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The Study on Emission Characteristics of Gas-phase Hazardous
Air Pollutants Generated at the Large-scale Industrial Complexes
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Abstract Hazardous Air Pollutants (HAPs) are present in low concentrations in the environmental air, but have the
potential to cause serious harm to humans, animals, and plants through long-term exposure. HAPs have carcinogenic,
genotoxic, organismal accumulation, and mutagenic properties. In this study, we conducted a monitoring study of gaseous
HAPs pollutants volatile organic compounds (VOCs) in Yeosu-Gwangyang, Pohang, Daesan, Ulsan-Onsan, and Sihwa-Banwol
industrial complexes and obtained the following results. The concentration of total VOCs in 5 industrial complexes are Sihwa -
Banwol 84.58 p/m?, Ulsan - Onsan 52.09 u/m?, Pohang 46.24 u/m3, Daesan 45.64 u/m?, Yeosu - Gwangyang 38.51 p/m?3, in
order, the Sihwa - Banwol industrial complexes showed the highest, and the Yeosu - Gwangyang industrial complexes showed
the lowest. The concentration of benzene in all five industrial complexes was below environmental standards, and its
concentration was 0.73 ppb in Yeosu-Gwangyang, 0.57 ppb in Pohang, 0.78 ppb in Daesan, 1.02 ppb in Ulsan-Onsan, and 0.51
ppb in Sihwa-Banwol. Among the VOCs, the highest average concentration is formaldehyde in Yeosu-Gwangyang, Pohang,
Daesan, and Ulsan-Onsan, and acetone in Sihwa-Banwol. The toluene/benzene(T/B), m,p-Xylene/ethylbenzene (X/E) ratio and
conditional probability function (CPF) model were used to evaluate the location of pollution sources at the measurement
points.
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Table 1. HAPs measurement period, site and type in 5 industrial complex.

Industrial complex Measurement period Measurement site Location Type

Haesan-dong A Industry

2018.12.14~12.20 Jungheung-dong B Industry

Yeosu 2019.02.08~02.14 Taein-don C Industr

Gwangyang 2019.04.24~04.30 S dg 5 Rosid v |
2019.07.12~07.18 angam-dong esidentia
Geumho-dong E Residential

2019.07.02~07.08 Cheongnim-dong A Industry

Pohan 2019.08.06~08.12 Ho-dong B Industry
9 2019.10.15~10.21 Sangdae-dong C Residential
2019.11.12~11.18 Heunghae-eup D Residential

Dokgot-1ri A Industry
2020.05.26~06.01 Hwagok-2ri B Residential
Daesan 2020.08.19~08.25 Daeiuk-1ri c Residential
2020.10.06~10.12 Juketn ldentia
Daero-3ri D Residential

Bugok-dong A Industry

Hwasan-ri B Industry

Ulsan 2021.04.27~05.03 Yaeum-dong C Industry
Onsan 2021.07.27~08.02 Sinjeong-dong D Residential

2021.09.28~10.04 raent
Nammok-dong E Residential
Deoksin-ri F Residential

Wonsi-dong A Industry

Sihwa 2022.05.22~05.27 Jeongwang-2dong B Industry
Banwol 2022.07.26~08.02 Ansan-station C Residential

2022.09.21~09.28 reentt
Jeongwangbon-dong D Residential
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Fig. 1. VOCs and carbonyl compound sampling points in 5 industrial complex.
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Table 2. Sampling periods and weather conditions in 5 industrial complex.

Industrial complex Weather data Date Wind speed Rainfall .Prevainlmg
(m/s) (mm) wind direction
2018.12.14~12.20 35+15 15 WSW
Yeosu Yeosu-sandan (766) 2019.02.08~02.14 3.3+21 0 WNW
Gwangyang AWS 2019.04.24~04.30 34+14 57 N
2019.07.12~07.18 26+14 165 ENE
2019.07.02~07.08 27414 0 NE
Pohang (138) 2019.08.06.~08.12 29+13 62.5 NNE
Pohang
ASOS 2019.10.15~10.21 29+18 318 NE
2019.11.12~11.18 24412 16 WSW
5 606) 2020.05.26~06.01 19408 05 SSW
Daesan A\‘;‘\f;a” 2020.08.19~08.25 1.8+1.1 0 WNW
2020.10.06~10.12 34+16 0 ENE
2021.04.27~05.03 34£15 10 SW
Ulgi (901) 2021.07.27~08.02 23+13 0 SW
2021.09.28~10.04 26+1.1 29 SW
ul 2021.04.27~05.03 26+1.1 11 NE
o:::n Jangsaengpo (898) 2021.07.27~08.02 20411 0 WSW
2021.09.28~10.04 21+1.0 335 NNW
2021.04.27~05.03 33+16 10 S
Onsan (954) 2021.07.27~08.02 26+1.2 1 SSW
2021.09.28~10.04 30+14 19 SSW
Asit 2022.05.22~05.27 13207 - w
site 2022.07.26~08.02 12407 - w
(Wonsi-dong)
—_— 2022.09.21~09.28 05+06 - E
Banwol Bt 2022.05.22~05.27 16+1.0 - NW
ste 2022.07.26~08.02 13+07 - ENE
(Jeongwang-2dong)
2022.09.21~09.28 1.0+08 - WSW
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Table 3. List of VOC with respect to the emission amounts from the sources in 5 industrial complexes.
Rank Chemical Emission  Number .Type of Rank Chemical Emission  Number 'Type of
(kg/yr)  ofsource industry (kg/yr)  of source industry
Yeosu
1 2-Butene 284,725 2 A 16 Hydrogen chloride? 26,669 26 A B, C
2 Butane 224,001 16 A B, C 17 Xylenes 26,026 26 J,B,A
3 1-Butene 142,012 17 A B 18 1,3-Butadiene? 25,942 19 A E B
4 Propylene 77,303 19 A B E 21 Benzene? 20,211 20 A B,D
5  Ethylene 62,574 20 A E B 22 1,2-Dichloroethane” 19,255 4 A
6 n-Hexane 59,963 24 A,B,D 24 Ethylbenzene" 17,263 20 JAB
7  Ammonia 57,520 14 A CB 32 Aniline" 2,485 7 A F
8  Styrene? 50,629 19 EAF 35  Carbon tetrachloride” 1,415 1 A
9 Toluene 46,371 32 A, BE 50  Ethylene oxide" 361 4 A
10 Vinyl chloride" 41,345 3 AE 53 Dichloromethane” 301 5 AG
13 Isoprene 30,852 6 DA 56  Methyl ethyl ketone 163 2 A
14 Acrylonitrile” 27,736 3 E AF 57  Formaldehyde” 139 4 A
15 Phenol" 27,229 9 AF 58  Acetaldehyde” 131 1 A
>VOCs 1,272,621 kg/yr YHAPs 261,111 kg/yr
Gwangyang
1 Xylenes 145,087 4 K A I 8  Hydrogen sulfide 3,308 1 |
2 Ethylbenzene" 36,886 2 K, A 9  Benzene" 2,896 9 AEL
3 Ethylene 24,350 7 AF I 10 Methanol 2,029 4 Al L
5  Ammonia 12,568 4 A Gl 18 Phenol” 380 2 L
6  2-Propanol 7,725 1 K 20  Toluene 282 4 Al
7 Hydrogen chloride” 6,966 4 A 24  Hydrogen fluoride” 104 1 I
>VOCs 242,581 kg/yr YHAPs 47,232kg/yr
Pohang
1 2-Propanol 324,288 6 J LA 7  Toluene 19,925 8 1A, J
2 Xylenes 92,463 16 K, 1,J 8  Methyl ethyl ketone 7,045 3 Al
3 Ammonia 49,221 3 Al 10 Hydrogen sulfide 5,280 1 |
4 Methanol 38,563 6 AllJ 14 Ethylene 3,076 2 K, I
5  Hydrogen chloride" 32,943 22 LJ,A 23 Benzene" 453 2 I
6 Ethylbenzene” 20,988 3 K,J 24 Naphthalene 390 4 Al L
>VOCs 567,275 kg/yr YHAPs 54,384 kg/yr
Daesan
1 Propylene 170,951 4 B A 20 1,3-Butadiene” 4,649 3 A
3 Carbon monoxide 60,690 1 A 21 Ethylbenzene" 4,126 8 A B
4 2-Propanol 51,874 2 A 23 Acrylonitrile” 2,714 1 A
5  Benzene" 47,260 9 B, A 25  Hydrogen chloride” 2,320 4 A
6  Xylenes 42,596 10 A, B O 27  Methyl chloride 2,021 2 A
7  Butane 40,324 8 B,A 30  Propylene oxide" 1,515 3 A
8  Hydrogen bromide 38,141 1 A 31 Vinyl chloride” 1,379 1 A
9  Ethylene 23,633 3 A 32 1,2-Dichloroethane” 907 1 A
10 Ammonia 22,142 3 B, A 39  Phenol” 400 4 A
11 Toluene 20,034 10 A B O 40 Formaldehyde” 397 2 A
15  Styrene" 11,160 5 A 41 Tetrachloroethylene” 383 3 A B
17 Ethylene oxide" 10,059 8 A 44 N,N-Dimethylformamide 192 3 A
YVOCs 549,808 kg/yr YHAPs 87,269 kg/yr
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Table 3. Continued.
Rank Chemical Emission  Number .Type of Rank Chemical Emission  Number .Type of
(kg/yr)  of source industry (kg/yr)  of source industry
Ulsan-Onsan

1 Xylenes 4,166,237 60 K,O,)J 25 Vinyl chloride” 25,822 3 A

2 Ethylbenzene" 1,106,894 33 K,O,A 26 Acrylonitrile” 25,693 12 D,A

3 Toluene 449,062 52 K, O G 29 Chlorine" 25,129 14 Al

4 Methyl ethyl ketone 325,501 19 T,GE 30 1,3-Butadiene” 22,318 9 A B

5  Propylene 285,947 16 A B 33 Formaldehyde" 18,494 1 UA

6  2-Propanol 238,173 23 K,0,A 39  Dichloromethane” 12,719 9 AEF

8  Ethylene 182,374 18 A B K 41 Chloroform” 12,593 8 A

9  Carbon monoxide 95,700 5 A B 43 Propylene oxide" 10,069 9 B,A D
10 Ammonia 76,881 34 CAE 46  Hydrogen cyanide" 7,642 1 A
11 Vinyl acetate 76,253 7 D A 47  Ethylene oxide" 5,726 7 A
13 Benzene" 58,579 19 A,B,D 49 1,2-Dichloroethane” 4,634 5 D, AR
18  Hydrogen fluoride” 33,229 7 AE 59  Methyl disulfide” 2,975 7 AB
21 Styrene" 30,361 21 AD,F 64 Phenol” 1,925 7 F A B
22 Hydrogen chloride” 29,551 46 A,B,O 76  Boron trifluoride” 392 2 A
24 Tetrachloroethylene” 26,826 4 A B 85  Trichloroethylene” 110 2 AF

>VOCs 7,357,809 kg/yr YHAPs 1,461,681 kg/yr
Sihwa - Banwol

1 Toluene 773,843 61 V,QT 15 Tetrachloroethylene” 9,841 2 Z

2 Methyl ethyl ketone 525,585 37 QV,E 19  Chloroform" 5,281 7 G A

3 Ethyl acetate 368,663 47 V,T,E 24 Trichloroethylene” 4,202 3 (0]

4 Dichloromethane" 313,854 32 J,G,1 25  Formaldehyde" 3,507 39 X, AV

5 Xylenes 68,411 34 J,1,0 26 Styrene” 3,006 12 A

6  Methanol 62,002 57 TGV 32 Ethylbenzene" 2,081 5 A O

7  2-Propanol 58,876 52 TGV 37 Hydrogen fluoride” 990 4 I, L

8  Hydrogen chloride” 51,025 84 X,JF 44 Phenol" 457 6 A

9  Aceticacid 34,249 33 TGV 46  Acrylonitrile” 440 4 A
11 N,N 23,766 21 QEG 50 Aniline” 279 4 AF

Dimethylformamide
>VOCs 2,310,358 kg/yr YHAPs 394,963 kg/yr

Yincluded in the 35 HAP, ?Industry type :

A: Manufacture of chemicals and chemical products; except pharmaceuticals and medicinal chemicals
B: Manufacture of coke, briquettes and refined petroleum products, C: Electricity, gas, steam and air conditioning supply
D: Warehousing and support activities for transportation, E: Manufacture of rubber and plastics products

F: Waste collection, treatment and disposal activities; materials recovery

G: Manufacture of pharmaceuticals, medicinal chemical and botanical products

I: Manufacture of basic metals, J: Manufacture of fabricated metal products, except machinery and furniture

K: Manufacture of other transport equipment, L: Manufacture of other non-metallic mineral products

O: Manufacture of motor vehicles, trailers and semitrailers, Q: Manufacture of textiles, except apparel

R: Manufacture of food products, T: Printing and reproduction of recorded media

U: Manufacture of wood and of products of wood and cork; except furniture, V: Manufacture of pulp, paper and paper products,
X: Manufacture of electronic components, computer; visual, sounding and communication equipment

Pollutant Release and Transfer Registers (PRTR, 2020) National Institute of Chemical Safety
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o] HiEEE EAUZIoEEE B o4 Fg
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zene, 24t 24F2 ethylbenzene, A2} ¥HE-2 dich-
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=8 A2 (K) “AHEAF
(0)” “SFet=2d 9 SFetAlF A=
T2 g5 7RAE AL (0)) dms =22 3
OJoFE AZA(G); AR 4,
ot 571 At siETFe] w2 42 Sl 2-butene,
butane, 1-butene, propylene, n-hexane, 2-propanol,
Aol A SAsHA] ekot
A PRIR WE 4919 2 A70] At Ay
2 wl@sr] oA, %9l0] g o] Haps

=40l 24 = 3.

ammonia, methanol 52 &

HA 247

3.2 VOCs 24 Zut

I 40 57} 4beke] vOCs 24 ATHs Lhet
49% BAEAC) Bt st Uizt 27 vet
o} 570 At A HEE 82 ol 39%:
& 34°F, thAY 39°F, 24t 24 395, Alst- gt
L 38F 07 ZJ} Alcho] 71 A AEE QL
2] 47l AFehe v seshlh

57 APk benzene®] Byt FE7F &4 24 1.02

o 5
ppb, T4} 0.78 ppb, &5+ 33<2F 0.73 ppb, Z3} 0.57
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ppb, A3+ 5 0.51 ppb2E AB o th718HE 7] (
1.5 ppb)E ot WA UEhyteh 23 A2 2010
(Kim et al., 2018a) A+ 271 0.55 ppbt 71] A
St AE YRS, o4t A2 2011 (Baek et
al., 2020) T FA S A5 A1 0.95 ppb it 45}
Fom, A5t ¥ A2 2010 (Byeon et al., 2010)
AL AnHt wje Uoro, 2018 (Kim et al.,
2020) A7+ AS1 0.45 ppb2} H|S=9F ATE e
=7

¥ 39] 20208 PRTR A}=.9] benzene HIEHS X

24t 24k 58,579 kg/yr, AT 47,260 kg/yr, o1
3% 23,107 kg/yr, L3 453 kg/yr, A3} HHE AtES
7 9] HjE & A] &=t} PRTR AHEE HH benzene2]
FL7h 4t 24 o] 74 =1, Ale vk Al
o] F=7F 7MY W& Zlo| s, viEs 2ol
H|oto] B Zpo|7h 2.2] 9h3-& oF 4= St} Al A
Aol 4] benzene> &2} HI 7| 7FA} FHA SOl A
HI S5, A2 o| A= A Al ol FetAlE
Az QoA viEHth (Lee et al., 2023; Baek et al.,
2020; Kim et al., 2019). T2kA] X3} 2 A5} dhed AF
+9] benzene &= FE 19]
B} R4 FFS Eol &
o, of - gt &4k 24
A} A-FAp 717k 9 =3
= A0 2 AtmEH, g4k A2 S 2] 3] 0]
9 AT QIF7} e 27] wiZo] 4heke] FRks B
o] kg 7 o g AbgHTh

1,3-Butadiene™} formaldehydetx= EXH7|F-3lE
Aol HA AL ATEA (International Agency for
Research on Cancer, ©]5} IARC) 71F 155 ¥9=
Zolt}, 1,3-Butadiene> F& SISHEE 9 3lskA &
Az GolA viEEH, Z-F2t v 7] 7kA 2 )
AME BjEEE B2 &4 241 0.57 ppb, THAL
0.18, ©14=-332F 0.1 ppb, 23} 0.01 B|%, A3} HHL-2
EHE(N.D)Z et 20209 PRTR At=2E HH
A3t Hhdat mof bk viEE] 2] gFom, of . 3
G 25,942 kg/yr, =4k 24 22,318 kg/yr, AR

rw 19
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=0
)
o
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Table 4. VOCs mean, max concentrations of 5 industrial complex.

Industrial complex Yeosu - Gwangyang Pohang Daesan Ulsan-Onsan Sihwa - Banwol
(n=280) (n=224) (n=252) (n=252) (n=168)
Year 2018~2019 2019 2020 2021 2022
Compounds Mean (ppb) Max (ppb) Mean (ppb) Max (ppb) Mean (ppb) Max (ppb) Mean (ppb) Max (ppb) Mean (ppb) Max (ppb)
Freon 12 N.D¥ N.D N.D N.D 0.06 345 0.03 3.21 0.03 3.13
Methylchloride <0.01 0.68 N.D N.D 0.42 4.36 0.06 5.51 0.30 11.42
Freon 114 N.D N.D N.D N.D N.D N.D <0.01 0.02 N.D N.D
Vinyl chloride? <0.01 1.07 N.D N.D 0.03 1.65 0.01 1.62 N.D N.D
Methyl bromide <0.01 0.26 <0.01 0.19 <0.01 0.35 N.D N.D <0.01 0.26
Ethylchloride <0.01 0.38 N.D N.D <0.01 0.23 N.D N.D N.D N.D
Freon 11 0.15 1.93 0.06 0.90 0.18 1.41 0.21 0.89 0.08 0.29
1,1-Dichloroethene <0.01 0.20 N.D N.D <0.01 0.32 N.D N.D N.D N.D
Dichloromethane? 0.64 4.24 0.09 0.51 0.31 2.83 0.44 9.76 0.51 3.16
Freon 113 N.D N.D N.D N.D 0.02 0.71 0.01 0.1 <0.01 0.08
1,1-Dichloroethane N.D N.D N.D N.D <0.01 0.72 N.D N.D N.D N.D
cis-1,2-Dichloroethylene <0.01 0.07 N.D N.D N.D N.D <0.01 0.16 N.D N.D
Chloroform? 0.05 0.63 0.15 0.65 0.36 4.12 0.91 30.82 0.17 0.81
1,2-Dichloroethane? 0.21 2.63 0.03 0.27 0.23 3.70 0.08 2.87 0.11 0.49
Carbontetrachloride? 0.12 0.71 0.09 0.32 0.31 0.99 0.05 0.19 0.10 0.22
1,2-Dichloropropane 0.08 0.88 0.03 0.29 0.15 0.80 0.02 0.21 0.18 0.63
Trichloroethylenez) 0.05 0.76 0.06 2.52 0.20 1.19 0.01 0.22 0.46 11.05
1,1,2-Trichloroethane 0.02 0.78 N.D N.D N.D N.D <0.01 0.16 <0.01 0.18
Tetrachloroethylene? 0.05 0.98 0.04 0.52 0.03 0.70 0.02 0.49 0.12 1.31
Chlorobenzene 0.06 0.82 0.02 0.44 0.04 0.98 0.02 0.43 0.07 5.02
1,1,2,2-Tetrachloroethane N.D N.D N.D N.D N.D N.D N.D N.D <0.01 0.10
1,4-Dichlorobenzene 0.06 1.1 0.04 0.44 0.12 0.78 0.11 0.74 0.02 0.21
1,3-Dichlorobenzene 0.02 0.66 <0.01 0.20 0.05 1.72 <0.01 0.25 0.02 0.24
1,2-Dichlorobenzene 0.05 1.14 0.01 0.49 <0.01 0.76 <0.01 0.13 0.01 0.19
1,2,4-Trichlorobenzene <0.01 0.56 <0.01 0.24 N.D N.D <0.01 0.21 <0.01 0.31
Hexachloro 1,3-butadiene N.D N.D <0.01 0.41 N.D N.D N.D N.D <0.01 0.10
Benzene'? 0.73 5.81 0.57 2.56 0.78 6.79 1.02 13.47 0.51 1.38
Toluene" 0.93 6.37 191 20.55 0.89 6.23 1.15 13.37 5.69 54.28
Ethylbenzene1,2) 0.48 3.97 1.01 11.28 0.46 4.64 0.52 4.03 1.03 3.94
m,p—Xylene” 0.32 2.99 0.75 8.51 0.32 3.77 0.46 5.68 0.82 8.67
Styrenem) 0.29 3.07 0.26 2.20 0.23 4.68 0.17 1.85 0.13 0.81
o-Xerne” 0.29 2.05 0.56 3.90 0.31 2.73 0.48 4.67 0.56 2.08
1,3,5—Trimethy|benzene” 0.09 0.67 0.19 0.75 0.04 0.52 0.12 0.46 0.09 0.36
1 ,2,4—Trimethylbenzene” 0.15 0.86 0.39 2.70 0.10 1.47 0.20 0.98 0.16 1.04
1,3-Butadiene? 0.10 1.63 <0.01 0.26 0.18 5.86 0.57 25.97 N.D N.D

9¢



Table 4. Continued.

Sihwa - Banwol
(n=168)

252)

Ulsan-Onsan
(n

Daesan
(n=252)

(n=224) =

Pohang

Yeosu - Gwangyang
(n=280)

Industrial complex

2018~2019 2019 2020 2021 2022

Year

Max (ppb) Mean (ppb) Max (ppb) Mean (ppb) Max (ppb) Mean (ppb) Max (ppb) Mean (ppb) Max (ppb)

Mean (ppb)

Compounds

33.17

4.51

14.80
10.48
18.01
0.10
1.11

20.13

3.91

1.88

3.54
<0.01

29.36

5.69
1.82
2.18
0.11

10.79
7.36
7.81
0.46

3.55
1.81
2.03
0.05
0.09
0.96
0.09
0.03
0.00
0.00

9.06
5.85
11.69
2.33
1.02
4.72
343
0.42
0.26
0.21

240
1.74
1.87
0.13
0.19
0.95
0.17
0.04
0.02
0.04

Formaldehyde?
Acetaldehyde?

Acetone

22.14

0.97
6.14
<0.01

10.45

19.17

4.77
1.91
1.19

13.44

0.11

Acroleine

0.55
39.59

0.17
3.27
0.06
0.03
<0.01

0.20
1.00
0.17
0.04
0.04
0.03

0.06
0.5

1.48
14.71

Propionaldehyde

2-Butanone

Chrt At

0.31
0.23
0.33
0.15

0.99
0.61
0.72
0.38

0.31
0.50
0.23
0.21

0.02
0.08
0.03
0.01

0.93
0.89
0.54
0.43
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(Baek et al., 2020; Sexton et al., 2007).

Formaldehyde®] 7% &, T& 9 &57]| =&
FAY ol Il vheS {4 QAT (NIER,
2012). OVOCs 107] =2 FolA Ao} vk Ak
acetone?] B L7} 7P =11 T E 4 A
formaldehyde®] ¥+t 57t 714 =7 YEr o 3
o FEE T4t Aol 569 ppbR 7HE &1 o4
FoF A2 2,40 ppb 2 71 WAl YrERET 20209
PRTR A2 E HH 24t 24F 18,494 kg/yr, A} wF
4 3,507 kg/yr, At 397 kg/yr, A14=- 33 139 kg/yr,
% 38 kglyrolth. MlE} 2t Abere] B ot
Ax5HA] &L oF 4= 91t OVOCs= AJAF 24
oluf AFFALeE 22 12t HiE Lol A HiEE AW, &
7 t71olM Fokeao] sgotet vhgof ofs) 2344
o= AAGE7] HiZel siEdTes Brish] oY
ot A A 29] OVOCs= 2H & AHgste 2t
FAtol A viE %= formaldehyde®} acetaldehyde”}

7Hd B2 BE-S X}A]51H, propionaldehyde, butyr-
aldehyde, benzaldehyde 52 =59 AAIYE F
ofl HjZE th (Magnusson et al., 2002). & Ao A=
formaldehyde, acetaldehyde, acetone, 2-butanone
(Methyl Ethyl Ketone) 5 4%9] 57} =7 et
W

O 29 570 Al vocs 15E v dikg Y
BRIt A 49F9] RS WEFESErA
(aromatic hydrocarbons) 8%, &2 gtetatr4
(halogenated hydrocarbons) 30, Alkene 15, Z12] 11
ZIRISRME 1052 OVOCs (oxygenated VOCs)
(Liu et al., 2021; Xia et al, 2021; Legreid et al., 2007)
2 595 49F SollA alkene =32 1,3-
butadiene 10|t} 57)] AF9] SVOCsE Al HH
84.58 pg/m’, &4t 24F 52.09 ug/m?, 3} 46.24 pg/
m®, AT 45.64 ug/m?, o5 3FF 38.51 pg/m® &A1 2
A8} /E Abeho] 71 241, of - < Aftho] W
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 Halohydrocarbons W@ Aromatics ™% OVOCs

Mean fraction (%)

Alkene —o—3VOCs

IVOCs concentration (ug/m3)

Yeosu,Gwangyang Pohang

Daesan

Ulsan,Onsan Sihwa,Banwol

Fig. 2. Mean fractions and VOCs concentration of 5 industrial complexes.

LR Th Bt Alfatet AHdg 7t gle Alsh
HH AATR] o] Y VOCse] st 7P &8 ole

= oF 2ille] AR PAo|A BiESH= VOCs7t
Aol Aoz At E T F 59] Z|AAFR A
& &= Ql%o] A5} -HhY Atthe] F&o] SV 5
QF 2 Atchof HF)| L317] (o2 AtRHC} A
S} qhd 4bche] A SARH O] A9 24t 24 Y

o= 3ggof vla oF 3uf) A FEo] LA SHESA
ot &3 7| F =R S Aol 2 (Chung
et al., 2005) Z<50] 28] Z715HH QL GEAL B}

34%~38% 7IASH= Z 02 H % Hf 9]

3.3 SNX|EY, S™A|7|H EMZnt
9 39] 57 4 SPAFEZ vOCs 15E &

L9} benzene¥} formaldehyde®] 5 =& 2tz e
Stk 2 2428 13 18 10 o] B
s}, 2479 0. Tazshsck 3 A 18

Benzene®] A% B L7 e o 3doF I
&, 5w 37e] Aals FYA et FAA
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4 Bt SAsIA o, 43] S of - B (12,
29, 44, 79)7 X3 (7~8Y, 10~119Y) A2 AAE
B 3517 ol 57 At M5 S5 A2 1)
Skl

570 Ateke]l A7 vOCs wEE AlstHr
Abcke] 590 104.6 ug/m> S 2 71 =9k, o
oF Abcko] 4of| 20.7 pg/m* o2 71
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VOCs concentration (ug/m?)

Concentration ( ppb)

Concentration ( ppb)

® Halohydrocarbons ™ Aromatics = OVOCs 1 Alkene

A

Industry Residential

Industy Residential

Yeosu,Gwangyang (n=280) Pohang (n=224)

Daesan (n=252) Ulsan,Onsan (n=252)

C D

Industy Residential

Sihwa,Banwol (n=168)

Benzene Annual Average Air Quality Standard: 5 pg/m’ (1.5 ppb)

Industry Residential Industry Residential

Industry| Residential Industry Residential 1

Yeosu,Gwangyang (n=280) Pohang (n=224) Daesan (n=252) Ulsan,Onsan (n=252)

Formaldehyde

ndustry Residential

Sihwa, Banwol (n=168)
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Yeosu,Gwangyang (n=280) Pohang (n=224) Daesan (n=252) Ulsan,Onsan (n=252)

Fig. 3. Comparison of VOCs concentrations by measurment site in 5 industrial complexes.
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toluene/benzene (©|5} T/B) = H|& EZ} m,p-
Xylene/ethylbenzene (©]5F X/E)9] &k H|-&
LHER T}

T/B H] &2 SAAH IS 7+ t7] L9=
o] MiEde F4ot=dl g2 A-8HT (Jaars et
al., 2014; Zhang et al., 2016). T/B H|-& Fro] 1.t} 2t
735 Hio|emiA, Hho] 0 A m, A AR A49)
ojm, A 7|7k 9] A f-ofl= 1~10, 1HTH 2

IS E BullE AMERE A -f-oltt (Zhang
,2016). TESHT/B H|-& 3-8 7|&£0. & 3K} ZFo
H 7|72 0] ko] S-A|skaL, 3E T A A
A2 o] FFol o Alst st gt
(Kim et al., 2019).

571 AbSoll Al T/B Hl&ol 71 2 Atk AlS}
v Ao = FdxH< A, B
16.29} 14.40]H FAZ] Q1 C,
555, 443 BT A

)
—~
Q
—

L A QI35 hE 2| -L 1.5~2.2, ThAF AP 0.7~1.8,
S 24t A 1.0~142 A 7] 7kA0] G

o] Abcho] JeFHt o & Zo= AlRHTE SHA|
718 T/B H]-&-2 ol 3 4Ahh2 1.1~1.6, 2 4t
TS 2.8~4.3, AT AR 0.6~2.2, 24t 241 Abch
2 0.9~1.1, A3} g Abh2 7.9~13.70|t}, o4 3F
F, tiat, 24t 241 370 A2 2 Al7]of| T/B H]
&0 FoA & g2 Il o, 2 At 109
A3t gk b2 5 o) = A UrERstT

N

X/E Hl&2 7] SolA Lok e ARR=A
£ Uepdth ti7] 5 vOCe] AFAIZH-2 benzene
9.4, toluene<> 1.9, m-Xylene= 11.8 hr, p-Xylene
2 194 hr, ethylbenzene 1.6 0]t} (Ragothaman
and Anderson, 2017; Monod et al., 2001). =3} 2020
¥ SgTieele] 4ol e d e By
A& HW 1,3-butadiene, formaldehyde:= 5= A|7F,

vinyl chloride, trichloroethylene-> =%, dichloromet-

a

hane2 792 AASFATH(NIER, 2020). VOCs &
A9 ti7] F AFARtel 9FE F= 830 F=
BeFelih-gat OH 2| Z o] whgolm, ¥h-go]
2 B4L AFA|7to] Zrop Tt (Monod et al., 2001).
X/E H]E&0| 255 2|4 AU o], X/E Hl-&°]
FSrE QF Fol ot gaFo] Atk (Song et al,
2023; Kim et al., 2019). X/E H|& Zro] 3™ 20|
ST 77k ARl §1x]ste] F3tet whgo]
2hdhs] 8= 2] ka2 ofml it

24248 X/E 3he HHl B Atto

3.92 7V 331, 29 4l 21 B Z]Ho]
B4t 392 570 Abdk A S| -A 71 =A YrEr
ek of - FoF AP 0.5~0.8, B A7 AlQleh I
A2 0.1~1.5, tiAE A2 0.5~1.1, 24t 24t
AL 0.8~1.2, A8t HH A2 o

CPFE Aliter 2132 ZF7+9] Aol A benzenext
formaldehyde =7t ZtHE Uet= SAHAEES
AEistolnt. of 4= 332 (A, E), L2 (A, C), tiat
2(C, C), &4 2412 (B, F), Al8H-RH2 (B, C) &
A -oltt. thats A 2Jgt 47fo] Athe Wit

TRt = U o

7 =2 AHe] Al 5k i
AP AP Bt FEot Al 5 UEl= AFHo]
T2t} Benzene®| -9 Ht Fre 3YPAH A
240l wout Hdf == FAAY C Aol =4
UEhd olfi=, C AHE SHCE YA FH 9 Zo]
@/E o] 9lof, vidol & wf C A 9] F=7t A

Zre Yehd Aoz Ar2 =tk (Park et al., 2022b). 1

& 59 57] 4F9] benzened} formaldehyde®| CPF
=4 A3+E YER Ut Benzene 1S HH AN
Aoz odYo] Aot WaFet Aol Yx|st=
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