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Abstract

The presence of volatile organic compounds (VOC), produced and released from both anthropogenic and natural
sources, can accelerate the degradation of air quality in the surrounding area. In this study, we investigated the
emission concentrations of VOC based on a total of 115 sample analysis made from 47 companies (representing 17
types of industry) at the Ban Wall industrial complex (Jun. 2004 to Jan. 2005). Through a statistical analysis of
these measurement data, we inspected the emission characteristics of VOC in relation with industrial type and
processing unit. When these data were compared each other, toluene was found to record the highest value of 423
ppb followed by ethylbenzene (68.3 ppb), m, p-xylene (43.6 ppb), o-xylene (27.2 ppb), styrene (23.9 ppb), and
benzene (16.4 ppb). In addition, by converting these VOC concentration data into malodor intensity, we attempted
to account for their distribution patterns in terms of relative contribution to the malodor formation. The results of
odor intensity conversion generally indicated that the odor intensities of individual VOC do not exceed the degree
of 1. When our VOC results were compared against other odorous compounds measured concurrently, the results
were highly contrasting each other. Despite relative insignificance as odorous compounds, these VOCs are
generally found ubiquitously and in abundant quantities in this strong source area.
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Table 1. A list of industry types investigated for the characterization of VOC emission patterns in this study.
Classification is made based on a standard industrial classification code. A total of 47 companies inves-

tigated in this study are classified.

Order Major code

Type of industry

Industry classification Number of company

(first 2 digits) (Original) (Modified)

| 15 Food and beverage A 2
2 17 Textiles B 5
3 19 Leather, bag and shoes production C 6
4 21 Pulp, paper, etc. D 4
5 24 Compound and chemical product E 13
6 28 Metal assembly and production F 5
7 90 Sewage, waste treatment, and cleaning G 5
18 Fur and dressmaking H 1

20 Wood and its product 1

29 Miscellaneous machine and instrument 1

8 31 Electronic machine and convertor 1
34 Automobile and trailer 1

36 Furniture 1

40 Electronics, gas, and vapor 1

up to 14 classes up to 8 classes 47

2 vty 9]} (Komilis ef al., 2004; 295 %, 1998).
W87 Fol A VOCS] BAHA FauL
ov e WATAE s ATEHe] Aot
(Heeb et al., 2000; Yamamoto et al., 2000).

VOCe] F9 wll&e 3A 2dA wi&da A9
2 wjEPhorg FREIE= Ao 7158l (Kesselmeier
et al., 2000; Pio and Valente, 1998). 212 9] Za}eo)] 4
e o] {30 AR S FARIY A3}
A AT A3 AFA D A A7) @A) g
& vAE 8]lez H4d = U (Naer al,
2001). $7497] 2ol sl oz WEH VOCH &
zE4e 2 A9 14 2 A SH A
A B9 93 FAl BA 2o wes FAA
o) 2 Fapgel AT A3 FA A9 A
FAEe] Abe FH A 4] f3 ot ¢
W 59 Qutos 1T WS Bl A
AR B7EE Higs Ae] o Ax sl
5], 220 0 o ASER] QHT BALL
AU AHE Qe
25wy HFe] 14
o] 53 FAtoz WA= oFHRIY LA FFeAY
o gk WHell S e Alde) A 79 52
Ao ARAolm ARG FAARE Bushe
o] FL231($-5-¢ F, 2003).

BN 7| R EHA] 422 A3 5

2 AL 20044 693E] ~20059 1974x] A
7|15 QAR uhd st ol $AE gy EAd A
Z 4708 AASE VOCE gAE =9 oA re
o ME wiEsxE #E3H (71 5, 2005a).
2 dFeME ol% vlEYel 9T VOC wiZEAS
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2 A Sl dgk VOC A28 w54 & B7
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Nz2 EFHE D AAH e zAgeR
AT QS A (B A7%)] GFHNATR
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Table 2. A tabulation of VOC emission processes (or systems) from a total of 47 companies investigated in this study

with a brief statistics.

Type of industry Junction Aeration Settling Scrubber Manufacturing ~ Storing Stack  Miscellaneous
box tank tank process place
Food and beverage 2 2 1
Textile 2 3 4 |
Leather, bag, apd 2 5 5 3 4 4
shoes production
Pulp, paper, etc. 2 1 2 | 1
Compqund and 5 13 5 3 | 2
chemical product
Metal assembly 6 5
and production
Sewage, waste
treatment, and 4 2 3 8 2
cleaning
Miscellaneous' 2 1 8 1 1 1
Total 4 21 4 39 22 17 6 2

'Miscellaneous companies include the followings: Sewing and fur product, Wood and its product, Miscellaneous machine and instrument,
Electronic machine and convertor, Automobile and trailer, Furniture, Electronics gas and vapor.

2 AN EAHREE B dAREE 9
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% 2005a).
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Zol7] 18, A& Rl To} ubsied omd, 24
Az ol el A14ahA 4 ahse.

2.3 B4 wy

chekgt Aol A HFs FEde
VOCE HgsH &A1) $aiA, vOCe] 32t
Ao 8% 7€y ¥ 59 A= (QA/
QC)7} & g38lt} (Yamamoto ef al., 2000). 2 -l
A VOCe] $£42 M3 2 da 71 (Peltier
Cooling/Thermal Desorption (¢]8} PC/TD))& 7]%=2
sk ol 3 A4317] ¢, UNITY 423 A|AH
(Markes Ltd.)3} GC/FID (Model: DS-6200, =3l A
EFE)E dgdunt Yoz AHF AsE A
3171 918, YA 22 PC/TD Al 25 HAss o
A Zt}. Nafion dryerg o]-&-3te] EAFAAA &
Hog $R0| ke s Aol AJ2E
22 ARE FYAAFH, ol T4 PCTD W59
cold trape.g o|£FH ]} o] PAlME A WA}

Table 3. An analytical set-up for the operation of PC/TD
and GC-FID system used in this study.

PC/TD GC-FID

(Unity: Markes international) (DS-6200: Donam instruments)

Cold trap Temp Low: —15°C
Cold trap Temp High: 320°C
Cold trap Time: 5 min

Valve Temp: 80°C

Transfer line Temp: 80°C
Minimum pressure: 15 psi
Sampling flow: 40 mL/min

Initial oven Temp: 50°C
Initial hold Time: 5 min
Rate: 6°C/min

Final oven Temp: 230°C
Final hold Time: 5 min
Total Time: 40 min
Detecter Temp: 230°C

2R AL ¥ $lstel, —isCAA PCE F
d Wzte fmshe e A ¥4 A4 4y

~=2o] 91y ¥, cold trap2 320°CE 43}
A H2AA EAGG VOC AE-E2] 993(TD)&
Sestgrt. dedE Algs GCY columnoez o]
$HI, 714 FER PEARES HEHoR
FID (3% |23} ZA&7DE %3l AZ&el o714
o} VOC A8-E2] #&]x= DB-VRX (Length: 60 m,
ID: 0.32 mm, Film thickness: 1.8 um, J&W, USA) Z-
HE ol gsldeh GCo =44 o PC/TD] ¥4
Z71& = 3o AAgF v} 3ot
ATl ARERE 471719 As-E H7tsb] 9
g 7)2Ae) A== E0A 9 AE= 59 7R
Al #AEPE AR Alae] EAA signal
o noise2] B]7} 3ulr} H= #4FH] peakE AE
sted, 11 WAL Zh s AR Al st
HaAA g AAste olFA 3 H4 A
FES 2EUAE ke Yoz AEAE T
ssict. A717E el 78 71719 HETAE A
Aek 715302 benzene 0.18 ng, toluene 0.17 ng, eth-
ylbenzene 0.19 ng, m, p-xylene 0.07 ng, styrene 0.21 ng
oz vt Addow 4 AR 23 (400
mL)E 7}¢tshd, benzene 0.14 ppb, toluene 0.11 ppb,
ethylbenzene 0.11 ppb, m, p-xylene 0.04 ppb, styrene
0.12ppb o2 HEIAZ A 4+ sloh A=
F2A(RSE)E o] 43te] AUwE AE3HH, 5 % W
99 <l Aoz vepdeh(® 4).
£ d7717 Hell A wAAEs EMFe &

T

Table 4. Comparison of the basic analytical parameters for VOC analysis in this study.

Full name Name modified Structural formula -———DL Precx'smn
(ng) (ppb) (RSE in %)

Total VOC TVOC C

Benzene B C¢Hg 0.18 0.14 1.55
Toluene T C¢HsCH; 0.17 0.11 5.54
Ethylbenzene E C¢HsC,Hs 0.19 0.11 3.82
m, p-Xylene MPX (CH;).C¢Hy 0.07 0.04 2.83
Styrene STY C.H;CH=CH, 0.21 0.12 3.78
o-Xylene (6).4 (CH»),C¢Hy 0.14 0.08 3.25
Bromobenzene BB C4HsBr 0.63 0.24 2.95
1,3, 5-Trimethylbenzene 1,3,5-TMB (CH;3):C4H, 0.31 0.15 0.5
1,2, 4-Trimethylbenzene 1,2,4-TMB (CH3):C¢H; 0.43 0.21 1.06
p-Isopropyltoluene p-1PT CioHys 0.36 0.16 1.75
n-Bultylbenzene n-BB CoH 4 0.51 0.23 1.56

*Assuming the sampling volume of 400 mL

g 7184 A] A 224 A3 %
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Table 6. An overall summary of emission concentration data of each VOC from a total of 47 companies investigated in

this study.

TVOC B T E MPX  STY (0).4 BB  1,3,5TMB  1,2,4-TMB  p-IPT n-BB
Unit

ppbC  ppb ppb  ppb ppb ppb ppb ppb ppb ppb ppb ppb
Mean 9675 164 423 683 436 239 272 4.12 441 7.04 665  4.75
SD 15244 662 1491 328 138 80.4 110 11.6 11.7 27.0 182 16.9
Med 3941 135 482 753 756 391 2.17 0.37 0.97 1.57 090 035
Min 417 027 455 033 0.41 0.19 0.8 0.09 0.12 021 0.10 006
Max 83704 515 11659 3341 1074 855 751 81.8 82.9 277 116 112
N 115 115 115 115 115 115 115 115 115 115 115 115
*Refer to Table 4 for full information.
Aol M, (A2 7} JAdE @ FAGAEz 7318 g oulE Ad 4 Qloh (H9F, 2005). 7+ gE,
A9 A sxo] |t FAsHA vehgeh b FADAY EHE 58] VOCY #jEEAE et
A ol Akl T 9 AvER 4EE oz, wEE wEel MAshs VOCHEE FAo

1) [}
2Ae

A-A AHE Ase PC/TD9] cold trap
WE2 43 A8 oS Al 248t PC/TD
R 2 Ao ed-g HAsstual ek v xe
A28 22X AS PC/TD ¥ #H 9] blank test,
conditioning 52| TAIE F7}3led, ThE- A el o
gho] w]AA] A== 33}

AF71ZE Holl EAME A5 EAM AT
VOC AE-& A Al 2=x2 A3} of
o} @A, VOC AA 9] ofolv} #1253 Fel 517 ¢
A, TVOCH F== AREsIgo) Alwe] EMZFAR
veh = Feete gl ZoM C~C 7 AEE
ol T3t peak aread 2% 3 WA & toluenc?)
HEFd o= AAle] o024, TVOCY $E= FA|
of AbZ3Elelch 2] TVOCH] digh F%i ug
C/m® = ppb C8] 912 A A} skadd).

3. 25t A EE

3.1 MAAtEES viE 5o

B A7 F 2 47709 AR AFH 3 A
82 ¥NEAE Ed2 VOCAHEEC At wigs

2 wmsloleh. ol olgsel AT w7l
A AT AR N2ELE Adshar
Axstelch A7A%E Swe M) 9, ®
A ARE (D) 4FE O3 2AE 59 7=

3 o]2fd 7|EellM VOC wiE5Ael o
g A U AR AL HME= AL F9

e

FA718A 3R] A 229 A3

2 7P 2EA Az e A 4 den, 2
o g FAAAA W3 VOCol| 2J3t o3
FEE A 4 JE Aol =3 £A43 voCce]
FEFEAEE dF el AA sl o3 A
4 HAeA Ag fHse A= Az uE
A 4 k(& 5)

AA AL 2AF AFH(E 6)2HEH BA A
g g 7} AR 9 TVOCS] =z »v|ws] 1
et o5 sl E AR F ANHes S
FEE Ho|:= toluened F83 7)Fow g3y
o} toluene A82] HFAS BH, 47718 ApgiA
Al 423 ppbe] H % (1,491 ppb)E 7] =30
1 %5 ethylbenzene, xylene styrene, benzene2] 4=
02 ¥xr} ashe AE B 4 Qo A7
& ] FAAGE "H"J_—i g 374 7]
toluene®] 7 =7} °F 20ppb A== vjept
& Aks (718 %, 2005b), A Abd Al M
53 VOCH He &5t oF 200 o4 o3
Z 4 ok Faz HAe), 19973 Al FFiel A F
A A9Ee giatez F=3 VOC F toluene?] %=
7} ¢F 10ppb 54 7oz A2FHo= A= F=
g dart Ads AN §, 1998). =35 A &9 3
2 g xr)e] i@ A toluened] HH %7} 10
ppb Aol A B2 Qe @IAL 5, 2003; Na and
Kim, 2001). Rk} ¥ A7-31¢] AefdFellA] eldt
Askso] ShkAle dEAe) e @ 4 gk,
W ERe) ALNE A7lulE Sd4Ee] A VOC
2 WA TEE Folvd 4= 7= wiAl
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T 4 25 (1718 %, 2005b).

3.2 ¥4F ERY uE3E ¥ HESY
UM & 1,20 AAT JFEFE 7IEE A48
of, VOC2| mi&sxd BAXNE AF3E = 74

I AT AL VOCHUES)
2 7ol AA vhe} Fro] dF e wlwH 3}
l%— Belth ujebr] o] 4% FA0 & £R/E 7]
Foz F2 WEARS vashs Jx £2F on|
7} qlew, oleia lFez 34 Ase AvE 4
At 2 1o BAF TVOCS] i3E PRZAAE
B, D EF(EE, Fol E FolAE Azl 7t
B we vee v E ¥R ETE L HehE
Azshet C 5 H, 7hkg At Azdvr 2
F& oldw. =3, toluened] =& Wl wald,
TVOCe] Ak} nlarlA 2 D £52A 71 =
A Jeldd. D #5729 TVOC F=o] dju]dt
toluene?} W]-&-& AAkshd, ¢ 11.3%E 243 A
2 o 5 givh AA A=) TVOC = 4] toluene
o s wlgol oF 429%zke H& ZHbSP, D
PR Tug o) ol ¥ vl ge] Y o
24 D B-FollAE TVOC % tolueneo] Az o
2 2 u3E ANHE AL % 4 Uk
FAL WMol FAH edBA Al
we} e NQle) Al met FAlSl AR o
£ sicbslr)e gko}(2ala ol 74, 2003). VOCS)
W2 s LSk e GRde Bk
= 712 whedlA| 92 ook (Domeno et al., 2004).
2 dale] A A2t Aoz ouigl
F HAzEs AEE e 1] A5k WA
H7I% B4 FEoke] Rale olgaled, 7 el
FEE 9F 2 JrEeeh VOC RS 58 2
A gRBe] A8g FEz I3 A 156
n A2 ZEhs Aoz vehddh aev dejyes
D %79 toluenes}, E £F2) ethylbenzene,
styrened] HFF5 =7 GH = 1& BHH(E 7). W}
A D,E #52E oIulshe Alx 2 sahrorsl 7
<, oJe} ¢]Zo)] u]3l toluene, ethylbenzene, styrene
g] oL_r]7]o:1£7]_ ;(-lr,ﬂz-l =1} }\h—,ﬁz-l_i 93} o]x}
2 2 4¥ 5 odoe AL A ol#Ek A
2 drzle] AdsjdFer dAld o dHsle]= A
de) o2 wg Wk} Asske P Aol v

& 22 EA88 9% % WA VOC MESY 331

25000 3000
O 20000 = TVOC 142500
—— Toluene =9
2 2000 &
& 15000 o
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0 irai
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Industry classification

Fig. 1. Comparison of TVOC and Toluene concentrations
among various industrial types investigated in
this study *Capital letters of A through H denote,
(A) Food and beverage, (B) Textiles, (C) Leather,
bag and shoes production, (D) Pulp, paper, etc.,
(E) Compound and chemical product, (F) Metal
assembly and production, and (G) Sewage, waste
treatment, and cleaning.

£, 2005; FeJA E 2005). |5 Al
& Fol, ol} deishelmfo) JuEe o
B ECT P LR SN

4 AdelASl VOCS] Mz 4B 27
AL 53 M B, F2 2HES 7}5'—5}3 7}
z, A 59 294 AL 53 EEE Ao
2 ®21¥ v} ¢lok(Rappert and Muller, 2005). %
T Azg ¥u s B, izt A gk
Agoh & A7 SAEF AlzddAe AAA
2 GE §iFe) nls] VOCH] wiZe] A2 74% &
g 4 st 53], YA VOC AReX HETA )3}
2] FER HAEHE A9= el 4 -‘r’r*ﬂ? Az
dell M= 382 VOCEAQ bromobenzene (10.5
ppb), p-isopropyltoluene (15.5 ppb), n-butylbenzene
(16.6ppb) 5o e} T2 JFEH £ TEF U
o= 5AE Bk Fo] AlF Az toluene
(2,466 ppb), ethylbenzene (12.0 ppb), m, p-xylene (14.3
ppb), styrene (10.4 ppb) S-0] =& 7]E3lgE4],
E3] toluene] A9 AFE 1% Dl v x=
AFEE Sl —’E‘*°lzﬂ?; Azxgel AR Fztel %
ol% Hx]7} Hc}3} ./L\_E_er 2x A AL A
AR F QY g Ede] WEE
+37F Qv 53], o35 —i o] fmel 2=st Aed
At o4FH B st webd Alelg AME At
& 4 ek (FHBA DY, 2003). 25F 9 3lshA|
EF A zYolAE m, p-xylene (112 ppb), styrene (61.2
ppb) 5ol 77 A= 128 7|53 282 o-
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Table 7. A statistical summary of VOC emission concentrations on the basis of industrial grouping among A though H.

Industrial Pollutants TVOC B T E MPX STY OX BB 1,3,5TMB 1,2,4TMB p-IPT n-BB
group  Modname ppbC  ppb  ppb ppb  ppb ppb  ppb  ppb ppb ppb ppb  ppb
Mean 1273 121 358 208 255 144 205 03I 0.24 1.05 022 023

A SD 508 1.08 328 264 249 163 086 0.12 0.01 1.66 0.10  0.0011
N 5 5 5 5 5 5 5 5 5 5 5 5

Mean 8120 153 457 116 265 145 163 105 3.84 5.54 155 166

B SD 9372 074 467 127 442 209 367 257 6.04 5.72 279 314
N 10 10 1010 10 10 10 10 10 10 10 10

Mean 9412 130 975 213 113 687 243 659 470 443 466 099

C SD 10410 086 116 468 174 100 456 952 14.9 7.28 942 228
N 20 200 20 20 200 20 20 20 20 20 20 20

Mean 21807 4.32 2466* 12.0 143 104 358 1.80 3.20 6.40 953 942

D SD 30213 9.06 4497 965 136 136 428 3.62 4.70 8.70 200 227
N 7 7 7 7 7 7 7 7 7 7 7 7

Mean 11275 211 277 201  112% 61.2% 878 445 8.03 145 706 388

E SD 18356 414 657 639 257 171 209 142 18.1 52.7 221 145
N 28 28 28 28 28 28 28 28 28 28 28 28

Mean 4353 1.86 132 213 137 710 171 290 0.80 1.68 216 059

F SD 3260 197 242 514 259 124 1795 192 0.69 1.51 498 090
N 11 1 ol 1l 11 1 1 1 1 1

Mean 9448 348 367 325 264 160 100 238 3.83 7.08 984 856

G SD 11797 124 721 940 702 39.1 199 480 5.05 10.6 255 268
N 17 17 17 17 7 1717 17 17 17 17 17

Mean 9354 394 865 432 388 179 111 097 2.80 3.32 289 127

H SD 18063 114 2268 70.9 473 286 210 1.21 6.18 3.35 4.05 1.02
N 14 14 14 14 14 14 14 14 14 14 14 14

*Numbers in bold phase correspond to malodor degree of 1.

#% Refer to Table 4 for full information.

xylene (87.8 ppb)2] 7§ wH& 3l ¥l 7MYt ¥
£ 52 {SFYUE s w18 A E AL B
H AMR[AY (G B o= 7lel dAES Rt
FEFE 23Ho2 Jeld 7Jek 4F H E)A
= benzene?] %7} 7z} 34.8, 39.4 ppbE A, oJE}
g Eol ¥ld 15 =g 7| F3AT.

4% 25 SA3 A 7 d5E FAHANA
vehde AR EAEE FES et ook A
FAE AxQY AR 29, 94, 71 58 )
95 AZFAeNA benzened A2F RE VOC 4
PEo] G& FA vF ¥ vER et 1
2 Qldk A ZEA (VOCH] 2)3h 9] %27}
=2 7;1"]“’/}“ A& FAHT 4 9k VOCE Aol

i FA7A B Fo71%e] SAo= 2k
T = e (AAA 5, 2000). webr] z2hdA Wil
A AT TREe ZEAR] A7) Aol X

1.
3

Q3B EA A 22 A3

& Bl it AY A 715 AT Axgel Ae
Zd 4= toluene (173 ppb), ethylbenzene (113 ppb),
m, p-xylene (45.0 ppb) & styrene (26.8 ppb)2] wl| <]
5 o2t} ol & AR-Ee] #3 A J1E Al Az
dol F# FEE AT Aoz vepEt
g, Fo] AEAZYS] AS AFFA W roluene?]
% (8473 ppb)7t A= 298] FEE TF3G
gebq A4S mE 5 AR N o] ohe)
AZTHE o WA o= A ST 5 e
% sleh

o
AT ¢

3.3 =g 4
H{EEM

Abed Ao A AFgshs 57)8A 2] A =
87, pipeline @ AulolAle] $7]8A)9 +& =

HHE X2 AldY slEsE9
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Table 8. Comparison of VOC concentration for by each industrial processing unit.
Poliutants TVOC B T E MPX STY OX BB 1,3,5-TMB 1,2,4-TMB p-IPT n-BB
Mod name  ppbC  ppb  ppb ppb  ppb  ppb  ppb  ppb ppb ppb ppb  ppb
Mean 4372 129 967 59.1 275 146 865 0.30 2.24 8.37 454 134
Junction box SD 2515 095 883 973 285 175 738 008 1.68 6.26 555 1.10
N 4 4 4 4 4 4 4 4 4 4 4 4
Mean 4391 293 555 5.88 148 3.10 4.02 1.70 0.74 1.46 1.68 0.46
Aeration tank SD 6278 4.62 766 567 4311 291 929 440 0.74 1.32 336 072
N 21 21 21 21 21 21 21 21 21 21 21 21
Mean 5906 0.97 228 7.14 532 556 1.73 0.37 4.08 8.24 10.6 375
Settling tank SD 5610 098 160 4.01 313 539 145 0.0002 6.66 1.1 18.0 64.6
N 3 3 3 3 3 3 3 3 3 3 3 3
Mean 11513 174 285 140 737 45.7% 265 4.87 6.20 11.4 755 579
Scrubber Sb 16250 38.6 698 553 219 148 121 13.2 16.0 454 20.8 16.2
N 38 38 38 38 38 38 38 38 38 38 38 38
‘ . Mean 14952  20.2 1257*% 382 289 132 212 633 6.10 6.71 7.45 6.7
N:)‘;gge‘::‘“““g SD 22918 90.1 3079 700 402 180 394 177 144 8.10 194 215
) N 22 22 22 22 22 22 22 22 22 22 22 22
Mean 9835 355 414 462 366 219 839 566 4.65 6.29 1.7 1.66
Storing place SD 11988 124 742 975 737 418 208 8.72 6.38 10.0 26.0 1.87
N 17 17 17 17 17 17 17 17 17 17 17 17
Mean 2283 096 244 598 6.8 293 3.8] 0.42 1.08 1.87 1.49 1.21
Stack SD 1652 028 224 3559 492 125 498 021 0.68 2.63 1.70 1.14
N 6 6 6 6 6 6 6 6 6 6 6 6
Mean 8877 465 108 276  382% 117* 1.31 0.37 1.94 1.77 097 0.23
Miscellaneous  SD - - - - - - - - - - - -
N | 1 1 1 1 1 1 ! 1 1 1 1
*Numbers in bold phase correspond to malodor degree of 1.
*#*Refer to Table 4 for full information.
H47b vk AAANM = VOC wiZe] o]fe]  Hw ol W7 LAY FrdolM EAg

A1t} (Khan and Ghoshal, 2000). ¢]g]3t dutziol wj
25 WA, 2 QAo weh Yashy, Aele, ma
4 Sl wel VOCY wi&5A] o] ofatA 2A
H7)= et 2 A7 2ARAR] 4770 Al ClA
24T ARE ol JBslo] Dedl Helde
71Z20z ¥wahd, A5z, 7 x, AAZE, AFgH,
A ZEA, AL, Stack 58] F3ke] rPsahct whe}
A BE A3 oJHF Ve BRT & 54T
WEAER WE BA4E vas] Bkoh & 8ol A
A8t nie} Zhe] wiEAldE R B-F3bd, A A2%
A, 23, A FlM IF=2 VOCH =2
o) olFolAE Aoz vhehrh AzTA AL
toluene (1,257 ppb), Z~F & ¥ o]l A= styrene (45.7 ppb)
o Hx= BAT W, 1mE s|Fahgeh Az
of|A] styrene®] Z-¢- AHE 1xo] AHFEle FeE

A Ae zdsid, drleduA A A g
+9 Al AFHEAQ styreneel] Wg Her} o2 2
oA o]FojHof & BAAE AJALET styrene?]
739 °F 33ppb o] (AFH = 1=)d 9, toluene> oF
920 ppb ] elelof FAF ¢+ FFA=(FH=
12)F 7153 (Y8 3= d+3], 2002).
A styrene9] 73§, tolueneel] B]3} <F 30dj} A&
FE2 &I shejzbe, 27 Faliel o Fe]
d A= 7l 5 vk Agae] S A3

HE A 93 o} & x]Fo v toluene (414
ppb)#t o-xylene (83.9 ppb) Gl AhHow ¥
=2 #A5FAUS =23, 25 =rt AAEAY HAEE
U AAIE Az AsAFHAR F e Als
AF AAHNAME xylene I styreneo] H= 18 1}
eigdeh B % Maa Alz2TH, Az 5o F
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ARE shelsh= Zlo] Fasiel 28u}, AR Al
%34 VOC wi&54 ¢ BF3ta stobshs 2l
Y uled xFg puksly] wEel, old Hg o
T 33 Aoz o]Feix o (A T,
2004). 23olx B3t B A9l Fho] Al i
4 3 W o8 279 AgAA VOCe F=
W Zo] o]FojAEet ANHE AFP EAHE A=
e A7 olu] g AF AFRAEC 2 A=

o} gheh (9] 2005). 31, A% wH A e 4
=93 2R e A, A9 B4 3 F
o] o2 W4 271% Be 75 0T glow, 1
o Az A%, wYIU) BY B wA
9 wEEel ww Aeh A7) AT #
A e volx vimAng AR 23, A%, B
Aol o) iUt R Az AT FRWA
AT (FHFA AT, 2003)2] BRIME FHAFg

4 A=t Wt o] £ AFE2 VOC Ata &S 7}
A3 vz BA8) 2ot
AP d = 20029 8YRE ~ 109714 F2 314

7l AEE AAstn BN A=y, 2 A7
vl gloid A& AA Ao, FAle At

[=]
Z7, 84 B4 5 e

. ol& Ane| FEA

Aol AA: ole 4 9l

A 94 Edax BTEX

S
o

FHe) Y E &4
317) $4ste] wijE4d Amg
stgel o)& A¥E ARE
g, Al 23A oM FHE Amst FE o
olBgt &4 AL B ATl AdEdt A
VOCe| F8 wiEA| Qe &3t} o] & A3
HE B E VOCH F2 HAsldiAM w&
A 7 QAT nwsh] e, A d7AE
AAA ] FAG ] &Y ABR A3l ¥
AN =starl 2 o729 b8 w3k NIERS] A3l
Tob FUT AL, Az, A 23N A5
Asle] BA A2 MdTH(E 9). F ARE 4|
Aol i, 71 2 AolHor F ABL
o] Aefjgko] & 2}o)E malvh $Al toluene] 74,
NIER®] BwAz}s} of 30w Ax & Aoz ey
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Fig. 2. Normalization of emission source concentration
of VOC measured between two studies (NIER in
2003 and this study), *Refer to Table 9 for the orig-
inal concentration data sets for the NIER report
and this study.

Table 9. Comparison of VOC emission data between two studies (NIER data set vs this study)'.

NIER?(2003) This study

B’ T EB MPX OX STY B T EB MPX 0X STY
Mean 748 17392 3628 2589 4054 85.3 222 591 90.4 52.7 377 31.2
SD 1632 31811 7209 9739 8844 117 79.1 1776 393 159 132 106
Min 10.0 37.0 198 45.6 153 2.60 0.29 742 0.33 0.41 0.18 0.19
Max 3668 104927 18324 41575 24081 220 515 11659 3341 1074 751 855
N 5 10 6 18 7 3 77 77 77 77 77 77
'All concentrations in ppb: (part (s) per billion), ?National Institute of Environmental Research (NIER) in Korea, Refer to Table 4 for full
information.
FFA 713 A 224 A3 =



QhAbA] wl
Ats] W toluene (17,392 ppb, 4F = 2.5%), o-
xylene (4,054 ppb, &}F = 3%), styrene (85.3 ppb, ¢
A 1)) A Aoz dehtoh et
A7718] Aol AE styrenee] 31.2ppbE HF =2
lxe 24T =2 AEHAUE ook & VOC
AEeME dl dH= 1o mAA] R 7
2 AEFS 38 264 FrEA] delA #53
Z A MEFsed vehigled, o7 mad
7+ A g Ak AR Zleg velyith o
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