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Abstract

This study analyses the characteristics of volatile organic compounds (VOCs) emissions from the painting and printing
facilities, as well as ambient VOCs at industrial complexes in Gwangju. The major components of VOCs emissions from
painting facilities were toluene, acetone, 2-butanone, ethyl acetate, ethyl benzene, 0-xylene and mp-xylene. The printing
facilities mostly emitted ethyl acetate, 2-butanone, acetone and toluene. Aromatics (49.9%) and oxygenated VOCs (43.6%)
were dominant in painting facilities, while oxygenated VOCs (92.7%) were the largest group in printing facilities. The total
hydrocarbon concentration (THC) in printing facilities was approximately six times higher than in the painting facilities. The
painting and printing facilities use many solvents. Their THC concentrations differed considerably depending on the type of
prevention facilities. To reduce THC, it is necessary to improve the prevention facilities and operating conditions. The
dominant species of ambient VOCs in industrial complexes were investigated with toluene, ethyl acetate, 2-butanone, ethyl
benzene, m,p-xylene, butyl acetate, 0-xylene, hexane and acetone. Factor analysis of ambient VOCs showed that the main
sources of the VOCs were organic solvents used in painting, coating, and printing, as well as automobile emissions.
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A3l ti7] e o] ARKEd F IR IsRE
= 715 st} o7 Aol FakE & 4= AL ke 1A
It At SE 71 4= Qe 0 W 23 frlollolRE
o] /ol o] T3t A wizol Fd o 5 AL
QItH(Atkinson, 2000; Kroll et al.,, 2006; An et al.,
2014; Wu et al., 2016). T3 VOCs+= TAPs (Toxic
Air Pollutions) = -7 U5 Z22 Horeld =4
2 A7 = Al f3ligt EZoltChoi, 2007).
QA FFO R SFAEA, F7IA, 1 5ol Fohet
FEFES vA 92, 78, 3FEE 5ol UERA H,
A7 = o 7S 4= QITHEPA, 2001).

M7 IEREES 37 T8 dA FUE=
il A718AIE Dob AfRslshiiel, oJokE, A
A, SATESARY, AR 5 2 ARAA R T o)
ek A, A4, 2219, AR, AksAk W
552 ol 92jo] iR} URsHA Ak 2ol
A BEE) AL Itk (Lee et al., 2017; Zhang et al., 2017,
Yang et al., 2018).

2016 A% <] 3P G7 SRS USRS 1,024,029
tono]m {-7]-8A] ARGR] 54.5%, AWt 54 18.2%,
A= A4 8.6%, H7I=AY 5.8%, =2 o5 odY
0] 4.6%, HIE=E o] 52 ¢ 4.0% FreolH, F5=g
JA] 745- VOCs = 16,567 tono] 7|84 AME-
o] 80%, oA A Bl 4501 5.8%, =2 o5
o] 5.4%, FHZIEAE 3.1%, H|ER olF o]
2.1%= {7 18A ARG FRZollA 7Y B2 s 7ol
= AAJehE Alo= UeEpgon], mAE 9 7]ekG|
BANRE AollA 7 ol HiESIATKNIER, 2019).

=7 9 QIafjap oA Tge] VOCs7 | Egsto] WA
AVdE AA 2 vllaat W AR 570l AFA S
o A W TR o] ofF] RIYS EE T 7]
d HiEHo® QAEN Ql= AHotK(Song et al
2012). AFAHA] Wof] R, oVd kA, A2, =
B A ZRRE {718A] ARBAVES et
VOCs9| viEl o= 8 tf7] 2hd 9 QA B2 &
A ofU el d= Azt A7 e Z2rlAR R of) tigh A
S sl SRt SHolA A gt visd e
7} a5t

W] 2 Ao A B ARIEb] ALt
QLA AP ko Q15 VOCse] HiE 54

124+ o] 711 - vl - 5y

[e)

& ZABIL, AR A7 16 AN a3
7] % VOCs 5 £ 3 09 54 52 FPH0R
wjofsto] 41ofeiA] t7] 9@ Tel W AN 4L 9]
HREREE T TS

2. Mz 3 8

2.1, AP I AZHS

R e IV I E AT EI R RPN
A 147)24SCI~SC14)e} QA 67)4(GP1~GP6)
2 %207 g7 1eIEA1A AJARS lio = A1)
Stk i 288 Fig. 13+ o] Lrepgic. Abet e
k2 AR 6740k QAL 37Al o] 91s)

o ARPERE Sk AlE AR, ARsEE Al A
2%, Y 5 8 R EREo Atk ARl
e} tf7] L HEEe AASE | WAAEe] dAEo] QL
o S, APEEZINA, oAIIRIAT, SEA4
Z+2(Regenerative Thermal Oxidation, RTO), &<4]
Zul|Ak5l(Regenerative Catalytic Oxidation, RCO)Z
Tk E3E 27) o Aol ARt o] Qlrk ARIEe] Al
FAF] AFE = Q1 589 AP AR ]2
o] IARES AA HiEse= =5 A 271E A
eI EZF ARITEA] Y 7] 5 VOCs 422 57}
317] el AR S 5470 7 A = AF AALS A
skt

2 = 2018 9HRE 20199 7H7HA] F 63
AlEE AFIete] 2Alssnk AR W 2 A1
Ao] AlEAlFE SiRAIE o] AA 92 FUSHA
FAERE AE EollA] thaEE 2215 A17gsto] vis
ORKE 1.2 ~ 1.5 m HJ9| EolofA AfE =z
(MP-2X30KN, Sibata, Japan)E AF5}0] 100 mL/min
02 58 10872 0.5L ~ 1.0 Lo ARE sk
th =25 ARoMe | Lds A7 IEe R "
"W(tedlar bag: vinyl fluoride film) 875 AM83k= "
Ao R HiE7EA 10 L 4 3042 714 23] Al&E AFst
At d7] F VOCs= A5 HZ(MP-X30KN,
Sibata, Japan)E AF-510] 100 mL/min ©. & 9027+ &
9 Lo| ti7] A2 F5HAC

AR ti7] 5 VOCs 40 BA 0 & o] 8x]11
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Fig. 1. Sampling sites in the industrial complexes of Gwangju.

2% e Z85tlem F2HA| Tenax TAS}
Carbopack Bo] A% J2IHC2-AAXX-5032,
Markes, UK)S ARS319ic) A 241248 S2THE wbe
conditioner (TC-20, Markes, UK)& o]&3}o] 1o
21:7124(99.999%) 7} 100 mL/min® 2= 275}
A 300ToflA] 2417F F<9F AAEjslo] @4 s 2kl
3 the ANESIITE AEAAE T AR PTFE
(poly tetrafluoroethylene) TS o|835}0] wle S
S¥510] 4 A7) W B T ohalct

fr
n@:
tlo

2.2, AU

APl g = SR IERkE & SEEk
A(total hydrocarbon, THC)E &24517| ali4] Si&
7IAEA7|(TVA-1000B, Thermo, USA)E ARE5}o]
3087} 1% Zgalelc), 27 4] 2YoAE Hash|
Slel] v EE71E o8] M-S ARSI

VOCs?| i3 45 f1slo] ti7 1 A574A1
718 egH7] 5 el ST IsketE AlE-ar
ASZEHA(ES 01804.2)2 & A|guhH o2 513l EPA
Method TO-17AE ZHAISIATHEPA, 1997). B4

A5 AR (Ultra-xr, Markes, UK)7} 421 77
A ZupE T E/AFgEA7|(GC 7890B/MSD 59778,
Agilent, USA)YE AMgalgict S2pho 2 3t A=
L AR 142 1057 A
(270T, 40 mL/min), 22 A8 ThA] 25T 9] AL
SHEYS 28] $23 T 32007 B4 74 2
A A S Fol GC/MSDE =4Skt 2A1
ZH DB-1 (60 m x 320 um x 3 um, Agilent, USA)©]
] QB 59 272 40C(5 min)oA 5T/minZ 4=
2 280C(5 min)7H S-L3i%ick 7171848 Tkt @
$(99.999%) 3} 24~(99.999%) & A8-31i T

HATRE DA ALY AN R AL
3= VOCs 6052 A5t o F2892 VOCs
mixture standard (M-502-REG-10X, Accustandard,
USA)%}indoor air standard (49148U, Supelco, USA)
= AR83ISIEE Table 1of] S74% AR I2RRk= 60
=5 YeRt)h Y7Kalkanes)& 115, ¢7l(alkene)H
15, WekEElslg=dy(aromatics) &7 165, Ak51E VOCs
(oxygenated VOCs, OVOCs)H 6% T2yl
(halocarbons)& 200 &2 B235|9r}
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Table 1. Volatile Organic Compound (VOC) species measured in samples

ID Species ID Species ID Species
Alkanes(13) 20  o-xylene Hal ocarbons(20)
1 Hexane 21 alpha-pinene 41 Dichloromethane
2 Heptane 22 3-ethyltoluene 42 Chloroform
3 2,24-trimethylpentane 23 4-ethyltoluene 43 1,2-dichloroethane
4 2,4-dimethylpentane 24 2-ethyltoluene 44 1,2-dichloropropane
5 Octane 25  1,2,4-trimethylbenzene 45  Bromodichloromethane
6  Nonane 26  beta-pinene 46  Trichloroethylene
7  Decane 27  Mesitylene 47  Dibromochloromethane
8  Undecane 28  1,2,3-trimethylbenzene 48  Tetrachloroethylene
9  Dodecane 29  Limonene 49  1,4-dichlorobenzene
10 Tridecane 30 Durene 50 1,1-dichloroethylene
11 Tetradecane OVOCs(9) 51 trans 1,2-dichloroethylene
12 Pentadecane 31  Acetone 52 1,1-dichloroethane
13 Hexadecane 32 2-propanol 53 cis 1.2-dichloroethylene
Alkene(1) 33 1-propanol 54 1,1,1-trichloroethane
14 1,3-butadiene 34  2-butanone 55  Carbon tetrachloride
Aromatics(16) 35 Ethyl acetate 56  1,1,2-trichloroethane
15 Benzene 36  1-butanol 57  Chlorobenzene
16  Toluene 37  4-methyl-2-pentanone 58  Bromoform
17 Ethylbenzene 38 Butyl acetate 59  1,2-dichlorobenzene
18 m,p-xylene 39 Nonanal 60 1,2,4-trichlorobenzene
19  Styrene 40 Decanal

2.3, Zxug

A R1BKE ] B et

2.4, AN
2 AtolA 24 SR IEREE Y] 4 A
TAE BAsl] el BAIZZ 1H(SPSS, ver.20.0)S

Yo} %

s E i ERAL TS
2 9P AR, AUE AR AN

2
=
o]
T

=
BAGAEEA 7F 10 ngo] E2 812 77)9] F2lao)
U A F7IAR 9 LE AFTE 2L 0= 718t
HAESHA 32 593 2310.03 ~ 0.07 ppb= £
Qe EANVEE s 10% offigle, At
=921 ~ 109.4%2 ety AAF4e 2258
SE(10~100 ng) Helelx] 2dstglon], 244 Bt
A3 AAAGRR?) 0.98 oAkO = LrERiT.
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Fig. 2. Concentration profiles of VOCs emissions from the painting facility (The ID number of each species was the same

as that of Table 1).

and Spengler, 1985).

3.1. =% QIAA[MC] VOCs HiE

EM
= o

311 ERAA
TS A5} A 71A| B, A B A Y 7

o
o
)
Y
N
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1o
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flo
N
i)
5|
e
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ol
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filo

sl
ot
QL
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A AR Eokdurh o] RopolA AR E= FRIE F
e AlkE el webd tE F7e] #HETT Bast
7] gizoll L thefsitt. dnta o g jieks: siekE 9l
o|AH|2 T F718AI9 2tR= o] EolellAl de] A
BEl= RIE 9 SlAAe =8 A& ol (Zheng et al.,
2013).

LA ] A = 2 Foll =R iRk o
71 ®HAAES B3l AefE =25A1-lA 2] VOCs
gi5e] S g ulwski Fig 26] VOCs i
222 el Fig 2t 24 22 290 A
oA HiEEE= VOCs s Uehlch VOCs %
toluene®] Bt 5= 621.1+818.4 ppb=A| 7 =&
TEE 290 S butyl acetate (262.8+473.6
ppb), mp-xylene (243.1£376.9 ppb), ethyl benzene
(241.7+£352.7 ppb), ethyl acetate (235.8+493.7 ppb),
o-xylene (217.6+283.6 ppb), 4-methyl-2-pentanone
(212.6+533.8 ppb) =02 4| AEH 5850 =2 5
3171 20] 1.0 ppb oI 0]9] 2752 it 5=

1.0 ppb 08w v LeRey.

Fig. 2(b)i= VOCs7} HAAAH Q] St =5 2|50
2 H&EE VOCs 5= YERHTE Toluene?] B
EE+e 1,235.2+1,569.2 ppb2 A 7HAF =944 th
2 acetone (861.2+802.4 ppb), 2-butanone (670.8+
1,116.9 ppb), ethyl acetate (620.9+697.0 ppb), ethyl
benzene (558.9+622.7 ppb), 2-propanol (530.6+740.8
ppb), o-xylene (500.9+£552.2 ppb), mp-xylene (495.9+
548.1 ppb), butyl acetate (480.3+530.4 ppb), 4-methyl
-2-pentanone (408.1+407.0 ppb) &0 =2 A AZE
5952 =4 5 3671 =20] 1.0 ppb oPFo|3laL 0]
23F2] Fat L= 1.0 ppb 0= A W) LE}
ek =AM HiEE VOCs =2 SRkEQ]
toluene, acetone, ethyl acetate, ethyl benzene,
m,p-xylene 50| H|NE} SJAR| 0] L JEO = A2
AX|5IH T Wang et al., 2014).

5 A7 of| HllEE VOCs & =74 2 21 )
ol S7E Aol tiitol AEEeH 4 5 &
o= Aol HRATE AR YjofA] = ARdA]
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o] o] =AfEol FAkE AL ol A AX5] ldsk= A
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Fig. 3. Composition patterns of VOCs emissions from the painting facility according to the sampling sites.

LAY il VOCs 2/dH|E Blasto] Fig. 3
of el SITE. Fig. 3(a)= =AIE AR 2 13ellA
aromatics7} Hat 52.0% (18.3~91.57%)2 E3EE
Hom OVOCs 39.2% (6.2~79.9%), alkanes 7.7%
(0.3~41.8%), halocarbons 0.9% (0.1~3.6%), alkenes
0.2% (0.0~0.9%) <22 UEPITE Fig. 3(b)y= =4A
A ZE ZAHoA  aromaticsF7F Hd 49.9%
(22.1~93.3%)2 EH3XE HFOom OVOCs 43.6%
(4.8~73.4%), alkanes 6.0% (0.2~29.3%), halocarbons

0.4% (0.1~1.3%), alkenes 0.1% (0.0~0.4%) % LERG
t}. SC72} SC14 A& aromatics 82.1% ~ 93.3%=
TR AR B) AU ok e S
4 A] chefe) el Bl Alole] mrel ol
A7FAREE Ao 2 FtEth VOCs 715 = aromatics
2} OVOCsE =4 F4o A 91.2% ~ 93.5%= 71 =
HEZE HQch Shen et al.(2018)2] Ao A= EAHA]
o)l 4] VOCs == aromatics A5-0] 52.6% ~ 94.6% &
= ul5E Rtk A aTiel SAfsIsic
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Fig. 4. Concentration profiles of VOCs emissions from the printing facility (The ID number of each species was the same

as that of Table 1).

3.1.2. QIAMA|IA
ZLE}HIO} olaf|(gravure printing) AFFARS =2 X]

oA 87t WS ERkAE 24 w7 IR] I A= A
ARty ZIeplol QI 3782 Qlafel Eem :’E‘—J i+
7HA T2 ©AP L 2tek Aol ARG H = 9
Bl A9 FUsiH, o] ofl2El =7} A= AL

raias
QAo A] 2] HiZEl= VOCs %% E3ZE Fig. 4
off YERHSIEE Fig. 4(a)= 14 3789 2R A13dell
A HEER= VOCs =5 YERHLE VOCs % ethyl
acetate®] o == 3,370.7+3,186.4 ppb= A 7 =
L s HYorw the& 2-butanone (1,215.8+
2,470.7 ppb), acetone (393.2+1,035.9 ppb), toluene
(332.8+277.5 ppb), 2-propanol (281.3+401.7 ppb),
1-propanol (154.5+331.7 ppb) =S =2 YERIT) Fig.
4(by= BE AY R WEERE VOCs SES Uik
VOCs % ethyl acetate®] H+t 5% 3,522.6+2,331.1
ppbZA] 7P =& & HT th2-2 2-butanone
(1,304.3£2,404.6 ppb), acetone (434.5+£976.4 ppb),
toluene (298.6+290.8 ppb), 2-propanol (189.5+260.7
ppb), 1-propanol (85.9+136.0 ppb) =° = YERITE
olo] 4}9] 658 2 W FE AWM 2 VOCse]
97% ol ALk oleiet Ank= ol BgellAl A
3= MSDS (Material safety data sheet)o]] H31 ¥
o} Zho] Z1epa|of Qlaf J=iof ARgE = Hie W He
Aol ZASR= o ulge] §7] Gul, 55 ethyl

acetate 2! 2-butanoneo] UX|3H} ESE Park et
al.(2009)& ja}tl]o} oI Aol A HHAIE= VOCs2]

ZxMuo

() JLE T

5 toluene, 2-butanone, ethyl acetate,
2-propanol, acetone 50| Zo] HiEE = Ao F ZALE
o] B glpoll ] v ER= VOCs 3} A2] stk
QU FAOIA A A L 2% 7o) 25w
VOCs JAEE F 35400z ASH AR s &
57} ol 201 QI ofs 2l 84 7 et

29, Beo|Ue FURE AT BEo) Qe
SR8 AN R0 50§42 sl 9t A

(¢}

ojElo] Qlfel= FF §AI} vl SshAA D&
Az7}gAlof ZlegE o] 27 HioflA VOCs “dto]
E7ﬂ ﬂ/l]—ﬂj_l_ O]J_].]__ _r]b‘} Ol_:_L ztﬂo] E],]— 1:—1__]]-
°*t AP Holl A o]FolA 25 23 2] 4% VOCs
e Z37F A7) Qs 2o = Helrk

QA1 vliEE VOCs 2AJHIE H]ws}o] Fig. 5
off BRI Fig. S(a)= QA 2P Aol
OVOCsZ7} Bt 89.2% (74.0~97.2%) S XRS5}l Q)
1o aromatics 9.7% (2.2~22.2%), alkanes 0.9%
(0.1~3.5%), halocarbons 0.1% (0.0~0.3%) <=° = 1}
EPT] Fig. S(b)= Q14X 25 ol OVOCs
7192.7% (78.8~98.2%)& Z}A|5}aL 1%} .21 aromatics
6.9% (1.1~20.8%), alkanes 0.3% (0.1~0.6%), halocarbons
0.1% (0.1~0.3%) 9] 3£ == Upelyith Qlafl 5ol
A1 VOCs 15 % OVOCs7} 89.2% oA} 71 & B3
£ ®9Jr}k Zheng et al.(2013)-2 1R8]0} QAIAA]
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Fig. 5. Composition patterns of VOCs emissions from the printing facility according to the sampling sites.

HIEE= OVOCs7} & VOCs 2] 80 % oA X261
RO AP0} i AL} BISRE o & LR

3.2, EF - UMM THC HHE £

A d7IeRiE § THCE HH Ql(methane) 2=
sEgfsto] AARL & A RERRleAaRe| Fe
FHsIE WA 0= ARSIl Sl 7|2 Aol A
7 uiEs 8710l A7dH THC $ie 702 de| =
© = H At e e e 7Bk Sl

AR 7S] =55 AoM THC =5 575t
ik

T A =55 AolA HilEEhs THC s &
3E Fig. 601 YERN At Fig. 6(a)= S=rhAldollA] vl
E5= THC =5 Uehfigleh ARPEE THC it
“S=7FSCT AollA 58.7 ppm e 2 7F o T T}
2.9 SC3 52.4 ppm, SC4 45.8 ppm, SC8 37.0 ppm,
SC12 36.9 ppm, SC9 23.7 ppm, SC1 19.6 ppm, SC5
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Fig. 6. Comparison of THC emissions concentrations according to the sampling sites.

ppm, SC6 8.0 ppm, SC14 7.1 ppm, SC11 3.9 ppm <=
o2 ettt THC H+s®= 24.7 ppm (3.9~58.7
ppm) ES HRITk SC7 A2 tiE S8R =4 Al
ceko] o} S ALE 0 2 thE Ao vl
THC =7} =3tk viHof SC2, SC3, SC10 A|H
Eela] ARQFOR £ ool Tk %ol vl
AefA 02 A ou] Hust EUERS 8790 = B
3 w0 ofo] 45 ALg o] THC 5127} ke 4
o= Holch

SCI3 A7 AEAL E Zek e ES B
AR AAo] FANAZRRTO)E 2935
of T WA o] et AR 295
A e THC 57t WAl e HAph =4 o
22 & 4= QJ]IL) SC6, SC11, SC14 AF2 =54 =
Ao 2 AL A 2teolom EatshA ol 2
%) WA S AR A7) £steld] THC 5
E7hw b 05 gk, A S4E THC 5
Sl XA 0] R wet Kol 94 4 glow o
5 PR ZZte] AlFol| e 8A| ARl
e 4= glo] AlolE Helry A ALEAolA
9] THC t7Hl&3]87]15S 40 ppm &2 SC3, SC4,
SC7 Aol 71 Erk THC s=7} A AUtk
S AFde] 7-9- VOCs JiA|A o] 27gek S
= ek WA 57171470 ~ 67 E = wiefE o] 2
g 52 sEo] We Zlog wntE, wiEs8r]eol

1

%

el &457] flsixe &/t wA 5715 AA 14
sfoketc.

Fig. 6(b)= Q1A thsl] THC =5 UERll
o} Al THC Bt 5%7F GP3 #|3oll4] 267.9
ppml & 7P =0 1 thee GP5 159.7 ppm, GP1
149.0 ppm, GP6 136.8 ppm, GP5 89.9 ppm, GP2
29.5 ppm =22 YERITE THC Hat 5% 138.8 ppm
(29.5~267.9 ppm) RES Bolt}. olsjale: Teplob
QLR AE] U2 QI set )=} B W] of
of e vl THC 597} bl = 9 0w ot
k.

GP3 2|30l =2 7z Qo] =-dstar 8l
of th2 A} J=1e] Apgao] Wol e THC 5=
S Ut GP192F GP2 A5 22 Q1afs7gollx] &
ALl VOCs7} A|A o] Edet S2PA1Ade) Sl dlas
A 22k ek $_1Ejo] A)E THC S22 bl
23t GP1 AJFoflA] oF sul} Be A wiE= 30 4
AlEm ket AEE Qlafsgola WE VOCs+= g2t
AR Y 5 5 o] A9 371= g2
7 S ALAIER o] oF 250~400ToflA] A4
of At SAE Hok APl aao] w25 & 4= Qlrk

Q1A THC tf7ulEs]8712 110 ppm o2
Z1efufo} QIafe] 7-9- it Aol viESIE7 17
ope #A| Ukem Zof 2.5u)) o Heirt J1Ehlef <l
A0 7B BdtnA| Ao 7P 2 QI e
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Table 2. Analysis results of THC in air pollution prevention facility at sampling sites

THC concentration

THC concentration

. (ppm) Removal Air pollution . (ppm) Removal  Air pollution
Sampling . . Sampling . K
sites Before After efficiency  prevention sites Before After efficiency  prevention
prevention prevention (%) facility prevention prevention (%) facility
facility facility facility facility
SC1 22.7 19.6 13.7 Bag filter  SCI1 21.7 3.9 glg  Adsorption
tower
sC2 65.4 83 87.3 Ozone sC12 99.8 37.0 69 ~ /dsorption
oxidation tower
Adsorption
SC3 1223 52.4 57.1 SC13 159.6 9.5 94.1 RTO
tower
sc4 1328 458 655 Adsorption g, 405 7.1 g4  Adsorption
tower tower
SCs 95.4 18.1 gro  Adsomtion o op) 565.5 149.0 73.6 Adsorption
tower tower
Adsorption
SC6 409 8.0 80.4 GP2 608.7 29.5 95.2 RCO
tower
SC7 135.6 58.7 s67  Adsomtion o 567.1 267.9 52.8 Adsorption
tower tower
Adsorpti Adsorpti
SC8 119.5 37.0 69.0 dsorption -, 603.2 159.7 73.5 dsorption
tower tower
SC9 104.8 237 774 Adsorption - ops 258.6 89.9 65p ~ Adsorption
tower tower
SC10 69.5 16.1 769  Adsorption - op 330.6 136.8 58.6 Adsorption
tower tower
7VE3hs 4S5 AlLlslale owgh SAJERS ARgSo] (Janine and Michael, 2004).
T uj&Esl8r S 23] /A 1% ﬁ—i" Thehech A7 1SRIEAS AAIA TS $Jeik= 2 AL

LA A 2R ellA 1‘4171
THCEE=E 575t Hx
LRSI 2 < l 1% ”Wtﬂ ‘”‘" H]ﬁ%—*ﬁ‘

d, 55719 8, ST A A7) 59 4 =
J_qu}x] olromn u}xmm #-3.0] THC l-‘—EuPQi

LS BBt WA AE ;q:o 2 RCO 95.2%

2 7 =9kon] RTO 94.1%, SZAIAA 87.3 %,

et 5% Aw 69.7%(52.8~82. 4%) oJ7A1A 13.7%
2 AJ2) B8-S Btk THC wiEstes HiEA ol EH
Kis ‘%PXW“ ’“‘FTOH et X%Elﬁg AolE Bl

7I8AIE ol AREShE =g 9 I A HFZI*W

of w2 THC®] &5 u)ia A3} THCS] A7A1717]
Slarls SRk B2 o] Hja) 24 azme} 2ol

AJZojaleh A4S A|sHe Aol Rt Ao R 1wl

ARo] A Z A ¥ ARlgF 9l Z]—ﬁ EAo|| f}= &H%

71 st A e BR S0 At Be
Ao Azt

3.3, AIEX|Y [§7] & VOCs 2x

3.3.1. MEHHE VOCs 5%

AP tf7] 5 VOCs & 2325 Fig. 701 Yeh
Atk Fig. 7(a)= spaibet ti7] VOCs =5 HeEhl
t}. A=% VOCs 3 toluene©] 15.5 ppb2A] 7 &%k
a1, ethyl acetate (9.3 ppb), hexane (5.2 ppb),
m,p-xylene (4.2 ppb), ethyl benzene (3.9 ppb), butyl
acetate (3.9 ppb), o-xylene (3.8 ppb), 2-butanone (2.8
ppb), 4-methyl-2-pentanone (2.3 ppb) £=°|3ich. Fig.
7(by= Fsiit ti7] VOCs s=5 Yehillh A9
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Fig. 7. Concentration profiles of ambient VOCs measured in the industrial complexes.

VOCs % ethyl acetate®] 24.4 ppb=A] 7 =911,
toluene (23.3 ppb), 2-butanone (14.9 ppb), ethyl
benzene (7.1 ppb), mp-xylene (6.4 ppb), butyl
acetate (6.4 ppb), o-xylene (5.9 ppb), hexane (3.9
ppb), acetone (3.2 ppb), 4-methyl-2-pentanone (3.1
ppb) =0 LERHTE

Toluene, ethyl acetate, 2-butanone- HEAto| 51
rkctol] visl Hats=rt of 1.58) ~ 2.64) =Sict. 5t
A9k shdat FEAbdolA &% VOCs 2327} HlE=st
o] FUTH vl olsf kS e 74 = Qlrk
7] Soll 345 VOCs 5 = HEH Aesol =4
APdoflA F= AR 29t 7] 8Al =R E sk
toluene, ethyl acetate, butyl acetate, m,p-xylene, ethyl
benzene, O-xylene, hexane 4-methyl-2-pentanone 5
of Atk X3k

AP tf7] Foll =S UEf= toluene -
718A|R Ho] Akg- Wl of e} wolE 5 Ewe] 9l
22 EgEo] w4 3 L AEA w17k o
A HiEE B2 7] Fof| A5k tHEAI’] VOCs 5
o] spjolck. 7] % EAsl= VOCs % bgoz
toluene?] v]&o] 7} o o] AP E A=
AR 7] 5 AEAR = toluene?] 7} =7
UERATHLiu et al., 2009; Zhang et al., 2011).

3.3.2, 2L EtX|9 VOCs s H|W
VOCs] 2GS AAEAo] et tafste] B

N e S HES Uitk B Q1T ATE s
A VOCs 55 428 2|24 E4o] SR Ef
Al A5t ARz} Blarsie] VOCs o] & Fres 7t
1A} SF K Table 3).

AFs At vlfE7 Rl Q3RS W= benzene> 31 1.67
ppb, -5 0.42 ppb 2= 77|52 A|5}0.40 ppb, HH
0.51 ppb, 4:+] 771 0.55 ppb, 24 0.51 ppb, 2]
o] 0.20 ppb, ZAKE 0.22 ppb, *=¥% 0.19 ppbE
PaAPT= TR e A HE A o= A ehgton,
BEARE 710 Alg), ke FARe) 2hd, At
H[S=8t 20| ATt Styrene-S TFRE 2| it} HE=3E 4=
& Ho|= ubhy ethyl benzene m,p-xylene, 0-xylene
o AE o BhE Ao Bt £ 558 weik $7]
BAl ARESRE - AAAE SOl wol HiEE=
toluene®] 73 sheo] tho] Zibs9} mtlE Bt
4Rk Zpolz e S Helou) Fisiith= 2333
ppb= TR Aleh A HHet A Uttt shd 9 Hs
ARk Uje] 7] & BTEXS (benzene, toluene, ethyl
benzene, xylene, styrene)?] =7} =2 YERLOH
o= 7 -8AIE ARESl= i E oA thE A9
o] Fake Hk= A 0= yickEct

ol

ot

N

3.3.3. MEHH VOCs QIXHEA
ARA S tf7] 5 VOCs 5= 232 Aole] fAMS
stefsio] off WSl o] Y& L=71E F4st
7] $18iA QIRREAE AABEEE QIRREARS: varimax
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Table 3. Measured VOCs concentrations in the study area and other cities

(Unit : ppb)
Gwangju Gyeonggido Busan Deagu
VOCs Haman szggg Sihwa  Banwol  Gamjeon Jangrim %}g;lugn Gg(l)izgm I\Ii(z)v;gl

This work Kim et al.(2018) Cheong et al.(2011) Kim et al.(2014)
Benzene 1.67 0.42 0.40 0.51 0.55 0.51 0.20 0.22 0.19
Toluene 15.50 23.33 9.07 12.15 11.02 11.21 10.70 18.24 17.93
Ethyl benzene 3.89 7.07 2.07 1.07 1.68 2.82 0.76 1.30 2.04
m,p-xylene 420 6.37 1.40 0.80 1.30 1.61 1.19 2.00 1.98
o-xylene 3.83 5.97 0.91 0.53 0.68 0.90 0.43 0.62 0.70
Styrene 0.33 0.04 0.18 0.21 0.16 0.15 N.D. 0.39 0.02
BTEXS 29.42 43.20 14.03 15.27 15.39 17.19 13.28 22.77 22.86

N.D." : Not detected

HZBPALE ARgSIOm 182k 1ojgel 2el

T

=

Table 4= ARtx|210] VOCso| that o1-EA] A}
S Upepile. s Xde] A9 ) 18 7] VOCs
0] 40.2%, 1A} 2= 22.3%, Q1A 32 16.0%= 53]
F= AoF ZARERILE 1A} 19)= hexane, heptane,
nonane, 2,2.4-trimethylpentane, benzene, toluene,
styrene, 1,2,3-trimethylbenzene, mesitylene 5= 2}
2 wiEzle 9 $718A Aol A e
(Chang et al., 2013; Lee et al., 2016). 7}&9, &R}
=2} vjErtAs 2 9Y 02 toluene, benzene, hexane,
propane, n-butane, n-pentane, ethane, ethyl benzene,
1,2,4-trimethylbenzene, mp-xylene, n-decane, n-undecane
50| F2 7]ofgk= Aoz B uEQtiWatson et al.,
2001).

Q1Z} 20]l= 1-butanol, acetone, styrene, undecane,
tridecane, tetradecane, pentadecane 5 ©| =2 T4 2}
FAIA viEEE IR IERE R HIAAL 9l
thar #ekElck Q1) 394 toluene, ethyl benzene,
m,p-xylene, O-xylene, 4-methyl-2-pentanone, butyl
acetate 5| EUTHO| ALgSh= HQJIES] BA7} =
9 QX2 YERFTK Cheong and You, 2011).

B ARe] 74 1A} 1-2 A VOCs 9] 43.6%, 12t
2:=22.4%, A 3-29.5%5 el 2 0= 2ARE
t}. 2R} 19]l&= hexane, heptane, toluene, ethyl benzene,

m,p-xylene, O-xylene, 3-ethyltoluene, mesitylene,
1-butanol, 1,2,3-trimethylbenzene, 4-methyl-2-pentanone,
butyl acetate 5-C = == Aol =2 AMESH= 7]
| 2 SR ARs Aol AR SRR FEFol
=7 YeRFt(Scheff and Wadden, 1993; Cai et al.,
2010; Wang et al., 2013).

QIZ} 29]l= dodecane, pentadecane, hexadecane,
benzene, styrene, acetone 5O F T Rpgjof|A] vl
5= ggoz o A} 3o= 2-butanone,
ethyl acetate 0] SIEak= 87 o] 2 ol
2 UERITHTsai et al., 2016).

Shehabctant sBsAket oA Aol s S|
SRFEAe] =8 QA= ARITA W =4, 38,
AL AARA L 1ol A= R 18A] 9 ARs At
Al BiEER= aromaticF7} =8 QAR 2RER Ao
FEc

4 22

PR AP QAT A o
H&E%=h= VOCs it ses 2ARIGCH 2t
T HAl= G ERlsk] Sfall FidRrIsktEe] 5
= B 9 S slefsiich

1) =4A|Aof|A] HiE%E VOCs = toluene, acetone,
2-butanone, ethyl acetate, ethyl benzene, O-xylene,

m,p-xylene, butyl acetate 5°] F=8 AJEo] o]glom
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Table 4. The summary results of factor analysis for VOCs

Haman industrial complex Pyeongdong industrial complex
Compounds
Factor 1 Factor 2 Factor 3 Factor 1 Factor 2 Factor 3
Hexane 0.763 0.330 -0.046 0.938 0.026 0.104
Heptane 0.597 0.257 -0.045 0.871 0.188 -0.033
2,2 A-trimethylpentane 0.688 0.467 0.094 -0.144 -0.231 -0.487
2,4-dimethylpentane 0.878 -0.295 0.030 0.951 -0.131 0.056
Octane 0.887 0.226 0.135 0.913 0.193 0.237
Nonane 0.821 0.367 0.185 0.781 0.132 0.535
Decane 0.964 0.072 0.157 0.823 0.018 0.447
Undecane 0.473 0.796 0.112 0.119 0.487 0.748
Dodecane 0.737 0.604 0.059 0.134 0.879 -0.054
Tridecane 0.373 0.903 0.088 0.219 0.171 -0.249
Tetradecane 0.176 0.952 0.076 0.228 0.236 -0.297
Pentadecane 0.253 0.921 0.087 0.173 0.821 -0.084
Hexadecane 0.189 0.929 0.082 0.197 0.911 -0.095
1,3-butadiene -0.284 -0.141 0.548 -0.010 0.587 0.090
Benzene 0.957 0.210 0.121 0.578 0.690 -0.086
Toluene 0.612 0.226 0.651 0.940 -0.056 -0.118
Ethyl benzene 0.116 -0.024 0.891 0.911 -0.121 0.186
m,p-xylene -0.126 0.358 0.831 0.957 -0.062 -0.078
Styrene 0.824 0.533 0.119 0.121 0.751 0.489
O-xylene 0.005 -0.045 0.980 0.964 -0.092 -0.129
alpha-pinene 0.902 0.383 0.122 0.019 0.771 0.390
3-ethyltoluene 0.640 0.297 0.663 0.982 0.072 -0.098
4-ethyltoluene 0.725 0.379 0.548 0.950 0.251 -0.101
2-ethyltoluene 0.725 0.379 0.548 0.950 0.251 -0.101
1,2,4-trimethylbenzene 0.743 0.467 0.456 0.958 0.212 -0.086
beta-pinene 0.902 -0.258 0.102 -0.015 0.658 0.221
Mesitylene 0.682 0.268 0.660 0.955 0.249 -0.122
1,2,3-trimethylbenzene 0.388 0.223 0.794 0.925 0.319 -0.094
Limonene 0.765 0.617 0.100 -0.160 0.226 0.739
Durene 0.734 0.393 0.438 0.607 0.641 -0.005
Acetone 0.802 0.575 0.131 0.141 0.627 -0.205
2-propanol 0.822 0.409 0.007 0.298 0.708 0.348
1-propanol -0.055 -0.048 -0.201 0.316 0.769 -0.081
2-butanone 0.472 0.099 0.198 -0.151 -0.052 0.736
Ethyl acetate 0.132 -0.191 -0.020 0.113 -0.167 0.649
1-butanol 0.496 0.618 0.081 0.885 0.340 -0.111
4-methyl-2-pentanone 0.011 -0.115 0.434 0.875 0.370 0.008
Butyl acetate 0.394 0.153 0.449 0.985 0.134 -0.032
Nonanal 0.721 0.670 0.089 -0.064 0.767 0.057
Decanal 0.721 0.653 0.087 -0.146 0.760 -0.050
Eigenvalue 16.1 8.9 6.4 17.4 9.0 3.8
Variance (%) 40.2 223 16.0 43.6 22.4 9.5
Cumulative (%) 40.2 62.5 78.5 43.6 66.0 75.5
. . Solvgnts—%— Vehicle Surface Solvgnts—*— Vehicle Gravure
Identification Vehicle . Vehicle ..
exhaust coating exhaust printing

exhaust exhaust
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toluene©] 1,235.2 ppb 2 & 7} =& =2 Vet
VOCs % aromatics 49.9%2} OVOCs 43.6% Z/JH|&

Heick

2) QUMAJEofA HEE VOCs = ethyl acetate,
2-butanone, acetone, toluene 50| FQ AJHo] o]F o
| ethyl acetate”} 3,522.6 ppb2o & 7} =& s
UERFAL VOCs % OVOCs7}92.7% tFi 2|5k
=3

3) A THC viEstee =dA1d 24.7 ppm, <1
2A1d 138.8 ppm =gl om QIajA oA oF 64l 3=
Al ebdsyth f718A1E Hol ARgsk= =3 9 <l
2 AMEe] THC 5= HHE*WOH ot RIAE ] F
Sroll whet ] 2 AlolE Helom, THCY A7HAl7]
7] flsfixli= RTO, RCO # *—H WAAVE E=RQlo] e
Sk FERAA O] - A WA 3715 A fAlst
%%% 22 7o) Hadk Zl o e,

4) AR t)7] 5 VOCs+= toluene, ethyl acetate,
2-butanone, ethyl benzene, m,p-xylene, butyl acetate,
0-xylene, hexane, acetone 5] 8 A& o]g o
SARo] A toluene 23.3 ppb, ethyl acetate 24.4 ppb 2.
2 o2 4 Bohsert 7 ehdek oleleh 5o
AV QAP L] ARPellA] HE = VOCs g
3} 09k,

5) she & FsAket 213 9] VOCs 9] QIRHEA A,
FQ o] X}i EF&]—’ _:,ZI_EIO, t‘ﬂ—}\% H1—o]:xﬂ @xl-xﬂ al o] ‘,Hoﬂ
u

AR Ee §71874) 2 AFEA0] HiE7 Tt g
2 i,

B QAT ARIER|oA] $71 8715 AMEBHE A]4o]
el VOCs Hl% S40] ot 1572 S=atsio] 7] 2
A ghejol 7]ofstaa} skl el 2+ Allae] 3

APE VOCse] viker AP 9 3] ol thr) 2.
= 7]obg 7)) gt 27} A7t Wadt Ao Hol
A,

ALl 2
A= 20199 B SPgRoR AIFHAR] A

A A 7% A% e aie
QAo Alle) A0 2 S weiguick

o7 - iRl - 5T
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