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ES PES 35 43 55 A
O &H2 22 5 11 14 41 93
OIX| ™ 1 9 10
2MH 8
=M 1 1 6 10
X|=H 3 1 7 19 30
pulii 3 1 4 10 50 68
S H 2 5 39 46
2 4HH 1 9 19 29
50| & 2 7 28 37
a1=H 1 1 1 6 21 30
RES 3 14 17
SE1S 18 18
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T4E 1 30 40
NS 24 32
MM 20 8l 24l 8l 331 __ 476
o3l _awl el 1278,
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0 SH8S : 52U AYH S NHH 23 67INS T8 5 2170 $2 (NHAF+AQSSITX FRHESUZ MF)
O ot2IB2IXI% XIT(2006) : ALBHERI(3R) — Y3 HEFSIIE XB(20174)

Abb. Compounds formular Mass(H+) Vapor Pressure Boiling Point (°C) P A (kcal/mol)
HCHO Form aldehyde CH20 31.01471 > 101.325 kPa -19 170.4
MOH Methanol CH4O 33.0314 13.02 kPa 64.7 180.3
PPY Propyne CsHa 41.0386 526.89 kPa -23.2 178.8
AN Acetonitrile C2H3N 42.0344 9.71 kPa 81.3 ~82.1 186.2
KT Ketene C2H20 43.0184 1675.73 kPa -56.1 197.3
PP Propene CsHe 43.054 1130.15 kPa -47.6 179.6
AA Acetaldehyde C2H4O 45.0341 98.65 kPa 20.2 183.8
B13 1,3-Butadiene CsHe 55.0542 243.18kPa -4.4 187.1
B2 2-Butene CsHs 57.06965 212.77 kPa 0.8 ~3.7 178.5
ACT Acetone CsHesO 59.0497 30.6 kPa 56.05 194.1
AAC Acetic Acid C2H402 61.0284 1.5 kPa 118 ~119 186.9
DMS Dime thyl Sulfide C2HeS 63.0266 53.7 kPa 35~41 198.6
ISP Isoprene CsHs 69.0725 73.33 kPa 34.067 198.9
MVK Methyl Vinyl Ketone C4HeO 71.0479 41 kPa 81.4 199.5
MEK Methyl Ethyl Ke tone C4Hs0 73.0633 10.39 kPa 79.64 197.8
Bz Benzene C6H6 79.0548 12.7 kPa 80.1 179.3
TOL Toluene C7Hs 93.0704 2.8 kPa 111 187.4
STR Styrene CsHs 105.0699 0.66 kPa 145 200.3
XYL Xylene CsHio 107.0861 0.82 kPa 138.5 190.0
TMB Trimethylbenzene CoH12 121.1012 0.27 kPa 169 ~ 171 199.9
PN Pinene CioHie 137.1325 0.63 kPa 155 ~ 156 215.0
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O =L VOCsOil it 71& — $I%l 1.5 ppb(5 ug/w) : 7I&E X| O[LY / Ot BE, MFEHO H2 +X|Y
O BTXY Rk B XY s=4+ZHO A HEHH / HFE2] EtXY2 SIS ST 5324

SASE (EHL : ppb
= AS Eeou : |a| : 5t - Tee
= =T = XI‘ = = = 7:” 00 red dot -iawldata‘. every 1ssc ;
[—— oj = AFOEHE] 116 185 0.33 3.34 black dot - tinominallbounce effect) smooth, every 60sec |
Jeon et al o MYTSX] 132 4.55 0.27 5.87
800
Zg AMRYERX] 083 3.50 4.5 8.83
Baek et al
0/ MHEEX] 062 7.81 1.29 972 .,
2 po0-
N o & X| 31.8 259 104 2908 °
Jung et al
At o 2! K| 2.5 344 10.2 47 1 -
Im et al OF AL AMATHX] 164 423 43.6 4394
CH+ CE2H 1.18 20.4 1.87 21.6 200
Park et al
a4 EAX|E 089 4.31 0.87 5.2
. I ME 24 3.1 6.3 3.1 94 0
yoo et a = At AFACEX] 3.0 11.8 3.8 14.8 712312021 72412021 7/25/2021 7/26/2021 7/27/2021
Baek I CHAF AATEX 1.1 1.2 .94 2. .
aek et a :M M: } : 3 0.9 3 MM :1.3+1.7 ppb
Kim et al CH At MHBEFX 8.3 45 1.8 14.6 .
. - - EFU:19+1.1ppb
Kimetal &3  MHX] 167 155 4.2 17.2 X122l : 1.6+ 1.4 ppb
Kimetal  CHAF  AMICEX] 310 1.5 1.88 6.48 = 1Lo=14PP 39/23
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/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

ltems Condition
Model/Manufacture PTR-ToF-MS4000/IONICON
lon Source Drift Tube Transfer Lens System
- Sampling Flow rate 100 sccm
e Primary lon H,;0*
H,0 Flow rate 6 sccm
HOIEE ¢ 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=)

EthanolZf Methanol X[ 2|2t vocs&s =
Acetone > Toluene > MEK > Acetaldehyde > Benzene > 1,3-Butadiene > C8H10 > b-caryophylene > Isoprene

Jan. 2022 Feb. 2022 Mar. 2022
219 VOC =40.3 ppbv 219 VOC = 31.1ppbv 219 VOC = 40.2 ppbv

= MeOH = EtOH = OVOCs 13-Butandiens ®BVOCs ® Aromatics = MeOH =EtOH = OVOCs = 13-Butandiene =BVOCs = Aromatics = MeDH = EtOH = OVOCs 13- Butandiene = BVOCs = Aromatics
Jan. 2022 MeOH Feb. 2022 MeOH Mar. 2022 MeOH
217 VOC=12.6 ppbv ; 217 VOCs = 9.4 ppbv y Z17V0C=12.2 ppbv g
PPV EtOHH| Q| PPV EtOHH Q| PPV EtOHH| Q]
6.3% 1.9% 2.1%
‘ 10%~ " 0% '
/.o:m 5.6% 2'8%.\ /
- 0I3% .' e - . - -

1.5%

0.7%
0.8%

4.3%

F,

2.0%
= Acetaldehyde = 1,3-Butadiene = Acrolein © Acetone = [soprene
= MEK = Benzene = 2-Pentanone = Toluene = J-Hexanone
= Styrene = C8H10 = 2-Heptanone = C9H12 = Naphthalene
a-pinene = b-caryophylen 17




VOCs, ozone, and Org in NR-PM, ; & MIEA (3xpa=)

Ozone (ppb)

Ozone (ppb)

X2 BMO=

—— e ] e s

R40] 2 M0 S
SAME AHo Y SHAITH AT 20 EventME 3, M| 2M 2R

SOA 7104 VOCsa20l [l 2= 4 OATMK| AEE

rr

:VOCs &4 — @ESI—0rg S+ 8

30

)
— 03

60 1 Orgin NR_PM1 [ 25 %
50 — L 20 S
40 — =
L 15 =
30 \ 1 ‘ | /\'\l E
20 ” \ UL\ - 10 =
‘ ) £
10 ‘ 1' . b/ U 5 5
0 ; : - : : 0o ©

120 3.0
—— 03 o)
100 " —— ovocs [ 25 &
~ —— BVOCs ~
80 — ’ - 20 &
u‘n I\ . S
60 — | \ . 15 =
40 — “ ﬂ [Vl y 'l‘ ‘ L 1.0 P
~~* M | "l b 8
20 ’ “ *‘\ 'l J "»’f ! W‘f \fM Los S
o

0 0.0

3P 2 07 = 09 = 11 213 14315 517 E1 | 21 +=2 A 278 282 E02
Date & time
= =0
1) OFP At = 2) OHR A=
OFP(ppb) = MIR x VOC (ppb) X T"Cx‘:(-l’f[m OHR(sec™ ') = OHRrate(k o) {{'ma/ﬁinofccu!( .« sec) X [VOC(ppb)
G (MW) <1072 c‘mg-i " Lmmol = 6.02 x 107 moleccule x 1mol
em®  24.4cm® Limol 10° mmol

18



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

Moring rush hour

Mixing height effect

14000 1 280 50 140
—O— OFP L
F~ 260 4 —O— Ozone § G
£ —e— NO2 120
912000 { 240 1 --®- NOx - 40
# —&— PN
0 220 1 R 1002
S 10000 { = 200 - R ) a
> o Ste &
o £ 180 - o Z
o o z
£ 8000 4 & 160 A '20§ 60 N
= S
140 -
k>
£ 60004 120 1 o 40
©
o
100 ] 2
4000 - 80 ; . . 0
5 10 15 20
Time of a day
AlZh | SAFZEMI/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 + O, — 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
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202119 11.17~12.23. NS KIST A== Akl S=HI=

1
4
™

01|12t &= &S 3H0| Ik V|2t EA Case&® : NO5-, SO,2-, NH,* 2Kt 27| 0121t QAL Bt
Case(® : 2021-11-1917:00 ~ 2021-11-21 22:00 Case® : CO, CI'2t Z2 1K K| S&! 1t org?t AL BEF
Case® : 2021-11-2719:00 ~ 2021-11-30 13:00
Case® : 2021-12-1513:00 ~ 2021-12-16 23:00

Ca
?.EG) 030
1.1 I org. Total ¢
s ” e Casel r’=011 AVG, =0.17
I no, 02| ® Case2 r’=0002 AVG. =008 = o
" Cased e
- 507 : .a ® .n .co:
NH, 020 . . .2 =
- < & 15 ’ LTEEE - :-i 0:;
£* Ces 202,
010 o’ O b e
L ._ > .I."._‘_ - :
L 1] T o L1
§ D {2 X 0 9 i "o ' e
005 P e
- L]
000 .
0 20 40 80 80 100
SNA : 60.6% SNA : 45.6% SNA : 62.7% RH (%)
= o H3lL XOE - =
R QUERFEI, B2) 2M-UIFH HZIBH M-8, SIASE, BA0L o QULERT, 23) I £
Case® Case® Case® 08 Toial
/ o = e Casel r’=0.51 AVG.=0.38
£ 05} ® Case2 rf?=045 AVG.=0.11 j
=30 820, ° 5
=i 04 ® 's.-"" S
TG o . ¥
§ 03} a-.-..‘ © 0 &
2 L ]
el 0z} % ._ o
. ’ . .
PR Y §
01} ] i‘-’go'. e T
2% e V38
. A :
0 20 40 80 80 100

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

B [NO.™] _ [S0,27]
NOR = [NO,~]+[NO,] SOR = [50,27]+[s0,]

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




202144 11.17~12.23. KIST-EIHA -5 2 A[H| i

Qo = M oo
Precﬂmma

23

HCE® HCEQ HCEQG
20 100
515 | a0
2104 s
g5 rRE
Lo oz
g5 ] — Ty =P L
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300 4 o +3 "
< T ¢ Cle
O 200 5 i
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(% 80 - Eaﬁ - ] NR-PM;; Gwanak |- 120 &
100
460 180 ——— NR-PM, Beijing |- gp 4
Ew-&m- f-ﬁ E
¢ 204 % 20+ Al gy &
& 6 &
B —
B 50 3 50 iZ--_1 Org_Seoul 50 @
g 40-] B 40 [ Org Gwanak | 40 i
i1}
o 304 o 30+ =~ Org_Beijing 30
- c & E | =4
£ 201 8§ 20+ o, f20 §
S 104 S 10+ A "’M- 10 6
0- 0 —L 0
%09 33 ] ___! NO; Seoul B g
§ 401 S5 C—1 NO; _Gwanak L0 B
g 30 - 3 20 . T
20 | 115 NO,_Beijing @,
” B O” i d Oﬂ
€104{="8] z
Q- 0
. e iCoC0! SO, Seoul .
e 15 | E 15 - [ s0,2”_Gwanak - 15 EE
3; 10 10 4 —— 50,7 _Beljing 10 @
g e Aot 3
0, 18 ; %
e E— .
w 254 _ __"_' NH;*_Seoul L2
£ 20 3 10 - [ NH,*_Gwanak La £
c%l 154 & - NH,*_Beijing SR
‘=10 T 64 ; L1
5 8 P T s .
1 oo20 ¢l _Seoul
s 4 ) -8
= [ ¢I_Gwanak =
§ 34 3° cl Beijin e e
5. 24 1 24 Mo ~beiing s B
o 2 ! N ; o
14 14 Py AN 4 /Y | M j -2
0 -\.zﬁmm._h i it N L il e e, B AT A Wt
1118 1200 1210 1248 1219 1220 1221 1222 1223




202114 11.17~12.23. 115 Al Org group =241

Crg groups (pg/m3)

HCE1

304

251

HCE?

2021-11-26

02 |I1 21

HCE3

2021270

2021-12-16

—— familyCH_M_all

— familyCHO1_M_all
—— familyCHOgt1_M_all
— familyCHN_M_all
— familyCHO1N_M_all
—— familyCHOgt1N_M_all

20211221

= L] | Uz 1-12-T1
l i |
HCE.] CHOxN group HCE3
—— familyCH_M_all - —— familyCH_M_all
30 - —— familyCHO1_M_all 30 H —— 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 —— familyCHOgt1N_M_all g:ﬁ);?;ﬁgp —— familyCHOgt1N_M_all

Org groups (ug/m3)

& 12:00 P = 12:00 L& 12:00 P = 12:00 PZ600 2PM12:00 22X 600 22F12:00 L =6:00
2021-11-20 2021-11-21 2021-12-15 2021-12-16
Date & Time Date & Time 24

Org groups (Mg/m3)




20214 11.17~12.23. 11== AlI2 Org group

Org groups (pg/m3)

30 H

HCE2 @

Org OfZt 11

2021-11-21 2021-11-26

202112

0.18

0.16

012
0.10

Y

= 008
0.06
0.04
0.02

0.00

O:Cwvs. N:C

® 27N

.t .- ® 28N

elas i ° 29N
-

w
w
(=]

i
Q
=1

i
in
=]

8

N
i
=]

2

o
wn
k=]

27N, 28N CHN group concentration (ug/m3}

0.00

0;C vs, CHN group

® 27N
= 28N
® 29N

29N CHN group concentration (ug/m3]

Chemical composition

27N

®mOrg mNO3 =504 = NH4 mChl

28N

=0rg mNO3 w504 »NH4 =Chl

29N

1%

=Org mNO3 =504 = NH4 = Chl

=T

3

Org group composition

27N

®=CH =CHOl =CHODx «CHN =CHON = CHOXN

28M

= CH |= CHO1 = CHOx = CHN| = CHON = CHOxN

28N

13% :
. 2%
. e 3%

#CH |=CHOI =CHOx = CHN| =CHON = CHOxN




Il-j ".15"'28. PM2_5

=178 0kt

Amines in PM2.5 (ng/m3)

30

25

20

15 —

10 H

0 -
1114

1115

11/16

Methylamine
Dimethylamine
Diethylamine
Ethylamine
Ethylenediamine
Dibutylamine
Piperidine
iso-Butylamine
Propylamine

9 Amines

CHN group

1117, 1118 1119 1120 11/21

1122 11/23  11/24

11/25

11/26

- 800

- 600

L 400

- 200

11727

11/28

11/29

CHN groups in NR PM1.0 by AMS (ng/m3)

HCE1

HCE2

Ret Time | lonization ml-l Froduet | i Ret Time | lonization | Precursar | Product |
Ne. [Target Compound : o loternal Standard £ . .4 '. 1 Hx-l O M ﬁ,\-‘l
[min) Fa Tom (m/2] | Ton fmyz) i Fi lon {iny/z] | lon [m/z) NHoR (=3 =
1_ianine T3 [\i+H::1CI=1-H i FRATE) Aianine 15 ;ﬂaﬁ;l e T E 1 [lH I- 0O L _"__ ISOtope ISTD ==
2 lArginine 150 | [M+BaClH 77| 191,235 Arginine-15 149 | [M+BsCLH]- | 282 | 196,240 - — | -
3 lsparagine 148 | [MeBzOH]-| 235 | 120,114 Hsparagine 15 _ 148 | [MsBeCLH- | 240 | 222,125 N, o)
[ -1\5[.@1Earld 158 | [M+BaGLH) | 236 170,197 pAspartle acl 1S 158 | [M+BzCIH] 1 |aes197 oY, 2.1= OILH ‘|X'|E| _I_X'".?.
5 [Cysteine | 663 |[MeZBeCH]-| 328 | 137,77 t\-smnp 15 657 |[Ms2BeO-H]- 8| 122,82 RNHR
|6 [Cystine [ 372 [MdeCI_] |47 | 190,223 ystine-18 3.65 |[M+2Bz0-H]-| 457 195,229 OH . . .
[ies |(aBeCiH) | 250 [ 206121 L8 | (MoboCiH] | 255 | 211,128 L .. 3.44Z9| Free amino acid, alkyl amines SA |2
150 | 187,120 150 | [M+BsClH] | 254 | 192,195 7 E
LT 77,134 175 [ 139,82
140 _ [z0z1e] L2 4. =2 3 E, Moy, W2 HESH|(LC-MS/MS 24)
12_dsoleucine 514 [[MsBaClH]- | 234 | 190,77 510 195,82
13 Leacine. 534 | [MiBzoiH| | 231 | 190,77 195,82_|
4 lLysine 54 |[Me2BzC-H]-| 353 | 120,309 | 319,125 | C d el. % of 42 F | 0
| 15 Methionine 357 | M+Bz-H 252 204, 160 Methionina-15 = NO Ompoun S ° ormular rg group
& _[Phenylaanine 560 | [M+BaClH] | 268 | 324,120 Phenyldlanine-t5 | [M:BeCLH] | 273
] '?'"':?Eﬁ"ue - 23 "Ehszu-mj_ 218 | 146,172 =r;:ilﬁe-|:'“ lL.'maz[:l u} compounds
8 erin 154 |[M+BzciH]- | 208 | 178,134 e 1S [\»1 BaClH .
19 oo 17y TiMebsan |22 [ i7iss] hreonings s ] 1 Methylamine 23.7% CH3NH2 CHN
f 57 A [ #07 | 120,178 ryptophan 15 3 X o
i B3 [M+2BzC1-H]-| 388 344,211 Tyrosine-[§
2 Nalne 569 | e | 220 | 17677 : 2 Dimethylamine 18.6% (CH3) 2NH CHN
31 Awmino-1-busanol 735  |[MrBeCleH[v| 194 | 105,77 o1 butanel 15 M ¥ . .
+_B-Amincbutyric acid 267 | [MiBzOH] | 206 | 162,77 b Aminoburyric sci S [M+BzCl ﬁ]]- 3 Dlethylamlne 17.2% C4H1 1 N CHN
25 12 Methylphenylamine 1 —|IMsBaCisH]s| 212 | 10577 “Methylphenylamine s | [M+B2CIeH]+ |
An ' 4 Glycine 16.9% CoHsNO» CHON
226 yipheny .
7.8 |MrBacike] 212 | 10577 ~f-Methylphenylanine 15 . o
9.65 | [(M+BaCIH]+| 234 105,77 Diitylamirie-15 5 Ethyla mine 6.1% CZH 5 N H2 CHN
517 |[MtBzCH]+| 178 | 10577 Disthylamine 15 [
267 |[MsBzCIsH]y| 150 | 105,77 Dimsthylunine- 1S M B2CLH] ¢ H [¢)
" 749 | [MeBztisH]r| 206 | 105,77 Siproplamine 15 [M Bzl vH] 6 Alanine 4.3% C3H/NO> CHON
shanolamine L70 +Bzll=H]+ ob 05,77 thanolamine-15 [M+BaCl+H]+| .
3% Eshylamine 287 |[M+BzCisH|+ 05,77 E__djvhmine-lls [M+BzClrH]+ 7 Ethanolamlne 3.9% C2H7NO CHON
_15 Eshylenediamine 148 M-+BzCl+H] + 48. 77 thivlenedianine-IS M+HeClLeH]+
Eaplamin 5,66 | (M+BzCrRH]r 72,79 Butylamine 15 MBaClrH] . . )
_:n e h;.h“:::e +BaCleH]+ | 58,105 ::my ...,'.','l"fs M+BeCliH]+| 141 8 Ethylened|am|ne 1.7% CZHBNZ CHN
thyiphenylaming 1] - i L F 217 . .
IEXI 326 9 Dibutylamine 1.3% CgH19N CHN
| 105,77 k;BzCInH]l 203
10 Serine 0.8% C3H7NO3 CHON

| 105,77
| 122,79

26



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

0.30
Total plot
0.25 - (11.19~12.23)
0.20
¥ 0.5
0.10 —
0.0540
0.00 T T |
0.00 0.05 0.10 0.15 0.20 0.25 0.30

43
0.30 Ambient data:

E HOA

& OO0A

B LV-00A
0.25 SV-00A

Laboratory data:
~#— Squalane photooxdation
020 - Methyl chavicol photooxidation
Linalool photooxidation
fys D15
010
0.05
[ |
wt B,
0.00 - ® > & EE
T T T T |
0.00 0.05 3 010 0:15 020
43
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MEA1[H712] ORZIIES0H| 215k SOAFP &= 211

NO or NO, Humidified air

Laminar I—p Oxldation
—D'] 0 chamber — flow reactor ' flow reactor —# Measurements
W) | | (OFR)

"Dg"'o]_ﬂug"ﬂ! Hz'us_uui'l'HoE
NO,+NO,—N,0, NO,+0,—NO,+0,

Figure 1. Process flow diagram of the OFR-iN2O5 technique used

to generate nitrate radicals (NOj3).

Suggested starting setup for LFR inlet

2BTech

_ < —% O, or zero air
&_ 3 0, generator MFC H ailidlir
it - ' UV lamp -> 10V ~2.0-2.5lpm

Measure ozone mixing ratio exiting O, generator; you will likely have
[03],.5r ~ 200-300 ppm if adding pure O,

* Establish [NO,] ~ 0.5%[0,]; calculate [NO,] from the product of its mixing
ratio in gas cylinder and the dilution ratio into O, or zero air carrier gas

" 100 g
"
E g
. g ‘0§ i
NO or NO,in 3 P B 9
i g S f
N, gas mixture £ 1'% g
B 2, [}
g"‘ r01 s E
§ B z
10 g% T e 1
10 10 10
[9slo15n [PPM]
Figure 5. NOie,p as a function of [y, ey for measure-
ments with [NOzly, LR a1 = n'i 4001, Equivalem am- [NO3)o Lrrt[Oalorn
bicnt photoch | age was caloul ing a l4h aver- A :
age nighttime NO3 mixing ratio of 30ppt and 10h daytime aver- Figure 6. NOp a5 a function of [NO2J0, LFR : [Ogly 43 at
age NOy mixing ratio of 0ppt (Asaf ot al., 2010). Model inputs fised [Onlo, g values of 250420 and 5850:+400ppm and
were ky, Nyos = 0015 b and NO3Rex = 00757 (103k, 1o < l{H(?m =11% w ¥1%. Nt_?h, values were nomualized o the
1000 ppim) or 03851 (103, 1ym > 1000 ppm). The shaded re- maxinim NO 3o vatie cbtaines ot the same RH. 32

gion encompasses model outpat scaled by factors of 0.5 and 2.
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o LESH Z=A K| NOx 59%, SOx 89%, NH, 70%, VOCs 54%,
PM, 5 79%, PM,, 68%J & IIE(SKIH &, 2021)
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cIZAH| PM, 5/ 101 28 =2 SHl KI=

Administrative district Contributions on PMz s Places of

(Cities/Do) concentration” business? Land area”
Total 774 82% 1,094 38%
Metropolitan 3074 21% 4074 9%
Central 257} 31% 2567 14%
Southern 74 10% 9274 4%
Southeastern 1574 20% 33974 1%

*xMetropolitan area: £==2/Central area: 5#/Southern area: #%#/Southeastern area: S5
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) .7
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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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[15] [ﬁ]

l [12]
13
“ 119 [14]
K _ ) [ |'
8] P
0] <
[20]
[1] Sampling inlets [4] Weather sensor [E] CCTV [ GFS [5] COiCo,
[6] FCEO T [7] MIWHC ] Iiverter  [7] Battery  [10] &ir suspension
[11] Condensation particle counter [13] Hanoparticle aerosol monitor [1Z] Particle-bound F&Hs
[14] Lethalormeter [13] Fast rachility particls sizer [16] DAC) and corpmter
[17] Power controller [15] Gaswvent [19] Airselocity sensor [20] Perarer 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)




O_lulﬂ'—l S5 =HMS E5F HIX [=
LIS - 2E1 )8 = 2ITH EAIS Sot 1AM S PMFEY]
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

Analysis

Sampling

LC-MS/MS
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Aerosol liquid water (ALW)

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

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

ALW enhances secondary inorganic aerosol (SIA)

—> Nitrate formation through HNO; uptake and N,O; hydrolysis
—> Sulfate production through the aqueous oxidation of SO, NO, <~ HNO; (g NH; g

Nguyen et al. (2016, EST Lett.) -
’ :N03 HNO3{aq} NH3 (aq)
04(1.1) 06(1.3) 46(1.4) 08(1.1) 1.2(1.4) 257(28) 10.2(2.4) 7.3(48) 125( 78.1 (2.1) i ,"' H.0
Vancouver Storm Peak Houston  NYC Edinburgh Manchester Weybourne Hyytiala Hohenpmssenberg Beijing v ! H,0 2
NZOS{g] NOs~ NH4*
5042-

SOA (Aged)
Wet particle

Water (ug m™)
(Mass Growth Factor) OH
Urban NO; — HNO;3 g + NH3 g
Urban Downwind

Rural
Riverside " VOCGs
0.6 (1.03
SVOCs SOA (Fresh)

Dry particle

Mexico C|ty Pittsburgh Duke Forest Santiago Manaus Chebogue Welgegund Mace Head Jungfraujoch Tokyo
1.5(1.05) 36(1.2) 07(1.2) 92(1.3) 04(1.4) 03(1.1) 42(1.6) 2.0(23) 3.6(26) 7.2(1.6)

Korea Institute of S

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

- Affecting the solubility of trace metals and aerosol toxicity

d[SO, %]/ dt (ugm  h7)

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,)

s p— R ™I —— NO,
105 Lo s 1 o 1 5 1 & 1 4 | 103 | | | | | |
10'4 A - 107
10°- S
10° - 10°-
10" - 107
10" - 10
107" - 107+
1072+ - 107
107 - 107
101" Cloud droplets 1077 Beijing haze
10_5 | LI LA L L 10_T T T T T 71 T
2 3 4 6 7 8 3 4 5 6 7 8

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 R, 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

16 /
S‘ Metastable, Hydrated State .
A 4 Pt
~— P
124 _aa==T

-

10 Crystalline State

I T T T I I ]
30% 40% 50% 60% 70% 80% 90%

RH

Idealized ammonium sulfate growth curve
(Taylor et al., 2011, ACP)

Solution ?

| Liquid Aerosol

(no solids present)

mass Conscrv E:lﬁi)]'l..

A J

and electroneutrality computations

activity coefficient

A

y

| Major Species

C(lI’lCCI’ItTHtiOI] |

L

| Calculate Minor Sp

ecies concentration |

|

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




Thermodynamic equilibrium model

K‘ST

Korea Institute of
Science and Technology

« Metastable solution / Forward mode are recommended !  Songetal. (2018, ACP)

Atmos. Chem. Phys., 18, 7423-7438, 2018 Atmospheric
hitgos o, ongd 10,5194 acp- 15-T423-201 8 e
2 Author(s] 2008, This work is distributed umder Chem S_tr Y b
ve Commons Afirthation 4.0 License. and PhySICS —

Fine-particle pH for Beijing winter haze as inferred from different
thermodynamic equilibrium models

Shanjie Song™", Meng Gan' . Weigi Xo”, Jingyuan Shao®”, Guoliang Shi®, Shuxiao Wang®, Yuxuan Wang ™",
Yele Sun®”, and Michael B. MeElroy-'?

10 8
(a) Reverse l_‘1EL'| (b) Forward ’
. - 8

7 R
6 - R
J i i
4 5
5 E
§ : 2
- ' 0 4 B
-2 3
Vv [TIE-AIM s | SORROPIA stable revised
A- I ISORROPIA metastable 4 ISORROPIA stable standard

Figure 7. pH predictions during northern China winter haze events from this and previous studies. Note differences in pH scales tor 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
forward-mode calculations to better account for the ionic and gas measurement uncertainties.

—NH; ——NO; = =CI

© Measured NH; fraction

A ISORROPIA forward metastable

O ISORROPIA forward stable standard
VvV ISORROPIA forward stable revised
+

E-AIM forward

1 L L 1 1 i L | S
< 0.8 -
=
E 0.6
e i
@ 42X 0
S 0.4 1 -
=3
O
< 0.2 -

0+ T T T T T T T T

-1 01 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 ugm—) 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;r 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 (Seou

D

Korea Institute of "

Science and Technology

- Sampling periods: October 2012 — April 2013, August — September 2013, January — June 2014
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Chemical analyses K]ST

Korea Institute of
Science and Technology

* 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 K]ST
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2012 2013
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Thermodynamic model K]ST
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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
i5
Atmospheric Environment 65 [2013) 177185 30 a
Caontents lists available at SciVerse ScienceDirect x Z 25
ATMOSPHERIC o
ENVIRONMENT o
- : — 20
Atmospheric Environment T
= 15
journal homepage; www.elsevier.com/locate/atmoseny 10
5
i . i . 0
Analysis of ammonia variation in the urban atmosphere 5 = = o - £ = =
= ] = o - =
Nhu-Thuc Phan?, Ki-Hyun Kim®*, Zang-Ho Shon®, Eui-Chan Jeon®, Kweon Jung ¢, Nam-Jin Kim© i‘ ':; = = e b1 = =
"J‘.}epm'rment af Ermn:mmmr E—*}_nerg_v SEjOﬁg University, Seoul 143-747, Republic of Korea - = = - - - -
af ng, Dong-Fui University, Busan 614-714, Republic of Korea " .
< Sequl Metropolitan Governinent Instirute u_r Public Health and Environment, Seoul, Republic of Korea Time Ly Ea_l'fn'[}l‘l[hfda‘_\-‘ ]
Table 3
Results of correlation analysis between ammonia concentration and the relevant parameters.
NH3 S0, 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 0.477** 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 90 90 90 90
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Statistical reconstruction of NH, K]ST

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

NH, emission in Seoul (CAPSS inventory)

6000
50001 | __
4000
3000 -

2000 -

NH,; emission (ton)

1000
0 .

. —_— : : = . :
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




Statistical reconstruction of NH, K]ST
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* 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 « 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, KIST
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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)

iIIIIIiIII r—1T r 1T 1T 1T 17T ©T 1T T ""T 1 1T 1T 1T 17T 1T 7T ""©T T T T
JFMAMUJ JASONDUJFMAMJJASONDUJFMAMUJJASOND
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
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Analytic sigmoid curve (S-curve) for the HNO;—NO;™ partitioning ratio &(NO;")

Interquartile range
(blue)

H (Simulation 2)
[#5]

pH (Simulation 3)

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

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



Uncertainties from reconstructed NH; and HNO,

* Predicted concentrations vs. Measured concentrations

507 = 50 ] - _ 357 " 25 ]
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- Good agreement between predicted and measured concentrations of the secondary inorganic aerosol (SIA) species
(SO,*7, 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
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* Sensitivity of predicted pH, ¢(NO;"), and ¢(NH,") to NH,
- Buffering effect of semi-volatile NH; partitioning

2 : (F?)d _ o me 5{(0) reduces the sensitivity of pH to excess NH; in the

£ o g} w;:: i it NH;-rich conditions (like Seoul, ~10 ppb)
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Categorization of daily measurements

* Major anthropogenic source area

HEEE 8 N |
5 10 15 20 25 30

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)

Korea Institute of
Science and Technology

K‘ST

Remote | Trajectories not from CHN Trajectories from CHN
Local (fcun =0 h) (fcyn > 6 h)
N % Remote source
B S w5
Ventilation o '.
SN
(fsma = 6 h)
Effect of local
stagnant )
condition i
Local Rl
¥ |
Stagnant )/
Condition [ o j
(fsma > 6 )
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%)

Korea Institute of
Science and Technology

K‘ST

Remote | Trajectories not from CHN Trajectories from CHN
Local (fcun =0 h) (fcyn > 6 h)
Remote source
WS ~3.1 m/s
BLH ~ 660 m
Ventilation NO, ~ 43 ppb
(fsma < 6 h) 50, ~7ppb
N =35 (N = 15 for OM)
PM, ¢ (dry): 49.4 ygm™3
ALW: 20.9 ygm3
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,~8ppb Oth
(fsma > 6 h)

N =26 (N =15 for OM)
PM, s (dry): 37.6 pg m~3
ALW: 8.9 uyg m3

N =42 (N = 21 for OM)
PM, 5 (dry): 69.1 pg m=3 [ "
ALW: 23.6 pg m-3




Aerosol liquid water (ALW) and 1norganic species

* ALW, inorganic and organic fractions in PM,
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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.
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Aerosol liquid water (ALW) and RH

ALW fraction vs. RH
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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.

ALW / PM, .
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Hygroscopic growth by the RH increase: Clearer in the “Combined” source group than the “Local” source group.
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Inorganic species vs. Gas precursors
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20 - (L) y=0.41x+0.05 (r=0.382)
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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 K

e Particle fractions vs. ALW
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CETE 10 (f)
0.6 fugm™ 30 60 90 120 150 &
0.5 0.8 -
o 0.4 =
O ¥
D 03] -
Wy
0.2 |_j- f
o] Local source
01+ | e Remote source 0.2
Combined source
0.0 |":'|"|'|'|-|'. 0'0|'|'||'|'|" 0.0 1 v 1 1T T & 1 1
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
ALW (ug m®) ALW (ug m®) ALW (ug m™®)

e Sulfur oxidation ratio:

- All the particle fractions are increased with ALW. _ SOR  =80,2/(80,+50,7)

. S .  Nitrate partitioning ratio:
- Nitrate partitioning 1s very sensitive to ALW. e(NO,)  =NO; /(HNO; +NO,")
- Remote and combined source group show higher particulate fractions. * Ammonium partitioning ratio:

¢(NH,")  =NH,"/(NH, + NH,")



Nitrate partitioning ratio

HNO;-NOj;™ partitioning ratio ¢(NO;")

HNOg(g) A HNO3(aq) HHNO3 (SO]UbllltY)

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

Hino,W:RT(0.987 x 10714)
Y+ ¥no; 107PH + Hypno WRT(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)

Korea Institute of
Science and Technology
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Nitrate partitioning ratio

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

100 - (a) W, o = 125.2 pg m™
T, =-12.9°C '
AWG (W) Ty~
801 | (ugm?) { " ek o7
AR / '/ "
[ 1125 y. @)
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T 60— P (e b * : Warm
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= 0 25 /[ SO /(oz) Wi i = 0.3 ug m*®
o E y 4 T = 29.4°C
/[ / P
/ / Po
o1 y. L /,/ ®
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/ / 5 rce_/'(LQ) @ Remote source
y A
0 e s @ Combined source
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- 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)

50.0%

Local source W; . ...

73.7% i £
58.6% [ .

Local source T

\

Combined source T
2.76

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.

*  Water-effect on ¢(NO;")

€ (NO3) (0/0)

100 - (C) Local source T .
80 - A
40 I
| / Local source W,
20 !
0 | e “Combined source W,
1 82 2.76
T | T | T T T T T T T T : T :
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K‘ST

Korea Institute of
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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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