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Abstract Volatile organic compounds (VOCs) are key precursors in the formation of ozone and secondary organic aerosols.
Emitted into the atmosphere from a variety of sources, VOCs exhibit a wide range of reactivity. Consequently, accurately
determining VOC species is imperative for reducing VOC-related air pollution on local and regional scales. In this study, 56 VOC
species were measured in real time using the TD-GC-FID method, which involves collecting airborne VOCs by thermal desorption
(TD) tubes, separating them via gas chromatograph (GC), and determining their concentrations with a flame ion detector (FID).
Experiments were conducted for the Satellite Integrated Joint Air Quality (SIJAQ) campaign at the Mediheal Earth Environmental
Science Hall of Korea University in Seoul in May~June (early summer) and November (early winter) 2022. In this campaign, the
proportion of alkene has increased compared to the past, with the proportion of alkene 25.3% in summer and 23.3% in winter,
respectively. Alkenes such as propylene, trans-2-pentene, trans-2-butene were higher in summer than in winter and exhibited the
highest ozone formation potential (OFP). In particular, butene and pentene isomers along with propylene, showed strong correla-
tions with temperature, suggesting the contribution of fugitive emissions through evaporation. The temporal distribution of VOCs,
correlations, and principal component analysis results all emphasize automobile emissions as the main source of VOCs in Seoul.
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2.3 OFP (Ozone Formation Potential) &
SOAFP (Secondary Organic Aerosol
Formation Potential)

VOCsE YA 22 OH radicale] 9|5) At&}z]o]
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Table 1. Statistical summary of the top 15 abundant VOC species observed in Seoul during SIJAQ Campaign.

May~June

November

abundance Mean Median 95%ile Detection abundance Mean Median 95%ile Detection

15t~15% species (pPbV)  (ppby) rate 15t~15% species (pPbYV) (pPbV) rate
Ethane 25+1.0 24 44 98% Ethane 55146 4.1 15.1 91%
Toluene 18115 14 4.8 96% Ethylene 25+18 2.2 5.6 89%
Propylene 1.7+£09 15 33 98% Propane 23+24 15 7.1 67%
Propane 1.5+0.8 14 3.0 97% Toluene 1.2+09 0.9 3.0 96%
n-Hexane 14116 0.6 4.6 89% Acetylene 1.2+0.8 1.1 24 82%
Ethylene 0.8+0.5 0.7 1.9 95% n-Butane 1.1£13 0.6 4.0 75%
n-Butane 0.8+0.5 0.7 1.8 97% i-Butane 0.6+0.7 0.3 2.1 68%
Cyclopentane 0.7+04 0.8 1.2 96% Cyclopentane 04+0.4 03 13 75%
Benzene 0.7+0.7 0.5 2.1 95% Ethylbenzene 0.4+0.3 03 0.9 96%
n-Pentane 0.7+04 0.6 15 96% n-Hexane 04+0.3 0.3 1.1 89%
Acetylene 05+0.3 0.5 1.1 81% m,p-Xylene 0.4+0.3 03 1.0 96%
i-Butane 0.5+0.3 0.4 1.0 97% 1-Hexene 0.2+0.2 0.2 0.6 77%
trans-2-Pentene 0.5+0.5 0.3 1.5 91% 1,2,3-Trimethylbenzene 0.2+0.2 0.2 0.5 70%
m,p-Xylene 04+03 0.3 1.0 96% Styrene 0.2+0.2 0.2 0.6 89%
trans-2-Butene 04+04 0.3 1.1 92% Propylene 0.2+0.2 0.2 0.6 66%
TAlkanes 9.7+33 9.2 15.9 >Alkanes 11.9+10.0 8.2 329

>Alkenes 46+15 45 7.5 >Alkenes 46+29 3.9 9.5

YAromatics 3.8+23 33 8.4 YAromatics 33120 29 7.0

2TVOCs 18.0+£5.8 17.2 28.8 2TVOCs 20.1+14.3 153 484

coverage”} 90% ©]/go| o™ Y z] vOCs= ThH
o] HE3TH 0.01 ppbvell 77k BE $£F0] a’it}
webA] 5~6d 2AE 119 2AE oF 7+ &7
BIE Tt =2 A 1552 SHo= Blust
t}, ol alkyne< acetylene 1502 alkene©]] EZ3$}5}
HTHE 1).

AA 54 7]7]' 5 ‘ﬁv__" & ethane®] 3.6 ppbv=

PV wsron], 1 hee

i _ll)jw

;RO_L
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toluene 1.6

ppbv, ethylene 14 ppbv, propylene 1.1 ppbv, n-hexane
1.0 ppbv, n-butane 0.9 ppbv, acetylene 0.7 ppbv, cyclo-
pentane 0.6 ppbv, isobutane 0.5 ppbv, benzene 0.5 ppbv
wolth 491 15F VOCs= 25 5~687 119 A
g9t 0 2 =9ttt J1% toluene, n-hexane, propylene,
trans-2-butene, trans-2-pentene= 5~6-84°|, ethane,
propane, ethylene, acetylene=> 1190 Jj& 02 o
=3t 55 toluene> 11°€] H]3]l 5~6€el o] =9
O, m,p-XyleneZ} ethylbenzene & A& 2to|7} ¢l
Aot SA4HE EE 563 VOCso| 94l TVOCe| B+t
2 5~647 11990 Z}2} 18.0 ppbvet 20.1 ppbv T}

¥ 56%2] VOCsE alkane, alkene, aromatic A
IEl R 75 FE7t 7H 2 alkane 5~64
ol B4t 9.7 ppbvE TVOC?] 53.8%S AFA5FAL, 11
Hof|= 11.9 ppbvE 60.1%S 2FA|5}0] o] 5o H| 3]
A2 T} vl T =00 Alkene F+ AIE
557} 4.6 ppbvE A} O H|FL 5~6Y0] 253% 2
1€ 23.3%H 0 o #oknh Hgo] 7P HWotd
6% 3.8 ppbve} 119 3.3 ppbvE l:y—

AA B35tk zfol= ¢l ot TvOCY Hgh H=
5 (20.9%)°] A2 (16.6%)°ll HIH %‘Rkﬂ}(l%]
1). o]2f_t A= Adol= e d R 49| 7]
7F 23 AFHoll= 8l AR S FFel 57t
b AP A Aol AAgEh (Kang et al., 2022;
Liu et al., 2017; Borbon et al., 2013).

VOCs9| & 2EE AE 54< Hrf ggs] 2
AZETHAH 2). £o50] 2ALHT log-normal &
30| 77HSIe). Alkane> Bato] ALl E%O
THE HEE T AE SART HY SEL 05

Zo 5o B =3I Alkene2 7 AE Bt =L

_IlN'

aromatic GA] 5~
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Fig. 1. Average (a) mixing ratios and (b) proportion of alkane (red), alkene (green), and aromatic (blue) for the entire experiment.
The x-axis represents the sampling periods, and the y-axis indicate the mixing ratio (ppbv) and percentage contribution (%),
respectively.
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Fig. 2. Frequency distribution of (a) TVOC, (b) alkene, (c) alkene, and (d) aromatic mixing ratios (ppbv). The x-axis represents the
normal distribution of mixing ratio, and the y-axis indicates the frequency count. The red and blue histograms correspond to the
data observed in May~June and November, respectively.
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Table 2. Statistical summary of the most abundant VOC species (ppbv) measured in Seoul during SIJAQ campaign, which are

compared with results from previous studies.

Mean (ppbv)
Site in Seoul Season year References*
XTVOC YAlkanes YAlkenes YAromatics
May~Jun, 2022 18.0 9.7 46 38 )
Korea University This study
Nov, 2022 20.1 1.9 46 33 SUAQ
Jongno-gu Jan, 2018~Dec, 2019 45.7 303 6.09 7.9 (Kang et al., 2022)
Eunpyeong-gu Jan, 2018~Dec, 2021 49.9 313 5.16 13.5 (Eun etal., 2024)
) N (Kim et al., 2020)
Olympic Park May~Jun, 2016 29 16 4 9 KORUS-AQ
Jongno-gu Jan, 2013~Dec, 2015 39.6 25.2 33 10.5 (Song et al., 2019b)

In all studies, VOCs denote the 56 PAMS species, which were measured using a TD-GC-FID system.

(a) May~June (b) November
N N
30% >
25%
20% 20%
15%
10% 10%
s% T r” ~i .
W oy 7|y = LLi = E
/ 7 e
mean = 2.4356 mean =
S calm = 0% S calm= 15
= =
0 2 4 6 (m/s) 0 2 4 6 (m/s)

Fig. 3. Wind rose diagram during (a) May~June, and (b) November, frequency of count by wind direction (%) with wind speed.
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A AgolA =R A Ao} HlwshH
B AoM SAHE TVOCE @5 W 252 1
Itk 2013 K E 2021@7HA] A1&2] of2] 2] A
Z7%H TVOCe] %+ Fikoll Hlaf & uf o] wrt
(F2). TEEE TLT A +F=AE 20161
AAIZE KORUS-AQ 7|91 ZA7te} H] WA ethane
o] 7 =11, toluene™} propane< “d$] <= 1& A
Sl A2 SYott Hato] 287t Wobxlt. vty
2 propylene®} n-hexane< 2F 38} =OFHTH(Kim et
al., 2020). & A72] 569 VOCs F&+ 20160
H|5]| oF 10 ppbv7t 25| 3] alkane™} aromaticO]

A Z% 3 aromaticE= 57%7t Ak
3.2 VOCs 22X EM
VOCs9] Bt s o

Fz70 SefiAE FFS wronz ]l 7|7t

=
BB LGS eI

ol Z
30.4°C, 10.3°C9} 21.6°CSIth. 5~6Eoll=
Aol B 2~4 m/s2 7@@( g 3),5
AE, 58 Folkeolls HAE, 6%
ool S HA A2}t & Zo
(https://wwwkma.gokr/). 11'9-2 Letd oz F7] A
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Fig. 4. Polar annulus distributions of hourly averaged mixing ratios (ppbv) of selected VOC species. The angular coordinate
represents wind direction, and the radial coordinate denotes local time of day (0~23 h). Color scales indicate VOC mixing

ratios (ppbv) for each compound.
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568 A 7\l 557k 2 FAsAc 1%
propylene> Ao AdHglo] FAF AlGANA =2
=S B n-Hexane A GAF Al Ag=7t F
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Fig. 5. Diurnal variations of selected VOC species during
SIJAQ Campaign (red line: May~June, and blue line: Novem-
ber). (a) Ethane, (b) Propane, (c) CO, (d) NO,, (e) Benzene, (f)
Toluene, (g) n-Hexane, (h) Isoprene.

FHYH (L 5).

Isoprene> THEZ Q] BVOCE 5952t 699 5
7F = 20 FE A 6del TEE 0T 174]
of A1 FEE Hol AgY A7t fARE RS H
Tt (Kang et al., 2022). 5
o] B = FUAT Hol= AEHEY Tt
=0} biogenic ©]€]9] HiEY & 7] Aol <t
5% E0E BA S5 5 Aok wHow U

Alztel &7t S7F5k= VOCs &°] 5~68el F=7}
Eof 2ot PE= Ao motEch

=8 242 1199 isoprene
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Fig. 6. Concentration depended on temperature in May~June: (a) Alkene, (b) Aromatic, (c) Propylene, (d) 1-Butene, (e) trans-

2-Pentene, and (f) Isoprene.

3.3 VOCs2t 22| ¥ty

VOCs & 257 571kl et 5k 7t S7tehe 4
FE Holg T2
tene, 1-butene 50 2 tEE alkenel St 1™
6). 5] BVOC2] thiE &< isoprene F&}eto] &
et o5 2571 2 Yol Bt Eot 29
o] Aol =Pt Isoprene> F= FH/do] &
gt vro vjEE o] kol gt AR delA
1:]'(Kang et al., 2022; Rasulov et al., 2010). T} A-&2]
7] B= AIto] A= isopreneTt toluene, xylene &
aromatic> 29 -2 A& Bl o & 1o
A ol 22= 3t 2k ThE HiE v
L= alkene®] aromaticoll HI5] =2 Ao=2 LA
2. (Huang et al., 2022) T 7]-2 5ol 2 <l
A4 VOCs HIE S717F 8.5 551 Atk (Wu
et al., 2024). 53] A7 AR FF2 2k 5ol
T2} aromatic HjEol PIX]= @] AlREAQ] R,
2452} viEo 71917t alkene 2 AFoll 5
= 27p} B} F3ep] et Ao Busy
2t (Song et al., 2019a).

isopreneX} propylene, trans-2-pen-

A

3.4 VOCs HIESH

2y

3.4.1 VOCs emission ratio

VOCs F= 2t A= viEd ti7]19] =3t
AL g FHst= ol 85 AHS-Eth(Wang et al,
2014). Benzene2 At & 0 g 7] =15 o] 71 HFH (~7
days), toluene, ethylbenzene, xylene> <F 242 At}
(Debevec et al., 2017). Toluene/Benzene H]-&(T/B ratio)
< 7] 9] Zpolof ukg F71H9] aging =5 1
Etll= Al % HiEo] A &= ARG E ofgit). T/B
ratio”} 1.5~4.3 A trafficl, 10 ©1/F°]H strong
solventZ} A4 %] Z o= ef] glom 11 Qo=
non-traffic® 2 3 4= QIt}(Simpson et al., 2020;
Song et al., 2018; Kim et al., 2016; Wang et al., 2014;
Zheng et al., 2013; Yuan et al., 2010; Gelencsér et al.,
1997). 2 Ao A B T/B ratio= 5~69°f 3.1, 11
dofl 4605 FAZ] o H £tk o= 119 B
& benzene Tl oI5t o= Holn|, T 7|7t
2018~2019% 2] 11.99] H|5}| of$- Ftch(Kang et al,
2022). O= A7 22 toluene? F I T4 71917t
Ao peEnh Ag A5oA = tolueneo] A&

ror

=7 FStEX| K42 H M1
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Fig. 7. Correlation between (a) ethane and propane, (b) i-butane and n-butane, (c) toluene and m,p-xylene, (d) ethylbenzene

and m,p-xylene (red: May~June, blue: November).

AMZ2] e 2o M FUH AL 7= EAET
(Lee et al., 2024; Lee et al., 2023b), & AT A FA]|
SAFSH AyE Ecrh:]- iz 7). SAE o] pAMS A
VOC 574 A= LR A2 A 214 <] tol-
uene 7} FASHY QS-S H ATt (Park et al., 2025).
Ethane} propane2 R*7} 5~69] 0.71, 11 €]
0.88= "¢ 2 S HATH(TH 7). ol&2
LNGUY LPG 97 94 A] F2 vj& %™ (Simpson et
al., 2020; Na et al., 2004), lifetime©] ethane< 2F 171

H ]
e

4, propane2 °F 15+ o[t} Propane/Ethane H]

+ 5~69] 0.66°] 1L 11€0]| 0.46 0= 11-9°] T Ho}
Fatet activityE 1 2{SHe| 2t S Aldo] A4 v
= ol R A= & 4= qUok

i-Butane/n-Butane H|+= gasoline®] SE7 Z71 Al
=2kx]+=t), Vehicle emission (0.2~0.3), LPG vehicle
exhaust (0.46), Natural gas emission @ 48 LPG

(0.6~1.0)2 (Li et al., 2022; Zhao et al., 2016) ©| H]+= Z]
7 97t 0.6 A== v A A FAEH A
o] wHat JsiA] %}%E’r}'_ HIE|ATH(Ge et al., 2024;
Ahmed et al., 2021). ©]= T4 DAY A A 25
2t 9 LPG/LNG Hi& & —% Hrgsh7] mhelm 2
T A A% i-butane/n-butane H|= 5~6E1 119
B ok 052 (T1F 7b), 2016% KORUS AQ 72l
717k] 7k (0.53) F-AFSHE (Simpson et al., 2020). ©]
9} B E0] ethane, propane, n/i-butane, n/i-pentane -5
C,-Cs alkane®| NO,&}2] A7} wj-¢- Zof 74
Aol A Z-E2F viEe] B4e & HoiEua &
= Mt} Toluene} xylene 5-2] aromatic VOCsE At
2 HiE Y SJole AAY-8A Fell Bol A8t
(Zhang et al., 2024; Wang et al., 2023). Toluene<> ben-
zened} AL 2] FAT, xyleneH= S 7t A
THAE BRIt 7c¢). 5~6Eofl+= toluene?] 5=
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7} B =0} toluene/m,p-xylene 7|77} &7} sttt
Ethylbenzenei’/]' m,p-xylene<> &Yoo) =dsht o
7] % lifetime©] ethylbenzene®] 2F 1.7, m,p-xylene
o] 14~30A]7F 2.2, ethylbenzene/m,p-xylene H]|7} 1
ol o F71¥= B35t o= katE Qlrtal A
2t} 7 7dof A€t 0] ethylbenzene/m,p-xylene
vl 5~690] 0.75, 11€0]] 0.922 F Al B 105}
At 5~6 9l m,p-xylene®| 57} AHHA 0= F7}

st

Sto] L 7F =8 ) 7tof wjE =7

i

g 4 9l
3.4.2 FYE EY
VOCs9 AE&o] AA| 717kl Hisl] 50% olgolH
57301 0.6 °1d 29F2] VOCs} NO,, CO9| &
S MR A8t TR 284S S5 ©f
= 7IReR vOCso HEd 85ls A
PCA 23}, F 5719] Aol 249 65.2% 5 AHHLS

Table 3. Principal component analysis of VOCs measured in Seoul during May~June and November 2022.

Species PC1 PC2 PC3 PC4 PC5
Propane 0.906 0.079 0.197 0.089 -0.099
n-Butane 0.904 0.121 0.195 0.067 -0.07
i-Butane 0.886 0.15 0.232 0.081 -0.05
Ethane 0.844 -0.203 0.211 0.07 -0.042
Ethylene 0.689 -0.397 0.207 0.127 -0.066
Acetylene 0.682 -0.325 0.091 0.156 -0.082
NO, 0.562 -0.38 0.535 0.157 -0.1
co 0.531 -0.512 0.436 0.113 -0.103
1-Hexene 0.459 -0.384 -0.101 0.416 -0.042
Propylene -0.07 0.802 0.075 0.012 0.365
1-Butene -0.032 0.793 0.081 0.021 0.307
n-Pentane -0.082 0.788 0.073 -0.124 -0.073
trans-2-Butene -0.158 0.685 -0.036 0.394 -0.067
cis-2-Butene -0.028 0.526 0.065 0.394 0.419
Cyclopentane 0.476 0.517 -0.02 -0.159 -0.465
Methylcyclopentane -0.038 0.436 0.31 0.317 0.129
Ethylbenzene 0.244 0.145 0.74 0.226 0.013
m,p-Xylene 0.247 0.189 0.738 0.236 0.008
Toluene 0.034 0.271 0.702 0.247 0.16
n-Nonane 0.472 -0.097 0.64 0.043 0.228
Styrene 0.356 -0.149 0.63 0.122 -0.051
3-Methylhexane 0.163 -0.001 0.298 0.705 -0.098
n-Heptane 0.115 0.128 0.29 0.67 0.064
n-Octane 0.176 -0.254 0.274 0.563 0.459
o-Xylene 0.023 0.084 0.059 0.554 -0.551
i-Pentane 0.41 0.231 0.181 0.464 0.167
n-Decane 0.408 -0.168 0.3 0.437 -0.061
Benzene -0.031 0.33 0 0.1 0.641
n-Hexane -0.054 0.305 0.041 -0.075 0.636
Methylcyclohexane 0.02 0.242 0.259 0.326 0.629
Isoprene 0.184 0.091 0.036 0.116 -0.564
Eigenvalue 6.064 4.597 3.668 3.023 2.865
Variance (%) 19.563 14.829 11.833 9.757 9.242
Cumulative variance (%) 19.564 34.392 46.225 55.982 65.224
Sources Fuel Vehicle Solvents Off-road/ Mixed

combustion & exhaust (printing/ heavy duty combustion-
evaporation painting/ vehicle related/
laundry) evaporative




SUAQ I 4|1 7|72t M2 TAIO] 3|HN 27|515H2 (VOCs) 2N EXN 115

™ (& 3) o] & 53l fuel combustion & evaporation,
Vehicle exhaust, Solvents (printing/painting/laundry),
off-road/heavy duty vehicle, Mixed combustion-related/
Evaporative 571 29] ¥&9-& 25Tt

891 12 ethane, propane, n/i-butane, ethylene, ace-
tylene, NO,, CO 5°| &2 AAlgk= Hof LPG, LNG
2 199 94 719 D S MR BRec Bh
ylene, acetylene> 2 b W5 M3 AA49} 2F=
Hj 7)1 7k Ao A v E %™ (Xu et al., 2017; Nelson and
Quigley, 1984), ethane, propane, n-butane2 A7}~
¢l LNG (liquefied natural gas)2} LPG (liquefied petro-
leum gas) 2| /3422 2 (Na and Kim, 2007), LPGE=
U5 HA7EE(CNG) 2Fgoll A F= AHEHH A2 o
BBl HAel BA]7} CNG =S ARER}(Zhang
et al,, 2021). 97]¢] i-pentane FA| 7}&8 FH vlEZ
2EAg5to] @91 12 fuel combustion & evaporation 7]
oz FEsHom A dlofe Zitell A oF 20%E At
ARt

8291 2& alkene®] 71997} FE3] propylene, cis-

2-butene, 1-butene, trans-2-butene¥} n-pentane®] =

8 AR FEE QT Alkene2 T2 2pF A4 7+
o] 4 Hj& =™ (Wang et al., 2017), butene= 2} A=
A 2dof o] FEo] ofs F= HlEF 2= (Lau
et al., 2010), 821 2% vehicle exhaust® S-F5}c}
29l 13} 2¢ BT AHEA 5 A= AR BEE o
4 3 S S-S Wrgsh, 9 viEd o s Hett
T2 olel Aog Ytk ot 891 12 light
alkane77F NO,, CO9F #£750] 22 94 B
A ABAQE AL H7] WG/ Wot iAo $rol
71 VOCs2] 548 Helck ¥hi 221 2= C5-C, ole-
fins 77} =2 AAGS Ho 94 &2 VOCs7t %
Algt 5442 Rtdske A= Al (Baudic et al,
2016).

891 32 toluene, m,p-xylene, ethylbenzene, styrene,
n-nonane¥} Z-2 aromatic VOCs$} =2 ©Hal449]
n-alkane®] =8 QIAtO|t}, Toluene o4& Aty Hof

N ARG 771 8AIeE HJES] 2= o4+

Z] 1t} (Chan et al., 2006). £5] A-&°f|4+= toluene
©] painting®} printing Tl -84 AR&olA] &2 7]0]
£ Ho|1l, ethylbenzene & nonane -5 high alkane
QL2 W At eI wEele] Gago] cka B
I 0] (Lee et al., 2024), 821 3-2 solvents (printing/
painting/laundry) = 253t o] A4 HlolE &
Atoll A oF 11.8% S AA] 9t

829l 4= n-octane, n-heptane, 3-methylhexane, o-
xylene©| 8 QA2 =2 H|gHE BTt n-octane
I} n-heptane> 7H&21 9] thEZ Q] alkane O 2,
SE7hE A7 27 WA Qe WA ¥dol Qe
Ao 7 A Qth(Zhen et al., 2017). 0|25t T4
4= alkanefi+= 2] A4 @Rt ofuet T4
3 F L wiEeME Fa%t 7195 gk ®
3-methylhexane> 2| g1tol A A= S 8iE (eva-
porative emission)®] X EEHZ AA| =S S (Sult-
ana and Hoover, 2024; Dreessen et al., 2023), o-xylene
HA] WF T VOCs 21104 HIEIsHA FHbE = 1
F=oltEr A lErte 2 A S B 4
e etk 2 QQloflA T2 E2H vOCs 24
T 258 582kl vlel A B A=At
Z off-road 34| Y heavy-duty vehicle?] Hj& 47}
AFSHH (Che et al., 2023; Zhao et al., 2016), ©]of] w2}
8¢ 4% off-road/heavy-duty vehicle?t A¥HE A=
A4 2 S ulE Q1o R oAk

2291 5= 9F 9%9] A3 7kl Q] 9™ benzene,
n-hexane, methylcyclohexane 2] ZAljzko] F=SlotA =
Utk o] EEEE TR VY AR A4 2 S
Aol A sk, A4 B S 7o) £ HiE
¥ (mixed combustion-related/evaporative source).2.2
O o Qe T2 09 AZttho] F&rt
S7FoHL, A& AT ol Aloll Asshe B B
of, F 5ol EARE A Hof|A road emission}
evaporative emission®| E3rd o7 Z-act Avlz T}
T TH(Kim et al., 2020; Liu et al., 2017; Borbon ef al.,
2013). 821 49} 5= W= WE 7 QQlul Suff A}&
5ol EgEo] Uehd AutE SAH o2 HeEA|gt

rohog R
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AA viE B2 A4S A o] okl & 4= Qlth
9]t Zol A22] VOCs HiE ¢ A4 wG 89l
(8211, 81 2)7 Buff ARG (8231 3)0=2 FEE[o]
ZVZ} 34.4%, 11.8% 5 APotal glom, 53] =29}
TAE HAAY S HiE FF (811 4, 8215 oF
19%= A2 8 VOCs Hl&YYS & 4= it o]

L @5 VOCs HiE Bl B o] o 9B %
eg2 Axsle, Mday MEY Bele ek

597 Hio] WA AATI,

3.5 VOCs2| 0,7} PM, 5 MM 7|0{=

B Aol SAHH VOCs2HE EAPA7|A
(OFP)%} o]zt f7]olo]2E AJ/d7]91 % (SOAFP)E
AFESIATH Y 8). OFPE 5~6E Bt 68.0 ppby, 11
Y 4t 52.0 ppbvE FIeHHgo] St 5~6H T}
T Aol A @E STt FARE S B
Atk 20169 AlZollA 435 Aol A aromaticO]
OFPe]| =251 7]ofgt A= 22 (Lee ef al., 2024;
Simpson et al., 2020) & Ao A= alkene©| 7H 2

7198 Bt} 5~6 91t 1199 alkene 7]o&-2 242t
63% (43.0 ppbv), 56% (30.4 ppbv) Z1. 2™ aromatic>

Z¥ZF 21% (14.2 ppbv), 27% (14.5 ppbv), alkane-2 Z}2}
16% (10.8 ppbv), 17% (9.2 ppbv) S TH(Ring et al., 2023;
Zheng et al., 2021; Simpson et al., 2020; Xu et al., 2017).
8 7]9] VOCs+ propylene, acetylene, ethylene, tol-
uene, m/p-xylene®|31.2™, £3] 5~642] propylene,

trans-2-butene, trans-2-pentene, cis-2- butene ‘5 butene

S 11901 = ethylene—J ojgro] Ajd o2 34
LrERL T

SOAFP= 2/ e] Al-
G5t |72 &8 4 At (Derwent et al., 2010).
SOAFPE 5~687 1€ 22t 15.0 ug m™>, 14.5 pg

m7E, TVOCi= 5~68°] HI] 11490] E3ol®
SOAFP+= 5~69°l B &3t} SOAFPO]| High FE 7]
A= 95% ©]4©] aerosol yield Fko] =2
VOCsoltt. ¢-2uatoll A PM, 59 2442 o150l
71 429 Hl&o] E1 ALHole 7719 AL

H]-go] =T}(Lee et al., 2023a; Kim et al., 2020). SOAFP

T BFS T
I

aromatic

FAws PMZ.SQ] == ag5lekzke o] ket o 24 Lt
Azdell fARE ghe Btk SOA A48 VOCs 7]
HE] SOAFP gho= syl ol AI7F 9o, o
23t Bz L 33l5lo] &3l A7) o= VOCsE E5
SOA A& Aol 4= 52 Sttt = 7kt &
T toluene, benzene, ethylbenzene, m/p-xylene, styrene
°] SOAFP2] 96% ©l/d2 AHAISFELZ SOA AH< ¢
sliAle BTEX | v |7t &8 AlAFRrth

4.2 &

2 A7E Ae =AA sgaQ A=l 71734
2022 5~647 1€ EJZ HE 562 A7 5}
FE(VOCs)9 24, & HEY o s3s)sl bb
e TAHeR —Er*—iab&}. é’ﬁ% VOCs % A&
I 50% o3¢l 30F 5 /9 15801 414 TvoCe]
oF 80% ©2 ZFA|SHALE. Alkane2 T Al RFo
A 71 2 HE (9F 55~60%)2 ZAFAISFA L, alkene}t
aromatice> o154 AthH 0 2 H]go] =rtt 2016
d KORUS-AQ 78H|Q1 7} H| w3t wfj, SA35H A& A
& 2]99] TVOC B+ 5=7F oF 50% ©F 7HAste]
2 Uz vOCs9] A4t FRIEIE. VOCs 7
14 99lo] ufet vz E40) 2Hol7} el
ot o5 dols EME 9 5F AL Aed

AdolA F&7t =St Propylene, trans-2-pentene

5 alkene2 2E 9} F3TE FO] AAHAS HPom,
Gsjat yhgo) e A7) 9 W A7) 7t 5
Fhsteiet.

HiEd S44& 243 A3 vOCs= A (1) Fuel

combustion & evaporation, (2) Vehicle exhaust, (3) Sol-

r

1ﬂ1J
;

AA. 7]

]1_ H v

vents (printing/painting/laundry), (4) Off-road/heavy
duty vehicle, (5) Mixed combustion-related/evaporative
5 o 7HA) aglow FEEIGIT 55 e Ul
F A4 7)do] A BAate] oF 349%5 x}A|5he] A
VOCs9 F8 wjEdoz FRIEQ) T/B ratio=
2018~2019'3] Hlsf astGlal o 5ol 1 o
Hlj &) A2 Q] Fere AlAFskATh

O]I
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MIR Al55 283 OFP= 5~64 Ht 68.0 ppbvt
119 W4t 52.0 ppbvE At 35]313}. WA AFelM=
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