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Chamber emission tests were performed to evaluate the contribution of volatile organic compounds (VOCs) to

ozone formation discharged from organic solvents frequently used in the printing factories, laundry shops, beauty salons,

and car-painting garages near residential areas. Analysis of OH loss rate (L°") and ozone formation potential (OFP) in terms of
OH loss rate constant (k°") and the maximum incremental reactivity (MIR) revealed the possibility of ozone formation.
According to the emission list of organic solvents, 99% out of VOCs generated in printing and car-painting workshops were
aromatic compounds. Among them, 60 to 70% of aromatics and 20 to 30% of alkanes evaporated directly from inks and
paints. The solvents used in laundry released a large volume of alkanes (more than 93%), and 90% of these are C10~C12

alkane-based precursors that form ozone.
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Fig. 1. Schematic diagram of small chamber test for VOC emission.

Table 1. Operation condition of thermal desorption and GC/MS analysis.

Thermal desorption

GC/MS system

Apparatus Operation conditions Apparatus Operation conditions
Model Ultra-xr (Markes, USA) Model Agilent HP-6890
Flow path temp. 120°C Column DB-1(60 m X 0.32mm X 3 um)
Prepurge time 1.0 min Initial temp. 50°C(10 min)
Desorb temp. 300°C Final temp. 220°C (10 min)
Desorb time 10 min Ramp rate 5°C/min
Trap flow 50 mL/min Column flow 1.2mL/min
Trap purge time 1 min Detector type Quadropole
Trap purge flow 30 mL/min Q-pole temp. 150°C
Trap low temp. -20°C MS source temp. 230°C
Trap high temp. 300°C
Trap desorb time 4 min
Split flow 15 mL/min
Cold trap Carbopack b

Carboxen 1,000(1:1)

298 B4 ol & 5= VOC Al & F|F]+= Tenax-

TA (Supelco, USA)

o] 4 130 mL/minC.2 10
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1=}
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Hroz glow, gotetyrt RuE YA~ (Photo-
chemical Assessment Monitoring System; PAMS) <=
7}2 (Spectra, USA)= 2245 VOC 50 &9
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Table 2. Chemical composition of VOCs depending on the used solvents (wt. %).
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O[EH, O=~2l, AEA, TER

A
, &&=t
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Printing Laundry Beauty Automobile painting

ID Species Dry

Masterink  Offset ink Screen ink cleaning Dye Wave Thinner Paint
solvent
1 Isobutane 0.0 + 0.0 0.0 + 0.0 0.0+ 0.0 0.0+ 0.0 0.0 + 0.0 0.0+ 0.0 0.0 0.0 + 0.0
2 Butane 0.0 + 0.0 0.0 + 0.0 0.0+ 0.0 0.0+ 0.0 0.0 + 0.0 0.0 +0.0 0.0 0.0 + 0.0
3 Cyclopentane 0.0+ 0.1 0.0 + 0.0 0.0+ 0.0 0.0+ 0.0 0.0 + 0.0 0.0+ 0.0 0.0 0.0 + 0.0
4 lsopentane 0.1+0.2 0.1+0.1 0.0+ 0.0 05+ 0.7 2107 23+08 0.0 0.0 + 0.0
5  Pentane 05+ 04 0.1+ 0.0 0.0+ 0.0 04+ 1.1 03+0.7 39+15 0.0 0.0 + 0.0
6  Methylcyclopentane 02+0.1 0.1 £0.0 00+ 0.0 01+ 04 0.0 £ 0.0 1.3+0.5 0.0 0.0 £ 0.0
7 2,2-Dimethylbutane 0.0 + 0.0 0.0 + 0.0 0.0+ 0.0 0.0+ 0.0 0.0 + 0.0 0.0 +0.0 0.0 0.0 + 0.0
8  2-Methylpentane 02+0.2 0.0 + 0.0 0.0+ 0.0 0.0+ 0.0 0.0 + 0.0 3.0+ 1.2 0.0 0.0 + 0.0
9  3-Methylpentane 02+0.1 0.1+ 0.0 0.0+ 0.0 0.0+ 0.0 0.0 + 0.0 16 £06 0.0 0.0+ 0.0
10 Hexane 0.0+ 0.0 0.1+ 0.0 0.0+ 0.0 08+ 1.9 1.1+£07 1.1+£06 0.0 0.0+ 0.0
11 2,4-Dimethylpentane 0.1+0.1 0.0 + 0.0 0.0+ 0.0 0.0+ 0.0 0.0 + 0.0 0.0 £ 0.0 0.0 0.0+ 0.0
12 2-Methylhexane 0.2+0.1 0.2+ 0.0 0.0+ 0.0 0.0+ 0.0 1.2+09 16 +£0.7 0.0 3.2+09
13 3-Methylhexane 05+03 02+0.1 0.0+ 0.0 00+ 0.0 14+1.1 1.8+£07 0.0 42+09
14 Heptane 1.6 +1.0 1.0+ 0.8 0.0+ 0.0 00+ 0.0 13+0.6 1.7+02 0.0 54+06
15 2,3-Dimethylpentane 02+0.1 0.1£0.0 0.0+ 0.0 0.0+ 00 0.0 £0.0 0.0 + 0.0 0.0 09+05
16 2,2,4-Trimethylpentane 02+04 0.0 £0.0 0.0+ 0.0 0.0+ 0.0 0.0 +0.0 0.0 + 0.0 0.0 0.0 + 0.0
17 2,3/4-Trimethylpentane 03+0.2 02+0.1 00+ 0.0 00+ 00 0.0 £0.0 0.0+0.0 0.0 0.0 + 0.0
18 2-Methylheptane 1.7+£08 1.7+1.2 00+ 00 00+ 0.1 0.0 £0.0 0.0+0.0 0.0 0.0 £0.0
19 3-Methylheptane 09+05 1.0+07 00+ 0.0 00+ 00 0.0 £0.0 0.0+0.0 0.0 0.0 £0.0
20  Octane 48+37 41+40 00+ 00 1.7+ 1.1 0.0 £0.0 0.0+£0.0 0.0 0.0 £0.0
21 Nonane 85t6.1 103 5.1 08+ 06 13.6%13.2 14 %21 0.0+0.0 0.1 43£05
22 Decane 57+57 6.7 +68 00+ 0.0 340%222 24+29 0.0+0.0 0.0 50+06
23 n-Undecane 41+29 74+18 00+ 0.0 249%217 0.0 £0.0 0.0+0.0 0.0 39+06
24 n-Dodecane 2012 25+23 00+ 00 17.8+232 9.1+31 9.0 +37 0.0 0.1+0.1
25  1-Butene 0.0+0.0 0.0 £0.0 0.0+ 00 0.0+ 0.0 0.0 £0.0 0.0 £0.0 0.0 0.0+0.0
26 trans-2-Butene 0.0+0.0 0.0 £0.0 0.0+ 00 0.0+ 0.0 0.0 £0.0 0.0 £ 0.0 0.0 0.0+0.0
27  cis-2-Butene 0.0+0.0 0.0 £0.0 0.0+ 0.0 0.0+ 0.0 0.0 £0.0 0.0 £0.0 0.0 0.0+ 0.0
28 Isoprene 0.1 £0.1 0.0+ 0.0 00+ 0.0 00+ 0.0 0.0+0.0 0.0+0.0 0.0 0.0+ 0.0
29 1-Pentene 0.1+0.2 0.0+ 0.0 00+ 0.0 00+ 00 0.0+ 0.0 0.0+ 0.0 0.0 0.0 £0.0
30 trans-2-Pentene 02+02 0.0+ 0.0 00+ 0.0 00+ 00 0.0+ 0.0 0.0+ 0.0 0.0 0.0 £0.0
31 cis-2-Pentene 0.2+0.2 0.0+ 0.0 00+ 0.0 00+ 00 0.0+ 0.0 0.0+ 0.0 0.0 0.0 £0.0
32 Hexene 0.2+02 0.0 £0.0 00+ 0.0 00+ 00 0.0 £0.0 0.0+ 0.0 0.0 0.0 £ 0.0
33 Cyclohexane 0.1 £0.1 0.1 £0.1 00+ 00 0.0+ 0.0 0.0£00 0.0+ 0.0 0.0 0.0+ 0.0
34 Methylcyclohexane 0.8+03 0.5+0.2 00+ 0.0 00+ 0.0 0.0+00 0.0+ 0.0 0.0 0.2+ 0.1
35 Benzene 23+£32 0.2+0.2 00+ 0.0 04+ 04 1.0+04 09+03 0.0 0.1 0.1
36  Toluene 69+ 17 42+20 41+ 47 05+ 07 42+19 32+02 0.1 109+1.7
37 Ethylbenzene 11.7 £ 85 6.3 +0.7 226+ 194 15+ 16 6.2+28 19+16 0.2 104 +1.8
38 m,p-Xylene 55+20 41+04 141 £115 1.5+ 15 9.6 *+34 25+21 0.5 98+13
39 o-Xylene 47 +0.8 53£1.1 67+ 14 08+ 1.1 94+34 27+24 0.3 11.5+26
40 Styrene 06 £05 0.1+0.1 00+ 0.0 15+ 1.7 41+14 39+15 0.1 0.1£0.0
41 Isopropylbenzene 14+03 1.6+0.2 2.+ 10 00+ 0.0 3.1+£23 23+20 0.1 1.5+04
42 n-Propylbenzene 22+07 3.1£03 39+ 24 00+ 0.0 45+15 50+18 1.6 1.2+04
43 m-Ethyltoluene 45+0.38 5704 6.7+ 57 00+ 0.0 55+17 8.1+27 57 27 +0.6
44 o-Ethyltoluene 30+16 45+1.6 38+ 24 00+ 0.0 3.0+08 38+ 1.1 1.3 22+09
45  p-Ethyltoluene 3.8+09 36+07 0.0+ 0.0 00+ 0.0 40+23 45+39 122 19+08
46 1,3,5-Trimethylbenzene 3.1+07 52+0.7 6.7+ 55 00+ 0.0 34+14 31+27 11.4 32+08
47 1,2,3-Trimethylbenzene 6.5+ 0.5 72+06 239%15.1 00+ 0.0 78+13 150%26 243 49+ 1.1
48  1,24-Trimethylbenzene 82+ 06 9.5+ 0.9 31+ 3.1 00+ 0.0 55+3.1 9.1+79 32.1 6.9+ 1.9
49  m-Diethylbenzene 05+04 07+0.2 0.0+ 0.0 00+ 0.0 09+16 0.0 + 0.0 0.0 1.1+£1.0
50  p-Diethylbenzene 1.6+0.5 24+03 16+ 1.2 00+ 0.0 74+18 6.6 +£2.5 0.0 42+3.1
No. of Samples 3 2 3 5 4 2 1 6
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Fig. 2. VOC source profiles of organic solvents used in field emission sources (The ID numbers of each species are the same as

inTable 1).
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14.5%%2 1 FE o]t OFPE alkane Al 0] 94% %
=2 JloEE Hyow JfH Foal Cl0~C129]
decane 77} 86.5% 5 AA|ol= LEHAY 8 7|AE
Aolgich

n]-8-¢o] L & OFpol| thgh 4t & 7]k 1
& 37} 0] aromatic AlFo] AMAES] LOHe} OFP
7} 22t 96.7%, 90.5% .01, HA|Eo| A= 93.9%,
83.9%% HF E2 7| E Kot dAAIF] LM
= xylene¥} TMB7} 212} 40.5%} 28.7% 2 A4 .0
o, HAZS TMB7} 51.1%% &2 7|02 Bk
GAAE 2] OFPE TMBS} xylene©] 38.6%%} 23.5%
£, BAIE-2 TMB7} 51.7% = %Attt

A-E2F A7 oA AFEE = ERet Al 19
VOC H|&9] 1°Ho] 9 Yele& B%E aromatic AlE
2 gt JA 112 94.20%, AlHE 100%S ZHA R
th. OFP= 712} 86.8%, 100% 2 5+ A& HL%F aromatic
Ago] ¢ =2 0 EBA 7|oE&S BTt 7t 4=
2= HIE kg o] LM thet 716182 xylene}
TMBZ} Z+2} 41.5%8} 26.1% S ZFA|5H31.2H, OFPO]
tigt 710182 TMBS} xylene©] 22} 41.5%%} 27.1%

£ AR5ttt AU LOHe} OFP B TMB 78.5%,
85.6%= Ao QAR A ow EAHI aof
SHH, AFsAF =S AN F2 AR EHE R A
& aromatic Alg, £5] C8~C9 aromatic }5HE0]
A2 T e voce] ¥Rl 7Y S
g 7] it

7} 4FE {77184 Aol HEH voce] Hat
FS/3S YERE avg-kOHe} avg-MIRE 19 39]
RBZ yZof AlASFATE & VOC2] OH radical ] B+
EAE avg- kM= ZA5AF B YGAA AUAIE O]
29.0% 1072 cm?® - molecule™ s 02 71 Zlom, &
g HAEZ} 16.0% 1072 cm® - molecule™ sl o2
As2F B Ao M= AU GFol 2 A= L+ 3
th tr2-0 2 mlgd o] HAE avg-kHE= 22.6x 10712
cm®-molecule™! - s7'2 AFFAF =AU AlY tf2o
2 Z e Yok dAAEL 195x107 2 cm’
molecule™-s1.0 2 m]-g& o)A ALESH= VvOC A=
O] avg-kO"7F vl A F 2 & 4= Qirk Q1A dellA
AshE 239, 4, oRAE QA 2442 19.1, 177,
, AIEHg AA

1y

=

16.4%107"2 cm®- molecule™ -s7!g .

J. Korean Soc. Atmos. Environ., Vol. 37, No. 1, February 2021, pp. 102-112



110 O[EH, o|~2l, MFM, TER, ASE, 2

7} 71 A2 avg-kOM (12X 10712 cm® - molecule™ - s7")
£ HS3irh

7 AFE 77184 Agell T avg-MIRS| H3F
2 avg-kMeE FARITE ZHEAE -8 AAREOllA
#2511 vOC2] avg-MIR7} 8.1 g (05)/g (VOC)& 7}
2 =okon, Qa8 A3 YA 7.7 g (05)/g (VOC),
0] g0 GAAE 6.0 g (05)/g (VOC) 0] ATt Aler
o] AIAl AHgel 1.0 g (05)/g (VOC) 2.2 7H 22
avg-MIR 312 H 3ot AlE-§ AlA| o] 22 avg-MIR+=
AEFdoll A 71 Bol HiE5+= VOCs 4&<
n-undecane¥} decane®] MIR 41°] 0.74, 0.83 2.2 22
& 7417] qRolTh 457 HES] avg MIRE
5.5g(05)/g (VOC)E F= AstolollA S gk
(5.5%0.02 g (05)/g (VOC))Zt FAFSFHATH (Wang et al.,
2014).

3.2 &

2 AFelMs ALEAY VOC HiEAAES <
H, A=, m8, =l AFshe 77184
AFOlA BlE = VOC e AHE o83t &
AdE Fdl Ak, Al HErleE ol

LS |
$5to] VOC & BEES Asiect E¢ 4

7}
|E= 77184 dael wet gedsiA 543
o A2d A Al A ARgSsteE 171-8A1%l
HlE55-S QofohH QAo ~Aa At wAY
O] A L] AREZ 99% o/l aromatic A B 2] 2ot
Fol] SANZ. M J3, =48 HRIE AlE2
aromatic A|E°| 60~70% = H}EE ™, alkane AE
o] 20~30% HiEH At -89 VOCsi= 93%7F

alkane A9 = &= Utk Alkene AlE-2 142
UIAEY IS AlQlotal A L] SRRIEA] ohoteh AR
0] 7%, AE-8AIE AlQlotal 4] 3, AHsAt =
%, u]8 AlE-2 C8~C9 aromaticgo| 71 FH<3H
VOCFOR 70% ©) v&S XAt AlE-8Al=
C10~C129] alkane A|F 2] F-©] 90% oF o &2 Aot
At 2 Aol ohekst dolAle] 47184 VOCs
o] E24L 71E A AT Aatet ZFo) 7t gtk (Na
et al., 2004; Kim et al., 2001). ©] 3+ &4 A&of| it
VOC &2 2ubd] o] Zpoli= A4} A)Zte| whet 3
A A Bz 7 Ao s vOC &2 2] 2 A7
= B7FE floiHE 9FE voC B5E] 454
Fulo|EZ} Hasit

7} A%E 77184 AlF] AHEo =2 QI VOCs9]
B2 T8 AYZt 7P w=okeH, ol A
T2 = Aol A AHESl EFEAIQ] Al Ao R
EHO] 0 E2BY 7%t FolAl e Ao R Sl
4=tk ulg4e] ¥ AF2 AlY o2 voce]
BkgAo] 2 Ed2 BAEILh A ulgg

HgsHe VOCE =7Hl&ERF 4Fgol 28] o
a]-&HellA ARgot= AR QEBA]

o] =2 20201 K (37| EH HFAH)
HEo g AT 7| A7 =AY
9] 2| ¢S o} =3 A+ (2017M1A2A2086819).

o

o7 IstE|x| M 37 E M1 5



MHUE A

==

References

Atkinson, R., Arey, J. (2003) Atmospheric Degradation of Volatile
Organic Compounds, Chemical Review, 103, 4605-
4638. https://doi.org/10.1021/cr0206420

Carter, W.PL. (2008) Reactivity Estimates for Selected Consumer
Product Compounds, Air Resources Board, California,
Contract No. 06-408. https://intra.engr.ucr.edu/
~carter/pubs/aminrep.pdf

Chae, J.S., Jeon, JM,, Lee, TJ, Jo, Y.M. (2019) Emission Listing of
Volatile Organic Compounds (VOCs) Containing
Ozone Precursors from Emission Sources in Printing
Industries, Journal of Korean Society for Atmospheric
Environment, 18, 156-166, (in Korean with English
abstract). http://joie.or.kr/journal/article.php?code=
67652

Gentner, D.R., Isaacman, G., Worton, D.R., Chan, A.W.H., Dall-
mann, T.R,, Davis, L., Liu, S., Day, D.A., Russell, L.M., Wil-
son, KR., Weber, R., Guha, A, Harley, R.A., Goldstein,
A.H. (2012) Elucidating Secondary Organic Aerosol
from Diesel and Gasoline Vehicles through Detailed
Characterization of Organic Carbon Emissions, Pro-
ceeding of National Academy Sciences of the United
States of America, 109, 18318-18323. https://www.
pnas.org/content/109/45/18318

Han, J.S., Hong, Y.D,, Shin, S.A,, Lee, S.U,, Lee, S.J. (2005) Receptor
Model (CMB) and Source Apportionments of VOCs in
Seoul Metropolitan Area, Journal of Environ Impact
Assess, 14(4), 227-235. https://scienceon kisti.re.kr/
commons/util/originalView.do?cn=JAKO2005297416
31394&0Cn=JAK0200529741631394&dbt=JAKO&jo
urnal=NJOU00291409

Han, J.S., Moon, K.J., Kim, R.H., Shin, S.A,, Hong, Y.D., Jung, I.R.
(2006) Preliminary Source Apportionment of Ambi-
ent VOCs Measured in Seoul Metropolitan Area by
Positive Matrix Factorization, Journal of Korean Soci-
ety for Atmospheric Environment, 22, 85-97, (in Kore-
an with English abstract). https://www.koreascience.
or.kr/article/JAKO200614223004499.page

Huang, C., Chen, CH,, Li, L, Cheng, Z,, Wang, H.L,, Huang, H.Y,,
Streets, D.G., Wang, YJ., Zhang, G.F, Chen, Y.R.(2011)
Emission Inventory of Anthropogenic air Pollutants
and VOC Species in the Yangtze River Delta Region,
China, Atmospheric Chemistry and Physics, 11, 4105-
4120. https://acp.copernicus.org/articles/11/4105/
2011/

International Agency for Research on Cancer (IARC) (2002) Some
Traditional Herbal Medicines, Some Mycotoxins,

LM A= R7IEMS LEFT VOC 2H =53t H &4 7[0= EJt 111

Naphthalene and Styrene, World Health Organization,
International Agency for Research on Cancer, Lyon.

International Agency for Research on Cancer (IARC) (2012) A
Review of Human Carcinogens: Chemical Agents and
Related Occu-pations, World Health Organization,
International Agency for Research on Cancer, Lyon.

Kim, S.Y,, Han, J.S., Kim, H.K. (2001) A Study on the Source Profile
of VOCs from Major Emission Sources, Journal of Kor-
ean Society for Atmospheric Environment, 17, 233-
240, (in Korean with English abstract). http://www.
dbpia.co.kr/journal/articleDetail?nodeld=NODEQO1
95141

Leuchner, M., Rappengluck, B. (2010) VOC source-receptor rela-
tionships in Houston during TexAQS-Il, Atmospheric
Environment, 44, 4056-4067. http://easd.geosc.uh.
edu/rappenglueck/pdf/2010/2010_leuchner_TRAMP.
pdf

Na, K.S., Kim, Y.P.(2007) Chemical Mass Balance Receptor Model
Applied to Ambient C2-C9 VOC Concentration in
Seoul, Korea: Effect of Chemical Reaction Losses,
Atmospheric Environment 41, 6715-6728. https://
www.sciencedirect.com/science/article/pii/S1352231
007004141

Na, K.S., Kim, Y.P, Moon, I, Moon, K.C. (2004) Chemical Composi-
tion of VOC Major Emission Sources in the Seoul
Atmosphere, Chemosphere, 55, 585-594. https://www.
sciencedirect.com/science/article/pii/S004565350
4000402

National Institute of Environmental Research (NIER) (2016)
Improvement study on estimation method of emis-
sion factor for small-scale VOCs emission facilities.

National Institute of Environmental Research (NIER) (2019) 2015
National Air Pollutants Emission. NIER-GP2017-210.

Rumchey, K., Spickett, J., Bulsara, M., Phillips, M., Stick, S. (2004)
Association of Domestic Exposure to Volatile Organic
Compounds with Asthma in Young Children, Thorax,
59, 746-751. https://pubmed.ncbi.nim.nih.gov/15333
849/

Seinfeld, J.H., Pandis, S.N. (2016) Atmospheric Chemistry and
Physics from Air Pollution to Climate Change, John
Wiley Sons Inc., New York. https://pubs.acs.org/doi/
pdfplus/10.1021/ja985605y

Virtanen, A., Joutsensaari, J., Koop, T., Kannosto, J., Yli-Piril€a, P,
Leskinen, J., M€akel€a, J., Holopainen, J., P€oschl, U,
Kulmala, M., Worsnoop, D., Laaksonen, A.(2010) An
Amorphous Solid State of Biogenic Secondary Orga-
nic Aerosol, Particles, Nature, 467, 824-827. https://
www.nature.com/articles/nature09455

Wang, H.l, Qiao, Y., Chen, C,, Lu, J., Dai, H., Qiao, L., Lou, S.,

J. Korean Soc. Atmos. Environ., Vol. 37, No. 1, February 2021, pp. 102-112



112

O[EH, o|~2l, MFM, TER, ASE, 2

1 (e

Huang, C, Li, L, Jing, S., Wu, J. (2014) Source Profiles
and Chemical Reactivity of Volatile Organic Com-
pounds from Solvent Use in Shanghai, China, Aerosol
and Air Quality Research, 14, 301-310. https://aaqr.
org/articles/aaqr-13-03-0a-0064.pdf

Wang, H.L, Chen, CH., Wang, Q, Huang, C, Su, LY, Huang, H.Y,,

Lou, S.R., Zhou, M,, Li, L., Qiao, L.P, Wang, Y.H. (2013)
Chemical Loss of Volatile Organic Compounds and Its
Impact on the Source Analysis through a Two-Year
Continuous Measurement in the Urban Area of Shang-
hai, China, Atmospheric Environment, 80, 488-498.
http://apollo.eas.gatech.edu/yhw/publications/
Wang_H_etal_2013.pdf

Wei, W., Wang, S.X., Chatani, S., Klimont, Z., Cofala, J., Hao, J.M.

(2008) Emission and Speciation of Non-Methane Vola-
tile Organic Compounds from Anthropogenic Sourc-
es in China. Atmospheric Environment, 42, 4976-4988.
https://www.sciencedirect.com/science/article/pii/

$135223100800160X

Yuan, B., Hu, W,, Shao, M., Wang, M., Chen, W,, Lu, S., Zeng, L., Hu,
M. (2013) VOC emissions, evolutions and contribu-
tions to SOA formation at a receptor site in eastern
China, Atmospheric Chemistry and Physics, 13, 8815-
8832. https://doi.org/10.5194/acp-13-8815-2013

Authors Information

|6}y (A sIdhot B4 o BBk Q7S
o1+l (A SIchsti 3t 9 B3 Bkt A7)
A (ARBBFGAE 2)

AER (IRPEFRAE )

Y55 (Astsh B4 2 BAFS 35
e RICELEEE R e R




	생활밀착형 사업장에서 사용되는 유기용제의 오존전구 VOC 물질 목록화 및 오존생성 기여도 평가
	Abstract
	1. 서론
	2. 연구 방법
	3. 결과 및 고찰
	3. 결론
	References


