H603] ®

IR oH.00 g
i‘lglm__ﬂ_.n.n.n__.ﬂ.iﬂ.ﬁ.._.lﬂ___._.___.{..':

<L}
a

3 25.0
200

gL ‘ ‘ ‘

2 o9 9

4 3 #H

100

g o & oA
g o 4 L

Ha a!l @)  ®3XHw)
(18.12-21.3) (21.12-22.3)

150

3
PM, ¢ (/2im®)
@ 3
8 8

Before

SHEY D]HEIX] H2yE FXsUC)

* (@7E2ue N
LEN S BYH BV -SEA WS 771 K-BAM UMD
AU WA TEAN SEE B0 A DOY B

- g3 suEEp
DURY CYNS AP0 SAT XIBY TH L SR HEOUE
VESL YA 4K EE0EE A EE e

* 216 wal B

AkS FHAMGET) T AA7PI0! W XES XL AU-40 U
BYA Q717 AN QUMY Y YUCS ¥ 250
AU FE WU S KUEN NS

PM, ; concentration (ug/m’)

yerAn U Syl 7Y e

Mﬂdvf } Wmu uamailt\fﬁﬁsmw m
s’é‘ﬁ CH7 |28 e SFHAMEXY 7=z 7| Ndsa =4 2
712 PM, s S25E =Y =4 J XA L= M

_ 9_1]};&, o AR UmD = S —  A|HX|H0)| CiEt SIEHKE A - SH7IEAE0 MOE T gt 24
_ D=L OMHEA 22515 EA —-—M - D712 RAHHHEE, s BERS) - X[GX HSSEA0 HRXEH TAL
B PMFEE*'O 21251 7|0{T £ - XY™ 7 |RY9EM 24 - K| obES I MAE KA

_ QUIBEITEAITIM A - NREUSSEHEUXH

35/47



3, ALabm| AN || .

| S5 Z0|MTX|2| S2|=tely £ | X[ L EA}

|

> SHOTHE PEIN TR —’SXfEﬂE/—EJﬂ., UESEE S5 A A XS L= /Rt
> SHEWIIEEeTA HARHOE X2 37 ©@E

D SHBASANTH IS & TE M2 o; OI5HARA X
D S2HONHKIHT-BMEL: 0[5 RS S5 X HHM N BECIT 2l eimsied S

2 L OMMA| X ST | 27 QRIME U ST X2 / HIQHE! RH0j| CHEH SRR

Korea Institute of Science and Technology,

K]ST IETTLD P Y

fagy:

ChungNam Institute

36/47



< q A 7 L
30 e :I-'_I-I.II—I—7H II e
(o]
ol o 2l
= SEXY AR HESZ 2F - SHE € A2 - SEEAN - OjHHX 7MY - SEEM7[2EHAL
. HIOIE 7|8 SYX|Y 7|2 M 24 (AQMS, OIS M7 |SHY, tf7[aEe1L)
= I EHSEHE (ST, OMMA]) / #F O|S S XA
= HESEHE YU ESHA O0IH HA PM, 2| SC5I5HN E4 24 / HAH X
axt || xo | Ssasaekst - gHET
O|SSH SUE NHSY SHE SHEI-OL4t 7|E K2 82
(Mobile Lab; ML) (Bongo EV; ACSM) EEH ME XY DIMHX| £ 24
- = ACSM, XRF, PTR-MS o7 -
X8 || =4 : 2HSESH e &y NEXRE || RISy
2023) || (M=) || HMOISEAY Y, THSY XY 4 L o8| 5H(6E) = ' '
< y2 K o782 || ZAI-O
0|s(ML) ¥ 1HACSM) 2 &£H 38 (9,10, 118) =4 A 5 S oH7|
4 4 v v

R ofjH|1 2t | HAIZHEE ojH1 AT}

on
™
>
[T
B>
ol
0=
L=}

in
<
k1
0x

X
I
o

HEHYE oflH[Zat

GZI-0t PM, 5 ZF
A&(1~2), &(4~5),

T A|-O-SH7]-0H7 |23

X9y 54 oHl1Z 4t

o4 BJO|E| 1A St
27]8

2XPEAE || A _ _ B 0IE(7~8), 712(10)
(2024) CR) *O|SSHS IYSH FTH 2MX|YG SAOR 2~3U =H ) A EYL 0| =&Ar &
o= ** NHEXM2 HEA ZE6HKY SAOE 2~3F =3 (HAY 3~4F 7)) A
PM,.,, TS MY S WX Q3 S ofH| 2t A0 U HoJLY O|SHA ALY OfH|ZT}
N OlH|ZZ} 25 A3l A, XIS MM, ACSM PMF HiZ S 7|0I% KAl B2 S5 AL =
= E5}
(2025) || == ZHA TAME) T A (E) X0 ZO|HHX] Y MRS 0| X|& EA HA|

22

ChungMNam Institute

37/47



| S5 Z0|MTX|2| S2|=tely £ | X[ L EA}

D SHUVIQASE HIEZ = G —~ S M 40 Al (ST, AL, T2k 0RO 7104 &5 (64.5%, CAPSS, 2019)
> ST SH U HHEH 191(31.4%), OP‘U\l 5% (6 5%) [ ST ORI = Hak(FH L QI EE 29)
> ORI EEE S5, ZSEH60IE 5 (A AT Z80]| [ 2FASSFEY 2

S4 SYOM 2 HOHIE 2




3. A Akl 270 i

- SYH: 0ISH7ISdY SE=2Y



3. 1AL A7 | .. =

| AErSt2IUHA0] OJ3 7| Ot — B2 WA QI

O HZ F2 X0|MUX| CHESAIAE 7|& & =2 357% SHEE 1E(2019. 1~88 7|F)
O MEHIEF A0 ofst 07| F, 7| =88} 7H5s @22 afsby I 7| x5t 75 LR

20189 = CHAAIAZ O|MIHX| i SF X|ojt ZQ X 0|M|DIX| CIZ S AR 545

(o, | H X} E *EF Z=(9 H o = u z 3
X ArHECH) OMEHX|(E) HIESE HIS(%) S SSIEUT SENT YuEs HRSU EAH0LC s

éﬁg%tﬂ*lnﬂg gﬂgg‘ s‘—EHHH*;H JEI’H%JHET

XLk
et 57 9,462 17.0 e T _
5 HE 113 =] 1 L 3 o OO oy
ZiLt 6 4.0 il 2R b By B | opuotAIME MM,
ed 54 8,03 14. e B | SiolSicA[NE HYE,
” . PEeE SIQIAIME CIOkRX}
HRSEU U woEs 5 —Er
23 26 5859 11.0 TREETE
SIS PSS
SIS EfORL T
=4t 51 3415 6.1

GSZEA, " 380015442
SEEMYH SHSEER, | | h SKOj|LiX],

BAT YYHEL, 330¢ 1. S-OIL.

LEAIHE é . EoHojE S SE

Heu slesla,
HEYH MdzuHEs
%2019¢ 1~88 7|&E A= MEE fEeRIg olfil #AHS
JIHH=2EY 7K} kym5380@ BUSINESS
H| X| L| A2HX[(2019.11.01.)
40/47

2 SAF A OIMHA] HIES (




3. GatARE| 270 | - Fgme

| SEE=0V|1E S8Y

O SHEE 77| S 3 =AN7IEEA(AQMS) 3774, =2HEFA(RAQMS) 2714
O XIFE S8 71 OfLk(6) ) TA(5) ) MAH(4) ) Eieh, ME(3) ) B%, HE(2) / SH =0l 57,2168F 171 AQMS

2021.06. 7| &

B, B

® SEIA|
s o SRR e
(@) (@) @) @
® o ® oo ©
MAA| © o)
— o @) 0".*_"*' —
EjQr=t A Of| bt
= .
° vor SN
® ST
LA, ° '
HEA| o H=A|
©
- ®
© e %) )
M =AM
®

XG0 EEUFLT} AX[SkE A28 7 |1SZ4= Efet

2 GTAH EFA| 270471 HEQ 28Y

=717 | SHW(SHEE HHAFEAALH E2))
41/47



3. StAE| 270

| SEH- V|28 S8Y

O SYYE DIZHH7| ST S 2E 12704, ST 11704, E{H 10704, M3 5714
O HTAEE YEHE 2 MSSHH £33 X 20| glo] RS2 HE FS0| 20| UAS

0

ﬁ w “OjQE 2D Ut EjOLZ CERIA|

12 € BN
e © A} x{O}
Eforz (e otz =

N3 o |

% ..‘. o SN e
L ca AZA
# Foiz AL

Mz IMZ
DIZHCH7| SHY(LF3AL #E]) SMAL Al ESFE T R XN 2L EE QX =

42/47



of
T3
Bl ~
u_um_ ~
Kloz
\Y 4 A
g
!~
o~ o
c ok _
[L{' NN 8l oy
go I ___.ﬁ
IR - o)
____ﬁ. aall B M_ =
—— i1 W.m w ~ I 00
H A 5 = 9 H 4 @
AR B H B ELEE
E— o gl = X T u
--Al.l_ o OH w..m RO @ T T OoF
DO E_I _x_.O __O_._ A— .Al_ Hu_ A_I
RO o < < RO
K| _.ﬁ gl o~ @l Wl el K
_ N el k{0 mv.m_ IHo (o IHo OF
) 110 =0 50 50 =0
_.AO m ¥ X o o ow
kN = o orl  Kr o KIr K KM
1 HW % W - N ~ ©~ &~
0 ® @ oD oD oW oW W
K K- K J
E o _Eo o Ko Ko T = = =
o — —~
o0 S =
0 5

715

e e

e T SR O TR

=,
=

Ot

&
L

2

43/47




3. StAE 270 |

SHEE U e/ |583e] sE828 &2 U U7 [258MA S tl=1E

H
SPAOIT, 01 O | R B AHIA T SR O 12 Ao ISR RIS

(OEU715YY SFYL A1)

ZHEAe
ChungMNam Institute

ERPE Z 4

241/ 24912 org 8 Hd A MY LMY

EER I E I A9 28N g2 B AN 500(A12))

At/ gt 2S8R SHEFNFANEHR 706-52

L5/ QMBNRANUSNL | SHEINGHYSAZLS

oM/ QMEEHR SHEA MR SNL YR 822

2F /YR @RoN £ E3A QM QM0 89-37

RV L] SHEYA2HAFNTIZ4

FE/FRUASA SHEBA TR EHSHY 381

3/ BN SHEAA BYS60 ST 2015

M/ MR ZENR S EAA HEPB2Y 46

14 /BRI oI Bd 28 HEp S ETZ 04-26

FEYL ] ' GTIA PP PINZ 623(4342| 945)

AU/ UYUNTL B ST TP A3 2 834(F 12| 458)

A/ AT BEA 2" BTIA H0|P H0|2316(A 712 231-2)

HE/NE YR 2 QT 420018 2 1533-6(2182]892)

A4/ BHBARA £ PTIA PP PIMZ 623(4342) 945)

25/ IHYUNSL B9 YT DO FHE W ABF2664-1)

24/ U gMRA A P USSR 403(82412]675-172)
il = g/ YH RN &6 ST APV O8I 2222-17(222] 2893)
&xjo1 =4/ HM2| opg ol 9 BT WS X|P 08 2 662(542] 156-09)

E8/8%2842 29 PEA S4B 524 2663-1(582257)

£3/ 4R UNTL A9 YT 20 B 3Y2-1(852|393-1)

UEE/USEOISaR 2 MHZ MR MOIZ317912 21(0F2) 74-1)

0% /o EA B MHZ AR 012 151-2

2% /QROIgaR B MU MM MOIZ416HL 3652 716)

S0/ EFHAY BEMEZMHSAYZ 130(EE2] 1-4)

S8/ SHOSAROITRL | SHMNZMHNEE|957-7

I/ IH NP SH EiRIZ NP I 425412

2| /ONESUIUEER | SHEIRIZ 0/ V25721

2] /O NES I URIER | S EQIZ 0/ P #0243

07|/ WIESeR SHERIZ HER U217 12-21

¥y / (R S8R 2 BRI HEPI §0[2849-3

W/ Y oig e £ EiOIT MEPI 811 E 2 20

A/ N12| CHEHeR 29 EiRIT E9I8 WUR Y390

o171/ 9t7122| org a1pt SHERIZ 2SR ABU6-4

o/ o2 BN R4 SHERIZ AN N8 26-0

012 /01212 ChFH Al BRI WEP 0|12 14

M/ BH32| ORI SHERIZ RIS RMYTT
2| | YA | ME@uKS) b e
598 man | waEEe B = et w2 749

44/47



3. A 270 |

| MIRAY

- OS7 |58 =38 X9 7 [2E E=2HNS DB 715

v EXot o]
v ER7|7 8 AR (ST TP
v HEAAY 29

v Exab i 5174 T AL

-7 1E S EEd Mot HAX|H

v 7t T AR
v/ B2 G| -
v MR IEHENT 7S

- NG O|H|HX| ths S dst

]

v BEES 012 O|M|HX| M2 JEE
v SHEH= OIMHA| S8 1S
v A0 H= OFS0H7| 2 0
v ZHS XA HHE

o Y

1}

i

i

Al SIS OC ChungNam Institute
I S

o Sl
B LT e

(OISO IS H Mg )

lean Alr

Cl
‘Chungnam

45/47



HALALY| AH | ok

| SHAAR R O RIEH0IX| 2

O ZHAARE Sl CIOIE =8 R A2t ZLHEE o= H-Ho| S =3t
O BHAABCE 45 = H|0|E= OSH7|SEY T OtLE} S 77| S8 53U ZetE
O S HUZHOIX|(ZUASH)E Al 2GS S0l ACH =5 ZHHY MH[AE 2E S 0| YY

HHAIAES Set AAl CHEIESHOIX(E 2N HSH) 23

iﬁg_"'ﬂ“"ﬁ'ﬁ W feboiEdol  gwumEEs  opiFogy Ay iz a8l isnET R
-

PRI (M)

20210623 14:00

b
E maszun ] AT
b i 2B D)
2021-06.23 14:00 234 ety
LIS

O anmsawe auz 208

4 2021-06-23 14:00 =84 =
20210523 14:00 4N wre
2021.06-23 1400 CHL] e 50 k-] LELE
2021-66-23 13:00 STA an £ I® LE Lz
2021-06.23 12:00 gl Sl
b 20210623 13:00 Fhy LU L2 L a i Rk

201.08:23 15:00 sy e 35 28 ol

| 20210623 13:00 euy HE o bl OpyEA

2021-06-23 13:00 it g4 574 T LB i)

| SHA/EE
| 20210629 1400 Y By = 5 5 5 -
@ IT LA 2R cigd|
20210623 13:00 5] a5 @ B LELE] E -
220 N FzL)) £80i) e
cliaFds o e 2T &

2021-06-23 13:00 L) 2 & 2 | dpetap |

46/47



ZEAFEILICE =

FE

BhungNam Institute

Chungnam Institute



OIM|22] Y 22 0|24 OfHLIS 7+
o8t 277| 2|er 15

] -gmi ]

o

SHAT

2025. 7. 2.

0z

rot
H
e
M
i)
1%
2
1
rio
N
| >




IR

<+ 0|Xrdd OINISAl &= =&D|

= H =
*QE MF)| ZFI|B 2=

S0INIRIX SHE=




Light Haze Severe haze
Photochemistry Aqueous Chemistry

H,S0, .
Organic acid. , Nucleation @ Growth Hygroscopicity
NH R q ﬁ

£ e Phase-state

Amine 4 : X Radiative
T ‘\‘\_ SO, Forcing

SO, POA BC
Catalyst ‘
aag

Aging

‘ Primary Emissions

[Peng et al., 2021]
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MZS X 244(New particle formation) OHZHLIS

Growth of cluster to

Molecular cluster . )
critical size (nucleus)

4
B c o e oq R 600 5 x10 SH AIS
! . P, A b R 4 —5|22 TSR} HID DA
Sadk kS - ; € 100 , s  —ESEEZVOCS
- T o 2 -0HR 22 350,, =2 NOx
o Q k=]
» 1) g 2 =
< > = £
L4nm S 10 ’ [Guo et al., 2020]
A aG 3 0
[ 0 2 4 6
5 Nucleation/ \ Growth Exposure time (hr)
:Nucleanon\
barner
- S 2HE0|M Xt =T Ao A X| Aol BEE 2 2Rt RIS
o WA, ol Lhz@iRtol 2 g0l M HE S S8
§‘(;)‘}7-MH o) 3@2“%:.:3 ‘ﬁégg:;.c;:;nm;n}c;c‘s‘m‘
1 r=0 1vm-se [ J e <] El
o]k I | H,SO,-H,02| 08 S M 1,80, H,O-NH, o] dE st
| T i MTlom s pEE LRt AN U MR HAS SR HE 4
9 oo
£ HA DT .
L 104 L —
= 77| 2O0|Lf OFRIR 7 S5 =E R (NCP)O M| {22 &AL
A (NPF)O| S22 7| E St= A2 2 S5 3.
10° 4 3
Y ;
0% 10" 10" [Wang et al., 2015]
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At 244 NPF) 2t & & Growth)

Clean(9/25, 3PM) Transition(9/27, 12PM)  Polluted(9/28, 6PM)
A Beijing 80 nm 100 nm 240 nm

Diameter (nm)

soA llroA I sulfate [lNitrate [ Ammonium

B 46 nm 97 nm 240 nm
— 500 . T T T T T T v L1 13 [ Y i Y Y : 3
£ I Organic

2 400 EEEINitrate

= I Sulfate i i i i

§ 300 I Ammonium i o

= B Chioride i ; : z

'§ 200} MBIack Carbon =

g 2

O 100 LE
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= 8o =

22 J12H Clean period): £I1280] =2 &4
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= M2 24E 2| |10 St

200! PMas <t RS20 My N a E Nifrate concentration —e=Nifrate fraction ~ =e=Mass ratio of nitrate to sulfate
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[Vu et al., 2019] Observed Daily PM, 5 Concentrations (pg/m?) [Fu et al., 2020]
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Bt=(homogenous reaction)
+M —HNO, + M
(g) +NH5(g) <> NH,NO4(s)

l

Temp O, (ppbv)

Of2t: 0]&! Bt=(heterogeneous reaction)
NO, + O3 —NO, + O,

NO, + NO; <> N,Os(a)

N,Os + (H,O or Cl') = (2-®)NO,;~ + ®CINO,

@dd)‘oN (%)HY ( s) ON

)
2
Q
e
O)(
Z
=
()]
O
<

Q'ZWd

® organic® NH,'® SO m No; m Cl HIOIR! (201413 108 ~2015E 1)
. i — & ZAMHO 56%~97% XAl [He et al., 2018]

AR5101 (2005 521 52 ~67 152), HIOIZ (2005 62 292 ~82 22)
— & ZAH9 50%~100% XXl [Pathak et al., 2011]

= N2Os Jt==0ll EHS0] 24tE S0l iR SLE S AlAF

0:00 :
2018/4/17 2018/4/18 [Xia et al., 2020]
Date and time




Low aerosol and RH,
high SR - high PBL
Trigger

Weakened Asian winter
monsoon/radiation cooling
O = Descending air mass,
stagnant weather, inversion,
high RH, conditions similar
O to “London Smog”

PBL

Stage 1
Shallower PBL >
RH and aerosol increase,

hygroscopic growth
us formation aerosols

~
~
~

G
/96,, *o,,,
e//-/. o7,
o ~
@,/7 6‘/00 s 0
Ofrb

Stage 3

Higher aerosols and RH
- further SR reduction
-> further lower PBL

- Higher aerosol and RH

oI S 0ilo=Z
S HES A

y=-0.43x-11.15

R?*=0.83

Stage 2

SR decrease -> lower PBL

-> higher aerosol and RH

-> further hygroscopic growth
and aqueous formation

[Forster, P., et al. 2007; Tie et al.,

40
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3
PM, . (ngm™)

1.5

1.0

—O—Clean days (n=44)
—O—Haze days (n=38)

0.0

20 40 60
PM,RH,Water

80

2017: Linet al.,

0 20 40 60
PM,RH,Water

2021; Zhao et al
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GC-PDECDJ|Et PAN(Peroxyacetal nitrate)

ST AAE Y

Vent \
d

Needle valve He purifier

L | 7 mbimin R
Air Pump _ o / 2
2] A& (16,67 Limin, P Sample

1A12t=1000L) Loop

Long-range transport E ° ¥ batilor

m o . (0.26 mLimin, ) 37.6 mL/min
' 1A1Zt=15mL)

PD-ECD Carrier/Discharge Gas

PANS O, formation in : _ lon Chromatagraph Restrictor o Tv)
remote area ‘ : e o

4.2 mL/min

(0.28 mU/min,

RC(0)0O, 1412415 ml)

Liquid handling Dopant Gas
Air flow . (5% CH, in He)

(o) 3 Liquid flow

NO,

hv

. . . To blower
NOs NO, Chemical lonization Mass t

Spectrometry(CIMS) J[BF AA[2+
N,OC| 12 N,Os. CINO,, HONO =X &X| 2=

G i

blower «

aerosol water uptake Ny ! iacd | 167 L min

367 L min™!

Exaust




Air Pump

(0.28 mL/min,
1A 7H=15 mL)

Air flow
Liquid flow

MARGA AIAES WHE GlAl

WRD
th2| Al (16.67 Limin,
- 1A1£t=1000L)
\= 3 i
/ i \

Br (int std 2

504 20.62

MW s o R S B W
o e L vk <eL . m R W

-+

4 4
T T

(0.26 mL/min, 4. 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0 22.0

1Al Zt=15mL)

lon Chromatograph
TIEI T ——

i (int std

Na S.40

mii

I

> Ca 18.28

Liquid handling

r T T T
0.0 2.0 4.0 6.0

(NH5, HCI, HNO,, HNO3, H,SO,) : RWD + 0|23 20tE02HTl
(Na*, K+, NH,*, Ca2*, Mg2*, Cl-, NO,~, SO,27): SIAC + 0|23 20t& 12Hl

T T T T T d
14.0 16.0 18.0 20.0 22.0 ..




GC-PDECD”|&t PAN(Peroxyacetal nitrate)

PAN SEAIAE PEE

Needle valve He purifier
7 mL/min X Humidifier
Sample
Loop
Restrictor
37.6 mL/min
Capillary Vent = PD-ECD Carrier/Discharge Gas
sl
Column T il {(Pure He)
Iﬂl 4.2 mL/min
Dopant Gas
(5% CH, in He)
Parameter Model
GC Agilent 7890
He purifier VICIHP2-220
Column RestekRTX-200MS
Humidifier 200g CuSO4 pentahydrate
Detector Pulsed discharge detector, VICI D-2-220

11

EEfies -

:

1 ppmv NQ in N,

11—————4JIIiL——————
oy
*

(TR

UV chamber

-Volume: 14.5 mL

-Total flowrate: 32 mL/min
-Retention time: 27 sec

Dilution
chamber

2 mLmin

1000 mL/min=>0.5ppbv
2000 mL/min<»1ppbv
- 4000 mLimin32ppbv
N ————
' + 30 mLmin -
-l‘l g
20 ppmv Acetone in Air Ultra-pure Air
24
PAN W& Z 1t Al
8000
7800 PAN
7600
Z 7400
5 —500 pptv
1300 ~——2000 pptv
7000 —1000 pptv
_m
6800 —————
6600 + T T T T
0 1 2 3 4 5
Elapsed time (min)

. = R —

‘I o




CIMSE 0|&¢t O|Xt 2adtelE & 7|4

> —

Chemical lonization Mass Spectrometry(CIMS)

&8

Bypass
(0.7V, 2.8 L/min)
H Flow tube
Asmbiaiit 5.4 L/min Sample IN .
samp'e == 2.6 L/mln
5.4 L/min CIMS
5 mL/min Cl, = 9.3 ppbv
VUV
10ppmv NaHCO, _
Cl, scrubber permeation
Internal Charcos]
standard scrubber (1 L/min)
Reagent
T gas
Ambient
sample 7|= Al
27 HONO, formic acid, acetic acid

CINO,, N,O,
? e = Glycolic acid, pyruvic acid, pentanoic acid
HNO,, Cl, 0| &H5 ycolic acid, pyruvic acid, p ’

malonic acid, succinic acid
12 e — T T

ECFRE N s N A——— .




CIMSE 0|2 & mass spectrum

Formic acid CINO,

m/z172.91 m/z189.9 m/z207.9 N,O

I~CH,0, . -35CINO P
I~HNO; 2 m/z234.9

I—'Nzos
Nitrous acid ——Ambient ——Scrubbed blank

m/z173.91

CINO,, HCl I"HONO

m/z161.9 / Succinic acid
|-35C| m/z246.99

m/z209.9 Malonic acid L
\ /1229 ; m/2230.92 "CaHeOs

I-3’CINO
m/z163.9 2 I~C5H,0,

-37Cl

/

Acetic acid

m/z186.93 Glycolic acid  Pyruvic acid Pentanoic acid

I~C,H,0; m/z209.9 m/z214.92 m/z228.97
I-35CINO, I-C5H,03 ICsH100,




CIMS CINO, 2} N,O, W& 7|8 JHet

External calibration (CINO,)
: the reaction of NO, and O3 e,

I-¥crel

m/z198.9

Reaction bed

(NaCl, NaNO, slurry)

Zero air 197CINO,
mz209.9

Dilutor » CIMS
2.5 L/min

. . 0
0.8 L/min 0.8 L/min 195 196 197 198 199 200 201 202 203 204 205 206 207 208 200 210 211 212 213 214 215
miz

A\ 4 v

10 cl rMonbdenum Photolytic )
ppmv Cl, NO, analyzer | | NO, analyzer Sensitivity
& J

|
Cl, at mz198 0.763 Hz/pptv |
' CINO; atmz208  0.557 Hz/pptv
Rel. sensitivity
(CINOACly) 0720

, Sensitivity
Cl; at mz198 2.33 Hz/pptv

External calibration (N,Os) N.Os at mz235 | 9.67 Hz/pptv
Rel. sensitivity

: the reaction of Cl, and NaNO, (N205/Chy)
2 2

Zero air
1.5 ppmv Oy H

58 el ﬁs L/min

mL/min

| Reaction chamber » CIMS
O, generator (Temp <15°C) 2.5 L/min

0.8 L/min 0.8 L/min

v y

Molybdenum Photolytic
NO, analyzer| | NO, analyzer
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Beijing site: AW

, KBS, A, S0, It
200, KRISS eI

Ulaanbaatar site: 22 20}

7t Z0|HHX Foa0l 8l HE7|F
T, 7|t E Tl AT E S




S =D E-E AT
h20233 48 2-53
=

CIMS: N,O, CINO,, Cl,

MARGA: HNO3, etc
AlM: ZAres sw@'%

20, oo

Beta—gauge: PM,

5
SMPS: 1S 255
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KHESZFA0A CINO,, N,O,

EP1 EP2 EP3

S A2 . 67 u ——CINO,—— N,0,

.0 1 |
OH+NO, +M — HNO3; + M £3 47 x

g g
HNO3(g) + NH3(g) <> NH4NOj3(s) £= 27 | | L | |

— O LM M RLARENS, W10 T LY W A

HNO;(g) + NH3(g) < NH} (aq) +NOj (aq) R A R

> 8 AlIZH
NO> + 03 — NO3
NO>» +NO3+ M < N>Os+ M

Concentration

~ 15
_
S 10 -
1 -
~ AJILA

k!
NO;3 + VOCs — products 5 . { {1‘ !
= o ]
N>0Os5 +H>O or CI™ (aq) ? o f 4 f’\ LJ Mﬂ-ﬂ !
o ] | J N
— (2= $)NOj (aq) + $CINOa (2) g, W 1 Lf%.‘ L IOV ‘JUL“"“W\-#-»*MI&MM |
Apr 24 Apr 29 May 4 May 9 May 14 May 19 May 24 May 29
2023
- =W ==2 A=KISE D] S N,O5 CINO,, Cl, &AI2HHE SH A5,
- & AIOIN,O;2FH 248 MAL= s SEI(BIC 2 2018,
= ofstptsAl et A E BtE & A OiHLIS A+




ol S 0H=E2] &

Ultrafine (PM o) A
Condens#io

Mode]
|

Droplet
Mode

Fresh High
Condensed Temperature Sulfate, Nitrate,
Organic Emissions, Ammonium,
Carbon or Organic Organic Carbon, ’ Geological
Sulfuric Acid Carbon, Elemental Carbon, ' Materlal,:Pollen,
Vapors, Clean  Sulfuric Acid, Heavy Metals, Fine Sea $alt
Environment Metal Vapors Geological |

c
.
et

-
et

c

o

3]

&

O
&

»

0

©
=

o

>
=
=

)
14

Nucleation Aitken 4, Accumulation

Lk l!
LB
\

0.1
Particle Aerodynamic Diameter (um)

[Watson, 2010]
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12:00
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100 200 300 400 500 600 700
Aerodynamic D, (nm)

22 HNO; 1 =2 CINO,
Droplet modeOlM 21| =&t

EP1-2

Concentration
(ppbv)
3

o
o

=2 HNO, 2 %2 CINO,

23427 1200 Condensation and droplet mode &

—e—234-2713:00 2 BN Bl =50 =225 =D&
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o
o

Concentration
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N
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NO,7SO,? ratio
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NO, /SO, ratio
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Dangjin Site

. industrial air pollutants

- 20 March-22 April 2024

- CIMS, MARGA, SMPS,
online-VOCs

Anmyeon Site
. Inflow or outflow of air

pollutants over the Korean 4
Peninsula 3 -VEH?_’\’_?E
- 18 Jan-13 March 2024 "

- CIMS, MARGA

Daejeon Site

. urban air pollutants

- 20 May till now

- CIMS, MARGA, etc
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HNO,_Marga
(Ppbv)

Concentration
(Ppbv)

]——CINO,
—- NZO5
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HHE 2R Y0 2ol 24rE2
2

— heterogeneous
reaction(N,Os, CINO,
1) ol 2loH

—&4HE0] =0t

10l EIH MH(EP)



CIMS N,O,, CINO, =X &

0.8 y T
06 |- -

HNO,_Marga
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A [ b
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(2023~20324, &
« 2032 =H: JIZ (0.1 ppm) €HE50 % £4 (20243: 41 %, 2027H: 45 %, 2032E: 50 %)

/1L

- QE N HZ 1 2EE(NO,, VOC;, Radical ) &I ZAl 2UIHE MH 2= 2

S ™

o F A0 JIA(OH, HO, S) 0fl CHEt =2 Ol O F e

PM O, 20004 2020

Yearly mean PM10 and PM2.5 Yearly Means of O3

10 guideline

PM10, PM2.5 ug/m3

PM2.5 guideline \_

1995 2000 2005 2010 2015 2020 1990 1995 2000 2005 2010 2015 2020

12
le6

[Kim et al., 2021]
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Initiation reactions

(R1)  HONO +hv(< 400nm) — OH+NO
(R2)  O3+hv(<340mm) > O('D) +0y(a'Ag. X337) NO + 03 — NO3 + 05, NO; + NO3 ~ N305
0('D) + Ho0 —> OH + OH N,O5 + ClI” (hetero) — CINO, + NO3

olD)+M - OCP)+ M CINO. — NO. + Cl -
(R3)  HCHO + hv(< 335nm) + 20, — 2HO, + CO 2 2+
(R4) Alkenes 4+ O3 — OH, HO;, RO, + products

Aerosols +— 7\ Sink of RO, VOC, + Cl- - RO, + HCl
(NO,limited) VOC, + OH - RO, + H,0
RO, + NO — R'CHO + HO, + NO,
Sink of OH Aerosols 4 —
(NO,-saturated)
SOA
HCHO ‘
Termination reactions
Chain propagation reactions
R12 H+ N
(RS)  OH+RH+0, — RO, +Hy0 ER 133 gH :[ Ngszng(g
(R6)  HCHO +OH + 03 — CO +Hy0 +HO»
(R7)  CO+OH+ 0, — COp +HOy (R14) RO, +NO — RONO;
RO 4+ 0, — R'CHO + HO, Sink of HO, {\i 0;\‘ (R16)  RO2 +HO; — ROOH + 0y

(R9)  HO, +NO — OH+NO, (NO,-limited) o (R17Y  HO, +HO, — H,0, + 0,
(R10) HO,;+03—> OH+2.0, 03 + NO - NO; + O, HO, +HO; + H>0 — Hy05 +H>0 + 0y

(R11)  NO, + hv(<420nm) + O, — NO+ O3

29 = E >




T

I Morning
| Midday
| Afternoon

OH Reactivity (s”)
o
®
000D 00 -+ Q0 s oewre ==

Altitude (km)

(%) Aanoesy HO Buissiiy Jusdied

—
e

T T T T T T T T T T
5/4/16 5/8/16 5/12/16  5/16/16  5/20/16  5/24/16  5/28/16 6/1/16 6/5/16 6/9/16
Korean Standard Time (KST)

® OH Reactivity . 80 100 120
suss Percent Missing OH Reactivy| ~ OH reactivity 2 05 (ppbv)

sl 50-75% Xt0|Jt &
Monoterpenes

i KORUS-AQ J|2t= &5 a e%.l HDIOHA-I 19|
05, SO,, and CO [:H_EII__E_

NOx _ [Kim et al., 2016]

[Crawford et al., 2021]




Stage 2: time dependent mode

F(Og) = kH02+N0 ” HOZ -NO + k(ROg*'ND)Eﬂ' . ROZ
Photolysis frequencies *NO
(e.g. (O'D), INO)) D(0,)

‘ Stage 1: validity examination = Kou+no,[OH][NO;]+

(ko,+on[OH] + ko, +#0,[HO:]
+ k0;+a!kmes[alkenes]) [03]

OH
o P(03) = F(03) — D(0s)

del

(RACM2) > [HOZus

Stage 3: EKMA mode

Trace gases
(e.g. O3, NO,, HCs)

("
=3
(=1

b
La
=

t

[
=3
(=}

—
b
o

Meteorological parameters
(T, P, RH)

—
(=3
o

NO, scaling factor (%)
8

1 | L 1 1

50 100 150 200 250 300
AVOCs scaling factor(%)

<

(=]

[Lu et al., 2019]




» Empirical Kinetics Modeling

Approach (EKMA)

1.2

P(O,) [ppb d”')

1.0

0.8

0.6

Normalized NOx

0.4

0.2

0.0
Normalized VOC

00 02 04 06 08 1.0 1.2

E 3K %)

NOx Emission
[-2.83+0.46 %/year]

f(NO,/NOX)
[3.065+0.484 %/year]

VOCs emissions
[-2.30 -11.22 %/year]

Reduction of surface area
[-3.52+0.92 %/year]

AOD change to photolysis
[0.4+0.4 %/year]

Box model
with
KORUS-AQ
Ground
Observatio

ns
and
Assimilate
d

Emissions

1.08+0.17 O, ppbv/year

0.11£0.02 O, ppbv/year

—-0.94+0.38 O, ppbv/year

0.2440.06 O; ppbv/year

-0.11£0.11 O4 ppbv/year

[01ZE, MIOILt Xt= 2024]




F2x

« J| &&: HaPs, NO,, CO, HONO,
C|N02 o j' Si'l-g o jl Si_l'g . HNO3, O3
« Bt ER: Ozone precursor VOCs, « B ER:0H, HO,, RO, - Bg ER:H,0,, SOA
HCHO
=0l NO, SEI| e @EJ|IED
:Nr?omode 30
ISample .
ol B
NO,; = NO f:
Converter gﬂ)
PMT Eﬁ:t::t?:r k— Ozonator Fall
l °3 6 12 18 24
Vent
NO,=NO, - NO
Molybdenum converter: NO,, NO, (HNO,, N,Os, PAN S) 2 NOZ B &t =X 2| T= &2
Photolytic converter: NO,2FNOZ 2t - KTL, 8335 S0l 2% DFI 200l DFAHIAS Sl
TR 2420.4 % EW SHES ALY (HEXIS U] I1F) [Jungetal., 2017] HE = &I
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SoHCHD |ISHA, PAHs S
e e CTY, ik o e ik
ES PN SEOE] Z2uy [ B35 | SEs [ OdE [ OiE | 8= | 05 [ A0E | Au | 2as [ @8 | A= | AdE | 2A=
2 A} = PZ] pALS)
5E [ THE [ maE [ ean [obs | EE (595 [ ad e [ e [Ius [ o§s [ 5950
ey AL} e
o [ oaid [mow | BEE [ &0 [ =0 | WEs [ Hea [ A | ouw [ nE [ A5S
R A= A RES
oEE | nEs [ OEell =& 409 ] 0= | 050 | 050 | AgE [ %0 | OAE | 29s [ Seau [ SEpg | AT e

ot I 5=

12.Carbontetrachloride 13.1,3-Butadiene 14.Methylenechloride 15.Vinyl Chloride 16.1,2-Dichloroethane

=

PAHSs

452

oo

1.Benzo(a) anthracene 2.Chrysene 3.Benzo(b) fluoranthene 4.Benzo(k) fluoranthene 5.Dibenzo(a,h)anthracene 6.Indeno (1,2,3-cd) pyrene 7.Benzo[alpyrene 8.Naphthalene
9.Acenaphthylene 10.Acenaphthene 11.Fluorene 12.Phenanthrene 13.Anthracene 14.Fluoranthene 15.Pyrene 16.Benzo(g,h,i)perylene

1.Benzene 2.Toluene 3.Ethylbenzene 4.m,p—Xylene 5.Styrene 6.0-Xylene 7.Chloroform 8.Methylchloroform 9.Trichloroethylene 10.Tetrachloroethylene 11.1,1-Dichloroethane

DSIsFO S XI =X 0O}
Ed o ==
22 Mg oI 37| 54
e 2HT [P Mo [HET TS B ZOD [ZH poIp [ S AMNEE [T SHE [FANES | AT HIH [HP WIS [T SAS [ ST HHE [ 7|2 FHH
a M Ch
G5S| o+ 585 | HYBUHE |SPUAS [HP0ES
DUSISFOE2 X =X ;I-E( X.)
Ao S = S
Ethane Ethylene Propane Propylene i-Butane n-Butane Acethylene  [trans-2-Butene 1-Butene cis-2-Butene ICyclopentane i-Pentane n-Pentane rans-2-Penten
1-Pentene cis-2-Pentene  [2,2-Dimethylbutane  (2,3-Dimethylbutane [2-Methylpentane [3-Methylpentane Isoprene 1-Hexene n-Hexane Methylcyclopentane 2,4—D|methy|pentan Benzene gyclohexan 2-Methylhexane!
§,3-D|methylpentan 3-Methylhexane §,2,4-Tnmethylpentan n-Heptane (l\ellethylcyclohexan 2,3,4-TnMethyIpentan Toluene 2-Methylheptane 3-Methylheptane [n-Octane Ethylbenzene m/p-Xylene Styrene 0-Xylene
n-Nonane Lsopropylbenzen n-Propylbenzene m-Ethyltoluene p-Ethyltoluene ;,S,S—Trlmethylbenzen o-Ethyltoluene ;,2,4—Trlmethylbenzen n-Decane ;,2,3—Trlmethylbenzen m-Diethylbenzene 2—D|ethylbenzen n-Undecane [n-Dodecane
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OH, OH, 2ICIZ ==J|¢

Peroxy Radical Chemical lonization Mass Spectrometry
limit of detection/ time 1o ( Pe RC' M S)

method group molecules cm™3» response® uncertainty¢

fluorescence Leeds University, 1.4 x 109, 30s 35%
assay by gas UK SNR = 1, lon Reaction Region
?%(KE([}DESZ;OH i 2.5 min . Neutral Chemistry Region | Buffert,

Forschungszentrum 1.75 x 10°, 40s 10% . lonsouce | = 01 ROHHO, >

Jilich, Germany 80s /_\l\ \ \ Octopole ion guide ‘,‘,‘al(w,
or Pennsylvania State 1.4 x 105, 30s 16% ; ] —  — o0 S0, Fone ), ROS0,0NO

University, USA SNR = 2, ! i — — ¥ ( Sy . &
laser-induced 30 s¢ \\ . coc Quadrupole Fiter Amblent RO - 0fyy, . ROS0,0, ~>NO,+ROS0,0 1y R
fluorescence \ Lj N TRONO T O
(LIF) at low Inlet Pump [- ] ( % @\fi\/’ RO,S0,0NO
pressure Portland State 1 x 108, 6 min +108 molecules N R0,50,0,"%N00,50,0 Ty

University, USA 6 min cm3 P — R

University of Tokyo, 3.3 x 108, 1 min 23% / Dilution Region S

Japan (now at Frontier SNR = 2, . diuent O or ) g 037 RO+HO, >

Research System for 1 min / \\ —_— NosRo o rono

Global Change, (1.9 x 106 without \  Turbomolecular Pumps o %0, () R050,0N0

Yokohama) solar scatter) { Ambient RO //\/O(V \Waoso 0, %% no,+ROSO :Z/

Nagoya University, 7 x 10°, — < e = = IQ\WRO o o CT X Rosso, >

Japan SNR = 2, 1 min \*"““’ | %, N

’ I Yy S RO,SO,0NO

differential Forschungszentrum 1.5 x 108, 15 min 7% \ ! / Rozsozozﬂmozmozsoxg <
optical Jilich, Germany 200 s \ ontinectar SO, FRaY
absorption Johann Goethe 4 x 105, 4.5 min +10° molecules N 4
spectroscopy University, Frankfurt, SNR =1, cm™3 ‘\ / /
(DOAS) Germany? 1 min -— 1001 L L L L L .

NOAA, Fritz Peak, 5 x 10, 10 min 30% —ro. (;%S)( o Ko, ém?dzg )

,h . —_ + (obs; - model
ﬁi{AaPlanck Institute fur ; I;u{l()“ 80 = NOSOSpENY ot RO, (el -
Chemie, Mainz, Germany? SNR = 2, 15 min >
g 60

chemical ion- NCAR, Boulder, USA! <1 x 10, 30s 16% 8
ization mass SNR = 2, 2 404
spectrometry 5 min# &

DWD, German Weather 1.2 x 103, 30s 20% 20

Service, Hohenpeissenberg, 5 min

Germany

Georgia Institute of 0 T T T T T 7

Techrology, USA 19:00 19:30 20:00 20:30 21:00 21:30 22:00

Flight Time, UTC (10 March 2006)
[Hornbrook et al, 2011]
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= gE=clEA

S =0| A ( ) S AEl MNC = = 1T
SZQNHAII(CPC) WH AL AT QH2RYER ST}
CPC Neutralizer & B
Hepa filter (Am-241)
Ref. diameter=3.08 pm 4
Atomizer Hepa filter ::g S
0.3L min" e (KCI 20% solution) s Ea
Flow 1.0 L min* g0 8
; MA ON/OFF 3 80 Be
splitter : L& g
valve E £
Diluti Mixing chamber :g 1 y=-oF.:)c o:)x:zgtrg'gﬁax
=" 0.3 L min! ilution Lt e
bricge beite? I T L e e w a
Hepa filter Diameter (um) D, APS ()
R s
FI troll 1.0 L min” )
ow controller Excess air 100 LPM Pamp
Electrometer T .
Q D

9.0 L min (x+dIn(2r —1) =)\ ] *
Compressed air I I Blover S LPM y=a+b|1—|1+4+exp y

Particle APS i
generator b

B Z 1 OlAl

S
Electrometer & Gl Al CPC & UIAl
O f(x)_86G corr —Fitted P efficiency EX nm
300 12 100 ]
< 200 -+ y=-1.0041x > 1 e o & B
= R? = 0.9998 2 ° 3
3] 100 - 808 5
2 £ ] % 0860
2 c
- 0 ——r Zos g
$.3p0 -200 -100 100 200 300 15 § 040
™ T - 3 e
3 100 - 804 8
3 L 820 SIS0l Bl 4 = ALAH0] SRaLh
5 Z0ll= > A ! SLCt
3 200 - ©02 U K37} 252 204 U BRYRiE
8 000 > 74
E 300 0 0 1 2 3 4 5
Reference current (fA) 0 20 40 60 Dp (i)
Dp (nm)
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00|12 =018 At 28 8 =55

OHOIZ=2018 A WE AgMH =
1. J1E0| u¥

5.0 ym 7.8 ym
B 28 222 nnEIl sEw szgsc
- Af—— T Standard Applied Instrument Measured Measurement Uncertainty
20 Hz 20.000 045 Hz 0.000 014 Hz
50 Hz 50.000 123 Hz 0.000 085 Hz
100 Hz 100.000 245 Hz 0.000 070 Hz
200 Hz 200.000 48 Hz 0.000 14 Hz

Inkjet
Aerosol

Generato v ( PHA ] [Fggggt"g ]—»SI(s) Traceable
r

STunit (s)
1. NEBA
Frequency counter (s ')
2. 8RB
[Pulse Height Analyzer (PHA) (§')

SALUA X IH=2HD I

QA DIEN+=2E

Inkjet Aerosol Generator
(1AG)

Counting efficiency (%)

Optical particle Counter (OPC)

3. SA I} r 2 3 4

Particle diameter (um)
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