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Abstract

Industrial emissions, mainly from industrial complexes, are important sources of ambient Volatile Organic Compounds
(VOCs). Identification of the significant VOC sources from industrial complexes has practical significance for emission
reduction. VOC samples were collected from July 2019 to June 2020. A Positive Matrix Factorization (PMF) receptor model
was used to evaluate the VOC sources in the area. Four sources were identified by PMF analysis, including coating-1,
coating-2, printing, and vehicle exhaust. The coating-1 source was revealed to have the highest contribution (41.5%),
followed by coating-2 (23.9%), printing (23.1%), and vehicle exhaust (11.6%). The source showing the highest contribution
was coating emissions, originating from the northwest to southwest of the sample site. It also relates to facilities that produce
auto parts. The major components of VOC emissions from the coating facilities were toluene, m,p-xylene, ethylbenzene,
o-xylene, and butyl acetate. Industrial emissions should be the top priority to meet the relevant control criteria, followed by
vehicular emissions. This study provides a strategy for VOC source apportionment from an industrial complex, which is
helpful in the development of targeted control strategies.
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EAo] FHERA ARRE FHOR BAH 22S
S5 QJ2iah B} o] S01A] 1 YT(WHO, 1987).

=Uj9] t)7| 2 FEA] vl}EEE(air pollutants emission
inventory)o]] <A th7| AR LAAE(Clean Air
Policy Support System, CAPSS)2] VOCs vj& 54
off W=w, 20199 7] 3534 ti7] L BEH(CO,
NOx, SOx, TSP, PM;,, PM, 5, VOCs, NH;)2] H}&5F
47,756 ton = VOCs= ZA| vlj&sFe] oF 35%2A]
16,567 tono] 3fFSHHNIER, 2019). VOCsE tjAle
2 T Al 718A ARgell tiet sfEE ] 80.0%=
7P A debsten, ol|A] A% 9 5 5.8%, =2
o159 AL 5.4%, H7|EAT] 3.1% 202 ZAREQ]
k. oo} Bedsto] {7184 A2 vl theh S
O] 75 =R, 718 7184 ARE, APALE 1e]an
AEAIE =08 7| AR o] 21E3t wiEd w7t
dagtlos 540tk

VOCs HiEH2] 2183t A S flsfirle viEdat
B8R Afolo] BAPL 94 0= qigE|elof gt 1
L VOCs= T A wgke] Hwrt Al gk o=
EAEIAL theFel] whell A e AYollA viEE =2
o] Aol ERIEA| gk 797 IAE AL Hidi=
LAY HiEEA] o2 EHo| SRS Bl &
AlelA ATk TRt viEdolA wiEE A=et
BRI A5 A2 = vAEA IAE 7
= 7357 A, oof] tigh Adedt HES AAA e
2 o]FA) Elch(Park et al., 2020). 7] 2 Fzof 9lo]
Al ZA ARl =388 e A K15-9] AT EA)
AREQ1 4=8A19] 2132131 Fatoll Tile 7Y Hai
o] 9ltLee, 2015). wehA AliekAle] 22 ©lgl 7}
of} MBS, B Vol A ol Tt AT
VOCs A& 8] =40 Sahlofof gk

Aepnze) Walih Aol 11 oj2d 7128
1 Q= BAF wd(dispersion model)d} 4~ Tl
(receptor model)Z F3A] th7] el ks =2
A8 =43} 4= 9JtHwang and Kim, 2003). A3+
LAY wiE ATt Zagh B4R HEl vl Hale
2 85 GRS AN = Qlo], e dE=E AR ALY
22 74 5 i Gl T mlef olSel = 28
T} o5 fPoiMl= WHEA o R A0 %= Q) vlgo]

7)205 shaslojor s ofekgol ek vhd 4
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ol =

RHERE ERRES

wee

HEEA] =80l A& A&7t glofof sh

HiE 25 A glo|= wiEdyt 840 v -
o] 7}ssl7] wzell viE 2Rl B ol AFgE fIvt
ATtof] ERE|Qc(Hwang et al., 2001; Lee et al.,
2009). “Leut = YAV L HE Aol wetE o] ghom,
VOCsE o= 484 k= 253 Aot

H A Lojjas 299 E =3 (source profile)7} o]
Tt =] Aol ARt FRE IAHEA](Positive Matrix
Factorization; PMF)2 £3 93} 10 w2 2k
7125 APgshar, wdl Ao} 7R RE B8ot
o] Z7A5SIE3(Conditional Probability Function;
CPF)¢} ZARo|H=2E3K~(Conditional Bivariate
Probability Function; CBPF) plot2 o|-83}0] 2 &%
NAE ettt s AakE Fdlii] VOCs st
AT S5 et Fagt 7 Fof tigk o4
=S Agste], ti7) viEd T aado
= pRfelr] QR 7124w R Algslarat gtk

2. Mz & Ul
PARE S

A7 0] 71 YRS LA A19JeA A
AT A3}, BT Y= VOCs vhEH
TR 0 L A BRS¢, 15 %
71, 39 9, U8 9 /1A, 7]e ARt Al
8), APAEES AT, AARE AR, 71ek 419
8 A9, ARV =Rolel), 71t 6]
S AR, 7HY ARG 718 AL8) o
2 BE3k 4= QLOH(NIER, 2019), ZH2-2 5,944,000
s oS- IR AT A5 Gl PRIt
Ak QI FAR S o= Shiti(Fig, 1). AlRiet
A5 VOCs 9% B71E 912 -8 A4 7129
AFEHA(QAIE) o 110 m ofthe] Aol $17/3H
AIRIEEA) 1) Ak Akl Qo] SIIRE 77441
17l A Ao, 2 7h A Aeks oF 510
molek. FAXH] 9 Bt Bhol 12 FFS 1
efp] Sl AEE L0} Mg elel] SISk B
o) S Bl W2 242 IS 248 5] 919
A =28 ke ARE AAskon, 20199 78R
€1 20208 69714 9 131 % 128 =ik
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Fig. 1. Location of the study area and sampling sites.

2.2, N=xfF L 2A{dpH

VOCs AlazfFel 42 7] A3 A Id71w2
7] 5 ol SR IeRkE Al - AR
IHA(ES 01804.2)3F EPA Method TO-14AE &3190
o} AlBAFE AE AlRAF 2] MTS-32 (Multiple
Tube Sampler 32, Markes, UK)?} TC-20(Tube
Conditioner 20, Markes, UK) 0]-85}0], A7} 4=
3% T2 C2-AAXX-5032, Markes, UK)S AR5}
gtk Z&4S Tenax TAL} Carbopack B2 Z2HA|7}
2249 AEL B B AEY 49 90 mL/min]
SEroR 1A7E 53 & ] 5.4 L7} HEs 519
o} T3 AR W) A ks ARES Arefsto] 241 9
AE] 2% 6A1712] Bl A5 2] AH O = HE] 1.2~2.0

m E0)oA th7] F A=RE IR 22 1Y 9*1
0 AF I FL Al BEH 7VAE S
S} FoF Ak shele W 91X e dF 1‘41712@‘
Ae574a ARE B85kl T He] RS EFAMN
7V A sl

SR e Alge ARsEERPEA|(Ultra-xr,
Markes, UK)7} 421l 7|4 S=upE1ef /2 wka A
7)(GC 7890B/MSD 5977B, Agilent, USA)E A}8-3}
of A5 XPE%‘%‘Z}%XH = 20 12344 e
2300ColA 40 mL/min®] G502 1087 & 22y
o, G2 A== oA 25 CA A& 55 EfS Bl
S5 32007 9 7 E= 22 F 2ER S
=35 GC/MSDE =tk

[¢]

GC/MSD&] EAolA AT ZH DB-1(60 m x
320 um x 3 um, Agilent, USA)o] AME|1L 2.8 52
2212 40T M 527 R-A]31AL 280T714] 5 T/min
HE2 58 238 HABI0R, T8 T
Al WES ARSIITE 4 ARl 488-2] VOCs
= ] AlgE EREslen, it—r—g- o2 Indoor air
standard (49148U, Supelco, USA)E A5}

%l VOCs=Table 19f YERNRICE

2.3,

VOCs 9] £4] Axjo]| izt A= Al ti71eH84
AF71E (ES 01804.2)0) &3t ¥ AETHA|, A=
AT AABIgeH, 1 Ax VOCs2] M A7t
2 AP HEZAHAE 0.5% olske A= gl A
ERfiGIch W A&l 24 S 10 ng
S 7719 ARl AT 5 A A E 5L
AIE 3715 A8sto] AXRRE 4 0.101~0.615
2 APgEQIeh E3E el Aeteo] 749 Al
A oA AXBhs 7Iee E5staioH, A% =4l
HEEYET(10~100 ng) Hlojl] 21414 7 Hdut
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Table 1. VOCs analyzed in samples

No.  Species No.  Species No. Species

Alkanes(13) 17 m, p-Xylene 34  Ethyl acetate

1 Hexane 18  Styrene 35  1-Butanol

2 Heptane 19 o-Xylene 36  4-Methyl-2-pentanone

3 2,2,4-Trimethylpentane 20  Alpha-pinene 37  Butyl acetate

4  24-Dimethylpentane 21  3-Ethyltoluene 38  Nonanal

5 Octane 22 4-Ethyltoluene 39  Decanal

6  Nonane 23 2-Ethyltoluene Halohydrocarbons(9)

7 Decane 24 1,2,4-Trimethylbenzene 40  Dichloromethane

8  Undecane 25  Beta-pinene 41  Chloroform

9  Dodecane 26  Mesitylene 42 1,2-Dichloroethane

10 Tridecane 27 1,2,3-Trimethylbenzene 43 1,2-Dichloropropane

11 Tetradecane 28  Limonene 44  Bromodichloromethane

12 Pentadecane 29  Durene 45  Trichloroethylene

13 Hexadecane OVOCs(10) 46  Dibromochloromethane
Aromatics(16) 30  Acetone 47  Tetrachloroethylene

14 Benzene 31  2-Propanol 48  1,4-Dichlorobenzene

15  Toluene 32 1-Propanol

16  Ethyl benzene 33 2-Butanone

shdo] 4 oFel gho= At sk aliAe 3t ofy
Folt). et Aade] Arol olEsis 2] oh /i
AR Ao Ha :
(least-squares minimization) ¢372]&S
W7 Ao tfgt @2} =7 (error estimatr) 7 Hof &]&
3} 4= Jrh(Choi et al.,, 2010). AZ35H4) ola}e] 2=}
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Fig. 2. Wind conditions during sampling period.

Hopke, 2004; Thimmaiah et al., 2009). CBPF2] 7
CPF Hhlo]l 845 w48 Afsio] -84) Wiz 71
& HSHI olo] T 2R SIS FA5Hs W]
th(Xie and Berkowitz, 2006; Jericevic et al., 2019).
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VOCs9] 7 F2] A47E 4719 Al9= E57sto] 4
SIoiTt. 71 A Abdka AR A Hat ol e
= VERH AIZES 10~11A], 15A4], 17~18A]0]H, 15
AIE ALt AJgEe] 79- 5t Aloli= QLo X Tt
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Fig. 3. Daily variation of VOCs concentration at the monitoring sites.
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Fig. 4. Distribution in the VOCs concentration by wind direction.
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AP FollA wol viEEE Aom HarEirk(Lee
and Yi, 1998; Kim et al., 2004).

3.3. PMF Eixtz U 0l

PMF 222 o-§5lo] A2y Q= ATE =E3517]
fP3liA 71 S8t IS 9210 5 A4sk= Aol
o} 82155 Al qloix alle] 7 v Hew
A EABHA] S e o] vehd 7ksAde] Jlag, vt
2 aQlert Ao e¢elo] S 4= Q7] wwol
tlJuntto and Paatero, 1994). &% A &4 Az|=l
1087]2] Aol thsflA] A 48F°9] VOCs=
108x48 FYFo|r}. Z12juf PMF K2 tj7] 5 oot
LHYE A sl Wil dHAPE Qlol B2 e
3t BG5S 2ol7] f1ell EFRIETF 70% oVl A
30% 2toks-2 21-8513{ch(Fig. 5). 5 T A
FE ANESIoH, HETA nlvke] AR HERA
9] 127}o2 A5tk Polissar et al., 2001; Lee et
al., 2002). E%= o] e FAE WA Fieol
15%5 A8s15lom, HETHA vRke] s=of 285
B SS9 5/631C2 3}tk (Saxena and
Hildemann, 1996; Paatero, 1999). AFZ74-2-108%18
Y, FAXFZ 108x16 P Hlo|E|= A/dE]o] el
B TRl o] 7 ARl 7SR FofskA Hok
el QPtio] ARE VOCse] 714 EARS Table
3o Lpehpgict

2 Atollxs BHEAQ] Ml 2H)E Sdto] 2|4
o] 88l 5 AHsP] fI8lA Q g ol 83 o s

4>
o MY
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oo slFHEAol|lA AAR)7E 0.7 ool mdl
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Table 3. Summary of VOCs concentrations used for PMF analysis (Unit : pg/m’)
Sites Variable Max Min Med. Ave. S.D.
Octane 8.57 0.00 0.85 0.99 1.24
Nonane 5.35 0.00 0.84 1.19 1.28
Decane 3.73 0.00 0.27 0.65 0.99
Benzene 18.10 0.00 0.87 1.17 1.93
Toluene 52.91 3.93 9.89 13.38 10.54
Ethyl benzene 39.47 0.00 2.59 3.72 4.52
m, p-Xylene 51.66 0.35 4.72 6.80 7.41
Styrene 5.38 0.00 0.38 0.96 1.31
Industrial point 0-Xylene 17.49 0.00 1.50 2.24 2.36
(n=108) 3-Ethyltoluene 4.43 0.00 0.26 0.75 1.16
Mesitylene 6.33 0.00 0.71 1.20 1.37
Acetone 55.84 0.00 1.93 3.68 6.48
2-Propanol 3.88 0.00 0.53 0.85 0.90
2-Butanone 53.07 0.00 1.79 3.66 6.31
Ethyl acetate 79.18 0.00 1.93 5.35 9.73
4-Methyl-2-pentanone 19.12 0.00 0.97 1.83 2.77
Butyl acetate 39.78 0.00 2.00 3.35 5.33
Nonanal 6.29 0.00 0.52 1.03 1.31
Hexane 50.53 0.00 1.18 3.00 6.09
Heptane 3.19 0.00 0.62 0.88 0.92
Benzene 3.19 0.00 0.96 0.94 0.61
Toluene 61.89 2.83 8.11 11.08 9.61
Ethyl benzene 28.07 0.54 2.52 3.68 4.36
m, p-Xylene 4231 0.00 4.57 6.65 6.62
Styrene 4.13 0.00 0.15 0.69 1.22
Residential point 0-Xylene 18.03 0.00 1.53 2.38 278
(n=108) 3-Ethyltoluene 4.10 0.00 0.22 0.72 1.12
Mesitylene 6.10 0.00 0.67 1.20 1.28
Acetone 18.04 0.00 227 3.05 293
2-Butanone 27.12 0.00 1.37 2.69 3.62
Ethyl acetate 62.27 0.00 3.18 5.58 8.47
4-Methyl-2-pentanone 16.49 0.00 0.48 1.37 2.48
Butyl acetate 32.54 0.00 1.72 2.72 4.11
Nonanal 21.44 0.00 0.63 1.97 4.08
350 300
S y = 0.852x + 5.3049 s y=0.761x + 10.351
HE R?*=0.85 "'E 250 R?=0.76
E 250 'E:_‘;‘.
= = 200
S 200 o]
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Fig. 6. Interrelation between measured TVOCs and modeled TVOCs.
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Fig. 7. Chemical compositions of factors for VOCs samples constructed using PMF model.
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Table 4. Source contribution of VOCs

Source contribution

Sites Name of source

% ug/m’

Coating-1 429 17.25

Printing 244 9.83

Industrial point Coating-2 20.8 8.37
Vehicle exhaust 11.9 4.80

Total 100.0 40.25

Coating-1 40.0 13.49

Coating-2 26.9 9.06

Residential point Printing 21.8 7.36
Vehicle exhaust 11.3 3.82

Total 100.0 33.73
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7R AF uiETEser o] glom, FaEES
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