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Abb.
HCHO

MOH
PPY

AN
KT
PP

AA

B13
B2

ACT
AAC
DMS
ISP
MVK
MEK
BZ
TOL
STR

T™B
PN

Compounds
Form aldehyde
Methanol

Propyne
Acetonitrile

Ketene
Propene

Acetaldehyde

1,3-Butadiene
2-Butene

Acetone
Acetic Acid
Dime thyl Sulfide
Isoprene
Methyl Vinyl Ketone
Methyl Ethyl Ketone
Benzene
Toluene
Styrene
Xylene
Trimethylbenzene

Pinene

formular
CH20O

CH4O
CsHg4

C2H3N
C2H20
CsHe
C:H4O

CsHs
CsHg

C3HeO
C2H402
C2H6S
CsHsg
C4HeO
C4HsO
C6H6
C7Hs
CsHs
CsHio
CoH12
CioHie

Mass(H+)

31.01471

33.0314
41.0386

42.0344
43.0184
43.054

45.0341

55.0542
57.06965

59.0497
61.0284
63.0266
69.0725
71.0479
73.0633
79.0548
93.0704
105.0699
107.0861
121.1012
137.1325

Vapor Pressure
>101.325 kPa

13.02 kPa
526.89 kPa

9.71 kPa
1675.73 kPa
1130.15 kPa

98.65 kPa

243.18kPa
212.77 kPa

30.6 kPa
1.5 kPa
53.7 kPa
73.33 kPa
41 kPa
10.39 kPa
12.7 kPa
2.8 kPa
0.66 kPa
0.82 kPa
0.27 kPa
0.63 kPa

Boiling Point (°C)

-19

64.7
-23.2

81.3 ~ 82.1
-56.1
-47.6

20.2

4.4
0.8 ~3.7

56.05
118 ~119
35~41

34.067

81.4

79.64

80.1

111

145

138.5
169 ~ 171
155 ~ 156

g 39a74

ChungMNam Institute

P A (kcal/mol)

170.4

180.3
178.8

186.2
197.3
179.6

183.8

187.1
178.5

194.1
186.9
198.6
198.9
199.5
197.8
179.3
187.4
200.3
190.0
199.9
215.0
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O = VOCsofl Cigt 71E — #7H 1.5 ppb(5 wg/m') : 7|1Z X| O|Lf / ==Lt HE, MFEL H2 =X
[0 BTXS| ERk Et X[ sE+EEO HA HENE / IR E2] EIXY2 SEAIRES Sttt sdZ2 Y

HEE (EHY : ppb :
= A8 EH | Eeou : |a| : st - Tvee i
— =T XI‘ = = = 7:” red dot-rawldata‘, every 1sec
[[— O:l‘)F *l_l'%" BII 116 185 0.33 334 1000 black dot - binominallbounce effact) smooth, every 60sec i
Jeon et al o MYSX] 132 4.55 0.27 5.87
800
Zg AMRERX] 083 3.50 4.5 8.83
Baek et al
Tl MYEX] 062 7.81 1.29 972, .,
8 -
PN o & X| 31.8 259 10.4 2908 ¢
Jung et al
Al O 21 X] 2.5 344 10.2 47 .1 -
Im et al OF Ak A EEX] 16.4 423 43.6 4394
CH+ CE2H 1.18 204 1.87 21.6 200
Park et al ‘
a4 EAX|E 089 4.31 0.87 5.2
" I ME EEH 3.1 6.3 3.1 94 OJ [ : : w , : . | : 1
yoo et a =Y =N 30 118 38 14.8 7232001 740001 TIOR[021 TR0 707201
CH AF AAHTEX : . : :
Baek et al :+ - }: 2 ] B 23 MM :1.3+1.7 ppb
Kim et al CH Al A HEEX 8.3 45 1.8 14.6 .
- N E29:1.9+1.1ppb
Kimetal ~8&  MTX 167 155 4.2 172 XbQ2 : 1.6+ 1.4 ppb
Kim et al CH & AMATEX]  3.10 1.5 1.88 6.48 = 1.O=1.5PP 39/23
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ISES 2\ | HZz1zd0i12] .1.~12.31.
/h= oy A ZARBHTE/ 11.18.~12.31. 1171231 1.1.~3.31.
LIOMALTHT | A A (KIST ToF-ACSM) 11.1.~12.31.
= : .
== Chinese Academy of Science o 1.1.~3.31. N
/HIOIA /CAS Beijing (HR-ToF-AMS, ToF-ACSM) LoloM ek 11.1.~12.31. Lol e
= .
= NUIST, Nanjing ~ ~ ~
/LF] /NUIST Nanjing, Liyang city(SP-AMS) 11.1.~12.31. 1.1.~1.5. 1.16.~2.24.
= : :
= Chinese Academy of Science, Lanzhou N N
/B JCAS Lanzhou(HR-ToF-AMS) 12.8~12.31. 1.1.~2.20.
o= NIES, Fukuoka ] ) ]
/23T /Fukue island(Q-ACSM)
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[71= VOC SEE 21t PTR-MSA|AE] 3= (2xpam)

PTR-ToF-MS setup =71

Items Condition
_ Model/Manufacture PTR-ToF-MS4000/IONICON
lon Source Drift Tube Transfer Lens Systerr? Sampling Flow rate 100 scem
Primary lon H,;0*
H,0 Flow rate 6 sccm
HO It e et lon source emission 4.0 mA
Temp. 80°C
. Voltage 600V
Drift Tube E/N(electric field) 105Td(Townsend])
Pressure 2.8 mbar
Mass Range 4.2-386.5 amu
Time of Flight Ma lon Extraction Rate 40 kHz
ss Analyzer
Spectrum Every 1 min.

s N
ﬂprr Be ‘_“ :}\
TR

_"“‘"h = \

15




PTR-MS J|2tVOCs ==

oISt BEEE

E (2~3xHa)

Apel Riemer Environmental, Inc., St Miami, FL, U.S.

Number (gl\;lrr\:\cl)l) I?;/r:g;s I(()Iré):\lolrcrgul\ll?r Compound CAS# Formular idelrgi?::e(c::lomass
1 32.04 33 (CH40O)H+ (Corr) Methanol 67-56-1 CH40 33.033
2 41.05 42 (C2H3N)H+ (Corr) Acetonitrile 75-05-8 C2H3N 42.034
3 4405 45 (C2H50)+ (Corr) Acetaldehyde 75-07-0 C2H40 45,033
4 46.07 47 (C2H60)H+ (Corr) Ethanol 64-17-5 C2H60 47.049
5 53.06 54 (C3H3N)+ (Corr) Acrylonitrile 107-13-1 C3H3N 54.034
6 54.09 55 (C4H6)+ (Corr) 1,3-Butadiene 106-99-0 C4H6 55.054
7 26.06 57 (C3H40)H+ (Corr) Acrolein 107-02-8 | C3H40 57.033
8 58.08 59 (C3H60)H+ (Corr) Acetone 67-64-1 C3H60 59.049
9 68.12 69 (C5H8)H+ (Corr) Isoprene 78-79-5 C5H8 69.070
10 7211 73 (C4H8O)H+ (Corr) MEK 78-93-3 C4H80 73.065
11 78.11 79 (C6HB6)H+ (Corr) Benzene 71-43-2 C6H6 79.054
12 86.13 87 (C5H100)H+ (Corr) 2-Pentanone 107-87-9 | C5H100 87.080
13 92.14 93 (C7H8)H+ (Corr) Toluene 108-88-3 C7H8 93.070
14 100.16 101 (C6H120)H+ (Corr) 2-Hexanone 591-78-6 | C6H120 101.096
15 104.15 105 (C8H8)H+ (Corr) Styrene 100-42-5 C8H8 105.070
16 106.16 107 (C8H10)H+ (Corr) C8H10 108-38-3 C8H10 107.086
17 114.18 115 (C7TH140)H+ (Corr) 2-Heptanone 110-43-0 | C7H140 115.112
18 120.19 121 (COH12)H+ (Corr) C9H12 95-63-6 COH12 121.101
19 128.17 129 (C10H8)H+ (Corr) Naphthalene 91-20-3 C10H8 129.070
20 136.24 137 (C10H16)H+ (Corr) a-pinene 80-56-8 C10H16 137.132
21 204.36 205 (C15H24)H+ (Corr) b-caryophylene 87-44-5 C15H24 205.195

Group name 19 Volatile organic compounds excluding acetonitrile and acrylonitrile
Methanol Methanol

Oxygenated VOCs

Acetaldehyde, Ethanol, Acrolein, Acetone, MEK, 2-Pentanone, 2-hexanone,

2-Heptanone

Biogenic VOCs

Isoprene, a-pinene, b-caryophylene

1,3-Butandiene

1,3-Butandiene

Aromatics

Benzene, Toluene, Styrene, C8H10, C9H12, Naphthalene




22t 1~3E 219 VOCs2} 217 VOCs A3 HI= (3xra=)

Ethanoldt Methanol X| 2|3t vOCs& =

Acetone > Toluene > MEK > Acetaldehyde > Benzene > 1,3-Butadiene > C8H10 > b-caryophylene > Isoprene

Jan. 2022
219 VOC = 40.3 ppbv

5.7%

® MeOH ®EtOH = OVOCs = 13-Butandiene mBVOCs & Aromatics

Feb. 2022
219 VOC = 31.1ppbv

s MeOH = EtOH = OVOCs = 13-Butandiene = BVOCs = Aromatics

Mar. 2022
219 VOC = 40.2 ppbv

= MeOH = EtOH = OVOCs = 1,3-Butandiene = BVOCs = Aromatics

Jan. 2022

MeOH,
317 VOC = 12.6 ppbv

EtOHX| 2|

6.3% 1.9%

Feb. 2022
217 VOCs = 9.4 ppbv

MeOH,
EtOHX| 2|

Mar. 2022

MeOH,
317VOC = 12.2 ppbv

EtOHX| 2|

= Acetaldehyde
= MEK

= Styrene
a-pinene

= 1,3-Butadiene = Acrolein
= Benzene
= C8H10

= b-caryophylene|

= 2-Pentanone

m 2-Heptanone

= Acetone

= Toluene

= C9H12

= [soprene
= 2-Hexanone

= Naphthalene
17



VOCs, ozone, and Org in NR-PM, ,

Ozone (ppb)

Ozone (ppb)

&NIEA 3xpas)

MEIMOI =HIZ 2EMO= SOA 7104 VOCsA 20| [[HEE 2& MA0| SOANK| AZE|=
ciatS Aot/ 1A SHAVE AUV [HZ0 EventtlE =, &Ml 24 212
VOCs &4 —~ @ESIH—0rg 51 8
70 30
60 — 839 in NR_PM1 [ 25
50 — - 20
40
- 15
30 \ 1 ‘ |
20 ‘ '4‘ \ \ - 10
10 — 1' | b/ | U -5
0 . . — . 0
120 3.0
—— O3
100 " —— OVOCs [ 29
80 ’ ~ —— BVOCs o0
u‘n 1
60 — “ | ! w .' ' - 1.5
40 7 ‘l‘ / [’ ‘ : f\ ‘ 10
\M v “ ' f |
(‘u M b e i ™. W‘r Ux
0.0
0§P F 07 =09 = 11 2 132 14315 =17 EA1 = 21 =2 4278 282 E 02
Date & time
>
1) OFP A= 2) OHR A=
OFP(ppb) = MIR x VOC(ppb) % T"OC(.-WT‘V) OHR(S'E‘C_;) = OHRratelkoy) (c‘ffn?‘/ni’nolcmfc « sec) x [VOC(ppb)
a, (MW) < 1079 cm“T " Lmmol o 6.02 X 107 molccule 1mol
em®  24.4cm® Lmol 10° mamol

Org in NR-PM1.0 (ug/m3)

OVOCs &BVOCs (ppb)

18



NOx, PN, OFP, OHR, and ozone 245} (3xpas)

Moring rush hour

Mixing height effect

14000 - 280 50 140
—O— OFP e
) 260 1 —O— Ozone §
< —e— NO2 P 120
< 12000 1 240 { @ NOx e L 40
= —— PN ; Q. A A
0 220 1 '__" 1003
S 10000 { = 200 - R . - 30 '/‘é 1
B £ 180 + A o [ & )
5 o e 5 o5
8000 - 160 T el - 20 N
g O .,. O 60 8
o 140 p
- [
£ 6000 A 120 o 40
©
o [
1007 u O O - D O O o 20
4000 - 80 — . . 0
5 10 15 20
Time of a day
AlZE | AR MI/m?)
. 7000 20
9:00 0.64 NO, + hv (V424 nm) — NO + O (1)
10:00 1.65 ~ 6000 1 18
11:00 2.09 5 ———— 1860nm o
+ + + ® A 60-100 nm 3
12:00 236 0+0,#M—=0;+M ) ||3 0] T w g
13:00 2.41 % 4 ] > -
14:00 2.16 03+ NO = NO, + 0, (3) g 3000 __fo ;
15:00 2.02 2 oo ] g
16:00 175 2NO + 0, — 2NO, 4) f«: b
1000 -
17:00 1.03 _ "
18:00 045 VOCs + X — Intermediate reactants (5) ot . - - . ,
19:00 0.05 Time of a day 19




2022L1 1~32! VOCs =22 OFP, OHR AHH 7 104= (3x1is)

Relative
No Compound 8'_41? contribution
(%)

1 Ethanol 1.88 32.3%

2 1,3-Butadiene 1.38 23.8%

3 Isoprene 0.76 13.2%

4 CsH1o 0.38 6.5%

5 Acetaldehyde 0.37 6.4%

6 a-pinene 0.29 5.1%

7 Toluene 0.22 3.9%

OFP Relgtivg
No Compound contribution
(ppb) 0
(%)
1 Ethanol 34.94 35.4%
2 CsHio 14.25 14.4%
3 Toluene 12.45 12.6%
4 1,3-Butadiene 11.93 12.1%
5 Acetaldehyde 5.98 6.1%
6 I[soprene 4.67 47%
7 CoH12 3.20 3.2%

VOCsQ|1~38 8= s

= Ethanol(23.8 ppbv) > Methanol(2.2 ppbv) > Acetone(3.6 ppbv) > Toluene(1.6 ppbv]) > MEK(1.1 ppbv])

Mean conc (ppbv) OH reactivity s™ Ozone formation potential (ppb)
Number Compound (gjln\:\él) 0H3R rate
Jan. Feb. Mar. Mean [(cm®/molec| Jan. Feb. Mar. | Mean | MIR Jan. Feb. Mar. Mean
ule-sec)

1 Methanol 32.04 2.34 2.05 2.34 2.24 9.40E-13 0.05 0.05 0.05 0.05 0.67 1.05 0.92 1.05 1.00
2 Acetonitrile 41.05
3 Acetaldehyde 44.05 1.03 0.93 1.03 1.00 1.50E-11 0.38 0.34 038 | 037 6.54 6.18 5.60 6.18 5.98
4 Ethanol 46.07 25.83 19.72 25.83 23.79 3.20E-12 2.04 1.55 2.04 1.88 1.53 37.93 28.96 37.93 34.94
5 Acrylonitrile 53.06 0.02 0.02 0.02 0.02 4.90E-12 0.00 0.00 0.00 | 0.00 2.24 0.05 0.05 0.05 0.05
6 1,3-Butadiene 54.09 0.97 0.58 0.97 0.84 6.66E-11 1.59 0.95 1.59 138 | 12.61 13.76 8.26 13.76 | 11.93
7 Acrolein 26.06 0.26 0.19 0.26 0.24 1.99E-11 0.13 0.09 0.13 0.12 7.45 2.28 1.67 2.28 2.08
8 Acetone 58.08 3.92 2.92 3.92 3.59 1.70E-13 0.02 0.01 0.02 | 0.02 0.36 1.71 1.27 1.71 1.56
9 Isoprene 68.12 0.33 0.26 0.33 0.31 1.00E-10 0.82 0.64 0.82 0.76 10.61 5.04 3.94 5.04 4.67
10 MEK 7211 1.22 1.00 1.22 1.14 1.22E-12 0.04 0.03 0.04 | 0.03 1.48 2.70 2.22 2.70 2.54
11 Benzene 78.11 0.64 0.59 0.64 0.63 1.22E-12 0.02 0.02 0.02 | 0.02 0.72 0.75 0.69 0.75 0.73
12 2-Pentanone 86.13 0.22 0.20 0.22 0.21 4.40E-12 0.02 0.02 0.02 | 002 2.81 1.10 1.00 1.10 1.07
13 Toluene 92.14 1.73 1.40 1.73 1.62 5.63E-12 0.24 0.19 024 | 022 4.00 1330 | 10.76 | 13.30 | 1245
14 2-Hexanone 100.16 0.15 0.09 0.15 0.13 - - - - - - - - - -
15 Styrene 104.15 0.07 0.06 0.07 0.06 5.80E-11 0.10 0.08 0.10 | 0.09 1.73 0.25 0.22 0.25 0.24
16 C8H10 106.16 0.75 0.49 0.75 0.66 2.31E-11 043 0.28 0.43 0.38 9.75 16.12 | 10.51 16.12 | 14.25
17 2-Heptanone 114.18 0.05 0.04 0.05 0.04 1.10E-11 0.01 0.01 0.01 0.01 2.36 0.26 0.20 0.26 0.24
18 C9H12 120.19 0.15 0.13 0.15 0.14 3.25E-11 0.12 0.10 012 | 0.12 8.87 3.38 2.83 3.38 3.20
19 Naphthalene 128.17 0.06 0.05 0.06 0.06 2.30E-11 0.03 0.03 0.03 0.03 3.34 0.52 0.49 0.52 0.51
20 a-pinene 136.24 0.11 0.06 0.11 0.09 5.23E-11 0.67 0.08 014 | 0.29 4.51 1.36 0.77 1.36 1.16
21 b-caryophylene | 204.36 0.52 0.44 0.52 0.49 - - - - - - - - - -

20



202113 11.17~12.23. M= KIST IS Al 818

Temperature ()
Shomndal

CO (ppm)

0.035
0.030
0.025
0.020
£ 0.015
= 0.010
0.005
0.000
s~ 120
100

(ppm)

NR-PM, & Org (ug m

NO, (ug m?)

NH, (ug m?)

HCE1

HCE2

HCE3

.
R

= Pre.(mm) |

/ | | -
1O (NN

v

o ®
S o
o

403

o N
=]

25

19VOC (ppbv)

S =PRmm T

SO. (nnm)
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202119 11.17~12.23. NS KIST A== Akl S=HI=

» T IZES E IO sk JIZHEA Case&® : NO5-, SO,2-, NH,* 2Kt 27| 0121t QAL Bt
v  Case® :2021-11-1917:00 ~ 2021-11-21 22:00 Case® : CO, CI'2t Z2 1K K| S&! 1t org?t AL BEF
v Case® :2021-11-2719:00 ~ 2021-11-30 13:00
v Case® :2021-12-1513:00 ~ 2021-12-16 23:00

Case®
] 0.30 T
151 I org. Total
- i e Casel ’=0.11 AVG. =0.17
I no; 025 ® Case2r2=0.002 AVG. =008 = o
. Case3
123 - 504 : 'o e o .00:
I"H‘ %2 . .0 .: ]
I c .0 ws
§ 0.15 e % we o
ee e
w
! 1 e e
0.10 -0 : o8 c‘:u.c': . >
* e Ll L - Ll
L) - 3 °
e -—.C » Wion - .‘:.! .
35.6 005 ) e
L
000 4 " n L
0 20 40 60 80 100
SNA : 60.6% SNA : 45.6% SNA :62.7% RH (%)
x~ o H3l <Oac - -
o8 QUEAED B2 SHHZIHA H7IBH SH-S8, SIS, AL o QUUNED 23) B =2
Case® Case®@ Case® 06 Total
= ' <z | e Casel 2=0.51 AVG. =0.38
. . 4 051 @ Case2 rZ=045 AVG.=0.11
/ﬁ’%\ Case3 5.
S~ b .o
J ... L - -
/ g 04 " ] 0%‘..1 s
H ]
= - e 2, . e
* 4 e B x 1.‘ ¢ ‘©ee
: - :.. .7 '.,._‘g:"gg""-’/_ 8 03 d'ee K b
", o L J sy 02 W2 ey
£y N Y g ot
o " o oa gl T
’ ) o #8310 8. g0
@0 a0l ;
0.0
0 20 40 60 80 100

= NOR (nitrogen oxidation ratio), SOR (sulfur oxidation ratio)

_ [No,7] ___[s027]
NOR = [NO,~]+[NO,] SOR= [S0,271+[S0,]

¥ [NO;7], [NO,], [S0,%7], [SO,] : molar concentration 22



202144 11.17~12.23. KIST-2I2}A-523 A|H|& Hig}

2 HCE® HCEQ CEQ
D151
© 10
g2 54
g 0
E 5 T(C) =P
2-10 4 —T1(T) e (mm)
B - : 0
+ + 4 + +
4 + + %+ + P
_ 300 o ,;I:Av-',.:++ + ; +++*3* ﬂ'+ +
5 200 - i PP LN T |
= o P &
100 - ¥ * 4 # . |
0 e PN S -
1204 120 — 180
F100 | =100 iZIC2 NR-PM, Seoul [ 160
&80+ 880 [ NR-PM,; Gwanak |- 120
1
4604 160+ = NR-PM,4 Beijing | go
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o k! t:
3 ‘1 40
€ 204 =20 "'f-zo
Q 0 0
S04 @ 122220 Org Seoul N
§ 50 390 e = - 50
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2 40 i L
21040 12 ;o
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4
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R o — 40
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o
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. io---. SO, _Seoul
g [ so,*_Gwanak 15
gl — 50,2 _Béjjing 10
o L5
%
" NH,*_Seoul | 25
€ 20- 210 ek . NH " _Gwanak | 55
gl 15 4 9 ;R NH,*_Beijing 15
w104 T 54 : Py , : - 10
Z 54 = ‘[\‘1] 2 ; : A 1 o L T G /\J\} -5
0 0 “’M 1A PG o R e e WO Bl N o e L i PSR e PP : 4 AW'N\ Lh/\_, 0
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202114 11.17~12.23. 115 Al Org group =241

304 HCE1 HC 2 H E3 — familyCH_M_all

— familyCHO1_M_all
—— familyCHOgt1_M_all
£ — familyCHN_M_all
25+ — familyCHO1N_M_all
—— familyCHOgt1N_M_all

Crg groups (pg/m3)

2021-11-26 iirg |I12—U1 2021208 | 2021211 A021-12-16 202112-21
l i |
HCET1 FHodarens HCE3
—— familyCH_M_all N —— familyCH_M_all
30 — familyCHO1_M_all 30 — familyCHO1_M_all
CH group —— familyCHOgt1_M_all CH group —— familyCHOgt1_M_all
CHO group '- —— familyCHN_M_all CHO group - —— familyCHN_M_all
25 —— familyCHOTN_M_all 25 — —— familyCHOTN_M_all
CHOx group 4 —— familyCHOgt1N_M_all g:lc\l));?orﬁ;p ~—— familyCHOgt1N_M_all

Org groups (pg/m3)
Org groups (ug/m3)

X 12:00 P =F 12:00 M 12:00 P = 12:00 2= 6:00 @M 12:00 M 6:00 @ = 12:00 2P = 6:00
2021-11-20 2021-11-21 2021-12-15 2021-12-16
Date & Time Date & Time 24




202113 11.17~12.23. 1= ARil2 Org

Org groups (pg/m3)

30 H

HCE2 @

Org OfZt 11

2021-11-21

2021-11-26

202112

018
0.16
0.14
012

o 010

= 0.08
0.06
0.04
0.02

0.00
0.10
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HCE1
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Ret.Time | lonization |Precursor| Product Ret.Time | lonization | Precursor | Product ik s

No.. [Farger Campound (min) Form___| lon(my/z) | lon{m/z) avir sl Seeeittand (min] Form | lon(m/z) | lon(myz) wer ] |]H IEI EI\_I- %ii:‘l Eg EE g-‘?‘- isotope ISTD EM
1_|Alanine 208 | [M+BzCLH[ | 192 | 77,148 JAlanine-1S 207 [[M+BzCLH]-| 197 | 153,82 = =
2_|Arginine 150 | [M+BzCLH]- | 277 | 191,235 rginine-IS 149 +BaCLH|- | 282 | 196,240 _—
3 lAsparagine 148 [[M+BzCLH)- | 235 | 120,114 paragine-IS 148 +BzCLH)- | 240 [222125] R-NH, - 2.1 = 0 I LH 260 N X_I El ol o IZX." '6'.
4 |Asparticacid 158 | [M+BzCIH]- | 236 | 120,192 ‘Aspartic acid 1S 158 +BzCIH| | 241 | 125,197 . " MR T TO - = TT-LNIL
5 [Cysteine 6.63 [[M+2B2C-H)-| 328 | 137,77 Cysteine-Is 657 |[M+2BzQiH]-| 338 | 142,82 RNHRE - —————
6 _[Cystine 372 +2BzC-H)-| 447 | 190,224 stine-1S 365 +2BzCLH]-| 457 | 195,229 on == . . . =
7 Tluamicadd 169 | [M+BaClH]- | 25 206,121 E{ummjratid-ls 168 | [M+BzCI-H]- | 255 | 211,126 N T o 3. 44-‘-2' Free amino aCId, al kY| amines %A |—.-_—M
8 [Glutamine 150 M+BzCl-H]- 24 187,120 Eluram\'ue-ls 150 M+BzCl-H]- 254 192,125 7
9 Elycine AT M+BzCl-H]- 17: 77,134 Iycine-I1S 175 M+BzCl-H]- 183 139,82
10 Histidine 140 | [M+BzCLH]- | 258 | 120,214 istidine.1s 138 | [M+BzCLH]-| 263 | 219,125 4. =23 | #% XH'51 M |,—<|'Q é E'é'l‘):" ( LC-MS/M SEAM )
11_|Hydroxyproline 148 | [MeBaCLH)-| 234 | 162,134 jydroxyproline-1S 148 | [M+BzCLH]- | 239 | 167,139 Ll = 4 —oy — — =
12_[Isoleucine 514 | [M+BzCLH)- | 234 | 190,77 Tsoleucine-IS 510 | [M+BaCLH)-| 239 | 195,82
13 |Leucine 534 | [M+BzCIH]- | 234 | 190,77 Leucine I 531 | [M+BzCLH) | 239 | 195,82
14_[Lysine 454 [[M+2B2CLH]-| 353 | 120,309 Lysine1S 447 [[M+2B2CLH]-| 363 | 319,125 Rel. % of 42

e . /00
15_Methionine 357 | [M+BzCLH]- | 252 | 204,160 ethionine-15 354 | [M+BaClH)- | 257 | 209,165
16_Phenylalanine 560 | [M+BzCILH) | 268 | 224,120 Phenylalanine IS 557 | [M#BzCLH)- | 273 | 229,12 No Compounds compounds Formular Org group
17_[Proline 23 +BzCI-H)- 18 46,17 Proline-IS 2 +BaClH] | 223 | 151,17
18 Serine .54 +BzClLH]- | 208 78,13 erine-IS 5! +BzCLH]- | 213 183,13 H o,
1 e 72| [M+BzQLH]-| 222 | 178,13 e 7 +BaCLH]- | 227 | 183,139 | 1 Methylamlne 23.7% CHsNHz CHN
20_[Tryptophan 71 TB2CI-H]- 07 20,17 Tryptophan-1S G +B2CIH]- 12| 183,12
21 [Tyrosine 8.33  |[[M#2BzQ-H]- 388 344,211 [Tyrosine-1S 8.28  [[M+2BzC-H]-| 398 354,216 1 i ¢
22 Valine 369 | [M+BzCLH]- | 220 | 176,77 aline-1S 365 [ [M+BzCLH]-| 225 | 181,8 2 Dlmethyla miné 18.6% (C H 3) ZN H CHN
23_P-Amino-1-butanol 235 |[M+BzCl+H)+| 194 | 105,77 2-Amino-1-butanol1§ 233 |[M+BzCl+H]+| 199 | 110,8: . . o
24_2-Aminobutyricacid 267 | [M+BzCLH]- | 206 | 162,77 2-Aminobutyric acid-1s 264 | [M:BzCLH]- | 211 | 167.6; 3 Diet hyl amine 17.2% C4H 11 N CHN
25 [2-Methylphenylamine 7.13  |[M+BzCl+H]+ 212 105,77 2-Methylphenylamine-1S 7.09  |[M+BzCl+H]+ 217 110, 8:
26 _B-Aminobenzoicacid 548 | [M+BzCLH)- | 240 | 196,118 4-Aminabenzoic acid-IS 544 [ [M+BzCLH)-| 245 | 201,82 H [¢)
37 i Ethylphenylami 927 |[MiBaCleH]s| 226 | 105,77 - Ethylphenylamine 1S 024 |[MtBzCliH]:| 231 | 110,82 4 Gchme 16.9% CoHeNO2 CHON
28 K-Methylphenylamine 7.14  |[M+BzCl+H]+ 212 105,77 #-Methylphenylamine-1$ 7.09  |[M+BzCl+H]+ 217 110,82 .
29 [Dibutylamine 9.65 |[M+BzCl+H]+| 234 105,77 Dibutylamine-1$ 9.65 |[M+BzCl+H]+| 239 110,82 5 Ethy| amine 6 1 % Cz H 5 N H 2 C H N
30_Diethylamine 517 |[M+BaClsHJ+| 178 | 105,77 Diethylamine IS 512 [[M+BzCl+H]+| 183 | 110,82
31 Dimethylamine 2.67  |[M+BzCl+H]+ 150 105,77 Dimethylamine-I$ 265  |[[M+BzCl+H]}+ 155 110,82 1 0,
32_Dipropylamine 7.69 | [M+BaClsH]+| 206 | 105,77 Dipropylamine IS 766 |[M+BzCl+H]+| 211 | 110,82 6 Alanine 4.3% C3H7NOZ CHON
33 Ethanolamine .70 [M+BzCl+H]+| 166 05,77 Ethanolamine-1$ .69 +BaClvH]«| 171 110, .
34_Ethylamine 87| [MiBaClH]+| 150 | 105.77 thylanine-1S “B2CIH]+| 155 0. 7 Ethanolamine 3.9% CoH7NO CHON
35 [Ethylenediamine +BzCl+H]+| 165 8,77 [Ethylenediamine-IS M+BzCl+H]+ 7 3,
36_liso-Butylamine +BaCltH]+| 178 2,79 gsu—ﬁuglamine—ls +BzCIbH]+| 18 7, . . o,
37_Methylamine +BzClsH]+|_ 136 105 ethylamine-1S 5 +BaCl+H]+| 14 11 8 Ethylened|am|ne 1.7% CoHgN2 CHN
38 N Ip lamil +BzCl+H]+| 212 5,77 \ phenylamine-IS 6.85 +BzCl+H]+| 21 10,8 . .
39_p-Aminophenol 1003 |[[M+2B2QH]-| 316 | 134,211 Aminophenol IS 10.00 +2BzCLH]-| 326 | 216,134 9 leutylamlne 1.3% C8H19N CHN
40 |[Phenylamine 7.44  |[M+BzCl+H]+ 198 105,77 Phenylamine-IS 740  |[M+BzCl+H]+ 203 110,82
41 _|Piperidine 554 |[M+BzCleH}+| 190 | 105,77 Piperidine-IS 554 [[MBzCleH]+| 195 | 110,82 . 0,
42_|Propylamine 418 |[M+BzClsH]+| 164 | 105,77 Propylamine IS 418 |[M+BzCl+H]+| 169 | 110,82 10 Serine 0.8% C3H7NO3 CHON 26
43 sec-Butylamine 545  |[M+BzCl+H]+ 178 122,79 sec-Butylamine-]S 540  |[M+BzCl+H]+ 183 127.84




202114 11.17~12.23. 11== AHI2 Triangle plot (£, vs. £5)

0.30 —
Total plot 030 ®27N
— ~ ‘\
0.25 (11.19~12.23) 0254 .
\ S .
0204 0.20 — v N
A A
3 015 3 o015 \ .
1 ~
0.10 —H 0.10 — \ ~
~
\ N
0.05 -0 0.05 - \ ? . SV-O0A
Y \
0.00 T T | 0.00 — | — T |
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.00 0.05 0.10 0.15 0.20 0.25 0.30
f43 0.30 4 » f43
\
\
0.25 - NN @28N
\ > .
0.20 - \ N
\ A Y
030 Ambient data: < \ N
B HOA S 015 \ S .
& 0O0A \ ~
m LV-O0A 0.10 - \ S
025 - SV-O0A 3
005 Y ‘. SV-00A
Laboratory data: ) b AN
~#— Squalane photooxidation AN
020 Methy! chavicol photooxidation 0.00 — , I I I |
Lot pliciony el ion 0.00 0.05 0.10 0.15 0.20 0.25 0.30
0.30 — f43
fys D15 @29 N
0.25 -
0.10 0.20 -
S 015
e 0.10 - SV—OOA
N . + 9
0.05 -
0.00-(9—8—& 8 N
[ [ [ [ ] ~
0.00 0.05 £ 010 015 020 0.00 T T T |
43 0.00 0.05 0.10 0.15 0.20 0.25 0.30

N. L. Ng et al.: Changes in organic aerosol composition, ACP, 2011 43



. Q11 M1} AMS 2| Meeting JHZI('21.6.29, "22.5.19)

3«
M i
" @i ‘o
i B &
Qi
F 5 ]
CI2 2021 Teflan crambers have walls -~
+ Lt cogul g @ e v
. N o “ Black Corbon
. a .
Virtual Meeting: June 29, 2021 o
z -]
L o
o s m .
Due to concemns aboLi the COVID-9 criss this year's meeting il be @ - o
virtual. We intend to provide the same opportunity that you are used to for W - ’
haring your i i whie i oo @ ‘
re-connacting with colleagues. Plans for the CIA2 2021 meetir lude research outcomes Q = L [
from smog chamber & AMS investigations, and an exciting array of ists” talks. This meeting o-—
is organized by the Center for FRIEND Project and Clean Air Center in Korea Institute of Science ] - ‘
and Technology (KIST), Korea. o v o
T @ "
Moderator: Dr. Hwajin Kim (KIST, Korea) : = ar d

Q) Session 1 _ Characterization of SOA and soot particles

ClA2 2022
Virtual Meeting : May 19 (Thursday), 2022

m Zoom Meeting |D: 836 4950 2143

AMS HIE®IA KIE AMS HIE®IA KIE
Sally Ng

(Georgia Tech.) .C. Davis)

311 o

Qi Zhan

Password: pmcenter L R T
D - s Response of Aerosal Chemistry to Clean Air Action in Beijing, China
Due to ongoing COVID-15 pandemic, 8 TN
this year's meeting will be virtual, The C1A2 2022 meeting =< f s i
focuses on the smog chamber & AMS investigatians, and exciting outcomes o L - r a
will be presented by gutstanding speakers from China, Japan, Germany, and Korea, a » M| -
This meeting is organized by the Center for FRIEND (Fin Particle Research Initiative ‘ il K I I
in East Asia Considering Natienal Differences) Project and Clean Air Center a e £ I | l I'I I I I
in Korea Institute of Science and Technology (KIST), Korea - : FE et e e
s Ao o
e w
{ Session 1 i tudy (Chair:0r Kyiing Hian Kim, KIST,Korea} a- ' o
T T T — o !
e G- . V
1055 - 1100 Openingaddress . @ o = T
1100~ 1130 | CPaRCECsicsol AL, Ham Episode revesled by igly | orsunvoungane B 4pecrs,
(NIER, Korea) . * Inorezses it it in wirter and summer
1GP-TOFMS for trace multi-slemental aerosols; Developmentta  Dr Hiroyusi Hagino Tranzet from TR s ~ere sgn s, 1 ase mads contm b =

1130 - 1200

st nonexhaus, and stmaspheric measurements 1481, Japan)

1200 - 1310 Lurich Bresk

< =
) Session 2 AMSstudy (Chair: r. Kyung Hwan Kim, KIST, Kareal B: onl AM S—xo-l
T s O (7 S

$]10S049'/ dldydsowy s Jo UonesliIUSP| pue
uoneziuajdeley’ uo Sunasp jeuonRUIDIU| LZOZ

; i chemic osi Prof;
0= B et atmosphenicaemsols on the iarpe paint saurres U Korea)
ST sinfo D, Jians
B0 - 1600 | prof P (€AS, Lanzha, Chinay
10~ vasao | ChEmical properties sources andsine resolved hygroscopicityol | Prot i
W10 - A0 | o gaeres . (HUIST, Eir Deployment to Exhaust Measurement
O Yele S
140 - 1510 Longterm changesinaerosol pariecompesitoninBelig. | LIS queclind vaici.
15:10 - 1530 Brouk ashaust,
) Session 3 Smogchamber study (chai: b Seurg:ok Los KIST Korea LL
“Time (5T) | Title Presenter s T —
Prod vong i L -
1530 - 16:00  Hygroscopic acrosols.and partitianing of niirates: alabstudy nwh.nﬁ:\;fn.u‘ ll ”"Illli“”h“'l
o | Coa diearbronyticacitls prasentinanthropagsnicand biaganic Or el 5010 AL ffi=erer e
1600~ 1630 | econdaryorganic aerasol MES, Japan) el B "I I
S S L Pyl H 1l l,
bl o (GRAES, Chind) Jroccuing gz O, ] ik
T Designof Or Séren 2o
TH00 = T80 || estigation of mechanismsbf SOA formatian i, Gerrmaiy) B ot . T oo Cio
iy e
1230 -t Messuremerts ightsfommea- D fiwonLee B
: suresment of PTRToF S and applieation smog chamber studles. 05T, kevea
e in g Kim
18:00 - 18:08 Closingremarks ST v

& Regstration (free of crarge): pmicenter@kist e br, pre-restration required i M

S
yN
3N
=7
o
D D
3
=31
8o
=5
om
5 —
<
S
D
"2!
3 3
05
o 3
= 5
3z
o
o
o3
o .
w
o b
& o
0
= |

(@

0PI AR

=3 2L AMSEA U=, =3, ICP-ToF-MSJHE!
Jianzhong Xu (CAS) Hiroyuki Hagino (JARI) 28



Hi=!

KF

y S

VII. 2EFA



V. 2EHH] HI=

NG sHESH5E:11E-38) A= AA]) || X|AETY || AEXIE
v v v v v v v
33 £3 53 22 || wR/aety oL, Ehottt
KIST t 0] H 22X L 22y
v v v v v v Y
HR-AMS NO, NO,, NOy
HR-AMS SP-AMS H HR-AMS ACSM 2
/SP-AMS | e NO,, NH,
‘ ‘ PMF analysis
& ‘ v
SOtA[OF O|M|HX| 2EEH, EAHE| 0| F, &/ H| A4 =28 AF €A
v v 1‘ 4
PTR-MS PTR-MS
(OFP, OHR) | OFR-AMS > PMF analysis
i ] °7
O|XHdd 7| A |«
+ v
sk A, HMAT 7|12 sk 450 7|045t= 4 4H

- =HIgisd 0171 EA| 2t : NASA GTE (Global Tropospheric Experiment) Asia-AQ 20245 2-38 = 4~aH

DC-8 c,*c,._—. (NASA] + KI&+2 (NIER)
- Aot A= D NOy (NOx + HNO3, PAN, HONO, HO,NO,, org. nitrate, NO5, N,0s, particulate nitrate + etc.)

ooL-——7

&3 NOx, pNO; 12|10 K[ KHEZ (024 H)2 &M Hiw
- UFR oxidant source NO; =72 OFZ} Org AA4HtS AL




K=AI [H712] OFP, OHR, SOAFP &1

t

pump

Cyclone PM;;

v

Bypass

Cyclone PM;;

PAM

pump

03 or NO3

AMS
PTR-MS
SMPS

pump

SO;

pump

0A enhancement case H|x!

Photochemical 0
age | hours

hours hours

days days

days

NO,/NO,

Concentration (g m ™)

Local Time

® 019X Al

YN k=] ==

® AMIIKIZOZ [H)|S 0A
® PTR-MS &#20=

=0 ——

=L V0Cs &4/

ZHEE JIA

® (OFZH0l BItHGHA
$loll OFZHEISS
ddot0d, =2t

=LH CHI IEXI Al

HIS E35}

O OL—-

T e
Lped

== (o]
UsEsEE A3

x [~ -~
S

2O

[ e N = S

npELC
—_ -

[H71Z SOAQS|
Fragmentation 2 Enhancement ZEE Soli

QAL BHAL

2 Afob= NO; 2HCIZ
1t ORI Afst
P—=gnl% =

T = —-=1

PSRN
Enhancement A|, AR2E|
= S0A 7|04 VOCs

HIS I

—_— L

|= OFt Org

A= Ebl,

31



MEA1[H712] ORZIIES0H| 215k SOAFP &= 211

NO or NO, Humidified air

"Dg"'o]_ﬂug"‘ﬂ! qus_uui'l'u

Laminar I—l- Oxldation
a, —rllﬂ, chamber = flow reactor ' flow reactor —# Measurements
E— W) | | (OFR)

0,

NO,+NO,—N,0, NO,+0,~NO,+0,

Figure 1. Process flow diagram of the OFR-iN7Os technique used

to generate nitrate radicals (NQO3).

Suggested starting setup for

2BTech

LFR inlet

g MEC 0, or zero air
cylinder

wy " < 0, generator

Measure ozone mixing ratio

* Establish[NO,] ~0.5*%[0s]; c
ratio in gas cylinder and the

e

NO or NO,in
N, gas mixture

NOy,,, [molecules cm ™ s]
[s1yB1u] aBe |eojwaysoloud

107 55 T A A

0
[Oslo.Lrm [PPM]

Figure 5. NOjexp as a function of [Oz]p pyr for measure-
ments with [NOaJo, 11w : [O3)o,Lrr = 0.5 40,1, Equivalent am-
bient p ical age was ing a 14h aver-
age nighttime NO3 mixing ratio of 30 ppt and 10h daytime aver-
age NO3 mixing ratio of Oppt (Asaf et al., 2010). Model inputs
were K, Np0s = 0.01 57 F and NO3Rex = 0.075~ (1030, 1 5w <
1000 ppm) or 0,38s! (O3], 16w = 1000 ppm). The shaded re-
gion encompasses model output scaled by factors of 0.5 and 2.

UV lamp -> 10V ~2.0-2.5|pm

exiting O, generator; you will likely have

[03]g,/r ~ 200-300 ppm if adding pure O,

alculate [NO,] from the product of its mixing
dilution ratio into O, or zero air carrier gas

[O,h_.”x?ﬂ! 20 ppm
= Model|

leln -zuse 400 ppm
Mosnuremont ——Model|

Normalized NO,,,,

[NOZlo ¢ai[Oslo.Lrn

Figure 6. NOs.y, as a function of [NO2J0, LFR : [Os]o, 1ew at
fixed [Oslg,pr values of 250420 and 6850+400ppm and
RHopr = 11% 10 81 %. NOseyp values were normalized o the
maximum NO3zeyp, value obtained at the same RH. 3 2



SP-AMS HE 2XI°| PMF11=2} 211

Atomizer
(CAB-O-JET300)

Diffusion dryer

Mixing

® |onization efficiency (IE) 2t SP2| Relative
lonization efficiency (RIE) A2 QA/QC
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® 1174[H SP2°| A 1%}t &% HIu=Z A}

MO S8 Bta
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rBC: Refractory Black Carbon

From Sampling inlet

@+®+0

Pure BC BC + coating Organic & inorganic

SP-AMS l
(laser vaporizer) |, | HR-ToF-AMS
BC-containing I " (thermal vaporizer)
particles only

SOA coating:
+ Detected by both +
instruments

Courtesy: NUS, Alex Lee
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X121 HHES®) 212] SoI0) X123 HHES S Hied Bh)
+ [H7IRI[0| [H7IZRIHMD 25t SHpOS $3,
SH7, S, LI 213 2 MF(20.4.3 AE)

s SUEE/SER SHO| ) 12IARE| B 2
[ 0~50%

T ot s + HHESR) ZEHR|98 A st TIgq KIKHH 22| 2243
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HHEX|Y- =T X|9Z2H XA O]+

« 20169 CAPSS JI=, 171 AIZ32(HICHHIQ) &
L0 SOx, NOx HHESEF 242F &2 12((22.8%),
22|(10.8%)

o LESH Z=A K| NOx 59%, SOx 89%, NH, 70%, VOCs 54%,
PM, 5 79%, PM,, 68%J & IIE(SKIH &, 2021)

« [HVI& 29| Zit, SAXIY LHHIM SEO0| JH& 2 V102
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2 |H 0| PM, 5/ 101 2HE =2 SAHl KI=

Total 7774 82% 1,09474 38%

Metropolitan 3074 21% 40774 9%
Central 2574 31% 2567 14%
Southern 774 10% 9274 4%
Southeastern 1574 20% 33974 11%

*xMetropolitan area: +=#/Central area: SF3#/Southern area: H5#/Southeastern area: S&=#

1) The result of air quality modelling about the effect on the concentration of PM; s in South Korea by aggregating air pollutants emission volume
which can generate PM» s, weather conditions, etc.

2) The number of places of business to which the total permissible emission volume of pollutants subject to the total volume control is allocated
in 2019

3) Total land area in 2018
Source: A comprehensive plan on particulate matter management (2020-2024), a master plan on air quality management in metropolitan area,

central area, southern area, southeastern area (2020-2024).””
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(2180

. EQHIIQUSEO| A B2 HEN EA}

- HHE3 S&/30tHIw, SotKIS 01F3 2| S, Org mass spectrum PMFY |HH HiER! =X

N F N R
1XPE = £ EUE 115, tHYX| Y Test 0|5FH PN 71E X2 8
(2023) X9 SEEEM A Test 5EZAN 7|4 LF-0|§ 5% AMO|E = Y OIMHX £8 24
— = AFM| Al37H
1=.0|= &% 1 194-12% TIE{ A= o 1S
5-0|& 5 20242 1 12 LE M E MEXIE2 BERmEM
| 1 1 I | 1
2l AAHTH A OAt HIB cxn || A% | Caoe
Mobile lab Mobile lab Mobile lab ,?; 1A 7| &4 07| 2510}
(4 H ] (Meskerse || mEeway || EE2ZFOL] | g || HISEE
XA
(2024) T t ACSM, On-line XRF ¢BC NH;, PTR MS(VOi ) ¢ ‘ ¢
or- ’ n-line 1 ’ 3r = S 7 =l 7 ﬁ %’x g .
Particle bound PAHs, FMPS S PM; s EEI@4h) *Etxll?_* %r-z- e
! o] PM. 3
Hazardous organic BC/SMPS PM;, GIOTH
compounds : .
———
X O MHX| gtetd 2 Ht=E 544, Hlu A NS 7HE ZE2 AT
3AHAE ! *
(2024) SEAH ofietat LHEX[He| Z0|MHX] X HASEL X[9H J4 HAl
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=1t HIAE SXISS0XES)

Instrument Parameter measured Time resolution (min)

Time of Flight Aerosol Chemical Speciation Monitor 3

(CV-ToF-ACSM, Aerodyne Res. Inc.) NR-PM, ; (ng/m~) 2
Ambient/Fence-Line Multi-Metals Monitor . 3
(Xact 6251, Cooper Environmental Services, Beaverton, OR) Metal elements in PM, s (ng/m) 15~30
Acthalometer, model AE33 Black carbon mass |
(seven-wave length) (ng m3)
Picarro NHyH,O analyzer NH,; |
(model G2103, Picarro Inc., Santa Clara, CA, USA) (ppb)

PTR(Proton Transfer Reaction)-ToF-MS BTXS, OVOCs, BVOCs, Furans 1

(Model 4000, Ionicon Analytik, Innsbruck, Austria)

10~20 species VOCs (ppb)
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@ D% houhID: 10
!

Extra :-1/— 65 Limin
42 Limin [15] [ﬂ]
[12]
l [13] g)
2119 4] E i
K ) 17
8] &
TR
[20]
[1] Sampling inlets [4] Weather sensor [E] CCTV [ GPS [5] COico,
[6] FCEO T [7] MIWHC ] Iiverter  [7] Battery  [10] &ir suspension
[11] Condensation particle counter [13] Hanoparticle aerosol monitor [13] Particle-bound F&Hs
[14] Lethalormeter [13] Fast rachility particle sizer [16] DAC) and corprter
[17] Power controller [15] Gaswent [19] Airwelocity sensor [20] Porarer gene rator
Instrument Parameter measured Time resolution (s)
TSI Fast Mobility Particle Sizer UFPs number, 5.6 - 560 nm |
(FMPS), model 3091 (particles cm)
. . Deposited particle surface area
AEROTRAK Nanoparticle Aerosol Monitor (NAM), model 9000 (Alveolar region; D, < 1 um), (ym? cn) 1
Acthalometer, model AE42 Black carbon mass 60
(Dual-wave length) (ng m?)
EcoChem PAS, model 2000 Particle-bound PAHs 6
(Photoelectric aerosol sensor) (ng m?3)
Environmental S.A. CO analyzer, model CO12M CO, CO, 3
(Infrared GFC CO analyzer) (ppm)
Environmental S.A. NO, analyzer, model AC32M NO, NO,, NO, 10 47

(Chemiluminesence detector) (ppb)




V. 4 2LHE : 2iE 710 =0 sisixM BME E51 HIRM= 1] PMFEA

Chemical composition Analytical method
Organic and elemental carbon * Thermal-optical carbon analyzer with a TOT protocol
Anions and cations = Jon chromatography

Water soluble organic = Total carbon analyzer

compounds

Trace elements = XRF

Amines and amino acids = LC-MS/MS with extraction and derivatization method
Hazardous organic compounds = PAHs or Nitrosamines, etc.

Punching

Derivatization GC-MS/MS

Analysis

LC-MS/MS
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Aerosol liquid water (ALW)

Aerosol liquid water (ALW): A ubiquitous component of atmospheric aerosol

ALW enhances secondary inorganic aerosol (SIA)

—> Nitrate formation through HNO; uptake and N,O; hydrolysis
—> Sulfate production through the aqueous oxidation of SO,

Nguyen et al. (2016, EST Lett.)

04(1.1) 06(1.3) 46(1.4 1.2(1.4) 257(2.8) 10.2(2.4) 7.3(4.8) 125(1.8) 78.1(2.1)
Vancouver Stmm Peak Houston NYC Edinburgh Manchester Weybourne Hyytiala Hohenpﬂlssenberg Beijing

CPIIVSIBBOPB

\_150 -100 \ -50
~ ‘ ¥ ?‘.Jf
- & 40
_ g Water (ug m™2)
//25/ : e %20 (Mass Growth Factor)
: Urban
- - Urban Downwind
1. Rural
Riverside =20
0.6 (1.03) -

Mexico City  Pittsburgh Duke Forest Santlago Manaus Chebogue Welgegund Mace Head Jungfraujoch Tokyo
15(1.05) 36(1.2) 0.7(1.2) (1.3) (1.4) 03(1.1) 42(1.6) 20(23) 36(26) 7.2(1.6)

Partitioning of polar, water-soluble organic gases to the condensed phase = Secondary organic aerosol (SOA)

OH
NOZ'—"HN03 (@) NH3(g)

HNO3 (3q) NH3 (o)
.1 H,0 )HZOC
NOs~  NHg*
5042_
SOA (Aged)

Wet particle

N02 ﬂb HNOg(g)+NH3(g}

VOCs
\OH NH4NO3 ()
SVOCs SOA (Fresh)
Dry particle

Korea Institute of "

Science and Technology



Aerosol acidity (pH)

* Hydrogen ion activity on log-scale (pH): An essential property describing the acidity of aqueous aerosols

- Playing a role in the formation of sulfate and SOA

- Changing the gas-particle partitioning of semi-volatile species

. eq . . ‘_l-c
- Affecting the solubility of trace metals and aerosol toxicity Te
2
s
3
25
, o

Cheng et al. (2016, Sci. Adv.)

Aqueous-phase reaction pathways of sulfate formation with oxidants:

Hydrogen peroxide (H,0,), Ozone (O,),
Transition metal ions (TMlIs), Nitrogen dioxide (NO,)

H202 — 03 TMI — N02
105 | I T N T T T T T | 103 | | | | 1 |- |
A
10%- - 107
10° S 10
10% - 10"
10" - - 107
10° - 107
107 - 107
1072 - 107
1071 - 10
_4_ _6— mn
10 Cloud droplets 10 Beijing haze
10_5|.|.|-|.|.|.|10_?-|-|-|-|-|-|
2 3 4 5 6 7 8 2 3 4 5 6 7 8
pH pH

- Direct filter sampling approach is challenged because H" ion concentration in a solution does not scale in proportion to the level of

dilution and is subject to sampling errors (Hennigan et al., 2015, ACP)

- Indirect methods (e.g., thermodynamic equilibrium model) are frequently employed to estimate the aerosol pH !!



Thermodynamic equilibrium model KIST

Korea Institute of
Science and Technology

* Thermodynamic equilibrium model (e.g., ISORROPIA, AIM)

Input: RH, T,Concentrations of NH,, H,50,, Na, HCI, HNO,, Ca, K, Mg

- Ammonium (NH,"), sodium (Na*), sulfate (SO,2"), bisulfate (HSO,"), ]
nitrate (NO; "), chloride (C1"), and crustal species (Ca?*, K, Mg?") Calculate Ry, Ry Ry
may be in the form of aqueous ions or precipitated solids in v
thermodynamic equilibrium with atmospheric gases and humidity [ Detemine possible major specis (Table 3) and R subdomain_|

| Calculate Equilibrium Reaction Constants (Tables 1,2) for “Forward™ or “Reverse” problcml

- Driving force for mass transfer of species between gas and aerosol
phases is the departure from thermodynamic equilibrium state.

Stable Metastable
Solution ? Solution ?
Y A
Solid + Liquid Aerosol Liquid Aerosol (no solids present)
*  ISORROPIA-II (Fountoukis and Nenes, 2007, ACP)
https://nenes.eas.gatech.edu/ISORROPIA/index_old.html p| mass conservation, activity coefficient |
and electroneutrality computations

under a Creative Commons License. and PhySiCS | Mﬂj(}l’ SpCCiCS concentration

L

| Calculate Minor Species concentration |

ISORROPIA II: a computationally efficient thermodynamic l

Atmos. Chem. Phys . 7, 46394659, 2007 - —/\—
www.atmos-chem-phys net/7/4639/2007, Atmos P h eric -
© Author(s) 2007. This work 1s licensed Chemlstry |

equilibrium model for
K —Ca’*-Mg**-NH;-Na*-S0; -NO; -CI"—H, O aerosols

C. Fountoukis' and A. Nenes'-?

!School of Chemical and Biomolecular Engineering, Georgia Institute of Technology, 311 Ferst Drive, Atlanta, GA
30332-0100, USA
2School of Earth and Atmospheric Sciences, Georgia Institute of Technology, 311 Ferst Drive, Atlanta, GA 30332-0100, USA

Output: Equilibrium Concentration of species in Gas, Solid and Liquid phase




Thermodynamic equilibrium model

Forward mode? Reverse mode?

Forward mode relied on both aerosol-phase and gas-phase
concentration (Inputs: Aerosol-phase + Gas-phase)

Reverse mode calculated the thermodynamic equilibrium based on
aerosol-phase concentrations

Stable solution? Metastable solution?

Stable state particle: Solid, solid + liquid, or liquid as ambient RH
increases (liquid phase appears when ambient RH reaches the

K‘ST

Korea Institute of
Science and Technology

Input: RH, T, Concentrations of NH,, H,S0,, Na, HCI, HNO,, Ca, K, Mg

r

Calculate

R, Ry, Ry

4

‘ Determine possible major species (Table 3) and RH subdomain |

| Calculate Equilibrium Reaction Constants (T

7\ N\
ables 1,2) fb(‘Farward)m(‘Rcvcrsc‘))roblcm l
~— ~—

Metastable

Solution ?

L 4

deliquescence RH) |

Solid + Liquid Aerosol |

Metastable state: If the ambient RH over a completely liquid aerosol
decreases below the deliquescence RH, the aerosol may not crystalize
immediatedly but may constitute a supersaturated aqueous solution
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Idealized ammonium sulfate growth curve
(Taylor et al., 2011, ACP)
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Output: Equilibrium Concentration of species in Gas, Solid and Liquid phase




Thermodynamic equilibrium model

* Metastable solution / Forward mode are recommended !

Atmos. Chem. Phys., 18, 7423-7438, 2018
https//doi.org/10.5194/acp-18-7423-2018

© Author(s) 2018. This work is distributed under
the Creative Commons Attribution 4.0 License.
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Fine-particle pH for Beijing winter haze as inferred from different

Shaojie Song'*, Meng Gao'*, Weigi Xu, Jingyuan Shao™', Guoliang Shi*, Shuxiao Wang®, Yuxuan Wang '™,
Yele Sun™’, and Michael B. McElroy '
10 8
(a) Reverse IE (b) Forward ’
- - 8 7 ) |
i A 6
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4 4 %-
5 -
- + 2
. v o 4 + i
\4
-2 3

Vv [CTE-AIM
A- [ ISORROPIA metastable

Figure 7. pH predictions during northern China winter haze events from this and previous studies. Note differences in pH scales for the
reverse-mode (a) and forward-mode (b) calculations. The frequency distributions and symbols reflect results from this and previous studies,
respectively. Here we only include our samples during winter haze events (RH > 60 %), with a Monte Carlo approach used in the ISORROPIA

m—— |SORROPIA stable revised
< ISORROPIA stable standard

forward-mode calculations to better account for the ionic and gas measurement uncertainties.

K‘ST
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Song et al. (2018, ACP)

——NH; ——NO; = =CI’

O Measured NH; fraction

A |ISORROPIA forward metastable

O |ISORROPIA forward stable standard
vV ISORROPIA forward stable revised
+ E-AIM forward

1 L 1 1 1 1 1 1 i -

Agqueous fraction
O

0 - T T T T T T 1 T
10 1 2 3 4 5 6 7 8
pH

Figure 5. Equilibrium fraction of total ammonia, nitric acid, and
hydrochloric acid in the aqueous phase as a function of particle
pH. The average temperature (278 K) and aerosol water content
(144 pg m_3) during severe haze conditions (RH>75 %) are used
to calculate these S curves. The circle on top of the ammonia curve
indicates the measured average aqueous fraction, which is calcu-
lated with the gas-phase NH3 and PM3 5 NH;tIr concentrations. The
corresponding results from different model calculations are also
shown as scatter plots: the x axis is the calculated average pH value

and the y axis is the calculated average NHI aqueous fraction.



PM, s measurements 1n Seoul

Daily PM, . sampling at the KIST site (Seoul)
Sampling periods: October 2012 — April 2013, August — September 2013, January — June 2014

E
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NO, (ppb)
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Chemical analyses K]ST
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* Samplings: 24-hour integrated sampling (9 a.m. to 9 a.m.)

- Inorganic species (SO,*, NO, ~, Cl -, NH,", Na*, K*, Mg?*, Ca?"): Low-volume air sampler (16.7 L min™") with
47 mm Teflon filters

- Carbonaceous species (EC, OC, Individual OM): High-volume air sampler (1000 L min~!) with 203 mm x 254
mm quartz fiber filters

1. Mass concentrations
- Mettler MT5 microbalance (Mettler-Toledo) with 1 pg precision

2. lons

- Sonication in a mixture of 0.5 ml of ethanol and 14.5 ml of distilled/deionized water for 30 min
- Dionex 20001/SP ion chromatograph (Dionex)

- Detection limits: anion < 0.01 pg m ,cation < 0.006 pg m

3. Carbon (EC, OC)
- Thermal Optical Transmittance (TOT)
- Thermal/optical carbon aerosol analyzer (Sunset Laboratory) based on the NIOSH Method 5040

4. Organic compounds
-  GC/MS-FID
- 9 Sugars, 17 n-Alkanes, 15 PAHs, 19 Monocarboxylic acids (Fatty acids), 19 Dicarboxylic acids



Chemical compositions
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Thermodynamic model K]ST

Korea Institute of
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* ISORROPIAII

- Forward / Metastable

- Particulate SO,>~, Na*, K*, Mg?*, Ca?*, total NH; (gas-phase NH; + particulate NH,"), total NO; (HNO; + particulate NO;"),
and total Cl (gas-phase HCI + particulate CI™) are required.

- The gas-phase concentrations are not available in this study.

- Here we didn’t consider gas-phase HCI because of very small fraction of CI™ in PM, 5 (~1%)

*  Procedure

Step 1: Conduct ISORROPIA simulation with statistically reconstructed NH; and measured particle ions

Step 2: Deduce ambient HNO; from the measured NO; and predicted HNO;—NO;™ ratio in (1)

Step 3: Conduct ISORROPIA simulation again with statistically reconstructed NH;, deduced HNO;, and particle ions



Statistical reconstruction of NH,

NH,; measurements at Gwangjin site

A year-record of NH; at Seoul in the preceding year (Sep. 2010 to Aug. 2011) is provided by Phan et al. (2013, AE)

Korea Institute of
Science and Technology

Average NH; concentration was ~10.9 ppb. _
G] site
35
Atmospheric Environment 65 (2013) 177-185 30 a
® li ilable at SciVerse ScienceDi = = 25
ontents lists available at SciVerse ScienceDirect ATMOSPHERIC = -
ENVIRONMENT [
. . — 20
Atmospheric Environment = s
= 5
journal homepage: www.elsevier.com/locate/atmosenv 10 WMW
5
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Analysis of ammonia variation in the urban atmosphere g = = o - P T =
- = & = w 3 =
Nhu-Thuc Phan?, Ki-Hyun Kim ®*, Zang-Ho Shon®, Eui-Chan Jeon?, Kweon Jung ¢, Nam-Jin Kim € 2‘ § = _ < - = =
2 Department of Environment & Energy, Sejong University, Seoul 143-747, Republic of Korea - = - - - - -
b Department af Envi tal Engineering, Dong-Eui University, Busan 614-714, Republic of K .
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Table 3
Results of correlation analysis between ammonia concentration and the relevant parameters.
NH; SO, NO NO, NO, co 03 TEMP HUM WS Solra
(a) Results at GJ
All data r -0.179** —-0.028 0.108* 0.024 0.151** 0.065 0.487** 0.505** —0.243* —0.098
p 0.0008 0.6074 0.0459 0.6612 0.0051 0.2322 5.68E-22 9.32E-24 491E-6 0.0673
N 344 344 344 344 344 343 346 346 346 346
Spring r -0.219* 0.075 0.204 0.153 0.373** —0.245* 0.475** 0.648** —0477* —0.490**
p 0.0404 0.4899 0.0561 0.1554 0.0003 0.0216 2.88E-6 8.53E-12 2.59E-6 1.24E-6
N 88 88 88 88 88 88 88 88 88 88
Summer r -0.257* 0.142 —0.083 0.006 —0.003 -0.218 0.001 0.365"* 0.14 -0.197
p 0.0197 0.2038 0.4594 0.9562 0.9779 0.0510 0.9911 0.0007 0.2085 0.0760
N 82 82 82 82 82 81 82 82 82 82
Fall r 0.520** 0.575** 0.691** 0.647** 0.672** -0.311™ 0.07 0.454** -0371** -0.281™
p 4.01E-7 1.06E-8 3.38E-13 2.93E-11 2.48E-12 0.0040 0.5247 1.12E-5 0.0004 0.0088
N 84 84 84 84 84 84 86 86 86 86
Winter r 0.192 0477* 0.597** 0.534** 0.584** -0.363** 0.898** 0.593** —-0.389** -0.247*
p 0.0692 2.06E-6 5.44E-10 5.86E-8 1.48E-9 0.0004 4.69E-33 7.31E-10 0.0002 0.0187
N 90 90 90 90 90 90 20 90 90 90

K‘ST



Statistical reconstruction of NH;

KIST site (2012-2014) vs. Gwangjin site (2011)

NH, emission in Seoul (CAPSS inventory)

6000
5000 I
4000 -
3000 -

2000 -

NH, emission (ton)

1000 -
O:

I I I

T T T T 1
2008 2009 2010 2011 2012 2013 2014 2015
Year

Temporal gap: 1~3 years
Small interannual changes in estimated NH,4
emissions in Seoul

Spatial distance between two sites: 7.8 km

Sharing similar environments located
downwind from downtown and surrounded
by residential and small urban green areas

Korea Institute of
Science and Technology
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Statistical reconstruction of NH, K]ST

Korea Institute of
Science and Technology

* Multiple linear regression model of NH,

- To satisty statistical characteristics of mean and standard deviation (10.9 + 4.25 ppb) and linear
correlations with 7, RH, WS, SO,, NO,, and CO, coefficients a and c, are statistically determined.

[NHS]Est - {I(CSOE[SOE]nar + CNDE [Noz]nar + CCD[CO]HGT + Ct [T]nm" + CrHu [RH]HU‘T + Cws [WS]HGT) + iuNHg

Table S1: The coefficients for the dependent variables used in the multiple regression model to predict NHs.

. Correlation Coefficient of Mean (u) and standard ~ ~ T T T T T [ _
Variables . o , - ' . y o=3.23
X coefficient (r) determination (R-) dev%atmn (E=7) I Coefficients {CX)I

[Phan et al., 2013] [Phan ef al., 2013] [This study] : I
SO; -0.179™ 0.032 5.57 = 1.87 (ppb) I —0.621 :
NO; +0.108" 0.011 39.9£12.0 (ppb) : —0.274 I
CcO +0.151™ 0.023 0.60 =0.21 (ppm) I +1.377 :
T +0.487 0.237 128 =11.1(°C) : +1.000 I
RH +0.505™ 0.255 59.9 £ 15.2 (%) : +0.377 :
WS —0.243™ 0.059 2.74£0.86 (ms™!) j —0.053 [

* Significant correlation at the 95% or higher level (p < 0.05)
** Significant correlation at the 99% or higher level (p < 0.01)



Statistical reconstruction of NH, K]ST
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* Statistically reconstructed NH; in Seoul

- Seasonally high during the warm season as reported by Phan et al. (2013)

- High peaks on the polluted days with stagnant condition in the cold season

-« 1 (d) NH, (reconstructed)

5 20
£ 453
T 3
pd 10_

1T 1T 1T 1T T 1T ""T1T T 1 1T 1T 1T 1T 1T 1T 1T "“"T "1 1 1T 1T T 1T 1T 1T T “"T "1 1
JFMAMJ JASONDUJFMAMJIJASONDUJIFMAMUIJASOND
2012 2013 2014

Seasonal cycle: Temperature dependence of aqueous phase partitioning (between NH; and NH,") and the equilibrium (between
aqueous and gas phase NH,)

Day-to-day variability: Affected by changes in boundary layer height and transport (Considering short lifespan less than ~5 days)



Estimation of nitrate partitioning

pH (Simulation 2)

pH (Simulation 3)

Interquartile range |
(blue)

Analytic sigmoid curve (S-curve) for the HNO;—NO;™ partitioning ratio &(NO;")

Simulation 2 (with estimated NH, gas) vs. Simulation 1 (without NH; and HNO, information)
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) and the local source group

- The higher (NO;") for the combined source group compared to the local source group at the same pH

K‘ST



Uncertainties from reconstructed NH; and HNO,

* Predicted concentrations vs. Measured concentrations
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- Good agreement between predicted and measured concentrations of the secondary inorganic aerosol (SIA) species
(SO,*~, NO;~, and NH,*) (R? > 0.98)

- Predicted NH; are also well correlated with statistically reconstructed NH; (R? > 0.95)

- Water uptake by inorganic aerosol in ISORROPIA II approximates the water content of a mixture as a sum of
water contents of individual salts at the same RH (Zdanovskii—Stokes—Robinson (ZSR) mixing rule)

—> Expected error in water content induced by potential errors in gases (NH; and HNO;) would be small




Uncertainties from reconstructed NH; and HNO, KIST

Korea Institute of
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* Sensitivity of predicted pH, ¢(NO;"), and ¢(NH,") to NH,
- Buffering effect of semi-volatile NH; partitioning

e(NH,") (Predicted in this study)

Fixed NH; (ppb)
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g,1® 5 ) reduces the sensitivity of pH to excess NH; in the
=) Fixed NH, s 1 . . .
8,1 0w | Crggte o] NH;-rich conditions (like Seoul, ~10 ppb)
E . foppbb .-c'.._’-';i;q"' (0.378) |
2ol S| o £,
35 40 ppb ‘,q} | Simulation This study . . . . .
< 2 vr e - Comparisons between the simulation in this study
z 11 | VT —O— . . 1
. 1 e ST e (using the daily reconstructed NH; concentrations) and
o 1.2 3 4 5 & 0 5 10 15 20 25 30 35 40 45 &0 the simulations with the various fixed-NHj; levels
pH (Predicted in this study) Fixed NH; (ppb)
2 7(c) o IO
5 08 . Tt 1.0 —— $ G . .
g : - ood correlations between results from the daily
£ H 0.8 . . . . .
£ 3 5 o6- varied-NH; simulation and the fixed-NH; simulations:
S o.
8 O Joser - L * 04- Potential errors induced by the estimation of daily NH,
L 1 . . .
5 % oswrt e’ 0.2+ levels will be small if NH; concentrations are nonzero
%0,0-1(3‘?233%, S oo
00 02 04 06 08 1.0 20 25 30 45
e(NOy) (Predicted in this study) Fixed NH; (ppb) . "
ol — a2 The slopes of pH, &(NO;"), and &¢(NH,") curves to the
z 107 (e il - . .
. P I increase in fixed-NH; level: Gradually flat at over 5
é 064 . .-’: :j / 08; ppb
£ Yo v T
Z RS- L P z 061
g 04 caniivgpl ooy T
& Fiac e 7 . . :
029 Aaevend 0.2+ Potential errors in reconstructed NH; will not
z B ..
Sool Tt ' | oo | ‘ ‘ significantly change the results
00 02 04 06 08 1.0 0 20 25 30 45



Categorization of daily measurements

Major anthropogenic source area

5 10 15 20 25 30

LITTTTTTITTT M

0
Column density (10'® molec. cm®)

Remote: North China Plain (NCP) and
Yangtze River Delta (YRD) — China (CHN)

Local: Seoul Metropolitan Area (SMA)

Daily average residence time in each source
area (fcyn» fsva) Using the 72-h backward
trajectories (HYSPLIT)

K‘ST

Korea Institute of
Science and Technology

C

Remote Trajectories not from CHN Trajectories from CHN
Local (fcuyn =0 h) (fcyn > 6 h)
Remote source
Ventilation
(fsma <6 h)

ffect of local

stagnant
condition

Local
Stagnant
Condition

(fsma > 6 1)

)

Local source

Effect of
long-range
transport




Categorization of daily chemical composition

Local source group
Low winds, and low BLH
Low NO, and SO, concentrations

Large OM fraction (~33%) but small SIA
(37%) and ALW (19%) fractions

Remote source group
High winds, and high BLH
Low NO, and SO, concentrations

Large SIA (40%) and ALW (30%) fractions
but small OM fraction (~21%)

Combined source group
Low winds, and low BLH
High NO, and SO, concentrations

Largest SIA fractions (46%) and large ALW
fraction (26%)

K‘ST

Korea Institute of
Science and Technology

Remote Trajectories not from CHN Trajectories from CHN
Local (fcun =0 h) (tcyn > 6 h)
Remote source
WS ~3.1m/s
BLH ~ 660 m
Ventilation NO, ~ 43 ppb
(fsma < 6 h) SO, ~7ppb
N =35 (N = 15 for OM)
PM, (dry): 49.4 pg m3
ALW: 20.9 pg m—3
Local source Combined source
WS ~ 2.4 m/s WS ~ 2.3 m/s
Local BLH ~ 490 m BLH ~ 430 m o
26%
Stagnant | No, ~ 45 ppb NO, ~ 56 ppb
Condition SO, ~ 6 ppb SO, ~ 8 ppb _ :
(tsma > 6 h) -

N =26 (N = 15 for OM)
PM,c (dry): 37.6 pg m=3
ALW: 8.9 ygm3

N=42(N=21forOM) |
PM, ; (dry): 69.1 pgm=3 |
ALW: 23.6 uygm3




Aerosol liquid water (ALW) and 1norganic species

* ALW, inorganic and organic fractions in PM,

1.0
1(a) GO ONY)
® 30 60 90 120 150
0.8 __ \ ° PM,5 (g m?)
b BT T 1T
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@ Local source

@ Remote source

@ Combined source
Yellow dust

0.4 0.6 0.8 1.0
SIA / PM,.

- The more morganic-rich particle, the more ALW fraction and the higher PM, 5 mass concentration

- The wetter particles mostly belong to the “Remote” and “Combined” source groups.

Korea Institute of
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Aerosol liquid water (ALW) and RH m,ﬂ.m.]ﬁ]ST

Science and Technology

ALW fraction vs. RH
1.0 1.0 7]
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The more inorganic fraction, the more hygroscopic growth of particles (in terms of both ALW fraction and PM, 5 mass)
by the RH increase.

Hygroscopic growth by the RH increase: Clearer in the “Combined” source group than the “Local” source group.



Inorganic species vs. Gas precursors

* Particulate inorganic species vs. Gaseous precursors
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- Particulate sulfate, nitrate, and ammonium are increased by their precursor gas concentrations with the larger slope
in the “Combined” source group compared to the “Local” source group.

- More particulate inorganic mass at the same levels of precursor concentration in the “Combined” source group.
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Particle fraction vs. ALW

Particle fractions vs. ALW

SOR
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All the particle fractions are increased with ALW.

Nitrate partitioning is very sensitive to ALW.

Remote and combined source group show higher particulate fractions.
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e  Sulfur oxidation ratio:

SOR

= 50,2/ (SO, + SO,>)

* Nitrate partitioning ratio:

e(NOy)

=NO; / (HNO; + NO;")

*  Ammonium partitioning ratio:

e(NH,")

= NH,* / (NH; + NH,")



Nitrate partitioning ratio

HNO;-NOj;™ partitioning ratio ¢(NO;")

HNOg(g) A HNO3(aq) HHNO3 (SO]U.bllltY)

HNO3(aq) < NO3,q) + HGq)  Kni (Dissociation)

Hino,W:RT(0.987 x 1071%)
Y+ ¥no; 107PH + Hypno W;RT(0.987 x 10-14)

e(NO3) =

Hyno, (= Huno, Kn1, mol® kg™ atm™): Equilibrium constant (7-dependent)

Yu+¥Ynoz (~0.33 £ 0.16): Activity coefficients (7 and ionic strength dependent)
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Nitrate partitioning ratio

Analytic sigmoid curve (S-curve) for the HNO;—NO;™ partitioning ratio ¢(NO;")

e(NO;) (%)
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801 (ug m?) ‘
A
w 12
L A
60 | Warm
@ 50 C ° D
€1 Combined @ (12) y
o O 25 soul o) . S Wi=03ugm?
. " T =29.4°C
1 @ .
20 | (L) A oca o @ Local source
Source /(1.2) @ Remote source
A PP gt ® Combined source
I I T I I I
2 -1 0 1 2 3 4 5
pH

Interquartile range (Q1 to Q3) of S-curves for the combined source group (red) and the local source group (blue)

The higher ¢(NO;") for the combined source group compared to the local source group at the same pH
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Temperature effect vs. Water effect

* Temperature-effect on &¢(NO;")

E(NOS) (o/o)

100 - (b) Local source W; . ..o
80 ) 73.7%
607 50.0% BE%L
40 yiF
: YA Local source T

1.82 2.76
I I I

1 ...~ "] Combined source T

T decrease with fixed W, (for the local source group)

The new curves get closer to the combined source group

at the warmer and drier conditions.

K‘ST

Korea Institute of
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*  Water-effect on ¢(NO;")

€ (NO3) (0/0)

100 (C) Local source 7/#;—.—-;?:———

807 73.7% i/ A
6 1 66.5%;

0 7 50.0% ,' ‘ 58.7%
40

| J Local source W,

20 - //

0 | Combined source W,

1 82 2 76 |
I | 1 1 I

-2 -1 0 1 2 3 4 5 6
pH
W increase with fixed T (for the local source group)

The new curves get closer to the combined source group
at the colder and wetter conditions.

ALW-sensitive in Winter (Heavy haze season)



Summary

Haze pollution in Seoul is affected by both local and remote
sources.

Particles related to the local formation (without long-range
transport) are drier and more organic-rich.

Particles related to the transport from China (remote source)
are wetter and more inorganic-rich.

Hygroscopic growth of particle is significant in the wet
inorganic-rich particles.

Aqueous-phase nitrate partitioning in the wet particle is

larger than the gas-to-particle partitioning in the dry particle.

Severe haze pollution in Seoul can be a result of the
synergistic effect of long-range transport of inorganic-rich
wet particles and local high-NO, condition under the local
stagnant condition.
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