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Abstract This study investigated ambient air quality in and around the Wanju industrial complex, where a residential area
is uniquely enclosed by industrial facilities. The analysis focused on volatile organic compounds (VOCs: benzene, toluene,
ethylbenzene, xylene, and styrene) and semi-volatile organic compounds (SVOCs: polycyclic aromatic hydrocarbons and
phthalates) to assess the impact of industrial emissions on nearby residential zones. Samples were collected from the
industrial complex, a proximate residential area within its boundary, and adjacent residential areas. VOCs were measured over
two 4-week periods in spring and autumn 2024, while SVOCs were sampled on December 5, 2024. VOC concentrations were
highest within the industrial complex (3.46 + 1.26 ppb), followed by the immediately adjacent residential area (0.91+0.34
ppb). Surrounding residential areas recorded lower levels (0.56 +0.07 ppb), similar to the background site (Jeonju). Although
the concentration of VOCs in surrounding residential areas was approximately 40% higher in autumn compared to spring, a
detailed analysis that considered wind direction, wind speed, and temperature indicates that this increase cannot be
attributed to seasonal variation. Rather, the observed VOC concentrations appear to be influenced primarily by the physical
proximity to the industrial complex. At the industrial site, PAHs and phthalates were 2.8 and 7.4 times higher than
background levels, respectively. These findings provide foundational data for developing pollutant control strategies in the
Wanju industrial complex and highlight the need for air quality policies targeting residential areas near industrial sources.
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Fig. 1. Sampling locations for VOCs, PAHs, and phthalates in the Wanju industrial complex and surrounding residential areas.
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Table 1. Sampling points and measurement periods for the target analytes.

Order  City Locc;;fn cor-rrmaprgids Measurement period Sampling frequency Location type
1 PW1 1st: 2024-04-17 to Resi_dential area .
2024-05-15 (4 weeks) gt 5 samples/location/week (n=72) gnarclgd by the wanju
2 PW2  vOCs: BTEXS X industrial complex
2nd: 2024-10-01 to 2nd: 3 samples/location/week (n = 108)
3 PW3 2024-10-30 (4 weeks)
Industrial complex
4 PW4 Eﬁ:'hsaT&::is 2024-12-05 (1 day) 2 samples/location/week (n=2)
Wanju
5 PW5
6 PW6 1st:2024-04-17 o Residential area
_ VOCs: BTEXS 2024-05-15 (4 weeks) 15t 2 samples/location/week (n=72) located in the vicinity
7 PW7 ’ 2nd: 2024-10-01 to 2nd: 3 samples/location/week (n=108) but outside the
- 2024-10-30 (4 weeks) industrial boundary
8 PW8
1st: 2024-04-17 to
VOCs: BTEXS 2024-05-15 (4 weeks) 1st: 2 samples/location/week (n=72)
: 2nd: 2024-10-01 to 2nd: 3 samples/location/week (n=108)
9 Jeonju PJ 2024-10-30 (4 weeks) Background area
Eﬁ:‘;;;ﬂs 2024-12-04 (1 day) 2 samples/location/week (n=2)
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(NAP), acenaphthylene (ACL), 2-bromonaphthalene
(2-BN), acenaphthene (ACN), fluorene (FLR), phen-
anthrene (PHN), anthracene (ANT), fluoranthene
(FLT), pyrene (PYR), benzo[a]anthracene (BAA), chry-
sene (CHY), benzo[b]fluoranthene (BBF), benzo[a]
pyrene (BAP), indeno[1,2,3-c,d]pyrene (ICP), dibenz
[a,h]anthracene (DBA), benzo[g,h,i]perylene (BGP), (2)
phthalates: dimethyl phthalate (DMP), diethyl phthal-
ate (DEP), di-n-butyl phthalate (DBP), benzyl butyl
phthalate (BBP), bis(2-ethylhexyl) adipate (DEHA), bis
(2-ethylhexyl) phthalate (DEHP), Di-n-octyl phthalate
(DOP) (# S2).

2.3 MZzF, HXz2l, 7|72 WH

7] & VOCs2] F+= passive sampler 3M™
Organic Vapor Monitor 3500+, 3M, USA)E ©]-&5}
RoH, AlmAfFE vpAH vocC &1 55 HAlst
Atk VOC &A1= +E gas chromatography-mass
spectrometry (GC-MS) A]2AB] (GC-MS; GC: Nexis
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Exp 1. Pretreatment protocol of passive sampler to monitor VOCs in ambient air

Monitoring VOCs in ambient air using a passive sampler (3M 3500+)
Exposure duration : 7 days / 8 weeks (in duplicate or triplicate)
Target 5 toluene, eth: , xylene, and styrene

Solvent extraction Vortex mixer
(Acetone:CS, = 99:1) (3300 rpm, 2 min)

Centrifuge

(8000 rpm, 1 min)

Pretreated sample were
analyzed by GC-MS

Supernatant separation
in 2 mL vial

Exp 2. Monitoring of SVOCs in ambient air using sorbent tubes

Sampling of SVOCs (PAHs and phthalates) was performed using a vacuum pump

120 min (in
Target compounds : SVOCs (PAHs and phthalates)

Collect SVOCs using a vacuum
pump

Absorbed SVOCs on the - -

sorbent tube were analyzed
by TD-GC-MS

Sampling tube_particulate phase
(Quartz wool)
Sampling tube_gas phase
(Carbopack C)

Sibata MP-£300
Volume : 240 L
Flow rate : 2 L min-!

Fig. 2. Schematic overview of the procedures for sampling, pretreatment, and instrumental analysis of atmospheric VOCs

and SVOCs (PAHs and phthalates).
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Fig. 4. Temporal variations in BTEXS concentrations by sampling point at one-week intervals. (a) average across all sampling
points and (b to j) individual sampling points.
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BTEXS HI&¥] sdstnzg, &4 A|7|E 5k Z}o]

= ZF A 7hs 2dolu HilE oiEl H3te] 7]
o1%t 7 © & wehElth
BTEXS ‘of thet &3] F3F= H7Ist7] Sl
FIhA] Y] 4 viE&Yo 2 dhas]= pw3i} Pw4
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WSS H| W EAS Bk 12F SAA 7ol AF
2 Aol SAIst, s F3F StollAl BTEXS7H
PW6~8 =3 2|4 Hgko 2 o]Eg 7psAo] &thn
TE oo whet s 2 ollA] BTEXS E=7F
7t Ao r gl oL, A S74% BTEXSY]
B FEE 0.58 ppb= WA A 7|7 Hot
BTEXS 521 0.59 ppbet # 2] -FARRE =50l it
3HH, 22F SAA7) ol FERFe] FEECINS
o|¢} thE BAFY] 9FE W= PW7 A A=E
ALlet, PWe~s 54 2] BTEXS B+ sE&
0.58 ppb= 12} Z7A| 7|9} FAstieh. g 121 9
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HeAZE =22 S A= e wf, 7)dEA0
2 =24 2149 §-oJn|gt BTEXS B & ¥} &
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=
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2] Ghgitt ol 1249t 22k SAHAIZ| R R A
2 zto] E3F 574 2448 BTEXSO| Fkrol FF=
F % ek 27 RERS SIEY AvE e
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£ AR Wi-o) vliE Sl o8 FEE NS 7hs
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= 1t A AP Easirh QoksiAbd, 4t
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AR JFe W= Aoz It o, B
A= FAEE, 7H) Y 4t A B &
A ArE 7Rt g Skl qlo, A 2 7)dxe|
o2 A71H FE 4 siAdls AV 25,
FFole A&5H Az A 4w FERE B,

BTEXS®| AE 3 7)4d Ws} 54& FHd o=

7K B a7t olet.

3.1.3 XX 2tVOCs 55
HlZ 2

BTEXS -5k 9] 37t4 54 mtelstr] flaf 97h

=
4 A3 (PW1~9, P& o2 T2 (n=8) ¥
T 5L FE 0|85t YA (one-way analysis

of variance, ANOVA)E 35T} HA A=
BTEXSE Tl C & ANOVA 574 B4 XG4
3}, p-valueZ} 522 x 1072 =4 2|H4
Tt FAACE Fomgt Apol7t gl &]lst
Ak

F7H 0% ARG 2 EE A wE T F
AR ¥ ] VOC &I Zolof thet fo)/d2 H7Fstr
floll, AFAD A 2 HEH Ao fﬂrﬂ} IFHER Yo
Al ANOVA % 3] Horch Atk
&2 Sl T7ix]°ﬂ(PW1~2), A W £%
2 (PW3~4), AFATA] I FAZ] S (PW5~8), Hl
ZAA] 9 (P]). ANOVA 4 A3}, p-value= 1.56 X 10
“g2 759 BTESXS] Fk ztol7t FAIF &2 /9]
= s3It o] thA] BTEXS 71 A2l =
L0]4 ANOVA 4] S, ethylbenzene©] -f4
SH| p-value”t 0.272 FAZA

—

! paired t-testE

O_u

Frol/dol yert] ¢
gkom, BTSXQ] p-valuet B5F 0.01 ©|5t2 At
2| 9F Aol whg Ik 2tol 7t fofek2 ghelskaith
Ethylbenzene®] 73-%-, AFAT] ] #]of wtzt 2]
o3t Sk i}olﬂ LFEREA] @FtoH, o= AFdeA]
oA viEE= 2 t7]1F=4ol sigstAl &
22 7PEAH o2 §5 4 It} Paired t-test 21k,
*J?.ﬂ%ll Ul =4 214 (PW3~4)2] B BTEXS 5
= 3.46 ppb 2 H7 2] & (P]=0.49 ppb), ATATHA|

A FAA Y (PW5~8=0.91 ppb, PW8S] 154} A=
A|9] Al 0.59 ppb) L] 11 AFATA] 2 S|4l F7
219 (PW1~2=0.89 ppb) I} BT TAHCZ {2
St Bk 2olE R ATt (p-values <0.01). PW1~22}
PW5~8-2 PJe} tH|sto] SA A 0= Fon]gt Tk

7 |etEstgX| M 41 E M 5=
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o EAHOR GO S Aol Holx] gk
ot ol PW8S] 1520l A Fol# S = BTEXS?| &
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o] ¥l Aitol| sFgtct. ofo] PW8S| 154} 2k
£ Alelstal thA] PW1~22F PW5~8 7+2] BTEXS2)
paired t-testS SFH, p-valuex 0.009 5O 2 PW
1~29} PW5~8 7] BTEXSO] 57t SAH = &
ofm|eh Zfol & Helth= 2 SQlskiinh 27 e
2, AT W BTEXSO| 7t FHAGEG 52
ZAo] EAH o7 S ojghe FHolsty o, o] 3
BTEXS®] 5t A28 At 7phe A
oAt e BER EAGH A T8 544

142 5o olshel e FUstch

3.1.4 BTEXS Hi&&F 2 MH|Q} X s H|w

Atelchz] vj&ekt AA =A% BTEXS TS H]
Wst7] s @37 sletE At dol A Algshe
& 9 olgd JRE &Eote] SFAATA
BTEXS Hl & 2taE A sttt 240 A8 il
EF JEE 20189RH 202287H] SF4HTHA]
th7 e & o™, o] Z BTEXS ¢ JEuhg Ads)
of 240l Z-gstAtH(TH $3).

51¥7H(°18~°22) BTEXS®] B Hi&E=F2 toluene
(29,200 kg yr!), xylene (17,111 kg yr"), styrene (4,075
kg yr!), ethylbenzene (2,962 kg yr™'), benzene (223 kg
) o ® e oH, o] 52 7o ARt
“JH]= toluene 54.51%, xylene 31.94%, styrene 7.61%,
ethylbenzene 5.53%, benzene 0.42%= WEFHTH1H
$3). o= ti7] FollA 745 BTEXS?| 5= Hl-&3}
LA|5HA] = o, toluenedt xylene®] AHHA H|F
ol Ett= Aol 74 Bl At HoEt
BTEXS =7 2|4 574 717t &<t Bt toluene
9] L+ 2.69+0.71 ppb2 7FF =01, xylene
(2.02£0.83 ppb), styrene (1.09£0.19 ppb), ethylben-
zene (0.95+0.90 ppb), benzene (0.42+0.13 ppb) <=2

olt

Z=7X|DQ| 7] & VOCs L SVOCs 5= Tt 759

2 71 FE ol8ltt ol ArgAe] BTEXSY| HiEF
o FLR wAolH, FE HlE2 77 37.54%,
28.17%, 15.20%, 13.30%, 5.79% 2 LEFSITE T, 2
Aol A AAIRE AP 7| L HEH HiEES
#| 5dgke] Watgtol i, BTEXSS] 54 slkre
20249 574 717 (E 7h 85h ol e Ao =
A m59] vl Frtof| AgH oot (2tm AL 7]%F
2 71327 T Apel). & A7 A= A71AQ1 )
ST A5t AA A7l F sk 2 7] A bs
d& sk dl 297t o, Lolrt BTEXS &
toluened} xylene? =2 H|F2 AFAdTz] 7|wt
VOCs ¥ Het 5 Al =9 18 tiddS AlAF
Eli=

rl

3.2 AFAMALLX| 7] & SVOCsQ| 7| E&
A
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o

FAFATA] 21 (Pw4) = IR (Pl A A
At 7] F SVOCs2] X (ng m™)+= PAHs ¥
phthalates-o/] A& A% (ng)S Al=AF Fo(L)=

= 5, o8] 3 Al (1 mP=1000 L)E Hdko] A=
’6} At 4= A&l doliAl«= LoD #h& 28513
thH(T1® 5).
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3.2.1 PAHso| s EX U EM

A 54 A-A F 16E5°] PAHs 5 8F°] &
ZE]9loH, & PAHs 55t HiAA G pJ A H0
Al 42.1 ng m™, AFAEA] 2191 Pw4 24 117
ng m7=, AFATA] A oA FH o R 2 FE
£ 715530t PAHsO] 7141 2 AP R 7t
ZF Bt 98.1+1.3% E 1.9+1.3%2, BE A 7ofA
FAFSE B8-S RStk °]& 3 naphthalene (NAP)-2
M =2 TR HEESH, thiEo] 7|4 ¥
el 2 EA5th 39, 71414 NAP k= PW4 Z]
ol py A3oll Hlsf oF 2.54] -2 103 ng m™ = LtE}
Wt} Fluorene (FLR)2 7]AAY © 21t 74Zﬂm or,
PW4 | Hof|A Py A HETt oF 2.6H) %2 0.69 ng

m79] T2 315Ut} Phenanthrene (PHN)-S 7]
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Fig. 5. Concentration levels of particulate and gaseous SVOCs

background site (PJ). (a and b) PAHs and (c and d) phthalates.
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JAT Tt 7IAVSE S =4 UEiute BdS B
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AR 1.16 ng m79] W2 22 HAEE o, di(2-
ethylhexyl) phthalate (DEHP)= 4AHFo =0t A=
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1.1 VOCs: BTEXS (passive sampler 7|t})
t§7] & volatile organic compounds (VOCs) |
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N

passive sampler (3M™ Organic Vapor
Monitor 3500+, 3M, USA)E ©|-83}tt (Stock et
al., 2008; Zulu and Naidoo, 2022). ZA} tAF 2|
A A2 FE vh passive samplers sampler case
oA &2 Bj=g Ealste, 10 mL vialol &7 7, 1
mLo] & §HlE FUstth. FEol= BTEXS 4
£9] 3]4E-& =0]7] 2150 1% carbon disulfide (CS,)
E H7FSF acetone (acetone 99% + CS, 1%, ATCS)-&
& AFE-5FAITE (Jang and Kim, 2025). ©]F, vortex
mixerE ©]-85t%] 3300 rpmlA 2 min7t WEITH 5,
g2l A 1h Fet PR ZAT S50 dad Alm
= Fir GRS APE] 98l #EH 1mLe 2mL
micro tube®]] 71 ¥, 8000 rpmlA] 1 min 7+ YA
5 st AR A4S 05mLE 2
F5t] 2 mL amber vialol] A£&5%oH, B4 A7t
2] A2 242 Ak Sla) acold W Bkt

T =2 O
et

1.2 SVOCs: PAHs %! phthalate
(sorbent tube 7|tt)

ZAHAE -4 semi-VOCs (SVOCs)& A5 5t
7] 913t sorbent tube?] A= AT L 7144
SVOCsE a8 o= A|HE 4= QIS quartz wool
(6-570-01, AS ONE, Japan)¥} Carbopack C (10257,
Sigma-Aldrich, USA)E 285ttt (Kim and Kim,
2015). 4AHF SvOoC AFHE 93t sorbent tube
quartz trap (Outer Diameter X Length = 6.35 mm X
88.9 mm)®l| quartz wool ¢F 11 mg S35k, & £

2 wool o|g= HA5H7] Y5l quartz trap SHH]|

=2 o

S X
=

sorbent-retaining gauze (C-GZ020, Markes Interna-
tional, UK)E A dsto] A12sHeh (Q tube). 71417
SVOC FFHE $I$F sorbent tube= quartz trap]l
quartz wool (11 mg)= H#| FZI3t &, Carbopack C
(50 mg)S Adstal, ThA] quartz wool (11 mg)S A
< %, sorbent-retaining gauze® 1175} A2
t}(C tube).

7] A=mE AFsH] A e 924 AlA 9 s}
E 93l sorbent tube AZ% ] (CT2000, CHEM-
TEKINS, Korea)©l| sorbent tubeE A2FoF &, 330°C
oA 3h 5<F 100~120 mL min ' F-F O 2 I N,
(>99.999%)E & F+= WA C 2 conditioning= 7!
Yoot Al 22 F Alolli= Q tube FHFE C tube
A} silicone tubing 2 AT}, C tubel] F
2 mass flow controller”} Z2HE # (MP-
¥300KN, Sibata, Japan)$} silicone tubing .2 125}
At Vacuum pumpE 2L min™ FFOE 2h B3
7Fs5to] F 240 L9 th7] A=} sorbent tubeES
FISHE S sto] FE BT AFHE =t
sorbent tube 5> Yt M- WPE WES 7, X
mulof Yo] BT Sorbent tubeo] A F = 7]
AlZE= thermal desorption (TD) A|A® (TD-30, Shi-
madzu, Japan)Z ©|-85t] A2 E 45t o,
g2t 27 9 A BFE SR 771 20
supplementary material®] Section 201 ZFA|SHA] A A]
Skt

Hu

aL
o H\—

2717128234

2.1 BTEXS
AAZE oFd VOCs 2 892 2F5 A= 59
2] (AOC-30i, Shimadzu, Japan)”} Z2H gas chro-

matography-mass spectrometry (GC-MS) A|AH]
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(GC-MS; GC: Nexis GC-2030, MS: GCMS-QP2020
NX, Shimadzu, Japan)< ©]&35to] 245}t
BTEXS /29 22| &4°ll= DB-5MS column (12}
Z=24]: 87} DB-Heavy Wax column (22} Z4: 71)
g5t B4 AlmE 280°CE AAH injector
Foll T4t Ot’q oven 22 27| & 40°C
oA 6 minZt FA3F &, 10°C min™' 2 5-235}0] %]
T 2 220°Col|lA] 4 minZt A= =5 AA oAt
(total run time: 28 min). BTEXS A£9] =F2 MSo||
Al total ion chromatogram (TIC) modeZ 12} =35}
Hom, 1 249 JFe Ha3lelr] A6l ext-
racted ion chromatogram (EIC) mode2 27 &o}o]
#E 5 4SS

rulru m{o J

2.2 PAHs ¥ phthalates

PAHs 9 phthalates 42> TD-GC-MSE ©]-43}
o] 35tk 7] A|BE HF S sorbent tubeS
TDoll 2Rt £, 300°COll 4] 7 min7t 100 mL min™ 9]
f&o 1;<]- gerzke ;qﬁua.odr,]. ek /n-u;l__‘:_
2 Tenax TA7} 79 cold trap 2.2 0°Cof| A &2}
S 5, ©]F cold trap2] 2EF& 320°CE A5A|A 2
2} ge}ﬂg 285t} 23t2 JgaiE ARES
GCz AFstgl e, o5 Geoll F2Hd D
column® 2 Bz BA5tItE GC oven iﬁ% =z7]
255 g0°CE AA5tY] 5 mint &
min™' &2 300°C7H] 524171 F 24 min?t FAI5HS
T} (total run time: 40 min). PAHs & phthalates®] %
2o 714 B2 0] oGRS 24 8)517] Y4l EIC mode
2 Bgstel AE HEg AZSILE

3. Working standards ZH]

3.1 BTEXS
BTEXSAHS ¢ working standard,
WS)= 99% ©]/de] ¢+ & 2= YAIE (reagent

grade chemical, RGC)E& Tt T, passive sampler

do
ol
Bl
MN
>
N b

T2 AHgR AvF ELRt ATCS iz @A 514
slo] ZAetich WA BTEXSS] RGCE
0.9 uLA FUT ), ATCS S 1772 uLE A9 =]
Z 21 2000 uL2] 20 mg mL™! FEE Z2HE 12 BE
A& (primary standards, PS)E XA|5tSITE ©]% PS
10 L&} ATCS 1990 uLE E85}F0] 100 uyg mL™ &=
_,] 1;(]. 741—
WS)E XA 2nd-WSE 1st-WS 400 pLE
ATCS 1600 pLe} &3F5tod 20 pg mL™! FE 2 FH|o}
At R o 2 BTEXSO| A2 913 25 BEA
= (final-WS, F-WS)+= 0.05~5.0 ng uL™" H$19] 74
SR ZASHA

B 45+

£ EEA T (1st working standards, 1st-

3.2 PAHs %! phthalates

PAHs @ phthalates®] % £4-& $J3F WSs=
primary standards (PSs)& T3t
o g T2 or 514 5to] 8|53l PAHsS] PS
£ 2000 ug mL'2] 16%F PAH mixture solution
(CRM47930, Supelco, USA)E AH8-51%2.H, phthal-
ates®] PSE 1000 ug mL™'2] 7% phthalate mixture
solution (40077-U, Supelco, USA)E AH-8-5FI T} WSs
AZE 93t 5] 8= methanol (for PAHs)T}
n-hexane (for phthalates) 22 A5} ). PAHs9]
1st-WS+E PS 500 uLE 2 mL vialoll £+ F metha-
nol -&4f 1500 uLE A ¥ ZF 51 2000 pL.2] 500 pg
mL™! FE 2 FH|5HSITE Phthalates®] 1st-WS+ PS
1000 uL %§F & n-hexane -§4f 1000 uL-E A ¥ 500
ug mL7! F= FHSI. HF Ho] Bagt
F-WS+= 1st-WSE 21248 5]4 gull5 Abg-sto] 44
L2 ZASFA T (concentrations of PAHs and pht-
halates in F-WS: 5, 10, 25 and 50 ng uL ™).

3, gravimetric %

4. Working standards 84

4.1 BTEXS
BTEXSE 33t F-WS A2+ supplementary
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material®] Section 291 7]&H VOCs
S BT PO 2 BAshC

4.2 PAHs 2 phthalates

PAHs 9 phthalates®] A 95l £H]H F-WSE
o] g5kl A AZE AA7ISFAIZ] F sorbent tube
o S22 G5t (Kim and Kim, 2015). A& &
Zhofl= 7] A=A F ol AR A FARt AR
Carbopack C2 S C tubeE A8} oW, ALE
7 sorbent tube:= supplementary material®] Section
120014 71&3 el wet e dEd AlA 2
SHE st conditioning% Z4~3)59ich Conditioning
< 1Hd sorbent tube®] FHE-E vacuum pump®] &
Aottt o] F 10 L liquid syringeE ©|-8-5t] Z} -5
L9 F-WS 1 uLE 255}, syringe needleZ silicon
tubing®]l FIA1A sorbent tube TS| quartz wool
of sttt o1¢t FAl] 1L min '] fFo = 3
min%} vacuum pumpE 7}H&St] & 3109 F71E F
AAIZATE F-WS7t S2HH sorbent tube= supplemen-

| g

tary material®] Section 29 7]& al 52X
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Table S1. Meteorological conditions during the sampling period.

o Relative . Wind speed Prevailing Meteorological
Order Season Date Temperature (°C) humidity (%) Rainfall (mm) (ms) wind direction station
1 2024-04-17 to 2024-04-24 16.33+£1.45 69.70+£11.39 2.00+2.38 1.39+0.45 SE
2 Sori 2024-04-24 to 2024-05-01 16.79+2.00 71.73+£10.28 4.80+6.44 1.411£0.35 w
rin
3 pring 2024-05-01 to 2024-05-08 17.08£2.44 75.29+13.75 12.68+15.67 1.90+0.66 SwW
4 2024-05-08 to 2024-05-15 17.06£1.87 61.86+7.11 8.45+7.44 1.88+0.37 w
5 2024-10-01 to 2024-10-08 16.96+1.75 77.61+8.61 4.03+2.93 1.16 £0.40 SE Jeonju (146)
6 Aut 2024-10-08 to 2024-10-15 18.89+0.59 77.40£9.25 2.83+3.23 1.04£0.16 ESE ASOS*
utumn
7 2024-10-15 to 2024-10-23 18.53+£2.79 84.14+£11.09 0.58+10.19 1.1940.81 NW
8 2024-10-23 to 2024-10-30 15.95+1.58 78.46+5.26 11.17+0.78 1.31+£0.72 ESE
9 2024-12-04 5 55.30 0.00 1.4 SE
Winter
10 2024-12-05 6.3 76.80 2.10 1.6 WSW

2Automated Synoptic Observing System (ASOS): Nearest meteorological station to the sampling points (Both Wanju and Jeonju).

89/
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Table S2. Physicochemical information of target compounds (VOCs, PAHs, and phthalates).

Order frosicompoun® sh MW_1 Densi_t1y Formula CAS B;?cialii:? i;e)lee‘:cttrzg Chemical
Group Full name ort (gmol™) (gmL™) number ¢0) (m/2) structure
name

1 Benzene* B 78 0.87 CeHeg  71-43-2 80.1 78 ©
2 Toluene* T 92 0.87 C,Hg  108-88-3 110.6 92 -©
3 VOCs  Ethyl benzene* E 106 087  CgHyo 100-41-4 1362 106 e

4 p-Xylene p-X 106 0.87  CgHyp 106-42-3 1384 106

5 Styrene* S 104 0.91 CgHg  100-42-5 145 104

6 Naphthalene* NAP 128 114 CyHig 91-20-3 218 128

7 Acenaphthylene ACL 152 0.90 Ci,Hg  208-96-8 280 152

8 2-Bromonaphthalene* 2-BN 207 1.61 CioH;Br 580-13-2 281 127

9 Acenaphthene ACN 154 1.22 CyHy  83-32-9 279 154

10 Fluorene FLR 202 1.25 Ci3Hqyp  86-73-7 295 166

11 Phenanthrene PHN 178 1.18 Ci4Hyp  85-01-8 340 178

12 Anthracene ANT 178 125  CuHye 120-12-7 340 178

13 Fluoranthene FLT 166 1.20 Ci3Hyp  206-44-0 375 166

PAHs

14 Pyrene PYR 202 1.27 CigHio 129-00-0 393 202

15 Benzo(a)anthracene* BAA 228 1.19 CigHy,  56-55-3 437.6 228

16 Chrysene CHY 228 1.27 CigHip  218-01-9 448 228

17 Benzo(b)fluoranthene* BBF 252 1.29 CyoHip  205-99-2 481 252

18 Benzo(a)pyrene* BAP 252 1.24 CyoH;,  50-32-8 496 252

19 Indeno(1,2,3-¢c,d)pyrene* ICP 276 138  CypH;, 193-39-5 536 276

20 Dibenz(a,h)anthracene* DBA 278 1.23 CyHys  53-70-3 524 278

21 Benzo(g,h,i)perylene BGP 276 1.38 CyHy,  191-24-2 550 276

22 Dimethyl phthalate DMP 194 119 CyoHioO4 131-11-3 2837 163

23 Diethyl phthalate DEP 222 112 Cy,Hi40, 84-66-2 295 149

24 Di-n-butyl phthalate* DBP 278 1.05  CigHpO,4 84-742 340 149

25  Phthalates Benzyl butyl phthalate* BBP 312 1.10  CygHy004 85-68-7 370 149

26 Bis-2-ethylhexyl adipate* DEHA 371 0.93  Cy,H404 103-23-1 417 129 Ay
27 Bis(2-ethylhexyl)phthalate DEHP 391 099  CyH3s04 117-81-7 385 149

28 Di-n-octyl phthalate DnOP 391 098  CypHs3304 117-84-0 385 149

*Designated as Hazardous Air Pollutants (HAPs) under the United States Clean Air Act by the U.S. Environmental Protection Agency (EPA).
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Table S3. Sampling parameters for VOCs and sampling conditions for PAHs and Phthalates.

Order Group Sampler Sampll.ng_1rate Sampllr.lg time  Sampling  8h reportlng limit
type (L min™") (min) volume (L) (mgm™)
1 Benzene 0.00969 97.7 0.086
2 Toluene 0.00948 95.6 0.44
3 VOCs Ethyl benzene 3M 3500+ 0.00891 10,080 89.8 0.12
4 p-Xylene 0.00754 76.0 0.28
5 Styrene 0.00921 92.8 0.11
6 PAHs & phthalates All target Sorbent tube 2 120 240 NA?
compounds

“Not available
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Table S4. Instrumental condition for the analysis of VOCs (DI-GC-MS), PAHs, and phthalates (TD-GC-MS).

Operating condition

Target compounds

PAHs and pthalates VOCs

A.Tube cleaner (Model: CT2000, Chemtekins, Republic of Korea)

a. Sampling tube cleaning condition

Desorption flow (mL min™): 100~120
Cleaning time (hour): 3
Desorption temperature (°C): 330
B. Thermal desorber (Model:TD-30, shimadzu, Japan)
a. Sampling tube
Trap tube: Carbopack C NA?
Desorption flow (mL min™"): 100
Desorption time (min): 7
Desorption temp. (°C): 300
b. Cold-trap (CT)
Adsorption temp. (°C): 0
Desorption temp. (°C): 320
c. Line and interface temp. (°C) 300
C. Carrier gas setting
Injection temperature (°C): NA 280

Carrier gas: He (>99.999%)
Column gas flow (mL min™"): 2
Purge gas flow rate (mL min™"): 3
Split ratio: 10
D. Gas chromatograph (Model: GC-2030, Shimadzu, Japan)
. DB-5MS DB-Heavy wax
a. Column: DB-5MS (Agilent J&W, USA) (Agilent J&W, USA) (Agilent &\3;\/’ Usa)
Length (m) 60 60 60
Diameter (mm) 0.25 0.25 0.32
Film thickness (um) 0.25 0.25 0.25
b. Oven setting
Initial (°C): 80 (hold time: 5 min) 40 (hold time: 6 min)
Ramping (°C min™"): 20 10
Final (°C): 300 (hold time: 24 min) 220 (hold time: 4 min)
Total operating time (min): 40 40
E. Mass spectrometer (Model: GCMS-QP2020, Shimadzu, Japan)
lonization mode: 70 (eV)
lon source temp. (°C): 280 250
Interface temp. (°C): 280 250
Total ion chromatograms range (m/z): 35-600
PAHs: 127-128, 152-154, 166,
Extracted ion chromatograms range (m/z): 202,228, 252,276-278 78,92,104,106
Phthalates: 129, 149, 163
Scan speed: 1250

“Not avaliable
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Table S5. Preparation of working standards for the target compounds (VOCs, PAHs, and phthalates).

PS 1st-WS 2nd-Ws Final WS? (ng uL™")
Order Group Compounds Density i : : :
(gmL™) Mlx,mg Concentraf:on Mixing recipe Concentritlon Mixing recipe Concentritlon 1st  2nd 3rd 4th 5th 6th 7th
recipe (mgmL™) (nguL™) (nguL™)
1 Benzene 0.87 each 46 uL RGC 20.1 101 20 005 0.170 020 050 1.01 201 5.03
2 Toluene 087 (including 44 L 19.9 10pLPS 99 400 P; 20 005 010 020 050 099 199 497
3 VOCs  Ethyl benzene 0.87 styrene) 19.9 1992 L 100 15t+W 20 005 0.10 020 050 1.00 199 498
4 p-Xylene 0.87 + 19.9 ATC;J 99 1600 L ATCS 20 005 0.70 020 050 099 199 497
5 Styrene 0.91 1772 pL ATCS 19.9 100 20 005 0.0 020 050 1.00 199 498
6 Naphthalene 1.14 2000 500 500 100 250 500 - - -
7 Acenaphthylene 0.90 2000 500 500 100 250 500 - - -
8 2-Bromonaphthalene 1.61 2000 500 500 100 250 500 - - -
9 Acenaphthene 1.22 2000 500 500 100 250 500 - - -
10 Fluorene 1.25 2000 500 500 100 250 500 - - -
11 Phenanthrene 1.18 2001 500 500 100 250 500 - - -
12 Anthracene 1.25 Purchases of 2000 500 L PS 500 500 100 250 500 - - -
13 PAHS Fluoranthene 1.20 PAHs mixture 2000 + 500 500 100 250 500 - - -
14 Pyrene 1.27 (CRM4930, 2000 1500 pL 500 500 100 250 500 - - -
15 Benzo(a)anthracene 119 Supelco) 2001 Methanol 500 500 100 250 500 - - -
16 Chrysene 1.27 2000 500 500 100 250 500 - - -
17 Benzo(b)fluoranthene 1.29 2000 500 500 100 250 500 - - -
18 Benzo(a)pyrene 1.24 1986 497 4.97 99 248 49.7 - - -
19 Indeno(1,2,3-c,d)pyrene 1.38 2000 500 500 100 250 500 - - -
20 Dibenz(a,h)anthracene 1.23 2000 500 500 100 250 500 - - -
21 Benzo(g,h,i)perylene 1.38 2000 500 500 100 250 500 - - -
22 Dimethyl phthalate 1.19 1001 501 501 100 250 50.1 - - -
23 Diethyl phthalate 112 Purchases of 999 500 500 100 250 500 - - -
24 Di-n-butyl phthalate 1.05 Phthalates 1001 1000 pL PS 501 501 100 250 501 - - -
25  Pphthalates Benzyl butyl phthalate 1.10 mixture 999 + 500 500 100 250 500 - - -
26 Bis-2-ethylhexyl adipate 0.93 (40077-U, 1000 :_‘Z()J((;ﬁle' 500 500 100 250 500 - - -
27 Bis(2-ethylhexyl)phthalate 0.99 Supelco) 999 500 500 100 250 500 - - -
28 Di-n-octyl phthalate 0.98 1000 500 500 100 250 500 - - -

*Abbreviations: reagent grade chemical (RGC), primary standard (PS), and working standard (WS).

2VOCs working solutions were prepared by mixing appropriate volumes of the first working solution (2nd WS) and ATCS (acetone 99% + carbon disulfide 1%) as follows (2nd WS and ATCS; pL): 5 and 1995 (1st point), 10 and 1990 (2nd

point), 20 and 1980 (3rd point), 50 and 1950 (4th point), 100 and 1900 (5th point), 200 and 1800 (6th point), 500 and 1500 (7th point).
2PAHs working solutions were prepared by mixing appropriate volumes of the first working solution (1st WS) and methanol (MeOH) as follows (1st WS and MeOH; pL): 20 and 1980 (1st point), 40 and 1960 (2nd point), 100 and 1900
(3rd point), 200 and 1800 (4th point).
Phthalates working solutions were prepared by mixing appropriate volumes of the first working solution (1st WS) and hexane as follows (1st WS and hexane; pL): 20 and 1980 (1st point), 40 and 1960 (2nd point), 100 and 1900 (3rd
point), 200 and 1800 (4th point).

cLL



2T MYEHK| FH FHX|H| ti7| & VOCs & SVOCs 5= EIt 773

Table S6. Quality control (QC) results for target compounds (VOCs, PAHs, and phthalates).

Order Group Compounds RF (uLng™) R? RSD (%)  LOD(ngm™) Note
24,266 0.9970 0.06 0.001 1st (Spring)
! Benzene (B) 38,618 09992 547 0.002 2nd (Autumn)
2 Toluene (T) 15,924 0.9978 1.49 0.002 1st (Spring)
24,559 0.9996 4.23 0.003 2nd (Autumn)
3 VOCs Ethyl benzene (E) 16,391 0.9981 0.98 0.001 1st (Spring)
22,880 0.9997 2.81 0.003 2nd (Autumn)
18,101 0.9979 1.73 0.001 1st (Spring)
4 p-Xylene (p-X) 26,749 09999 391 0.002 2nd (Autumn)
26,151 0.9997 2.23 0.001 1st (Spring)
> Styrene (%) 45886 09983 431 0.001 2nd (Autumn)
6 Naphthalene (NAP) 18,856 0.9995 3.80 0.13 -
7 Acenaphthylene (ACL) 11,567 0.9998 2.56 0.22 -
8 2-Bromonaphthalene (2-BN) 5,509 0.9991 3.65 0.46 -
9 Acenaphthene (ACN) 17,093 0.9998 3.62 0.15 -
10 Fluorene (FLR) 7,371 0.9997 6.78 0.34 -
11 Phenanthrene (PHN) 14,253 0.9997 11.36 0.18 -
12 Anthracene (ANT) 8,342 0.9910 8.58 0.30 -
13 PAHS Fluoranthene (FLT) 16,844 0.9972 5.46 0.15 -
14 Pyrene (PYR) 17,074 0.9976 5.48 0.15 -
15 Benzo(a)anthracene (BAA) 17,933 0.9956 4.72 0.14 -
16 Chrysene (CHY) 18,562 0.9943 4.58 0.14 -
17 Benzo(b)fluoranthene (BBF) 18,767 0.9976 5.29 0.13 -
18 Benzo(a)pyrene (BAP) 16,802 0.9970 5.66 0.15 -
19 Indeno(1,2,3-c,d)pyrene (ICP) 23,185 0.9995 7.34 0.11 -
20 Dibenz(a,h)anthracene (DBA) 26,219 0.9996 5.83 0.10 -
21 Benzo(g,h,i)perylene (BGP) 24,839 0.9990 5.91 0.10 -
22 Dimethyl phthalate (DMP) 6,722 0.9989 0.41 0.25 -
23 Diethyl phthalate (DEP) 6,637 0.9986 0.41 0.25 -
24 Di-n-butyl phthalate (DBP) 11,422 0.9986 0.70 0.15 -
25 Phthalates Benzyl butyl phthalate (BBP) 3,800 0.9976 6.83 0.44 -
26 Bis-2-ethylhexyl adipate (DEHA) 5,639 0.9970 5.12 0.29 -
27 Bis(2-ethylhexyl)phthalate (DEHP) 7,188 0.9978 3.19 0.23 -
28 Di-n-octyl phthalate (DnOP) 11,065 0.9969 6.40 0.15 -

*Abbreviations: limit of detection (LOD), response factor (RF), and relative standard deviation (RSD).
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Table S7. Mean concentrations of BTEXS by sampling site and measurement period.

Concentration of sampling site (ppb)

Study
Order week
PW1 PW2 PW3 PW4 PW5 PW6 PW7 PW8 PJ
Benzene
1 W1 0.13 0.21 0.24 1.18 0.37 0.01 0.20 0.27 0.30
2 w2 0.33 0.28 0.60 1.91 0.46 0.22 0.55 0.39 0.23
3 W3 0.26 0.36 0.24 0.55 0.33 0.32 0.36 0.37 0.27
4 W4 0.13 0.31 0.16 0.56 0.07 0.19 0.16 0.09 0.18
5 W5 0.09 0.15 0.63 1.67 0.22 0.28 0.13 0.20 0.16
6 Wwé 0.14 0.08 1.03 2.54 0.04 0.12 0.20 0.24 0.21
7 w7 0.35 0.22 0.81 2.72 0.26 0.27 0.14 0.29 0.04
8 ws 0.10 0.17 0.59 2.16 0.34 0.14 0.10 0.10 0.20
Toluene
9 W1 143 2.93 3.16 7.80 141 0.63 0.88 1.59 134
10 w2 1.79 2.86 5.25 7.77 1.36 1.49 1.39 1.98 1.14
1 w3 177 2.83 2.57 452 1.00 1.23 0.67 1.29 0.82
12 W4 143 3.18 411 4.22 0.58 0.70 0.58 1.04 0.86
13 W5 1.31 2.10 4.52 8.52 1.25 1.16 0.75 0.90 1.22
14 wé 1.81 2.65 8.04 14.58 0.92 0.93 1.00 0.88 1.18
15 w7 2.78 3.66 7.30 12.36 1.51 1.58 1.44 1.85 1.09
16 w8 1.47 3.19 6.54 10.88 1.18 0.84 0.90 0.67 1.30
Ethylbenzene
17 W1 0.33 0.71 0.60 1.14 0.29 0.17 0.21 24.56 0.29
18 w2 0.41 0.66 0.77 1.36 0.30 0.37 0.28 0.30 0.28
19 W3 0.44 0.90 0.52 0.82 0.20 0.35 0.19 0.30 0.23
20 w4 0.38 0.74 0.71 0.90 0.23 0.22 0.19 0.27 0.32
21 W5 0.35 0.45 0.81 2.32 0.22 0.27 0.26 0.22 0.46
22 we 0.41 0.67 1.41 3.22 0.32 0.29 0.38 0.22 0.79
23 w7 0.76 0.83 1.34 3.07 0.38 0.39 0.39 0.44 0.37
24 w8 0.46 0.65 1.29 2.58 0.31 0.35 0.33 0.29 0.47
p-Xylene
25 W1 0.66 1.26 1.97 4.99 0.38 0.31 0.39 21.41 0.55
26 W2 0.76 1.21 2.25 5.89 0.50 0.69 0.61 0.94 0.54
27 W3 0.82 134 1.31 3.28 0.59 0.85 0.32 0.88 0.30
28 W4 0.68 1.58 2.56 3.72 0.55 0.63 0.23 0.54 0.42
29 W5 0.57 0.63 3.29 8.50 0.47 0.40 0.35 0.35 0.50
30 W6 0.76 1.51 6.01 10.78 0.49 0.40 0.56 0.10 0.78
31 w7 1.23 2.02 4.86 11.74 0.62 0.43 0.74 1.19 0.64
32 ws 0.92 1.64 4.05 10.66 0.49 0.10 0.29 0.84 0.69
Styrene
33 W1 0.04 033 2.02 1.89 0.47 0.04 0.18 5.72 0.82
34 W2 0.29 0.38 3.09 2.95 0.45 0.53 0.73 0.69 0.04
35 W3 0.14 0.76 2.74 1.25 0.61 0.86 0.50 1.12 0.04
36 W4 0.29 1.65 1.93 1.57 0.79 0.24 0.04 0.30 0.50
37 W5 0.25 0.25 1.96 2.08 0.72 2.46 0.66 0.55 0.25
38 Wé 0.25 0.25 3.53 177 0.25 1.16 1.43 1.35 0.25
39 w7 0.25 0.25 5.78 218 0.25 0.25 0.25 3.04 0.25
40 w8 0.25 0.25 2.07 1.60 3.23 1.42 0.25 1.33 0.25

*Method detection limit (MDL)
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Fig. S1. Calibration curve results for the target compounds. (a) 5 VOCs, (b~e) 16 PAHs, and (f~g) 7 phthalates.
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Fig. S2. Chromatograms from three replicate analyses at the third calibration point of F-WS. (a) 5 VOCs (using DB-5 column),
(b) 5 VOCs (using heavy-wax column), (c) 16 PAHs, and (d) 7 phthalates.




I MYEK| T FIRI0 O] 5VOCs Y VoG s= b | 77T

(a) (b)
BB ©oT BE @mX @S mB ®T mE @X @S
50,000 Mean of BTEXS emissions Styrene Benzene
7.61% 0.42%

L 40,000

>

2

% 30,000

o

. Toluene

@ 20,000

g 54.51%

W 10,000

0- Ethylbenzene

2018 2019 2020 2021 2022 5.53%
Emission inventory data, PRTR (2018-2022)

Fig. S3. Emission data of BTEXS compounds released into the atmosphere from the Wanju industrial complex between 2018
and 2022. (a) annual data and (b) percentage composition.
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