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Abstract Secondary aerosol (SA) is an important component of atmospheric fine particle (PM,;) and one of the main
cause of the air pollution. However, the estimation of production of SA in ambient remain poorly understood. In this work, the
SA formation was investigated using an oxidation flow reactor (OFR) with various concentration of OH radicals in Suwon
downtown area during 6~21 July 2018. Inside the OFR, the OH radicals were equivalent to 0.9~5 days of integrated OH
exposure at typical atmospheric conditions. The SA formation was observed to increase the potential production when
compared with the concentration of primary aerosol (PA) in atmosphere. The average mass enhancement of OA, nitrate,
sulfate, and ammonium upon aging inside OFR was 8.7+6.2, 6.6+4, 0.7+0.5, 2.7+ 1.6 ug/m3, respectively. The SA
enhancement was decreased after production increases until ~1.8 days in this study and this trend was similar to other
researches using OFR. The evolution of OA chemical composition in the ambient and OFR data was evolved f,, increases and
f43 decreased with aging. After oxidation of OA with OH radical in OFR, the OA increased with increasing elemental O : C ratio
up to ~1.5 (avg. 1.1 £0.12). With increasing age, H : C ratio was decreased up to ~1.16 (avg. 1.32 £ 0.08). the slope of O : Cand
H : C with all data of ambient and OFR was —0.54, and similar to trend observed in the atmosphere. The average carbon
oxidation state (OS¢) in OFR increased up to ~1.76 (avg. 0.89+0.28) with aging. The ratio of OA enhancement to ACO
(background corrected) vs. predicted photochemical age was similar trend to previous studies and decreased to higher aging
time. This study provide scientific research that can be used as establishing policies to reduce production of SA in the
atmosphere.
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Table 1. Oxidant Configurations of OFR methods.
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Method Oxidant Wavelength (nm) Main reaction
0,+ hv (185 nm) — 20(P)
20(P)+0,+M— O;+M
OFR185 OH 185, 254 05+ hv (254 nm) — O('D) +0,
0o('D) + H,0 — 20H
03+hv(254nm) — O('D)+0,
OFR254 OH 254 O('D)+ H,0 — 20H
. 0,+hv(185nm)— 20(3P)
05 generation (e 185 2(2)(3P) +0,+M— 0;4+M
o] ZALE Q15 OFR o] 25 452 2 45}5)7] oL
Qstolth. Al A 2 cm9) inlet/outletO 2 G- & ] rsz":":;"’“o"’m IEI L
Q= 8- JEEoll= mesh screen (SilicoNert 2000)©] i
8

AR E]o] glo] 7k~ Bl mA ] o] &4 X 43)s}
ATt (Palm et al., 2018). 1 2] OFR WHoli= UV
oA AR FH = 5745H7] f15 UV photo-
detector (TOCON_C6, sglux Gmbh)7} A =] E|o] §]o]
225~287 nm®| §4 o7 o] o] SAH &
eh AAZe 2 et FEE TS 9lsf RH/
Temp A4 7} 2= o] Qleh

2 Ao A= OFRI85E ARS8 on thefet of
| 5 FePeirz-E 7517 28l UV lampo]

N

4 2 AR EA ] Vs =E S4st] Slsh
HE O] A|RYHE OFR Fo] AZ5t] 3-way valve
(Aerodyne Research Incorporated)l] 23] 10& 7+4
oz 279 ool A AEEEE A5
OFR 9] F2alehiFaba] 72 OFR 4 - ] s0,9F
CO 54+ 5l A==t & A7lA= matlab
7]%F2] photochemical modelE AF-8-5F$1th (Simonen
et al., 2017). ©] WH-L 7]&2] photochemical box
modelE Lambe et al. (2011a)°]] 2|3 OFRS] F-n]e}
AEE 5o 2A dasol=d Aow UA S4e
S FoFeiteA I o] w2 AHE Al
t} (Karjalainen et al., 2019; Simonen et al., 2017). ZL¥
290 o¥ 54717t F OFR 9] O, ‘5 =2} model
ANA A7t 0,9 FEE Hludt Ao zA JyE

Slope =1.2

Measured O; after OFR (ppm)

Predicted O3 after OFR (ppm)

Fig. 2. Measured O; after OFR vs predicted O; by photo-
chemical model after OFR.

AAAS (A= 0982 =2 4T = s vE
Wt OHegposure™ 1.2%10'1~6.1 10" molecules
cm™ s©2A Mao et al. (2009)°] S OHeyposure
1.5% 10° molecules cm™E 7FA| 1L SFRE SHAF A] B
AT 7174 OFR 0.9~5Y 2] 3F3}ehHatA|7T <F
of| A FEE| ALt

2.3 ZH| 74
T8 3 FpaAT IR S A R
AeS et Ao 2 JEAAF EZL CO (Ecotech,

serinus 30), NH;-NOy (Thermo Fisher Scientific,
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Fig. 3. Schematic diagram of ambient and OFR measurements in this study.

model 17¢), SO, (Thermo Fisher Scientific, model
43¢), O3_yfier orr (2B Technologies, 106-M), CO, (Li-
COR, Li-840A) AH&-5t] 243HTE. O3 ager opr
= 5% 05 (0~1000 ppm)= Z7g517] 5l =gt
Aoz t7] 5 0,5k SHoll= F&=7t BoiA]
7] Wzl 2 A7 ti7] F 0= SEAF =R
1.2km Eoj7l A4 (oo o} S AHESH3
ok YAFEHE 9 35tA A2 Aethalometer
(Magee Scientific, AE33)2 AR89 Black Carbon
(BO)y& S5kl eH, pM, 2] H] WisHd 7714 - 771
/d /J-& (Non-refractory submicron particle, NR-PM,)
2 v[PAZE v AR AFES 7] (High Resolution
Time of Flight Aerosol Mass Spectrometer, HR-ToF-
AMS)E &-85to] AAte g wlA|dzte] 2kt
248 AT FAS 22F JAS=E (Potential
Secondary Aerosol, PSA) AJd2Foll= HE o] o F
0, F90°] Q. gli= OFRISSE AMEdHlom 3t
SHistAIR e QS = WS OFR W AlFAIRE
S ~80% (10Ilpm) &2 FA|5}Ac} 181 ti7] &
T 574 Al OFR W9 215291 55& fAI5H7] ¢
3] Mass Flow Controller (MEC Korea, MFC)& AM&
Sto] FYUe FFOE bypassotUTt. 2719 3-way

autovalve'= 10% {tH 02 2pg HgEA HAoHS

o OFR - &= stof tf7] 59} Foletitst &
o] A=A = E vl S5k
HR-ToF-AMS+= OFRE ©|-§3F 27} BAH7] (SA)
Aol F= AR E= HI 2 A o]of digh ZpAlRt 4
Ho g2 AFE 55l A& (e.g. Liu et al.,
2019; Jathar et al., 2017; Link et al., 2017; Hu et al.,
2016; DeCarlo et al., 2006). & A= organic mass
(OM), nitrate, sulfate, ammoniumE 1% 7FF0 2 V-
modeE AH8St] SA4sH o™, Hloly A= g
I 2 7% (SQUIRREL v1.57], PIKA v1.161)& 7}#| 1
Igor Pro 6.3 (WaveMetrics) ol 4] 1385} ich. Hg o 7]
% Collection Efficiency (CE)+&= Middlebrook et al.
(2012)°] A|¢tsh= 055 Ho] ARESEA|TE B oo
A 1:& AHESHITE ©] <= OFR ol HAtt R &
(NH,NO;)2| A4 H]Fo] F7F5t] particle bounce
7b zste] CEZF S7H= AL oo itsbi| gt Ao
utebA CE7F ¥sh7] wiizolth (Pieber et al., 2018;
Saha et al., 2018; Palm et al., 2016). =5F, o|¥ 7]
ZVoll A= Scanning Mobility Particle Sizers (SMPS)&
OL4T QAT BEES Z4e}] JLODR HR-

ToF-AMS®] /& Frd¥et v s 53 CE 2




HZXIS L 015717t MBS SIS 7| (OFRIZ 0123t T 25+ RIS M4 U SI8HS S 24 791
0.6+ 80+ 1.0 35+ 100
0.8 20
— 0.5- — 60- —~
£ -g. 0.6 (zD o 30+ 80
Q o N - I
2 NSNS = 40 = = 70 =
S g 042 £ E
O 0.3- Z 201 =~ F 60
0.2
50
L 0 ; 0.0 20 4=
0 4 8 1216 20 0 4 8 1216 20 0 4 8 1216 20
120+ 60 60 8 _I(\)ll':moniumx:!
100 50 50 = —mer
= 804 S 40 40 Z R
- = o B
2 60 = 30- 305 Z 4
o 40 2 20] 208 g )
20 10] 10 =
0+ 0+ =0 0+
0 4 8 1216 20 0 4 8 1216 20 0 4 8 12 16 20
Local time of day
5.0 6.0-
4.0-
) 2 4.0-
£ 3 & ~\,,-Vv
~ ZO'M f
2 Z 2.0
1.0-
0.0 0.0 T

0 4 8 1216 20
Local time of day

0 4 8 1216 20
Local time of day

Fig. 4. Mean diurnal cycles of gases and particles during experiment.
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Fig. 5. Average fraction contribution from mass concentration of OA, nitrate, sulfate, ammonium to total HR-ToF-AMS aerosol
measurements for ambient and PSA enhancement during campaign.

I=2 A3l E2A1318] NO,/NOy= 0.52 A4S A]
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2 T NHy = E3B 2.840.4 ppb 50130
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7} 24¥l0] 917 9k £ 29} #7720 WE
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2 H2lt} o]f+= Wang et al. (2015)7} Zhou et al.
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SET AP 2 Barskar QIAIRE CO, NOy 9| ®i3}
£ Ho] EET AR AEAt viE ¢ =]l
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7] Wj&Zoltt. A 2= Park et al. (2019)7} Link et al.
(2017)2 =i el #FE (L, A LPG) S84

Ad
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2 Ao e SEEARS Zdet FH kR0
58 AEFTES APk ekt sO,= Bt
2.1+02ppbO 2 HI WA P = BRE W o
ANA FFAR ] ZE = 6A 217 2.2+

T 0.3£0.1 ug/m*S =2 sulfate 2.3+1 pg/m’, amm-
onium 0.7+0.3 pg/m>* BT} @t o] f2 &= 54
e et Fefehit-gof oJs) UW] (fine mode) At°]
Z9] ammoninated nitrate”’} AT B2t A& S
2 25 o) B-9HA3E nitratet nitric acid= 22 (diss-
ociation) & 7] W&otk (Revuelta et al., 2012; Khoder
2002). HFH sulfatet= Yo HtHT =9F7 0,9] H3}
oF frAtetA=d o154 705_ Sl xAL R Folehdt
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(Zhang et al., 2015; Khoder 2002). OAE= % AJ7ke] |
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NR-PM,= positive matrix factorization (PMF) 2 24
3t A3} OA % SOAE 41%, primary OA (POA)E
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SOAE Z7 X7ty st Qi o]4 3 B =44
TR o AIZE OAx= 1914 Bl o3t POA HilE
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(Liu et al., 2019; Palm et al., 2018).

3.2 EIHY 2xt YXHAEE HEEA

A 27 A= (PsA) 92 OFR 5
S} E3} A9 NR-PM, 2459 2fo|2 Holgh
T}H(PSA enhancement (OA, nitrate, sulfate, ammo-
nium) = OFR-ambient). 13 5= HR-ToF-AMSZ=
St th7]19] NR-PM, B =9} 0.9~599] 33}
SHFSHA oA At FA 22k dAVE=E
(PSA) ] B 3%= ettt 7] & NR-PM, 9] Bt
£ 69+2.5ug/m’0]. 01 7t A2 o] Pt 9 HF-2
OA 3.6+05.1 pug/m? (52.4%), nitrate 0.3+0.1 pg/m?
(4.2%), sulfate 2.3 +1 }1g/m3 (32.7%), ammonium 0.7 +
0.3 pg/m’ (10.7%) 1t FAF 22k A=
(PSA) ] AR Wi 18.7 uygm’E ZF JE-L 0A
8.7 pg/m® (46.8%) nitrate 6.6 ug/m>(35.2%), sulfate 0.7
ug/m> (3.6%), ammonium 2.7 ug/m> (14.5%) At OA
= 7] s Bt oF 2 54], nitrate 224}, sulfate 0.3H],
ammonium 3.8H] 2 ammonium nitrate2] AJd %] =
of BA S7kok= A& gl 4= U ol E A
o H O 2 Ao A th719] NO,/NOk o] Hle2
4t 0.69£0.11°] AATF OFROIA A4 H 0,242] A
shk-goll ofsl 0.75~0.98714] 75t om, @ o]%-
OH- 7} WS- 2 nitric acidg ¥4, @ H7] 5 NH,
2} 7H-5-51] ammonium nitrate’S AJ4J 5153 7] TE0]
ct. ohek, o]t OFRe} £2 F3fohtehd& A
ot Aol A AAH nitrate®] YH-= organic nitrate
o] HlFAdS Hotal AR = Ao A= RO, +
NO HF-g-HEh NOx®F NH;7t F+23] EAIshs Hi7]
FHIEL HoqR o]z Qs AFRES 7714
nitrate2 FAE= Ao 2 TAEHTH( Liu ef al., 2019;
Tkacik et al., 2014). Bt sulfate®] AdF Fk=
b olff2E @ H%E 7kaE ¥ ¥ S0, Fu:
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Fig. 6. Observed potential NR-PM; enhancement from the
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