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Abstract In this study, measured volatile organic compounds (VOCs) in the vicinity of a petrochemical industrial complex
to analyze the wind effect, estimate pollution sources by PMF model, and assess the hazards of the sources. At the receptor,
the concentrations of formaldehyde, acetaldehyde, and acetone were high, and among the VOC groups, the contribution of
OVOCs was the highest at 52.1% (24.9 ug/m?3). This was followed by the aromatics group at 27.1% (12.9 ug/m?), the
halogenated group at 11.0% (5.2 pg/m3), the alkanes group at 9.5% (4.5 pg/m3), and other groups at 0.4% (0.2 ug/m?3). The
receptor was identified as the site where the VOC concentration linearly decreases as the wind speed increases. The main
sources identified by the PMF model were as follow: traffic-related 29.6% (9.32 pg/m3), background+solvent_2 (acetone)
26.3% (8.26 pg/m3), petrochemical industry 22.4% (7.05 pug/m>), solvent_3 (DCM, hexane) 12.5% (3.94 ug/m?3), and solvent_1
(MEK) 9.2% (2.88 ug/m>). In the regression analysis results of the separated sources with wind speed, the pollution source with
the highest coefficient of determination (R?) was the petrochemical industry 0.8086, and the other sources were less than 0.6.
The influence range of petrochemical industry source reaching the receptor site was estimated to be workplaces within a
distance of approximately 3.0 to 3.1 km from the receptor site. As a result of the health risk assessment of sources, traffic-
related source were judged to be priority management source because their relative contribution (carcinogenic 62%, non-
carcinogenic 68%) was very high. Petrochemical industry source, which have a high correlation with wind speed, were found
to have an increased impact on VOC hazards in the summer.
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S5l 7] 2 9-E2 (Hazardous Air Pollutants, HAPs)  -&31= HQIE, H7]& ﬂa/\]ﬂ 3} Zro] e
o] sfgale FEA-G71SHeHE (Volatile Organic Com- Q5 theFsitt (Bari and Kindzierski, 2018a; Yujing
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ZYE0] 2ATE u]sitt. 217HEHs9] 23t VOCs AZ1aL, 22} 719l o] 22Z (second organic aerosol) 2
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PAN (peroxyacetyl nitrate) 52| 22} &2 HMHE&E
A2 A 2831t} (Seinfeld and Pandis, 2016; Gentner
et al., 2012) VOCs= g4 4, nigsR
F2 5YS 53l o]F oA (Shuai et al., 2018),
3 L;E o]x}oﬂ/q g 7] Agk 75@‘ cHE tﬂ Al
735k ZA4ko] o] Z71a 4 Qltk(Derwent ef al.,
2007; Rumchev et al., 2004). T2tA VOCs 2] 7] 2191
HUEES B9 714 feje o - Hsks 59
ol A Fastch
A =7tlAE A=l faiti712 258 6270
A5 skl 7] T VOCs 1759 5k Hgk=
TUE 3T QITH(NIER, 2024). T3t HAPs TS
fsto] =7HEASR 7 2AH FF- o5 (NIER,
2019a), TS} (NIER, 2019b), THAH(NIER, 2020a), 24t
QAF(NIER, 2021), A3} ¥H (NIER, 2022)2] 544
A1} 2 EAA Gl A& (NIER, 2014), 914
(NIER, 2015), 54 (NIER, 2016), 335 (NIER, 2018),
7 (NIER, 2019¢), =4F(NIER, zozob)ow VOCs, 7}
HUSRE, S5, thehasestea
Aromatic Hydrocarbon, PAHs) 52| HAPs®] FH
=2 nygAsty, EHEAEQ] vrel 4l ujdkery

4> (Polycyclic

== 2=
Y SO S B sl Dol
2 Ak AR 72| Sk gk

}‘hg ?"i%zlﬁi-J Lofl&= A4 (Choi et al., 2020),
A& QFAY (Kim et al., 2020), THAT (Baek et al., 2020), &
S (Kim et al., 2018), 9 (Lee et al., 2017), T+ (Kim
et al.,, 2014) 5o YA AATARA]E it o2 At
2] Y5 Q1 FAZ oA VOCsE S5t &
T 22 9 AE BT 5o AvtH £ 542 2]
514t} ©] = Kim et al. (2020)7} Kim et al. (2018)2
91 AT g ZA 0] FAZIHE ol8st] o9
He EA5HIH
71 A=) gt L AU AT} 7ol
B7F Q4= 82 E 5 <l PMF (Positive Matrix
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Ryoo et al, 2022; Heo et al., 2018; Jeong and Hwang,
2015; Lee et al., 2009). VOCsi= THIRF aFalgof tigh
H71 SAARTBA Fot AdH o r AFEHAC
= 339 (Song et al., 2023), 5 (Park et al., 2021),
1] (Choi et al., 2010)2] *J?QEW 29S8 ez
A7} =
VOCs 5/4< olsfstal 24t Bl & fsiie 2
Y =8RG Atolo] e AFF AT A1A 2

= g efoF fith 12y VOCs o] 7|87 ol 4 €]
ofehik-g/d ol AFAIZ (lifetime)©] A7kl
A =g AT R thFste] (Fujita and Campbell, 2003;
Monod et al., 2001), &5 1} v & Ato] o] TAS
of Qlof AFx]o] A% PMF d=aj o] A5
Aol Aol EAL o= Qe oI5 HetstH 84
Hf QIS @ AU B¢ vl ot A I
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A =] vOC LE8 Y 7% B4 d44= VOCs
SHA RS PMF 8PS E-85to] L HdS 24
SHAL, A1 @ gl it flsid B7HE AgRt o
7t 4= =]31 I} (Paul and Bari, 2022; Pinthong et
al., 2022; Liu et al., 2021; Zheng et al., 2020; Yang et al.,
2019; Bari and Kindzierski, 2018b; Hsu et al., 2018). 2
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Fig. 1. Sampling site around the Yeosu Petrochemical Industrial Complex.

Table 1. Seasonal weather conditions during VOCs sampling period.

Temperature” Wind speed”
) (°C) (m/s) Rainfall? Prevailing
Sampling date (mm) wind direction
Mean +SD¥ Mean +SD
. 2018.12.14.~12.20. 6.5+1.5 28+1.0 1.5 SW
Winter
2019.01.17.~01.23. =+ 0.5 WNW
Sorin 2019.04.24.~04.30. 143+1.6 32+1.2 4.1 NNW
pring 2019.05.26.~06.01. 20.3+£29 1.3+0.9 3 E
2019.07.12.~07.18. 239+16 A 7.5 NNW, ENE
Summer
2019.08.02.~08.08. 283+26 +1.3 3 E, SSE

"1 hour average data, #7 days accumulated data, Standard deviation
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mpetstaar S HAA 7.4 km BolR of =4bete]
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5] 68F-= TA5H

3 (hexane, cyclohexane, heptane), aromatic hydrocar-

B2 1502 B, alkanes

bons 10 (benzene, toluene, ethylbenzene, naphthalene
), oxygenated VOCs (OVOCs) 18 (isopropyl alco-
hol, methyl isobutyl ketone, formaldehyde 5 haloge-
nated hydrocarbons 35 (dichloromethane, chloroform,
trichloroethylene 5, alkene 13- (1,3-butadiene), 1 £
1% (carbon disulfide)©] SFSHct. o] % 58F-L Tenax-
TA (40/60 mesh, Markers Inc., UK) 2] 1A &2 4
42F H I (SIBATA MP- Y 30KN, Japan)Z 100 mL/
min®] fFC 2 1AZF QF5FAH. OVOCse] 7Hd
3}3E 10 (formaldehyde, acetaldehyde, acetone,
acrolein, propionaldehyde, butyraldehyde, methyl ethyl
ketone, benzaldehyde, i-valeraldehyde, n-valeraldehyde)
2 DNPH cartridge (Top trading, Korea)oll A8 H
X (SIBATA MP- Y 300N, Japan)E AFH8-51%] 1 L/min
o] frEFez 1A AFstA. ol t7] § &
ot Y= A flste] R L ESFEE (KDl &
He 2 FAF Y (Ozone Scrubber, Top trading,
Korea)E cartridge Stoll &2sto] A|&E 2 FsHT

AR 2 B AFHE AR A SR 2
E74-2 US EPA (environmental protection agency)
TO-14/158 VOCs EFZ3MA] 2 (Supelco, Inc., USA)
£ AH83H AL, naphthalene 1,000 ug/mLe] EF-§
o (Accustandard, USA)S, 71 I33HE-2 Carbonyl-

2,4-DNPH (dinitrophenylhydrazine) S¥EE=4

(Custom Mix 50 pg/mL in acetonitrile, LC10224)2 A}
gl TAEAT] AFY Ano] AL A
GEEHA] (TD, Thermal Desorption, TurboMatrix,
PerkinElmer, USA)”} Gas chromatogram cloumn (DB-
1, 0.32 mm X 60 m X 3 um, Agilent Technologies, USA)
© 2 A4 % GC/MS (Gas Chromatography/Mass Spec-
trometry) (HP 6890/5973 inert, Hewlett Packard, USA)
£ AR89t} DNPH cartridgeo]] FE Az 3}
o|E2fE KA (hydrazone derivative) 7} A/ =] =T,
cartridge®]] OFIEHO|EZ-E 3~5mL HL|oA &4
Fa T, 7=t HE7] 3 360 nmel A HPLC

(high performance liquid chromatography)2 £45}

st
AT
14 Avte] 4124 BRE 98w Bl
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A, B 74 Z3H] (Method Detection Limit, MDL), &
A A, 2 AR, AFFA AHASs (RS
7okt o714 MDL2 7171 &5HA 2] 3~5H) 4=
T P2 2 AxH 7 ZEARE 73 THE &
A5to] A& FFWH A} (Standard Deviation, SD)©]| 3.14
E 53 gol, B4 A2 vE B Zite] i
-+

= o v

T EEHAE o] 85 At EFH A} (Relative Stan-
dard Deviation, RSD)o|H, Aot = o1=Zko ofjgt
S48 2 F]ith GC/MS 49 MDL2 0.01~0.13
nmol/mol, &4 X (%RSD) 0.12~8.92%, ST
76.2~116.0%, HAT4 ] AFAS (R)E 0.98 o
o]ict. HPLC E4 9|4+ MDL 0.51~2.17 nmol/mol,
E AEA (%RSD) 0.27~2.80%, FT 101.64~
103.64%, HAFA 0] AT (R)+= 098 o] F o=

b gict.
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H AFYAE VOCs2] 2@ B4 9 7o 3
7= 938l w2 EPAS] PMF 29 (Ver. 5.0)2 AR5}
ot PMF 222 FA7]1H Q1 Q12 B4 (factor analy-
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QIAE-SIF (factor loading)©] X

WA A= e] HaAlggte] 24zt HA sh= (least—
squares minimization) XtF7of| 7|9 &S

7H<1tt (Hwang and Kim, 2013). £5] PMF &2 @

DA ZS

1
.

dYBE= 1 oo] 2AZZUro 2 9 Ao EXo] 7}t
sate] S o] g AT ARl B85 e 09
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PMF 299 QEARzE ZHAu0t S4Aa
o Thg i 05 Behe AEst Basteh(us
EPA, 2014). A% o] wet SHA RN 24F
(Not Detected, N.D.) ¥ S}st£-2 ZZESHA (Method of
Detection Limit, MDL) 2] 1/2& #8359t 28t
Atm= MDLE Z2oh= 32 A (1) & AXTEH o]
Q2 (error fraction)2 10%°©]1l, MDL ©|5}9] Zk
2 2} (2)9F 2ol MDL %€} 5/65 2-85FTh (Li et
al., 2020; Yang et al., 2019). A9} o] AmPH-&
Z 5 pMF 299] At Ql £=30-2 US EPA (2014)2]
“US EPA PMF 5.0 Foundamentals and User guide”®]|
utet g5kt

Unc= \/ (concentration X error fraction)2 + (0.5 X MDL)?
(conc>MDL) (1)

Unc=%><MDL(con£MDL) )
2.4 CPF (conditional probability function) =4
CPF= -84 f1Al0l4 S4E 5=t PMF

modelinge Foll FHE LAY 7=E Agstod

Q AAO] =2 A1 Gkt HA AR YA E Bt

o]t} (Begum et al., 2005; Kim and Hopke, 2004;

Zhou et al., 2004). CPFQ] B4 A}l g of| 4] 1 AJo] Q]

FEO R FolxH, B el tgt CPF (3]

o 1)o] 2, 1 el e ddo] AT 7FsAdel &=

t}. CPF 29 7dL R T2 1319] OpenAir 7] 4]

£ ARESIIHE CPRE 29 A 3) 25 BAT
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2.5 2EH 2lsid "ot

PMFZ H4% i%ﬂ%u A1 Bt= o
AFNA AHEE H 4 AW (point estimate ap-
proach)a J%E}TXE}(Bari and Kindzierski, 2017;
Khan et al., 2016; Wu et al., 2009). PMF 224>} A v}

e FES T4 06]"_‘ Z7te] eletEE0l 71 =5
o|-g-5te] 7 sletEEE Qo4 H7HE ol &
W= S5 voc Fof It efele 2 Bldet fisi/d
= itsto] 7t e JddE 9oid ATHE &SI
7R vocef tish 2rF$I5l & (Carcinogenic Risk, CR)
H7M= k&5 (Exposure Concentration, EC)l| &
Q] FY = (Inhalation Unit Risk, IUR)2}9] H2
2 g@rshe, 1) 9] 93l A]4 (Hazard Quotient,
HQ)+ E5% (EC)° &Y =493 114] (Reference
Concentration, RfC) 2 U= 5.0 & B 7|5t} (Bari and
Kindzierski, 2017; Khan et al., 2016; Wu et al., 2009).

HFoFA
== e}

EC; = (C; X ET X EF X ED)/AT (4)

Carcinogenic risk; (CR) = 2 EC;; X IUR; (5)
j=1

Non-carcinogenic risk; (HI) = >_ ECy/RIC; (6)
j=1

L 717}

4714 ECy9t C= 22k ifiA] Aol tigh jAA
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Z9] kE5k (unit: pg/m’)et 7191E = (pg/m’)o]Th.
ET+ =EA|7F (exposure time, hours/day), EF&= o&
QI (exposure frequence, days/year), ED+= =&7]3t
(exposure duration, year), AT+ B =& A] 7} (averag-
ing time, hours)?]th. ECE 57| $I¢ ET= 2.18
hour/day, EF+= 365 day/year, ED= 82.7 year, AT
724,452 hour (ED X 365 days X 24 hour/day)S -85
At o714 ETSH ED= =19 k&A1 =R
= AAIBFITH(NIER, 2019d). T9I9Isl e o =35 51
2] 9] =A]7d H 1= IRIS (US EPA, 2024a), Dose Response
Assessment Tables (US EPA, 2024b), California EPA
(CalEPA, 2024), US Agency for Toxic Substances and

Disease Registry (ATSDR, 2023)] Zt=2-E ©]-8-5} 3t
US EPA (2009)7F g 5h= 27 L5l = (Excess

Cancer Risk, ECR) &=

= WahE o] 1 (1.0E-6)

2ol A FHELO] 1 (1.0E-4) 7|2 HY = 5}, v
9] 15 251E Al HAQ A7 2 asiety &
ot vt 132 v QeixE E83t =

2 71ArE 91324 (Hazard Index, H)Z EA]F L}

US EPA (2009)= HI< 1Y 7 A7 n|x]=
o] ol Yol gl W, HI> 191 73-$ v

B WA 54 Uehict,

—5;]:

_(H

S
o}
=

3. a7 2 R v ¥

3.1 VOCs sk &

84 217 9] VOCs s+ HF 29 0] formalde-
hyde 4.63 ppb, acetaldehyde 2.83 ppb, acetone 2.40 ppb
TOR OVOCs 19 425 w7t =il 4Ey
=71 0T 9 3% ALIStalE 10ppb o1l &
5 7H RS 9lSITh 05 ppb oY AR SR+
alkanes ~1°5-2] hexane 0.83 ppb, aromatics “15-2] tolu-
ene 0.78 ppb, benzene 0.77 ppb, OVOCs “152] methyl
ethyl ketone 0.66 ppb2 25Tt VOCs 5 -5t
Al = tH718H3 715217 5.0 pg/m? (S 1.5 ppb) = A
= benzene2 0.77 ppb2 7|=#]9] ¢F 51% ‘s 4+
Foll A st HERIER AW EH, 80% o

Table 2. Concentrations of VOCs measured in the vicinity of petrochemical industrial complex (unit: ppbv)
NO. VOC groups Compounds Mean sp" Max? DFY
1 OVOCs Formaldehyde 4.63 3.89 16.57 97.6
2 OVOCs Acetaldehyde 2.83 3.05 18.92 96.4
3 OVOCs Acetone 240 1.49 7.00 100.0
4 Alkane Hexane 0.83 1.38 8.10 76.2
5 Aromatics Toluene 0.78 0.82 3.70 98.8
6 Aromatics Benzene 0.77 1.02 5.81 97.6
7 OVOCs Methyl ethyl ketone 0.66 0.90 3.94 63.1
8 Halohydrocarbons Dichloromethane 0.39 0.76 4.82 67.9
9 Aromatics Ethylbenzene 0.36 0.39 2.38 98.8
10 OVOCs Propionaldehyde 0.27 043 2.29 583
1 Aromatics m,p-Xylene 0.26 0.28 1.48 94.0
12 Aromatics Styrene 0.25 0.41 2.99 82.1
13 OVOCs Butyraldehyde 0.23 0.30 1.59 56.0
14 OVOCs Tetrahydrofuran 0.22 0.32 1.53 46.4
15 Alkane Cyclohexane 0.21 0.35 1.95 52.4
16 Aromatics o-Xylene 0.21 0.23 1.04 89.3
17 Halohydrocarbons 1,2-Dichloroethane 0.17 0.28 1.47 45.2
18 OVOCs Ethyl acetate 0.16 033 1.53 27.4
19 Halohydrocarbons Freon 11 0.14 0.32 1.65 333
20 Aromatics 1,2,4-Trimethylbenzene 0.13 0.17 0.78 52.4

Standard Deviation; ?Maximum; *Detection Frequency (%)
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Lo% B 335010 o] F 2B vlgko.z ek
185 Eﬁz (Not Detected, ND)Z *]2]H HEL 19%
olc,

75,

VOCs B 15 (ppbv) & A (ug/m’)=2 FHit
sho] R (1m’) 3 VOC A es THER 4
goto] 117 20 YERATE & A4 diHe R

57} =2 formaldehyde, acetaldehyde, acetone ‘5.2

2 5t OVOCse] 7%} 52.1% (24.9 pg/m’) 2
7V =t 29 2 aromatics 15°] 27.1% (12.9
ug/m?), halogenated 155 11.0% (5.2 ug/m?), alkanes 1
& 9.5% (4.5 pg/m’), 1 9| T1F 0.4% (0.2 pg/m’) =2
& Lebth

F 30 B AFAREIE AdRIske] YERE. vOCs
F7F ol TheFstal, 1 =2ol w2t vOCs©|

=%
T O

Alkenes Others
0.4% 0.3%
(0.18 pg/mr) (0.16 g/m’)
Aromatics
27.1%
(12.9 pg/mr)
OVOCs
52.1%
(24.9 pg/m’)
Halogenated
11.0%
(5.2 pg/m’)
Alkanes
9.5%
(4.5 pg/m’)

Fig. 2. Mass concentration ratio of VOC groups for total
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Table 4. Subdivision of 1-hour measurement data into
1-minute wind direction and wind speed.

VOCs Wind
Wind speed 1h 1 min
(m/s)

Number Ratio Number Ratio
of data (%) of data (%)
<2 1 (13.1) 905 (18.0)
2~4 45 (53.6) 2,453 (48.7)
4~6 19 (22.6) 1,064 (21.1)
>6 9 (10.7) 615 (12.2)
Total 84 (100) 5,037 (100)
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Fig. 3. Regression analysis result of TVOC concentration vari-
ation by wind speed change. (A) 1 hour measurement con-
centration data (total 84 data), (B) Average concentration data
(total 27 data) within the average wind speed 0.2 m/s interval
for 1 hour measurement concentration data, (C) Average con-
centration data (total 47 data) within the average wind speed
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Fig. 5. Regression analysis results of source concentration by wind speed change.
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Table 5. Research cases of VOC sources apportionment by PMF.

Main sources

CoSLIJt:t,ry Station Evaluation items References
Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
Main sources Traffic-related Background + solvent1 Petrochemical Solvent3 Solvent1
Petrochemical (acetone) industry (DCM, Hexane) (MEK)
\s(iziE’Korea complex Mass" 29.6%,9.32 ug/m* 26.3%, 8.26 ug/m> 22.4%,7.05 ug/m> 12.5%, 3.94 ug/m? 9.2%,2.88 pg/m? This study
nearby Cancer risk? 62.1% 22.4% 9.8% 4.5% 1.3%
Non-cancer risk® 67.7% 22.7% 3.0% 2.9% 3.8%
Main sources Background Petroleum-related Aldehyde-rich MEK-rich Vehicular traffic
New York, Urban Mass 30%, 3.8 ug/m? 22%,2.9 ug/m?> 21%, 2.7 ug/m?> 8.8%, 1.2 ug/m? 3.3%0.4 ug/m’ Paul and Bari,
USA Cancer risk 19.2%* 6.9% 45.0%* 3.4% 12.3%* 2022
Non-cancer risk 15.2% 8.8% 44.7% 3.6% 12.1%
Main sources Mixed source Vehicle exhaust Industrial Biomass Coal burning
emissions combustion )
Eﬁ'i’,'f;g’ Urban Mass 22.2%,23.8 pg/m’ 14.5%,15.5 ug/m’ 144%,15.4ug/m*>  12.9%,13.8ug/m®  12.2%,13.0 ug/m? '-“2* (‘; f’-'
Cancer risk 38.8%* 13.8%* 12.1%* 11.1%* 6.6%
Non-cancer risk 3.8% 2.6% 39.7% 37.4% 5.3%
. Main sources Fuel evaporation Ethylene industry Background Industrial sources -
Yangtze Petrochemical ¢ 35.6%, NA 26.5%, NA 25.9%, NA 12.0%, NA - Zheng etal,
River park, complex .
China nearby Cancer risk 10.2%** 10.0%** 58.4%** 21.3%** - 2020
Non-cancer 30.5%" 15.9%" 38.3%" 15.3%" -
Main sources Vehicle exhaust Industrial sources Solvent Liquefied Secondary and
utilization petroleum gas & long-lived species
Xianghe, Urban Natural gas Yang etal,
China Mass 31.0%, 18.7 ppbv 26.4%, 15.9 ppbv 13.6%, 8.2 ppbv 18.6%, 11.2 ppbv 10.4%, 6.3 ppbv 2019
Cancer risk 30.3%* 15.0%* 32.6%* 11.5%* 10.6%*
Non-cancer risk 56.2% 17.7% 0.8% 2.2% 23.1%
Main sources Oil/natural gas Fuel combusion Background Industrial Traffic-related
Calgary, extraction/combusion coatings/solvents (gasoline + diesel) Bari and
Alberta, Urban Mass 26%, 10.7 ug/m? 20%, 8.1 ug/m?> 18%, 7.63 ug/m?> 12%, 4.8 ug/m?> 9.5%,3.92 ug/m?> Kindzierski,
Canada Cancer risk 10% 16% 30%* about 5% 33% 2018a
Non-cancer risk 7% 17% about 17.5% about 10% 40%
Main sources Traffic Background/secondary Fossil fuel Biomass burning Metalsindustry
Edmonton, organic aerosol combustion Bari and
Alberta, Urban Mass conc. 42%, 4.33 ug/m?> 25%, 1.92 pug/m> 11%,0.92 pg/m? 5.5%, 0.52 ug/m? 1.3%,0.11 ug/m? Kindzierski,
Canada Cancer risk 35%* 31%* 13% 7.1% 11%* 2017
Non-cancer risk 40% 21% 16% 7.2% 14%

Mass concentration and contribution

2 Contribution to carcinogenic risk value: “no marker”is < 107%“*" 10°~1075;“**"1075~10™*
3)Contribution to non-carcinogenic risk value: “no marker”is < 1;"" > 1 hazard index (HI)

NA: not available
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Supplementary Materials

Table S1. Contribution concentration by VOC source apportionment.

Petrochemical

Background

Traffic-related Solvent_1 industry +solvent 2 Solvent_3
Factor profile
ug/m? ug/m? ug/m? ug/m? ug/m?

Dichloromethane 0.09 0.03 0.26 0.00 0.23
Hexane 0.00 0.00 0.03 0.21 295
Benzene 0.48 0.05 0.71 0.12 0.20
Toluene 0.22 0.03 1.88 0.36 0.11
Ethylbenzene 0.03 0.00 1.37 0.24 0.02
m,p,-Xylene 0.00 0.01 0.93 0.20 0.04
Styrene 0.04 0.10 0.33 0.17 0.01
o-Xylene 0.05 0.00 0.72 0.16 0.00
Formaldehyde 4.02 0.00 0.08 1.47 0.23
Acetaldehyde 348 0.38 0.00 1.06 0.00
Acetone 0.78 0.39 0.71 417 0.16
Methyl ethyl ketone 0.13 1.89 0.02 0.10 0.00

Sum 9.32 2.88 7.05 8.26 3.94

Table S2. Emission information for ethylbenzene and benzene in industrial complexes according to distance from the receptor.

D Ethylbenzene Dichloromethane Benzene Styrene Ratio
istance
from . . . .
Emission  Number Emission Number Emission Number Emission Number
receptor (kg/year)  ofstack (kg/year) ofstack (kg/year) ofstack (kg/year) of stack Ebz/Bz  DCM/Bz  Sty/Bz
Okm 1.37 0.26 0.71 0.33
(receptor)  (pg/m°) (ng/m3) (ng/m?) (Hg/m?) 2 1.93 0.37 0.46
<3.0km 3,922.8 138 522.6 111 1108.4 113 11,932.3 140 3.54 0.47 10.77
<3.1km 3,963.3 140 557.8 113 2,160.5 124 16,895.2 150 1.83 0.26 7.82
<5.0km 11,484.2 193 664.4 114 7,363.5 174 38,453.5 195 1.56 0.09 5.22
<7.0km 12,085.3 201 674.0 122 10,871.3 194 38,499.5 201 1.1 0.06 3.54
<8.0km 12,219.5 208 1,019.1 126 12,160.9 241 38,611.7 205 1.00 0.08 3.18




Table S3.VOCs toxicity data used in study.

Carcinogenic risk

Non-carcinogenic risk

Species
IUR (ug/m3)~! Reference* RfC (mg/m?) Reference
Dichloromethane 1.00E-08 IRIS 6.00E-01 IRIS
n-Hexane - - 7.00E-01 IRIS
Benzene 7.80E-06 IRIS 3.00E-02 IRIS
Toluene - - 5.00E + 00 IRIS
Ethylbenzene 2.50E-06 Cal EPA 1.00E + 00 IRIS
m,p,0-Xylene - - 1.00E + 00 IRIS
Styrene - - 1.00E + 00 IRIS
Formaldehyde 1.30E-05 IRIS 9.83E-03 ATSDR
Acetaldehyde 2.20E-06 IRIS 9.00E-03 IRIS
Acetone - - 3.10E+01 ATSDR
Methyl ethyl ketone - - 5.00E +00 IRIS

*IRIS: Integrated Risk Information System; CalEPA: California Environmental Protection Agency; ATSDR: US Agency for Toxic Substances and Disease
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Fig. S1. The emission range of the petrochemical industrial complex source where emission ratio (ethylbenzene (Ebz)/ben-
zene (Bz) and dichloromethane (DCM)/benzene (Bz)) and mass concentration ratio of receptor are similar.
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Fig. S2. Atmospheric diffusion modeling result using annual PRTR emissions for benzene in the Yeosu Petrochemical Industrial

Complex (NIER, 2019a).
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