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A Study on Air Pollutants Emitted from Yeosu National Industrial
Complex Affecting Air Quality in Yeosu, Republic of Korea
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Abstract In this study, the effects of air pollutants (emissions) emitted from the Yeosu National Industrial Complex (YNIC)
on Yeosu'’s air quality (concentration) were evaluated through a statistical analysis (linear regression analysis). The air pollutant
emission (from YNIC) and concentration (in Yeosu) data for the last 10 years (2011~2020) were used. In case of the air
pollutant emissions, a total of 127 species of air pollutants have been emitted from 137 business sites in the YNIC. For the air
quality data in Yeosu, common (6 species) and hazardous (9 volatile organic compounds (VOCs) and 7 polycyclic aromatic
hydrocarbons (PAHs)) air pollutant concentrations measured at five monitoring stations (Seogang-dong, Wollae-dong,
Munsu-dong, Yeocheon-dong, and Deokchung-dong) were used. The concentrations of SO,, NO,, PM;,, and PM, s in the air in
Yeosu recorded significant positive correlations with benzene, xylene, formaldehyde, and hydrogen bromide, which were the
air pollutants emitted from the YNIC (R*=0.702 +0.129 and p-value = 0.009 + 0.009). The concentrations of the VOCs in the air
of Yeosu showed relatively high positive correlations and good statistical significances with the five air pollutant emissions
from the YNIC (air pollutants emitted from the YNIC (affected VOCs) = tributylamine (benzene), hydrogen sulfide (benzene),
ethylbenzene (1,3-butadiene), vinyl chloride (carbontetrachloride), and sulfur (styrene)) (R?=0.783+0.052 and p-value=
0.004 +0.003). In the case of PAHs, the YNIC emissions of formaldehyde, copper, and hydrogen fluoride had high effects on
the concentrations of the all target 7 PAHs (R>=0.763 +0.140 and p-value =0.014+0.012). As such, it was confirmed through
a statistical analysis that the increase in emissions of specific air pollutants emitted from the YNIC increased the concentra-
tions of the air pollutants in the air around Yeosu. These results of this study can be expected to be used as the basic data to
efficiently manage the types and emissions of air pollutants from the YNIC. Furthermore, it can be used as basic policy data
for improving air quality in the cities where National Industrial Complexes are located.

Key words: Yeosu National Industrial Complex (YNIC), Common air pollutants, Volatile organic compounds (VOCs), Polycyclic

aromatic hydrocarbons (PAHs)
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Table 1. Basic information on air pollutants emitted from
YNIC.

No. of chemicals 127

No. of industrial facilities 137

Study period (year) 2011~2020
Air pollutants 2011~2020
PM, 5 2015~2020

2013~2020
Ministry of Environment

Hazardous air pollutants
Data source
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Fig. 1. Geographical location of the air quality monitoring stations in Yeosu, Jeollanam-do, Republic of Korea.

127%0] G} (E 1) (MOE, 2022a). o7tk
2)9] FHA-L 32,550 km*o|H] FAT} BF AAS
ZASH AGAEE0] 70% oS AA S Uk
(MOLEG, 2021). o]==7 A 2] 52] BAHE 7]
FO= oF 10km BolZl Ao A E FYAHo]
=0} k. o]e} Z2 Atiz] WY FAAH)
AT oAl Q19] oF 90% <1 257 o] th(Yeosu
City Hall, 2021).
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chloroform, carbontetrachloride, 1,3-butadiene)?} 7%
PAHs (benzo[a]anthracene, chrysene, benzo[b]fluoran-
thene, benzo[k]fluoranthene, dibenzo[a,h]anthracene,
indeno(1,2,3-cd]pyrene, benzo[a]pyrene)< 47453
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Z-851ThH(MOE, 2021). YW S44E AFEA]
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1 3k AdE SHAE A9} 1 Tk S
A 9 QA AR Golm, AATA] H2] HAH
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EAE (S0, NO,, O3, CO, PM,)-2 201192E 2020
W7z 10d7te] ZtmE E8519 .01, PM, = 54
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SIS Bl 2ASHH. PAHsE 45
S oR 55 S45tHen, 4 185 F7|=
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3.1.1 Yk f7|1A=E!: SO,, NO,, O, CO,
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2 1097 (2011~2020) 54 Lat 7] A=
A vk HglE Y4 RS I8 20 A4
5k} SO,, NO,, PM,(, PM, 59| E= A7 |7t 5
ot A& 02 Z4slgl on, 0,9 co= AR
Frofmlet Sk WSkt glleh A7 717t E9F LRk of
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2tol 5 Ho|z] ohohet. vhah, £ S7d 40 Ut
QAEHL Tt AR A SHE=
o] AUt} (SO,: 11.3£2.00 ppb () vs. 5.46+1.29
ppb (L 9] 47 24 4), NO,: 22.6 £4.88 ppb (ZU1%5)
vs. 16.46+2.40 ppb (L €] 47}l S 4), PM, 5: 28.7+
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Fig. 2. Concentrations of air pollutants in Yeosu (2011~2020). (a) SO,, (b) NO,, (c) O3, (d) CO, (€) PM,q, (f) PM, 5, (g) 9 VOCs, and
(h) 7 PAHs.
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3.27 ug m™ (B5-%) vs. 18.0£3.05 ug m™ (7 £] 47}
)

SO, 2011 0] Hat 8.25 +3.40 ppbollA] 20201
To] 4.20+1.64 ppbE SE7F 49.1% F A
20204 7] AFd e WRek 9129 AWE<] so,
T 7 ppbE T2 2] (3.50+0.58 ppb) il HIS AF
fHor =2 55 7SSk E3, 2 109
7t S0,9] Bt = dul-Eo] 11.3+2.00 ppb= TF

A% (5.46 £1.29 ppb)oll HIo 28] o &2 T&
7155t NO,9| SHA B4t s+ 2011
.0£6.93 ppboll A 2020 14.4+3.05 ppbZ 34.5%
Z-oheh A EA] U EuiEo] 20119 NO, 5%
32 ppbE TH2 29 (18.7+2.31 ppb)©ll HI5H 71.1%
25k, o] % 2|&A o072 ZFasto] 2020 o=
18 ppbE 715513t o]= 2020 % thE A9 2] 3
7 NO, 55 (13.5+2.65 ppb) H.T} 33.3% =& 53] 9]
ity

059 CO+= 2011 =014 2020 &= A717E 5<t
TS s Wbt gldlth 059 CoE 2011k
St Z42F 27.342.99 ppb2t 525+ 150 ppbs 71=
5F2™, 2020 = ofl= Z+2F 29.2 +5.45 ppb 2} 520 +
83.7 ppb= FoJu|et F Zo]7} ISt &, oXE
o] 734, 20149 € 20161714 B4 CO2 =7t
800+ 173 ppb= THE 544 (4] S84 B4 CO 5
T =517+83.5 ppb)°ll HIS 54.8% =A LEFET
PM,( T PM, 5= 2011 TH] (PM, = 2015 TH])
20200 %0 & AAart 242 32.8%2) 41.1% % A
WERATH(PM,: 39.0+1.41 ug m™ (2011), 26.242.39
g m~(2020), PM, 5: 26.5+6.36 ug m™ (2015), 15.6 +
4.34 ug m~ (2020)). PM, > UWE SH40A A+
71 EL OV B2 =Y 3784377 pg m= 7]
S5ttt S84 HoF PMy, 5= =32.7+245g
m™). PM, 5= w76 84004 vid o 29
ek 54.1+10.3% H<& & A& 7155
ct.

2020 oAl A 7|  GEEES] Bhew =
Y th71874 718 2051 2AUTHMOLEG, 2022a).

| R A R 1 I
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o,
d o A

¥R A

SEA|TE o] 4=A] PM 9] ‘= WHO global air quality
guidelines P75 HI (15 pug m™ (PM), 5 ug m™
(PM, ) 27 74.7%S}F 160% Z7F5FITH(WHO,
2021).

3.1.2 RHch7|2FSE: 95 VOCset 75 PAHs

oAl A F S A0 SAHT ZA VS FraliTh
7|2 HEE (9% VOCs®} 7F PAHs)9| s O
717t 59t (2013~2020) Fo]Rt F= HE7} AL
Hashs A2 Btk folidi7 e d=d (9F9
VOCs ¢} 752] PAHs)9] A= 5% ¥igh= 19 2
of A5k

9%2] VOCs2 20134 0.14+0.17 ppbollA] 2020
0.08+0.07 ppb= 42.9%7} FASIIAT, o= s
H| S-S Bol AA|stl Qle A7 & A4 Fog ¢
o Lbeht 02 K 2lth (benzene= 20131 0.19 ppb
oAl 20209 0.11 ppbE 42.1% &4, 1,3-butadiene>
2013 0.50 ppb@flA] 2020 0.19 ppbZE 62.0% T4).
Benzene} 1,3-butadienes A2t U %] E4E9]
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0.05 ppb= -F-o]m|3t W2h= Holz] ghgiet. ERE 7]
& 20130 H|S} 58} ol 7t SUHE B9
benzened AlLlotal= UEFLA] ¢otom, 20159
benzene®] HA% Tk S7HE PAA] Ao R 11
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=0.11 ppbZE 2013 tH] 42.1% HATH Aoz wE
%At} Benzene®] HIE5-8-5 =7} 10 ppmQ 2=
HotH, 4=A]19] VOCs sk 0] Jthd o= vy
£ 22 & 7 AUTH(MOLEG, 2022b). 1Ho = &
5}l benzene> HAAE Y o7]= 15 HEEH0]
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(D’Andrea and Reddy, 2018; Abplanalp et al., 2017).
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BE o ¢ AR e THR?=0.365+0.145). 2
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Fig. 3. Total emissions of air pollutants from YNIC (2011~2020).
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Fig. 4. Emissions of air pollutants from YNIC (2011~2020). (a) vinyl chloride, propylene, n-hexane, ethylene, and ammonia, (b)
butane, nitric acid, naphtha, toluene, and xylene, (c) benzene, acrylonitrile, styrene, cyclohexane, and hydrogen chloride, and
(d) sulfur, 2-butene, methyl alcohol, 1-butene, and methyl tert-butyl ether.
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Fig. 6. Results of the regression analysis between air pollution emissions from YNIC and air pollutant concentrations around
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Table 2. Results of the correlation analysis between major air pollutant emissions (43 species) from YNIC and the air pollutant
concentrations (22 species) around Yeosu (coefficient of determination® (R and their p-values).

Air Detailed Air pollutants emitted from Yeosu National Industrial Complex?

Category b .
pollutants®  location® g X FA FF HB C EO HF BA HC AC H TA N

SG 0.572
WL 0.575 0.516

50, Ms 0603

DC 0.523
SG
" -

NO, MS 0.578 0.536 0.529
YC
DC 0.632 0.592
SG 0.502 - 0.569
WL

o Ms
YC 0.554

Common DC

SG 0530 | 0674 | e
WL

co Ms
YC 0.533
DC 0.537

0548 0571 0.519 0.584

PMyg Ms 0.544
« s ao aait
DC
SG | 0877 0709 0615 0695 0718 0932 [0928 0849 0578 0827 0583
s WL 079 0824 0517 0973 0852 0711 0855 0810
: Yc 0894 0911 0807 0612 0733 0879 0565 0895 10938 0770 [[0926 |
DC 0876 0976 0960 0821 0928 0645 0966 0927 0.948
Yc 0618 o812
T e
EB e
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VOCs s e 0.561
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cF e
cTe e
BT Yc
BAA YC 0537 0528
CHR Yc
BBF Yc
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DBA Yc 0.603 [0804 | os73 [l074a 0.549 0765

IDP Yc 0578 E 0.840
BAP e 0675 0500 0665 0.901 0,645
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Table 2. Continued.
Category Air ) Deta?lezﬂ( Air pollutants emitted from Yeosu National Industrial Complex?
pollutants® location® 7 A HS EB CR  VC  SF NS BC MC EA VA AA P
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A7 th71 2 HE2 Q] formaldehyde, copper, hydro-
gen fluoride= 2|34 0 2 PAHs9] T S7tof 7]

VOCs9} a7 A 2 AR Aol Al Ol:

XJIJ,]- T SH 7]—14 74 o] o o‘:o] o g_q.

=71 stE|x| M 39 E M 15

e=l



O 7 RMATX|OA HiE == h7|12ESE0| KAl Th7|=of| DIRl= & 7 91

Table 2. Continued.
Category Air . Deta.iled( Air pollutants emitted from Yeosu National Industrial Complex?
pollutants®  location EH MD  CH E DB PH CF NA BPO CTC CP  PPP NB T8 PO
SG
WL
S0, MS
YC
DC
SG
WL 0.893 0.750 0.750
NO, MS
YC 0.571
DC
SG
WL 0.893
O3 MS 0.964 0.750 0.750
YC
Common DC 0.819
SG
WL
co MS
YC
DC
SG 0.964
WL
PM, MS 0.893
YC
DC
SG
WL 0.708 0.565 0.941 0.942 0.803 0.720
PM:s YC 0.694 0976 0.607 0.623 0.740
DC 0.972 0.892 0.893 0.638 0.877 0.615 0.806
B YC
T YC 0.964
EB YC 0.720
m,p-X YC 0.996
VOCs S YC 0.523 0.750 0.677
o-X YC 0.571
CF YC
CTC YC 0.659
BT YC 0.734
BAA YC
CHR YC
BBF YC
PAHs BKF YC
DBA YC
IDP YC
BAP YC
R2>0.5

bhenzene (B), toluene (T), ethylbenzene (EB), m,p-xylene (m,p-X), styrene (S), o-xylene (o-X), chloroform (CF), carbontetrachloride (CTC), 1,3-butadiene (BT), benzo[a]anthracene (BAA), chrysene (CHR),
benzo[b]fluoranthene (BBF), benzo[klfluoranthene (BKF), dibenzo[a,h]anthracene (DBA), indeno(1,2,3-cd]pyrene (IDP), and benzo[a]pyrene (BAP)

“Seogang (SG), Wollae (WL), Munsu (MS), Yeocheon (YC) and Deokchung (DK)

dpenzene (B), xylene (o-,m-,p-) (X), formaldehyde (FA), furfural (FF), hydrogen bromide (HB), copper (C), ethylene oxide (EO), hydrogen fluoride (HF), 4,4"-biphenol A (BA), hydrogen chloride (HC), acrolein
(AQ), n-hexane (H), tributylamine (TA), naphtha (N), butane (BU), zinc (Z), acetylene (A), hydrogen sulfide (HS), ethylbenzene (EB), creosol (o-m-p-) (CR), vinyl chloride (VC), sulfur (SF), nitrous acid, salts
(NS), benzoyl chloride (BC), methyl chloride (MC), 2-ethoxyethyl acetate (EA), vinyl acetate (VA), acetaldehyde (AA), isoprene (IP), epichlorohydrin (EH), methyl disulfide (MD), chlorine (CH), ethylene (E),
1,4-dichlorobenzene (DB), phenol (PH), chloroform (CF), nitric acid (NA), 4,4"-(1-methylethylidene)bisphenol polymer with (chloromethyl)oxirane (BPO), carbontetrachloride (CTC), chloroprene (CP),
phosphorus pentoxide (PPP), nitrobenzene (NB), trifluoroborane (TB), propylene oxide (PO)

p-value <0.05 p-value <0.01
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