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Abstract  This study was conducted to measure the concentrations of gaseous pollutants in the Gwangyang Steel
Industrial Complex. The results of the study showed that volatile organic compounds (VOCs) and other gas pollutants were
significantly influenced by the industrial processes in the study area during the summer observation period in 2021. The VOCs
during the summer observation period were formed in the form of evaporation from similar industrial process emission
sources located in the area, while the VOCs during the winter observation period were generated from traffic flow.
Furthermore, the VOCs in the study area were found to have a relatively high impact on the formation of particulate matter
for Quinone dithiothreitol-oxidative potential during the summer season. Therefore, it is deemed necessary to conduct
evaluations on various atmospheric pollutants for the management of atmospheric pollutants in domestic industrial
complexes.
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1. ““ 7(:)‘ -401— PM, 5 o/K 2 qu'" PM, 5 HH%E}:—J F 10%E Z]'
A5}l AT (Breuer et al., 2021). @b Q1A Q5043

d7ledEd § 71 LEdEd2 A7 Hol 9 g0 whoA ti7] F 7tAA L FEA L] T
A 0= 2-goto] ST E AAA A AT L oje Z g5t
oAoke 2T & C;’,JJ:}(Glencross et al., 2020). =3t ZtAA o AEA = A8 7]3HE (Volatile
CO,oF &2 7k24 752% 7|15 H8ke] 8 849 organic compounds; VOCs)-& A-20|4 47 tj7|&

, BATSFE (SOx), # *J’Q}E(NOX 27 ZdEE eta sRgHEolh ti7] & VOCse] -
FEAL 7] Sl ool oAl el oAl B oA TrE % 9] we] Blw
> Sum 015} 2712 ZOMINA (M) IAE D 1 AIE olFeled B, M B4 58 B U
2T} (Wang et al., 2005; Ye et al., 2003). A3 A5 oradgke n)d 4 %It} (Montero-Montoya et al., 2018).
HEH 20169 froIA A S WEEE NOxell  vocs9] <14 ot afo] thet A7 thefatA 4=
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om, AT A} vOCst F7ol what v 24
A5 TAEEA7A ke Aoz deA ot
(Widiana et al., 2019; Zhang et al., 2018; Colman et al.,
2012). £35] tEA QI VOCs<! benzene, toluene, ethyl-
benzene, xylene (BTEX)™} 1,3-butadiene 52 E2-&
2%, 257] A% B ek fEEolth (Lin et al,
2017). EQF VOCs= AHAIZ 0.2 Q14| flsiEE ol
g t)7] 5 F3Fek ¥kl o5 secondary organic
aerosols (SOA) 5= AAsH= 52 0|H, NO, NO, &
gofl Tofshk= 0,9 W5t Hi7] F 0,9 v&
715 FEghe} (Alghamdi et al., 2014). THekA] Q1] €]
sige] TellA t7] 5 vocsel thgh w7 .
ahet.

7] 71 edEde] 4 wiEd F sh=
Al A, Arefel A 22 ofu 2] HeF Ar¢fol

21tk (Morrow et al., 2014). 53] AJE AFH-2 o %]

HjEES 212511 9lom, HlEA o7 M Al B
B CO, WiZ9] 29.7%S 212|511 It} (Zhang et al.,
2023). T AT FRHL FFE5 Foll g 2
4 dAo]l Y= Ao =2 g St (Qing et al,, 2015).

ojell =i A AT T FH Aol it IF
AT JA CO, At Tus 29 50l FE °IF

U= A o[t (Park et al., 2021). SHATE Al AFY
CO,%t a4l tigt 37 JdEnt ofv2} BTEX 9
1-butene 5-9] t}oFst VOCs B4 H|&ESH= Ao=

oteiA] Qloh(Tsai et al., 2008).

o X

Y, FF=TMIAEA = Hebd = YA s
WS E shew w4l 24 St =rdd
A2 ZAF FIAELE, AL dFETTE S
o] S0l AFT M= A o] AEtd
Txjo|tt. ol2fet AHdRAE FAEA Fatt o

2 BekAE 2 A0 gt 7] 0, e
9 5 BHoPS GIT 5 glon, AP T

Az g Q1A 18] 7Ks-do] sl olell YT
FhreiRhAle] dhat ThkeE A7k ol 2ol Air,

£ F4sk= OC, EC, 784 ol E &
sto] -8R 71E 7]l viEd 24, PM,s W
g Fas 2 B4, BRI MEeR] FHe F
w4 gl tit i Bk Fd=TMEA =
959 H7]'s A} At Folt} (Park et al., 2021;
Kang et al., 2018; Hong et al., 2011; Jeon et al., 2010). ©]
= A AEATGEA] FR A o] et PM, 5 H
PM,s Ul S5 5%, PM, 5ol tieh 1A fieig &
Sl digt A fshd Sl tiet Al =
AT AEA] ] AT AF 71t SE5 L9
T AF7E FE O1FAL Uk SRR AlEATAEA]
RAAAES a5l gt @ gt ofyet A4k
oA AHERE VOCse} AAFE o)A WA
2 2ol TG a0 oA e

B 7ol 2Ae 2 gl 91Ag B4
Aqer2]2] CO, CO,, SO,, 05, NO, NO,, NH; I VOCs
o 7ty 248 AR Bolshe o glor], 5
8] AEATIRA 9 vOCse] S-S F35H] 91 4
WSt A7E Slste] A kol AV
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3 A& oAt dT =7t ek T

Z 717t AL BF 7170 o8 B VTR 23]

=3 717v& oF 21¢0]qiT) AR

2 AL I= 7|7R2 20219 1Y 395 E 20214
O

2021 6 204

2.2 7IAd S EHE 9 BN

AT Ao Ay 24 B/E e co (H A
2FH), CO, (A QA #23H), SO, (A2l F3H),
0; (A1 &4=1), NO, NO, (3Fe} '3, Thermo
Scientific, Waltham, MA, USA), NH; (Los Gatos Res-
earch (LGR), ABB Inc., San Jose, CA, USA) ¥ 24%9]
VOCso|t}, LE 1= ZA 4 one point WF-= A
Alstelom, w7 &, WA ¢ ohE T E FYste,
T2 F0] 5% olHloflA] S48 gelstairt

VOCs 32 flall 25 A2 EAAIRE thermal

desorption (TD) A7) (semi-real time thermal de-

flo |

<

sorption sequence sampler) & ©]-8-5}{t}. 75|, A
Al s AlefE {7 50 mL/minstell, VOCs /4
0] 2 bed-TD (C2-CAXX-5149, Markes International
Ltd., UK)oll 3417 7H4 obs 87 A&7t A5 24 =
ATk TD 2 FHI Afolofl= HFWEI} 347 A
& 2} N E =5 275k o™, TD - 37-oll= vl
ZF A oFo] QA= Zo] 1A} DiffLok caps (C-DLP
10, Markes International Ltd., UK)-2 &2t T3

Semi-real time
TD-Sequence sampler
(3hr resolution)

Air-in
(50 mL/min)

Thermal
desorption
tube

Pump

Mass Flow
Controller

Fig. 1. Schematic diagram of semi-real time thermal desorp-
tion (TD) sequence sampler for GC/MS analysis.

H TD+= 4°C 5ol 24 ZA7HA] ¥ Hw A,

VOCs w45 {8 24 TDo| W# EEF=ZS
Chlorobenzene-d5& 7]3HA A FYSH &, VOCs<t W
B xxE4o] &9 14 3232 Thermal Desorp-
tion (Unity2, Markes International, Ltd, UK) - gas chro-
matography (GC, Agilent 7890A) - mass spectrometer
(MS, Agilent 5975C)F ©]-8-5to] A5t TS of
1571 Alm 24 A, #E=20] F9E TDE 24
Stod, 24 A B dES SIS AR 2
ARS Y Aol ZpAIS] LR STk (Song et al,
2021).

2.3 A7 K[| Yshd "It

A 7Joje] 9 SIS BoE] Aol HER
PM, 5 ZEA5IATE Y PM, = Quinone dithio-
threitol-oxidative potential (QDTT-OP) £4-& 4=3j5}
of ol $I514-2 B1ekict QDTT-OP 241 DTT-
OP (dithiothreitol-oxidative potential) A& H-= 7}
5to] DTT 45 Quinoned ©]-835f] AHsksH A
Aot} (Choe et al,, 2022). 7FFs5] AFslat-uk
DTT-OP W2 PM, s l 944 55 2
/J 23} dithiothreitol (DTT)2t] HH-&- 0.2 |7
g2} 4 & 55 DTTE 2-nitro-5-thiobenzoic (TNB)
e 2 249} (Li et al., 2009). 0] PM, 5 W] SHdAT
47 (reactive oxygen species, ROS)S Z &3t o2 3}
Sl ofsll DTT Ha&2 ©-83 Aolth(Gao et
al., 2020). SFA|¥F DTT-OP AEH ] DTT ZAa&-2
A o] 27] DTT wkol wheh dago] ge2idl
(Lin and Yu, 2019). @2tA] DTT-OPE 0|8t =
1A S AmEY] o]t} QDTT-OP+= 7]
DTT-OPS] &S 7fAe Adwio=z T8 204
@} Zro] 9,10-Phenanthrenequinone 5= T2 DTT
o] ZagS AsIeE &, PM, 5 Al DTT A&
= At A2 PM, 5 FE 80 0.2
mM DTT, 2.41 mM 5,5-dithio-bis(2-nitrobenzoic acid)
(DTNB) ¥ 500 mM potassium phosphate monobasic

E FYote] pHE 742 AT 100 mM potassium
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HO %
_——
S
HO. SH HO
PM + OI:SH o .
H DTNB reaction

lrom residual DTT

Quinone Concentration
sades 0.0000 UM (r? = 0.75)
seddas 0.0544 UM (r* = 0.79)
sadde 0.1085 pM (r? = 0.99)

A+ 0.1622 uM (r? = 0.99)
soffiss 0.2156 pM (r? = 0.99)
«od+ 0.2686 UM (r* = 0.99)

Absorbance at 412 nm

! ! ! 1
50 60 70 80

Reaction Time (min.)

on ﬁ”@ Ly

COOH oF
0.30
_ 0254 A
g oo a
2 0.5 A
£ 0104 LA
<]
0.05 —
A | Slope =0.5953 (r* = 0.99)
0.00 4\
T | 1 | | 1
00 0.1 02 03 04 05

DTT Reduction Rate
(Slope of Absorbance)

Fig. 2. Theory of dithiothreitol-oxidative potential (DTT-OP) and calibration determination of Quinone dithiothreitol-oxida-

tive potential (QDTT-OP).

phosphate dibasicE AF&5Fct o] B3] (Multi-
flo FX, Multi-Mode Dispenser, Agilent Technologies,
USA)Z ©l-§ato] Eeket 7, 37°C 5= wrstol v
& A F 4027 F 49] F°3 5 412nmofl A TNB
£ =A35}9th (Choe et al., 2022). 1] 157} Al=mich
AAFZA, Quinone Al=E FYdto] 24 Aot Bl

HUEE 504 o2 A5k

2.4 PMF 2

A7 A|e] Fhag B2
5171 918} PMF 29 242
A7 1919 #9. 2 Loﬂ

BAs= E‘:“ = 6}140]@@11 etal.,2018). PMF L&l

o IR MBS JETAYS A4 A4 F
Folo] TEAE Hohf 2 Wi 93] 4

Sh= QIAHEA (factor analy-

sis)= -85t 5A B4 vhHoltt (Cesari et al., 2016;

Watson et al., 2008). ¢t PMF QIAHEA o)A LfELY
L 0] h2 A glokel ZAuolele] 9} =
A (error estimate) JRE 7152 AA5H (weighted
least-squares fit) 1 2|&-S A3t o]of PMF &
A 7)E ARG ARG B2 A @ G
H glo] 54 Arthe &8st 2ol Ht 27
O} 71A=E 4P 4= Stk (Song et al., 2022; Lu et
al., 2018; Bove et al., 2014). 1= Aol A= B]= EPA
oA Al PMF 28 (Ver. 5.0, EPA, USA)Z ©]-85

o] YelE EAstArh At m= 7}
P22 CO, CO,, SO,, NO, NO,, NH;,
enzene, toluene, ethylbenzene, & xylene (BTEX)
& ZA™ VOCs J2e 24 2=t 7 ol-8st
At 7t ES o8% PMF BE2 )0l H

S ST 4= glnt o]of|. 2 Aol A B E
oJ5)] ¥l-& BT T, arbitrary unit> 2 3 7|5+




ZIRPARITIR] AN 9

3.2 o

3.1 JIaYg =
U 7P SR O] Tt 28
2 st 74% 2 oj2 8] 72 BUS
SHAE Az 47 A pg BY BE A0S
 19] vehiIc, 7} 20| BF FEE AL B
= 7|7k CO 279 ppb, CO, 441 ppb, SO, 2.51 ppb, O,
26.06 ppb, NO 3.95 ppb, NO, 9.63 ppb, NH; 7.35 ppbE.
et on, of 5 35 713 CO 347 ppb, CO, 467 ppb,
SO, 3.22 ppb, O; 38.87 ppb, NO 3.00 ppb, NO, 11.51
ppb, NH; 6.65 ppb= S = QUTE AT XS 9] 7pAA
249 e FLUIIRI 193} 788 7EoR 9
olZejot 7| EEE] A= Hat = H|uFe
o 2 AolE Ho|A| okt Eot B 1042} Zo]
CO ¥ CO,° & Hghe= Fofet Hh-gA I ] met &

230 55

o2 9l ASHERIZ T} - PMF 22 & (PART ) 231

7¥etl o, 0, HA] Fetet vhgAlgte] wet F7lsh
At NH; 9] 5= GA] g Atella] =l w o= <
8.6 ppb2} H]==SHA UEFSTH (Song et al., 2020; Shon
et al., 2013). WEhA A X H 9] 71AAF B4 & CO,
CO,, SO,, 0;, NO, NO, ¥ NH,°f tigt 15k E4
= UEhA] eketeh

AT A99] vOCs 4 Axtg 19 390 YeRf
o} & A9 VOCs 4 352 benzene, toluene 5
& 2R 247 FFolH, o] F HEH AR A
W= 717 208, ol ¥5 71k 233<J'—E'TQE LR
th ARA o2 Ag BE 7R vjHE S 1,2-di-

il

chlorobenzene, 1,3—dichlor0benzene, sec-butylbenzene
1 1,4-dichlorobenzene©] .2, o5 = 7|719] vl
e dE2 naphthalene_o_i LFEFSATE. Naphthalene
o] SoR k7 25.15°CRE e e W 27t =
& U5 73] ATt Bliste] g2 R Y

1o o w2

o

Tlo

Table 1. Diurnal Variation in concentrations of gaseous compounds during winter and summer in the Gwangyang Steel

Industrial Complex.

Winter
Time co Cco, SO, 05 NO NO, NH;
00:00 263135 428421 1.75+0.58 26.99+11.08 1.04£0.67 6.67 +£4.46 7.5+4.58
03:00 241+108 423419 1.66 +0.45 2439+11.67 1.37£1.05 7.22+4.94 7.05+4.12
06:00 258+119 433+30 1.82+047 14.56+10.49 13.27+18.99 13.83+6.81 6.84+3.74
09:00 264+158 481+27 27+£1.93 25.95+8.31 6.56+9.52 9.27+6.34 6.92+3.41
12:00 3474379 431+33 3.99+4.36 3431+7.18 3.02+2.61 7.61+5.24 7.97+4.98
15:00 315+311 443+26 3.86+4.44 31.33+8.44 2.79+2.14 10.88+7.27 7.6+47
18:00 262+162 464+18 227+1.21 256125 234428 11.85+9.16 7.65+4.46
21:00 283+196 427 +£20 2.01+0.89 254141236 1.76 £2.9 9.76 +6.58 7.21+3.91
Average 2794213 441431 251+25 26.06+11.54 3.95+8.38 9.63+6.77 7.35+4.19
Summer
Time co Cco, SO, O3 NO NO, NH;
00:00 286+112 463420 143+0.72 27.96+10.63 2+0.7 7.88+3.28 6.49+4.66
03:00 279115 464 £20 1.32+£0.57 2547 £7.69 1.95+0.82 7.02+2.51 5.92+3.66
06:00 280+98 455+18 1.32+£0.32 28.12+£8.62 3.79+2.12 9.78+4.51 6.17+3
09:00 405+ 454 485+58 44+511 41.05+13.3 4.03+3.36 10.24+7.38 6.87+3.18
12:00 363+202 484 +47 4.78+3.12 56.9+18.46 3.23+1.66 11.52+5.9 6.43+2.8
15:00 446 +301 457 £26 5.86+4.61 53.17+£19.12 3.81+1.44 16.96+7.79 6.11+£2.67
18:00 435+376 471432 497 +4.55 42.45+17.46 2.96+3.33 17.49+10.87 8.23+9.85
21:00 303+131 453 +25 2.01+0.89 35.64+15.87 235+2.13 11.78+6.03 7.1+£531
Average 347 +257 467 £ 34 322+3.53 38.87+£17.96 3+2.24 11.51x7.27 6.65+4.85
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Fig. 3. Concentration of volatile organic compounds in the Gwangyang Steel Industrial Complex.

Bt Ao Tedich (Irving, 1972). SHARH 2 <
T2 ¥5 A= 95 ¥ 7134l naphthalene©]
257 gorom, ol tf7] & OH )y} vhes}

o] 1,4-naphthaquinone 5-9] 4AHF BA-S FAJ5H=
Aoz st ole] tfd 57 478 AT o
|t} (Huang et al., 2019; Chan et al., 2009; Sasaki et al.,
1997).

AT 2199 VOCs Tt w5 A Avt
o= 717 2.23 ppb, o5 5 717
. AT A9 VOCs ol A =2 FFE vl

e 4R AL BE 71205 olF B2 712 Hol

oo

7F Aieh F‘X*OE A& B= 717E2] VOCs Z 0.1
ppb ©] 04 = Uehd B2 BTEXE Ae U=
7]17k9] BT T A3 vOCsQ] 87.70%S 2FA]5}
Fict. HhA Oﬂ% W= 717k BTEX == A4 VOCs

219l.eH, BTEX ©]€]e]| 1,1-di-
chloroethane, chloroform, styrene, bromobenzene &
] /4] 0.1 ppb °1F9] F=E HEH AT 53] o
E = 71719 chloroforme AA| VOCs ‘& 5 °F
18%5 AHAISEAL Slon, =1 23719] VOCs 35
% toluene THF O 2 &2 5 55 Bt

AT A9 VOCsi= o5 A=29] A 2tolof ¢
TS = 9 wko] 2 HekE B ofof digt
1S AmE7] $15t] xylene/ethylbenzene (X/E),
toluene/benzene (T/B) 2] FTHd& 24513 ©17]

9] 62.46%E AFA|SFAL

i‘

A X/E= VOCs ¥4 5 333} A7t Wgks <l
o 4= St} GHHE 92 m,p-xylene} ethylbenzene<
T wiE ol o8] HAE AT Koy e m-xylene 23.6,
p-xylene 14.3, ethylbenzene 6.052 Z}o]7} Qlt}. o]
+ 7] 5 OH =tH|Zof| oJet Ate} £ zjol & 2y
A7, Kog®ll 7155511 m-xylene, p-xylene, ethylben-
zene®| 7] 82 ZH7F 1184171, 194417, 169 =
A =Tk (Monod et al., 2001). T2hA] S-A35t v

o)A m,p-xyleneZ} ethylbenzene©| Hi&2 7%
SHA gE-g-A| o] Zabdof whet X/BQ] Hle2 4
Al =9, o] S v 22 X/ES] HlEo] e
R Fol s, X/EQ] Hlgo] ¥
QIR f-dell o5t FFol A vERdTh T/B

= P Ame E8E=T, o9
Ho] QmiA A4, 0.1~5
7HEY, b T kgl ogt

o2 AtdE7d gl ot viEE A
A& Zd 10,0007 YERHRITH(Zhang et al., 2016;
Monod et al., 2001; Sigsby et al., 1987).
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Fig. 4. Relationship between xylene/ethylbenzene and tol-
uene/benzene ratios in the Gwangyang Steel Industrial
Complex.

S 7% X/EE 2.8~4.62] H|Z H7}EHTH(Monod et
al., 2001; Goldan et al., 1995). WatA] 13 40|49} &+
o] A A Y] A TS 7|3 VOCsE 5| 7
o] FgFo] ohd 9F Fof] P W=
It} A 2]<9] T/BE AW EH A& &
2 2 ol5l&2 4t 1.110]910m, &
2 1 oo thefst jI9IE 7 ﬁé
BRI oA e viet o] T/B=
Hro]em A A, 0.1~5E AT A
7HEY, O 5 Afgo] oJet A s %47}1?4
of| A o] Hl&-S 1~10,0002] WS HIS
LFERHTE ofol] 1§ 49 Zo] AL Z 7|7H9
VOCsE AEA g4 9 shda A4 5ol 23] Hl
% VOCs= B7HEH, o5 5 73] VOCs+=
AtAsA o 935 wiEH VOCsE THE T} Toluene
3} ethylbenzene®] 3|HZA412] AAGA S (1) o
5 BZ 717 041, AE TS 7I7F 0242 UrERTE
A A A=E 7o E Hrkd A9 AT 299
VOCs= BF ¢4 o]9|9] FH9| PHE 7|Eor
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