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Abstract

Indirect CO, effect due to non-methane volatile organic compound (NMVOC) emissions from solvent and product use
and fugitive NMVOC emissions from fuels in the Republic of Korea and 13 Annex I countries under United Nations
Framework on Climate Change were estimated and the proportions of them to total greenhouse gas (GHG) emissions ranged
from 0.092% to 0.45% in 2006. Indirect greenhouse effect (CO,, CHs, and O;) were estimated at 13 photochemical
assessment monitoring sites in the Republic of Korea using concentrations of 8 NMVOCs of which indirect global warming
potential (GWP) were available. The contribution of toluene to mixing ratio was highest at 11 sites and however, the
contribution of toluene to indirect greenhouse effect was highest at nine sites. In contrast to toluene, the contributions of
ethane, butane, and ethylene were enhanced. The indirect greenhouse effects of ethane and propane, of which ozone
formation potentials are the lowest and the third lowest respectively among targeted 10 NMVOCs, ranked first and fourth
highest respectively. Acetaldehyde has relatively higher maximum incremental reactivity and is classified as probable human

carcinogen however, its indirect GWP ranked second lowest.

Key Words : Greenhouse gase (GHG); Global warming potentials (GWP); Indirect greenhouse effect; Volatile organic

compound (VOC)
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(CH) 9] 24k whafigith w3k ti7] So= viEH
VOCs+=4tkg-S A A=t ol4lsketay(COoy) = A
Bhejo] 2241 A3} ZRAR A ST 7%
H3lol| et AH7E 93] (Intergovernmental Panel
on Climate Change, IPCC) 2] A1 2} 7} 1A of| A=
LEI COxell thgt H|H|EHAESl=4x(Non-methane
hydrocarbons, NMHCs)2] FgFol| A H]ZEH 7Hd A
T 23l ZAAE Z|4x(Global warming potential,
GWP)E Ab=sdal M Ak Y ojE 4 on 44
2 %717} BRTHE ZEsi9on BlLE COs, CH,
N,O, CFC, HCFC, CCl, CH;CCl;, CO, NOx,
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NMHCs 9] 4| 248wt 5 0.5%5 AAghekar
FESFATHIPCC, 1990). 2007 2E7HE A4} IPCC
B7HE LA o whEW 7] GWP= B|w[eA] S
+713}¢-=(non-methane volatile organic compounds,
NMVOCs)o] HiZe| e} A7kl uj$- ojzfo]
bz Ao glof A-Eet GWPE] f-840] A
gHRloleiar & 4= Qlot H&s] AL 4= 2laL 7%
st 2ksko] A ol gt I Ao e 2 ARS-
2 4= Qlrkar ARSI THIPCC, 2007). 3L Collins
5(2002)2 10Z2] NMVOCse] tjsfl tjFad CO,,
CHs, 20| th3t kS alefsto] dF- NMVOC &
off gt Z}7+e) 7Hd GWPE AkEstaL 2t F9] i
o w2 GWP 9] 100 Ht Lo & 3.45 A A5kt

o733} 9K United  Nations
Convention on Climate Change, UNFCCC)-2NMVOCs,
SO, CO, NOxE 7Hd4] 248} F7ka=z 49
il 659 24712(CO,, CHs, N,O, HFC, PFC,
SFe)ot o7 =7} QIEEE 2Hdstes Q-6kal
ATHUNFCCC, 2006). =17} 2A17kA QHIERE $
F =A% 1996 IPCC 7o =gfelof A= A& Q1 &
21712281 COz, CHy, NoOOf| thsfiAl = thest 2417}

Framework
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|4 27k 2 FAdol] 7] of8k= NMVOCs
2 2A7EA QI E glo] B st R Askal
[RECERS St= ) GRS N s S
3 t7] $Oo2 FUEE CO90 P AtEdlo] 2
7F QilEE]of Zekel 4= Qe RS AAJSkL
IEHIPCC, 2006).

2000 9] 23EE IPCC S H 314 o] 4] NMVOCs
o] A A i ZEL 19901 o] 140Mt 0.2, F 2050
W7k 40714 9] ARl o 2 Bl of 259 AT
753 AL o] A 1903} 260Mt Ao 2 F X201 75
AIS Vb Ao 2 o ZEQITHIPCC, 2000). whehA],
219124 NMVOCs B2 <13k 7H LA a o] ot
H|5-2 2050 7HA] A|&2 oz Soid Zlog o)
] 22ubet £5F NMVOCs 9] vl &eko] 13| %
7HE AL Qhis Adgoleh(@g R, 2009). f-2luehs

=
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o 30 1o du
lo =
=)
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e

A7 RSt R} WE YA GA O RA] B
2A7ES HlETS 1990 o] SR T whejs
Aaf gkom, 19983} 2003 23}eofl AA <71 %
Sl efof| o AT thehul=t =71 1A & UNe|| A&
Sk BF Lot g o] A T =7kek= g, IPCC
7hol|=lQl -2 IPCC 7ho|=eljlo] Falstes A
Ask= Zho| =Rl o] 7| are ol whet 7HY 24 a it
FE7EAQI NMVOCs v E5Fo] AP =] A] kot Qlck
il VOCs 21 AA| A 0] /33 QIA|of Tt <]l
£ asto] ti7|ehd ARl o)A 3759 S
712RHE(VOCs)& THAIskAL, fafateh=2dae] R
el gelelelEa B WEY B AE(Toxics
release inventory, TRI)2] Y24 VOCs & A
RE AT glom, 2010d 1Y 14 E= U=
A3 WAl sl o 7] s AN<S ng/m’)7) o] %
oJ AL Qlek 1 9], e EAA | 24| 7]o8k= VOCs
of| thet ZHA] & | nlS 915ke] 2002 =
HE MR 3 FleEg vt 24 75 o,
20094 129 e, AL g o 2 B Elo] 15
7N &7 42004 562] VOCs & S74staL -

el Fmskgeto] net upd 27} 27} )
HEalE AEsls BaA 1 27} 5 9 B
2006 IPCC 7}ol=g}elo| wa} NMVOCsZ ¢lst 7t
H €O, EINE A1Eao] BslT QLo @A K1l
7t olatelA oo emmiEo) SR uE P
2} o] 74 CO, a¥prt 5] Har tf ol A A2
Fo] Sl Foll thsl NMVOCs 2] 1+ CO, ui=%F
AR O] O3S} :=9l5] 1l QJtHGillenwater, 2008).
wehA, 2 Aol A= f-2utell A NMVOCs Hi&
HlFo] & 77184 AR de=ieo] gedy
& o)A HjEEl= NMVOCs = Q1% 714 CO, &
WS 4RSSt w7F 2ATEA viEel A AA|sk=
Hl&5 F54 T 5719} vlasto] A Egton, <
FeletEAwelA 574 NMVOCs 9| 5%k ©]
goto] vlaE 137) SN et 1 24
AIHCO,, CHy, O3)0]] T3t FE 7]o] = W3S HlaL
3l HOoRA AZFFF ezl nj|= FTF ¢
of 7Hd 24 A S 123 NMVOCs #] 9] F24d
= 22| ok

(T



vl e A SR skekEo] ot 3 A E e A= 167

2. Xtz A Y

2.1, Xt=o| £Fut 2N

7k 7Hd CO, ATE AFEs7] fIske] 2009
off Fl7| TSt ool A&t FEA T =7k 24
7} eIl E 2] 1 314 (National inventory report, NIR)
o} FE 1 719FA(Common reporting format, CRF) 2]
1990 ~ 2007 A& = 19901} 20061 A7} A
Hi & NMVOCs &2 ©]-8-513tHUNFCCC,
2009). $-2yete] HEH NMVOCs A== vy g
e 7S AEE Sl ShEskl o (SR,
2009), =W 247k HiETE 20093 7HA] =] 2
A7EE QIHERE el 4 A |AIB A A 2]
A E o]-8SFATH A A A A -2, 2011).

=T FAbol|A 7HE F<1 137 38s e ¢le
A A4 F4E 5659 NMVOCs & 1H
GWP F}o] ¢1+t% ethane, propane, (iso, n)-butane,
ethylene, propylene, toluene, isoprene 8%o] tf|d}]
200411545 20087H4] 245 ke lste] 24
AHE 7 LA FINCO,, CHy, 03) 5 EA3ITH
(B H, 2005; 2006; 2007; 2008; 2009).

2.2, 7HY 24=nte| ME

2.21. NMVOCsZ2 QIgt ZHd CO, &1te| =Z7izh
Hlz

2006 IPCC 7Fol=2}el, Volume I, 7%+ <A 5L4| 2}
T S olli = ©E Xl SREY vis
2 el 7] FellA COR ARste]o] §ol=l= S
4HEsto] = 7F QIR R o] e 4= QEE
= AAIBHL Stk o U] ARE FEo] B
e 1 COp WA A=t /de] 7t 9
SHlaL, & Ao A= 71 8A1eE Al o] &
oA HiZE:= NMVOCs®} ‘dmZHE|] ek
NMVOCs & & ]85t 7H4d CO, aits
shaic

NMVOCs, CH,, CO9] tj7] & Akgl=z <138t 7+
CO, aik= AR &9 - IPCC 7hol=ekele]
T2 H7F 2A7EA QIMIE o] 23tE = v YR
+ 5] uj Ak {71 8RN Al 0] 8 FiEE 2
<+ 5°] 2% %77 NMVOCs vi&EEE B = 714

ok
E o

u
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s =
o>~ e rh
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CO, A7+ Aol AbEsto] Barskal QAT 9-2uk
25 HEsto] W2 =7kEe] 71y CO, 59k A&
S1A] QL Q)= Ao B2 NMVOCs vi&wFe] A
F-g Aol F718AL AlE AR R QI F
A CO, aIHE AFESte] S-Ejubete} &4 1 719
AHE v wstolrt.

‘AR Aavel H7|Ee] Azp FhalE)= AnlE
ARZAIL} a7t H7E %S 7R BRI
of oJgto] CO, &S APITrO 24 NMVOCs,
CHa, CO9| t7] 5 ARSHE 2EFFSA|TE, Aehagal, A
et AA7EA AH, 7h, A 22 sk AR APak
I Fo] A v 2 2 5 E NMVOCs, CHs, CO
o] P = viE = T SR AR AH|of| gt oo]
E] =3 Hof| HAY =] wjiEe]] AR AnlEA A o
oJR|A] ¢l 7H CO, viETF 3t LT K] ek=rh
weka] AEH 2A7EA MER] A2E E-8sto] ¥
9] 717 CO, H31E AKE3) & 4= 9lom, o8k et
Sk e Was] Alele AssHEe] g2 wiE
2 QIgH 7 CO, Ao 7-9- 35 07| Azl oF
OF BIEE a7t 247 QMIE D] HEof Z9hE
4= 9128 nstodof gl (Gillenwater, 2008).

2006 IPCC 7jol=ztelofl A A|AJgE CHa CO,
NMVOCs Z}ztof| &J3t t7] 5 CO, &5 A=
2 oha

CH 2 AR5 : InputCO, = Emissions ¢y % (1)
COZ A% 1 Input CO = Emission's mx‘z‘—g
NMVOCs= A& : Input CO y = Emissions xyryoc* CX%
CHs, CO2] A3t QIgE tf7] 5 CO, o2 7HE 7]
AHo] Agkete] wiEel 2k 71419 EAbel gt
COn0) Bk} u]% Hatol FHEL T NMVOCst
oheret EART gasbe e SRtEolEE
NMVOCs 9| Agfete] vijEsfol ehaig, CE 55t
a1 ghasof] gk CO, 9| EAN HIE #55to] A3t
CE= NMVOCGs % 2] ekAaE-8-2 2006 IPCC
7holEgRelo]  FojR 7]EGEE 0.60|tk ojuf,
NMVOCs 5 Sl siEde] o} ohofstas
NMVOCs 7HE Fofl gt A RS v o = gk uj&Ed
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H T HE ] 152 Y EAS RHEE
7 CO, avtE Hop AgkstA Aled 4= 8l Ao]
vt viEdd ZEuke] o] s ofE =71
7|& QA= R wiEdd B S-S o8
Blrisd
7182k Al ARgollA vEE NMVOC Hi=
o] H[gRE 1)L 56.3%, LAET o= 60~66%,
7l 76~80%7F AAE B} 9o H(Gillenwater,
2008) -207] -3} oFof] AJEH 2009 =7 24
7k QIIEE] HAlA oA Se 75%S ARgshaltt
(UNECCC, 2009). ZL&{1} 2009 0] §-7]-8-A1}F A=
ARE FEollA 7Y CO, IS ARESH i HE9] =
TWHEE A, e, ojge]ol, Fupuol, AFQ)
85%F ARE-SHo], & dAtollA= g CO, b7} AF
SR G2 H7HES, Aueh G2, gAlol, d=,
nl=h) et -Eutete] thsf] th=2] =7kt AME-gF 85%
o] BAaias A5tk E3t drrRE o] 2%
d NMVOCs v & QIgt 7+ CO, a3H& A&E3H]
fI5ted, sl viE €S NMVOC Z=utd A-L4x
ZHE Gillenwater(2008) 7} 331 0.855 Ho B4
e 7Hgselth
2.2.2. NMVOCsZ Olst 7t
Sto| X|ME Hlu
NMVOC 9 si&d AHE SR 4= 9l 3
EAY AR E o8t SR 1M 2458

o

L

i e

rl

Table 1. Indirect GWPs (100-year) for 10 NMVOCs*

= AESIa £ 7|9 =E 2453t NMVOCs2)
7 LAFINCO,, CHy, 03) AFES 913 58 7Hd
GWPx Collins 5(2002)¢] QA1ATE o] 83192
] ARS8 g4 Table 13+ 2t

3.1, Zt=29| 2AI7tAQL NMVOCs HiE51E

LA71A9F NMVOCs HiEA R7F Z0E 2715
3} S-fuzre] vl 42 ] L6}o] Table 29} Fig. 1
of Urebl Siet. WA, 24712 vl Blgo] AT &
N7| S-Sk ofof] 2472 QTR B A& o
F7F Yl e et Bl E 95t} A4 oy
A] 7)7H(International Energy Agency, IEA)9] X7 &
AR AYE REA T w710t T, s, e 5
L3k 7 A|A oA 20059 7]% $-eluheke] 2417}
Bl F 11912 2123k T Table 2). £:917] 5
(o)

l‘

e

o[

sfglorol T2 24 19] 40712 vl 37} £407)
2 oIHIE 2] X 314|(National Inventory Report)2} 3
£ 1 3119F2)(Common Reporting Format)of] W& vj&
2 A|Esha 9lon 2009 A&3t ARE HES
vl B= i = 717F 2007 @7kA] 9] 2471 QIMIE
& A5 e n, NMVOCs Hi&E% JHE oA A
oIl ot Eheo] A9 Bgo] gk & glo] &
Tk, Bl oldAet A Rw, SAREA

o
2

[e)
T

s

Compounds GWP** GWP_CO, GWP_CH4 GWP_0Os
ethane (C;He) 8.4 2.9 2.9 2.6
propane (CsHg) 6.3 3.0 2.7 0.6
butane (C4Hio) 7.0 3.0 2.3 1.7
ethylene (C,Hs) 6.8 3.1 1.5 22
propylene (C3Hg) 49 3.1 2 3.8
toluene (C7Hs) 6.0 33 0.2 2.5
isoprene (CsHs) 2.7 0 1.1 1.6
methanol (CH;OH) 2.8 0 1.6 1.2
acetaldehyde (CH;CHO) 1.3 0 -0.4 1.7
acetone (CH3COCH3) 0.5 0 0.3 0.2

* Source : Collins et al (2002)

** GWP is calculated by simulating each NMVOC's decay in the air and integrating its atmospheric burden and those of perturbed

CO,, CH4, and O; over a time horizon of one hundred years.
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71-8A, 2BlRIAERRIS {7 8Aet AR 5 F
=484k gk NMVOCs  iE=vhs AlXsHict
(UNFCCC, 2009). 0|5 =7} 2= 2009 0| 5-9ll7] 5
kg ekl Al 2006 715 24A7FA viE A9
1573t $-2luate] 19903} 2006 A7k i<
F1F NMVOCs Hi&w-S vt 2h= Fig. 13} 2tk
(MR A AL, 2011; 3+, 2009; UNFCCC,
2009). 20063 7]=8 off, f-2uhahs A7k Hl
Z7Fo] v]al NMVOCs 9] Hj&=fo] A& o s vk
O thREY &A1 w7F=olA 1990d iy
20069l NMVOCs 9] vj&=Fo] gk BHd, -2t
2= SAI7EA7] 30597 COEofl A 603 8T CO =
© & oF 2uf 7rto] 7151l NMVOCs 9| &
T3 520 Ggoll 4] 794 Gg o & oF 1.58) =781t}
Apd vl E S A Qg 194 QIZE Sl Al B
ENMVOCs 2] 20061 vj&AE vFS Ao EH -
U= 77184 AFg0] 58.3% = 7MY mom Ak
TA(17.3%), 54(15.3%), 5171 2(4.4%), Qa2 5
B o] SHMd iE(3.3%), AL A4x(1.4%) 2] =olth
(3H4H, 2009; Fig. 2). -2k 2gsto] Fig. 19]

Table 2. GHG emissions by countries in 2005*
[Unit : Gg CO; eq]

Ranking Country GHG emissions
1 China 7641.5
2 United States 7008.6
3 Brazil 2559.8
4 Russian Federation 2317.7
5 India 2091.9
6 Indonesia 1569.6
7 Japan 1414.1
8 Congo, Democratic Republic of 999
9 Germany 977.2
10 Canada 738.8
11 Korea, Republic of 674.2
12 Mexico 650.3
13 United Kingdom 631.1
14 Australia 594.3
15 Italy 562.2

*Source: IEA (2009)
Note: Emissions and removals from Land Use, Land Use
Change and Forestry were excluded.

A HIELE 150 R g ARt gl B
=2 Aolsta §7]8419] vlgo] 7H B b
Q0| m(74.0%), S-elLteb} 5 HA|(58.3%), F

22000 8et6
20000 4 Il NMVOCs 1990

1 NMVOCs_2006 [ 7et6 =
18000 - ---@-+ GHGs_1990 5
o 16000 7 GHOs 2006 L 6e+6 8~
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2 14000 -+ - 5et6 S
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Fig. 1. The emissions of NMVOCs and greenhouse gases in 16 countries in 1990 and 2006.
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Fig. 2. The proportion of NMVOC sources in 15 countries in 2006.

01(55.7%) Al WA £ A0 erdehEa,
2009; UNFCCC, 2009; Fig. 2). 35 %552, 7
Urhe AR RRE o] 294 vEo] 74 £ ulF
2 A5 on, B7) el thak o] ouiA]
oF 4kl A REO.2 9 Elo] 9lo] NMVOCs ] i
o] £ AR pER L HlES MeFH 7
shleh. 71 9] SAT(EF L, HY, olgelof, U,
qLRkE, A9l 4, L 7187 A8, 470
SHErkol, BjAlol, Saztolu, nl=e 449 H]
Zo] 7V & F02 UeHITUNFCCC, 2009

Fig. 2).

3.2. 21 CO, Eafo| 271 Hlm

EH 7IA7E E o2 247180 7] 5 Fato
FEFS A o] 7 wjEsgo] WS, vliEE CH,,
CO, NMVOCs®| tj7] & 4tk Q1% COx= 714
CO,2 dZoJR=d| Gillenwater(2008)0] w1,
CHs, CO, NMVOCs®] tj7] Z- Alste] 2J3t CO,9] A
d& BExjol g3t AFlS AQlgt A AA 247k~
o] Q19)A WiEEFS 0.5~0.7% Z7FAZITh 2 AT
o= NMVOCs 9] tf7] 5 4kste]l oJgh 1M CO,
anel AZlE =7pER Hlas] R flste]

NMVOCs 9] vlj& H|&0] =2 “7-7]-8-Aet A& A
& BRI 7} 2AVRA QM E oA 7 CO, &
T} Abzo] A2 E o] Ql= AR R RE Q] HEA &
FES giake 2 7Hd COo, a3kE AHE3lth

2006 IPCC 7o =glelof| A 7Hd CO, v & 4
o] AAE o] HY 752 f718A1% AlE
ol-goflA] HiEEE NMVOCs9| & Efi= 7Hd
CO, W& AFE3to] =17 2471 QM E o] 3
THAZ] 3L QlLt 2009 of] A& F-F RIS A)(CRF)
of| 7t CO, MlETFS AFETH 37k Zags, T,
=, ojgg]of, ydgts, Fupof, Au|]] Folrt.
79 3 ATl 4, Ao Gt et 52
NMVOCs9] j&#hS A|AskaL 7Hd CO, vi&H
S ARESHA] gForom ek fell7| S st of
of| A&7t A2} F7HH LA 7RA] [-7]-8-A|2F AlE A
40 = Qg NMVOCs &3} 7H CO, a3} 2%
= AABHA] gt Qlk 2009 AlEH 2006 &
A7k &SI NMVOCs HilE3S 7|20 2 4] (1)
of o3l AFEE [7I8AIRt A ARG <3t
NMVOCs9] 7+ CO, &3}= Table 37} 2t} & 1
oA #lEE= NMVOCs 9] o2 ul=t, #jAof, o
2, 5YU9 207 Eokou njate 24740 HiE
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& ESH 2ol ST 247k vl EsFol A AR]|Sh= b
E2 0.17%= Addoz v yehton, d=
(0.29%), 2:51|21(0.28%)°] A AFEH AL, 9Lt
BH= 0.24%2 2R3 2 A10H0.24%), Ze2(0.24%),
oghE|o}2}(0.24%) H|52g =0 5 LERITh
7 R HE Bl NMVOCse] tf7] & Alslo|
oIt 71 CO, A= AUt 571 247k vij&
FZF 7 22 0.31%, Y=o] HE 0101 0.10%, 1
1 9-2uzH= 0.014%S 2|83t o] 322008
Y 7] 54541 1 =7toll A i &= A2 5
o] A7} v ETFo] Fdial I 7ol EX|o] gt B
A o]- g3} 9l AFH(LULUCF)& A| 9] 4] 247}
2~ HlETF2] 0.18% 5 AFA|StaL v EA] 7| w7 &
o] 27ko & o3t ujEwko] 0.08% S AA|5H= AL
123 tj(UNFCCC, 2011) A1 A2 gholefal o 4=
olct T3 <Hr)8Alet AlE AN FEI daRR
E] 9] B vljE o A 2] NMVOCs 2 Q13 71 CO,
ake] Fh vl =7HSol|A =7t 247k iE
& o U= 0.092%FE 7iUThe] 0.45%714]
chofstct SEuels duziEe] gy wiE
F5of| A NMVOCs2] 7H CO, BE1p7} vl Hgko.
110.014%) 1-71-8-A12} Al AFH-S = QIgFNMVOCs
o] ZHd CO, &3} vy =7 YEh}0.24%) F+
o] ghe A 247k v &S 5 0.25%5 AFA|8h
ek HlaE F 1470 =7lol|A] F F-E-e] NMVOCs
o] HjER QI3 7+ CO, AIR= F454 1 Z7 o)A
A &3 2008 247k QI E 2] 9} v w3 & o, 3}
S} AR & Yo} AJAke & QI A7 &Sk
o] HA| 2A7IA wiEH F 0.42%, FAke] AYAE
0.30%, AFHl<=e} af=2] &2 7}0.56% 2HA|8l=t
o]¢} ] st ukst gholkal FHATHUNFCCC, 2011).
ol A AFH el o] BEFAFAE 7|22 AME
&= oA da H& 5 e FEoA NMVOCs2)
&S 58, 11 CO9 vWiEHE 3 BaEn
Jou, dAmgHEe] g7 wiEE gk 7 CO,
A= QHIE ol 4] P3| A|eEo] glom g S
7| FRistg ke 2 B E= 7 247 QI
Eg| 520 23 = 95 aEstoiof g} &3,
dazRE o &2 uiEa g 7y CO, A=
AAAMNLA A} T2 1 9 thfFoR o]Rofx|n

i)

e ST AR oM =9 F o] Al7|E
=g Akl A AA7ks 5 2R HiEde
A

AN bl

247k WS Aol TP COp AFES 2T 7
AE7F A& 4= Q= vilEdY] 4= 13%

A 271X 4= Qltkal S Gillenwater, 2008).

21 (1)L 0] 83 NMVOCs 2] &0l 7|¢1sk 713
CO, 1= NMVOCs?| FH i} viEdd =
g2utJo] o] §7ks st Hat TS V2= B
o} A2 Sl g AR 4= qlnk b=, = 59
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Fig. 3. Comparison of mixing ratios and indirect greenhouse effect at 13 monitoring site between 2004 and 2008. (a) Mean
mixing ratio by selected 8 species, (b) Indirect CO,, CHa, and O3 effect by selected 8 species, (c) Comparison of the
mixing ratios of NMVOCs and indirect greenhouse effect (d) Normalized mixing ratios, indirect greenhouse effect,

and changed rate.
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Table 4. Comparison of estimated index to mixing ratios and indirect greenhouse effect

Site Index_56 Index_8 Index P Index C
1Sukmodo 1.00 1.00 1.00 1.00
2Incheon 6.16 7.15 0.99 7.09
2Bucheon* 7.80 7.46 0.98 7.29
3Seoul 4.30 4.80 1.00 4.80
3Gwangju 7.00 8.33 0.94 7.84
3Uiwang** 6.62 6.43 0.99 6.33
4Yangpyong 2.44 2.34 0.98 2.29
4Pochyon 1.09 1.37 0.98 1.34
1Busan-Taejongdae** 1.84 1.65 1.00 1.66
2Busan-Dangam* 5.95 4.98 0.97 4.82
2Busan-Daeyeon* 3.53 3.22 0.99 3.20
3Busan-Jangjeon* 3.51 2.92 0.99 2.88
4Busan-Gijang* 3.18 2.87 0.97 2.80

* uses annual mean data for 4 years; ** uses annual mean data for 2 years
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Fig. 4. Contributions of selected 8 NMVOCs to mixing ratio and indirect greenhouse effect. (a) mixing ratio, (b) indirect

greenhouse effect.

concentration, Photochemical ozone creation potential
I AL AR oY eE thEShaL, etat
vt fE=E Friski o wlol M=
7|8kekEo] 2Aae] vjx= Y] HiFt ale=
Ao| ojoixx] gkeh ohx AHE urel gol
Collins 5(2002)-2 10£2] NMVOCso] tjs tjFH
CO,, CHy, 220 tfieh 3= arefsto] 1Hd GWP
S kst o ATtE 2 T8 7P GWPeE @24
4 AAEE AEsh] ffsl o] At A ARg-Elof
< MIR, 7% I8l B7tel ol8s= Halsk

(Reference concentration, RfC(mg/m’))9} 213
(Reference dose, RfD(mg/kg-day))E& Z-83}o]
(Carter, 2010; Choi 5 2010; Choi -5 2011; USEPA,
2011). FE 2 GWPeF @ 2484 A, 7w
E4S v|ws}o] Table 6] T4 Lreligich

Table 6°J|4 HoJZ MIR2 g VOCs T A4
T A @& S ke Aler o A4 T
o=s  Fojshr]  fsf diwHem ol
MIR(VOCs & A= o&, FA1)of VOCs9] =
(ngm’) S F3PH 22471017} AHEErK Carter,

Table 6. Indirect GWPs (100-year), ozone formation potential, chronic health effects for 10 NMVOCs

Chronic health effects***

Maximum

Compounds GWP* GWP CO,’ GWP CH,’ GWP O;' incremental Reference Exposure

reactivity ** concentration or pathway

reference dose

ethane (C,Hg) 8.4 2.9 2.9 2.6 0.28 n/a
propane (CsHs) 6.3 3.0 2.7 0.6 0.49 n/a
butane (CsHio) 7.0 3.0 23 17 1.23(for iso-), wa

1.15(for n-)
ethylene (CoHs) 6.8 3.1 1.5 2.2 9.00 n/a
propylene (C3Hg) 49 3.1 -2 3.8 11.66 n/a
toluene (C7Hs) 6.0 33 0.2 25 4.00 0.08 mg/kg-day  oral

0 inhalation

isoprene (CsHs) 2.7 0 1.1 1.6 10.61 n/a
methanol (CH;0H) 2.8 0 1.6 1.2 0.67 0.5 mg/kg-day oral
acetaldehyde (CH;CHO) 1.3 0 -0.4 1.7 6.54 0.009 mg/m3 inhalation
acetone (CH;COCH3) 0.5 0 0.3 0.2 0.36 0.9 mg/kg-day oral

Sources : * Collins et al (2002), ** Carter (2010), *** USEPA (2011)

Note : acetaldehyde is classified as B2, which means probable human carcinogen
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2010).

O, formation(j)= Conc.(j)X MIR  coefficient
@

B2 (mgkg-day) 9t FEE(mg/md)s Zhzt
orogrol A gk BAEA Xzt o)
S5 Qu|shy, USEPA(2011)9] Integrated Risk
Information Systemo]] AA|E ZLo2, Ao} golo=
QIRH vt I8 X|3£2] 919 H&(Hazard Quotient,
HQ)S AF=sh7] 913t 71 gholth &9 49 oL
FEE ORI S5 Al EAE o8-
A &2 Aekshar, YU SUFS A= e

T et flEi=E Brls7] Y1 HQ7FARE
= Zo|t(USEPA, 1989). o], HQ7} 1XEt} 3 &
St QIA| Gkl FA o] Yeh= A Sfu|sh=d &
A7} 2S5, HQ7LH A ez a7 AsEEs
A7} A= e =/g0] Ath= A ofnfgit)

Table 6°f|A4 & 4= 9150 H|aLE 102 VOCs &
QEAG7 = ARl o] Al ' WA 3
7hel= ofleta) Z2ake 247 A A, ] IR 2 w2
T 2ARNE 2=t Ae 4 & Utk E3
MIR Zlo] 717 2 29 7H] A k= 519
Al Ho]az, MIR gro] Hlalz] oA 5Ql=/do]
78kl A7} Sl oI EL TS| =9 1HY

GWPL 519 & Az e vbi vtk 3
7.

¢

e

7lojmet 71 &4 E vl B sk glek

oflgl, =, Feta} 22 7FR- A NMVOCs
st R e U eI 8 ulgR
&= 2 2(Choi 5, 2010; Choi 5, 2011; Watson
3, 2001) AREHFE O] T2y FEolA 1Hd COx
Fke] F7h LAk QlER] 27} olo} 3] 5
el Tt 3040 248 4 Ik SHIe,

2 Aol 71 W elA] AtE]e] 2 NMVOCs
Q2 Ao A7 Fe] SHEE T =
Ayt i SHY| EAS AmEgton A8

(=,

&3}

AR, =71 NMVOCs QMIEE]E o]-8-5t0] 137}
Haaa] 1 =71e) S-gluete] 7 CO, avts A3t
HaL LR 7o Ak AFESte] fell7| Sk ko
2 HIE Q)= R 8Ae AlE AR e
7F A7 wiERE 5 0.065%5E] 0.29%F AHX|st
R, 2ATEA QMIE oA BalE]R] oFi1 9l ot
247k QMIEE] 23 7HsAd0] =oElE AR
HEO] g2 viE FE-20.014 ~ 031%E &HA|
stk & RS 3 7Hd €O, Avfe ZvpEE
0.092 ~ 0.45%= LFERLE 20081 72 B2 [ =7}
o] HIEA 71 H7|Ee] aztod Qg wiEH
(0.08%), BF8HATY] - Qhmof ABAko 2 QIFE 247}
2 v EH]E(0.42%), AAL] Ao 2 QI3 v EH|&
(0.30%), AFF 5=} 5l4=2] A= QIgh A7k ul
EH]8(0.56%) 1} vlad 4= dodck f-Eluehs <o
BEEPE 2 vjE 1] 7HY CO, a3} v
¢ o o g IRIEQ o R 8AILt AlE A
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7k~ QMIER] F 0.24%2 oh2 = 7ket v uf
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s 78 GWP, MIR, #i15=(RfC) ¥
RD)E Blasigict o dAloIA dtE 1H GW
At77F NMVOC FH= Thefshr] otk AR
ot Fetei-g g ut AP SHA 1584
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Fetk5o] HlaE 105 NMVOCs - At o= 71
A8} =55 RIS AT A &2 =2 MIR
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H GWPE 71A)= 2 0 & Uepyttt
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Basihn s B3] REA 1 250 A9
1990 thH] NMVOCsE H|=3F 7 242w 74t
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