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Abstract

Volatile organic compounds (VOCs) are frequently generated in workplaces that use organic
solvents. VOCs are toxic substances and generate secondary pollutants such as organic aerosol and
ozone. In this study, the characteristics of VOCs in emission gas were evaluated for 30 workspaces
in Busan. Total hydrocarbon(THC) concentration was 4.4 ~ 3046.2 ppm at the front of prevention
facility and 1.9 ~ 120.0 ppm after passing through the prevention facility. Hexane and acetone, which
have a relatively high detection frequency and concentration, have been found to be the main sources
of VOCs. Among the specific air pollutants, ethylbenzene was detected, and odorous substances such
as methyl ethyl ketone, isobutyl alcohol, methyl isobutyl ketone, toluene, butyl aceate, and xylene
were detected. It is possible to emit VOCs at a lower concentration than when using oil paint, so the
carcinogenicity of exhaust gas can be reduced and the effect of contributing to ozone generation can
be expected. It judged to be a phenomenon that occurs because the inflow concentration is low, not
because the adsorption efficiency of the water-based paint is excellent. By treating VOCs with a direct
oxidation facility, air pollutants from oil-based paint can be stably removed. However, it may be
difficult to meet appropriate operating conditions when substances with a narrow range of
inflammability coexist. In addition, the electrostatic precipitator used for dust removal in the Tenter
facility was not effective in removing VOCs.
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Fig. 1. Secondary pollutant generation mechanism of VOCs.
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Table 1. Sampling workspaces for VOCs emission.
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Workspace Emission facility Prevention facility Type of material —
A-1 Painting Adsorption(AC”) QOil-based paint 2 (In/Out™)
A-2 Painting Adsorption(AC) Water-based paint 2 (In/Out)

e . Water-based paint/

A-3 Painting Adsorption(AC) Gloss coating 4 (In/Out)
A Automobile maintenance A-4 Painting Adsorption(AC) Water-based paint 2 (In/OUt)
A5 Painting Adsorption(AC) Wagel;zaziitf’:gmt/ 4 (In/Out)
A-6 Painting Adsorption(AC) Water-based paint 2 (In/Out)

A-17 Painting Adsorption(AC) Water-based paint 1 (Out)

B-1 Mixing Adsorption(AC) Oil-based paint 1 (Out)

B-2-1 Storage Adsorption(AC) Water-based paint 1 (Out)

B Chemical manufacturing B-2-2 Mixing Adsorption(AC) Oil-based paint 1 (Out)

B-2-3 Mixing Adsorption(AC) Oil-based paint 1 (Out)

B-3 Storage Adsorption(AC) Water-based paint 1 (Out)

B-4 Mixing Adsorption(AC) (g:a’f)?sees?sti:élet) 1 (Out)

B-5 Mixing Adsorption(AC) Polyurethane 1 (Out)
. C-1 Painting Wet scrubber Qil-based paint 2 (In/Out)
¢ Leather manufacturing C-2 Painting Adsorption(AC) Water-based paint 2 (In/Out)
D-1 Painting Adsorption(AC) Oil-based paint 2 (In/Out)
D-2 Painting Adsorption(AC) Oil-based paint 2 (In/Out)
D-3 Painting Adsorption(AC) QOil-based paint 2 (In/Out)
D Metal product manufacturing D-4 Painting Adsorption(AC) Qil-based paiint 2 (In/Out)
D-5 Painting Adsorption(AC) Water-based paint 2 (In/Out)
D-6 Painting Adsorption(AC) Oil-based paint 2 (In/Out)
D-7 Painting RTO™ QOil-based paint 2 (In/Out)

E-1 Painting Adsorption(AC) QOil-based paiint 1 (Out)
E Paint treatment E-2 Painting Adsorption(AC) Oil-based paint 2 (In/Out)
E-3 Painting Adsorption(AC) Oil-based paint 2 (In/Out)
. F-1 Painting Adsorption(AC) Qil-based paiint 2 (In/Out)
F' | Rubber product manufacturing - Painting RTO Oil-based paint 2 (In/Out)
G Printing G-1 Printing Adsorption(AC) Ink 2 (In/Out)
H-1 Tenter = Electric precipitator Textile oil 2 (In/Out)

wet scrubber
H Textile processing H-2 Tenter = Electric precipitator Textile oil 2 (In/Out)
wet scrubber

H-3 w;ersl;[:iit;er Electric precipitator Textile oil 2 (In/Out)

AC™ : Acivated carbon

RTO™ : Regenerative thermal oxidation
In/Out™ : Inflow/Outflow of prevention facility
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Table 2. Target compounds for analysis
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Chemical Molecular . IARC group™ GJere Analysis
B formula  weight(g/mol) log Ko (Carcinogenic) PoCP” method
Acrylonitrile CsHsN 53.06 0.25 2B -
Dichloromethane CH,Cl, 84.93 1.25 2B -
Chloroform CHCly 119.38 1.97 2B 1
Specific air 1,2-Dichloroethane CHyCly 98.96 1.45 2B 4
hazardous Benzene . CeHs 78.11 2.13 1 3 GCMS
substance Carbon tetrachloride CCly 153.82 2.83 2B -
Trichloroethylene CHCl 131.39 2.53 1 23
Tetrachloroethylene CCly 165.83 2.53 2A 2
Ethylbenzene CgHip 106.17 3.15 2B 34
Styrene CeHs 104.14 2.95 2A 33
Methyl ethyl ketone C4HgO 72.11 0.29 - 28
Isobutyl alcohol CHy0 74.12 0.8 - -
Methyl isobutyl ketone CeHy0 100.16 1.31 2B 65
Odor Toluene CiHs 92.14 2.73 3 36 CC-MS
substance Butyl acetate CeH190, 116.16 1.78 - 22
0-Xylene 3.12 3 91
m-Xylene CgHyo 106.16 3.2 3 111
p-Xylene 3.15 3 88
Carbonyl sulfide COS 60.07 -1.33 - -
Ethylene oxide C.H,0 44.052 -0.3 1 1
Isooctane CgHis 114.23 45 - -
1,4-Dioxane C4Hz0, 88,11 -0.27 2B -
Epichlorohydrin C3HsCIO 92.53 0.26 2A -
Isopropyl benzene CeHyy 120.2 3.66 2B 24
n-Butyraldehyde C4Hs0 72.12 0.88 - 63
Hexane CeHyq 86.18 39 - 36
Carbon disulfide CS; 60.07 2.16 - -
Acetone CsHgO 58.08 -0.24 - 8 SIFTAS
Vinyl acetate C4HgOy 86.09 0.93 2B -
Tetrahydrofuran C4HgO 72.10 0.46 -
Cyclohexane CeHyg 84.16 34 - 38
Methyl chloride CHsCl 50.49 0.91 3 1
Formaldehyde CH,0 30.03 0.35 1 67
Trimethylamine CsHgN 59.1 0.16 - -
Urethane C3HNO; 89.09 -0.15 2A -
Acrolein C5H,0 56.06 -0.01 3 -
K,y Octanol-water partition coefficient

IARC group™
- Group 1 :

POCP™

: International Agency for Research on Cancer

Carcinogenic to humans

- Gruop 2A : Probably carcinogenic to humans

- Group 2B : possibly carcinogenic to humans

- Group 3 : Not classifiable as to its carcinogenicity in humans

. Photochemical ozone creation potential
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Table 3. Thermal desorber and GC-MS operating conditions for analysis

Thermal desorber GC/MS
Model : PerkinElmer Turbomatrix650 Model : PerkinElmer Clarus 690 / SQ8T
Time Temperature Column | Elite 5MS(60 m x 0.32 mm x 1.0 um)
Purge L min - Valve 250°C Split ratio >l
(flow rate : 40 mL/min)
Temp. hold : 6 min 6 38°C (5 min) m’ 150°C (0min)
Trap Desorb. flow : 6.1 min Tube 320°C oven temp. 15°C/min 250°C (O min)
Desorb. : 6 min
Cycle 35 min Trap 40°C/sec lonization El(Electron ionization)
Column flow 1.2 mL/min MS | Mass range 45-300
- - Transfer | 200°C
Outlet split 50 mL/min Temperature 250°C
Table 4. SIFT-MS operating conditions for analysis
Parameter Value
Sample plate 120 °C
Temperature Flow tube 120°C
Hex heater 120°C
Wet source 850 mTorr
Dry source 3.50 Torr
Pressure Flow tube 110 mTorr
Upstream 2.5 %4 Torr
Downstream 50 mTorr
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Table 5. THC concentration and prevention facility conditions by workspace

5 o AC™
Workspace”" e i THC-Out™ (ppm) Prevention facility Fac:{lty .ﬂow period of use replacement cycle
(ppm) /il (month) (month)
A-1° 180.4 120.0 Adsorption(AC) 400 2 6
A-2Y 436 20.0 Adsorption(AC) 400 3 6
W
A—&ioiting)o i?i 78314 Adsorption(AC) 380 3 6
A-4V 15.8 14.8 Adsorption(AC) 400 8 12
W
A—&iiﬁng)o lgfl 5038 Adsorption(AC) 280 11 12
A-6" 12.5 9.8 Adsorption(AC) 400 12 12
A7V - 20.4 Adsorption(AC) 380 11 12
B-1° - 40.4 Adsorption(AC) 160 1 12
B-2-1% - 6.1 Adsorption(AC) 30 1 3
B-2-2° - 98.8 Adsorption(AC) 100 1 3
B-2-3° - 120.0 Adsorption(AC) 200 1 3
B-3% - 16.8 Adsorption(AC) 180 5 6
B-4° - 71.3 Adsorption(AC) 180 1 12
B-5° - 61.1 Adsorption(AC) 350 2 3
Leather manufacturing
c-1° 19.5 10.9 Wet scrubber 400 - -
c-2" 7.8 6.1 Adsorption(AC) 184 12 12
D-1° 3046.2 58.5 Adsorption(AC) 30 11 12
D-2° 102.8 375 Adsorption(AC) 160 11 12
D-3° 23.6 31.6 Adsorption(AC) 650 11 12
D-4° 670 56.2 Adsorption(AC) 400 10 12
D-5" 10.7 4.4 Adsorption(AC) 1800 1 12
D-6° 62.5 66.7 Adsorption(AC) 300 2 12
D-7° 600.8 27.6 RTO™ 550 - -
E-1° - . Adsorption(AC) 750 9 12
E-2° 771 159 Adsorption(AC) 450 2 8
E-3° 2721 . Adsorption(AC) 230 10 12
Rubber product manufacturing

F-1° 75.9 . Adsorption(AC) 100 5 6
F-2° 551.0 1.9 RTO 1045 - -

Printing

1072.2 Adsorption(AC)

Textile processing

H-1° 44 4.1 Electric precipitator 320 - -
H-2° 5.8 49 Electric precipitator 350 - -
H-3° 20.0 21.2 Electric precipitator 300 - -

THC-In" : Inflow THC of prevention facility
THC-Out™ : Outflow THC of prevention facility
AC™ : Acivated carbon

01 Qil-based material

W : Water-based material
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Tolueneo] 8.23 ppm, Butylacetate?} 5.67 ppmQ.
2 HiEtls 5 AN 2110 w2t EAOPIRsE
Af APt aAo] duiAl s 2 viEElout
2 Eu2AYE she AROIA = A2 203 EA
ol SAMIRsEE AR HEsEE
2 1.0 ppm OJ5t2 HiESIL Q= Ao g ERlk]
k. Wb S eYIskE B9 s stz 9
g 2 =8 AR BVt A2 BV RSlE . A
B =A AT FHoIAN 8Pt Q= Ao s mT
Hop AFAR ot AR {4 =
D-7, F-2 AFGX9] Toluene HiE =5+ 7k7t 4.36
ppm, 1.45 ppmO = Thg E7410f vls) v|wA =7
HIEE] Q=0 ol SFMe] AAHAZF 1.4 ~ 6.7%

b
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07 | HEHSAI LM 2L YR7IEE BiESEol 25 A 9

2] -2Fsh7] Ysliie viEd 322

2 ol damgol Wolx]r| tho] WAEl= Ao ARoR A
2 BTk ofo] wfet AgQiAe] O3t AMS o] AMelE TejElojo} & o2 Wi

Table 6. Concentration of specific air hazardous substances and odor substances among VOCs by
workspace (analyzed by GC-MS)

Specific air hazardous substance Odor substance
| 12- Carbon . Tetrachlo Methyl Methyl ~
brapleri| WERRD | s Dichloro | Benzene | tetrachlor il ro (il Styrene ethyl ] isobutyl | Toluene 0] o-Xylene me
le methane m N ethylene ene alcohol acetate Xylene
i) el i) ethane | (ppm) ide i) ethylene ) (opm) | ketone (i) ketone | (ppm) () (ppm) o
b b i (ppm) (ppm) b (ppm) i (ppm) 5 (ppm) i

In" Out”™(In Out|In Out|In Out|In Out|In Out{In Out|In Out|In Out{In Out|In Out|In Out|In Out|In Out|In Out|In Out|In Out

Automobile maintenance

A-19 U=l -l -l -l - - - - A o o o o -lowofost) - - < - | -| -[0.08|5.13|447|865|5.67|1.14|101|223|2.04
A" U=l -l -l -l - - - -] -] - - AL AL AL -geesfost| - - - | | -] -| -|oot|oofooz]o0s| -| -]oo| -
A-3" U=l -l -l - - - - - -] - <L - AL AL -lodo| - - -| | -|251|Los|1o3|0.20|0.04| -| -| -|o05| -|o42| -
A-3(coating’ | -| -| -| -| -| -| -| -| -| -| -| -| -| -| -| -|o94|oss|o16|o29| -| -|0.74[0.41]0.78]1.30|0.14]0.24]0.45 |0.91{0.97 171 |3.22|5.29
A-4" e e e T e AR N R O N e N A N B (003 N S A N A N 0 [V A N I B (VX'
A-5" L=l - L A A L - AL AL - fos2fos) - - -] -] -] -
A-Scoating® | -| -| -| -| -| -| -| -| -| - -| -| - -| - -luson| -| -] -| -] -| -| -| -|o45]|043]446|307|3.46[2307.35(5.87
A-6" -1o-footfodt| - - - -] -] -] < < < < | -loo8| - - - - | | -| -| -[044]|0.42]0.44]025]0.31{0.09]0.94]034

c-1° e T e e e e e e e e I I O ) I S B (117 I
c-2" o et T e N NN 11771 A N I N N YN NS Y1 N I N Y I A
D-1° L=l - -] AL AL AL oL oL - eas|iza| <] <] - | | -|andess| -| -| -| -|982|02657.7|112
D-2° Ll - -] AL AL AL AL oL - lieode| <loss| - - - -] -| -[o78|o4s| -| -|084|020|122]089
D-3° Ll - A - - -] AL AL AL AL - -loos| -Joasfose| - - - - -| -lozs| -| -| -| -| -|oos| -
D-4° -l - - - A - - -] AL AL AL AL -l -lesolsoslodo| - -] -[ost| -[osa| -[os9fo4s| -|047|642|08630.3]2.46
D-5" e e e (Y A O
D-6° -l - - - A - - - -] AL AL AL AL -] -lozzfesr| - -] -] -{oas| -[134[o.80[1.17|2.38|3.36|2.66|049 095 132|151
D-P° -l - - A - - - -] AL AL AL AL -l -|zer|osr| <] {392 -| -| -|207|0.06|26.1(436|1.63|0.23|1.12|0.08|2.40]0.58

E-2° -1 -loszjst] - - - -] -] -] < < - - -| -losloso| -| -| -| -| -| -| -[0.72|7.80|342|0.66|1.14|1.15]0.64|4.16]2.17

E-3° U=t -l -l -l - - - - -] - <L - -l -l -loazfoto| -| - |amsajaoo| -| -|159.1)12.4]|16398.230.19|0.05|0.04| -|0.38] -
Rubber product

F-1° U=t -l -l -l - - - - - A A A A o -loss|ior| | -|ie2|ies| | -| -| -|219]215] -| -{0.17]{0.15{101{100

F-20 I R A AR N Y S Y Y S A A A AN AN N A (0103 N 0/ B N N N N /011 B3 B I B B B
Printing

T Y A S P Y I

Textile processing

In" : Inflow of prevention facility
OUT™ : Outflow of prevention facility
02 Oil-based material

W': Water-based material
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28 24 A A= Table 73 2tk 249 274

3.2.2. SIFT-MS &4 ZAx} 18% % Hexane, Acetoner} 72+-2 &1 2410] =&
SRR, AEREA o AEAdRrIse AR SR TP = e e S 2R
=9 HIEEA Ele floll SIFT-MS=Z #4532 R/ 95 AMESHe AN AEEUH AFs

Table 7. Concentration of VOCs by workspace (analyzed by SIFT-MS)

. . n- Trimethy
Carbonyl | Ethylene | Isooctan | 1,4-Diox | Epichlor |Isopropyl Carbon Vinyl | Tetrahyd | Cyclohex | Methyl | Formald i .
sulfide | oxide e ane | ohydrin | benzene B:gy':: d };::H?)e disulfide A(L:)e;g:;e acetate | rofuran | ane | chloride | ehyde amline U(ppm)e Aa:s:;n
Workspace”™ | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) (oom) (ppm) Gom) | Gpm) | Gpm) | Gpm) | (opm) |

In'?ulnOutlnOutanutInOutInOutInOutanutanutanutanutlnOutanutanutanutanutInOutInOut

Automobile maintenance

A-1° 0.09/0.070.20]0.17]0.05{0.04{0.03{0.03| 1.90{ 1.22{0.13{0.11{0.01} 0.01| 1.32| 1.19{0.12| 0.11{3.63| 2.46{ 0.02| 0.01{0.02{ 0.01 {0.07 {0.07 |0.11 | 0.07| 0.09]0.07] 0.12] 0.09{ 0.01 { 0.01{ 0.06 | 0.06
AV 0.05/0.050.14]0.07]0.02{0.01{0.01{0.01{0.12{0.08]0.04{0.02 0.02| 0.01] 0.10] 0.07|0.070.07| 0.93]0.31{0.01|  -10.03{0.02{0.03{0.02|0.04/0.02|0.12|0.07|0.11{0.08{0.01| - {0.08(0.05
A-3Y 0.02/0.03/0.06/0.08/0.02| -{0.01{0.01{0.04|0.04]0.01{0.01{0.01}0.01]0.07|0.050.10{0.08|0.33{0.11|  -| -10.02{0.01{0.02{0.01{0.02/0.01|0.01| -]0.09{0.06| -| -[0.02/0.03
A—S(coating)o 0.05/0.04/0.05]0.05| -| -10.01{0.01{0.16{0.27{0.07{0.12{0.01|0.01|0.18]0.23|0.24|0.33|0.13|0.15] -| -[0.01{0.01| -| -[0.02/0.04|0.06/0.03]0.02{0.01| -| -[0.040.04
A4V - 10.01]0.1110.13] -| -]0.01{0.02{0.03(0.04| -0.01/0.01{0.01{0.01{0.04{0.04{0.04{0.68|0.62|0.02|0.02(0.02|10.02] ~-]0.01{0.02{0.02{0.03]0.03{0.050.05| -| -]0.010.02
A5 0.01/0.01)0.08/0.05| -| -{0.07]0.02{0.06{0.03] -| ~-| -| -| -]0.01]0.03{0.03{0.07{0.04{0.01{0.01} - - ~-| ~-[0.01/0.01|0.04|0.04|0.05[0.05{0.01| -[0.02(0.02
A-5(Coating)0 0.06/0.05/0.20|0.14] -| -{0.18]0.18]0.45|0.41]0.69{0.75{0.03|0.03] 0.61| 0.56|0.32|0.30| 1.36| 1.16{0.030.03{0.06{0.06| -| ~-[0.13/0.12|0.05/0.060.05]0.04|0.03|0.02{0.04|0.03
A-6" 0.020.02)0.20]0.05]0.05{0.02{0.03{0.02{0.07{0.06]0.03{0.02{0.03 0.01] 0.25| 0.12| 0.06| 0.05] 0.07| 0.03{ 0.05] 0.02|{ 0.04{0.03{0.04| - [0.03/0.04|0.25/0.01]0.03{0.01| -| -[0.05[0.03

ool -l

Chemical manufacturing

c-o" 0.01/0.0110.02)0.04{0.02{0.02| -| ~-]0.04{0.01] -| -| -| -]0.04/0.03{0.04{0.03]0.03{0.03] -| ~-[0.01{0.01{0.02{0.01| -| -]0.01]0.01]0.02{0.02] -| -[0.02/0.02
D-1° 2.29/0.06)2.30]0.12|2.33|0.01{0.03{0.01{0.08{0.02{0.14{0.02{0.20| 0.01 | 1541 1.96| 98.3( 1.58 .68/0.04| -10.29|0.02|5.60{0.05] -| -| ~-]0.04]2.09/0.02/0.01| -|2.35/0.05
D-2° -l -10.02)002) -| -| -| -]007| -]0.01{0.01] ~-| -|0.04/0.05 -| -]0.06/007 -| -| -| -| -| ~-| -[0.01f0.03{0.01| -|0.01| -| -| -| -
D-3° 0.02/0.03)0.05|0.11) - -| ~-| -] 00] 0.0] 0.0 -| -| -]0.03]0.05{001| -|201{2.72] -]0.01| -| - -| -[0.01| -|0.04/0.02]0.05[0.07] -| -| - -
D-4° 0.27]0.02|1.73]0.13/0.06| -{0.03{0.01{0.18(0.10{0.49/0.05|0.91{0.13|5.96| 0.57|0.24| 0.08| 27.3 1.17|0.01| -{2.37|0.25{0.48(0.06|0.03/0.01{0.21|0.05{1.51{0.09/0.01| ~ -|1.04{0.11
D-5" 0.01]0.01/0.02{0.01]0.01} -| ~-| -]0.01{0.01{0.0I| -| -| ~-[0.04{0.02/0.04{0.02|0.06{0.04 -| -| ~-| -|0.0| -| ~-| -]0.01|0.01{0.03{0.01| -| ~-]0.02{0.02
D-6° 0.04{0.03/0.0810.08)0.10{0.03]0.01{0.01{0.220.38{0.04|0.16{0.01{ 0.01| 1.13| 0.89|0.57{ 0.37|0.09]0.08| -| -{0.01{0.01{0.04{0.04|0.01/0.01{0.03|0.04{0.02| 0.010.04| 0.01]0.03{0.05

Printing
o walosissooaloslzalolozoouisoolose] | osoulusoisl ol

Textile processing

0.01]0.01/0.02{0.02| -{o.01| - -| -| -| -| -| -{0.01/0.02{0.03/0.03]0.03/0.03{0.04|0.01{0.01{0.01{0.01| ~-[0.01| ~-| -]0.02/0.03{0.02{0.01| -| ~-]0.01{0.01
H-2° 0.01/0.02/0.02|0.03|0.01{0.01{ -{ ~-| ~-| ~-| ~-| -[0.01]0.01|0.030.04|0.040.03]0.070.11{0.01{0.01{0.01{0.01{0.01{0.01| -0.01|0.03/0.12]0.01{0.02| -| -[0.02[0.01
H-3° 0.05/0.01/0.14]0.18]0.04{0.05{0.02{0.02{0.01{0.01| -| -{0.07|0.07]0.28]0.32|0.15|0.15]0.23]0.26{0.08{0.11{0.08{0.10{0.05(0.06 | 0.01|0.01|0.25|0.26|0.03] 0.04| -| -[0.15[0.15

In" : Inflow of prevention facility
OUT™ : Outflow of prevention facility
02 Oil-based material

W': Water-based material
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AF 7Ju|dAC] 9 ujE 242 Acetoneo|il ] =
25 AFESH= 742 Epichlorohydrin, Hexaneo| Hj
L)1 el FEAY Zo|=  Epichlorohydrin,
Isopropyl benzene, Carbon disulfide”’} Bj&EE]+=
2oz RIFUCE 7IEAIRUAIM = 78 E=E5
ARgot= C-1 AFAAO|A] Hexaned} Acetone©] vi&
e AoE YUERT S5AIE AR, =AY,
VEAE AERAAS] A5 viEAIEoIN O Al

= 24 Carbonyl oxide, Ethylene oxide,
n-Butyraldehyde,  Tetrahydrofuran,  Methyl
chloride, Formaldehyde, Trimethyl amine,

Acrolein 59| 278°] H&=7|= silov theE
0.1 ppm 2%, 1.0 ppmo|Fto2 vjEE]9ic}. shH,
SRl AEYAl & B-2-39] 8 =88 Alxsh=

2= ol oz Cyclohexaneo] 12.33
ppmO. 2 HEE] 7| %= 51511 Polyurethaneg A|&a}t
= B-59] 8|04+ Urethaneo] 0.82 ppm=
USRIt Y35 AREShHe MDAl G-19M=
Hexane, Carbon disulfide, Ethylene oxide?} £=Q.
HEHo|u WAAES 714 0.50 ppm U|FFO.2 HiE
El= Ao=m YT ARrsdAe] Al
A APARIAEE AR A7 IARIRAE - SRl =
SHP =2 5= HiEHEe 282 gloy, THC
=7 HAIAE 59 20.0 ppm 7& 21.2 ppmE H]
nA =92 AR H-30|A]= Ethylene oxide,
Hexane, Carbon disulfide, Acetone, Tetrahydrofuran,
Formaldehyde, Acrolein 0] 0.10 ~ 0.32 ppm &~
FO2 ulEE 22 Holstgi). wehd Tl
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Fig. 2. Removal efficiency/THC removal effiency in adsorption facility for each VOC.
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of AFEA, Al oot AEBAIAIE & A
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o gt AP A SRR P RYEE 5

AEO] 24 2o Tt k)] glzo] e
sike9l &7 Oe A se2 ©es| AA
=29 Frspr)ol= A do] EAPE okl He
T TebA 2 AtollMs 2 SR 1eiEe
S8 5e2 B0 AN o 2 Hrlsh] sl 2AEE
THC AlA && dy] slid 2722 AlH 589 8l +
sto] 7t A4S S RrIeietae] HaAel Al s
suto] vlns Foll BstitkFig. 2).

Eot ez A& eI 5 582 7t
Sk Zlo] ZBIAO|X] ZRithal HHsto] Table 6,
Table 79] SI/dR7eltE 55 7102 WAA|
A AT O] 939 ot FokE AlEolA  0.10
ppm O AEH SAWNE O os EA 582
7tetith og] $79] RASAC] &SR 240
A THC A7 =& div] Sdda1etd=2 AA &
&9 HHE v|wotH FormaldehydeZt 1.722 7}t
7} =9k Tolueneo] 0.562 & 7P W7 UERITE.
TR 0 = Z1R/do] & Y-S 888 &80 =2
o2 o3& 9loH? Formaldehyde®} Toluene
og K,y 32 212+ 2.73, 0.352 Tolueneo| ¥r}
d S0 Ae]ggo] F2 o= YERTH
527291 Ethylbenzened 1.442 THC
Aelag O] A2lgso] 3t A= YERdT
AR F A & Methyl ethyl ketone, Isobutyl
alcohol, Methyl isobutyl ketone, Butyl acetate,
Xylene&5+= 0.99 ~ 1.340 2 THCHT}= X2]g-50]
=2 710 g UERSX|UF Toluenett2 THCHC} X]2]
1780 UR]A] XSk Aoz UEPET 7MY =2 Wl
T2 7A&5 Hexane, Acetone2 717+ 1.04, 0.97=
THCe} fARRH 2 AlAE= Aoz Yepgtt. ot
H, & 855 AMESh= AJEoA+= Toluene?| A
2]g& H]71 0.17 ~ 0.38, Xylene&2] Zro] 0.25 ~
0.360.= FIA| Ftgtoll vIXRIA] X5t o= 4

)

i

ol

v
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L=
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g gl BESHE HITIsIE R
guflet BE5H: 29 oyl
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3.4, vjE7lA0) MePy B QEYIolE Byt

A BlE7EA U] e 1sk el offt e
Bk 9ol HREtAC) Wepdw QEYTIoleg
Brtstth HWed RX|m2 IARC group, 2E/84d7]
ol%+= POCPE o851 AIITE A=+ HiE
7129 FweoF AE {2 al2fsh IARC group
substance emissionyt POCP-weighted Z}02
71519t Table 8). /w7 12td= A 2Aus 7]
F0 2 HUISE IARC group 1(gd 49 vhiEd
2 0.003 ~ 0.163 L/min, IARC group 2A(Q1A]] ¥t
Az 2A) 81552 0.001 ~ 0.492 L/min, IARC
group 2B(QIA ¥ 7t 24) siEF= 0.001 ~
2.883 L/min, IARC group 3(Q1A] ety o= =
AL 0.003 ~ 3.056 L/mino|il POCP-weighted:=
1.78 ~ 1515.772 UERITH IARC groupo] &&=
270] HlEYe AAK 0 4 ERE AGSHE A
ol WA LiEp oLt AFEAL AHIGA] A-ToIA
Ethylene oxide, Formaldehyde?] =%7} AITHA 0
2 =0} IARC group 19] 8j&&0] 0.163 L/min° 2
7Pg =7 HEHT ol =& S70] SAIE = Al
Ayte] FHoA TA8st Ao s HHEl, 5U A
a iv] SdRrIedEol =/ vEhd dered
A H-304 %= TARC group 19] vj&E&o] 0.131
L/mino 2 oA og =7 Yeht= 5 AF7olA
71 YRAAE He] 220 et T =40]
WAL & 7] diZoll Ao &ot Zad A
O 7 gt IARC group 2A9] &3] Al e
2 e AJ-doj|Al= Styrene, Epichlorohydrin®] v
Ego] Wotw  IARC  group 2B9] A%
Ethylbenzene, Methyl isobutyl ketone, IARC
group 39] 73% Toluene, Xyleneo] =@ HjEd o2
UERGTH 8iE71A°] POCP-weighted 32 &2
Ethylbenzene, Toluene, Butyl acetate, Xylenes,
Hexane®] @g&o2 WAYSIR L AFsAt 7gu|UA, st
Al AAEYA, = gA2]AA], S5A1F AlERIA
HiEA| oA ATiRlo g wton] sa/dfrleit=
HjEgo] AoH  QAMIAL} AR/ AANA =
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POCP-weighted Z}ro] Z17}+ 42.19, 3.08 ~ 29.0602 E2AS A7 vEsk= 7oz Uedt) YRA|dR
Hidoz Wi Uet, ohbiAe 24 9as  Alelao] ofsh AlMS A8sh AlIA D-7, B-39
AFR5H= 732 POCP-weightedz}2 1.78 ~ 153.002 POCP-weighted?}-2 7z} 657.15, 234.860 2 vj=
2 94 922 Algsld us) Yoo oAy slaol  THC  swl  Sos  Epshn

Table 8. IARC group substance and POCP-weighted of emission gas by workplace

IARC group 1 IARC group 2A IARC group 2B IARC group 3
WorkplaceO/W substance emission® substance emission substance emission substance emission POCP-weighted™
(L/min) (L/min) (L/min) (L/min)
A-1° 0.096 0.492 0.418 3.056 1242.55
A-2Y 0.055 0.032 0.339 0.069 72.44
A-3Y 0.030 0.017 0.084 0.012 27.18
A-3(coating)° 0.031 0.213 0.879 2.783 1515.77
A-4" 0.064 0.017 0.021 0.406 76.09
A-5" 0.025 0.008 0.009 0.143 21.83
A-5(coating)° 0.055 0.121 0.468 2.451 1258.81
A-6" 0.026 0.025 0.188 0.366 125.82
A-7V 0.163 0.070 0.055 0.321 153.00
B-1° 0.033 0.023 0.474 0.611 274.87
B-2-1% 0.003 0.001 0.045 0.055 21.49
B-2-2° 0.056 0.050 0.286 0.372 208.88
B-2-3° 0.088 0.100 0.641 0.599 764.02
B-3% 0.012 0.044 0.082 0.167 51.28
B-4° 0.014 0.012 0.387 0.533 283.89
B-5° 0.085 0.302 0.084 0.288 53.00
c-1° 0.026 0.004 0.004 0.027 159.8
c-2" 0.008 0.003 0.001 0.005 1.78
Metal product manufacturing
D-1° 0.005 0.001 0.232 0.043 90.52
D-2° 0.004 0.047 0.080 0.252 113.41
D-3° 0.084 0.343 0.009 0.003 95.06
D-4° 0.073 0.041 1.256 1.572 917.85
D-5" 0.035 0.011 0.006 0.044 9.56
D-6° 0.038 0.118 0.407 1.467 667.91
D-7° 0.063 0.070 0.522 2.792 657.15
E-1° 0.078 0.035 0.090 0.892 338.23
E-2° 0.071 0.139 1.566 2.823 1080.98
E-3° 0.032 0.080 2.883 1.926 1225.29
F-1° 0.006 0.010 0.102 0.331 117.32
F-2° 0.048 0.022 0.015 1.531 234.86

Printing

0.046 0.004 0.150 0.005

Textile processing

H-1° 0.015 0.001 0.004 0.005 3.08
H-2° 0.052 0.002 0.006 0.004 7.62
H-3° 0.131 0.004 0.041 0.049 29.06

IARC group substance emission’(L/min)

= Y] concentration(ppm) X Facility flow(m®/min)]/1000
POCP-weighted™ = >(emission X POCP value)/1000
-emission = concentration(ppm)* M.W./22.4m* XFacility flow(m®/min)
01 Oil-based material
W': Water-based material
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POCP-weighted3fo] =2 Z1Z ER1g 4 Ql=t °|
v Yagso] HoN HE7RAo] mPE e
Toluene®] ¥gko g =T

Table 6, 79| s dR7IektE U HEEs=E Y
w3l o, IARC group 19] slig%=l= £ A=A
L FEthylene oxide, Formaldehydeo]il IARC
group 2A°] 73% Styrene, Epichlorohydrin, IARC
group 2B9] 4% Ethylbenzene, Methyl isobutyl
ketone© 2., 31 BAE-L AR QP Tjot T
A 7o) SUlolA AEE Helrt RPEE e
DKIE oH \:}Q];]- ﬁa] _7<—1EH7]TF— K]o]
Ethylbenzeney} A|AoIF]E4191 Methyl isobutyl
ketone2 Wehd 24 & A& WLt =7t =A U
il S8 wel} Bag sloe wua. &
H, 278 POCP 37} 2% 58 nefoledl Al
Ao A EHEsH= Ethylbenzene, Styrene, Methyl
isobutyl ketone, Toluene, Butyl acetate, Xylene,
Ispropyl benzene, n-Butyraldehyde, Hexane,
Cyclohexane, FormaldehydeZ} tff7] £ojA] 0.&&
A 2ol R QolB2Alo] Y E3] EXU| L)
=419 Ethylbenzne, Styrene, Z|%JF %<l
Methyl ethyl ketone, Methyl isobutyl ketone,
Toluene, Butyl acetate, Xyleneo] 745 Wzt =%
7 =7] gio] WUE o] Had Zlos WHH:

V.

i

2
[

2 doM = 71824 HiE AFIZOlA] S
S71eR=Ee] viE 544 melolr] ol AR At
A% 307H+(K}5x}’< H|GA 7714, st AlRA
Al 574, 71 AIRGA 2704, 2454018 AERGA 7
IhA, ERFA ] DA 37H+, AFAIE AEGA 2714,
QIMAA 1704, Ho7HeAAl 3714) Wi 327] vliEA]
g ez PYRAAL A-Ste] AlzE AjFotod
THCE £AJ3t T} GC-MSQ} SIFT-MSE o]&35}o]
S IERIES BAoIY Y gt 22 2SS
EE319ct

1. =AP=E /\}Cﬂﬂ HIX|A]E9] THCE: 4.4 ~ 3046.2
ppm, 9% THC= 1.9 ~ 120.0 ppme] == 2 vf
SR FEEE EEG7IERE 5 Hexane
7} Acetone©] A& WIEQ} =7t 7] o] &
270] FYerIEKIE £ HhEUY o2 W

Tt
- RFEAE ZBIGA, 9—}0*‘1]% Kﬂ Al SEAIF
AZGA, =R DA, L7AlE AZGA o

H f3 RS AH8SHE 73% =R ol
Al %= FEthylbenzene, Dichloromethane,
Styreneyt A|AFJAFEZA 8% (Methyl ethyl
ketone, Isobutyl alcohol, Methyl isobutyl
ketone, Toluene, Butyl acetate,
m.p,o-Xylene)o] A&2 4 7] g0 A4
gt Al A7 QAR AbSAL AFRIFAIY A
& 4 re AR Q30w g 28 A
D Al SRRl A AF A0l s
2 uizd & 7] gz AEe dEvt 2
Shohal HeHETh

- REEAE HIGAL stetAlE AIEUA, 7Hs AR

A 24748 MR, SRR, 27 A A

£QA] SO 24 £R2 ALRSI AO Bjuby
oolsi2r20] 99) Bsje ujsegol Fojmo] uja
7].Aq o] 7‘;ﬂ HPO]-I\-] 21'7}7\@75]7]0:]£q x—]71— _§__Tr_]-

= e 2 9] TRo] ARIEOIN SHE RS
AESIE 2e M2 Pels], B B0 A
N Eao] o3t QABAS Aalshs EToAL
a3 8e Iojat & 4 9l woku} tholo] et
A7} mest oz mus

Ao s e dd A2
Ethylene oxide, Formaldehyde, Styrene,
Epichlorohydrin, Ethylbenzene, Methyl
isobutyl ketoneo|il Q@& iMof 7|os5t= Q.
=212 Ethylbenzene, Styrene, Methyl isobutyl
ketone, Toluene, Butyl acetate, Xylene,
Ispropyl benzene, n-Butyraldehyde, Hexane,
Cyclohexane, Formaldehydeo]d, 48 E42
A Ba)7t A58 70 ukleko] FESE 7paA]
o] 917] o ujE Alollse] A Bejet
o |ggte] SRl muEo] Wa ZoR
e

- dried “*KW a5 Al At A2 el

ofPl £52) ALl ol 3
< 2710040 S e7lekeE 4t 540 B

j°_

e

el rlr
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