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3 718 E(VOC, Volatile Organic Compound)& 4wz o2 Ao .
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A2% ol&H 1Z

A1 HEARF713¢=(VO0)

VOC= AA FA4o] sle ¥ ofyzt &F Bl mAwA AF=d=2A F
8 rled=4de shtolnt

VOC & WAz} o] tiFfge WEFH =3 =AF 3d=2 1
AA 7Y A7 FAE THAAL
o, v A= T Al Fof B A HHPHor 2 FEFS VA=
ZAoeg dHA Jdon, dIIES 2EF HIo AF2dEs, 1P
VOCe| dAsak-gell o3t Fa}st stE Yo QA F3}st 2n1 T2
doA = A=, 7MAAE As F4E 2 wEC YE Fo. 2,
<dAA FES BFFAdel o Faet vkeAol & 54& JHAA 9l
of I AAe] FA4 E otdzt di7]d Wl 220y st AT =A
AAeF &G JsE Y3 At

VOCE AxHolA Fatehitgol Foste] o0& & F4sd ts=s
gttt VOCe &AL <ad 2-1D>3 Zow, 33138 vhg2e
<F 2-D¥ 2ot ti7] FelA & A3 dule] A st daqtsiE
(NOX)# A F713t=(VOC)o] whgste] Addt. =3, dibstda
(NO)= VOCe| EAstell A thr] o &3 AestAry EA7]H2(0)9

Agtsto] o] dEAANO)E HEHT, T ojitstdas dules ol o
Aot AtadAHOR FEsiE Add AdadAs W] F
O} A3ty o< AT oju AaYUA7) wive el v
33t FAEs7I(ROY7E WHE A=l o] HAaksir]o] ofs] d4tshE A
ojatstd g 4MStAITIE WHE HEEo] FrHEoEXN dAstEAS oths)



WA A 7|, A G 3s)el g S 7] X thhttp://air.gb.go.kr).

VOCE= ¥h&Ao] A4d £4OH, 0353 38RkgS doA mAHA ¢
e AT AAY ti7] ol WYy s AR =22 4Ae =79
w2} 100ume] 8Fe] & HA|(TSP, Total Suspended Particles)e} Q4A=7]17} wj
$ 22 " AHAX(PM, Particulate Matter)2 F&3tch vlAH A= ©A] A
Eol 10mEt 22 vAAX](PM-10)2} 2.5mEh 22 HA|(PM-2.5)2 4
Aok =3, F3shigS 53 VOCERH AAhE o7 & 252 At
3HE(NO, NO»# wh3-3f AFdEAS FAAHHNO)S AAEETh ol=RA 44
H AL tr] F dEeAd =20 dEYOKNHy 9k vEEste] AR g
(NHINO3)o] =H, o] AAtdnge AR =242 23 A vAdA ot
(8H4 5, 2016).

H 2-1> VOCeo & 44712
*EA L AAEE BARAATY AAZZIAHBA 28 air.gb.go.kr



VOC + O3 — RO; + RCHO
VOC + OH — RO, + RCHO &

4871 (RO 2] 3 13-

RO, + NO — NO; + RO
NO;, + hv — NO + O
O+0,+M—>03+M

T EA AEE RASAATd AARI 78 A 2=, air.gb.go.kr

VOC= & AAd 7o zn 24722 5o JIHIPCC,
2007). £47t~e A4 FAH2 A7t~ Direct GHG)9F 7H3 241 71 ~(Indirect
GHGO=E F&d9t A 2d7t2e 2E(0y), WEHCHY, oFE34E4AN0),
2ESHAHFCs), §E3H3SFe), A8t=3teA(CFCo)7F o, 3247}
= A2EE(INOx), L4hetea(CO), o471 2(00) 2 384 #7713k
=(VOO)°] A= ™, 2009).
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2o A FHrEA FAEFGSH, A7 gl £ JdE=S FHEHA
= 5 AE7IEel Aelor Frhal ot Utk

AEd oA AHg3te EgtolZEd ARA &A= VOCE 4y & &A1+
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P FF 35O AFIE g vl FASTHEA R, 2014),
GE 22 AEAA EdtelFed 841 1R B ARUADE AR
o
)= 15 25 35 435 5% 65 7= 8% 9% 10&
AS(C) - - 3ol - - 10013 | 38oVd | 38oVd | 5001 | 500K

ZFHC) | 300K | 800V | 15001 | 300K | 300V | 1000k | 14001 | 15001 | 170018 | 1700V

= Ooi_s_r:
TSI dogotet | 1e0oteh | 180018t | 200lst | 180015 | 190015t | 28001k | 18001 | 0ol | -

A ©)

FTLH(C) | 1500]3} | 160°18} | 210018} | 170018} | 21003} | 22518} | 30013} | 195018} | 230¢18} | 330°)5t

SEAG0C, 3 | 1olst | 1olst | 1elsk | 1elat | 1elat | 1eJ8t | 1ol8F | 1ol&t | 1ol | 1ol3t

OPHH(C) 450V | 450V | 4oold | 400 | 400 | 40o1d | 5ol | 16°ls) | 18els)

AUH A5 K100 | K-150

KOKCSOL (738 714811

"2 AN, 2014, [&7E VOC wiEAAd ek (eb]



A3d =9 AE< VOC #j&A

1. $-guete] AErY VOC HEA %

71E Algdd VOC HiEAs+= 20051d =y sk o8] 7idd A
S =2 610.368 kg/Hda - yrolH, AEHA 5 E5EE o &IHKHE 2-3>
).
g5 g4 AHFFS ol gsE Zlo] wiEHsht Agda #7b B
JAse o] WG ol oy wEol ulr)H A A 25 (CAPSS,
Clean Air Policy Support System)oll A& A&d 44T B &4 AHE-Zel

NZT EASE BHIR O, WEASE ] A5 LEZAE

£3gH=d 3 A 78, 2013).

ey

ek BN

(E 2-3> 7]& A"d VOC wji A+

ne ) & A 5 by
Al =zgtol 28 Y) 610.368 kg/d4 - yr

*E2A  REEAAEY, 2013, [=7F g7l 92 & AP HE) ]



2. 879 Akl VOC Hl&EAS

7v w=s

u=o] A9, ME A4S OFAAE MEH(Coin-Operated Facilities),
@498¢ AMErd(Commercial operations), @4Fgd4€ Al e+l (Industrial
Cleaners)o.= £7F3stal lom, AP-420| M= AEIAE R AR &4, Al
g71717] &5 Ao Uvt. sHAFAGAY A5, 3.6~115 kg(8~25
Ib) &&F Ag7IE A&, FAEATS AL FPEAEHS
14~27 kg(30~60 1b) &= 2] AE7|9F A=7]E AHESHH, dWHd o= HAR
Al (Perchloroethylene)y} 44l &Al(Petroleum Solvents)”} AF-&% T}, 4k
FEAEGH S d&F SefolFed o= Ag7] 7= 230 kg(500 1b) &
o) ME7]9} 38 kg &3 Hx7] 3675 AFES v EA ol

AP-420 M= EztolZEld 71719 FEE e F(Transfen) s LA F
(Dry-to-Dry)& - 23e Neg Azl Zzbe] ZA A
o] FojA = FEola, AP Mg Ax7F I ZIA A FAll o] Fof
Ae FHE AYsta Urh BEde =dolZdyd 77s dxrv ¥ s
2 EAEH, Abgho] =gtolEdld Z7ldA AxrE AEES &7 &
AolA 7] Fo= &Al9 v wEo] dojdth

AP-420| A= AEry] VOC W& %S AHAstE S 2712 AASta

shal Atk &

A

R T, A7) MEATE AT Fakel WiEwe s Yo
2 4g Aol WEASE 06 kgAT -y, BRRLE A
W EASFE 0.2 kg/ATF - yrolvh o] MjEAFANE Azt A HEdS
3134 & Aldkste] A om, o WEASY SHFS BEFOR A=
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<E 2-4> v AgAEe] d3E 109 viE Al (NMVOC)
(EMISSION FACTOR RATING : B)

Emission Factors
Operation kg/yr/capita g/day/capita®
(Ib/year/cap) (Ib/day/cap)
Commercial 06 L9
(1.3) (0.004)
Coin-operated (o(.)f) (o.ogib;

2 Assynes a 6-day operating week (313 days/yr).
* Z] . EPA, 1995, [AP-42]

ol
=2
2

W2 AEFel o AEF 71E AlEd VOC MlEde A4
o=, (& 2-500 AAH Uxol A7 TR Wt dAH o
g T AgFAAA VOC viEde s ¢ ¥ o /st oS A
Alsl MEATE AL Ao EdS A ATz A4 WL,
HZE A2 W&, &A AAZIAA L wZE, 78 HEdeE ERIIAL
W, ZlEKMiscellaneous)= E-AIW, vto]=Z, HZ, A dWaoAe] &7,
ool Fgd 771y AxrlE Aegs o st &A1Y Wi 5 =F
gttt o] HjEAIF e T3S BEEOE AIAEI 2 5o wEAFol
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GE 2-50 = AlgAIAE Y] A AlE o] ©E wiEAls
(EMISSION FACTOR RATING : B)

Emission Factor?
Solvent Type Source Typical System | Well-Controlle
(Process Used) kg/100kg d kg/100kg
(Ib/1001b) (Ib/1001b)

Washer / Dryer® 18 2

Filter Disposal
Petroluem Uncooked (drained) 8 ND
(transfer process) Centrifuged 05-1
Still Residue Disposal 1 05 -1
Miscellaneous® 1 1

Washer / Dryer /[ Still /

Muck Cooker 8° 0.3°

Filter Disposal
Perchloroethylene Uncooked muck 14 ND
(transfer process) Cooked muck 1.3 0.5 - 113
Cartridge filter 1.1 0.5 - 101
Still Residue Disposal 1.6 05 - 16
Miscellaneous® 1.5 1
Trichlorotrifluoro | Washer / Dryer /Still 0 0
ethane Cartridge filter disposal 1 1
(dry-to-dry Still residue disposal 0.5 0.5
process) Miscellaneous® 1-3 1-3

%Units are in terms of weight solvent per weight of clothes(capacity x loads). Emissions
also may be estimated by determining the amount of solvent comsumed. Assuming that all
solvent input is eventaually evaporated to the atmosphere,an emission factor of 1000
kg/Mg(2000 Ib/ton) of solvent consumed can be applied.

"Different materials in wash retain a different amount of solvent (synthetics, 10 kg/100
kgl10 1b/100 1bl; cotton, 20 kg/100kg

[20 1b/100 1b]; leather, 40 kg/100kg [40 1b/100 1b]

‘Fmissions from washer, dryer, still, and muck cooker are passed collectively through a

carbon adsorber



dMiscellaneous sources include fugitives from flanges, pumps, pipes, and storage tanks, and
fixed losses such as opening and closing dryers, etc.

“Uncontrolled emissions from washer, dryer, still, and muck cooker average about 8
kg/100kg(8 1b/1001b). About 15% of solvent emitted

‘Based on the typical refrigeration system installed in fluorocarbon plants.

* &2 : EPA, 1995, TAP-42]

. #9

Freel AF, o2 &&5=7F AEMEE 7AE UNECE/EPEP Task
Forceoll ¢Js] A|ztd 7] W&« ==F(Atmospheric Emission Inventory
Guidebook, 2006)°ll A& wiEAF7F AAIEH] Jlom, o] HiAE FHE
AAEEA) o8l TE AT

a7 5541 dlA <= cgolEYdS HA&A 7184
(Chlorinated Organic Solvents)¢} H EehZ = 2ol |l(PCE:Tetrachloroethene)
< ARgst] Afu AES AEsteE Ao RE AFYstal o EdtolEEd
< 703 (Open-Circuit Machines)® % & (Closed-Circuit Machines)©.&
EFao MM HAF =2ko] TAHA L} FAV tir= BE
He i g2HPoAE HF =dko]l T4l HHE AET]oA o] FoA
HF =holaAoA SET &AVE BAHAR IFH drize &4

g7 EL 55 ] odlAde =gho]ZeldolA EAst= AlEY VOC Hj
EAFE  GEALHGImple Methodology)®  AHAIgE A4 (Detailed
Methodology) .2 A A3} ST}

A S <E 2-6>0] AAH O] YEo] MEA Ao Ae] A Alge



AL &A AARFH JITE olgst AT ¢ JEF AL A

o, Ag7I71 2538 7|2 A4 BEHe 849 2 /AT FddA= &4

=

AREEel 80%, RH P M= &A AHEEF] 40%= AASIL ATt
SAE 2 oA IFHAT oZA 7] For viEd AT A

uFHolof HEE BFH Ao Fe SO NEATE HEFY

glol B 717104 2HlE &Ale AFS diriz HEdva 7pgsta 9l

<E 2-6> 159 @< AE wjEA45 (Simple Methodology)

Emission Source Emission Factor (Quality Code)

All machines 100% of solvent consumed(D)
All machines 0.25-0.375 kg/inhabitant year (E)
Open-circuit machines® 0.8 kg/kg solvent consumption(D)
Closed-circuit machines® 0.4 kg/kg solvent consumption(D)

® For emissions into the atmosphere directly from the machine
b Solvent consumed (i.e. used to replace what is lost) can be assumed to be equivalent to
solvent emitted

* Z*] . UNECE/EPEP Task Force, 2006, [Atmospheric Emission Inventory Guidebook ]



R, Ao 4R 5744 dEAQ WE 20 ARSI, ME 24
M AERF 712 VOC MEASE AAsT o, of WEASe BFe

CE, 7t A= AHEE 7HAE &4 5ol

<E 2-7> 49 A A=d vlEA4 5 (Detailed Methodology)

Emission Factor

Emission Source (Quality Code)

Open-circuit machines for halogenated

solvents without carbon filter 125 gfkg material cleaned (C)

Open-circuit machines for halogenated

solvents with carbon filter 55 glkg material cleaned (C)

Open-circuit machines for hydrocarbon

solvents 5 g/kg material cleaned (C)

Conventional closed-circuit machines

for halogenated solvents 30 g/kg material cleaned (C)

“New generation” closed-circuit

machines for halogenated solvents <10 gfkg material cleaned (C)

* &2 . UNECE/EPEP Task Force, 2006, [Atmospheric Emission Inventory Guidebook ]



EMEP/EEA air pollutant emission inventory guidebook 2016914+ +H
&4 A A (European Solvents Directive)o] A8 3 /N4d AE7|v 3]
rap7lEd =531 9o wE414 0.8 kg/kg solvent consumptionS AF-&3}
A Fow, <& 2-8>3 o] tpolFEdelA st HIMEA VOCY
Tierl, Tier2 +&°] WEATE AASL AUt

20083 IIASA(International Institute for Applied Systems Analysis)ol| A<=
GAINS(Greenhouse Gas and Air Pollution Interactions and Synergies)®] HJ
=% FFx HolHE 7IWeE Ego|Fg oA WAlsts rHiveEA 3
1A 7718 =(NMVOC) Tierl 2] wWlEA|4E 40g/kg textile treated
2 st o, /AT a2 0.3 kg/dT - yrE& AAlSL o

20033 EGTEL(Expert Group on Techno-economic Issues)oll A+
oA TAsk= v A A 7713 F=(NMVOO) ] Tier2
v A2 177g/kg textiles cleaned® A A3t QJth

(r
AN
)

Lo

+

< 2-8 9 Egtol 8 olA ¢ Tier 1, Tier 2 NMVOC wi =A<

95% confidence
Pollutant | Value Unit interval Reference
Lower | Upper
Tier 1 40 glkg txtile 10 900 [IASA
NMVOC? treated (2008)
oc glkg textiles EGTEL
Tier 2 177 cleaned 100 200 (2003)

INMVOC : Non-Methane Volatile Organic Compound, 1w & 3|44 -4~ 3} 3&
* &4 : EEA, 2016, TEMEP/EEA air pollutant emission inventory guidebook



o =5

sZo AL Az, A, Mu|AAAe w2374 E2-<S NPI(National

Pollutant  Inventory)ell

A olslar  EET(Emissions Estimation Technique

Manual for Dry Cleaning)oll =gto]EelgolA LA st= vl EAFE AlAlSH
I Yot EFQAE EgolEEd §AE FE HIRE §AE AHESH,
AFA EAE AHEShE JAE o At SFolA = vl AP-42 Wi EA

TFHe MRoE NPl 2532 A VOC wiEAlTE <E 2-99 2ol

AlASFIL AT

Emission Factor

lven _
(g?oceesg Essi(cli) Source Typical System Well-Controlled
(kg/tonne) System
(kg/tonne)
Washer [/ Dryer 180 20
Petroluem / Filter Disposal
White Spirit Uncooked (drained) 80 ND
(transfer Centrifuged ND 5-10
process) Still Residue Disposal 10 5-10
Miscellaneous 10 10
Washer [/ Dryer [ Still
/ Muck Cooker 80 3
Filter Disposal
Perchloroethylen | Uncooked muck 140 ND
e Cooked muck 13 5-13
Cartridge filter 11 5-11
Still Residue Disposal 16 5-16
Miscellaneous 15 10

* 24 . EET, 1999,

FEmissions Estimation Technique Manual for Dry Cleaning]



EETo| A= &4 vl= uvA(Emission Media)E th7)(Air), 5 (Waste
water), 314 7] E(Hazardous Waste)2 EF3ta =S 247+

99.985%, 0.015%, 0%= A|Askal ATHE 2-10> =)

(& 2-10> 25 =go]2dd e &4 miE WAE v Ble

Emission FEmission Emission Media
Medium Distribution (%)

Solvent spills
Fugitive leaks from piping

Alr Vapour emitted when removing 99.985
clothes from machines

Waste Water from separator 0.015

Solid Waste | Residue from solvent still ND

* Z] : EET, 1999, [Emissions Estimation Technique Manual for Dry Cleaning]



A4d AYATF B4

Fethetal (275 VOC #jEA 2 dedek(eb] 201404 7Hd & Al

Belol A BAsHE VOC MEFS theel 48 o g3kel sttt of 4

S5 2P on, Hrh TAHD Ao whe} o] A Fgsr] AsiA

= NS BEE 2AUL Basio,

wj = Fkglyn) = wiEAkglkg) x Azx7] ke X 7HEL(L/

7HE3F(3/D) X (-84 3] &%)

r\‘
X

=
o
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f
:né
i
r
0
o
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o
P,E

8

Jo. Adx7] &%, 7HEd, 7HEdlae A
AHE Fell BET HolHE Abgstien, dxr] &% 16 kg, & HT 7h
3 2.7083], A%t I 300€E =AU

AT 2 7R AEdolA e wiEA = 0170 kg &A1 ARE-F/kgAIE
=2 FAFHNH, dx7] 1d7 18] A= A BEF2 2505 kglyr=, Al
g VOC Azt mi&3F2 2,031 kg/d4 - yrE AR HATKE 2-11> =),



<E 2-1D 7188 Agd4ae wiEs=(13 dxA - dx7] 1)

7He& AEda A B C B
0.172 0.162 0.170
SAAE kelke) | o (92 Az =gy | 0167
Azx7] &7 kg 15 15 15 15
= (kg/13]
Az - 10 2.580 2.430 2.505 2.505
d B 7HE
S (3/2) 3.125 3.750 1.250 2.708
A T
(a1/13) 300 300 300 300
+ M= Kkelyr) 2,419 2,734 939 2,031

*EA o FEa, 2014, [&7E VOC i &A1 ek

=

THHE AT 7] Inventory 233 wjEAl AL 2 LGS =F 4
AAT] 2005 Dol A= SAl 34270 AEd 49k DA 9670 AlEd4AE oIy
o2 3 HEXAE 53 MEd VOC vlEAFE A g AEXAE
S AHE i He &4 AFETFS 79269 LA - yrol™, AA AlH

0.77 LikgS Ar&3t] A @92 lste HF
HlEATE FHSIH, MEgidAe VOC wiEA s+ 610.368 kg/H4 - yr

N

= A9 B v

A"t Al VOC MiE3d S OAlg7I9F dx7]d A milE, QAEE °oF
Al HlZE, @FZEA ALY HZ, @7]E wWiEYolAY mEE FESIYTH
ol F AEE ol% A WEFS 1 AR HAo] wlS o} wiEgo] F
3| Hm@ zo B VOC MEEHAA Agdstgon, 7e WEd

< Ag7ZIv dzxrle] AU g2, F8A SolA wiEsH s VOCE 248



Hzx7]14 VOC mi=%

- AR AgEe A - AZF AREel 2

HdE oA VOC wi&wF

=YX 713 B ABE | B

718t MiEEH o2 HE ] VOC &%
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HiZH(ton/yr) = 4T 19 Fv F8 AgET X AEgE F =gl
A8y HE X AEgEo] 3 &A &LHlFHg X 4
F9dY x AEdA 4 x 10%(ton/g)

Aerge] td &4 2uFe AW B AT AF AEe] T

AHE S AEsAth & 1739 AddS T ol A& o] &3h

o) S A (g8 A AFE-FHkgA BH=)
= ZEA A" F A== FAE - A AE A AEE FAE]
_\_:[l_

> Alg=e FAkg)

r2
-
i
o
2
Hl
>

|- ol 2] VOC ®i &S 13,956 ton/yro2 4+ =)
th o] = AEAY Mg i VOC wi=S 3,687 ton/yrog A=<
204%S, A7 =5 X33 FEH A9 AMEYEALS VOC #wi==Ee 6,800

ton/yro&. 2 =9 48.7%% A5t



<E 2-12> A"y VOC wiEAls AP AT

AT
e AT 8 Ik
(N
d5)
AEH BEZAE Sl iEAlT | - 339 AP0 A= AgiE
M 2 eES AHgeaS Esols 2-L.
3 71E wEAIFel aEEol AR | - MEA, AR 84, 227,
N B A7) 89, 7Fe, 7Fe3l | 7FEARE 5 Adxdde] BF
:H T, A IeES vEEs: ol gk
5 HISAIT ¢ 0170 kg &A1 AR | - EFA ol FAAY
;7_ /kgHEHE &S A3 THEHA &S
- Ax7) 1" 13] Az Al WiEE | - A8 AEER Atet
(2014) _
: 2505 kg/yr o delA Ax7]8%l
- Mg VOC Azt &% : 2031 | o] MEskes ASe= A9
kg/yr gl
= |- AERAE F WEATE Y
e &
3 |- AlEAANA VOC HiE3AHE A | - SA|, DAE AUE AERANE
% AL slod 87T flvka | sk A=s tiEske =
il wste] ARgSEAl e, AIAL | 7F WiIEAISE AEsiEon,
T §F 7122 3 B P | YRS sk edsks.
< S A
(2005) | - HREAISE : 610368 kg/yr-$d
- AYE B8 wEAs AT 2 &
a Al A4S B35 A A A" E BAE
| A VOC MEAR 34 (A | omnE IS TAP4, o
" A 8%, AEHITA 2% ‘AT | AEHITHE VOC HiEHIES
(20T02) A1 16%) olg3te] AlEke] VOC HiZA)

- HWEASE - 107 g&A AFRE/kg

N e

52 BN,




A3 Aede VOC wl&A T MY

B AT A AEgeld BAsE VOC MEASFY BEEE
A 71 ET AGF 1F0E GG, olF A7 WFHE WEASE )

Tkt

A1E Aga A% A

<G 3-1> oM HE=xAL

duldg=A dA | 2016. 08. 16 ~ 2016. 09. 02 (14¥4xhH)

AuldZE=AL thd | el TET, 8T & 7HE 8 AlE]] 36714

SHEHE 61.56% (21/3671 | 4)

DAEY VOC WEA 5ol Bag ol Hole 53
8 AFzAo] %A HEFR) Ay B}
gl Sol4 5 LA U vore FW HE

A A B 2A




AF2ALE 93] ATl BaF HolHY Ay P, 4¥ Sehol e
9 84 ST AEY WA 5 LIS MEA 294 A4sac. B
Agrzabol A 20161 89 162-2016 99 2% oF 14U A gA T2
T, BT A 367 7HAE ASUe e oy AgEAE +Usg
on, o] F 217 QAN 2A] et oF 6176%°] SHE
. o8 EflE @FEAEES B 8 54 HPon, AT ngd A=
A= (E 3-209F 2T
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A2d AL HAA

B d7e =golEgde Agste A 78 AEd e ez st
o, $ARY 7t AZE dxd A5 W= 201613 E A= 7HE
& A" A4 e 3L 7€ AlgY VOC wiEAITE 7Esr]
A&l FaAT AE2AF g 22 5 438719 FARSE Ay 2S8R
st AR EE wolua sidn. d=e] 7HHE A" 50078 4 oldE
grRd WA dF2=AE JAPsigion, ol PG A= HEE AlE
Aol oF 1.6%°l sl F3rt.

71E AE) VOC WiEA € Ndstr] s s A=A = SA,
DAl 7 EAY 7188 AEgds e E stAARE B dFdAs F8o
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A3E Agqd VOC viEA o A2 AR

B oATAE AREAE B3 £ dolHERE WFE A

VOC wjE&AFE Fst7] ffsl SAF 7IHe ol &3ty <I1¥ 3-D3 2o

Agere] MEs

Binary Segmentation W& F3 HF3}
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OE9 A AA FT Kruskal-Wallis Test
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A4 Aegde VOC wl&A T MY

Ald AEY AHE &4 3 VOC Hi=

AHFZAE Bl AMgste A" 8A1E Fofsty st ou, AEZda o

i AAZE EAsEdAN &4 AAH 2 FuE A flo] oE &
AE AHEet=A 23 AT A Al verS fd A3 ATA 2 A
Z - vl - AN ZYste] gefetAth Il Al TRl EgkolF
g AFA &Ale Az - FugA /AL =l F5 T AF 8 %
2 weotgoen, d&H3e HD-410, 539 DN600, olg4kd el
ESOL-D, ¥stE%"e] Anysol-5, ©]3}8te] molad, SK F33}ete] f=
g, GS ZE 29| Kixx-sol, d&rHle] A&D-400|ty. &A1 vHlF 7+ A
Z -3 Ao 7o H AF BAAEE Faste] Z=AIEoH, §A19] 3
HZe 078 kgLt B AN dPzAE Ea SHE R
A AR FLyDS FA &9 A AHERHkglynD o2 Stsk=H, 8419
1520 0.78 kg/L& AH&3t4Th

topolFgd AE7IE A HAaz &APCEE ARSst= AlE7]er 4
A EAE AHEste AEZIZE v Haz &AlE ARt AlETI= Al

_Pr
g, 2, dxrt 3 FAANA I HHY AETIAR, AFA Ag7]

Y

o
ud

= AR, 998 3 J|AdA 3 T AEES O VAR &4 AxE

rr

=2 2o 20101d o]F Aito] MW FHEol EAA EAl= AHEEHA
g glem, 2002 71E oF 95%2 PAVE HAwA &AE AREste AE

7, 5% GAE HAE §AE AsIE AEAE Basta ot H2



e UEE AN MR §AE AEHE NS AET O FF
AUCE 4-1> F2). AFA §AE ASSHE Age A4 - 29 37
o MEANINA AxFH] A2 SAAE AN SA} OF B

=5H, AxgAol Bxo &A IFAdoly WAAHo] HAFHo AR

ool AlgtEo] T gl 2R 847 BF ] Foz Wit

A

(E 4-1> =2 Alg &4 AHguls d3

(2+9): %)
= 7} o HIz &4 E4AAEA H5A &A
7] 90 7 3
glul =5 90 10 -
BN 93 5 2
= 90 10 -
o] ekg] o} 85 14 1
3= 75 25 -
o) = 75 5 20
e 15 2 83
G 5 - 9

A 0 AR, 2002, [HFA SAS] trled JAEed A =AAT)

A Ag7lolA e &4 vlEe <8 4-D3F Zo] A O&AcS
QAEtEH @AxETHANA TAIT AEFHLS Aeg=o] Aol 23] Al
gEe AHom, o] 3AFANAE v A, AlE=Ed F2 71719] & T



oAl He, old &All £¥E Ee=olu &4 AAVIVE 7tEYA B
FotAl Evw EE7F wAEEA A2 BEo] o] FoiX

|4 WEHEe 1234 82%, AEGIFAH 2% A 16%= thF-iEe

B WEE A2FAAA o] FoAXT o] HIES AR [AFA &A1 o

714 7l =e #IF ZAAT] (200204 AE &4 Ag= AEY

Fe ol gsto] dxgAolA e ASETFS AET

pud pul )

= 5

383 &Aool Ae] VOC vi=®S EPA [AP-42] o AAH] A= Hf
Aol BlE ol &st] AT [AP-42] o A 74 &A wWiEAs &
dejH7]e /7] A= #J71E AR oz AFeen, 7EE AY
718 JHH ¢ e FEAT. SEEE fEv ] vaY, HFH

S A AZe] tir] T wiednh wEA 2 AFeld= 43 AN
o] & &A AgFe F VOC miEdoz Fstlon, &4 AHed<E 7=
2 24 A HYoE Agqy VOC wjEA+ 2 viEZFS 485kt

b

O wWE=714
| 5 CHESY
AzzA
Ae3A 29% @ %o
@ AErRo R
PRl (7] 2)
@ 71719 r=
® slEgx =Y
7 7L &) 1 oo
A 0% HAE o)

<™ 4-1> AFA A=7]e &4 Mg &4

*ZA 0 BAHE, 2002, [AHF5A &A49 tr|ed 7=

B EAAT)



A2d Algd e VOC WA 44

L Ag4e] VOC A8 83

AFzAs AlEd Lo dx5 fof 2016 9€-~10€ oF 293t Y
ST AlEdFTYI e A3 A, A7, dH, FA, 24 A, A,
FElEd, U7, dAESA, AF F 1) A9e=
& AEds tdes dZ2AE Fdsion, 3 A3 5 505709 =
& FEAN. ot A BA A= 7S AEd =g 31,977 &
= GE 4-2>9)F 2.
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(G 4-2> A=A Aok

A=A AA | 2016. 09. ~ 2016. 10. (eF 604 %)

AFzA O | A= 7P 8 AEd

®2E F 505

e 3 ahe}
AlEF] VOC W EA145 Mg 918 doly s

@ R 100%7F 574 §AE AHgE AgE
AHgskal Qs

@ T2 95% ool 19 F& R 2900 £Yshe
GRS ALY

@ FEEL 97% o)do] =gfolFEd MEV|7|E 1d B

@ mpo) SetolFed 71719 §3E 12-20 kgeolw,
Agas A% | BT U kg £ AgrrlE BeEty A,
©® FE9 AEF 1,278~73,000 kg/yrolw, H+ A=

22 9,659 kg/yrel.

® ®EO gA A& 84~1,685 kglyrolH, BT &
A AL 443 kglyrd.

@ TEo| AL 17~165 m*o]™, FF 40 m*Q




2. A& VOC wi&A+ M

AEANA ALEsts &A19 2 A th7] o= BHEHER, & A7
A= AEFelA Abgstes &A1 Fe A=Y
At

AT B Fud dolHE vRoz AT AAA, TAR 4
=

A 1A, AEE 5 o8 HlE 230 WE A" VOC siESATE 4
A Ay, SAHCE T A5Yol e AEY VOC WieAss da
71% Agd VOC iAot AE® 7l& AEd VOC slEAs At

r
re
-
2
>
rlr

Age] WE3E 9
changepointZ 28 Z3} changepoint:= 108, 223, 436, 493, 503H Aol A &
At om ool AetEe 5110 kglyr, 7,847.5 kglyr, 14,235.0 kglyr,
24,911.25 kgfyr, 31,481.25 kg/yro|th. #Z=% changepoints= Aol Aol A
go] o8& A& st Akl 5,000 kgfyr, 8,000 kgfyr, 14,000
kglyr, 25,000 kg/yr, 31,000 kg/yrE HF3slol| AlE3tH o, AZ=X]o wret
AAE HATe (F 4-D3} 2o}

3] Binary Segmentation WS E3 AEEe



{3 4-3> changepointe] W& wWF3}

changepointel] mW& H=3}

ek 1 0 < Al er < 5000 kg/yr
ek 2 5,000 kglyr < A et ek < 8,000 kg/yr
Ak 3 8,000 kg/yr < Rl < 14,000 kgfyr
Ak 4 14,000 kglyr < R < 25000 kgfyr
e 5 25000 kglyr < A ek < 31,000 kg/yr
Ak 6 31,000 kglyr < A EFek

U 939 i 71E A= VOC BEA S

CE 4D ART 2Fe] AT &4 ATl mE olAYL AR
7 sig Bauael 94 74 Avel Y A4E FAsdt Y 4
go| e oldisl gor, mE Huel foldEe] pK0.05Y W AT

g J7tet AFEEE wEx e

AF7HEHy) - AR B2}
]_

HHE7FEH) - A5 B2z

E Ao HEL2 50672 FE 47 20007) o]ste]= = Shapiro-Wilk
test A4 A3E wET A HAAZAES (F 4-O9 2o D5 #
ojgERE 0.05 olFe® FAFIHEES AMEYst] AFEEZE W2, YA
A 1, 2, 3, 4, 69 FogE2 p.052 AF7HEE 7176t B4 EEXE

W2 et ekl BEY Az 874 ASHe FFEEE B2 3o
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& @ &

(E 4-4> Fko] AEA A&l gt A48 A%

Kolmogorov-Smirnov Shapiro-Wilk
A
SAF | AR=E | FYSEE | FAF | AFE | FASE
1 0.089 102 0.043000 0.952 102 0.001312
2 0.154 125| 0.000002 | 0.937 125 | 0.000021
3 0.117 201 | 0.000010 | 0.940 201 | 0.000032
4 0.162 64 | 0.001120 | 0.890 64 | 0.000825
5 0.179 8| 0.200428 | 0.971 8| 0.903154
6 0.432 5| 0.003594 | 0.619 5| 0.001648
2E Yo RI¥Ut AAEEE WERA goer=E HEFHA
Kruskal-Wallis teste] th-&¥ HIwE B3] oo o|dAHE HAAHRLH,
Ao g v AxEs (F 4-59 2t p0.053 S o= B

o}



<E 4-5> A&A A&l ofdt Kruskal-Wallis teste] of-$-¥ wlw

FR_gn A7 2F | E2E A aoaz ZA5
A% L2t SAF TolE

HE1-F 2 -80.314 19.400 -4.141 0.000111 0.001012
HH-H 3 -98.544 17.675 -5.575 0.000312 0.000003
HE1-Fe4 | -132.288 23.185 -5.706 0.000005 0.000002
HA1-Fe5 | -134.288 53.382 -2.516 0.012134 0.178002
HH1-H&6 | -275.125 66.597 -4.131 0.000009 0.001623
HE2-3 a3 -18.202 16.562 -1.099 0.272132 1.000000
He2-F w4 -51.946 22.348 -2.324 0.020315 0.302546
Hek2- a5 -53.946 53.024 -1.017 0.309625 1.000000
H2-Fe6 | -194.784 66.310 -2.937 0.003124 0.050212
He3-H e -33.744 20.868 -1.617 0.106122 1.000000
HeF3-He5 -35.744 52.418 -0.682 0.495175 1.000000
HA3-He6 | -176.582 65.826 -2.683 0.007003 0.110245
A 4-F 5 -2.000 54.523 -0.037 0.971062 1.000000
He4-H a6 | -142.838 67.514 -2.116 0.034612 0.516242
HeE5-F a6 | -140.838 82.887 -1.699 0.089123 1.000000

b

ol
alle

pO.05E SFoE HA



s vl A, Ha 2, 3, 4, 5 69 IFo] BAHORE Aoy} §lo]
A2, 3, 4, 5, 6% 3o FAgow aFsslgoen, Al s das
GroupAE 12, A 2, 3, 4, 5, 69 3lF3t+= GroupBE 22 FQG3IATE ¢
& 71 Alg4 VOC HiEAT =4S fal HFH o2 AT HFe <&

4-6>3 2t}

(i 4-6> 44 71+ VOC miEAF /s A%

GroupA : 0 < Mg < 5,000 kg/yr
GroupB : 5,000 kg/yr < AN ek

HTHoRE AAE HFE A A ARRFS AAS] s AP I
o ALA dA HF2 o= HAFH GroupA, GroupB7t

[e=]
AR
e 7HA=A AAs] Al B A S s,

EAXZ &
A= <F 4-TD3 2o} Shapiro-Wilk teste] 2] 8-5o] GroupA, GroupB
2% p0.052 BEE ARIVAEHYE 71438t AHEEE =24 ge

(R 4A-T> 94 71 WA /s A 159 A48 24
Kolmogorov-Smirnov Shapiro-Wilk
Group
SAY | ARE | f8E | BAF | ARE | fo8E
A 0.160 102 0.000032 0.813 102 0.000021
B 0.166 403 0.000052 0.847 403 0.000195

AT §A ATl T HRe| REr AFREE BEA oD, v



2 o AAde FA AT olZAE AAsT. fdol 27olE=
Mann-Whitney U test BIES FAAGLHS A&t A 23, F

Aw FoFES pKO0GE F 1F 7 A7 §A ASFE Ao

Jo

o3 AFol7t 9eS & AUtk

{¥% 4-8> Mann-Whitney U test ¥ =4 EA A YH A3}
H 2 AA A A== kglyr)
Mann-Whitney2] U 12319.000
Wilcoxone] W 17572.000
Z -6.277
TAF TS E(FS) 0.000005

7 2o A% &4 ASFS WSy S8 HPAH BAL ANHY

o, AL A= GE 499 2

H EE3) Al F=3 Al
2y t T &E
B xFLAt | e}
) 194.323** 46.654 4.165 0.000037
Group 138.255%* 25.324 0.237 5.460 0.000001
adj R%0.54 F:29.807**  p=0.000054




AbEEo] 9FS Tt ATE oA HIEFES AlF Bt F3UF dolE
2 Alggo] BS4E &4 AR Ee] SIS & F A A" AR
491 adj R? A%8 5o AAQASe 8, SHHS) o8] dYygs F
LW vEs Uit FAHE AAATE 0542 AlgFo] A= 7]
T & AHEFHE AW F Jdve AMYLE MrE =29 IARA 4
Ig T AEE AL 4 @-DF 2o 4 @-DAAA yE Az &4
AHg-Fkglyn<& 9uEtH, x= Group< 9ugt}h. o] o, Group A<} Group
B WA 27 x=1, x=2& tdst] Azt &A AHEF yE AHEITH

y = 138.255 Xz +194.323 @1

o1 7] A,
y: AEBA AR (kg/yr)
x : Group

4 @-De ot 4FF Qi 7E ASY VOC MEASE <
4-10>3 2om, 0 < AEE < 5000 kglyr’ © AEolHE 332578
kg/d 4 - yro] &A7F wiE=H, ‘5,000 kg/yr < AlEFEE o] AEFGoA =
470.833 kg/¥l 4 - yre] $A17} wjEH )

kd



(E 4-10> W5 & 71+ AlE] VOC w24

Q2 712 AEY VOC WjZA %

Group Mg Hakglyr) R
A O<AM &F=F < 5,000 332.578
B 5,000< A & &F 470.833

mE = 443.001




. AFE AEF 71F AE4g VOC WiEA S

GEA4-3DollA ARG Jae] Mg 71E 84 ARgFo tig BAF f9
e AR S8 24 Ao AR AAES FASAS A 2F 4
= (F 4-1D>F 2 oH, Shapiro Wilk-testoll A Ae+69] F9&55 0.05
oo g AFEIEE w1 ymx A 1, 2, 3, 4, 5= p.052 A

G 4-11> Awe] AlEteF 712 &4 AgFol tE A4 A

Qo Kolmogorov-Smirnov Shapiro-Wilk
A | AR | FAAGE | FAE | AvE | FYSgE
1 0.160 102 | 0.000002 | 0.813 102 | 0.000020
2 0.135 125 | 0.000005 | 0.947 125 |  0.000005
3 0.181 201 | 0.000013 | 0.846 201 |  0.000013
4 0.182 64 | 0.000322 | 0.864 64 | 0.000059
5 0.278 8| 0.069132| 0.801 8| 0.029462
6 0.254 5| 0.200151| 0.844 5| 0.176846

BE g Pyl AFEEE w2 gonz, HEFUA
Kruskal-Wallise] g wnE T3 e ojdAd<s AEstden, A
o) U] HlmATHE CE 4-12>9} 2o pK0.05% P o2 EAEIT



{E 4-12> NgF 7]+ 84 ARgF] tigk Kruskal-Wallis testo] -3 H]w

FR_gn A7 2F | E2E A aoaz ZA5
A% L2t SAF TolE

HE1-F 2 104.179 19.471 5.351 0.000003 0.000001
HH-H 3 197.108 17.740 11.111 0.000032 0.000015
HE1-F 4 269.909 23.270 11.599 0.000054 0.000004
HH-H 5 362.877 53.577 6.773 0.000005 0.000048
-6 346.727 66.839 5.188 0.000042 0.000004
Hek2- a3 92.928 16.622 5.591 0.000124 0.000451
He2-F w4 165.729 22.429 7.389 0.000005 0.000004
Hek2- a5 258.698 53.217 4.861 0.000065 0.000005
Hek2- 6 242.548 66.551 3.645 0.000001 0.004513
He3-H e 72.801 20.944 3.476 0.001054 0.008124
HeF3-He5 165.770 52.608 3.151 0.002154 0.024816
HE3-F 6 149.620 66.065 2.265 0.024 0.353100
A 4-F 5 92.969 54.721 1.699 0.089 1.000002
-6 76.819 67.760 1.134 0.257 1.000465
HeH5- 6 -16.150 83.189 -0.194 0.846 1.000084

b

ol
alle
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& vl A3, A 4, 5, 60] FAHSE Aol7} glo] U 4, 5, 6
& 3o aFow aFseignh vl slgstt Grouple 12, Hu2
of st Group2E 2=, J3ol s Fsh= Group3s 302, A 4, 5,
6ol st GroupdE 42 ZY3tAom, AP 71& AEd VOC W=
A 2UL Yol HEHow 447 WFE (E 4-1DF 2

<E 4-13> M 712 VOC Wi 2AS Mae 93 MeEte: u3

AgTF 712 VOC MEAS NS 98 g ¥

Groupl : 0 < MgsE < 5,000 kglyr
Group?2 : 5,000 kg/yr < M EFEF < 8,000 kgfyr

Group3 : 8,000 kg/yr

N\

Aerg < 14,000 kglyr

Group4 : 14,000 kg/yr < A=

Mg 59 oldAAAS AT FHevlwed 44 Hae AEE
oAFE geofetr] flaf B AR S FASAH. AAA AAH AR <&
4-14>9} 2o, Shapiro-Wilk testolld & e feoj8Eo] pc0.050] =

= —
2 RE YU ATEEE px gt

H



(R A-1D AEF 712 EAs MEs AT HF

o Y A%

Kolmogorov-Smirnov Shapiro-Wilk
Group

BAG | ARE | folBE | BAZ | ARE | f%E

1 0.128 102 0.000003 0.833 102 0.000002

2 0.110 125 0.001242 0.923 125 0.000008

3 0.112 201 0.000005 0.904 201 0.000043

4 0.218 77 0.000024 0.825 7 0.000028
A 715 &4 AHg ol theh AT £x7F AFEEE HEA FOo
b, ARy AAAYES T8 JAde ojd4dES AASNAY Hdo] 3
N oldelE®  Kruskal-Wallis ¥R FARARAYYH AdEsE wHEH

on, p0.055 &do g FASHUT 4] 1EC
E7F F9FEo] p0.052 1EIF ojdAo] BAZ o

4 ATk

N

o



<E 4-15> AE=F 712 8A ARgaFll tigh Kruskal-Wallis teste] of-88 Bl
A4 xZ | 3= 4AA Zz44
FE-ZE o=
EA % 2= SAF T
AF1-FA 2 104.179 19.471 5.351 0.000001 0.000001

HE1-H 3 197.108 17.740 11.111 0.000002 0.000002

HH1-F 4 92.928 16.622 5.591 0.000002 0.000002

HE2- a3 284.556 22.029 12.917 0.000013 0.000013

H2-3 4 180.377 21.140 8.533 0.000021 0.000021

He3- 4 87.448 19.557 4.471 0.000004 0.000004

FA

ol
oo

*p<0.058 SHYOE EA

B

THoE HAE 4719 GroupEE MEF 7|F& &4 ALEH nA=
S Zolry] it EAZZ 9 SPSS 219 tin] WS4 I AEA S A}
Fath <E 4-13>ol A WMF33 4702 Group % GroupdE HHH~=

3

ot
D

ol

&
o}

it

A A< Groupl, Group2, Group3s 7F#H<=¢l Dummyl, Dummy2,
Dummy3e 2 dAgste] tjn] W A S sFARKE 4-16> F=x).
Dummyl& Grouple] ®Fel ‘0 < Algksk < 5,000 kg/yr’ o a3t
RE HFE 12 FZYstal, UM A Group2, Group3, Groupdoll &@3sh+= W
T2 002 #7939t Dummy2S Group29] W32 5,000 kg/yr < AlE
g < 8,000 kg/yr’ ° slFdst= BE HEE 12 I95kal, YA Groupl,

rr

Group3, Group4el sF3sl= HEFE 002 FZH3H Y. Dummy3S Group3

0
o] W3¢l 8,000 kglyr < AEEE < 14,000 kglyr’ o SPdts RE WSS



—

o

2z 39

}a1, U™ A Groupl, Group2, Groupdel] @33t HEE (02
AT

O

21

<E 4-16> A= 71+ VOC wiEAls tv] W 24

RS A 7
Aer 7184 A8
! (kg A AH8-Fkg AE)
Group 1 Group 2 Group 3 | Group 4
Dummy1(d;) 1 0 0 0
Group 19 3sigst= ©r] W4 A4
Group 1 | Group 2 | Group 3 | Group 4
Dummy2(dy) 0 1 0 0
Group 2¢l| 3i@st= tn| W A3
Group 1 Group 2 Group 3 | Group 4
Dummy3(ds) 0 0 1 0
Group 3¢l 3338l ¢in] W AA

F93% Dummyl, Dummy2, Dummy32 SHHFZ

3AEE A1E 84 A8 FEUSE Agstel HARAL sgon,
SR Ae <E 413} 2ok mF Z7e] folHEo] p0.050|nE
A Ul SYusel gl THU5e AgF 7% 84 sl 4%



At} adj R%& 0.3682.2, AEaFo] AE®F 71& &

Sl A e 36.8%0]0)

CE 417> A 71E VOC HEA% He) WS SR A5t ngack
MEES AS | BEAS
w3y t frolshg
B xEFAt | E}

&) 0.031** 0.004 8.768 0.000002
dummy1(d1) 0.071%* 0.005 0.728 15.166 0.000013
dummy2(d2) 0.032** 0.004 0.349 7.057 0.000004
dummy3(d3) 0.014** 0.004 0.181 3.481 0.000542

adj R%0.368  F:99.215**  p=0.000001

*P <005 **P<0.01

O,
=
E
-
to
)
M
it
it
A
=2
=2
|t

3 AR A HEESHAT BE o] Fo
AY, sl AGAAL 2 4-2)9F 2k A @-)dA ye 9] &4 ALEEF
< UeH, de GuHsE 9|t GroupdE dld U= HASHL
Groupl€ Dummyl®, Group2E Dummy2%, Group3S Dummy3e 2 A A3}
Aev=, 2 (4-2)9A4 Grouple] M= 7|E &A AELEF ye dl=1,
d2=0, d3=0= HYsted AHHT + Jot. "7HAE Group2+=  d1=0,
d@2=1, d3=0%, Group32 d1=0, d2=0, d3=12, @lHHA2=A Groupd=
d1=0, d2=0, d3=0< Yt A



y=0.03140.071 Xd1 +0.032 X d2+ 0.014 X d3 (4-2)

o 7] A,
y: D] A AL (kg & A kg B 255 5)

d, : Dummy,

2

=% MEF 712 A" VOC w2l <F 4-1807 2t ‘0 < Al
< 5000 kg/yr® o AgtgdelAel VOC wiEAsE 0.102 kg &4 A
SFkg AEE, 5,000 kglyr < AlEbEF < 8,000 kg/yre] AIEFH A<
VOC &A= 0.063 kg &A1 A-&/kg Alg-s, 8,000 kg/yr < A&+

i
ot

< 14,000 kg/yr® ¢ AEtdolAe] VOC wi&AF= 0.045 kg &4 A&
kg e, © 14,000 kglyr < Mgt o Aol el VOC wlEASTE
0.031 kg &A AF&F/kg AEFoln, 2 W3 o] wat AP 71F wEA

TE AHESt Algq VOC WiE%s AHHE & Aok

(£ 4-18> W AT 7IE A= VOC w<EA -

Grow | A wragyn | e o
1 0<AlEF=F< 5,000 0.102
2 5,000<AI g = 8,000 0.063
3 8,000< A &2 =<14,000 0.045
4 14,000< 4| &= 0.031
2E WHF 0.059




A3d Mg VOC vi&AT 4

B AFolA AEt AE] VOC siEAlsE 71 3 AdddTelA A
o A" VOC wiEAlset Hln £4skdth dA7HA A" VOC W<
o

.]
X
|8 HFEE A APAF= (o] B dFoA BE HFE tid

A

2 g7 AlEy VOC wiEAlsret viastaith. =3, & d7olA /HEd
T TR AEY VOC miEAITE vusty] St ZF MiEATE o] &3t
of FEo| F A=Y VOC sl &3S AT

L d& 71 A" VOC WEA s

B AdFolA AAEe da 71E AEd VOC wiEAs=  *443.001 kg/d
Zreyr’ 2020059 S HEAATAAAN AR 71E AEY VOC HiEAF
2l “610.368 kg/d4 - yr’ o oF 7258% FEOE T B ZHEHUT
KE 4-19 =)

B AFdA A AlEy VOC wiEzAse 71 AMEd VOC wi &A1+
o}e] ztol o] YlE oy 7EAIE A& F Jom, EHOR 27MAE AA
& Utk

AR, 71& A=Y VOC iAo o 7idsEo] Aetdel d%
g EkA] Eata ok 71E A" VOC WiEAI57F AidE 2005 o B S|
HIZole EgtolZEd S st & 59 RET EAEC] Jsd OF

£ ®ol avsts FAolH, & =flo|Fgde SRR AEdadd =2
oy

o

=4, 71E WMEAT NEAANA AFde LHsHA ot 7IE AEd

VOC v 2Al7 & =71 A8 E A0S 7hsAdol Atk & dATolA 33



AgzAel 2w, 84 AgHe A4S Udehim HEgs Hug
H7E oF LoW] AEgth B AFeldE A4S mestel AT 1Y 8

AgdS TR AFXAE FIHIAT 7|2 EAs MR oAM=
Z

o=

2he] EANE UHOE HERAE YT AHE PO AT Ag
=
3T

E AR wEol AA wEATEYG ga =4

A\
o
il 22

A F A d)dE RS W, & ATelA hEgk AEg] VOC vl
A7F 712 Al"gy VOC WAl Y tda @A A= oY, A=
HolA&= 2 AFoA /ds Algd VOC siEA57F 71 Algy VOC
HEATEY =2 Ao Addn.

1

<E 4-19 g4 71F A=y VOC w45

A7 v EA = (kg/ g & - yr) MEA =
23514 o
SHEdd T 610.368 2005

(71& Algdd VOC wi=A+

i 443.001 2018




2. AEkge] we MErE & AEY] VOC HlEAS

U AEY VOC MEAGE Agd ZEow nd Aol g7l o
ol B ApelA ARd Mg 22 Ay VOC MEAS vm gae

2 df9 Agd VOC wiEAset =l ABAFE ARESHATKE 4-200

]
H
A Seueel 2w, 5%, 499 AH VOC MEASE A7)
== ]

o FFE, 84 METAE, AR Sol get AR Uk A
As F Sdeel 443 g zde] MEAFE 97 Wl el
o AEY B2 1 fAR =AM VOC MlEA ek Hmsht

n=r¢] AP-42, &5 EET9| A&y VOC =A< < Feuetet 714
A =79 vlEA4=+= 'Petroluem(transfer process) &2 wjEA =<l
‘0.28 kg &A AHETkg AEE oM, FHY AEd VOC wMiEAT +
SEvetel 7P AR 219 wlEA=  ‘Open-circuit machines for
halogenated solvents without carbon filter’ &&-2] wj&A <4<l “0.125 kg
BA AM&TFkg MEE ot

afe]l AEd VOC miEAlse B d7ddA Ade Agdd VOC si&A+
1 0.059 kg &A1 A& kg AEE Bk 2~4u) =T ol& Sy
AEd =203 M FARRE AT st AT sie] AlEAkd o] &
ol vzt Ay #7483 s A = 7] el xolv)
Aste, vty = or] e BHAAE EEF37]dE AdHEol AU
=2

T APATFANAN RS AEF 71 A"y VOC wiEAT=+ 2002
| #AAE [A5A4 &AGolvendo] thr1 e 7l zoll &3 A AT



AN e 0.107 kg & AR&Fkg MEE 3 2014 FEhstw [4
TR VOC #lEA 2 deekRb] oA et “0.170-8-A A8-/kg A=
ool o, o= & ATl N MEY VOC wiEAd  “0.059
A AHE kg AlEE Boh 2442 189, 299 A= =

ol AL Apolo A 7RG AL E KT 4 F AAATFNAE=

A3 e T =2holEd AR AEEY FA AE 543 AHE HE"e=

3 &R HolHE HiR ez Mg 7IE AEY VOC wWiEATE sk
Top-Down4j o2 A5 JYPstArh. =3, APAFolxs dP3s7E 2
7y 38, 17312 Ad3g7t Ao, dPgds AEr)7], Mgz, AHe &4

<GE 4-200 MEHEF 71+ AEY VOC sl =41+

AT7IHETY kg &A Tf%iljltg A ) Nea=
EPA(¥] =) 0.280 1995
UNEF%Eé Eelzgl;j)TaSk 0.125 2006
EET(ZF) 0.280 1999
S B(3=) 0.107 2002
oot w (3= 0.170 2014
B AT 0.059 2018




3. Algg VOC vj&% vl

2 AToNA IR A4 TIE A" VOC WAl AEE 7E Al
4 VOC HiEAlTE s Bt A= Mg =ste] &S 4t
Atz o, fEvgdds MEde AlgEs ARSI YA Fof
AT B8-S o E MEFS AAStY vlustdth. A=A E4
As} T8O F AEY VOC wlZ=e 223,715 kglyrdloh.
2 AFdA ML 44 71 A"gY VOC wjEAFE ol &3 HE9
=% A AAHL 2 (-3)F 2o 2 (@-DAA ye= MEY VOC HlE 3
2 HaFo 4 Jae AT dEst= VOC iEA+E &3t 4838t

re

f

Y= E Groupz Q45 X Groupz B3 VOCHI &A1= 4-3)

= 10294 X 332.578kg/yr- A4 + 4039 4> < 470.833kg/yr- QA&
= 223,668 kg/yr

o 7]A,

y: AEY VOCIE% (kg/yr)
x: Group

HEATE ol&sty W&
223,668 kglyr= AHAEloH, ol FE A=Y VOC #i=%F9] 99.98%
o gt #oez ARG ta WA SAHASY A&l 1% otz
g = T

B AdToA AR AEE 71E AEYE VOC MEAlsE °8d &&



o Wi AL 4 (-t 2 A 4-DelA y= AlEd VOC v &
Foz Mgl Agge] Mol sigdsts VOC MlEAsE Hshe] 44
skt

4
Z Groupz & NEE3H % X Groupz NEY VOCHZEA17) (4-4)

= 232,154 kg/yr

A7) A,

y: AEY VOOl & (kg/yr)
x : Group

HEATE ol&st] HiEH
232,154 kglyr2 AHA = oH, ol 8 MEqg VOC wiE&9] 103.77%
o sigsts o= AARG ta w4 SAHHASY 2A48&0] 5% °lst=
AH7g = T

B ATolA A
VOC mj &&= Hlagk

=

o
>
ol
o
i)
=
=4
e
o
<
@)
(@]
=
N
ofy
rlo

A VOC wiEAIFE ol &8t 44T &9

l:l‘
A, T wEASF BF 5% ol3te] 2A88 YER



A 2 &

Ald 7+ 2%

WY RIS ES A SHOR s A AT B op @
= ATEAE Feid ok VOCE oy] FolM 9E 5 wrgHol 2 B3

I kst 2 ARAR dEgoRA dirjedd FFe 71F B ofyY
SA7t2EA JFHsdE FFE VR 7]1FRse iy ool
HAow tgaty] AsiAe FE VOC #j&F 2go] dagsojof g

SZugE 71820 Aol 23 VOC HjEo] AAl9l 61.5%(2013d 7]
DR IS B HEE AXEa o, fU18AE AHgste A F Al
Ede] A9 VOC &l Atk o2 VOC wlEA 2 sl&% 4H4
of I AT} BT AFolt) 143 Hoj AdwE & AEgd VOC vjE
ATde Qi gZFo 2 Hg3l= 610.368 kg/dah - yr2 28 o /|
ol el H dFe wrgskAl Eata o, wlE Z7o] wet Al

wHo] UA ol A3 MEF gl oHT AL wiEF e S

Aol zdol MEASFe 7EaEel wet WEASE a4
k. $-euet 71E AEY VOC MEAFY BEEE P Folm, 9

MEAS R Sy AT b Bol A8FT YE BEEE AP
ot £ ATIAE o IAE BEER = W NEALE AL

Aod, EASF NS Y& dFdxA A Z2aW S AFESATH
ATFZEY, d& 71E AEgd VOC wiEAsE ‘0 < AEEF < 5,000
kglyr’ W3 AErolAE 332578 kg/d4 - yr’, 5,000 kg/yr < Al



S

% wzol NEA = 470.833 kg/U& - yr' OB ALEQT A
71+ Mgd VOC viEAles ‘0 < Mgk < 5,000 kglyr’® HF9 Al
Aol = 0102 kg &4 AFRH/kg AE= , 5000 kglyr < AEEF
8,000 kg/yr W9 AEgHAA=  0.063 kg &A AF&FF/kg AE
2 ‘8,000 kglyr < AlEEE < 14,000 kgl/yr’ WFe A=
0.045 kg &4 AFg&kg MEET 14,000 kgfyr < AEEE Mo
AErdoll A= c0.031 kg &A1 AH8=Hkg AEE o2 AEE AT

B AT A F wEAse] AFEE AAs] fE gue] 9
APATol A Mgk e VOC vl A4 st o, & WEATE
o] &t 44 2o Algty VOC vl A4S Fa3l + WA+ 3¢
o] Apol&= Hlw E4&FAt.

B Ao gk A7k Ay VOC w44 7]1E VOC Hi &A=}
1wg A3, 71E Algyd VOC viEAF2] o 7258% FEo2 i 9
AU 712 WEAT T ZA RES 209 EAR HAASe o]
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Abstract

Development of VOC Emission Factor for Dry Cleaning Business

Sunhee Jung

Cooperative Couse for Climate Change
The Graduate School

Sejong University

VOCs(Volatile Organic Compounds) are not only harmful to the human body
due to their toxicity, but also are known as ozone precursors. VOCs react with
highly reactive substances such as ozone in the atmosphere and are converted
into ultrafine dust, which seriously affects air pollution. According to
IPCC(Intergovernmental Panel on Climate Change), VOCs are indirect
greenhouse gases that affect climate change.

VOC emissions are mainly caused by human activities. In Korea, VOC
emissions from organic solvents account for 61.5% of total emissions (as of
2013). There is not much research on the estimate of VOC emissions and
emission factors in dry cleaning industry. Because, there is the small amount of
VOC emissions in dry cleaning industry compared to the construction, Ship,
and painting facilities that emit large amounts of VOC in the industries using
organic solvents. However, the solvent used in the Dry cleaning industry is not

only discharged into the air without a separate recovery device, but also has a



large impact on the human body because it is mainly located in a densely
populated city.

In developed countries, VOC emission factors are varied according to the
emission conditions and activity level, but Korea presents only one of the
business standard emission factors. The current emission factor (610.368 kg /
yr) developed 14 years ago has been developed a long time ago and does not
reflect the recent status of the dry cleaning industry. In order to estimate the
correct emissions, a detailed emission factor should be developed for each
emission condition.

If the amount of textile treated is different, the amount of VOC emissions
from dry cleaning business also changes. Therefore, this study categorizes the
amount of textile treated into statistically significant groups and then presents
the emission factors for the categorized groups. The activity of the emission
factor was developed based on the business like the current emission factor and
the textile treated which is most used as an activity in the overseas emission
factor.

Data which is necessary for the emission factor development are obtained
through the survey. Based on the obtained data, the emission factor is
developed by the top-down method using the statistical program. 505 samples
of the nationwide survey are conducted with the cooperation of Korea
Federation of Laundry Service. Statistical programs R 3.4.0 and SPSS 21 are
used for data analysis and development of
emission factor.

The Business base VOC emission factor for dry cleaning business is

332.578~572.662 kg solvent consumption/business-yr. The average amount of



solvent consumption is 443.001 kg solvent consumption/business-yr. The amount
of textile treated base VOC emission factor for dry cleaning business is
0.031~0.102 kg solvent consumption/kg textile treated. The average amount of
textile treated and the emission factor are negatively correlated.

To compare the two emission factors, the VOC emission quantity of the
entire sample are calculated. As a result, the total VOC emissions of the
sample, which is calculated by using the business base VOC emission factor
for dry cleaning business, is 223,668 kg/yr. The total VOC emission factor of
that, which is calculated by using the amount of textile treated base VOC
emission factor for dry cleaning business, is 232,154 kg/yr. This corresponds to
99.98% and 103.77% of the actual VOC emissions of the sample, 223,715
kg/yr. Both emission factors show error rates of less than 5%.

Various factors can be used for the activity of VOC emission factor for dry
cleaning business. However, as a result of analyzing the obtained data, the
amount of textile treated and business are statistically most significant as the
activity. And also, as a result of estimating the emission quantity of the sample
in this research, the error rate of business base VOC emission factor is less
than the error rate of the emission factor based the amount of textile treated.
Therefore, it is considered that the method of estimating the VOC emission
quantity

using the business base VOC emission factor is more reliable.

Keywords : VOC emission factor for dry cleaning business, Business base VOC emission
factor for dry cleaning business, the amount of textile treated base VOC emission

factor for dry cleaning business, Estimate VOC emissions for dry cleaning.
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