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Abstract The smog chamber is a research facility that simulates atmospheric phenomena such as secondary pollution of
ozone and aerosols under different atmospheric conditions. It enables the investigation of photochemical reaction processes,
yields, and products, as well as physicochemical properties of secondary aerosol. Since the beginning of smog chamber
research under the 1950s, experiments mainly on ozone and particle formation have been conducted, depending on the
chamber specification and research trends. Smog chamber research in Korea began in the early 2000s and has continued
since 2010 due to growing interest in particulate matter pollution. This study covers the domestic and global history of smog
chamber research, as well as significant recent research advancements, which provides recommendations for future studies in
smog chamber research.
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1. N =2 and Development (OECD, A& H /R 7] ol =
™ particulate matter (PM, YA E2)of oJgt =7
7] % ZARAE QSIS 1 FaT B ARES 200871 20108 71 5 ¥ o4 F7he
24 % shtolth. World Health Organization (WHO, 2192 ¢ZE|ITHOECD, 2012). 19521 HAYSH #le
AIAEZAZI el 23] 7HEE Global Burden of Dis- A& 719} 1943 K] 195010 TAJQE LA A1,
ease (GBD, AlA| AH Hih) 240 oJatd 20199 & ATt AAGEo R 20109t BHS 7158 Hlo]d &
A ZEAAA (PM, ) Sfoh A7) 45 o] Aleto] %5 HIEAISS] ZBAEA OAS nitrogen oxides
APSE © W (Fuller ef al., 2022), =W oA = 1990 (NO,, AAASHE), sulfur oxides (SO, 9}*}9}5) vola-
¥ 2013712 dHF 17 7,0000] Fo] PM,s9] & tile organic compounds (VOCs, 31245713152
7IkeE2 Qo] 27 Ao FAHEG (Kimet 7] § 7|AY sfetaZ o] Foleiit-g oz g ‘?z_”c‘?
al., 2018). Organisation for Economic Co-operation  of= ZR|A|HZ|o] that A4 A1} ¥-g-712, oo
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Fig. 1. Schematic of smog chambers in KIST.

of tigt et TS ZAIZITH(Zhang et al.,  (SOAs, 0|2} §7] ol|o]2Z) (Zhang et al.,, 2015) X
2015). ZUjol A= 2010 LdtH %J omRE Y &Y & (yid)T 715 st FRlekt
Aol g 712719 FFer 2uAHA] F=7t  § 71F E ol& Foll AP olol=Ee] EF3tetA
ot F7tote S HAS™ (Kim et al, 2017, 545 7#¥5te Ao E8=o] it 27 A A
Ahmed et al,, 2015), 7|4 J1 of gk fiFo] Add  Fe= F= Feehgo] %t niAH ] A 712

_I

Ao] F7Fskod (Kim et al., 2020) ZRAHA] O] tiet 3 F}yieldE S4she A= FH=Z 5HAL, @49 HH
oh2 Ao Hado] A7 =it AFFA= ti718ket kg 712 ofy=h, foiAd ¥

OV IR PR Y AT AT L S FEEAN G EHI kS bl sl
L 2 VOCs9| secondary organic aerosols  (Chu et al., 2022; Lim et al., 2016). 2171 = 71A
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868 ZEE, OIX|H, 2 AL, HX|E, g L 2ets,
A RFEAT seed YAHE FYSRE FUR, W30l

o] F0]Z]= ¥ (reaction bag), 3
FY, BYEES Schs SRR

2718 BApHE
3, AE 7}
oF A7t HiEE= HiETF= /T (Song et al,
2021; Lim et al., 2016; Bae et al., 2003). 13 1-& KIST
o 49 9 59 221 o] AfEhelh
ti71sfehil-g HAME S 9% H-8-=2 seed
2}, VOCs, NO,, AtatA) 9] <=4 2 £ =T Seed YAt
9} VOCsE T2 F5hA] 9 7|7k Gl

7IAE A FASH|E STt Seed YAE HIA|H A
o] FAEQI (NH,),80,°] F& AME-E|H (Tajuelo et

al., 2019; Lambe et al., 2015), B=A} Z70f whebA] A4
A= AU (soot)E AHESFALE (Kuang and
Shang, 2020; Kamm et al., 1999), t7] & 71425
A5 $J5f AP A] (Kaniji et al., 2019; Park et al.,
2017)t+ MnSO,, ZnSO,, FeSO, 2} -8 Aol g4t
% (Chu et al., 2014, 2013), |G o2 =S HAISH]
25l NaClS seed YATZE AHESFA ) (Sem et al., 2022;
Beardsley et al., 2013).

VOCst= 17HEl 25l HiE %= anthropogenic
VOCs (AVOCs, J17H8F 719 VOCs) &t A4 5 A=
o4 Bi&=]E= biogenic VOCs (BVOCs, EE5 7|
A VOCs)E UE = loH, vi7] & F=7F =2l 8l
S0 B2 5Ho| 5 dAgttldoe] Hej gt AVOCs
=7 F ! alkyl
2 UHA] 40%E dof of

EL 9] 40~50%E A} ]6} alkane %
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7, 247

<, i, 0lE=

St A4 AW =] ATk (Srivastava et al., 2022). BVOCs
SoME wiEFel 7 B2
B-pinene, limonene&
B-caryophyllene?} 22
Eof| A 7| ¥3H= dimethylsulfide (DMS)7} A2 2
85Tt (Xavier et al., 2019). THFet A1=HE9]
EYEE 0§51 sty olE Sol, AdHe
24 EE—]HL} o]_quq oz HHEE]I— _9_01-7]—/\2 111—1
@71 el F571= stk

21 o s g A Wstshe slekea
o =5 11 2] UEiglt. GHHH 2 2 vOCset
1% 5 Aol 2Abstel PSS
o} oluf Z7 di7|stetg oA A1 Fad
OH 2ejzro] A4,
J5HA] AL VOCs/NO, HI7} YrotA
Ho] glkﬁL 7:L<,>_ _‘75 ].:Go] /\]-9’]-7\-] 2 E9 ]_

to}, AFSHA| 2= H,0, (Lugo et al.,

2022; Ng et al., 2007), HONO (Li et al., 2022; Han and
Jang, 2020; Ng et al., 2007), HCHO (Zhang et al., 2018;
Chen et al., 2015; Samy and Zielinska, 2010)7} AF-8-%
th. OH = Z A4S 918l methyl nitrite (CH;ONO)
(Sato et al., 2019; Hao et al., 2007), isopropyl nitrite
(C3H,NO,) (Lamkaddam et al., 2017; Stroud et al.,
2004) 5= AHEEIICE CH,0NOS CH,NO,Z 5 E
OH 2ttjzto] AR Y182 thaat 2} (Raff and
Finlayson-Pitts, 2010; Becker and Wirtz, 1989).
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Fig. 2. Example of photooxidation of toluene/NO, mixtures using KIST smog chambers.
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CH;0NO (or i-C;H,0NO) Audg 2T AT e T8 AFFAC ot
v £ AEds alohH, ko 2o A A|Alof
— CH;0 (or i-C;H,0) + NO (1) 77} B,
CH3O (Or i-C3H70) + 02
—= CH,0 (or CH;0C(0)CH;0) + HO, )
2. AT MY =Tk
HO,+NO— NO,+OH 3) =l AY A759
olel &0 F8 =zl 0,2 A FY=H7 = 2.1 29 AR M AFLSE
stal, Cl -2 CLESFE YA H ot (Farrugia et al., AT W= 1950 A TR E JE] o] ARR-E]7] A
2015; Huang et al., 2012). 2519901, o] 1940 ol NO, &} VOCs 7He] 33}

Z420] 7| Te An T W] EAN ARt SHREgo] Yol LA ARTO] t7]EeH Hhg 7] &}
2} oHe ol whet chefet ti7lEe)stet vkt 1 & AESHAl 1S SIRt A3, o % vl=,
IFe PEsHE AFE FHdg FHAME H, T, G L AUTet 5 FollA] AR Tt
Korea-United States Air Quality (KORUS-AQ, §H1| o} =5 o] @714 6000] H o]/F9] =73t H A7}
7NA BEEAD, 2R AEAAR ] getdet gk ESWEO] gtk AT W O] F7]of wet el A
8, oH-g H|Ee Fobio} 7)) Egjstet ukg O §lo, WOV K7t 1m?’ ol5ke] A2 A BE
S5t 2ol A A4 54 FEAA S @ 870 140’ WY A 29 AR A, 10750

7= £PSjgitt B g R 2o 8 m’ Wl A2 $F AR A, 50m® o/l A2
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Table 1. Major smog chamber facilities in the world (Modified from Chu et al. (2022)).

Put;gzkr\ed Chamber/Institute Country City V(()::?;e Type Material
1950s Midwest Research Institute ~ US Kansas City, Missouri ~62 Indoor Glass
1976 UNC, Chapel Hill us Chapel Hill, North Carolina ~ 2Xx 150 Outdoor  FEP Teflon
1977 EC Chamber us Riverside, California 5.8 Indoor Aluminum alloy
coated with Teflon
1978 TVA us Riverside, California 28 Indoor Teflon
1979 Riverside us Riverside, California 6.4 Indoor Glass (pyrex)
1979 Tsukuba Japan Tsukuba, Ibaraki 6.065 Indoor Stainless steel
lined with PFA
1979 CSIRO Australia Sydney 2%20 Outdoor  FEP Teflon
1982 Peking University China Beijing, Haidian District 1.2 Indoor FEP Teflon
1983 OTC, Riverside us Riverside, California 50 Outdoor  Teflon
1983 Columbus Laboratories us Columbus, Ohio 17.3 Outdoor  FEP Teflon
1984 ERT Chamber us Westlake Village, California ~ 60-80 Outdoor  FEP Teflon
1985 UNC us Chapel Hill, North Carolina 25 Outdoor  FEP Teflon
1985 Pasadena us Pasadena, California 65 Outdoor  FEP Teflon
1986 Wuppertal Germany Wuppertal, 1.08 Indoor Quartz
North Rhine-Westphalia
1990 AIDAc Germany Karlsruhe, 84 Indoor Aluminum
Baden-Wirttemberg (AlMg3)
1992 EPA us Research Triangle Park, 9 Indoor/ Teflon
North Carolina Mobile
1995 UNC us Chapel Hill, North Carolina 190 Outdoor  FEP Teflon
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Table 1. Continued.

2012, S0/, ZFIY, v, 015

Published Chamber/Institute Country City Volu;ne Type Material
year (m°)
1995 EUPHORE Spain Valencia 2%200 Outdoor  FEP Teflon
li(g)g SAPHIR Germany Jilich 256~370  Outdoor  FEP Teflon
1997 EC chamber Canada Toronto, Ontario 9 Indoor Teflon
1997 CRAES China Beijing, Haidian District 3 Indoor FEP Teflon
1998 Pasadena us Pasadena, California 2%28 Indoor Teflon
2000 UCR us Riverside, California 2X90 Indoor FEP Teflon
2003 TCRDL Japan Nagakute, Aichi 2 Indoor Teflon
2003 Small chamber/KIST Korea Seoul 2x25 Indoor FEP Teflon
2005 6.9
2004 PSI Chamber Switzerland  Villigen, Aargau 27 Indoor FEP Teflon
2004 UNC, Chapel Hill us Chapel Hill, North Carolina  2x135 Outdoor  FEP Teflon
2005 EPA us Research Triangle Park, 14.5 Indoor Stainless steel
North Carolina with Teflon
2005 CSIRO Australia Sydney, New South Wales 18.1 Indoor FEP Teflon
2005 Tsinghua University China Beijing, Haidian District 2 Indoor FEP Teflon
2006 CLOUD Switzerland ~ Meyrin, Geneva 26 Indoor Stainless steel
2007 Carnegie Mellon Univ. us Pittsburgh, Pennsylvania 10 Indoor Teflon (PTFE/FEP)
2007 HIRAC, University of Leeds UK Leeds, West Yorkshire 2 Indoor Stainless steel
2007 University College IASC Cork Ireland  Cork, Munster 6.5 Indoor FEP
2007 LEAK Germany Leipzig, Saxony 19 Indoor FEP Teflon
2009 HEC Chamber, Harvard us Cambridge, MA 4.7 Indoor Teflon
2009 GIG-CAS China Guangzhou, Guangdong 30 Indoor FEP Teflon
2010 UCLA us Los Angeles, California 24~34 Outdoor  FEP Teflon
2011 CESAM, CNRS France Paris 42 Indoor Stainless steel
2011 UNC, Chapel Hill us Chapel Hill, North Carolina  2x120 Outdoor  FEP Teflon
2012 Manchester Aerosol UK Manchester, North West 18 Indoor FEP Teflon
Chamber England
2012 RCEES-CAS China Beijing, Haidian District 3 Indoor FEP Teflon
2012 HELIOS, CNRS France Paris 90 Outdoor  FEP Teflon
2013 Mobile Smog Chamber, PSI  Switzerland  Villigen, Aargau 9 Indoor Teflon
2013 FORTH-ASC Greece Patras 10 Indoor Teflon
2013 FORTH-ASC Greece Patras 2%2 Indoor Teflon
2013 IC-CAS China Beijing, Haidian District 2x5 Indoor FEP Teflon
2013 RCEES-CAS China Beijing, Haidian District 30 Indoor FEP Teflon
2014 NCAR chamber us Boulder, Colorado 10 Indoor FEP Teflon
2014 UF-APHOR, University of us Gainesville, Florida 252 QOutdoor FEP Teflon
Florida
2015 ILMARI, UEF Finland Kuopio 29 Indoor FEP Teflon
2016 ISAC, CNRS France Paris 2 Indoor Teflon
2016 Kyungpook Natl Univ. Korea Daegu 7 Indoor FEP Teflon
Korea
2017 Zhejiang University China Hangzhou, Xihu District 3 Indoor FEP Teflon
2018 CSIRO Australia North Ryde, Sydney, New 24.8 Indoor FEP Teflon
South Wales
2018 ChAMBRe, INFN-Genova Italy Genova, Liguria 2.2 Indoor Stainless steel
2019 Shandong University China Qingdao, Shandong 3 Indoor FEP Teflon
2021 CRAES China Beijing, Haidian District 56 Outdoor  FEP Teflon
2021 Korea Institute of Korea Yeoncheon-gun, 1,163 Outdoor  ETFE
Civil Engineering and Gyeonggi-do
Building Technology
2023 Medium chamber/KIST Korea Seoul 27 Indoor FEP Teflon




e AR e FLEsklnh 59] el Oxi-
dation Flow Reactor (OFR, 413} 5& H¥-5-7]) (Kang
et al., 2007)7} B-&= 0] 4 9 H| = aof Frofi
2] e 7HESHE ZuAHA] AAARES A 0] ZHE
Sleh Zbstol| FEH AR 1 O] AfoFy} 1A FF
< ofe] 257 A g Reroll 28] .oFE o] 9l
th(Chu et al., 2022; Hidy, 2019; Lim et al., 2016). & 1=
wolAE T2 =7F W 9] ARE Thds] A7k,
2T ATEFE THCE AAISHIT

2.1.1 o=

nl=-2 7 wE A17191 1950 dHfof ofn] AR
139 9] Ade AAst 2xo] FHAddS 43
5} h (Midwest Research Institute) (Morriss et al.,
1957). 1960~1970 At %7]9] RASTEC (Rose and
Brandt, 1960), International Business Machines Corpo-
ration (IBM) (Steading, 1965), Stanford Research Insti-
tute (Doyle, 1970), Battelle Memorial Institute®] Col-
umbus Laboratories (Wilson Jr et al., 1971), FMC cor-
poration A= SO,, NO,, 2t]Zo] Gt HA|
ZH S N, e &5 ] g 5 712AY

AR H 12 O =
AYS AL o) F st 3RS FHO
2 g 1okl AAIAIE Bt 2R A
AF-= skl ok

UNC Chamber

The University of North Carolina at Chapel Hill (UNC,
LagiEetolut tistw)2 19759 312 m® (2X 150
m’) 37]9] FEP HIZE2 TE0 2 o]z AIA 2z
o] o] M E AZtC 7, o] of2] 2} Tt 2
719] £&] FHE FHkAh o] A= 19709 =
W AR Adste] AL T A7 E
Sastglon], 56 AH Aol Age pudo
2 HojFE Fujolt), £7] AF-E NO,, VOCso] %
soltAT g4, G20 9 5 712 A9 FE o
2210 ™ (Kamens et al., 1981; Jeffries et al., 1976a,

1976b, 1975), 1980~90d tholl = =2 HiE7+A2} poly-

i

=L ART MH HATSE 871

cyclic aromatic hydrocarbons (e &FSEa 44,
PAHs) (Kamens et al., 1986), dioxin (Lutes et al., 1992),
siloxane (Chandramouli and Kamens, 2001; Latimer
et al, 1998)¥} o] QI7FE-Fo] ofs A== 75|
=2 Ay} Z71A- AR =2l 7l F
3, FAFFE ol A=At 20008 ©]F SOAs
A7t EASIE|HAA] B-caryopyllen (Jaoui et al., 2003),
a-cedrene (Jaoui et al., 2004), a-pinene (Lee et al., 2004),
a-limonene (Leungsakul et al., 2005), isoprene (Chan-
dramouli and Kamens, 2001) G- TFFSt terpene 72t ==
Ath7] & & W 23 VOCs (Ebersviller et al., 2012;
Kamens et al., 2011; Zhou et al., 2011)2] &s}shdk-g-3}
A=) B AE L A= G AFsHAH.

20154 ©]% SOAs9] Oxidation potential (OP)¥} =
Aol th$t A (Hazari et al., 2018; Kramer ef al., 2016)
9} epoxyldiol-derived sulfated/nonsulfated oligomer
s ozonolysis A/d=2] Y AEH T} ti7]eket4
Agtof tht A (Armstrong et al, 2022; Riva et al.,
2016)7F =3 =] o] LIt

UCR Chamber

University of California, Riverside (UCR, 2| Z1]o}
sty gHAto]=)of= U.S. Environmental Protec-
tion Agency (US-EPA, U]=F $4%4)e] 2922 OTC
(Outdoor Teflon Chamber), ITC (Indoor Teflon Cham-
ber), ETC (Ernie’s Teflon Chamber) 5 theFet 27]
o A9l A7} F5= 0] 19709 ZRHEE TA]
th719] gaFehik-gofl thet 2]&52] Q1 A5 4353l
th 2005\300= 90 m® =271€] 7L AU =< EPA-
UCR W7} =5l ow, A4 7|t RAte] &
et A5k NO, Aol 811 It} (Carter et al,
2005). UCR HHe[ A= F2 VOCs©] 33}8} §H-3-7]
A & T e BESt ¥ mAYS
= TSt o8 Hi7|stet Rl &8 4 Q=
glo]g o] AE F55FATH(Carter et al., 2012; Dodge,
2000; Carter and Lurmann, 1991; Pitts Jr, 1977; Pitts Jr et
al., 1977).
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2o camphene (Li et al., 2022), furan (Jiang et
al., 2020)7} 22 3}et=4 o] P3G WAYUSS
Fete] BUE-BEY dolg 1e] HRATE
astaon, A A o7 8gelA washe
SOAs AJA] k1 A} &1L (Zhao et al., 2019), AVOCs
o} gEaalE A 9 A 2712 2 9] SoAs 2 A
) BES- A (Li et al., 2018; Li and Cocker, 2018)E &=
apsteic

Caltech Chamber

California Institute of Technology (Caltech, Z22] &1
obF st )oli= 19859 65 m*S] 9] AW} 75
E)o] AH-S 4~585l1$E O ™ (Leone et al., 1985), 2001
28 m’ 27]1€] FEP HIZE 7 AU HHE 7551
T} (Cocker et al., 2001). TF¥SH £7-2] monoaroma-
tics (Ng et al., 2007), terpenes (Lee et al., 2006a, 2006b),
12C-alkane (Yee et al., 2013), cycloalkenes (Keywood
et al., 2004), a-pinene (Eddingsaas et al., 2012a, 2012b)
9] SOA yieldE HIst§om, sgoA FE7
9 Todine o = 7H G 5= s ollol=Z A4 714
(O’Dowd et al., 2002)2 AL3}7]| = 3}4L}. CIMS
(Chemical ionization mass spectrometry)E 285+
isoprene. 2 2FE| Organic nitrate?} epoxide”} A§/J
< FESte] H1519] ™ (Paulot et al., 2009a, 2009b),
HR-AMS (High-Resolution Aerosol Mass Spectrome-
ter)E °l-8% ool=E9 Setxdd AFE =st
7% 5}t (Chhabra et al., 2010). 3] o] o] A
= wall-loss @4 (Loza et al., 2010)Z} wall deposition
(Zhang et al., 2015), vapor-wall transport (Huang ef al.,
2018), YAt A5t 7)1 2= Q¥ (Charan et al., 2018)
S A Ao de 5= st e =M,
v Ayt A4 gi7eh 7o) = Eol=d e
T 2 A& Als St

UF-APHOR

20110f] =9 Z 22t} s 9] University
of Florida-The Atmospheric PHotochemical OQutdoor

ofok

o

o
[ vl

o>

Ol L AT, i, 0155

Reactor (UF-APHOR):= 2 x 52 m>2] FEP HIZZ 92
o2 o]Fol7] &o] YH| 2 uf¢ 55 FAES o

21 It} A& £, sea salt aerosol (Sem et al., 2022;
Beardsley et al., 2013)Z} mineral dust (Yu and Jang,
2018; Park et al., 2017; Park and Jang, 2016)E seed ¢
Zt2 AFE5HY] heterogenous FH-5-2 A5, w2
2} H x0)| A ¥ &%= microcystin (Jang et al., 2020) T}
Brevetoxin (Sem et al., 2022)2] t7] & <+ A1} —.?—'3]]
4 Wste] B3t AT st E=EtE=
ofze|7} Afstet ApatolAf wlAtRt Apat ©2]7} EHH
ok Ay AF¥AH o2 TEsh= x| do|w, ool 4]
FUE A clelzEes T3l Ax m47F H7] Foll
A AZEE ¥ 9t 2016137} 20180

LA =

7S & shode. o] e o] A At 9]
AL m2@ ot 2FEAL] i7)g)s) w2
HolEth=s HolA E71% vl

2.1.2 3

FH-2 19809l = Wuppertal T&tof|A] Fz9] A
H A9-S Faotgl ot i Agykgr]o] I3t
(Barnes et al., 1983, 1982). 19901 T]] 4 EAH o7
A3} AHQ, G, AA, THYA T 74| 2]

OE §99 F0Y 2R WS PRS0,
EUROCHAMP 2020 (https://www.eurochamp.org) 2}
AHAYEYIE LA5te] 295t 9ot ZF AH
ol kel choret ATLE Sastod, Bt st

£ wAste duy S skl ot

E ]
=

Mo JQ FIF

47171

EUPHORE

EUPHORE (European PHOtoREactor) = 1998 2
H|¢l grallAjoto]| 55, 170 m® 7]2] PEF HEZE
Aol 74 Hxo] e &9 ol (Klotz et al,
1998). o] WA= 75 Z7]FH monoterpenes
(Hallquist et al., 1999), alkenes (Siese et al., 2001), allyl
acetate (Picquet-Varrault et al., 2002)2] SOAs 234 |
AYZE A+ (Bloss et al., 2005a, 2005b)E 5-F o}

EUPHORE®]|A]+= LIF (laser induced fluorescence)E

ZEEX| M 39 H M 5



o] g%t OH =HZ S4WH2 A5t (Bloss et al.,
2004), A WA B4 HONO®| OH 2|2 A
&L 2 Frgsta] (Zador et al., 2006), ©]= HiEr o=
THeH 224 9] photolysis A &S 4353t 20104
o] ©]% ethalfluralin herbicide (Mufioz et al., 2014b),
chlopyrifos (Mufioz et al., 2014a), lindane (Vera et al.,
2015), organothiophosphate insecticidide (Mufioz et al.,
2018), thiocabamate herbicideds (Borras et al., 2017) ‘&
ohrRt AAEA19] OH & vhg 45 Ffl +f
Aol &g 4 A= B F AR WAYUS

off galf A5k

AIDAc

£ Karlsruher Institut fiir Technologie (KIT, =
Ao Fattfsta)of X% AIDAc (Aerosol Inter-
actions and Dynamics in the Atmosphere, classical ver-
sion)= -84 84 m’S] AFE T35 (AlMg3)°] 47
A tiF AUl MW=, 2= -90°CHH +60°C,
22 0.01 hPaFE] 1,000 hPa7}A] 2AS 4= 1= H
Ho|th(Bunz et al., 1996). A-2/# Y} ZA7IA] BAZ}
7Fsste] thid] di7|skeih-gE ofyet A5 tiR

A 0 EAN 0] 7B AL BA 4 Q7] HhE

L
of & MW =2 E¢7] & ek Z17] vhE 579] LED
£ Z28ote] EAS F2AL Aa-E5A BARE 4= 9l
I, GF 0l da o2 o]FolA] 317 wl&ol| wall loss
£ EA5H] 419, Ax 218 ofdet difd 9
A5d 5 210A WA sk =3kt di7ld
& BARE & itk Aol ZHolnt. o] 23k EAE

o]-g5to] AIDAc FHOIA = oflof=E0] /o] ice
nucleation®]| U] X]i= G & (Wagner et al., 2012), H-22
A2 A4 EA (Schneider et al., 2021; Schnai-
ter et al., 2016; Hiranuma ef al.,, 2014) 5 753}t A
T (Wagner et al., 2006) 5-°] 3= et FE AR
(DeMott et al., 2015), BFE]| 2o} (Amato et al., 2015), &
SFHZ] (Steinke et al., 2016), AEH|AEA] (Umo et al.,
2019), A& 2l 7] (Steinke et al., 2020) So] 2=

9] ice nucleation activityS oty W2 2L {9

=L ART MH ATSE 873

(213~313 K)°l|A] a-pinene ¥ B-caryophyllene 4F2}o]|
OJ3t SOAs F4d3 SOAse] E2|3F5F B4 (Gao et al,
2023, 2022; Huang et al., 2018) 5 Th= A of| A &

sp7] olefe t7lakerd @ g Sk Sl

SAPHIR

=4 Forschungszentrum Jiilich GmbH (&&] 5] A+
4)9] SAPHIR (Simulation of Atmospheric PHoto-
chemistry In a large Reaction Chamber) H]= 2008
75 Y 59 AHE o]F2| FEP HIEE2R
Foi7l 270 m*e] % YFF A olth (Karl et al,
2004). SAPHIR #H+= DOAS (differential optical
absorption spectroscopy), LIF 52| 3Fa}shgu] 2
CIMS-ToE, PTR-MS & tefet AFEA7E &85
o}, OH, NO;, HO, 59| 2HZ¥ NO,, OVOCs,
HCHO 5 "&e] 712 2471719] et vl A% <

= $~Y5I9 tF (Fuchs et al., 2012, 2010a, 2010b; Apel
et al., 2008; Schlosser et al., 2007; Wyche et al., 2007).

20179 BVOGsE 214 FUs7] A A2 Al
SAPHIR + chamber& 755t BVOCs27-E] 34

= SOAs®} CCN activity2 751321 (Zhao et
al., 2017; Dal Maso et al., 2016; Hohaus et al., 2016),
CRDS (cavity ring-down spectroscopy), DOAS, open-
path incoherent broadband cavity-enhanced absorption
spectroscopy (IBBCEAS) 52| A FeFH|E =
5to] HONO, HCHO H&7]%el thet A& <33l
2t (Glowania et al., 2021). FZ A&% S EHRS Al
W M Q1 SAPHIR* (star) chamberS 1-&5}ITt.

3
29 524

2.1.3 €2, 3%, %=

U2 19709 79 18Y F3Ft AR 17} PS5 of
2 TsE AUt o] wt 19798 National Insti-
tute for Environmental Studies (NIES, =5 &4 A
&) WU} FEEI, o AHE emel £7Y &

2 AHHE, PFAR ZEHE A" AAE (SUS 304)
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& o]Fo|A Itk NIES H& 7HA = SOAs?]
volatility (Sato et al., 2019, 2018), VOCs2] OH-reactivi-
ty (Sakamoto et al., 2022; Sato et al., 2017), LE//3 Al

At
5 (Morino et al., 2023) theFet A2 2hits] 2158

AL ik

d-& F3ll O; PR (0zone production reglme)

¢

.

ol

o5
S = CSIRO HMH7T 1983 =X ©]Z (Nelson
and Quigley, 1983) |&2 21 ATLE ~P3||gict. 2|

22 755 CSIRO oF¢] = T 719 20m® HIE
EWog L= glon, 20059 18.1 m*] CSIRO A
W e 7} LEE] AT (Hynes et al., 2005). 20153 F-E
= 2476 m’ FEP HIZEW O 8 o]fo]xl 22 Z|A}
7k U] AHE ek} Fasla AT (White et
al., 2018; Warren et al., 2008). CSIRO FH| o[ A=
SAPRC-07, MCM HIAUES 7k $13t A<
5] =PoligkOH (Li et al., 2020; White et al., 2018;
Azzi et al., 2010; Hynes et al., 2005; Hess et al., 1992),
ofgh-2 -G 3|HEG-9] 5-=7] (Beer et al., 2011; White
et al., 2010), SZLHEA oloj| A WAI5H= 1,8-cineole
oxide (Iinuma et al., 2009), CO, T3] AFEEH=
2-amino-2-methyl-1-propanol (AMP) (Li et al., 2020)
3} piperazine (White et al.,, 2015) 5 S5 7|25 3t
Ay 7)eo A WAshs Stk o 7|2 |
AUZT FFS Ahgteh

=

WA ~E] thstolli= 18 m? FEP H|E
©]Z MAC (Manchester Aerosol Chamber)2} 2173 1
mX 0] 10me] AHHAAER FLAE L5 Yujel
MICC (Manchester Ice Cloud Chamber)”7} 1.2, 0]
£ 227 A9 TS 4FS FA Sy
St Awjo]th (Shao et al., 2022). MACOAE VOCs2]
Zsleatg- o 2 2l SOAse] A A (Alfarra et

al., 2012)3} cloud condensation nuclei activity A3

ZEWoR o]

Olot

o

o
[ vl

o>

Ol %, ZTIF, i, ols=
(Wang et al., 2022)0] XY= 0™, MACS} MICCE
A5t ice nucleation 5 A3 Bt UTH (Frey

et al., 2018).

2.1.4 5=

F2 5=t (CAS, Chinese Academy of Sci-
ences) ¥} 37715 (CRAES, Chinese Research
Academy of Environmental Sciences), Hlo]thetw
SolA 29 W75 o &3t gt AYS XSt
of 9] Adef skl gt (Nie et al., 2002; Wu
et al., 2001; Wang et al., 1989; Wang, 1998; Tang et al.,
1982). 2000 H] FHF Ho]Ag v XS T
Aoz AHZF ART @io] WSl on, £AH
Ql 287 e Ao ik Basdo] tiF= 3l o]
ofl wh2t 20001 el CASSt A stesta FollA 24
Hog F9 HHE FE5HHH S22 A7 =
&Aoo g Az Bl 2R X:‘itﬂ* TEokal
Ao, olF Foff Ao tiristet A4S +3ystL
ek

CAS Chambers

CAS+= AIOFM-CAS (Hao et al., 2007), AIP-CAS (Jia
et al., 2009; Du et al., 2007) 52| AF W27 & 1=
sto] di71set ATE Sapsigton, 2014 BAS
253t A7 (GIG)N 9Ag SATFeHel 4712515t
A2 (State Key Laboratory of Organic Geochemistry,
GIG CAS)= 30m’9] H E i B )|
GIG-CASE 1501 tH(Wang et al., 2014). CAS AYEY
T AFAIE (RCEES-CAS)l+= 0.1 m® (Liang et al.,
2011), 3 m? (Song et al., 2018), 30 m?® (Chen et al.,
2019a) 5 ThoFst 3719 243 A AR AH e}
& AFE2 T EAUIE YD 5 =E NO,
% S0, =3 Al 2" ollA] vOCs Fatehi-g5& HAfst
Ath(Chen et al., 2019a; Liu et al., 2019; Deng et al.,
2017; Liu et al., 2016).

=
EETE4

OFR (Liu et al., 2018)2 E-F5}a1 QIth CASO|A] %138
BRG] E

ZAst5|X| M 39 X 5



23t 9 27

20078 Aslol A= 2 m32] PFE HIZE2 WHE
26199 soot particle (Lu et al., 2008), (NH,),SO, (Lu et
al., 2009), MnSO, 3} ZnSO, (Chu et al., 2013), FeSO,
(Chu et al., 2014)2} 7+ thFst seed YAtOIA T3}
kS-S Aaligttt. A thstul ] CAPS-ZJU 4
= 20159 F=5o] 20189 H4H AHZ 3m’9]
FPE HIZ& FHolH, HH o] HAet 292 T2
CSIRO o] AHE W th (Li et al., 2020). CAPS-
ZJU oA = F2 NO,-SO,-VOCs (Li et al., 2017),
NO,-NH,-VOCs (Chen et al., 2020) A|~H 5 At
4-T}5lethlS o] Hold o g 225t A| AE o] A]

7] % Bstshiie-g Astelc

718

CRAESS] 2 5% CRAES Chamberi= 56 m®
O] FEP HIEE TEWMog vhsojdl =, F=
%9] 29| o]t} (Li et al,, 2021a). CRAES H =
QET} SOAs Pl Tolsh= 27 1< (Zhang
et al., 2023)1} VOCs 23H=9] g3 A+ (Li et al.,
2021a)5 A1Zto 2 ket 515 5305k Qlet

2022'A Ho]2kgtieto] Mg o g gEodl Hx
o] ]l 10m’® 2719 F3 AW A<l AHL/
BUCT =7} =5 It (Ma et al., 2022). ©] W=
wall effectE A|ATH7] ol A”lFAAE T o] 5
mm 779 AGFE 2 o]FolA It} o] W=
toluene-NO, A]~§l7} a-pinene-ozone A|~Fof|A] B}
Andy RotEs ARE HojFglon, gfow
SOAs ¥ 0, /550 288 Aot

2.2 = AR MY AR SE

2.2.1 20004 7| =8
Sl A AAlddstnzt 5 &2 = 2002l
150 liter 53] 0] B EE W39 2709} blacklight 107}
£ ARgsto] Adf 45 25T FHE AlZFste] A
7] & 7tAFEA ] B mAUS A7E
Z=35FI o (Kim, 2002).

=L ART MH ATSE 875

AA di71d S5 Bl =l 210 A4S AF
Sl 2 KISTOllAl 20008 Zof =7HAH A4 AFY
ARe o Weu Bus} oF 25 Tk 6 A
49 AFo] 2R NS A2slo] AR W &
‘J3+5 435X (Lee et al., 2013, 2004; Bae et al.,
2003), AA] 7] ¥ synthetic mixture®] J2}FeHgt-g
BE AT AT, B} B E4S A4 A 2
=9 @& AECl T7FFAL (Lee
et al., 2010) P73 L7 FS4E toluene/
NO, &qt=¢l 2%t o2t f17] ofloj=E9] Aol 5

7VoFATt (Ju et al., 2007; Choi et al., 2006). =3 AA|
H71% olgelel AuisEel Z7Ml e U2t 4%
A WESIA I (Lee et al., 2006a; Kim et al., 2004),
AA 71l BRAEAE W77k F7HEE o
9 A7 Aol Faste BdE BEToEMN, e

=

toluene/NO, %=

Al tj7] Z79] VOCs-limited F <
2 H Tt (Lee et al., 2006b).

= A3 et o A= B 17t 800 LY EHIEE ¥
B3t blacklight 22782 ©]-835te] VOCs T/ ¥
VOCs/NO, Hl-&o] ihg @& B4 A& 3% 2
1 0E A 71oE 5

ol AT 4 9%

2 ethylene, isoprene, toluene

o] =34t} (Hong et al., 2003). T3t VOCs/NO, H|-£°]
5,7 ppbC/ppb¥d THET} 3 ppbC/ppbd W 2F AAl0]
7HE Al Ed 5440 VOCs/NO, HE°]
2.0~4.3 ppbC/ppb Helo|B2 L tf7]= VOCs-
limited 27191 Z1 0.2 FEAs}om, m2olF e
Hep 571841 A8l 2%t viEd S0l 2ol &
& Ao ExtHolgtal Bt H T (Hong et al.,
2003).

2.2.2 20104cCH S&F
ZAEet el A 2009 @ HFE Ful7t 7~8 m’Q A
U 2% AHE 750t o 2 Fopohik-gof oft
o|z} {7] oflo]=E AFE AIZFSI3ITt (Babar et al.,
2016). 8 ATEAZ uF 24 vOCsS!
a-pinenedt 1914 VOCsQ! toluenes Tt 22 NH;
SO Tl o5t Hlwtd mlAHR] S T2
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876 LEEH, O|X |, dZ8, AUz, x|, g A, 23S, &

A5} 11, flow reactor W thermodenuder 52 &
stol ola} 414 7] ololz&e] a7 AR &
Y5} T (Park et al., 2017; Babar et al., 2016).
Ul A TA] AT 3 AS7E EEsHA] AR}
AL vAmA wRA neEe] A9le 2 44
A7 A9E o) &g FHo} ulARA A1
9 017-2020 THAZH AZ17F HGAE KISTE 1
F mAIEA] Ablof B|R]= 7719 A4 wet parti-
de®] o] At 7HIS M9 (Seo et al., 2020),
71E0] AUl &% AW E o]gsto] FRot ti7] =4
2l high NO, &716]4] VOCs® thgyt-gof| 2J5t o] 2}
P2 B e dste HE, A Y dFS Bt
St ol 283 27 m’ F1]9] -10~40°C ] 2%
o] 7FsRt ¢ AR AW E FE6 As5e E
7Fstitt. &5 ol A= toluene, m-xylene, ethylben-
zene, a-pinene, isoprene 52| 8 VOCsol| T3]l SO,
o NHy7h 29hd oh52t (TS = ~60%) S5oF o
7] 2719] A 482 53l two-product 45 =&
St 32 7| g E Rl CMAQY] YEiAt=
2 AFE o] A& e ol 71ofsk3irt

3l
=

2.2.3 20204 S¢&F

ajAER] EA] Z2AE o] FLEARQl FHo
A AA ZuARA] Ol 71EE ARdEe] A
S5 Yoty Qe ‘LAY HHE B8]t 20
A=A 2873712 41 A7 E 3l KISTolA = =
A, =R, =T T =HAA Sl ol 2
Sh= ZAo= HAHI Qe uAHA] Al ARE
AgAor B ofs) $ AR AW E &8
sto oSOl ot A 712 1+ A 43
Zo] At} FEol AHEo| A= benzene, 1,2,4-TMB,
styrene, n-dodecane, cyclododecane®]| tHgh AH g
= 59l two-product B2kt ATo|ES] HJEE

=0]1! )& Bt o} 2}, aerosol liquid water content,

—_

—_ (=

aerosol pH, aerosol phase 5= HA|7Fe 2 S5 4

A= 71 R GA S& ANEste] 4 S99 2 A

3712 7ol &g st glck,

SHH, AR ti71e} Bjgs o83t Felehitg A
&S 919} ethylene tetra fluoro ethylene (ETFE) A& =
J163m® (Zo] 22m, & 12m, ¥°] 6m) F1] 2] ¥h
Felel iy Q] A7 AMuzt 2021 AT
=AY FHCR 7| e AT LAk £E5E %L
I, SOAs A/ A8t ofyet Ager JjAE
TiO, 8& 7} 37137710l tiet n|AIH2] A% 3
74, AR 2] A ARt AR A SR A
W A5 W7k 5o B8 Aok (Kim et al, 2021,

Song et al., 2021).

ofh &

i)

3. AF FAY 5%

3.1 VOCs tst 7|2 A7

W2 VOCs precursor % toluene®] 7% th7] Z-ofl
A H A =2 FE 2 WEEW, -2 oxidation reac-
tivity (9.7 X 1072 cm® mol ' s7! at 298 K)E AL ™ SOA
yield7} =271 w2l o] 7%= 24 5 shelth
HE toluene HH A9 9] %9 OH 2tt]Z2 A8t
=, water vaportt 2 UV photoloysisE 5l OH
2 Z-S YA 17 30419t o] OH 2z
of osliA 12} Ateke =4 F 90%+= OH7} addition
H CHyO,-7F H 2 Y 2] 10%= H7F AAE =
3l C;H;- ©] Hth C;Hy0,- &= 0,0 I3t F714Q1 &t
3ol oJsf a7k AAR FEHE AA cresols A3
SHAY 0, addition= ‘53l benzylperoxy 2t]Z-= AY
At & EE glyoxal, methylglyoxaljﬂr
22 dicarbonyl-& /gt A =7 Hol A= o] 9L
th(Ji et al., 2017). Z|= toluene SOAs A/ Aol A
= SOAs /el 7]ofste F71IAE2 Hshk= A
T A 2 (RO, -, RO- F)ell TH
kinetics AU A8t o 4 NO,, NH, 2] g3kl ¥
gt AF-5o] TR Qo

SYZAR RO, - B2 VOCs 7] 9] A7}
A3} (autoxidation)E &3l highly oxidized molecules
(HOM, E5 67} o]e] AtAUatE 7HA)= A7 kst

=7 EstEIX| M 39 B M 5 &



=L ART MH ATSE 877

CH,00- CHO
-H,0 +0,
H abstraction (10 %) benzaldehyde CH3
: well established CHs OH
OH
CHs Path 1 G OH 0o, dihydroxymethybenzyl (DHMB)
- OH 2 OH
H- abstraction CH
CfESO 3 o]
CH, OH
OH P X
o ath 2 / o
H 2 o\, CH, CHy
— > O 0,
H 0, addition (prlmary RO,) 0 —— o

OH addition (90 %)

ofi CH; HO o
,//' - X
07 "OH
HaC, Dicarbonyls
Yg O (methylgloxal,

Path 3 glyxal)
—

High barrier for this pathway

Fig. 3. A schematic diagram of toluene oxidation process (redrawn from Newland et al.(2017)).

£ oA 7ol A Bgo] 2o AAEE 4=
= BAE ofnsh g AAgste] SOAs Aol 7]ofgict
(Bianchi et al., 2019). &FollA] A3 toluene AHataH TS
A RO, HHZ2 F7lRAolA] Fad27t dof @ ek aele 01
A R- S BT & 4bAaet §EgSto] ghEol Xl *Jit}a% 03@5}% 27Hire} e = WAy ste] 4hAs
th 71 § RO,= oheh ¥he5 o 4 Sl
inter -2 intramolecule 54~ A ¥-8-& 5l hydro- @'ﬁi = T__"Oﬂ
peroxide 2}-8-7]9} alkyl 2|22 A4 mixed VOCs precursor— o]-gsto] %
ol ofof €] A15hE Wele] ehize WEAG Rahs A AR5l Yeel, AN VOC EFEL A8
o] 2+2 g WA A "ok 27|l=ti71 & A 2914 VOCse} A4 VOCsE E¢sto] X13jst
O WS BEol e Hahifi 1540 FRWA £ 7| Gt 5o, 71 single VOC FHhg ol
ot T Aol oJotH =4 LA 7= & HE Avet

Jlstargel olefet AphshyE B4 AgEc
= A& WE5ITH(Ehn et al, 2014, 2012). B5 W3

53l Qe Xﬂ‘ﬂ‘ﬂ%‘lﬂ%t@]

£
S,
e
:[o
o)
r&'

HhelE Ayt A9 7] Sle TS T
5l SOAs A7d 71212 F7gstaL, 71 s0As B4 717
& HAsto] s0As A7 5] s wol st

Z3513HEol A A4 E RO,9| A7 HESHES (autoxida-
tion) 2] HOM yield”} 2.3 O/C ratio”} 1.09% =7 Lt
B o, 2| B ato] ojshd Heks shtEo] A7t
AFe}H -2 terpene®] A7HRRY 1} FAFSHA] 4TS}
7t 2 FE=E AP r= o] BaE ot WeF

= SpgEo) A7Hash iz Ael 982 peroxy o

ot - H119 mixed VOCs precursors ©]-83F ¢
To] A& ofefiell 7hets] AN (Li et al., 2022,
2021a).

Single VOC A9 2} AJute 23] o=, %
= S04 CAPS-ZJU (Complex Air Study-Zhejiang
University) HHE 0]-25}o] 414 VOCs<! isoprene®]
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878 LEEH, O|X|1H, Z4d%, AL, X2, d A, HES,

21914 VOCsS! toluene, p-xylenedt 2= o] Ql= 7
% isoprene®] AFStat o] 91914 VOCs2] SOAs 444
2 AAgct . HESFATH(Li et al, 2022). B A§
A& 100~150 ppb2] single VOC & mixed VOCs
s 87HA HE
& Ads 45t sk e, =F NOT =
X704 SOAs A8/ & gas phase chemistrys #H&5
%tt. 1 A7} mixed VOCs2] 2710014 617t o4 3
HH-S-S 71983t A3} particle 7§42} aerosol mass load-
ing®] 5 80%71A] ZAsI 20, SOAsS] stz
2 A5} A7} A A] single VOCSF BetAl= 718 8t
15t} TS propene AT} HI WSS O iso-
prene. 22 213] aerosol nucleation & YA AJZF A|7F
o] =X th= A& & & =T, ©l= isoprene©]
new particle formation= ollo}7] W22 LERS
th. ol& st 91sll 2 7HA] = (SAPRC, CBs,
MCM)2 0]-835}0] SOAs A4 simulation2 Z1Y5}5
=4, isoprene®] 71 ¥ toluened} p-xylene 2] 3F2}
SHH-S A7t E0153 M, ol alkeneT T T2
highly reactive 3t =] ¢ OH 7} £°]=+= OH
scavenging effect©]T}.

e, A|A a3t yebd el 94
VOCsE©] = o] 9= 79 7id voce] ot yt
$27% 5 B2 S0A7H B4 4 D anofst
(Li et al., 2021a). Li 155 n-dodecaned} 1,3,5-tri-
methylbenzene©] %%‘H(ﬂ = vOCse] 3¢ Ad
VOC7H Atehg& Foll A/dshe SOAsHT H 2
SOAs7} T HTH= A& Halstgleh & Aol oot

toluene + isoprene, p-xylene + isoprene -5

W A5 W kel R 4 G Ak A
A VOCsE ol gate] e UL WPk, o]
71 BN WA FUYYEC] EXFE SOAS
WhE A2 WSl o B SoAsE AT 212

S|l o=
zene9) gas phase product® carbonyl, hydroxyl, alcohol
=250l A=, o127 AE =8-S0l parti-
2 aldehyde, ketone, alcohol72] ‘&&=

2 QI3 acetal reaction®| L} esterification reactions H

n-dodecane™} 1,3,5-trimethylben-

cle phase°l| 4] ==

< S0, ARG, i,

5=

o] AXA HHEA SOA yieldE =ol7 H&= Ao=
gt mebA o]ef o] Z9t VOCs A2 o]
A3 4L FFH o FRIn oA T}

5

BES ol d) 7]oj@ 4 9]

3.2 O|x} 4 elxtel stetx
A g o
S O MASI] 4= A7 =
9] 0:CHl= F 03 F=
organic aerosol (SV-O0A) W& Uet7| = gict. of
71 & 9%+ OH &z &7 oF 1.5x%
0° molecules/cm® (25°C, 17]4ll 4 2F 6.1 107 ppb)
2 A O B2 (Mao ef al., 2009), 24A|7F ke A]
7+& FSHH 1-day equivalent OH exposurer 1.3 X
10" molecules - sec/cm’©|t}. HiHof| S EHN-S-7] 9} 7
2 AgoAe o w2 OH &2 53t ¥hgo] o]F
oA, o] A& 0:C H|I7} A 1 L& A A5}
H oolzZ
(LV-00A) #9)= Adsh = st=dl, ¥ dd
< 53l SOAse] ATt w3t HAIzte 2 A5t
7] 915 HR-AMS2} 22 online 247 H] 7} A% o]
et
AMS d]o]E] 34o]lA] OA (Organic Aerosol)2] B
3= 00A AHER oA 71 =239 Ab4 - o] &

A oig
vbHel 7] 5 OH 5&=8 F
oF Ao o AAH <

2L o

L= semi-volatile oxygenated

(low-volatile oxygenated organic aerosol

0.30
® DryAS A WetAS

0.25

0.20

LV-O0A™

fi4

0.15
sx10"!
0.10 4

0.05 SV-O0A

o = N w

a

0.00

| T T T T | T ‘ T T | T T T T I T T \l T |
0.00 0.05 0.10 0.15 0.200
fi3

Fig. 4. An example of triangle plot for toluene SOAs from
Liu etal.(2018).
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1 m/z 44 (NF29] 7 ti7] 2=l A €O, )%t m/z
439] Wo} o] whet 5499k 4= 9t m/z 43 o2
L F72 00A F4H 849 CH,0Y Y HOA 484
o] C;H, oIt O0ANA m/z 44 o] 22 tHEE 4t
(acid) (Duplissy et al., 2011) E= | AH 2 (esters)2t
to jto 2Ry e S 7]l 4 A
R, m/z 43 (CH;07) 022 = vlibgd 4Fe}
on-acid oxygenates)= QI3t 2102 Auj] Qi
A BAMS AR BF 7] 5 OAolA] W
ot & A I (Russell et al., 2011; Decesari et al.,
2007). AMS fragments 3 f,, (7 84 AHER]
m/z 448} & AT HlE&)%} f; (A 24 AHEFR 9
m/z 437} F A9 Hlg)S T ns O A4 &2
(Triangle plot: f, vs. f;3)°l1 4] HOA, SV-O0A, LV-OOA
& ARt AeEsE A7 o sttolA] EAHE
sl olssh= o] 2™ (Liu et al., 2018), VOCs
O] FTFH} WS Sz TRl webA e 2ol & Ho]
= Ao2 d2A ok (Docherty et al., 2018).

Heald et al. (2010)2 Van Krevelen Tho]o] 134 (H: C
vs. O:C) (Krevelen and Baans, 1950)-2 AF&5}o] A3

o

[

o omo xo m
o,

S|
S

UL ART M HTS

E
=4

3}t v} Qlrt. 2 BE11E HR-
Ao A= Van Krevelen TF

oA 74 WokE
AMS B2 9 A A7 2
olol o] FL WSS AHHHe AOR LR,
2% selAet Zo el Hloe 7717k ~-1
21 2] apet g Ho] glom, ol 7huy
2 Bo] FAlel Z7Hel neh BT A

.

o o3

et

=
KN
=

=

3.3 UKt MY QIxt HF AR

217 ARo A o]zt mlAH ] 9] Aol
FE U £ QA= VOCs9 57 ¥ 27] Bk,
VOCs/NO, & H], 4teHA| &7 9 55, 571 7
717}20] TF B 5k, seed YA A, 7148 A
(1, AUEE, B3dY T/ L A7 5 5T
theFatt. 0|zt /7] oflol2E AY/JE (SOA yield)
21914 78 voce] Farahih-gof ofsf e A=t
o] A= 2 ukSof )5 ARE VOCs] A
L2 Ue B4R Aolgith o] gho] SOAs A4
B4 7182 de] Z8E1 s Bt ofuz), of

71gAt Aol A SOAs A HES RASH ] 98]

-

=

T Jo F

(o]
ol OH  HO. L,\ Ho_ .0
408=-2 0S=-1 N 5/ OH O 1
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Fig. 5. An example of Van Krevelen diagram for toluene SOAs from Liu et al.(2018).
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50 L
2 O Odum et al. (1997)
g. O Ngetal. (2007)
g A Im etal. (2014)
40 4 2 X Chen etal. (2020)
3 @ Leeetal. (2005)
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% This study
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Fig. 6. SOA yield versus organic aerosol mass. Data from
Lee et al. (2005), Choi et al. (2005), and Ju et al. (2006) and
this study were re-calculated with SOAs density of 1.24 g/

cm? (Ng et al., 2007), and data from Lee et al. (2005) was
wall-loss corrected.

ol gEBR, i Aol thdRt 1Ak Ut A
JFS H7FsH= H SOA yieldE A& 227t
2] BE 91914 VOCs2| SOA vyield7} Srivastava et
al. (2022)°] Aej=lo] Qlch spARE, T VOCsete
VOCs/NO, ‘s H]of| oJ§h FaFnt oz, gas-par-
ticle partitioning®]l 2J5fl f7] oflol=2E2] Fko 2
S JF §H7] wiRol|, yield gt AFA|TE T W3]
A= ST} NO, 57} 30 ppb ©14F, VOCs/NO, >
10 ppbC/ppb’l oA 7] oloj=E9] Tk 27
pg/m’ol2tal 7HYet 749 7HE VOCHE SOA yield
E Guet al. (2021)°)|4 B]| & 4= ATt CMAQ v5.19]
AERO6 R-gol|4 A-§3k QU= two product 25}
ZE o]8ste] 8 VOCs™ SOA yield 4-& J1d 6
ofl b 2iet.

3.3.1 VOCs/NO, sH|o| H&t
=9 vOCs9] AL VOCs/NO, =5 H|o] wha}
SOA yield7} Hoh= 2 02 B 1% GJ=H], VOCs/NO,
H]-go] Z7}3H2 SOA yield7} Z715H7) 2|1k
Ut & Zdadiths a4 27t ohe B E QI
SOA yield7} 132 Yetli= UAl VOCs/NO, &
THl= VOCs F5oll mhet th2A] Uebg=t, iso-

x| 21

e

T, i, olE=

prene (CsHg) 2] 74-%- ~2 ppbC/ppb (Kroll et al., 2006),
camphene (C;oH5) 9] A% ~5 ppbC/ppb (Li et al.,
2022), B-pinene (CH;5) 2] 73-%- ~12 ppbC/ppb (Sar-
rafzadeh et al., 2016), 1,3,5-TMB2] 7% ~14 ppC/ppb
(Yang et al., 2020), ally acetate (CsHgO,)%] 3% ~14
ppbC/ppb°l AU th (Wang et al., 2021). o2 A+
Zko] A7 AtE FRH o BT, toluene
©] 72 ~16 ppbC/ppboll 4] SOA yield7} Zthzko] %l
T} (Chen et al., 2020, 2019a; Ng et al., 2007). TFH, 4~
5 ppb &==9] longifolene (C,5H,,), aromadendrene
(Ci5Hy) ] ARolA NO, =7 S7Hd5 SOA
yield7} S71otdd A= of$- W2 VOCs 5= (4~
5ppb) ¥ ¢ W& VOCs/NO, H]& (0.13~0.74 ppbC/
ppb) 7114 3~5 ppm 2] H,0, (H,0,/VOCs 5=H]|
> 600 ppm/ppm)°ll 2|5t OH A4 I &Y Ao
2 FAHh(Ng et al., 2007).

Sk
=

o =
=4

3.3.2 7|9 &
o] A9 AL vAEAe] T AP A
o Widetnz, A 84 F 7]
Z-2t, 227} SOA yieldol m]]
Aglo] WE @750l FUT AL
257 FE4E SOA yield7}
227t ¥25 Tt HeEE
BF 71 FFET SOAsS] EIF57|o] Wl A gas-
to-particle partitioning®| © ZFis}7] o £0|™, SOAs
2 AEE Ae KB 23l e 245 =
AE 4 ek 771 olo=E9] 5k (M)l ot
SOA yield= SRR, M, =10 pg/m® ZAJA 2%
7} 20°C Y& W, 5, 4= (20°C) H] 242 (0°C) T
= I2(30°C) tiH] #2(10°C)<] SOA yield H|E&
(Yr1a0/Y1)2 BVOCs®] 79 limonene (1.5~2.3),
a-pinene (1.4~2.2), B-pinene (1.7~2.7)°] 1! (Saathoff
et al., 2009; Svendby et al., 2008), AVOCs®] 5
n-undecane (1.8), toluene (1.3~2.1), m-xylene (1.6~3.4)
522 HIE T} (Svendby et al., 2008; Takekawa et
al., 2003).




3.3.3 Z7|YUX LU M=EEo| Hek

FEob t71 20 541 thEdt 2olA oAt
a2 gl F7He 4= ek (NH,),S0, &2
NaClah 22 Z5l/d seed Y27t = ¢ RH7F HE
S HHo} =S 1 toluene SOA yield”} S7FH A=,
acid catalysis §F-§- == glyoxal?} -2 84 E4°
aqueous reaction.® 2 AFE] Tt (Jia and Xu, 2018;
Liu et al., 2018; Faust et al., 2017; Kamens et al., 2011).
HHH, 4 E= 4 seed AT Qo1& RH ~50% 2
of] RH ~20%01| H]3}l SOA yield7} 743t A% Q%L
=6, H,0,/toluene H]&°] 2F 4~6 ppm/ppm¢<] low-
NO, £710]%Jt}(Cao and Jang, 2010). Seed AAF7T A
= 7% SOAs9] hygroscopic growthE 1128t A1}
RH7} $7F&+5& %7] 5% 60~80 ppb?] toluene I
m-xylene®| SOA yield7} 5715 7F AA] RH 50%°]]
A | IZE(RH 2% HiH] oF 28] )0l =gRt & ot
Al ZAa-skAIRE, RH 90%°l4 RH 2% thH] oFf
1.04~1.128) =9t=H], °l= RHO| W 7h2%F OH 2t
o] 5% 54 mol2tal A skt (Chen et al,
2021). VOCs®| 5= f4a FAIE ol-&sto] 4T
OH F&r+= Als®t S7Fda= S71stth7t RH
50%°14 215 UEhd 3 ohA] Wolx]= Ak U
ERl=t], ol 4t B g Wl FeE] o]
25)7] g2 o2 A5t (Chen et al, 2021). 7]
X7t 9F 1 ppm =42 toluene®] 739~ RH ~80% =
719] SOA vyield7} RH ~10% Xt} oF 1.68] =3k Th (Jia
and Xu, 2018). Isoprene®] 73-% RH ~80% ZX712] SOA
yield7} RH 9F 10% Xt} oF 1/3 50 2 Wgk=d], o]
£ 15T XA oligomerization reaction®] <A
H97] gjEo 2 H %2t} (Jia and Xu, 2018). ©]<F
2], RH 5~75% H oA RH7} 5715 p-xylene
©] SOA yield7t F7Foh= Z 3ol ATt HAH Gl=H]
(Healy et al., 2009), ©] 4% SOAs®| hygroscopic
growthE 112s}2] 27 wlwol] 15k 7oA
aerosol water content”7t2] SOAsZ 5| S 7HsA
of Slet W, seed UAF7} Y= 785 RH7F S7Fd

£ toluene T+= m-xylene2] SOA yield7} FrAst= 7

Q| AR M HRLSE 881

& Haret A7 ZYs 9l=t, olm H,0,/VOCs
£°] 2~42 ppm/ppm O & = Zpo]o] Uik
(Zhang et al., 2019). & & H,0,/VOCs H|-&9] J3F
S BEASE A4 cyclohexene SOA yield7} X%
71 (RH 13~16%) 20} ThE271 (RH ~70%) A =2
O] (H,0,/VOCs 0.4~0.8 ppm/ppm 71} 2 o]
£ (H,0,/VOCs 1.3 ppm/ppm Z71)9] 8 ¢<l0]
H,0,/VOCs H|&9] zfo] wjZoletal A5ttt (Liu
et al.,, 2019). 8FsHH, AXFA0| A= OH 2HH 2]
Tt A e R W v, 15204 = OH
2]z o] AJAJo] WOl aerosol W chamber walloll &
FEo] FLrb wopd #at ofy2t Y2k oligomer-
ization §F-5-0] A B2, F7F FEQ1 RH 50%C]14]
SOA yield”} |31 YeHI Q). sHA]9t, OH 2tz
= N7 = AR E FU e 739 SOA yield= RH
o] Jgfat S AFSHAI/VOCs Hl-&2] JFE = A

=, 350 nm blacklight (NEC FL40SBL), blue black-
light (Sylvania F36W BLB), argon arc lamp®]| T
m-xylene, SOA yield Z}0]&= M, &= 20 pg/m® ©]5}
oA 22 ¢FAL, FE7E 275 SOA yield7t S7Fot

A TH(White et al., 2018; Warren et al., 2008).

3.4 AET MW 0|8 Ralld A7

T

AR AHE LA ART S S5 th7|@ARS
517] $lsll U= Q7] thgol, A% 9 tf7]5fsh
?_

3 B RN Ao Al ket A
Togoligtth. 1985 @ HE UNCS}F EPAS] Tk =, A
71 Aol A AR RFe} TEAE ol A
Sto] E¢HolE TSt AFE st
(Shepson et al., 1987, 1985; Kleindienst et al., 1986;
Kamens et al., 1984), ©]& E3l 0,/NO, 5ol 23t
VOCs®] w8t} Bake] d4A) Seluols

o = oof
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882 LEEH, O|X|1H, Z4d%, AL, X2, d A, HES,

SPUIIE S0 2 G S A8
93«‘3} olFRE AR M YA oolzES | Al
5ol =&EA]7]+= in-vitro A (Chowdhury et al.,
2018), ] 5 BE° =EA|7]= in-vivo A (McGee

Hargrove et al., 2018)©] 5= =] o] Sttt
A7 544 e A 1A 4902 vlAl

l_?l‘,mlo

WAel T8 Fol% 9 QB o] Wlshe B4
th. S55, ool &4l 5 FF FelEede 771 ¢
716t gppaof| Hlgl T Y EE o9 =2
AEE it A BHeAE daTgsT
3}4=4~ (PAHS) (Zhang et al., 2022), F-7/3-7-713H&E

(POPs) (Vera et al., 2015; Lutes et al., 1992), T-&35}35}
= (Ren et al., 2019), “5F (Mufioz et al., 2018; White
et al., 2015), £7-=54(Sem et al., 2022; Jang et al.,
2020), -7 Z At (Latimer et al., 1998) 5 -&-3l|s}sHE
29| t7| ekt AGE Foll LR} o]of o}
£ ol e 7127 2 & s e E A Gt

o 53] 0|59 ti7] T Ak #7142l AR

& wHlE S7HA71AL, YAFOlA] shielding effect
& sl A7 o5 olof mE kE sk 7|1

3
Z7HA 7= S Sttt (Zhou et al, 2019; Mu et al.,
2018; Socorro et al., 2017). 2t ofuz} tf7] 5 ALt
3} 2 AFetab (Riva et al., 2015; Zimmermann et al.,
2013)°]] W}t F/do] F71eH7 | et (Clergé et al.,
2019; Bandowe and Meusel, 2017).

OAAR7E 54 4o F WA Are nlA
HZ|7} 4.0 7= AStAEH Aotk (Bates et al., 2019;
Crobeddu et al., 2017). BIA[HZ] ] =4 7|22 dji
i AFStAE A0t QEHEOl D 3101 (Arashiro
et al., 2018), Z|= BIAHR| 7} AL EH| AE TAYA]
2 4= Q)= OP (oxidative potential) 7} H|HTHZ] 9]
= dED o A= AFE= AljEo] ARE AL 9
T} (Zhang et al., 2022; Gao et al., 2020; Bates et al.,
2019; Lavigne et al., 2018; Shiraiwa et al., 2017). T]A|
2] 8] Ao et EetA]= OP= & =R 71
B/IZ7NEES BtHoR dSchs Ao 3

7P 1t} (Rule and Koehler, 2022; Shiraiwa et al.,

< S0, ARG, i,

5=

2017; Lakey et al., 2016; Weichenthal et al., 2016; Steen-
hof et al,, 2011). H17] & R4 Zo)A OPE TS
T S 71A a9l s W2 A a4
go]o], 2571 JHHE o] gste] Ed3t 20 wtet
SOAs®] OPE Z7otal JFIAE ol A7}
Z=3iE]o] it op: M2 2] 714, HRS vOCse}
w7188 =, S5 e dAe] fw ti7l & Shefrt
3ol TE k3t o et o] met & AtolE Bl
t}(Arashiro et al., 2018; Chowdhury et al., 2018; Park
et al., 2018; Jiang et al., 2017, 2016; Tuet et al., 2017a,
2017b; Kramer et al., 2016; Rattanavaraha et al., 2011).
uA|H 2] F- OPE Z4517] $15IA= ascorbic acid
(AA), glutathione (GSH), cysteine (CSH), dithiothreitol
(DTT) 59 4SS AHgsHAY, AR5
(Electroparamagnetic Resonance)& ©]-85f =]z
S =73t} (Shahpoury et al., 2022, 2019; Bates et al.,
2019; Park et al., 2018; Crobeddu et al., 2017; Fang et
al, 2016). 2 S @Potet 2] T kg
#, Q% AeA 434 vl ROS o] el
A= 397t EAE7] % T} (@vrevik, 2019). ]2 7t
WhE 257 919 Q4] 2719t A 557 4
91w Y Sl die 8% JUet vt ga
51 (Dovrou et al., 2023; Fang et al., 2019), OP 2415
o] st 9 ®E3} (Jiang et al., 2019), F=HO] &2
So15-2 241 glol ZA5] 918 AN Z58e]
Wb & g 71 Ql}(Zhang et al., 2022).
ERF mAER|e] 2710 wet B57] FJE ZHolet
= 917 2EtA, ofof met wjo vt 2 27}
gt ol& S5517] s = AR 271 ot
AdstA opE 574stal, 5 -8l (Pietrogrande et
3] AAgsto] mAd
ROS A HlAUS=

al., 2021; Fang et al., 2017)E &
2] 2 el §EEI OP
RS R Bt ol

3.5 7#5S& H7
7] oo|2E F dH= 5323 (Cloud Con-
densation Nuclei, CCN)2] H&-& sfod, 759 A4

Sy |&tEstE|x| H 39 2 Ml 5



e Je nAAL 59 niAlEE A 2eal
Bota E4o] A Zt. olol2E A coNe
2 24351 53¢ CON E54e 47 2719} s)st
Z zAo| wat gebdc) 4 =LA IEA
2 AF8St ZHH]Q1 DMTAFS] CCN-Counter (Lathem

and Nenes, 2011; Rose et al., 2008; Roberts and Nenes,
09 Sl 271 45 3219 ol 23

L uhyo] Aoty 39 7557

s AR 239 44 (water activity
7] A 2 S5 ol gl k2 B E

(Petters and Kreidenweis, 2007). %—A*‘] UH7 iEaRN

o] 248 7B AN F5Ho B
271448 e] CON 254

ooleze BalH, g5ty E40] uje

Table 2. CCN activity measurement of SOAs.

~

=L ART MH ATSE 883

%
rlol
o
E

A St dl ALe}A 13lo} -8 o 7| THAL A XA
97] oolz=Le 1 EAo| WatslH CON EEA
T J5ke u] At etslAao} ALsl 2 0] mhE o)A}
71 efol=2 ;94 CCON &540f T3 thoFet A7

ro ?‘L:TL%% Al 7FA] =9 monoterpene
Aol a-pinene, B-pinene, limonene 2] Atst=2 2 E] AY
J% SOAs®] CCN &5/l A5+t (Wang et al.,
2022; Fofie et al., 2018; Liu et al., 2018; Yuan et al.,
2017; Zhao et al., 2016; Alfarra et al., 2013; Frosch et al.,
2011; Asa-Awuku et al., 2009; Juranyi et al., 2009; King
et al., 2009; Petters et al., 2009; Wex et al., 2009; Duplis-
sy et al., 2008; Engelhart et al., 2008; King et al., 2007;
Prenni et al., 2007; Varutbangkul et al., 2006; Huff Hartz

SOAs precursor CCN activity (k) Reference
0.03~0.23 Huff Hartz et al. (2005)
0.10+0.01 Prenni et al. (2007)
a-pinene 0.16~0.30 Engelhart et al. (2008)
0.12~0.16 King et al. (2009)
0.10~0.12(0.3<0/C<0.55) Frosch et al. (2011)
B-pinene 0.03~0.11 Huff Hartz et al. (2005)
P 0.1040.02 Prenni et al. (2007)
0.10+£0.04 Prenni et al. (2007)
Toluene
0.15+0.08 Engelhart et al. (2008)
Isoprene 0.12+0.06 Engelhart et al. (2011)
Li 0.04~0.17
fmonene Huff Hartz et al. (2005)
3-carene 0.02~0.14
B-caryophyllene 0.003 Huff Hartz et al. (2005)
ORI 0.10£0.03 Prenni et al. (2007)
y-terpinene 0.23 Bouzidi et al. (2022)
Cycloheptene 0.33+£0.06
1-methylcycloheptene 0.30+0.04 Asa-Awuku et al. (2010)
Terpinolene 0.26+0.04
0.01 Huff Hartz et al. (2005)
a-cedrene
0.12~0.24 Yuan et al. (2017)
a-humulene 0.01 Huff Hartz et al. (2005)
0.06~0.16 Yuan et al. (2017)
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et al., 2005; VanReken, 2005). King et al. (2009)) 4=
(NH,),80,7} a-pinene Z&AZ}E] kgH O 2 0.12~0.16
9] HOIE A A|S S H, Frosch et al. (2011)-= a-pinene
ozonolysis SOAs®] O/C H|-&3} « 7+ TAA]
(k= (0.071£0.02) X (O/C) + (0.0785+0.009))2 A|A]
SFTE. Huff Hartz et al. (2005)-> monoterpene 4%
(a-pinene, B-pinene, 3-carene, limonene)¥} sesquiter-
pene 3% (B-caryophyllene, a-humulene, a-cedrene)2]
ozonolysis SOAs®l| THall A&t Ay} 19% FFESH o
4] CCN 25432 monoterpene®] sesquiterpene 2 Tt
=911, 0.3% TR} oAl CON &5/ a-pinene,
B-pinene 3-carene “12] 1! limonene =22 w2 A
= Bt ol TRt SOAsel thek CON &
3 A i) AAEHAL Lo
< 0.1~0.12 (Engelhart et al., 2011, 2008; Gunthe et al.,
2009), y-terpinene®] kA2 0.23-2 E T} (Bouzidi et
al., 2022). ©] QJo&= Asa-Awuku et al. (2010)°]1A]
+ alkenes, monoterpenes, sesquiterpene parent hydro-
carbon © 25 E A H 84 SOAsO| ko] 7719
I A1) ARt ¥4l (0.26~0.33)2FaL HAISHRI T
Prenni et al. (2007)Z} Engelhart et al. (2008)9 4=
seed AA7} 9= AEROlA] a-pinened}t 3-careneE
et o2 EFQ19] ozonolysis SOAse} FEAfFH-a O 2
45 toluene SOAs9] k#te 54 23 42 0.1+
0.04, 0.15+0.08°] 2T} Yuan et al. (2017)°l| 4= t7]
O} Bl 22A00A terpenes®] @ ERAH-GC = A
A= SOAs?] kZk (a-cedrene 0.12~0.24, a-humulene
0.06~0.16)2 A AISFATE

FZoll= PAM-OFR (Potential Aerosol Mass Oxida-
tion Flow Reactor)& ©]-83%F SOAs2] CCN 54 <
7} o] Fo] 2] 1L itk PAM-OFR 7] 5 m& 51t
o] tehgS AARte & Algdoldshs 110 4F
5} 3H73S ThEo]FE= Zu|o|tt Massoli et al. (2010)
9] itof wk2 ™ 7| w=319] 0,594 10l S5t
< Atet keEof dish Al 7FA] 4] (a-pinene, 1,3,5-
trimethylbenzene (TMB) and m-xylene) 255 A/ %
SOAs®| CCN 2575 59315t 2™, CCN 254

, isopreneiﬂ 1344

< S0IE, A, i, 015 =

)OH O ’ oC OOH
> - <. o o p Ao
5 carboxylicacid  hydroperoxide
e )
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O / ) NOAAN
g oo g ' ‘N . methylene
5 ° ¥4 :
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Fig. 7. Change in hygroscopicity by functionalization. Gra-
phical abstract of Suda et al. (2014).

2 O/C HI& 0.38°14] 0.98<] H19] WollAl SOAs<] k
T o] FEEAE TS, AA 719 00A
o] &5 547 fFARRNE ERlstlth Lambe et al.
(2011)2 PAM-OFR & ©]-8-5}%] n-decane, isoprene,
a-pinene= ZE3H AF 712 VOCs AHAH = ABAAH
SOAs % OPOA (Oxidized Primary Organic Aerosol)2]
CCN 542 57451t O/C Hl-&°] 0.059714] 1.42
] Yo A «ZhE 0.00801141 0.28 3H-2 7HE o™, kgt
T O/CHIE e TAl= AR e 2EE 4 AUS
TF (Korg = (0.18 £0.04) X O/C +0.03). °] 23 A3 A
212 3219 $4H Rl Community Multiscale Air
Quality (CMAQ)OlIA 7] oflof 2Z20] kgt =& o]
2= 1} (Pye et al., 2017).

Suda et al. (2012)°| A= 1AL BA| T =2utE 18]
1]o]] CCN-CounterE A3}t SOAsS] =4 22 4
of wet k3e EEste A= e AlAsH
.49 VOCs 9 4HRHAIE o] 8sto] F 2471H4] A
A& F3l A/ SOAsO| kg2 0~0.47H2] WA B2
Tt Suda et al. (2014)9|4= FA FHoE
functional group®] F&FS AFSH A3}, 09 73 ¢
o] £=47] (hydroxyl) T H2 7] (methylene group)
o] 7% o/C HlEo] 7 W w7t ST sh= Aol
&5 YEFsk oo, Functional groupd k2] S7H=
hydroxyl©] 7J-%- carboxyl¥} hydroperoxideX 2t} At
o7 7 O™ nitrate?} methylene®] 3% 40| &

7oA 9 a5t ek

Lomelh L ofe

[¢]




4. 2% X AY

2R Y A= AAZZE Hske di7dd=
olshst7] <ish vt M7t Alold dede S &
d BUE® Aol AAE 7He S5 1= ot
AL, Hi7|gt R Y o] Reghsa AdlolEskAL Al
2o H-g//8 g 712 52 SRt B AR
25 BARS A sk o 719 & Sl e -8t
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(a) Organic aerosols formed after 1-hr irradiation of a
mixture of toluene, 1,3,5-trimethylbenzene,
o-xylene, and octane, which is modified from Fig. 3
in Vivanco etal.(2011).
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(b) Organic aerosols formed by photooxidation of
1,3,5-trimethylbenzene (Yang et al., 2020). Only one
data (246 pg/m3 of M,) was considered an outlier
and excluded.

Fig. 8. Isopleths of secondary organic aerosol concentra-
tions (My).

SOAs9] F&7} 10 pg/m’ ©1/F©] o] background £
d FFel 27 &= 4 UATH(Ng et al., 2007), 1t
sH4) 74 glo] A@ste] S0As FET} 16 pgm’ 0.2
|- & O A2 (Chen et al., 2017) background od
qo] 2 % glenz ol Tejg st 24o] B
stk

=4, 78 A9 JAE0] SOA yieldoll v]A1= 9%

J. Korean Soc. Atmos. Environ., Vol. 39, No. 5, October 2023, pp. 866-904



RSO )

S
™, 27| VOCs =& 17511 NO, 5= & H3
oA, B2 NO, 55 1A% A VOCs &
T E HSAZIHA A AYdE ofs A, AE=
M, FE7t Hssr] wo] o]& QIgh FgFo] SOA
yieldoll ZRFE]A| ok whebA, @& S5 AT}
AFsHA, VOCs (ppbC)2F NO, (ppb)ell W& M, 55 %
TAE E&ste Zlo] Fastrth o]dt AE Tolu-
ene, TMB, Xylene, Octane < 3H=2] Y3}5H1-5- 1A|7F
T AR S5 E F4-S 19 Vivanco et al. (2011)°]]
A & 4 et ordRt VOGs, NO, ol tigh A9
H|oE]7} Q1= Yang et al. (2020)2 ©]-&5ko] 17 83
o] FEF &= §lr}. o] %ol VOCs/NO; HIE©]
5 ppbC/ppb ©15t3] A7 Ho|E 7} EA5tA] g,
F7t2 A E sk A sk T4 A
o] defd 7Fs/d o] Atk webA, AA di71ddS &
LA & QoA Jow-NO, ¥ high-NO, Z710]A4]

Bold& flof FIHgol oighig-S M2 A9
stR o, FFolle nAHA s ARe] ¢dle
2 FAHE A7 =l A Y] 9g= olsis] ¢
Sff FHSA} ofkgo] Wi e HEdRks A9
o] syl wHnh 27]ol= @ VOCE A3
= Fsto, olF &9t VOCsE Agte A

e BAsH A s ol AA| oh7|e
AL HhEolt 549 9L iAshE s E3t
1Rke] Zge] wet ot FashAL Sk 2
2 EFete] 280 A AGelA ghuish BAks

jm=}
oo, thagits-& ol /A tS R/
aerosol water content 5-2] Hs}& 15t H| 2 HN2-9]

FFeAME S Ao R 7|hEnt

WA, S 0.9 @Y ATET BEH 0 Ay
77} BRsi dlg o), 27]0 0F 04 AT
& gharshgl vt 2ol ulRiA] Q1o RESHHA

0% T At AR R
Je, SRR o A H
oL} 972 o] FAsA] ¢k F715
Aol Bz, ulAwAe A oE3 §HED 5
3k Wk @ B sk, BEEel o9

9 A7t Basi,

_,d
X
M
i
Rl

O,

steh. 712 92 719 HRHE AStA 7], 715
A 718 ofStA7)= R gaks Fardt
Aog dEA long AR AW} LS
| A5

hil

14
N,
o
h
X
N
>
=2
2
i
i
By
]
N
—{O[l
rE oo
o

oX ol
fol
of
o

£ ZPHOR AT 5 = D

-

(A [

oo &
ol gk
)
;U_i
- g
r;ﬁ
r_l.u_r'L

QAPAEo] 257 M A
@9 AAL =jo] ast

&8 4 Y= 3T E

th T EATE B AUA B E QAT A4St
£ &P Sl e A0 g FEAT
Z21Z 9] EUROCHAMP 20207} -SAFSHA B ¢14L7]
it @A FFATE 8L 5 A= AAVE Zast
Thal 7P, 919F 22 iRt L858 B9 An
TR A7 B 8 AR A wRet &
59 sE7F 2 4 VIS 7Idiste, avtAela 7t
A9l e AAle sHoh= Hl 7] & V1S BE
gt

A =

o] AF= MR AP oz =l
A - the Fine Particle Research Initiative in East
Asia Considering National Differences (FRIEND) proj-
ect (2020M3G1A1114556)2} KIST 7|84 Eot-&
AH (2E32431) 0.2 2| L= 7] FAEH YT

o7 I stE|X| M 39 E M55



References

Ahmed, E., Kim, K.-H., Shon, Z.-H., Song, S.-K. (2015) Long-term
trend of airborne particulate matter in Seoul, Korea
from 2004 to 2013, Atmospheric Environment, 101,
125-133. https://doi.org/10.1016/j.atmosenv.2014.
11.024

Alfarra, M.R., Good, N., Wyche, K.P,, Hamilton, J.F., Monks, PS.,
Lewis, A.C., McFiggans, G. (2013) Water uptake is
independent of the inferred composition of second-
ary aerosols derived from multiple biogenic VOCs,
Atmospheric Chemistry and Physics, 13, 11769-
11789. https://doi.org/10.5194/acp-13-11769-2013

Alfarra, M.R., Hamilton, J.F, Wyche, K.P, Good, N., Ward, M.W.,
Carr, T, Barley, M.H., Monks, PS., Jenkin, M.E., Lewis,
A.C., McFiggans, G.B. (2012) The effect of photoche-
mical ageing and initial precursor concentration on
the composition and hygroscopic properties of
B-caryophyllene secondary organic aerosol, Atmo-
spheric Chemistry and Physics, 12, 6417-6436. https://
doi.org/10.5194/acp-12-6417-2012

Amato, P, Joly, M., Schaupp, C,, Attard, E., Mohler, O., Morris, C.E.,
Brunet, Y., Delort, A.-M. (2015) Survival and ice nucle-
ation activity of bacteria as aerosols in a cloud simu-
lation chamber, Atmospheric Chemistry and Physics,
15, 6455-6465. https://doi.org/10.5194/acp-15-6455-
2015

Apel, E.C, Brauers, T,, Koppmann, R., Bandowe, B., Bossmeyer, J.,
Holzke, C,, Tillmann, R., Wahner, A., Wegener, R., Brun-
ner, A., Jocher, M. (2008) Intercomparison of oxygen-
ated volatile organic compound measurements at
the SAPHIR atmosphere simulation chamber, Journal
of Geophysical Research: Atmospheres, 113, D20307.
https://doi.org/10.1029/2008JD009865

Arashiro, M., Lin, Y.-H., Zhang, Z., Sexton, K.G., Gold, A., Jaspers, I,
Fry, R.C., Surratt, J.D. (2018) Effect of secondary organ-
ic aerosol from isoprene-derived hydroxyhydroperox-
ides on the expression of oxidative stress response
genes in human bronchial epithelial cells, Environ-
mental Science: Processes & Impacts, 20, 332-339.
https://doi.org/10.1039/C7EM00439G

Armstrong, N.C., Chen, Y., Cui, T., Zhang, Y., Christensen, C.,
Zhang, Z,, Turpin, B.J,, Chan, M.N,, Gold, A, Ault, AP,
Surratt, J.D. (2022) Isoprene epoxydiol-derived sulfat-
ed and nonsulfated oligomers suppress particulate
mass loss during oxidative aging of secondary
organic aerosol, Environmental Science & Technol-
ogy, 56, 16611-16620. https://doi.org/10.1021/acs.

=L ART MH ATSE 887

est.2c03200

Asa-Awuku, A., Engelhart, GJ., Lee, B.H., Pandis, S.N., Nenes, A.
(2009) Relating CCN activity, volatility, and droplet
growth kinetics of B-caryophyllene secondary orga-
nic aerosol, Atmospheric Chemistry and Physics, 9,
795-812. https://doi.org/10.5194/acp-9-795-2009

Asa-Awuku, A, Nenes, A., Gao, S., Flagan, R.C., Seinfeld, J.H.
(2010) Water-soluble SOA from alkene ozonolysis:
composition and droplet activation kinetics infer-
ences from analysis of CCN activity, Atmospheric
Chemistry and Physics, 10, 1585-1597. https://doi.org/
10.5194/acp-10-1585-2010

Azzi, M., White, S.J., Angove, D.E., Jamie, .M., Kaduewela, A.(2010)
Evaluation of the SAPRC-07 mechanism against
CSIRO smog chamber data, Atmospheric Environ-
ment, 44, 1707-1713. https://doi.org/10.1016/j.atmos
env.2010.02.013

Babar, Z.B,, Park, J.-H., Kang, J., Lim, H.-J. (2016) Characterization
of a smog chamber for studying formation and physi-
cochemical properties of secondary organic aerosol,
Aerosol and Air Quality Research, 16, 3102-3113.
https://doi.org/10.4209/aaqr.2015.10.0580

Bae, G.N., Kim, M.C,, Lee, S.B., Song, K.B., Jin, H.C., Moon, K.C.
(2003) Design and performance evaluation of the
KIST indoor smog chamber, Journal of Korean Soci-
ety for Atmospheric Environment, 19, 437-449, (in
Korean with English abstract).

Bandowe, B.A.M., Meusel, H. (2017) Nitrated polycyclic aromatic
hydrocarbons (nitro-PAHs) in the environment - a
review, Science of The Total Environment, 581, 237-
257. https://doi.org/10.1016/j.scitotenv.2016.12.115

Barnes, |, Bastian, V., Becker, K.H., Fink, E.H., Zabel, F.(1982) Reac-
tivity studies of organic substances towards hydroxyl
radicals under atmospheric conditions, Atmospheric
Environment, 16, 545-550. https://doi.org/10.1016/
0004-6981(82)90163-9

Barnes, I., Becker, K.H., Fink, E.H., Reimer, A., Zabel, F., Niki, H.
(1983) Rate constant and products of the reaction
CS,+ OH in the presence of O,, International Journal
of Chemical Kinetics, 15, 631-645. https://doi.org/10.
1002/kin.550150705

Bates, J.T., Fang, T., Verma, V., Zeng, L., Weber, R.J., Tolbert, PE.,
Abrams, J.Y.,, Sarnat, S.E., Klein, M., Mulholland, J.A.,
Russell, A.G. (2019) Review of acellular assays of ambi-
ent particulate matter oxidative potential: methods
and relationships with composition, sources, and
health effects, Environmental Science & Technology,
53, 4003-4019. https://doi.org/10.1021/acs.est.8b03
430

J. Korean Soc. Atmos. Environ., Vol. 39, No. 5, October 2023, pp. 866-904



Beardsley, R., Jang, M., Ori, B, Im, Y., Delcomyn, C.A., Wither-
spoon, N. (2013) Role of sea salt aerosols in the for-
mation of aromatic secondary organic aerosol: yields
and hygroscopic properties, Environmental Chemis-
try, 10, 167. https://doi.org/10.1071/EN13016

Becker, K.H., Wirtz, K. (1989) Gas phase reactions of alkyl nitrates
with hydroxyl radicals under tropospheric conditions
in comparison with photolysis, Journal of Atmosphe-
ric Chemistry, 9, 419-433. https://doi.org/10.1007/
BF00114754

Beer, T, Carras, J.,, Worth, D., Coplin, N., Campbell, P, Jalaludin, B.,
Angove, D., Azzi, M., Brown, S., Campbell, I, Cope, M.,
Farrell, O., Galbally, |, Haiser, S., Halliburton, B., Hynes,
R., Jacyna, D., Keywood, M., Lavrencic, S., Lawson, S.,
Lee, S., Liepa, I., McGregor, J., Nancarrow, P, Patterson,
M., Powell, J., Tibbett, A., Ward, J., White, S., Williams,
D., Wood, R. (2011) The health impacts of ethanol
blend petrol, Energies, 4, 352-367. https://doi.org/10.
3390/en4020352

Bianchi, F., Kurtén, T., Riva, M., Mohr, C., Rissanen, M.P, Roldin, P,
Berndt, T., Crounse, J.D., Wennberg, P.O., Mentel, T.F,
Wildt, J., Junninen, H., Jokinen, T., Kulmala, M., Wors-
nop, D.R., Thornton, J.A., Donahue, N., Kjaergaard,
H.G., Ehn, M. (2019) Highly oxygenated organic mole-
cules (HOM) from gas-phase autoxidation involving
peroxy radicals: a key contributor to atmospheric
aerosol, Chemical Reviews, 119, 3472-3509. https://
doi.org/10.1021/acs.chemrev.8b00395

Bloss, C., Wagner, V., Bonzanini, A., Jenkin, M.E., Wirtz, K., Martin-
Reviejo, M,, Pilling, M.J. (2005a) Evaluation of detail-
ed aromatic mechanisms (MCMv3 and MCMv3.1)
against environmental chamber data, Atmospheric
Chemistry and Physics, 5, 623-639. https://doi.
org/10.5194/acp-5-623-2005

Bloss, C., Wagner, V., Jenkin, M.E., Volkamer, R., Bloss, W.J,, Lee, J.D.,
Heard, D.E., Wirtz, K., Martin-Reviejo, M., Rea, G.,
Wenger, J.C., Pilling, M.J. (2005b) Development of a
detailed chemical mechanism (MCMv3.1) for the
atmospheric oxidation of aromatic hydrocarbons,
Atmospheric Chemistry and Physics, 5, 641-664.
https://doi.org/10.5194/acp-5-641-2005

Bloss, W.J,, Lee, J.D., Bloss, C., Heard, D.E,, Pilling, M.J., Wirtz, K.,
Martin-Reviejo, M., Siese, M. (2004) Validation of the
calibration of a laser-induced fluorescence instru-
ment for the measurement of OH radicals in the
atmosphere, Atmospheric Chemistry and Physics, 4,
571-583. https://doi.org/10.5194/acp-4-571-2004

Borras, E., Rédenas, M., Vera, T., Gdmez, T., Mufioz, A. (2017)
Atmospheric degradation of the organothiophos-

< S0IE, A, i, 015 =

phate insecticide - pirimiphos-methyl, Science of The
Total Environment, 579, 1-9. https://doi.org/10.1016/
j.scitotenv.2016.11.009

Bouzidi, H., Fayad, L., Coeur, C., Houzel, N., Petitprez, D., Faccinet-
to, A., Wu, J.,, Tomas, A., Ondracek, J., Schwarz, J.,
Zdimal, V., Zuend, A. (2022) Hygroscopic growth and
CCN activity of secondary organic aerosol produced
from dark ozonolysis of y-terpinene, Science of The
Total Environment, 817, 153010. https://doi.org/10.
1016/j.scitotenv.2022.153010

Bunz, H., Méhler, O., Naumann, K.H., Saathoff, H., Schéck, W., Sch-
urath, U.(1996) The novel aerosol chamber facility
AIDA: status and first results, Proceeding of the 7th
European Symposium on the Physico-Chemical
Behaviour of Atmospheric Pollutants, 25.

Cao, G,, Jang, M. (2010) An SOA model for toluene oxidation in
the presence of inorganic aerosols, Environmental
Science & Technology, 44, 727-733. https://doi.org/
10.1021/es901682r

Carter, W., Cockeriii, D., Fitz, D., Malkina, ., Bumiller, K., Sauer, C,,
Pisano, J., Bufalino, C., Song, C. (2005) A new environ-
mental chamber for evaluation of gas-phase chemi-
cal mechanisms and secondary aerosol formation,
Atmospheric Environment, 39, 7768-7788. https://
doi.org/10.1016/j.atmosenv.2005.08.040

Carter, W.P, Heo, G., Cocker Ill, D.R., Nakao, S. (2012) SOA forma-
tion: chamber study and model development, Final
report to CARB contract 08-326.

Carter, W.PL., Lurmann, FEW. (1991) Evaluation of a detailed gas-
phase atmospheric reaction mechanism using envi-
ronmental chamber data, Atmospheric Environment.
Part A. General Topics, 25, 2771-2806. https://doi.org/
10.1016/0960-1686(91)90206-M

Chandramouli, B., Kamens, R.M. (2001) The photochemical for-
mation and gas-particle partitioning of oxidation
products of decamethyl cyclopentasiloxane and
decamethyl tetrasiloxane in the atmosphere, Atmo-
spheric Environment, 35, 87-95. https://doi.org/10.
1016/51352-2310(00)00289-2

Charan, S.M.,, Kong, W,, Flagan, R.C,, Seinfeld, J.H. (2018) Effect of
particle charge on aerosol dynamics in teflon envi-
ronmental chambers, Aerosol Science and Technol-
ogy, 52, 854-871. https://doi.org/10.1080/02786826.
2018.1474167

Chen, L, Bao, K, Li, K, Ly, B, Bao, Z, Lin, C, Wu, X,, Zheng, C,, Gao,
X., Cen, K. (2017) Ozone and secondary organic aero-
sol formation of toluene/NO, irradiations under com-
plex pollution scenarios, Aerosol and Air Quality
Research, 17, 1760-1771. https://doi.org/10.4209/




aaqr.2017.05.0179

Chen, L., Bao, Z,, Wu, X, Li, K, Han, L., Zhao, X., Zhang, X., Wang,
Z., Azzi, M., Cen, K. (2020) The effects of humidity and
ammonia on the chemical composition of secondary
aerosols from toluene/NO, photo-oxidation, Science
of The Total Environment, 728, 138671. https://doi.
org/10.1016/j.scitotenv.2020.138671

Chen, T, Chu, B, Ma, Q. Zhang, P, Liu, J., He, H. (2021) Effect of
relative humidity on SOA formation from aromatic
hydrocarbons: implications from the evolution of
gas- and particle-phase species, Science of The Total
Environment, 773, 145015. https://doi.org/10.1016/
j.scitotenv.2021.145015

Chen, T, Liy, Y, Chuy, B, Liy, C, Liy, J,, Ge, Y, Ma, Q, Ma, J,, He, H.
(2019a) Differences of the oxidation process and sec-
ondary organic aerosol formation at low and high
precursor concentrations, Journal of Environmental
Sciences, 79, 256-263. https://doi.org/10.1016/j.jes.
2018.11.011

Chen, T, Liy, Y., Ma, Q., Chu, B, Zhang, P, Liu, C, Liu, J., He, H.
(2019b) Significant source of secondary aerosol: for-
mation from gasoline evaporative emissions in the
presence of SO, and NH3, Atmospheric Chemistry
and Physics, 19, 8063-8081. https://doi.org/10.5194/
acp-19-8063-2019

Chen, Y., Sexton, K.G., Jerry, R.E,, Surratt, J.D., Vizuete, W. (2015)
Assessment of SAPRCO7 with updated isoprene
chemistry against outdoor chamber experiments,
Atmospheric Environment, 105, 109-120. https://doi.
org/10.1016/j.atmosenv.2015.01.042

Chhabra, PS., Flagan, R.C,, Seinfeld, J.H.(2010) Elemental analysis
of chamber organic aerosol using an aerodyne high-
resolution aerosol mass spectrometer, Atmospheric
Chemistry and Physics, 10, 4111-4131. https://doi.org/
10.5194/acp-10-4111-2010

Choi, J.E., Bae, G.N,, Ju, OJ,, Lee, S.B., Moon, K.C., Yoon, S.C. (2006)
Effect of light intensity on the photooxidation of tol-
uene-NO,-air mixture, Particle and Aerosol Research,
2, 35-43, (in Korean with English abstract). https://doi.
org/10.5572/KOSAE.2007.23.3.353

Chowdhury, PH., He, Q, Lasitza Male, T., Brune, W.H., Rudich, Y.,
Pardo, M. (2018a) Exposure of lung epithelial cells to
photochemically aged secondary organic aerosol
shows increased toxic effects, Environmental Science
& Technology Letters, 5, 424-430. https://doi.org/10.
1021/acs.estlett.8000256

Chu, B, Chen, T, Liy, Y, Ma, Q, My, Y., Wang, Y., Ma, J,, Zhang, P,
Liu, J,, Liu, C, Gui, H,, Hu, R, Hu, B,, Wang, X., Wang, Y.,
Liu, J,, Xie, P, Chen, J,, Liu, Q, Jiang, J, Li, J,, He, K,, Liu,

=L ART MH ATSE 889

W, Jiang, G., Hao, J., He, H.(2022) Application of smog
chambers in atmospheric process studies, National
Science Review, 9, nwab103. https://doi.org/10.1093/
nsr/nwab103

Chu, B., Hao, J., Li, J., Takekawa, H., Wang, K., Jiang, J. (2013)
Effects of two transition metal sulfate salts on second-
ary organic aerosol formation in toluene/NO, photo-
oxidation, Frontiers of Environmental Science & Engi-
neering, 7, 1-9. https://doi.org/10.1007/511783-012-
0476-x

Chu, B, Liy, Y, Li, J., Takekawa, H., Liggio, J.,, Li, S.-M., Jiang, J., Hao,
J., He, H. (2014) Decreasing effect and mechanism of
FeSO, seed particles on secondary organic aerosol in
a-pinene photooxidation, Environmental Pollution,
193, 88-93. https://doi.org/10.1016/j.envpol.2014.06.
018

Clergé, A, Le Goff, J.,, Lopez, C., Ledauphin, J., Delépée, R.(2019)
Oxy-PAHs: occurrence in the environment and poten-
tial genotoxic/mutagenic risk assessment for human
health, Critical Reviews in Toxicology, 49, 302-328.
https://doi.org/10.1080/10408444.2019.1605333

Cocker, D.R,, Flagan, R.C,, Seinfeld, J.H. (2001) State-of-the-art
chamber facility for studying atmospheric aerosol
chemistry, Environmental Science & Technology, 35,
2594-2601. https://doi.org/10.1021/es0019169

Crobeddu, B., Aragao-Santiago, L., Bui, L.-C., Boland, S., Baeza
Squiban, A.(2017) Oxidative potential of particulate
matter 2.5 as predictive indicator of cellular stress,
Environmental Pollution, 230, 125-133. https://doi.
0rg/10.1016/j.envpol.2017.06.051

Dal Maso, M,, Liao, L., Wildt, J., Kiendler-Scharr, A., Kleist, E., Till-
mann, R, Sipild, M., Hakala, J., Lehtipalo, K., Ehn, M.,
Kerminen, V.-M., Kulmala, M., Worsnop, D., Mentel, T.
(2016) A chamber study of the influence of boreal
BVOC emissions and sulfuric acid on nanoparticle for-
mation rates at ambient concentrations, Atmospheric
Chemistry and Physics, 16, 1955-1970. https://doi.org/
10.5194/acp-16-1955-2016

Decesari, S., Mircea, M., Cavalli, F, Fuzzi, S., Moretti, F, Tagliavini,
E., Facchini, M.C. (2007) Source attribution of water-
soluble organic aerosol by nuclear magnetic reso-
nance spectroscopy, Environmental Science & Tech-
nology, 41, 2479-2484. https://doi.org/10.1021/es061
7111

DeMott, PJ., Prenni, A.J., McMeeking, G.R,, Sullivan, R.C,, Petters,
M.D., Tobo, Y., Niemand, M., Méhler, O., Snider, J.R.,
Wang, Z., Kreidenweis, S.M. (2015) Integrating labora-
tory and field data to quantify the immersion freezing
ice nucleation activity of mineral dust particles, Atmo-

J. Korean Soc. Atmos. Environ., Vol. 39, No. 5, October 2023, pp. 866-904



spheric Chemistry and Physics, 15, 393-409. https://
doi.org/10.5194/acp-15-393-2015

Deng, W, Liy, T, Zhang, Y., Sity, S, Hu, Q, He, Q, Zhang, Z,, LG, S.,
Bi, X, Wang, X., Boreave, A,, George, C,, Ding, X., Wang,
X.(2017) Secondary organic aerosol formation from
photo-oxidation of toluene with NO, and SO,: cham-
ber simulation with purified air versus urban ambient
air as matrix, Atmospheric Environment, 150, 67-76.
https://doi.org/10.1016/j.atmosenv.2016.11.047

Docherty, K.S., Corse, EW., Jaoui, M., Offenberg, J.H., Kleindienst,
T.E., Krug, J.D., Riedel, T.P,, Lewandowski, M. (2018)
Trends in the oxidation and relative volatility of cham-
ber-generated secondary organic aerosol, Aerosol Sci-
ence and Technology, 52, 992-1004. https://doi.org/
10.1080/02786826.2018.1500014

Dodge, M. (2000) Chemical oxidant mechanisms for air quality
modeling: critical review, Atmospheric Environment,
34, 2103-2130. https://doi.org/10.1016/5S1352-2310
(99)00461-6

Dovrou, E., Lelieveld, S., Mishra, A., Péschl, U., Berkemeier, T.
(2023) Influence of ambient and endogenous H,0,
on reactive oxygen species concentrations and OH
radical production in the respiratory tract, Environ-
mental Science: Atmospheres, 3, 1066-1074. https://
doi.org/10.1039/D2EA00179A

Doyle, G.J.(1970) Design of a facility (smog chamber) for study-
ing photochemical reactions under simulated tropo-
spheric conditions, Environmental Science & Technol-
ogy, 4, 907-916. https://doi.org/10.1021/es60046a001

Du, L, Xu, Y., Ge, M, Jia, L.(2007) Rate constant for the reaction of
ozone with diethyl sulfide, Atmospheric Environment,
41, 7434-7439. https://doi.org/10.1016/j.atmosenv.
2007.05.041

Duplissy, J., DeCarlo, PF, Dommen, J., Alfarra, M.R., Metzger, A.,
Barmpadimos, I., Prevot, A.S.H., Weingartner, E.,
Tritscher, T, Gysel, M., Aiken, A.C,, Jimenez, J.L, Canag-
aratna, M.R.,, Worsnop, D.R., Collins, D.R., Tomlinson, J.,
Baltensperger, U. (2011) Relating hygroscopicity and
composition of organic aerosol particulate matter,
Atmospheric Chemistry and Physics, 11, 1155-1165.
https://doi.org/10.5194/acp-11-1155-2011

Duplissy, J., Gysel, M., Alfarra, M.R,, Dommen, J., Metzger, A., Pre-
vot, A.S.H., Weingartner, E, Laaksonen, A., Raatikainen,
T, Good, N., Turner, S.F, McFiggans, G., Baltensperger,
U. (2008) Cloud forming potential of secondary
organic aerosol under near atmospheric conditions,
Geophysical Research Letters, 35, L03818. https://doi.
org/10.1029/2007GL031075

Ebersviller, S., Lichtveld, K., Sexton, K.G., Zavala, J., Lin, Y.-H., Jas-

Zl

(%

A2, i, 0lE=

pers, I., Jeffries, H.E.(2012) Gaseous VOCs rapidly mod-
ify particulate matter and its biological effects - Part 2:
Complex urban VOCs and model PM, Atmospheric
Chemistry and Physics, 12, 12293-12312. https://doi.
org/10.5194/acp-12-12293-2012

Eddingsaas, N.C,, Loza, C.L,, Yee, L.D., Chan, M., Schilling, K.A.,
Chhabra, PS., Seinfeld, J.H., Wennberg, P.O. (2012a)
a-pinene photooxidation under controlled chemical
conditions - Part 2: SOA yield and composition in low-
and high-NO, environments, Atmospheric Chemistry
and Physics, 12, 7413-7427. https://doi.org/10.5194/
acp-12-7413-2012

Eddingsaas, N.C,, Loza, C.L,, Yee, L.D,, Seinfeld, J.H., Wennberg,
P.O. (2012b) a-pinene photooxidation under con-
trolled chemical conditions - Part 1: Gas-phase com-
position in low- and high-NO, environments, Atmo-
spheric Chemistry and Physics, 12, 6489-6504. https://
doi.org/10.5194/acp-12-6489-2012

Ehn, M,, Kleist, E., Junninen, H., Petdjd, T, Lonn, G., Schobesberg-
er, S., Dal Maso, M., Trimborn, A., Kulmala, M., Wors-
nop, D.R.,, Wahner, A., Wildt, J., Mentel, Th.F.(2012) Gas
phase formation of extremely oxidized pinene reac-
tion products in chamber and ambient air, Atmo-
spheric Chemistry and Physics, 12, 5113-5127. https://
doi.org/10.5194/acp-12-5113-2012

Ehn, M., Thornton, J.A,, Kleist, E., Sipild, M., Junninen, H., Pullinen,
I, Springer, M., Rubach, F, Tillmann, R, Lee, B.(2014) A
large source of low-volatility secondary organic aero-
sol, Nature, 506, 476-479. https://doi.org/10.1038/
nature13032

Engelhart, G.J., Asa-Awuku, A., Nenes, A., Pandis, S.N. (2008) CCN
activity and droplet growth kinetics of fresh and aged
monoterpene secondary organic aerosol, Atmosphe-
ric Chemistry and Physics, 8, 3937-3949. https://doi.
org/10.5194/acp-8-3937-2008

Engelhart, G.J., Moore, R.H., Nenes, A,, Pandis, S.N. (2011) Cloud
condensation nuclei activity of isoprene secondary
organic aerosol, Atmospheric Chemistry and Physics,
116, D02207. https://doi.org/10.1029/2010JD014706

Fang, T., Lakey, PS.J., Weber, R.J., Shiraiwa, M. (2019) Oxidative
potential of particulate matter and generation of
reactive oxygen species in epithelial lining fluid, Envi-
ronmental Science & Technology, 53, 12784-12792.
https://doi.org/10.1021/acs.est.9b03823

Fang, T, Verma, V., Bates, J.T., Abrams, J., Klein, M., Strickland, M.J.,
Sarnat, S.E., Chang, H.H., Mulholland, J.A,, Tolbert, PE.,
Russell, A.G., Weber, RJ. (2016) Oxidative potential of
ambient water-soluble PM, 5 in the southeastern
United States: contrasts in sources and health associa-

o7 I stE|X| M 39 E M55



tions between ascorbic acid (AA) and dithiothreitol
(DTT) assays, Atmospheric Chemistry and Physics, 16,
3865-3879. https://doi.org/10.5194/acp-16-3865-
2016

Fang, T,, Zeng, L., Gao, D., Verma, V., Stefaniak, A.B., Weber, R.J.
(2017) Ambient size distributions and lung deposition
of aerosol dithiothreitol-measured oxidative poten-
tial: contrast between soluble and insoluble particles,
Environmental Science & Technology, 51, 6802-6811.
https://doi.org/10.1021/acs.est.7b01536

Farrugia, L.N., Bejan, I, Smith, S.C,, Medeiros, D.J.,, Seakins, PW.
(2015) Revised structure activity parameters derived
from new rate coefficient determinations for the reac-
tions of chlorine atoms with a series of seven ketones
at 290K and 1 atm, Chemical Physics Letters, 640, 87-
93. https://doi.org/10.1016/j.cplett.2015.09.055

Faust, J.A,, Wong, J.PS., Lee, AK.Y., Abbatt, J.PD.(2017) Role of
aerosol liquid water in secondary organic aerosol for-
mation from volatile organic compounds, Environ-
mental Science & Technology, 51, 1405-1413. https://
doi.org/10.1021/acs.est.6b04700

Fofie, E.A., Donahue, N.M,, Asa-Awuku, A. (2018) Cloud conden-
sation nuclei activity and droplet formation of prima-
ry and secondary organic aerosol mixtures, Aerosol
Science and Technology, 52, 242-251. https://doi.org/
10.1080/02786826.2017.1392480

Frey, W., Hu, D., Dorsey, J., Alfarra, M.R., Pajunoja, A, Virtanen, A.,
Connolly, P, McFiggans, G. (2018) The efficiency of
secondary organic aerosol particles acting as ice-
nucleating particles under mixed-phase cloud condi-
tions, Atmospheric Chemistry and Physics, 18, 9393-
9409. https://doi.org/10.5194/acp-18-9393-2018

Frosch, M., Bilde, M., DeCarlo, PF,, Jurényi, Z., Tritscher, T., Dom-
men, J., Donahue, N.M., Gysel, M., Weingartner, E.,
Baltensperger, U. (2011) Relating cloud condensation
nuclei activity and oxidation level of a-pinene sec-
ondary organic aerosols, Journal of Geophysical
Research: Atmospheres, 116, D22212. https://doi.org/
10.1029/2011JD016401

Fuchs, H., Brauers, T., Dorn, H.-P, Harder, H., Haseler, R., Hofzuma-
haus, A., Holland, F,, Kanaya, Y., Kajii, Y., Kubistin, D.,
Loy, S., Martinez, M., Miyamoto, K., Nishida, S., Rudolf,
M., Schlosser, E., Wahner, A., Yoshino, A., Schurath, U.
(2010) Formal blind intercomparison of HO, measure-
ments in the atmosphere simulation chamber SAPHIR
during the HOxComp campaign, Atmospheric Chem-
istry and Physics, 10, 12233-12250. https://doi.org/10.
5194/acp-10-12233-2010

Fuchs, H., Dorn, H.-P, Bachner, M., Bohn, B., Brauers, T, Gomm, S.,

=L ART MH ATSE 891

Hofzumahaus, A., Holland, F, Nehr, S., Rohrer, F, Till-
mann, R., Wahner, A. (2012) Comparison of OH con-
centration measurements by DOAS and LIF during
SAPHIR chamber experiments at high OH reactivity
and low NO concentration, Atmospheric Measure-
ment Techniques, 5, 1611-1626. https://doi.org/10.
5194/amt-5-1611-2012

Fuller, R., Landrigan, PJ., Balakrishnan, K., Bathan, G., Bose-

O'Reilly, S., Brauer, M., Caravanos, J., Chiles, T., Cohen,
A, Corra, L, Cropper, M,, Ferraro, G., Hanna, J., Hanrah-
an, D, Hu, H,, Hunter, D,, Janata, G., Kupka, R, Lan-
phear, B, Lichtveld, M., Martin, K., Mustapha, A., San-
chez-Triana, E., Sandilya, K., Schaefli, L, Shaw, J., Sed-
don, J., Suk, W,, Téllez-Rojo, M.M., Yan, C. (2022) Pollu-
tion and health: a progress update, The Lancet Plane-
tary Health, 6, e535-e547. https://doi.org/10.1016/525
42-5196(22)00090-0

Gao, D, Ripley, S., Weichenthal, S., Godri Pollitt, K.J. (2020) Ambi-

ent particulate matter oxidative potential: chemical
determinants, associated health effects, and strate-
gies for risk management, Free Radical Biology and
Medicine, 151, 7-25. https://doi.org/10.1016/j.freerad
biomed.2020.04.028

Gao, L, Buchholz, A, Li, Z,, Song, J,, Vallon, M., Jiang, F, Méhler,

O, Leisner, T., Saathoff, H. (2023) Volatility of second-
ary organic aerosol from f-caryophyllene ozonolysis
over a wide tropospheric temperature range, Envi-
ronmental Science & Technology, 57, 8965-8974.
https://doi.org/10.1021/acs.est.3c01151

Gao, L., Song, J., Mohr, C,, Huang, W,, Vallon, M., Jiang, F,, Leisner,

T., Saathoff, H. (2022) Kinetics, SOA yields, and chemi-
cal composition of secondary organic aerosol from
{3-caryophyllene ozonolysis with and without nitrogen
oxides between 213 and 313 K, Atmospheric Chemis-
try and Physics, 22, 6001-6020. https://doi.org/10.
5194/acp-22-6001-2022

Glowania, M., Rohrer, F, Dorn, H.-P, Hofzumahaus, A., Holland, F,,

Kiendler-Scharr, A., Wahner, A., Fuchs, H. (2021) Com-
parison of formaldehyde measurements by Hantzsch,
CRDS and DOAS in the SAPHIR chamber, Atmospheric
Measurement Techniques, 14, 4239-4253. https://doi.
org/10.5194/amt-14-4239-2021

Gu, S., Guenther, A, Faiola, C.(2021) Effects of anthropogenic and

biogenic volatile organic compounds on los angeles
air quality, Environmental Science & Technology, 55,
12191-12201. https://doi.org/10.1021/acs.est.1c01481

Gunthe, S.S,, King, S.M.,, Rose, D., Chen, Q,, Roldin, P, Farmer, DK,

Jimenez, J.L.,, Artaxo, P, Andreae, M.O., Martin, S.T.,
Poschl, U. (2009) Cloud condensation nuclei in pris-

J. Korean Soc. Atmos. Environ., Vol. 39, No. 5, October 2023, pp. 866-904



892

tine tropical rainforest air of Amazonia: size-resolved
measurements and modeling of atmospheric aerosol
composition and CCN activity, Atmospheric Chemis-
try and Physics, 9, 7551-7575. https://doi.org/10.5194/
acp-9-7551-2009

Hallquist, M., Wangberg, I, Ljungstrom, E., Barnes, I., Becker, K.-H.
(1999) Aerosol and product yields from NO; radical-
initiated oxidation of selected monoterpenes, Envi-
ronmental Science & Technology, 33, 553-559.
https://doi.org/10.1021/e5980292s

Han, S., Jang, M. (2020) Simulating the impact of gas-wall parti-
tioning on SOA formation using the explicit gas
mechanism integrated with aqueous reactions con-
taining electrolytes, Science of The Total Environment,
748, 141360. https://doi.org/10.1016/j.scitotenv.2020.
141360

Hao, L., Wang, Z,, Huang, M., Fang, L., Zhang, W. (2007) Effects of
seed aerosols on the growth of secondary organic
aerosols from the photooxidation of toluene, Journal
of Environmental Sciences, 19, 704-708. https://doi.
org/10.1016/51001-0742(07)60117-X

Hazari, M.S,, Stratford, KM., Krantz, Q.T, King, C,, Krug, J., Farraj,
AK., Gilmour, M.I. (2018) Comparative cardiopulmo-
nary effects of particulate matter- and ozone-enhan-
ced smog atmospheres in mice, Environmental Sci-
ence & Technology, 52, 3071-3080. https://doi.org/10.
1021/acs.est.7b04880

Heald, C.L,, Kroll, J.H., Jimenez, J.L, Docherty, K.S., DeCarlo, PF,
Aiken, A.C,, Chen, Q., Martin, S.T., Farmer, DK., Artaxo,
P.(2010) A simplified description of the evolution of
organic aerosol composition in the atmosphere, Geo-
physical Research Letters, 37(8). https://doi.org/10.
1029/2010GL042737

Healy, R.M., Temime, B., Kuprovskyte, K., Wenger, J.C. (2009)
Effect of relative humidity on gas/particle partition-
ing and aerosol mass yield in the photooxidation of
p-xylene, Environmental Science & Technology, 43,
1884-1889. https://doi.org/10.1021/es802404z

Hess, G.D., Carnovale, F., Cope, M.E., Johnson, G.M. (1992) The
evaluation of some photochemical smog reaction
mechanisms - |. Temperature and initial composition
effects, Atmospheric Environment. Part A. General
Topics, 26, 625-641. https://doi.org/10.1016/0960-
1686(92)90174-)

Hidy, G.M. (2019) Atmospheric Chemistry in a Box or a Bag,
Atmosphere, 10, 401. https://doi.org/10.3390/atmos
10070401

Hiranuma, N., Paukert, M., Steinke, 1., Zhang, K., Kulkarni, G.,
Hoose, C., Schnaiter, M., Saathoff, H., Mohler, O.(2014)

Zl

(%

A2, i, 0lE=

A comprehensive parameterization of heterogeneous
ice nucleation of dust surrogate: laboratory study
with hematite particles and its application to atmo-
spheric models, Atmospheric Chemistry and Physics,
14, 13145-13158. https://doi.org/10.5194/acp-14-131
45-2014

Hohaus, T, Kuhn, U., Andres, S., Kaminski, M., Rohrer, F, Tillmann,
R., Wahner, A., Wegener, R, Yu, Z., Kiendler-Scharr, A.
(2016) A new plant chamber facility, PLUS, coupled to
the atmosphere simulation chamber SAPHIR, Atmo-
spheric Measurement Techniques, 9, 1247-1259.
https://doi.org/10.5194/amt-9-1247-2016

Hong, Y.D,, Han, J.S., Kong, B.J,, Lee, S.U,, Shin, S.A., Kim, Y.M,, Lee,
S.J. (2003) A Study on the high-ozone episode and
photochemical smog (lll), National Institute of Envi-
ronmental Research (NIER) Report No. 2003-11-683.

Huang, M., Zhang, W.,, Gu, X,, Hu, C, Zhao, W., Wang, Z,, Fang, L.
(2012) Size distribution and chemical composition of
secondary organic aerosol formed from Cl-initiated
oxidation of toluene, Journal of Environmental Sci-
ences, 24, 860-864. https://doi.org/10.1016/51001-
0742(11)60840-1

Huang, W., Saathoff, H., Pajunoja, A., Shen, X., Naumann, K.-H.,
Wagner, R,, Virtanen, A., Leisner, T., Mohr, C. (2018)
a-Pinene secondary organic aerosol at low tempera-
ture: chemical composition and implications for par-
ticle viscosity, Atmospheric Chemistry and Physics,
18, 2883-2898. https://doi.org/10.5194/acp-18-2883-
2018

Huang, Y., Zhao, R, Charan, S.M,, Kenseth, C.M., Zhang, X., Sein-
feld, J.H. (2018) Unified theory of vapor-wall mass
transport in teflon-walled environmental chambers,
Environmental Science & Technology, 52, 2134-2142.
https://doi.org/10.1021/acs.est.7b05575

Huff Hartz, K.E., Rosenern, T, Ferchak, S.R., Raymond, T.M,, Bilde,
M., Donahue, N.M., Pandis, S.N. (2005) Cloud conden-
sation nuclei activation of monoterpene and sesqui-
terpene secondary organic aerosol, Journal of Geo-
physical Research: Atmospheres, 110, D14208. https://
doi.org/10.1029/2004JD005754

Hynes, R., Angove, D., Saunders, S., Haverd, V., Azzi, M. (2005)
Evaluation of two MCM v3.1 alkene mechanisms
using indoor environmental chamber data, Atmo-
spheric Environment, 39, 7251-7262. https://doi.org/
10.1016/j.atmosenv.2005.09.005

linuma, Y., Keywood, M., Gnauk, T., Herrmann, H. (2009) Diatere-
bic acid acetate and diaterpenylic acid acetate: atmo-
spheric tracers for secondary organic aerosol forma-
tion from 1,8-cineole oxidation, Environmental Sci-




ence & Technology, 43, 280-285. https://doi.org/10.
1021/es802141v

Jang, M,, Berthold, D.E,, Yu, Z,, Silva-Sanchez, C., Laughinghouse
lv, H.D., Denslow, N.D., Han, S. (2020) Atmospheric
progression of microcystin-Ir from cyanobacterial
aerosols, Environmental Science & Technology Let-
ters, 7, 740-745. https://doi.org/10.1021/acs.estlett.
0c00464

Jaoui, M., Leungsakul, S., Kamens, R.M. (2003) Gas and particle
products distribution from the reaction of B-caryo-
phyllene with ozone, Journal of Atmospheric Chemis-
try, 45, 261-287. https://doi.org/10.1023/A:102426343
0285

Jaoui, M., Sexton, K.G., Kamens, R.M. (2004) Reaction of
a-cedrene with ozone: mechanism, gas and particu-
late products distribution, Atmospheric Environment,
38, 2709-2725. https://doi.org/10.1016/j.atmosenv.
2004.02.007

Jeffries, H., Fox, D., Kamens, R. (1975) Outdoor smog chamber
studies. Effect of hydrocarbon reduction on nitrogen
dioxide (No. PB-245829), North Carolina University,
Chapel Hill (USA), Department of Environmental Sci-
ences and Engineering.

Jeffries, H., Fox, D., Kamens, R. (1976) Outdoor smog chamber
studies: light effects relative to indoor chambers,
Environmental Science & Technology, 10(10), 1006-
1011. https://doi.org/10.1021/es60121a016

Jeffries, H.E., Fox, D.L., Kamens, R. (1976) Photochemical conver-
sion of NO to NO, by hydrocarbons in an outdoor
chamber, Journal of the Air Pollution Control Associa-
tion, 26, 480-484. https://doi.org/10.1080/00022470.
1976.10470274

Ji, Y, Zhao, J., Terazono, H., Misawa, K., Levitt, N.P, Li, Y., Lin, Y.,
Peng, J., Wang, Y., Duan, L., Pan, B, Zhang, F, Feng, X.,
An, T., Marrero-Ortiz, W., Secrest, J., Zhang, A.L.,
Shibuya, K., Molina, M.J,, Zhang, R.(2017) Reassessing
the atmospheric oxidation mechanism of toluene,
Proceedings of the National Academy of Sciences of
the United States of America, 114, 8169-8174. https://
doi.org/10.1073/pnas.1705463114

Jia, L, Xu, Y. (2018) Different roles of water in secondary organic
aerosol formation from toluene and isoprene, Atmo-
spheric Chemistry and Physics, 18, 8137-8154. https:/
doi.org/10.5194/acp-18-8137-2018

Jia, L, Xu, Y., Ge, M., Dy, L., Zhuang, G. (2009) Smog chamber
studies of ozone formation potentials for isopentane,
Chinese Science Bulletin, 54, 4624-4632. https://doi.
0rg/10.1007/511434-009-0482-y

Jiang, H., Ahmed, C.S., Canchola, A., Chen, J.Y,, Lin, Y.H. (2019) Use

=L ART MH ATSE 893

of dithiothreitol assay to evaluate the oxidative
potential of atmospheric aerosols, Atmosphere,
10(10), 571. https://doi.org/10.3390/atmos10100571

Jiang, H., Jang, M., Sabo-Attwood, T., Robinson, S.E. (2016) Oxida-
tive potential of secondary organic aerosols produced
from photooxidation of different hydrocarbons using
outdoor chamber under ambient sunlight, Atmo-
spheric Environment, 131, 382-389. https://doi.org/
10.1016/j.atmosenv.2016.02.016

Jiang, H., Jang, M., Yu, Z.(2017) Dithiothreitol activity by particu-
late oxidizers of SOA produced from photooxidation
of hydrocarbons under varied NO, levels, Atmosphe-
ric Chemistry and Physics, 17, 9965-9977. https://doi.
org/10.5194/acp-17-9965-2017

Jiang, J.,, Carter, W.PL., Cocker, D.R., Barsanti, K.C. (2020) Develop-
ment and evaluation of a detailed mechanism for
gas-phase atmospheric reactions of furans, ACS Earth
and Space Chemistry, 4, 1254-1268. https://doi.org/
10./1021/acsearthspacechem.0c00058

Ju, O.-J,, Bae, G.-N., Choi, J.-E., Lee, S.-B., Ghim, Y.-S., Moon, K.-C.,
Yoon, S.-C. (2007) Comparison of temperature and
light intensity effects on the photooxidation of tolu-
ene-NO,-air mixture, Journal of Korean Society for
Atmospheric Environment, 23, 353-363, (in Korean
with English abstract). https://doi.org/10.5572/KOSAE.
2007.23.3.353

Jurényi, Z., Gysel, M., Duplissy, J., Weingartner, E., Tritscher, T.,
Dommen, J., Henning, S., Ziese, M., Kiselev, A., Strat-
mann, F, George, |., Baltensperger, U.(2009) Influence
of gas-to-particle partitioning on the hygroscopic
and droplet activation behaviour of a-pinene sec-
ondary organic aerosol, Physical Chemistry Chemical
Physics, 11,8091. https://doi.org/10.1039/b904162a

Kamens, R.M., Fulcher, J.N., Zhishi, G. (1986) Effects of tempera-
ture on wood soot pah decay in atmospheres with
sunlight and low NO,, Atmospheric Environment, 20,
1579-1587. https://doi.org/10.1016/0004-6981(86)90
247-7

Kamens, R.M.,, Jeffries, H.E., Gery, M.W.,, Wiener, RW,, Sexton, K.G.,
Howe, G.B. (1981) The impact of a-pinene on urban
smog formation: an outdoor smog chamber study,
Atmospheric Environment, 15, 969-981. https://doi.
org/10.1016/0004-6981(81)90097-4

Kamens, R.M., Rives, G.D., Perry, J.M,, Bell, D.A,, Paylo, R.F, Good-
man, R.G,, Claxton, L.D. (1984) Mutagenic changes in
dilute wood smoke as it ages and reacts with ozone
and nitrogen dioxide. An outdoor chamber study,
Environmental Science & Technology, 18, 523-530.
https://doi.org/10.1021/es00125a008

J. Korean Soc. Atmos. Environ., Vol. 39, No. 5, October 2023, pp. 866-904



Kamens, R.M., Zhang, H., Chen, E.H., Zhovu, Y., Parikh, H.M., Wil-
son, R.L.,, Galloway, K.E., Rosen, E.P.(2011) Secondary
organic aerosol formation from toluene in an atmo-
spheric hydrocarbon mixture: water and particle seed
effects, Atmospheric Environment, 45, 2324-2334.
https://doi.org/10.1016/j.atmosenv.2010.11.007

Kamm, S., Méhler, O., Naumann, K.-H., Saathoff, H., Schurath, U.
(1999) The heterogeneous reaction of ozone with soot
aerosol, Atmospheric Environment, 33, 4651-4661.
https://doi.org/10.1016/51352-2310(99)00235-6

Kang, E., Root, M.J,, Toohey, D.W., Brune, W.H. (2007) Introducing
the concept of Potential Aerosol Mass (PAM), Atmo-
spheric Chemistry and Physics, 7, 5727-5744. https://
doi.org/10.5194/acp-7-5727-2007

Kanji, Z.A., Sullivan, R.C., Niemand, M., DeMott, P.J., Prenni, A.J.,
Chou, C., Saathoff, H., M&hler, O.(2019) Heteroge-
neous ice nucleation properties of natural desert
dust particles coated with a surrogate of secondary
organic aerosol, Atmospheric Chemistry and Physics,
19, 5091-5110. https://doi.org/10.5194/acp-19-5091-
2019

Karl, M., Brauers, Th., Dorn, H.-P, Holland, F.,, Komenda, M., Poppe,
D., Rohrer, F, Rupp, L., Schaub, A., Wahner, A. (2004)
Kinetic study of the OH-isoprene and Os-isoprene
reaction in the atmosphere simulation chamber,
SAPHIR, Geophysical Research Letters, 31, L05117.
https://doi.org/10.1029/2003GL019189

Keywood, M.D., Varutbangkul, V., Bahreini, R, Flagan, R.C., Sein-
feld, J.H. (2004) Secondary organic aerosol formation
from the ozonolysis of cycloalkenes and related com-
pounds, Environmental Science & Technology, 38,
4157-4164. https://doi.org/10.1021/es0353630

Kim, H.C,, Kim, S., Kim, B.-U., Jin, C.-S., Hong, S., Park, R., Son, S.-W.,
Bae, C., Bae, M., Song, C.-K,, Stein, A.(2017) Recent
increase of surface particulate matter concentrations
in the Seoul Metropolitan Area, Korea, Scientific
Reports, 7, 4710. https://doi.org/10.1038/541598-017-
05092-8

Kim, J. (2002) Photochemical reactions of real gas in an indoor
smog chamber. MD Thesis, Department of Environ-
mental Engineering, The University of Seoul, (in Kor-
ean with English abstract).

Kim, J.-H., Oh, I.-H., Park, J.-H., Cheong, H.-K. (2018) Premature
deaths attributable to long-term exposure to ambi-
ent fine particulate matter in the Republic of Korea,
Journal of Korean Medical Science, 33, €251, (in Kor-
ean with English abstract). https://doi.org/10.3346/
jkms.2018.33.e251

Kim, M., Park, T, Lee, JW,, Lee, S.H., Song, M., Park, J., Bae, M.-S.,

Zl

(%

A2, i, 0lE=

Lee, T., Park, H.M. (2021) Assessment of NO reduction
using TiO, in large-scale smog chamber, Journal of
Korean Society for Atmospheric Environment, 37,
946-955, (in Korean with English abstract). https://
doi.org/10.5572/KOSAE.2021.37.6.946

Kim, M.C,, Bae, G.-N., Moon, K-C,, Park, J.-Y.(2004) Formation and
growth of atmospheric aerosols by water vapor reac-
tions in an indoor smog chamber, Journal of Korean
Society for Atmospheric Environment, 20, 161-174,
(in Korean with English abstract).

Kim, M.-G,, Lee, S.-J,, Park, D., Kim, C,, Lee, K-H., Hwang, J. (2020)
Relationship between the actual fine dust concentra-
tion and media exposure that influenced the changes
in outdoor activity behavior in South Korea, Scientific
Reports, 10, 12006. https://doi.org/10.1038/s41598-
020-68580-4

King, S.M., Rosenoern, T., Shilling, J.E., Chen, Q., Martin, S.T. (2009)
Increased cloud activation potential of secondary
organic aerosol for atmospheric mass loadings, Atmo-
spheric Chemistry and Physics, 9, 2959-2971. https://
doi.org/10.5194/acp-9-2959-2009

King, S.M., Rosenoern, T, Shilling, J.E,, Chen, Q,, Martin, S.T. (2007)
Cloud condensation nucleus activity of secondary
organic aerosol particles mixed with sulfate, Geophys-
ical Research Letters, 34, L24806. https://doi.org/
10.1029/2007GL030390

Kleindienst, T.E., Edney, E.O., Namie, G.R., Claxton, L.D.(1986) The
mutagenic activity of irradiated mixtures in the pres-
ence of diethylhydroxylamine, Atmospheric Environ-
ment, 20, 971-978. https://doi.org/10.1016/0004-69
81(86)90281-7

Klotz, B., Serensen, S., Barnes, |., Becker, K.H., Etzkorn, T., Volka-
mer, R., Platt, U., Wirtz, K., Martin-Reviejo, M. (1998)
Atmospheric oxidation of toluene in a large-volume
outdoor photoreactor: in situ determination of ring-
retaining product yields, The Journal of Physical
Chemistry A, 102, 10289-10299. https://doi.org/10.
1021/jp982719n

Kramer, A.J., Rattanavaraha, W., Zhang, Z., Gold, A, Surratt, J.D.,
Lin, Y.-H. (2016) Assessing the oxidative potential of
isoprene-derived epoxides and secondary organic
aerosol, Atmospheric Environment, 130, 211-218.
https://doi.org/10.1016/j.atmosenv.2015.10.018

Krevelen, D.V., Baans, C.M.E. (1950) The elimination of carbon
monoxide from synthesis gases by absorption in
cuprous salt solutions, The Journal of Physical Chem-
istry, 54, 370-390. https://doi.org/10.1021/j150477
a011

Kroll, J.H., Ng, N.L., Murphy, S.M., Flagan, R.C., Seinfeld, J.H.(2006)

o7 I stE|X| M 39 E M55



Secondary organic aerosol formation from isoprene
photooxidation, Environmental Science & Technol-
ogy, 40, 1869-1877. https://doi.org/10.1021/es052
4301

Kuang, Y., Shang, J. (2020) Changes in light absorption by brown
carbon in soot particles due to heterogeneous ozone
aging in a smog chamber, Environmental Pollution,
266, 115273. https://doi.org/10.1016/j.envpol.2020.
115273

Lakey, PS.J., Berkemeier, T,, Tong, H., Arangio, A.M., Lucas, K.,
Poschl, U., Shiraiwa, M. (2016) Chemical exposure-
response relationship between air pollutants and
reactive oxygen species in the human respiratory
tract, Scientific Reports, 6, 32916. https://doi.org/10.
1038/srep32916

Lambe, A.T., Chhabra, PS., Onasch, T.B., Brune, W.H., Hunter, J.F,
Kroll, J.H., Cummings, M.J., Brogan, J.F.,, Parmar, Y.,
Worsnop, D.R,, Kolb, C.E., Davidovits, P.(2015) Effect of
oxidant concentration, exposure time, and seed par-
ticles on secondary organic aerosol chemical compo-
sition and yield, Atmospheric Chemistry and Physics,
15, 3063-3075. https://doi.org/10.5194/acp-15-3063-
2015

Lambe, AT, Onasch, T.B., Massoli, P, Croasdale, D.R., Wright, J.P,
Ahern, AT, Williams, L.R., Worsnop, D.R., Brune, W.H.,
Davidovits, P.(2011) Laboratory studies of the chemi-
cal composition and cloud condensation nuclei (CCN)
activity of secondary organic aerosol (SOA) and oxi-
dized primary organic aerosol (OPOA), Atmospheric
Chemistry and Physics, 11, 8913-8928. https://doi.
org/10.5194/acp-11-8913-2011

Lamkaddam, H., Gratien, A., Pangui, E., Cazaunau, M., Picquet-
Varrault, B., Doussin, J.-F.(2017) High-NO, photooxida-
tion of n-dodecane: temperature dependence of SOA
formation, Environmental Science & Technology, 51,
192-201. https://doi.org/10.1021/acs.est.6b03821

Lathem, T.L., Nenes, A. (2011) Water vapor depletion in the DMT
continuous-flow CCN chamber: effects on supersatu-
ration and droplet growth, Aerosol Science and Tech-
nology, 45, 604-615. https://doi.org/10.1080/0278682
6.2010.551146

Latimer, H.K., Kamens, R.M., Chandra, G. (1998) The atmosphe-
ric partitioning of decamethylcyclopentasiloxane
(D5) and 1-hydroxynonamethylcyclopentasiloxane
(D4TOH) on different types of atmospheric particles,
Chemosphere, 36, 2401-2414. https://doi.org/10.1016/
$0045-6535(97)10209-0

Lavigne, E., Burnett, R.T, Stieb, D.M., Evans, G.J., Godri Pollitt, K.J.,
Chen, H., Van Rijswijk, D., Weichenthal, S. (2018) Fine

=L ART MH ATSE 895

particulate air pollution and adverse birth outcomes:
effect modification by regional nonvolatile oxidative
potential, Environmental Health Perspectives, 126,
077012. https://doi.org/10.1289/EHP2535

Lee, A., Goldstein, A.H., Keywood, M.D., Gao, S., Varutbangkul, V.,
Bahreini, R, Ng, N.L., Flagan, R.C., Seinfeld, J.H.(2006a)
Gas-phase products and secondary aerosol yields
from the ozonolysis of ten different terpenes, Atmo-
spheric Chemistry and Physics, 111, D07302. https://
doi.org/10.1029/2005JD006437

Lee, A., Goldstein, A.H., Kroll, J.H., Ng, N.L., Varutbangkul, V., Flag-
an, R.C,, Seinfeld, J.H. (2006b) Gas-phase products
and secondary aerosol yields from the photooxida-
tion of 16 different terpenes, Atmospheric Chemistry
and Physics, 111, D17305. https://doi.org/10.1029/
2006JD007050

Lee, S., Jang, M., Kamens, R.M. (2004) SOA formation from the
photooxidation of a-pinene in the presence of freshly
emitted diesel soot exhaust, Atmospheric Environ-
ment, 38, 2597-2605. https://doi.org/10.1016/j.
atmosenv.2003.12.041

Lee, S.-B., Bae, G.-N., Kim, M.C,, Lee, Y.-M., Moon, K.-C. (2006a)
Effect of relative humidity on the growth of atmo-
spheric aerosols in winter, Particle and Aerosol
Research, 2, 69-81, (in Korean with English abstract).

Lee, S-B., Bae, G-N., Moon, K.-C., Choi, M. (2006b) Effect of diesel
exhaust on the photochemical reactions of ambient
air, Particle and Aerosol Research, 2, 127-140, (in Kor-
ean with English abstract).

Lee, S--B., Bae, G-N,, Lee, Y.-M., Moon, K.-C. (2013) Wall contami-
nation of teflon bags used as a photochemical reac-
tion chamber of ambient air, Particle and Aerosol
Research, 9, 149-161, (in Korean with English abs-
tract). https://doi.org/10.11629/JPAAR.2013.9.3.149

Lee, S.-B,, Bae, G.-N,, Lee, Y.-M., Moon, K.-C., Choi, M. (2010) Corre-
lation between light intensity and ozone formation
for photochemical smog in urban air of Seoul, Aero-
sol and Air Quality Research, 10, 540-549. https://doi.
0rg/10.4209/aaqr.2010.05.0036

Lee, S.-B., Bae, G.-N., Moon, K.-C. (2004) Aerosol wall loss in teflon
film chambers filled with ambient air, Journal of Kor-
ean Society for Atmospheric Environment, 20, 35-41,
(in Korean with English abstract).

Leone, J.A,, Flagan, R.C,, Grosjean, D., Seinfeld, J.H. (1985) An out-
door smog chamber and modeling study of toluene-
NO, photooxidation, International Journal of Chemi-
cal Kinetics, 17, 177-216. https://doi.org/10.1002/kin.
550170206

Leungsakul, S., Jaoui, M., Kamens, R.M. (2005) Kinetic mechanism

J. Korean Soc. Atmos. Environ., Vol. 39, No. 5, October 2023, pp. 866-904



for predicting secondary organic aerosol formation
from the reaction of d-limonene with ozone, Environ-
mental Science & Technology, 39, 9583-9594. https://
doi.org/10.1021/es0492687

Li, J., Li, H., Li, K., Chen, Y., Zhang, H., Zhang, X., Wu, Z,, Liu, Y,, Wang,
X., Wang, W., Ge, M. (2021a) Enhanced secondary
organic aerosol formation from the photo-oxidation
of mixed anthropogenic volatile organic compounds,
Atmospheric Chemistry and Physics, 21, 7773-7789.
https://doi.org/10.5194/acp-21-7773-2021

Li, J,, Li, H., Wang, X., Wang, W., Ge, M., Zhang, H., Zhang, X,, Li, K.,
Chen, Y., Wu, Z,, Chai, F, Meng, F,, My, Y., Mellouki, A.,
Bi, F., Zhang, Y., Wu, L., Liu, Y. (2021b) A large-scale
outdoor atmospheric simulation smog chamber for
studying atmospheric photochemical processes:
characterization and preliminary application, Journal
of Environmental Sciences, 102, 185-197. https://doi.
org/10.1016/j.,jes.2020.09.015

Li, J,, Li, K, Zhang, H., Zhang, X, Ji, Y., Chu, W, Kong, Y., Chu, Y.,
Ren, Y., Zhang, Y, Zhang, H., Gao, R, Wu, Z,, Bi, F, Chen,
X., Wang, X., Wang, W., Li, H., Ge, M. (2022) Effects of
OH radical and SO, concentrations on photochemical
reactions of mixed anthropogenic organic gases,
Atmospheric Chemistry and Physics, 22, 10489-10504.
https://doi.org/10.5194/acp-22-10489-2022

Li, K, Chen, L, Han, K, Lv, B, Bao, K., Wu, X,, Gao, X., Cen, K.(2017)
Smog chamber study on aging of combustion soot in
isoprene/SO,/NO, system: changes of mass, size,
effective density, morphology and mixing state,
Atmospheric Research, 184, 139-148. https://doi.org/
10.1016/j.atmosres.2016.10.011

Li, K., Lin, C,, Geng, C., White, S., Chen, L., Bao, Z., Zhang, X., Zhao,
Y., Han, L, Yang, W.,, Azzi, M., (2020a) Characterization
of a new smog chamber for evaluating SAPRC gas-
phase chemical mechanism, Journal of Environmen-
tal Sciences, 95, 14-22. https://doi.org/10.1016/j jes.
2020.03.028

Li, K., White, S., Zhao, B., Geng, C., Halliburton, B., Wang, Z., Zhao,
Y., Yu, H,, Yang, W, Bai, Z., Azzi, M. (2020b) Evaluation
of a new chemical mechanism for 2-amino-2-methyl-
1-propanol in a reactive environment from CSIRO
smog chamber experiments, Environmental Science
& Technology, 54, 9844-9853. https://doi.org/10.
1021/acs.est.9b07669

Li, K., Zhang, X., Zhao, B., Bloss, W.J,, Lin, C,, White, S., Yu, H., Chen,
L., Geng, C., Yang, W., Azzi, M., George, C., Bai, Z.
(2022) Suppression of anthropogenic secondary
organic aerosol formation by isoprene, npj Climate
and Atmospheric Science, 5, 12. https://doi.org/10.

Zl

(%

A2, i, 0lE=

1038/541612-022-00233-x

Li, Q, Jiang, J., Afreh, LK., Barsanti, K.C., Cocker IlI, D.R.(2022) Sec-
ondary organic aerosol formation from camphene
oxidation: measurements and modeling, Atmosphe-
ric Chemistry and Physics, 22, 3131-3147. https://doi.
org/10.5194/acp-22-3131-2022

Li, W., Cocker, D.R. (2018a) Secondary organic aerosol and ozone
formation from photo-oxidation of unburned diesel
fuel in a surrogate atmospheric environment, Atmo-
spheric Environment, 184, 17-23. https://doi.org/10.
1016/j.atmosenv.2018.03.059

Li, W, Li, L., Chen, C,, Kacarab, M., Peng, W., Price, D., Xu, J., Cocker,
D.R.(2018b) Potential of select intermediate-volatility
organic compounds and consumer products for sec-
ondary organic aerosol and ozone formation under
relevant urban conditions, Atmospheric Environ-
ment, 178, 109-117. https://doi.org/10.1016/j.atmos
env.2017.12.019

Liang, P, Mu, Y.J., Daéle, V., Mellouki, A. (2011) Kinetic studies of
Cl reactions with 3-buten-1-ol and 2-buten-1-ol over
the temperature range 298-363K, Chemical Physics
Letters, 502, 154-158. https://doi.org/10.1016/j.cplett.
2010.12.058

Lim, Y.B., Lee, S.-B., Kim, H., Kim, J.Y., Bae, G.-N. (2016) Review of
recent smog chamber studies for secondary organic
aerosol, Journal of Korean Society for Atmosphe-
ric Environment, 32, 131-157, (in Korean with English
abstract). https://doi.org/10.5572/KOSAE.2016.32.2.
131

Liu, C, Chen, T, Liu, Y, Liu, J., He, H., Zhang, P.(2019) Enhance-
ment of secondary organic aerosol formation and its
oxidation state by SO, during photooxidation of
2-methoxyphenol, Atmospheric Chemistry and Phys-
ics, 19, 2687-2700. https://doi.org/10.5194/acp-19-
2687-2019

Liu, J,, Chu, B,, Chen, T, Liu, C, Wang, L., Bao, X., He, H.(2018) Sec-
ondary organic aerosol formation from ambient air at
an urban site in beijing: effects of OH exposure and
precursor concentrations, Environmental Science &
Technology, 52, 6834-6841. https://doi.org/10.1021/
acs.est.7b05701

Liu, P, Song, M., Zhao, T,, Gunthe, S.S.,, Ham, S., He, Y., Qin, Y.M.,
Gong, Z., Amorim, J.C., Bertram, A.K., Martin, S.T.
(2018) Resolving the mechanisms of hygroscopic
growth and cloud condensation nuclei activity for
organic particulate matter, Nature Communications,
9, 4076. https://doi.org/10.1038/541467-018-06622-2

Liu, S., Jiang, X, Tsona, N.T,, Lv, C,, Dy, L.(2019) Effects of NO,, SO,
and RH on the SOA formation from cyclohexene pho-




tooxidation, Chemosphere, 216, 794-804. https://doi.
org/10.1016/j.chemosphere.2018.10.180

Liu, T,, Huang, D.D, Li, Z,, Liu, Q,, Chan, M., Chan, CK.(2018) Com-
parison of secondary organic aerosol formation from
toluene on initially wet and dry ammonium sulfate
particles at moderate relative humidity, Atmospheric
Chemistry and Physics, 18, 5677-5689. https://doi.
org/10.5194/acp-18-5677-2018

Liu, T, Wang, X,, Hu, Q, Deng, W., Zhang, Y., Ding, X,, Fu, X., Ber-
nard, F, Zhang, Z,, L, S., He, Q, Bi, X., Chen, J., Sun, Y.,
Yu, J., Peng, P, Sheng, G., Fu, J. (2016) Formation of
secondary aerosols from gasoline vehicle exhaust
when mixing with SO,, Atmospheric Chemistry and
Physics, 16, 675-689. https://doi.org/10.5194/acp-16-
675-2016

Loza, C.L,, Chan, AW.H., Galloway, M.M., Keutsch, F.N., Flagan,
R.C., Seinfeld, J.H. (2010) Characterization of vapor
wall loss in laboratory chambers, Environmental Sci-
ence & Technology, 44, 5074-5078. https://doi.org/
10.1021/es100727v

Lu, Z., Hao, J., Hu, L., Takekawa, H. (2008) The compaction of soot
particles generated by spark discharge in the pro-
pene ozonolysis system, Journal of Aerosol Science,
39, 897-903. https://doi.org/10.1016/j.jaerosci.2008.
06.001

Lu, Z,, Hao, K., Li, J., Takekawa, H. (2009). Effect of highly concen-
trated dry (NH,),SO, seed aerosols on ozone and sec-
ondary organic aerosol formation in aromatic hydro-
carbon/NO, photooxidation systems, Atmospheric
Aerosols, Chapter 8, 111-126. https://doi.org/10.
1021/bk-2009-1005.ch008

Lugo, PL., Straccia, V.G., Rivela, C.B., Patroescu-Klotz, 1., lllmann,
N., Teruel, M.A., Wiesen, P, Blanco, M.B. (2022) Diurnal
photodegradation of fluorinated diketones (FDKs) by
OH radicals using different atmospheric simulation
chambers: role of keto-enol tautomerization on reac-
tivity, Chemosphere, 286, 131562. https://doi.org/
10.1016/j.chemosphere.2021.131562

Lutes, C.C,, Charles, M.J., Odum, J.R., Kamens, R.M. (1992) Cham-
ber aging studies on the atmospheric stability of
polybrominated dibenzo-p-dioxins and dibenzofu-
rans, Environmental Science & Technology, 26, 991-
998. https://doi.org/10.1021/es00029a019

Ma, W, Liy, Y, Zhang, Y., Feng, Z., Zhan, J., Hua, C,, Ma, L., Guo, Y.,
Zhang, Y., Zhou, W,, Yan, C,, Chu, B,, Chen, T., Ma, Q,,
Liu, C, Kulmala, M., Mu, Y,, He, H.(2022) A new type of
quartz smog chamber: design and characterization,
Environmental Science & Technology, 56, 2181-2190.
https://doi.org/10.1021/acs.est.1c06341

=L ART MH ATSE 897

Mao, J.,, Ren, X,, Brune, W.H,, Olson, J.R., Crawford, J.H., Fried, A.,
Huey, L.G., Cohen, R.C,, Heikes, B, Singh, H.B., Blake,
D.R., Sachse, G.W,, Diskin, G.S., Hall, S.R., Shetter, R.E.
(2009) Airborne measurement of OH reactivity dur-
ing INTEX-B, Atmospheric Chemistry and Physics, 9,
163-173. https://doi.org/10.5194/acp-9-163-2009

Massoli, P, Lambe, AT.,, Ahern, A.T., Williams, L.R., Ehn, M., Mik-
kila, J., Canagaratna, M.R., Brune, W.H., Onasch, T.B.,
Jayne, J.T, Petdjd, T, Kulmala, M., Laaksonen, A., Kolb,
C.E., Davidovits, P, Worsnop, D.R. (2010) Relationship
between aerosol oxidation level and hygroscopic
properties of laboratory generated secondary organ-
ic aerosol (SOA) particles, Geophysical Research Let-
ters, 37, L24801. https://doi.org/10.1029/2010GL045
258

McGee Hargrove, M., Snow, S.J.,, Luebke, R.W., Wood, C.E., Krug,
J.D., Krantz, QT,, King, C., Copeland, C.B., McCullough,
S.D., Gowdy, K.M., Kodavanti, U.P., Gilmour, M..,
Gavett, S.H. (2018) Effects of simulated smog atmo-
spheres in rodent models of metabolic and immuno-
logic dysfunction, Environmental Science & Technol-
ogy, 52, 3062-3070. https://doi.org/10.1021/acs.est.
7b06534

Molteni, U., Bianchi, F, Klein, F., El Haddad, |, Frege, C., Rossi, M.J.,
Dommen, J., Baltensperger, U. (2018) Formation of
highly oxygenated organic molecules from aromatic
compounds, Atmospheric Chemistry and Physics, 18,
1909-1921. https://doi.org/10.5194/acp-18-1909-
2018

Morino, Y., Sadanaga, Y., Sato, K., Sakamoto, Y., Muraoka, T.,
Miyatake, K., Li, J., Kajii, Y. (2023) Direct evaluation
of the ozone production regime in smog cham-
ber experiments, Atmospheric Environment, 309,
119889. https://doi.org/10.1016/j.atmosenv.2023.
119889

Morriss, FV.,, Bolze, C., Goodwin, J.T., King, F.(1957) Smog experi-
ments in large chambers. equipment and procedure,
Industrial & Engineering Chemistry, 49, 1249-1250.
https://doi.org/10.1021/ie50572a028

Mu, Q. Shiraiwa, M., Octaviani, M., Ma, N., Ding, A., Su, H., Lam-
mel, G., Pdschl, U., Cheng, Y. (2018) Temperature
effect on phase state and reactivity controls atmo-
spheric multiphase chemistry and transport of PAHs,
Science Advances, 4, eaap7314. https://doi.org/10.
1126/sciadv.aap7314

Munoz, A, Borrés, E., Rédenas, M., Vera, T., Pedersen, H.A. (2018)
Atmospheric oxidation of a thiocarbamate herbicide
used in winter cereals, Environmental Science & Tech-
nology, 52, 9136-9144. https://doi.org/10.1021/acs.

J. Korean Soc. Atmos. Environ., Vol. 39, No. 5, October 2023, pp. 866-904



898 ZZEY, O|XIH, 22 AL ZX2, Z AL 2SS,
est.8b02157

Mufoz, A., Rédenas, M., Borras, E., Vazquez, M., Vera, T. (2014a)
The gas-phase degradation of chlorpyrifos and chlor-
pyrifos-oxon towards OH radical under atmospheric
conditions, Chemosphere, 111, 522-528. https://doi.
org/10.1016/j.chemosphere.2014.04.087

Mufoz, A, Vera, T, Rédenas, M., Borras, E., Mellouki, A, Treacy, J.,
Sidebottom, H.(2014b) Gas-phase degradation of the
herbicide ethalfluralin under atmospheric conditions,
Chemosphere, 95, 395-401. https://doi.org/10.1016/
j.chemosphere.2013.09.053

Nelson, PF, Quigley, S.M. (1983) The m,p-xylenes:ethylbenzene
ratio. A technique for estimating hydrocarbon age in
ambient atmospheres, Atmospheric Environment, 17,
659-662. https://doi.org/10.1016/0004-6981(83)901
41-5

Newland, M.J,, Jenkin, M.E., Rickard, A.R. (2017) Elucidating the
fate of the OH-adduct in toluene oxidation under tro-
pospheric boundary layer conditions, Proceedings
of the National Academy of Sciences of the United
States of America, 114. https://doi.org/10.1073/pnas.
1713678114

Ng, N.L,, Kroll, JH., Chan, AW.H., Chhabra, PS,, Flagan, R.C,, Sein-
feld, J.H. (2007) Secondary organic aerosol formation
from m-xylene, toluene, and benzene, Atmospheric
Chemistry and Physics, 7, 3909-3922. https://doi.org/
10.5194/acp-7-3909-2007

Nie, J.S., Qin, M., Yang, Y., Zhang, W.J. (2002) The structure and
performance of a kind of photo chemical smog
chamber, Chinese Journal of Atomic and Molecular
Physics, 19, 186-190, (in Chinese).

O’Dowd, C.D., Jimenez, J.L., Bahreini, R, Flagan, R.C., Seinfeld,
J.H., Hdmeri, K., Pirjola, L., Kulmala, M., Jennings,
S.G., Hoffmann, T. (2002) Marine aerosol formation
from biogenic iodine emissions, Nature, 417, 632-
636. https://doi.org/10.1038/nature00775

Organisation for Economic Co-operation and Development
(OECD) (2012) OECD Environmental Outlook to 2050:
The Consequences of Inaction, OECD Environmental
Outlook. https://doi.org/10.1787/9789264122246-en

@vrevik, J. (2019) Oxidative potential versus biological effects: a
review on the relevance of cell-free/abiotic assays as
predictors of toxicity from airborne particulate mat-
ter, International Journal of Molecular Sciences, 20,
4772. https://doi.org/10.3390/ijms20194772

Park, J., Jang, M., Yu, Z.(2017) Heterogeneous photo-oxidation of
SO, in the presence of two different mineral dust par-
ticles: gobi and arizona dust, Environmental Science
& Technology, 51, 9605-9613. https://doi.org/10.

Zl

(%

A2, i, 0lE=

1021/acs.est.7b00588

Park, J.-H., Babar, Z.B., Baek, S.J., Kim, H.S,, Lim, H.-J. (2017) Effects
of NO, on the molecular composition of secondary
organic aerosol formed by the ozonolysis and photo-
oxidation of a-pinene, Atmospheric Environment, 166,
263-275. https://doi.org/10.1016/j.atmosenv.2017.07.
022

Park, J.Y., Jang, M. (2016) Heterogeneous photooxidation of sul-
fur dioxide in the presence of airborne mineral dust
particles, RSC Advances, 6, 58617-58627. https://doi.
org/10.1039/C6RA09601H

Park, M., Joo, H.S,, Lee, K., Jang, M., Kim, S.D., Kim, I., Borlaza,
L.J.S., Lim, H., Shin, H., Chung, K.H., Choi, Y--H., Park,
S.G,, Bag, M-S, Lee, J,, Song, H., Park, K. (2018) Differ-
ential toxicities of fine particulate matters from vari-
ous sources, Scientific Reports, 8, 17007. https://doi.
0rg/10.1038/541598-018-35398-0

Paulot, F, Crounse, J.D,, Kjaergaard, H.G., Kroll, J.H., Seinfeld, J.H.,
Wennberg, P.O. (2009b) Isoprene photooxidation:
new insights into the production of acids and orga-
nic nitrates, Atmospheric Chemistry and Physics, 9,
1479-1501. https://doi.org/10.5194/acp-9-1479-2009

Paulot, F, Crounse, J.D., Kjaergaard, H.G,, Kurten, A,, St. Clair, J.M.,
Seinfeld, J.H., Wennberg, P.O. (2009a) Unexpected
epoxide formation in the gas-phase photooxidation
of isoprene, Science, 325, 730-733. https://doi.org/10.
1126/science.1172910

Petters, M.D., Kreidenweis, S.M. (2007) A single parameter repre-
sentation of hygroscopic growth and cloud conden-
sation nucleus activity, Atmospheric Chemistry and
Physics, 7, 1961-1971. https://doi.org/10.5194/acp-7-
1961-2007

Petters, M.D., Wex, H., Carrico, C.M., Hallbauer, E., Massling,
A., McMeeking, G.R,, Poulain, L., Wu, Z., Kreidenweis,
S.M., Stratmann, F. (2009) Towards closing the gap
between hygroscopic growth and activation for sec-
ondary organic aerosol - Part 2: Theoretical appro-
aches, Atmospheric Chemistry and Physics, 9, 3999-
4009. https://doi.org/10.5194/acp-9-3999-2009

Picquet-Varrault, B., Doussin, J.-F.,, Durand-Jolibois, R., Pirali, O.,
Carlier, P, Fittschen, C. (2002) Kinetic and mechanistic
study of the atmospheric oxidation by OH radicals of
allyl acetate, Environmental Science & Technology,
36, 4081-4086. https://doi.org/10.1021/e50200138

Pietrogrande, M.C,, Bacco, D., Trentini, A., Russo, M. (2021) Effect
of filter extraction solvents on the measurement of
the oxidative potential of airborne PM, s, Environ-
mental Science and Pollution Research, 28, 29551-
29563. https://doi.org/10.1007/511356-021-12604-7




Pitts Jr, J.N. (1977) Mechanisms of photochemical reactions in
urban air. Volume I. Chemistry studies. Final report
1 Dec 71-1 Dec 74. California University, Riverside
(USA). Statewide Air Pollution Research Center.

Pitts Jr, J.N., Darnall, K.R., Winer, A.M., McAfee, J.M. (1977) Mecha-
nisms of Photochemical Reactions in Urban Air-Vol-
ume Il. Chamber Studies. US Environmental Protec-
tion Agency Report (US EPA) No. EPA-600/3-77-014b.

Prenni, A.J., Petters, M.D., Kreidenweis, S.M., DeMott, P.J., Zie-
mann, PJ. (2007) Cloud droplet activation of second-
ary organic aerosol, Journal of Geophysical Research:
Atmospheres, 112, D10223. https://doi.org/10.1029/
2006JD007963

Pye, H.O.T., Murphy, B.N,, Xu, L., Ng, N.L., Carlton, A.G., Guo, H.,
Weber, R., Vasilakos, P, Appel, K.W., Budisulistiorini,
S.H., Surratt, J.D., Nenes, A., Hu, W., Jimenez, J.L., Isaac-
man-VanWertz, G., Misztal, PK., Goldstein, A.H.(2017)
On the implications of aerosol liquid water and phase
separation for organic aerosol mass, Atmospheric
Chemistry and Physics, 17, 343-369. https://doi.org/
10.5194/acp-17-343-2017

Raff, J.D., Finlayson-Pitts, B.J. (2010) Hydroxyl radical quantum
yields from isopropyl nitrite photolysis in air, Environ-
mental Science & Technology, 44(21), 8150-8155.
https://doi.org/10.1021/es102218d

Rattanavaraha, W., Rosen, E., Zhang, H., Li, Q., Pantong, K.,
Kamens, R.M. (2011) The reactive oxidant potential of
different types of aged atmospheric particles: an out-
door chamber study, Atmospheric Environment, 45,
3848-3855. https://doi.org/10.1016/j.atmosenv.2011.
04.002

Ren, Y., Bernard, F, Daéle, V., Mellouki, A.(2019) Atmospheric fate
and impact of perfluorinated butanone and penta-
none, Environmental Science & Technology, 53, 8862-
8871. https://doi.org/10.1021/acs.est.9b02974

Riva, M., Budisulistiorini, S.H., Zhang, Z., Gold, A., Surratt, J.D.
(2016) Chemical characterization of secondary orga-
nic aerosol constituents from isoprene ozonolysis in
the presence of acidic aerosol, Atmospheric Environ-
ment, 130, 5-13. https://doi.org/10.1016/j.atmosenv.
2015.06.027

Riva, M., Healy, R.M,, Flaud, P-M., Perraudin, E., Wenger, J.C., Ville-
nave, E.(2015) Gas- and particle-phase products from
the chlorine-initiated oxidation of polycyclic aroma-
tic hydrocarbons, The Journal of Physical Chemistry A,
119, 11170-11181. https://doi.org/10.1021/acs.jpca.5
b04610

Roberts, G.C., Nenes, A. (2005) A continuous-flow streamwise
thermal-gradient CCN chamber for atmospheric

=L ART MH ATSE 899

measurements, Aerosol Science and Technology, 39,
206-221. https://doi.org/10.1080/027868290913988

Rose, A.H., Brandt, C.S. (1960) Environmental irradiation test
facility, Journal of the Air Pollution Control Associa-
tion, 10, 331-335. https://doi.org/10.1080/00022470.
1960.10467941

Rose, D., Gunthe, S.S., Mikhailov, E., Frank, G.P, Dusek, U., Andre-
ae, M.O., Poschl, U. (2008) Calibration and measure-
ment uncertainties of a continuous-flow cloud con-
densation nuclei counter (DMT-CCNC): CCN activa-
tion of ammonium sulfate and sodium chloride aero-
sol particles in theory and experiment, Atmospheric
Chemistry and Physics, 8, 1153-1179. https://doi.
org/10.5194/acp-8-1153-2008

Rule, A.M., Koehler, K.A. (2022) Particle constituents and oxida-
tive potential: insights into differential fine particu-
late matter toxicity, American Journal of Respiratory
and Critical Care Medicine, 206, 1310-1312. https://
doi.org/10.1164/rccm.202208-1513ED

Russell, L.M., Bahadur, R., Ziemann, P.J.(2011) Identifying organic
aerosol sources by comparing functional group com-
position in chamber and atmospheric particles, Pro-
ceedings of the National Academy of Sciences of the
United States of America, 108, 3516-3521. https://doi.
org/10.1073/pnas.1006461108

Saathoff, H., Naumann, K.-H., Mohler, O,, Jonsson, A.M., Hallquist,
M., Kiendler-Scharr, A., Mentel, Th.F, Tillmann, R., Sch-
urath, U. (2009) Temperature dependence of yields of
secondary organic aerosols from the ozonolysis of
a-pinene and limonene, Atmospheric Chemistry and
Physics, 9, 1551-1577. https://doi.org/10.5194/acp-9-
1551-2009

Sakamoto, Y., Kohno, N., Ramasamy, S., Sato, K., Morino, Y., Kajii, Y.
(2022) Investigation of OH-reactivity budget in the
isoprene, a-pinene and m-xylene oxidation with OH
under high NO, conditions, Atmospheric Environ-
ment, 271, 118916. https://doi.org/10.1016/j.atmos
env.2021.118916

Samy, S., Zielinska, B. (2010) Secondary organic aerosol produc-
tion from modern diesel engine emissions, Atmo-
spheric Chemistry and Physics, 10, 609-625. https://
doi.org/10.5194/acp-10-609-2010

Sarrafzadeh, M., Wildt, J.,, Pullinen, 1., Springer, M., Kleist, E., Till-
mann, R., Schmitt, S.H., Wu, C,, Mentel, T.F, Zhao, D.,
Hastie, D.R., Kiendler-Scharr, A.(2016) Impact of NO,
and OH on secondary organic aerosol formation
from B-pinene photooxidation, Atmospheric Chemis-
try and Physics, 16, 11237-11248. https://doi.org/10.
5194/acp-16-11237-2016

J. Korean Soc. Atmos. Environ., Vol. 39, No. 5, October 2023, pp. 866-904



Sato, K., Fujitani, Y., Inomata, S., Morino, Y., Tanabe, K., Hikida, T,
Shimono, A, Takami, A., Fushimi, A., Kondo, Y., Imamu-
ra, T, Tanimoto, H., Sugata, S.(2019) A study of volatili-
ty by composition, heating, and dilution measure-
ments of secondary organic aerosol from 1,3,5-tri-
methylbenzene, Atmospheric Chemistry and Physics,
19, 14901-14915. https://doi.org/10.5194/acp-19-
14901-2019

Sato, K., Fujitani, Y., Inomata, S., Morino, Y., Tanabe, K., Ramasamy,
S., Hikida, T,, Shimono, A., Takami, A., Fushimi, A., Kon-
do, Y., Imamura, T, Tanimoto, H., Sugata, S. (2018)
Studying volatility from composition, dilution, and
heating measurements of secondary organic aero-
sols formed during a-pinene ozonolysis, Atmospher-
ic Chemistry and Physics, 18, 5455-5466. https://doi.
org/10.5194/acp-18-5455-2018

Sato, K., Nakashima, Y., Morino, Y., Imamura, T., Kurokawa, J., Kajii,
Y.(2017) Total OH reactivity measurements for the
OH-initiated oxidation of aromatic hydrocarbons in
the presence of NO,, Atmospheric Environment, 171,
272-278. https://doi.org/10.1016/j.atmosenv.2017.10.
036

Schlosser, E., Bohn, B., Brauers, T,, Dorn, H.-P, Fuchs, H., Haseler,
R., Hofzumahaus, A., Holland, F,, Rohrer, F., Rupp, L.O.,
Siese, M., Tillmann, R., Wahner, A. (2007) Intercompari-
son of two hydroxyl radical measurement techniques
at the atmosphere simulation chamber SAPHIR, Jour-
nal of Atmospheric Chemistry, 56, 187-205. https://
doi.org/10.1007/510874-006-9049-3

Schnaiter, M., Jarvinen, E., Vochezer, P, Abdelmonem, A, Wagner,
R., Jourdan, O., Mioche, G., Shcherbakov, V.N., Schmitt,
C.G,, Tricoli, U., Ulanowski, Z., Heymsfield, A.J. (2016)
Cloud chamber experiments on the origin of ice crys-
tal complexity in cirrus clouds, Atmospheric Chemis-
try and Physics, 16, 5091-5110. https://doi.org/10.
5194/acp-16-5091-2016

Schneider, J., Hohler, K., Wagner, R., Saathoff, H., Schnaiter, M.,
Schorr, T, Steinke, 1., Benz, S., Baumgartner, M., Rolf, C,,
Kramer, M., Leisner, T., Mohler, O. (2021) High homo-
geneous freezing onsets of sulfuric acid aerosol at cir-
rus temperatures, Atmospheric Chemistry and Phys-
ics, 21, 14403-14425. https://doi.org/10.5194/acp-21-
14403-2021

Sem, K, Jang, M., Pierce, R., Blum, P, Yu, Z.(2022) Characteriza-
tion of atmospheric processes of brevetoxins in sea
spray aerosols from red tide events, Environmental
Science & Technology, 56, 1811-1819. https://doi.org/
10.1021/acs.est.1c05740

Seo, J., Lim, Y.B,, Youn, D., Kim, J.Y,, Jin, H.C. (2020) Synergistic

Zl

(%

A2, i, 0lE=

enhancement of urban haze by nitrate uptake into
transported hygroscopic particles in the Asian conti-
nental outflow, Atmospheric Chemistry and Physics,
20, 7575-7594. https://doi.org/10.5194/acp-20-7575-
2020

Shahpoury, P, Harner, T., Lammel, G, Lelieveld, S., Tong, H., Wil-
son, J.(2019) Development of an antioxidant assay to
study oxidative potential of airborne particulate mat-
ter, Atmospheric Measurement Techniques, 12, 6529-
6539. https://doi.org/10.5194/amt-12-6529-2019

Shahpoury, P, Zhang, Z.W, Filippi, A., Hildmann, S., Lelieveld, S.,
Mashtakov, B., Patel, B.R., Traub, A., Umbrio, D., Wiet-
zoreck, M., Wilson, J., Berkemeier, T., Celo, V., Dabek-
Zlotorzynska, E., Evans, G., Harner, T, Kerman, K., Lam-
mel, G., Noroozifar, M., Péschl, U, Tong, H. (2022) Inter-
comparison of oxidative potential metrics for air-
borne particles identifies differences between acellu-
lar chemical assays, Atmospheric Pollution Research,
13,101596. https:/doi.org/10.1016/}.apr.2022.101596

Shao, Y., Wang, Y., Du, M., Voliotis, A., Alfarra, M.R., O'Meara, S.P,
Turner, S.F, McFiggans, G. (2022) Characterisation of
the Manchester aerosol chamber facility, Atmosphe-
ric Measurement Techniques, 15, 539-559. https://doi.
org/10.5194/amt-15-539-2022

Shepson, PB., Kleindienst, T.E., Edney, E.O., Namie, G.R., Pittman,
J.H., Cupitt, L.T. (1985) Mutagenic activity of irradia-
ted toluene nitrogen oxide (NO,)/water/air mixtures,
Environmental Science & Technology, 19, 249-255.
https://doi.org/10.1021/es00133a005

Shepson, PB., Kleindienst, T.E., Nero, C.M., Hodges, D.N., Cupitt,
L.T., Claxton, L.D. (1987) Allyl chloride: the mutagenic
activity of its photooxidation products, Environmen-
tal Science & Technology, 21, 568-573. https://doi.
0rg/10.1021/es00160a007

Shiraiwa, M., Ueda, K., Pozzer, A., Lammel, G., Kampf, C.J., Fushimi,
A., Enami, S., Arangio, A.M., Frohlich-Nowoisky, J., Fuji-
tani, Y, Furuyama, A., Lakey, PS.J., Lelieveld, J., Lucas,
K., Morino, Y., Pdschl, U., Takahama, S., Takami, A.,
Tong, H., Weber, B., Yoshino, A., Sato, K. (2017) Aerosol
health effects from molecular to global scales, Envi-
ronmental Science & Technology, 51, 13545-13567.
https://doi.org/10.1021/acs.est.7b04417

Siese, M., Becker, K.H., Brockmann, K.J., Geiger, H., Hofzumahaus,
A., Holland, F.,, Mihelcic, D., Wirtz, K. (2001) Direct mea-
surement of OH radicals from ozonolysis of selected
alkenes: a EUPHORE simulation chamber study, Envi-
ronmental Science & Technology, 35, 4660-4667.
https://doi.org/10.1021/es010150p

Socorro, J., Lakey, PS.J.,, Han, L., Berkemeier, T., Lammel, G.,

o7 I stE|X| M 39 E M55



Zetzsch, C., Péschl, U., Shiraiwa, M. (2017) Heteroge-
neous OH oxidation, shielding effects, and implica-
tions for the atmospheric fate of terbuthylazine and
other pesticides, Environmental Science & Technol-
ogy, 51, 13749-13754. https://doi.org/10.1021/acs.est.
7b04307

Song, M., Kim, M., Park, T., Lee, JW,, Lee, SH., Bae, M-S, Lee, T,

Park, H.M. (2021) A review of large-scale smog cham-
ber and research trends, Journal of the Korean Soci-
ety for Environmental Technology, 22, 397-407, (in
Korean with English abstract). https://doi.org/10.26
511/JKSET.22.6.1

Song, M., Zhang, C,, Wy, H., Mu, J., Ma, Z,, Liu, P, Liu, J,, Zhang, Y.,

Chen, C, Fu, Y., Bi, X, Jiang, B., My, Y. (2018) The influ-
ence of UV-light irradiation and stable Criegee inter-
mediate scavengers on secondary organic aerosol
formation from isoprene ozonolysis, Atmospheric
Environment, 191, 116-125. https://doi.org/10.1016/
j.atmosenv.2018.08.014

Srivastava, D, Vu, T.V,, Tong, S., Shi, Z,, Harrison, R.M. (2022) For-

mation of secondary organic aerosols from anthropo-
genic precursors in laboratory studies, npj Climate
and Atmospheric Science, 5, 22. https://doi.org/10.
1038/541612-022-00238-6

Steading, T.W. (1965) Environment simulation for studying the

effects of air pollutants on computers, Journal of the
Air Pollution Control Association, 15, 99-101. https://
doi.org/10.1080/00022470.1965.10468349

Steenhof, M., Gosens, |., Strak, M., Godri, K.J., Hoek, G., Cassee,

F.R., Mudway, I.S., Kelly, F.J., Harrison, R.M.,, Lebret, E.,
Brunekreef, B., Janssen, N.A., Pieters, R.H. (2011) In
vitro toxicity of particulate matter (PM) collected at
different sites in the Netherlands is associated with
PM composition, size fraction and oxidative poten-
tial-the RAPTES project, Particle and Fibre Toxicology,
8, 1-15. https://doi.org/10.1186/1743-8977-8-26

Steinke, I., Funk, R., Busse, J., Iturri, A., Kirchen, S., Leue, M.,

Mohler, O., Schwartz, T., Schnaiter, M., Sierau, B.,
Toprak, E., Ullrich, R., Ulrich, A., Hoose, C., Leisner, T.
(2016) Ice nucleation activity of agricultural soil dust
aerosols from Mongolia, Argentina, and Germany,
Journal of Geophysical Research: Atmospheres, 121,
13559-13576. https://doi.org/10.1002/2016JD025160

Steinke, I, Hiranuma, N., Funk, R., Hohler, K., Ttllmann, N., Umo,

N.S., Weidler, P.G., Moéhler, O., Leisner, T. (2020) Com-
plex plant-derived organic aerosol as ice-nucleating
particles - more than the sums of their parts?, Atmo-
spheric Chemistry and Physics, 20, 11387-11397.
https://doi.org/10.5194/acp-20-11387-2020

=L ART MH ATSE 901

Stroud, C.A., Makar, PA., Michelangeli, D.V., Mozurkewich, M.,
Hastie, D.R., Barbu, A., Humble, J. (2004) Simulating
organic aerosol formation during the photooxidation
of toluene/NO, mixtures: comparing the equilibrium
and kinetic assumption, Environmental Science &
Technology, 38, 1471-1479. https://doi.org/10.1021/
es030546w

Suda, SR, Petters, M.D., Matsunaga, A., Sullivan, R.C., Ziemann,
PJ., Kreidenweis, S.M. (2012) Hygroscopicity frequen-
cy distributions of secondary organic aerosols, Jour-
nal of Geophysical Research: Atmospheres, 117,
D04207. https://doi.org/10.1029/2011JD016823

Suda, SR, Petters, M.D., Yeh, G.K,, Strollo, C., Matsunaga, A., Faul-
haber, A., Ziemann, PJ., Prenni, AJ., Carrico, C.M,, Sulli-
van, R.C,, Kreidenweis, S.M. (2014) Influence of func-
tional groups on organic aerosol cloud condensation
nucleus activity, Environmental Science & Technol-
ogy, 48, 10182-10190. https://doi.org/10.1021/es502
147y

Svendby, T.M., Lazaridis, M., Tarseth, K. (2008) Temperature
dependent secondary organic aerosol formation from
terpenes and aromatics, Journal of Atmospheric Che-
mistry, 59, 25-46. https://doi.org/10.1007/510874-007-
9093-7

Tajuelo, M., Rodriguez, A., Baeza-Romero, M.T., Aranda, A., Diaz-
de-Mera, Y., Rodriguez, D. (2019) Secondary organic
aerosol formation from a-methylstyrene atmospheric
degradation: role of NO level, relative humidity and
inorganic seed aerosol, Atmospheric Research, 230,
104631. https://doi.org/10.1016/j.atmosres.2019.104
631

Takekawa, H., Minoura, H., Yamazaki, S. (2003) Temperature
dependence of secondary organic aerosol formation
by photo-oxidation of hydrocarbons, Atmospheric
Environment, 37, 3413-3424. https://doi.org/10.1016/
$1352-2310(03)00359-5

Tang, X,, Bi, M., Li, J,, Zhang, X., Tang, D., Zhang, Y. (1982) Trial pro-
duction and performance test of photochemical
smog chamber, Environmental Chemistry, 1, 344-351,
(in Chinese).

Tuet, W.Y,, Chen, Y., Fok, S., Gao, D., Weber, R.J., Champion, J.A,,
Ng, N.L. (2017a) Chemical and cellular oxidant pro-
duction induced by naphthalene secondary organic
aerosol (SOA): effect of redox-active metals and pho-
tochemical aging, Scientific Reports, 7, 15157. https://
doi.org/10.1038/541598-017-15071-8

Tuet, W.Y,, Chen, Y., Xy, L, Fok, S., Gao, D., Weber, R.J., Ng, N.L.
(2017b) Chemical oxidative potential of secondary
organic aerosol (SOA) generated from the photooxi-

J. Korean Soc. Atmos. Environ., Vol. 39, No. 5, October 2023, pp. 866-904



dation of biogenic and anthropogenic volatile organ-
ic compounds, Atmospheric Chemistry and Physics,
17, 839-853. https://doi.org/10.5194/acp-17-839-
2017

Umo, N.S., Wagner, R,, Ullrich, R, Kiselev, A., Saathoff, H., Weidler,

P.G,, Cziczo, D.J,, Leisner, T,, M&hler, O.(2019) Enhanced
ice nucleation activity of coal fly ash aerosol particles
initiated by ice-filled pores, Atmospheric Chemistry
and Physics, 19, 8783-8800. https://doi.org/10.5194/
acp-19-8783-2019

VanReken, T.M. (2005) Cloud condensation nucleus activation

properties of biogenic secondary organic aerosol,
Atmospheric Chemistry and Physics, 110, D07206.
https://doi.org/10.1029/2004JD005465

Varutbangkul, V., Brechtel, F.J., Bahreini, R., Ng, N.L., Keywood,

M.D., Kroll, J.H., Flagan, R.C., Seinfeld, J.H., Lee, A.,
Goldstein, A.H. (2006) Hygroscopicity of secondary
organic aerosols formed by oxidation of cycloalkenes,
monoterpenes, sesquiterpenes, and related com-
pounds, Atmospheric Chemistry and Physics, 6, 2367-
2388. https://doi.org/10.5194/acp-6-2367-2006

Vera, T., Boras, E., Chen, J., Coscolla, C., Daéle, V., Mellouki, A.,

Rddenas, M., Sidebottom, H., Sun, X, Yus4, V., Zhang,
X., Mufoz, A.(2015) Atmospheric degradation of lin-
dane and 1,3-dichloroacetone in the gas phase. Stud-
ies at the EUPHORE simulation chamber, Chemo-
sphere, 138, 112-119. https://doi.org/10.1016/j.chemo
sphere.2015.05.061

Wagner, R, Bunz, H., Linke, C., Mohler, O,, Naumann, K.-H., Saa-

thoff, H., Schnaiter, M., Schurath, U. (2006) Chamber
simulations of cloud chemistry: the AIDA chamber,
Environmental Simulation Chambers: Application to
Atmospheric Chemical Processes, 67-82, Springer
Netherlands. https://doi.org/10.1007/1-4020-4232-
95

Wagner, R., Mdhler, O., Saathoff, H., Schnaiter, M., Skrotzki, J.,

Leisner, T., Wilson, TW., Malkin, T.L., Murray, B.J. (2012)
Ice cloud processing of ultra-viscous/glassy aerosol
particles leads to enhanced ice nucleation ability,
Atmospheric Chemistry and Physics, 12, 8589-8610.
https://doi.org/10.5194/acp-12-8589-2012

Wang, S., Tsona, N.T,, Du, L. (2021) Effect of NO, on secondary

organic aerosol formation from the photochemical
transformation of allyl acetate, Atmospheric Environ-
ment, 255, 118426. https://doi.org/10.1016/j.atmos
env.2021.118426

A2, i, 0lE=

Wang, W.X., Wang, D.H,, Liu, Y.M,, Ding, H.L,, Zhang, G.M. (1989)

The structure and characteristics of the evacuable
photochemical smog chamber, Environmental Sci-
ences, 9,304-310, (in Chinese).

Wang, X, Liu, T, Bernard, F, Ding, X., Wen, S., Zhang, Y., Zhang, Z.,

He, Q, LU, S., Chen, J., Saunders, S., Yu, J.(2014) Design
and characterization of a smog chamber for studying
gas-phase chemical mechanisms and aerosol forma-
tion, Atmospheric Measurement Techniques, 7, 301-
313. https://doi.org/10.5194/amt-7-301-2014

Wang, Y., Voliotis, A., Hu, D., Shao, Y., Du, M., Chen, Y., Klein-

heins, J,, Marcolli, C., Alfarra, M.R., McFiggans, G.(2022)
On the evolution of sub- and super-saturated water
uptake of secondary organic aerosol in chamber
experiments from mixed precursors, Atmospheric
Chemistry and Physics, 22, 4149-4166. https://doi.org/
10.5194/acp-22-4149-2022

Warren, B., Song, C., Cocker, D.R. (2008) Light intensity and light

source influence on secondary organic aerosol for-
mation for the m-xylene/NO, photooxidation system,
Environmental Science & Technology, 42, 5461-5466.
https://doi.org/10.1021/es702985n

Weichenthal, S.A., Lavigne, E., Evans, G.J,, Godri Pollitt, K.J., Bur-

nett, R.T.(2016) Fine particulate matter and emergen-
cy room visits for respiratory illness. effect modifica-
tion by oxidative potential, American Journal of
Respiratory and Critical Care Medicine, 194, 577-586.
https://doi.org/10.1164/rccm.201512-24340C

Wex, H., Petters, M.D., Carrico, C.M., Hallbauer, E., Massling, A.,

McMeeking, G.R., Poulain, L., Wu, Z., Kreidenweis,
S.M., Stratmann, F. (2009) Towards closing the gap
between hygroscopic growth and activation for sec-
ondary organic aerosol: Part 1 - Evidence from mea-
surements, Atmospheric Chemistry and Physics, 9,
3987-3997. https://doi.org/10.5194/acp-9-3987-2009

White, S., Angove, D., Azzi, M., Tibbett, A, Campbell, I., Patterson,

M. (2015) An experimental investigation into the
atmospheric degradation of piperazine, Atmospheric
Environment, 108, 133-139. https://doi.org/10.1016/
j.atmosenv.2015.02.063

White, S., Angove, D,, Li, K., Campbell, I, Element, A., Halliburton,

B., Lavrencic, S., Cameron, D., Jamie, |, Azzi, M. (2018)
Development of a new smog chamber for studying
the impact of different UV lamps on SAPRC chemical
mechanism predictions and aerosol formation, Envi-
ronmental Chemistry, 15, 171. https://doi.org/10.

Wang, W. (1998) Photochemical degradation of PAHs on smoke 1071/EN18005
particles in atmosphere, Fuel and Energy Abstracts, White, S.J., Azzi, M., Angove, D.E., Jamie, .M. (2010) Modelling
3(39), 223. the photooxidation of ULP, E5 and E10 in the CSIRO




smog chamber, Atmospheric Environment, 44, 5375-
5382. https://doi.org/10.1016/j.atmosenv.2009.11.
050

Wilson Jr, W.E., Merryman, E.L., Levy, A, Taliaferro, H.R. (1971)
Aerosol formation in photochemical smog: I. effect of
stirring, Journal of the Air Pollution Control Associa-
tion, 21, 128-132. https://doi.org/10.1080/00022470.
1971.10469508

Wu, H., Mu, Y.J,, Zhang, X.S.(2001) Rate constants for reactions of
hydroxyl radicals with a series of alcohols by relative
rate method, Acta Scientiae Circumstantiae, 21, 525-
529, (in Chinese).

Wyche, K.P, Blake, RS., Ellis, A.M., Monks, PS., Brauers, T., Kopp-
mann, R., Apel, E.C. (2007) Technical note: Perfor-
mance of chemical ionization reaction time-of-flight
mass spectrometry (CIR-TOF-MS) for the measure-
ment of atmospherically significant oxygenated vola-
tile organic compounds, Atmospheric Chemistry and
Physics, 7, 609-620. https://doi.org/10.5194/acp-7-
609-2007

Xavier, C.,, Rusanen, A., Zhou, P, Dean, C., Pichelstorfer, L., Roldin,
P, Boy, M. (2019) Aerosol mass yields of selected bio-
genic volatile organic compounds - a theoretical study
with nearly explicit gas-phase chemistry, Atmospheric
Chemistry and Physics, 19, 13741-13758. https://doi.
org/10.5194/acp-19-13741-2019

Yang, Z., Tsona, N.T,, Li, J,, Wang, S., Xu, L., You, B., Du, L. (2020)
Effects of NO and SO, on the secondary organic aero-
sol formation from the photooxidation of 1,3,5-tri-
methylbenzene: a new source of organosulfates, Envi-
ronmental Pollution, 264, 114742. https://doi.org/
10.1016/j.envpol.2020.114742

Yee, L.D,, Craven, J.S., Loza, C.L,, Schilling, K.A., Ng, N.L, Canaga-
ratna, M.R., Ziemann, P.J,, Flagan, R.C., Seinfeld, J.H.
(2013) Effect of chemical structure on secondary
organic aerosol formation from n-alkanes, Atmospher-
ic Chemistry and Physics, 13, 11121-11140. https://doi.
org/10.5194/acp-13-11121-2013

Yu, Z,, Jang, M. (2018) Simulation of heterogeneous photooxida-
tion of SO, and NO, in the presence of Gobi Desert
dust particles under ambient sunlight, Atmospheric
Chemistry and Physics, 18, 14609-14622. https://doi.
org/10.5194/acp-18-14609-2018

Yuan, C., Ma, Y., Diao, Y., Yao, L., Zhou, Y., Wang, X., Zheng, J.
(2017) CCN activity of secondary aerosols from ter-
pene ozonolysis under atmospheric relevant condi-
tions, Journal of Geophysical Research: Atmospheres,
122(8), 4654-4669. https://doi.org/10.1002/2016JD
026039

=L ART MH ATSE 903

Zador, J., Turanyi, T., Wirtz, K., Pilling, M.J. (2006) Measurement
and investigation of chamber radical sources in the
European Photoreactor (EUPHORE), Journal of Atmo-
spheric Chemistry, 55, 147-166. https://doi.org/10.
1007/510874-006-9033-y

Zhang, H., Li, H., Zhang, Y,, Wang, X, Bi, F, Meng, L, Li, Y., Zhao, L.,
Zhang, X., Peng, Z., Mu, Y., Mellouki, W., Chai, F. (2023)
Synergistic generation mechanisms of SOA and
ozone from the photochemical oxidation of 1,3,5-tri-
methylbenzene: Influence of precursors ratio, temper-
ature and radiation intensity, Atmospheric Research,
293, 106924. https://doi.org/10.1016/j.atmosres.2023.
106924

Zhang, J,, Liu, D, Kong, S., Wuy, Y, Li, S., Hu, D., Hy, K., Ding, S., Qiu,
H., Li, W, Liu, Q.(2022) Contrasting resistance of poly-
cyclic aromatic hydrocarbons to atmospheric oxida-
tion influenced by burning conditions, Environmen-
tal Research, 211, 113107. https://doi.org/10.1016/j.
envres.2022.113107

Zhang, Q, Xu, Y., Jia, L.(2019) Secondary organic aerosol forma-
tion from OH-initiated oxidation of m-xylene: effects
of relative humidity on yield and chemical composi-
tion, Atmospheric Chemistry and Physics, 19, 15007-
15021. https://doi.org/10.5194/acp-19-15007-2019

Zhang, R.,, Wang, G., Guo, S., Zamora, M.L, Ying, Q, Lin, Y., Wang,
W., Hu, M., Wang, Y. (2015) Formation of urban fine
particulate matter, Chemical Reviews, 115, 3803-
3855. https://doi.org/10.1021/acs.chemrev.5b00067

Zhang, X., Ortega, J., Huang, Y., Shertz, S., Tyndall, G.S., Orlando,
J.J.(2018) A steady-state continuous flow chamber for
the study of daytime and nighttime chemistry under
atmospherically relevant NO levels, Atmospheric
Measurement Techniques, 11, 2537-2551. https://doi.
org/10.5194/amt-11-2537-2018

Zhang, X., Schwantes, R.H., McVay, R.C,, Lignell, H., Coggon, M.M.,
Flagan, R.C., Seinfeld, J.H. (2015) Vapor wall deposi-
tion in teflon chambers, Atmospheric Chemistry and
Physics, 15, 4197-4214. https://doi.org/10.5194/acp-
15-4197-2015

Zhang, Z-H., Hartner, E.,, Utinger, B,, Gfeller, B., Paul, A., Sklorz, M.,
Czech, H,, Yang, B.X,, Su, X.Y,, Jakobi, G., Orasche, J.,
Schnelle-Kreis, J., Jeong, S., Groger, T., Pardo, M.,
Hohaus, T., Adam, T., Kiendler-Scharr, A., Rudich, Y.,
Zimmermann, R., Kalberer, M. (2022) Are reactive oxy-
gen species (ROS) a suitable metric to predict toxicity
of carbonaceous aerosol particles?, Atmospheric
Chemistry and Physics, 22, 1793-1809. https://doi.org/
10.5194/acp-22-1793-2022

Zhao, D.F, Buchholz, A., Kortner, B., Schlag, P, Rubach, F, Fuchs,

J. Korean Soc. Atmos. Environ., Vol. 39, No. 5, October 2023, pp. 866-904



H., Kiendler-Scharr, A, Tillmann, R., Wahner, A., Watne,
A K., Hallquist, M., Flores, J.M., Rudich, Y,, Kristensen,
K., Hansen, AMK., Glasius, M., Kourtchey, I., Kalberer,
M., Mentel, Th.F. (2016) Cloud condensation nuclei
activity, droplet growth kinetics, and hygroscopicity
of biogenic and anthropogenic secondary organic
aerosol (SOA), Atmospheric Chemistry and Physics,
16, 1105-1121. https://doi.org/10.5194/acp-16-1105-
2016

Zhao, DI, Buchholz, A, Tillmann, R, Kleist, E., Wu, C., Rubach, F,
Kiendler-Scharr, A., Rudich, Y., Wildt, J., Mentel, Th.F.
(2017) Environmental conditions regulate the impact
of plants on cloud formation, Nature Communica-
tions, 8, 14067. https://doi.org/10.1038/ncomms14
067

Zhao, Z,, Le, C, Xu, Q, Peng, W, Jiang, H., Lin, Y.-H., Cocker, D.R.,
Zhang, H. (2019) Compositional evolution of second-
ary organic aerosol as temperature and relative
humidity cycle in atmospherically relevant ranges,
ACS Earth and Space Chemistry, 3, 2549-2558. https://
doi.org/10.1021/acsearthspacechem.9b00232

Zhovu, S., Hwang, B.C.H., Lakey, PS.J., Zuend, A., Abbatt, J.PD., Shi-
raiwa, M. (2019) Multiphase reactivity of polycyclic
aromatic hydrocarbons is driven by phase separation
and diffusion limitations, Proceedings of the National
Academy of Sciences of the United States of America,
116, 11658-11663. https://doi.org/10.1073/pnas.1902
517116

Zhou, Y., Zhang, H., Parikh, H.M., Chen, E.H., Rattanavaraha, W.,
Rosen, E.P, Wang, W., Kamens, R.M. (2011) Secondary
organic aerosol formation from xylenes and mixtures
of toluene and xylenes in an atmospheric urban
hydrocarbon mixture: Water and particle seed effects
(I, Atmospheric Environment, 45, 3882-3890. https://
doi.org/10.1016/j.atmosenv.2010.12.048

< S0IE, A, i, 015 =

Zimmermann, K., Jariyasopit, N., Massey Simonich, S.L., Tao, S.,
Atkinson, R., Arey, J. (2013) Formation of nitro-PAHs
from the heterogeneous reaction of ambient parti-
cle-bound PAHs with N,05/NOs/NO,, Environmental
Science & Technology, 47(15), 8434-8442. https://doi.
org/10.1021/es401789x

Authors Information

DH) @FHINEATY A5 BAATE YD)
(jt0102@Kkist.re.kr)

o9 (BBl A7 A4 B ATT ML)
(jiwonlee@kist.re.kr)

1A FEA AT A% P ATE AL
(khkim@Kkist.re.kr)

A (@) 79 ST B AT A7)
(njkim1012@kist.re.kr)

YAR (@FHINEATY A% s BRI A7)
(zeemin@Kkist.re.kr)

7 AH @RI EATY A4 P BA AT AT
(ykwonsan@Xkist.re.kr)

Aos @A) A7 AP RA DT A7)
(handon@kist.re.kr)

e (@RS ATY A4/ PsBA AT SAATY)
(dkhg9379@u.sogang.ac.kr)

Sl (A2 ATY A4 HsHAA T SHIATY)
(yjsong106@gmail.com)

2209 (AT £ A7 7 BRATL £7)
(jykim@kist.re.kr)

A (e &Y 2 n|AAR AT T
(gnbae@Kkist.re.kr)

ol (AT £ AT A s BAAT A A7)
(sblee2@kist.re.kr)




	국내외 스모그 챔버 연구동향
	Abstract
	1. 서론
	2. 국내외 스모그 챔버 연구동향
	3. 연구 주제별 동향
	4. 요약 및 전망
	References


