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ABoA AIAIZH VOCs= 37502 o] 7h2g Al Ikl
sl & 15852 EAW ool Al ogslAl, Apdsll, 2240 5
10052 oML %ol gick(Table 1)
Table 1. VOCs designated by Air Quality Conservation Act
No VOCs No VOCs
1 Acetaldehyde* 20 | Methanol
2 Acetyleneg** 21 Methyl Ethyl Ketone
3 Acetylene Dichloride 22 | Methylene Chloride
4 Acrolein 23 | Methyl Tertiary Butyl Ether
5 Acrylonitrile* 24 | Propylenexx
6 Benzenex, ** 25 | Propylene oxide*
7 1,3-Butadienex 26 | 1,1,1-Trichloroethane
8 Butanex* 27 | Trichloroethylene*
9 1-Butene, 2-Butenex** 28 | Gasoline
10 | Carbon Tetrachloride* 29 | Naphtha
11 | Chloroform= 30 | Crude Oil
12 | Cyclohexanex* 31 | Acetic Acid
13 | 1,2-Dichloroethane* 32 | Ethylbenzenex, **
14 | Diethylamine 33 | Nitrobenzene
15 | Dimethylamine 34 | Toluenex**
16 | Ethylenexx 35 | Tetrachloroethylene*
17 | Formaldehyde* 36 | Xylenex*x*
18 | n-Hexane 37 | Styrenex*
19 | Isopropyl Alcohol

* hazardous air pollutants designated by Air Quality Conservation Act
** 0ZONE precursor
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Iy 2
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FeAEAYe BR0] 624471 MAlEo] Yn At 3RA(IRE,
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w39 A Fet71 5 PolM= VOCs 165Dt
O

unmanned aierial vehicle

I SIFT-MS equipped vehicle FT-IR

Fig. 1. Real time VOCs measuring equipment

1) Benzene, Toluene, Ethylbenzene, o—Xylene, m,p—Xylene, Styrene,
Chloroform, Methylchloroform, Trichloroethylene, Tetrachloroethylene,
1,1—Dichloroethane, Carbontetrachloride, 1,3—Butadiene, Vinyl chloride,
Dichloromethane, 1,2—Dichloroethane
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FRIH|sEME, o|FFHAANY, EEY 2 o] Ao AEA o] 235} ARfE
A7](SIFT-MS), A7|stst AlA, HJHeL7] 5 JHlE YAlsto] vi&H
ZHE Aok Wgo] =E Q=0 R oAE= 20199 2H At
ol 5570 7hs3st TAIAHIE Lot =9 Atd W AR UAIX| A
of s HAZFQl @B (Fenceline Monitoring)2 AA] o T}

2.3. 3L Rkt E di7|HlEg

SR 7| MR| LA ARI(CAPSS) Atmof] 2™ 2020 71& A=
AIAHAS] VOCs Hl&F2 864,358F 0= Z4toA= At 82,245F0] Hj
%0 77] 184,105, A 100,200%, 73 95,478E 0] o]o] A= 49]
0|tk (Fig. 2) d=¥ VOCs HEd Fole A= 20104
78,326=0l| A1 201518 98,781 E7HA] 7ok dd= EH oY ol Fit
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Annual VOCs emissions(ton/yr)
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Fig. 2. Annual VOCs emissions 2020 by CAPSS data
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Fig. 3. Regional Chemical substance emissions(2018~2020)
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Fig. 5. VOC emission contribution by source in Ulsan in 2020 by CAPSS
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Table 2. VOCs ambient emissions in Ulsan in 2020

) Atmospheric
No VOCs falz:l%ri%fs* emissionz(kg/yr)
1 Xylene 60 4,166,237
2 Ethylbenzene 33 1,106,894
3 Toluene 52 449,062
4 Methyl Ethyl Ketone 19 325,501
5 Propylene 16 285,947
6 2-propanol 23 238,173
7 methyl alcohol 41 228,332
8 Ethylene 18 182,374
9 vinyl acetate 7 76,253
10 Acetic Acid 23 67,826
11 Benzene 19 58,579
12 Ethyl acetate 16 56,342
13 n-Hexane 19 46,954
14 hydrogen peroxide 11 46,366
15 hydrogen fluoride 7 33,229
16 Methyl Tertiary Butyl Ether 6 31,808
17 Styrene 21 30,361
18 hydrogen chloride 46 29,551
19 Butane 15 29,433
20 Tetrachloroethylene 4 26,826
21 Vinyl chloride 3 25,822
22 Acrylonitrile 12 25,693
23 Naphtha 6 25,482
24 Chlorine 14 25,129
25 1,3-Butadiene 9 22,318
26 Hydrofluorocarbon 1 20,391
27 cresol 4 19,017
28 Formaldehyde 11 18,494
29 epichlorohydrin 7 16,965
30 Cyclohexane 13 13,806

* Number of factories that emit specific VOCs
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uRgR P ARALY] AsPA], AFFER7|T SolH VOCs & of
g A BESIES stk Aol =AHUt

F8 :
A7 59 ATRTISEE wEORE GEVIAEA] TR &
9] T5st, ATt E Fas=s 2 19 S4dof d. @ Y
FRIR S AGAdd s AR RrIstdE & et AEE Het
AAdS 2023974 DdAM Oz AdX[sliop o). @ YAHol AE8H &

7] w5 WS Adste Fugr] Y+ 249 SR7IEE s

S lppm E= 10% O]Tre= #ejstojof ¢ty @ F& 374 & H7t

AaAldd Z2fofa8(Flare stack)olA HiEEE 7l eg=2S 3
ofst7] ol Sl AEe] A HIFGAl Hriee A detsto

Al AR AFS A4 7]E(2,403kcal/Sm’) oo g fAlsliof §F

)
o

ol
—_

o =
W ARALE ESF VOCs Agautt Icta Ld3iA Qlcte).
}+

ol

At

A

A

e

o}

® AIGArS ‘IshytA &) 7 2HOptical Gas Imaging Camera, OGI)
< MM AIME HEsto] EojABioA W RrIstd =9 HiE A%
£ g &RIsta VOCs =& AR5 Al IF(RYUEI)sloF stt. &4
ojAEMOA HiEE = Y RTItEE2 Seg 2RIsh] of2fglont O
Loz VOCs #27t golsid Zlez oigdat ® H|84d =3A1 tid
NS ¢oll FMd 258 E 7I&(40%)s M2 =dE=d EstA &
FR8& 7% o HdaddS HEsH7] #sto] mid @A CCTV HF7]=
AE 977 BoHIY. @ AARAS BY, Hu 5 8EEAEY] Oish
AR =l 2 AES A s S8l dHe fAsko{of Sttt By, =
A & 58 BAEEAIEY BAEE7]E 5 =(THC 7]%#)7F 1,000 ppm
oA 500 ppmo 2 et Tt

5) 20207 R| 20%, 2021E37A| 40%, 2022EH7R| 70%, 2023EH7FA| 100% AX|

6) O0|= 07| " S H{Z(National Emission Standards for Hazardous Air
Pollutants) 40| 22X 2r"2F0| 2 403kcal/Sm?® O|AfO|H H{Z7tA 98% {7t
’t's. EC0j AR LAY JV|F2 2024HEE] H-E oY

7) WE™ O 7| E2 BATHERRY 54 BR) 2k Ol 24170 & 5&
En g =y
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5171 9Ioh 200535 e ER0] £UH T AN Ak 20199 74 o
AR Aol AF 60000 2o HRIE AEHUAA] chat
HIE VOCs 297152 67%7HA] Jetstn delchy solEw 5752 A)
£/ Z7kstol 118502 #rjsteict. VOCs 29715 £290 § VOCs7t
ol FeH SHER YF2 Festel VOCs vE A% AUg kol 1
AE PAS §AoIH 202 AHFES FESE o FHLS £
gejchgell Mz ZPE FBL whEo] Lo FgrIF0]l AYHA
re BBE, AFANE, HWHANES £2 5 57F0lAFHL.
Jor 712 e 20209 19 19 0|8 AEAAE MACe] AL,
ulg rgb Aok nhel AatElol 20200 12 1Y ol & ASHE Aub
FPEZo) Aot HIERE HgHct
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3.2. 577l A FEwe
SIFT-MSE 7]  4l4, Aae ARHoR T35 282 olo]3z =

epsobE ol 23HAA 7HA| WEGol2g MY F ol ol§

2PN MRS WA slebrol b A(ClS ol AR

glol 7] F9] jak VOCset 27|7kag A5t 7)7]olck  SIFT-MSe]

=AYt Fig. 73 2t

Reagent lon Selection Analyte lonisation Analyte Quantitation
Microwave plasma Quadrupele mass filter I Sample inlet Quadrupole mass filter  Particle multiplier
- -
— s — Fiow tube — ———————— {__
- -
—— —_—
Carrier gas inlet
0.3 torr 10 torr 0.5 torr 1075 torr
Hz0* HzO+ k P+
3 < Rt + A— P+ + N [A]=Yf[ ]
NO+ NO+ Rt Reagent Analyte Product Neutral [R+] k
I I Prod
OQ+ OQ+ < e e Instrument

calibration «
factor

Fig. 7. Operating principle of SIFT-MS."

0] FHSE F7|2RE MicrowaveE WARSHH] 8E3-0]2(H;0", NO*, Oy
= sk, A WHR] AbE=ARRolA Al/dE Reagent ion & HUsh=

= AEolEst & SIFT-MS9| £4%F Flow tube® Al&°t o2&
EEY vr3s Y. F 9 AAsaAAE RS ARIEA Low masst
E| High mass”tX] Mass flltratlonﬂJ_ Scan F= A5Al Mass HTHS
Sim ScanstA| €. YAEE7|E Soff A=H H}Q"“’é o232 SRl o]
AR e g2 gEYd. SIFT-MS+ 32 Al GC/MSo|A| At
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SHe dFAS olgste 8 TEd o2 2didTES olgst=H,
Aol = B0l Bk 7PNwEAS 22Y SR s S5l
AATe R 2AUY 229 =S F8UHA .
1P oi7|M (A : BbBE sE, [P7): 4Hol2 %5
[A] = v—— (2 1) (R*) © 2h20l 250", NO', O =
[B7]-k v 77 BEAE ko HEEE e&#

SIFT-MSS gl $ele GYEr IALE /e olsiun
20% tAo=@ AAZt

7N (A, B, C, D)ot 47T A|= 7] fLH(E)olt}t. &4 PJ%
2022 14988 12971x] 2t 9E E543las 7 ~ 118o|0 FAA|ZL
o =747F0 A 19 10657, B 3£ 1,134

< 14:00 ~ 17:000]c}. =4
D

A
7H C 79 2,1347Y, D +<9 2,2487}, E 3+ 3,8977j& W sty ct.

Table 4. Measurement dates for each area

No. of
Area Dates (Month/Day) Measure-
ment
A 0302 0428 0607 0719 0720 0817 10/18 1V15 8
B 03/03 04/11 06/03 07/14 08/09 09/30 11/24 12/19 8
C 0208 03/02 05/04 06/17 07/27 08/04 09/21 11/16 12/12 9
D 0322 0510 06/22 08/02 09/13 11/07 12/07 7
E 01/04 01/05 01/06 01/11 04/05 05/24 07/05 07/21 0823 10/30 12/30 11
24 SfSIM 150l 18] QUPIAN,) Al Al ulAAle 27
(Validation)& 3} AIE34, S¥bla, M2 29, PRI, Ure
olest EEVIAC) A Q1A el AEVYS BF 52 AP, BE
fA2g olgste 545 =0] Aees HAsts 108419 S AN
d(Validation)o] &L 1AIZF o] eMge} ARl & 57443 AlASITh
Table 5& & AollA A& SIFT-MS 24202 HEphL qlot
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Table 5. Analysis conditions of SIFT-MS for HAPs

Parameter Value
Sample plate temperature 120 °C
Inlet pipe temperature 120 °C
Upstream pressure 6.00E-05 Torr
Flow tube pressure 140 mTorr
Flow tube temperature 120 °C
Downstream pressure 1.40E-06 Torr
Source pressure 373 mTorr

VOCs 822 2As7] 9laf VOCso] st Asels AAjsisict A
T A&ESHA|(Limit Of Detection, LOD)F A=A EX4E H7tol
k. HA AESHA(Limit Of Detection, LOD)E o}7] a6l vlE=w
(Blank)E ZH74st=dl di7] Alas EAY 494 54 Ao =
SHRAL, Mk AA7EA(99.999%)5 SIFT-MSO| Alg Fh-to] AZ5H
FQAstY S I 545 VOCsY HiE s s Aot 5744 18] A
ZHAIREZ oF 25%0]1l, 9] b FoEPAO] tigh F 789 SAYolEE
25190 LODE dlehss 272 7719 BEHAI] 32 Fslol Asiart

olsff 574 SIFT-MS?9] vEs=29} LOD

M
k1
1 Da)
l—>
T>
J_
u
L
|m
e
ol
it
u
i)
o
|
i jn
A T )
2 1o

6.42, 2.65, 2.04 ppb2 Aoz =gfon, dxZ22y
-H222Al, HlEﬂ%EEﬂl%ﬂﬂ, 1,2,4—Eaﬂiiﬂﬂ7i1 Ch=

i
Dall
2
=
wn
)
rr
3
NN
2
~J
©
R
m
iC)
lu
Hu
ku o
2, of
U}
pl
2
N
N
0¥
tll-l‘
5]
iﬂ
i
wn o
= Hu
U -~
Tz O Mpr

g2ojolco] Zkzk 4.45, 2.32 ppba AtjAloz w=gic} =
_‘.I

g 5e2 54 3 O] FAM 58 ASSEoA v ses

rE r|r
o

VOCse 473A 54% B7lsl7l sl TO-14A EFEZIA(L ppm,
Restek)S o]&st¥ o 1ot AATEA(99.999%)2 5]Aste] 0.5 ~ 100
ppbo| 82 SE2 HAslel WIS WGIET. Table 62 BE/IA

o4
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Table 6. Evaluation of LOD & characteristics of calibration curve

Blank concentration RSD LOD

Compounds 18t ond 3rd 4t 5th 6 7t Mean o R?
(n=11) (n=11) (n=11) (n=11) (n=11) (n=11) (n=11) (%)

acrylonitrile 641 6.74 490 447 6.25 7.22 8.93 6.42 231 445 0.99
benzene 0.95 0.37 0.95 0.29 0.74 0.88 0.81 0.71 382 0.82 0.99
1,3-butadiene 0.21 0.11 0.27 0.26 0.32 0.22 0.21 0.23 293 0.20 0.99
carbon tetrachloride 0.34 0.11 0.11 0.76 0.29 0.66 0.23 0.36 720 0.77 0.99
chlorobenzene 0.18 0.13 0.30 0.29 0.21 0.13 0.40 0.23 426 0.30 0.99
chloroethene 0.68 0.54 0.50 1.18 043 0.39 0.84 0.65 428 0.84 0.99
chloroform 2.08 243 1.85 144 2.39 1.28 1.99 192 228 132 0.99
ethyl chloride 246 271 2.38 4,01 213 194 293 2.65 258 2.05 0.99
hexachlorobutadiene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 - - 0.97
methyl bromide 191 2.52 1.02 0.64 2.15 245 2.58 1.90 408 2.32 0.99
methyl chloride 0.82 1.07 118 0.71 0.89 0.86 1.07 0.94 18.0 0.51 0.99
1,2-dibromoethane 0.10 0.20 0.13 0.00 0.20 0.27 0.29 0.17 59.6 0.30 0.99
1,4-dichlorobenzene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 - - 0.99
1,1-dichloroethene 0.94 1.22 0.47 0.30 0.94 1.22 1.22 0.90 421 114 0.99
1,2-dichloropropane 3.07 2.88 0.63 2.84 1.57 1.57 1.26 1.97 481 2.85 0.99
styrene 0.20 0.11 0.09 0.00 0.26 0.15 0.15 0.14 61.0 0.25 0.99
tetrachloroethylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 - - 0.99
toluene 2.15 1.85 2.38 1.82 1.50 2.06 2.54 2.04 174 1.06 0.99
1,2,4-trichlorobenzene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 - - 0.92
1,1,1-trichloroethane 133 1.27 0.88 0.83 112 0.73 1.02 1.03 221 0.68 0.99
1,1,2-trichloroethane 0.78 1.02 0.39 0.25 0.79 1.02 1.02 0.75 421 0.95 0.99
trichloroethylene 0.14 0.15 0.13 0.10 0.34 0.07 0.00 0.13 79.1 0.32 0.99
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3.3. REYIE 24

VOCs= FEH= golst yh3-&eet vigAd 0] thar] giZo] E84
719 =(OFP, Ozone Formation Potential) %3t t=2t} OFP= MIR
(Maximum Incre-mental Reactivity), POCP(Photochemical ozone
creation potential), RIR(Relative Incremental Reactivity) =
gsto] WlEIch MRS Slohs U9) ST 1A7F 59 AHT 2 9t
5] ©Eapolo]is®) POCPE MIRO| e Algold X7kt £7]531¢)
hmy Zol2Al shdstel ol AT A%Y e shobE G
AT 460 B WHT & 9= QEFO|LL RRS el 2k
WolA VOCs BHebE ©9] oA 52Kt Fob AT eEFo 0], 54|
e 2EUolN WF 219o0le] ol FAIZIeR AEED] RIR A4 olE
NOx Atm7} Q=) .[41]

[

1

AoME B UolA ST £ FUANgs|siRRld gt ©
7] = (OFP)2 mpotstr] 9jsto] 2AIY o} slshx @ Exbx|
(POCP, Photochemical Ozone Creation Potential)E ©]-85F0] A4t
C}. 2A4Y POCPY ojgzle] POCP e 10002 Asho] gHArst Zf
7)E Apelo) AARE olgstoict. 2AY 2FAYYIE(OFP,)%
8737101 &(0FP(%))& th Al (2). (3) o= Ar&stgict

o ob A rp

l‘l->i HU3R 4 o T

o

OFP, = C; x (M.\W/22.4m% x POCP; (2
OPFi(%) = (OFP; /ZOFP;) x 100 (3

0{7|M, C; . Concentration of VOC species i(ppb)
M.W : Molecular Weight of VOC species i
POCP; . POCP values for VOC species i

3.4. 95 =7HRisk assessment)

s =7HRisk assessment)= S-sfjAdo] Q) =)
B0l =&2Ee 4% Aoy &40 ulxle ZaE 55| $sto] Al
Aoz EStL Wt e Tach 861y aol(Hazard
identification), &z-¥r-23H7HDose-response assessment), =% 7}
(Exposure assessment), ¢sii= ZAA(Risk characterization)?] 47
2 ANt
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3.4.1. 834 &l

il
woll’d &2 Hshd B7H A WA SAR oY =2 54, #5178
R AREZI(FEAR) 5ol tieh AFAIRE BIEeR s 2720] Atgel 14
ojuf ol £A ot e tlxle de #¥stL 1S9 FHES
gsshe e . dAl folide Hdste Bt dEeRe =29
=4S, oAt R 22, 94854, WY, A= A A, Al
4578, ANEY, HAsd, 28, 99+ Sol sigdt. AdAIReH
A HollA =HiY 7€ 9Ed+ At'm, S4AR, dARtR, SteAta
= §Ystol 24

2 dpox 20 WS Slely] AT AlRe AlEo|orEer
7149l SR HEAGA| AN ZA|UALA(IARC, International Agency

Table 7. Carcinogenics classification by the IARC

Group Meaning agents
Group 1 Carcinogenic to humans 126
Group 2A Probably carcinogenic to humans 94
Group 2A Possibly carcinogenic to humans 322
Group 3 Not classifiable as to its carcinogenicity to humans 500

EJF 20209 ststEA HiEY SAI(PRTR)OIA SATR| oA of7] =

+ ¥YY VOCs 1532 HiEd o2 mtofstitH(Table 8). tf7]
o sk St A= VOCs(HIAL, |
FEHHA, ZELHS|E, ol E
29, Atstogdll, E240) 9Fo it Hsid B7H=
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Table 8. Aatmospheric emissions of Carcinogenic VOCs in 2020

Annual mean

Carcinogenic VOCs s concentration’ 1O B
(ppb)
Ethylbenzene 1,106,894 0.78 2B
Vinyl acetate 76,253 - 2B
Benzene 58,579 0.48 |
Styrene 30,361 0.1 2A
Tetrachloroethylene 26,862 0.46 2A
Vinyl chloride 25,822 0.16 1
Acrylonitrile 25,693 - 2B
1,3-butadiene 22,318 0.28 1
Formaldehyde 18,494 - 1
Epichlorohydrin 16,965 - 2A
Chloroform 12,593 0.05 2B
Dichloromethane 12,719 - 2A
Propylene oxide 10,069 - 2B
Ethylene oxide 5,726 - 1
1,2-dichloroethane 4,634 0.05 2B

t Annual mean concentration in Yeocheon hazardous pollutants monitoring
station in 2020

O
Bkt folEAe] wELF olo T Al 9 ) n]R]=
= = . &F-US e AAIEATI

par
o
w4
&
au)

0]= 2474 (United States Environmental Protection Agency, US
EPA)Q] IRIS(Integrated Risk Information System)?] Atz & {AAO0=z
Zg3l93 US EPA IRISOIH $53 S4guAet o2 7Ho e

o] e« &A4uA(=, 571, A& %)3 7|41 713 &9t AESt
9, 32 Qs WA 4 Yr Euprestgel 95% igoz, A
ZA] & WAL AM AFEAe] 712 7|(Slope factor, SF)= LERHTE[44]
= 1 R](Reference Dose, RfD)&F Q@ AZXo] OlAfof] SUL]
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Fe Aoz Holigh FaFo] YEPUHA] U= oz g0 st &<
AR R| S ety RfD @F RfC: 2 vt sz HI7A] AF_=

EPA IRISOJA @ EEA9] RfC Zto] AAlY 7of= sh=919] 1
358 Fdt 14.62 m/dayt /g9 HHAS 64.5 kgS ©o]-8sto] RfD

RfC<14.62m' /day (1)

RfD= 64.5kg

Table 9. Toxicity data used in this study

Slope Factor RfD Rf

VOCs CAS no.IARC (mgI/)kg/day)'l (mg/kg/day) (mg/i‘)
formaldehyde 50-00-0 1 2.1E-02 2.0E-01
acetaldehyde 75-07-0 2B 1.0E-02 2.0E-03'  9.0E-03
ethylene oxide 75-21-8 1 3.1E-01 6.8E-03'  3.0E-02'"
propylene oxide 75-56-9 2B 1.3E-02 6.8E-03"  3.0E-02
Trichloroethylene 79-01-6 1 7.0E-03 5.0E-04 2.0E-03
Tetrachloroethylene 127-18-4 2A 2.1E-03 6.0E-03 4.0E-02
1,3-Butadiene 106-99-0 1 6.0E-01 4.5E-04"  2.0E-03
Benzene 71-43-2 1 1.0E-01 4.0E-03 3.0E-02
Toluene 108-88-3 3 8.0E-02 5.0E-00

" Value calculated from RfC
™ Value obtained from CalEPA OEHHA(Office of Emvironmental Health, Hazard
Assessment)
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AU AA wE(Lifetime average daily exposure, LADE)S Al
2)1t o] gefzAel 7] & sZ(Concentration, C), 4¥ 3&&
Inhalation ratio, IR), %=Z4l%(Exposure frequency, EF), k=& 7|7t
Exposure duration, ED), A|%(Body weight, BW), A
Averaging time, AT)C 2 A AT}

CXIRXEFXETXED

LADE= BWXAT (2)

LADE : Lifetime average daily exposure (mg/kg/day)
C : Concentration of pollutant in air (ug/m?®)

IR : Inhalation rate (m®/day)

EF : Frequency of exposure (days/year)

ET : Exposure Time (hrs/day)

ED : Exposure duration (years)

BW : Body weight (kg)

AT : Averaging time (days)

LAY F=(C)x AMATAOAN F4H VOCs 525 AEstIn
= S7|4(Exposure factor) & = &&(IR), AESBW)2 g4 BAAHo=
SRl Weleh Stk EA i R0l (P S o] &SIH. k=EWE
EF)= €9 & L9240 =55+ a2 & dfoMe 2241 2
FA,E dotsto] Bt 236Ut &Y 24642 AESIYH. AP A -FAKE
(ET) = W8I =2ARY 8AHE A&std w==7]7HED)2 =429
AEZIEE Quistedl AR HFFTAEFL] 4% A EE= 2668
o7 JMSIY Y. ot AIRHAT)2 E=Ad digt k%o BdstE=
Z12¥0 2 4 et A Ao 7|4 Y (Lifetime Exrectancy, LT)C =2
Agstu vy AdF7o = =&7IXHED) 26dS AEstdY. =&
B AHEEE = E3AE Asto] Table 100 YERY QI




Table 10. Exposure factors for this study

E Fact it value Refi
ni eference
xposure Factors u CTET | RMET
. R Korean Exposure Factors
Inhalation Rate(IR) m’/day 14.62 20.2 handbook(2019)
Exposure Frequency(EF) | day/year 236 246
Exposure Time(ET) hr/day 8
Exposure duration(ED) year 25
. Korean Exposure Factors
Body weight(BW) kg 64.5 Handbook(2019)
Averaging time(AT)c days 365 x LT 30,815days
Averaging time(AT)nc days 365 x ED
. Korean Exposure Factors
Life expectancy(LT) year 82.7 Handbook(2019)

'CTE(Central Tendency Exposure), ""RME(Reasonable Maximum Exposure)
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ozx  JdAskAE 283510l Monte-carlo  simulationg  AIA|SHA
Monte-carlo simulation oj2] &A1 s Hod =HE22oA A9
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Zparorolsl = (Excess cancer risk, ECR): ddmi ol
(LADE)ol] 24E WAAR|H(SF)S Hoto] okt

ECR=LADEXSF (3)
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<] 4~(Hazard quotient, HQ)= UER]
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4. A3 9 1
4.1, 23 FAUAY VOCs wlE 54

AFAEAE FolldiZl24d 843 = ¥4t 5L+ 167.3 ~ 664.5 ppbo|d
57§ el HtE 3435 ppbE UERITH B pHoN Hamzrt
664.5 ppb= 7t =90 A 9 371.5 ppb, C ++9 348.9 ppb, E +4
343.5 ppb, D +t9 167.3 ppb &=° =2 UErIJT} (Fig. 8)

664.54

371.49
348.88 343.49

Concentrations(ppb)

167.31

A B C D E

Fig. 8. Comparison of average concentration of VOCs by each industrial area
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VOCs) H]go
AF I ARA
o A7
Wi,

23
o8

ne

300

200

concentration(ppb)

carboxylic

. nitrile  alkene+alkyne  amine
acid

alcohol epoxide alkane sulfur aldehyde aromatic ketone halogenated ~ ester+ether

B Avg. of 5 area 130.1 838 459 296 258 124 117 10.7 6.8 5.9 58 53 5.2
A 111 97.6 61.1 302 212 149 96 146 87 58 137 137 6.9
B 264.9 165.7 488 571 30.0 158 290 128 8.1 9.9 58 35 58
uc 107.1 67.9 56.6 239 289 103 6.7 13 64 45 40 48 49
D 330 328 174 162 18.0 115 33 54 47 27 21 16 40
E 1341 54.8 453 206 24.8 9.6 9.8 9.5 6.2 6.5 35 29 4.2

Fig. 9. Concentration mean of Chemical groups in each industrial area

g9 EAd =4 8459 PAs=e nEHA }% Table 11°ﬂ UrEJrLﬂO*
574 24 & o=gdla oE, oEuiAly 2z

222 FejEo] FAEX] oot At é’@%lﬂ
Et20] 23.62 ~ 252.3 ppbE 7} =2 =2 UjERG
16.21 ~ 119.26 ppbe UEGC HEZo] 1er=z FPH A2 52
=W AFGAS d7] 5 VOCs 5% Fz2of et A Aupet g[8

& Ao E SANZATMEATEAR|E AT A TR ANA THE A
Aol VOCs: WErL 2 " w7t 742+ 26.5+13.4, 56.5+75.1 ppb&
UFERG T 2 thr)87 7)1 AAEEQ HAIY Sr= 0.98 ~ 2.29 ppb
2 48 A0 A+t 7|=A(1.5 ppb)E Rutshs Aoz UEHET

9) HIME2 2L 7|24 7|= MY 2o 2 2 UH LA (International Agency
for Research on Cancer, IARC)E A Z|(threshold value)?t Si= 1&
LS (Group 1)2 FFoFLL QUG #IHS U APHF HF7|E2 5
pg/m*(1.5 ppb)o|H, FZ1 EU, Y&9| 7|F2 77t 5 pg/m*(1.5 ppb), 3
pg/m*0.9 ppb)O|Lt.



Table 11. Concentrations of VOCs in this study

Group substances A B c b E
avg.tsd avg.tsd avg.tsd avg.tsd avg.ts.d

2-propanol 1.19+15 2454875 1.13+15 0.73+1.07 1.66+4.36
ethanol 10.64+15.04 7.75+27.95 8.26+19.06 7+19.99 84612837

Alcohol isobutyl alcohol 118+1.66 2.38+6.29 114+£192 1.66+3.68 114229
methanol 98.13+152.95 | 252.3+884.08 | 96.59+250.26 | 23.62+1947 | 122.87+763.13
phenol 0.01+0.08 0.01+0.08 0.01+0.06 0.03+0.18 0+0.05
2-butenal 0.21+0.34 0.2+0.28 0.4+0.61 0.12+0.18 0.29+1.01
acetaldehyde 9.52+12.85 12.75+22.3 8.32+10.03 4.36+3.72 6.62+7.15
acrolein 2.53+4.18 1824235 346+16.03 1124175 2.18+5.37

Aldehyde benzaldehyde 0.46+0.62 0434091 0.23+0.36 0.2+0.31 0.24+0.35
butanal 1.75+2.08 1.81+2.29 154+2.09 0.51+0.57 1.28+2.95
formaldehyde 10.59+9.07 10.49+11.18 10.32+10.68 1041+6.34 11.54+10.92
pentanal 0.86+1.59 0.89+1.15 1461243 0.47+0.59 1.06+2.6
propanal 134233 159+3.6 3.14+4.76 0.86+1.46 1.58+6.49
cyclohexane 0.63+3.74 0.38+3.16 0.36+5.48 0.02+0.73 0.34+2.54
heptane 0.08+0.81 0.17+2.81 0.09+0.95 0.16+1.47 0.04+0.68
hexane 7.09+20.78 6.36+10.21 74511314 3.53+5.43 5.7+14.69

Alkane isooctane 0.16+0.52 0.31+1.57 0.26+0.92 0.33+0.85 0.54+1.28
isopentane 8.02+14.28 9.13+16.88 13.38+24.09 2.19+2.87 7.67+35.98
octane 0.91+1.49 1.06+2.02 0.93+2.01 0.78+1.27 1.08+1.59
pentane 314714457 28.25+43.92 33.56+62.25 10.39+10.69 2794+111.78
propane 12.73+904 3.13+25.51 0.58+9.01 0.04+1.79 2.03+32.06
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Group substances A B c 2 E
avg.tsd avg.tsd avg.tsd avg.tsd avg.ts.d
1.3-butadiene 8.5+42.08 0.18+0.64 0.24+0.72 0.09+0.28 0.21+1.36
1-butene 1.65+3.27 1.07+£1.79 25842221 0.61+1.27 1241401
Alkene+Alkyne | acetylene 0.79+1.66 0.68+1.71 0.52+1.01 045+1 0.5+1.37
Alkene+Alkyne 731101 chioride 149+171 127189 142£2.19 043+0.73 0.75+144
ethylene + ethane* 134855 0.31+3.1 0.04+0.69 0.02+0.4 0.24+3.63
aniline 0.28+1.21 0.38+0.93 0.23+0.84 0.16+0.43 0.17+0.66
dimethylamine 4921647 2444378 3.15+4.06 29+3.63 2.53+4.15
Amine N.N-dimethylaniline 0.04+0.13 0.08+0.29 0.03£0.12 0.08+0.26 0.04+0.14
N.N-dimethylformamide 0.23+0.29 041+0.98 0.26+0.48 0.18+0.26 04+1.28
triethylamine 0.14+0.26 0.14+0.25 0.12+0.24 0.11+0.22 0.12+0.25
trimethylamine 1.29+1.87 2371094 1.07+144 0.54+0.85 0.98+1.87
benzene 2.29+6.86 1.69+3.77 1.7+2.92 0.98+1.25 1.32+2.05
C3-alkylbenzene 1.06+1.37 1.81+3.52 1041146 177429 0.95+1.73
chlorobenzene 0.01+0.13 0.01+0.25 0+0.09 0+0.02 0+0.06
cresol 0.21+0.32 0.14+0.24 0.12+0.21 0.11+0.19 0.13+0.24
Aromatic indole 0.14+0.26 0.1+0.22 0.08+0.2 0.12+0.29 0.07+0.19
naphthalene 0.25+0.39 0.22+0.33 0.18+0.32 0.21+0.34 0.24+0.38
skatole 0.03+0.1 0.03+0.1 0.02+0.12 0.02+0.08 0.02+0.11
styrene 1794342 0.39+0.68 0.29+0.7 0.12+0.24 0.37+1.18
toluene 2231152 3.58+7.56 2.39+7.2 1.48+3.02 195+6.69
xylenes + ethylbenzene* 6.92+31.36 7.88+17.45 4.46+7.35 6.64+12.14 4.58+12.64
Ketone acetone 8.51+8.84 23.25+106.86 4.82+5.15 243+2.39 54412047
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Group substances A B c 2 E
avg.tsd avg.tsd avg.tsd avg.tsd avg.ts.d
butanone 0.89+1.01 5.3+29.57 157+4.86 0.42+0.53 3942741
methyl isobutyl ketone 0.22+047 048+1.5 0.33£0.69 041+1.3 042+1.16
3-methylbutanoic acid 0.18+0.45 0.1+0.29 0.09+0.3 0.1+0.34 0.13+047
. acetic acid 194+1.87 1.95+2 154+197 1.65+1.8 209+211
Carboylic "acrylic acid 119+148 | 42842182 174429 0.43+0.71 32441927
butanoic acid 0.36+0.7 049+1.53 0.25+0.46 0.14+0.31 0.32+0.56
propanoic acid 215+3.29 3.11+8.29 0.95+1.65 0.38+0.7 0.77+1.12
1.2-epoxybutane 1.93+2.56 2.22+3.53 1.79+2.85 0.55+0.77 1.56+3.51
Epoxide ethylene oxide 4234+70.79 39.8£97.6 29.71+51.58 15.3+8.58 19.73+26.48
propylene oxide 50.26+54.39 | 119.26+48348 | 31.7+35.53 16.21+11.61 30.7+122.11
tetrahydrofuran 3.07+4.81 439+12.51 471793 0.78+0.89 2.86+11.2
butyl acetate 123+2.14 1.58+3.87 1114231 1.88+831 0.82+2.35
dibutyl phthalate 0.03+0.19 0.05+0.23 0.02+0.16 0.03+0.17 0.04+0.25
Ester+Ether | ethyl acetate 0.58+4.63 0.52+1.87 0.26+0.75 0.1+042 0.57+2.68
methyl acrylate 0.57+0.7 04810.6 0.44+0.87 0.35+0.48 0.54+0.65
methyl tert-butyl ether 2724291 3.07+26 345+3.14 2.06+1.58 26+6.15
1.1.2-trichloroethane 1564251 1.07+193 0.68+14 0.66+1.21 0.75+£1.37
carbon tetrachloride 0471097 04+1.67 0.2+0.58 0.28+0.75 0.29+0.77
chlorine 2.29+6.59 0.98+1.38 169+3.11 0.45+0.75 139+4.2
Halogenated I~ 1 oform + dichloromethane® 078+18 4122964 108+4.18 0.32+1.04 211#1135
ethyl chloride 412+511 3.3+11.06 3.01+4 2.374£5.25 2.74+53
methyl chloride 0.65+0.83 1354333 0.8+2.07 0.51+0.64 1.09+3.68

_35_



Group substances A B c 2 E

avg.tsd avg.tsd avg.tsd avg.tsd avg.ts.d
tetrachloroethylene 0.02+0.15 0.01+0.1 0.13+144 0.05+0.3 0.02+0.15
trichloroethylene 0.23+0.59 0.24+0.83 0.16+0.49 0.22+0.56 0.25+0.58

vinyl chloride 452+16.7 131273 3.56+46.41 0.5+0.84 0.89+1.8
Nitrile acetonitrile 7.8+28.72 46312329 2.28+3.5 1314111 1.84+5.06
acrylonitrile 5.92+19.88 1214172 173+3.27 0.76+1.03 1.65+10.28
2-methyl-2-propanethiol 1.01+1.68 1.2+1.86 1.64+2.67 0.62+1.26 1.04+245

carbon disulfide 7.3545.62 6.34+7.69 4941581 5.66+5.26 442+5.55
carbonyl sulfide 1.95+4.86 1.56+3.45 0.88+1.62 0.75£1.12 0.94+1.49
diethyl sulfide 0.27+041 0.3+048 0.23+045 0.19+0.34 0.26+0.49

Sulfur dimethyl disulfide 0+0.04 0+0.05 0+0.04 0.02+0.14 0+0.03
dimethyl sulfide 0.65+0.97 0.77+1.69 0.59+34 0.14+0.27 0.38+1.25
ethyl methyl sulfide 15.1+16.96 37.31+217.02 | 10.74+12.35 5.97+5.92 9.67+43.08

hydrogen sulfide 213571 7.95+113.49 3.4+52.07 16+6.61 2.13+6.88

methyl mercaptan 0961141 091+13 0.98+1.67 0.96+1.3 1.2+1.29
tetrahydrothiophene 0.81+1.13 0.78+1.67 0.49+0.64 0.33+0.44 0.5+0.77

Total 37149 664.54 348.88 167.31 34349
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24 = EAO AMHYH HERe 23.62 ~ 252.3 ppb, Atz g™l 16.21

.26 ppb, Alstoelel 153 ~ 42.34 ppb, TEF 10.39 ~ 33.56 ppb,
Eddstol= 10.32 ~ 11.54 ppb 522 YEPgth HAlo] Hd s=x A,
B, C #ollA 22t 2.29 ppb, 1.69 ppb, 1.70 ppbz AF TF7|EA]
1.5 ppbE Z¥ste Zo2 YEHT 702 1.48 ~ 3.58 ppb, AL
1 ogHAS 4.46 ~ 7.88 ppbo2 EAE|QLr] SAhO0]ZZIHAC
%5l A, B, C 79 ®Al, F20, AL (o] ZAl x9h)o] FHos
L= 717F 1.89 ppb, 2.73 ppb, 6.42 ppbg UERGCEH
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Fig. 10. Concentration distribution of major VOCs by industrial complex.
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Table 12. Anova analysis results of major VOCs

VOCs F Sig.
1,3-butadiene 91.61 0.00
acetaldehyde 137.56 0.00
formaldehyde 7.96 0.00

acetone 65.53 0.00
benzene 38.08 0.00
xylene+ethylbenzene 18.13 0.00
vinyl chloride + 1,2-dichloroethane 11.60 0.00
methanol 32.30 0.00
isopentane 53.36 0.00
toluene 18.49 0.00
pentane 30.69 0.00
propane 25.80 0.00
hexane 27.66 0.00

ethyl methyl sulfide 35.82 0.00
ethylene oxide 99.11 0.00
propylene oxide 71.51 0.00

= AU A9 129 VOCs =5 sl & 2y, A F9oflM 55
wakow 3km Ao YIS ZAX| (RS E)H 20199, WA, £=2
A, ALl 54 5%+= 0.34 ppb, 0.57 ppb, 0.91 ppb o= UEFFTE.[50]
AQEA NN A} Y FARGA Sso] BT U 57
SsEHO W7 UEd oz FgdEn. 20199 SAbu|Z=UHRE W o
e FolldiZIs8 404 A, 24, AL

2.44 ppb, 3.34 ppb 02 ® A1 EXZrHC}

o

=
o5

R3S o)

4 1919 SR ABRLID, FA 2447 Sot] AHEA BRY
o2 ¥ AN IEALY HFo2 A DEER YL WAL
(14 ~ 174)) 5] 545Uk W Yehd 2o wogcd. of2fa
IZte] Ao e A

30 Aol B ATolMe] 54 3150t S
: 2, 80 @Ug AL YSIAE AUEA Y Fa A
Aol 24X120 BUEI Bl 9k,



AFATA] U AHo|A 23.62 ~ 252.30 ppbe] Iz HAEEHL B
oAl & Lgho] UEHT SA 0| 2= 7RIE 12 FAAHR] oFZ-E oA
o] Fafdizi=de 540 dish o] A= HEZol AR H(oF
S)oIA & s= 251.01 ppbZ7hA] F&¢ 8F lotal Husta Qb AF
AIA W 38AGYA ARSA 5o HEs Ad¥d == 87.64
ppb2 EAE QP 2022 SIFT-MSE ©0]83F HAPs Q¥= &4 <
2 A AFATEA] W HEE2] Pas=rt 16.7 ppb2 ==l °l=
AEY FopollA HEZo] AAgoz 23] AREAIT, #ej7t A= o]
ARl Qdot ti7] SO vihiEo] W2 oz AL HEE2 A,
Arb, a4 As, Arse 39 2oF R HaAe & odet AdAa
A eiEES FE22 A

42. QFEMNA7|ox HI7t Ay}
AREA] A4 FAA St 84F 22 & POCP o] &=A Q=
23%2] VOCs &% (Table 13)o] Ojsll &EAG71=(0OFP)E st 1

A3E Fig. 110] Yot Ardslat oAl defu]dal 1.2 HE=
2O|&, gt ofe2 57X FEEA] OMé}Eg Aquu)o] wrat sht

o] gro2 AAIELt VOCs 5 Q&M 7|0l wo} e
xylenes(ethylbenzene), methanol2 UEPFTH AMAEX] 12 o=
B 71 =0 =2 2480 o gEA UehgEd ARstst, AR8AIY,
eS8l 2457sAIE, SetAlE AR 5ol e AAlRE A

E F9oAqE= Alkane % AlkeneR(pentane, hexane, isopentane,
octane, 1-butene), aromatic A < (xylenes, ethylbenzene, benzene,
toluene)e] 7|7t =1, 9718AS T} Abgsks D polojAE
aromatic 7 €(xylenes, ethylbenzene, benzene, toluene)?] 7|o{x7}
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Table 13. OFP of VOCs as ozone precursors

. OFP

VOCs POCPi X B C D D Ave.

pentane 40 4046 3632 4315 1336 3592 3487
methanol 13 1822 4686 1794 439 2282 2298
xylenes+ethylbenzene* 70 2286 2614 1479 2203 1519 2040
hexane 40 1089 977 1144 542 875 949
acetaldehyde 55 1029 1377 899 471 715 932
isopentane 34 876 998 1462 239 838 921
formaldehyde 46 652 646 636 641 711 655
ethanol 34 773 542 577 489 591 593
1,3-butadiene 89 1824 39 51 19 45 436
toluene 44 403 647 432 267 352 433
1-butene 104 429 278 671 159 322 386
methyl ethyl ketone 32 92 545 161 43 401 251
octane 34 157 183 161 135 187 165
vinylchloride+1,2-dichloroethane* 20 297 86 234 33 59 152
acetone 6 132 361 75 38 85 147
propane 14 350 86 16 1 56 110
2-propanol 18 57 118 54 35 80 70
ethylene oxide 1 83 78 58 30 39 60
benzene 10 80 59 59 34 46 57
ethylene+ethane* 100 163 39 5 3 30 51
cyclohexane 28 66 40 38 2 36 38
heptane 35 13 27 14 25 6 17
styrene 5 42 9 7 3 9 15
> OFP; 16,761 18,067 14,342 7,187 12,876 14,263
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Whole Area Area A, B, C Area E

Fig. 11. POCP weighted contribution of major VOCs
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4.3. I VOCs AN B2t A=

4.3.1. 2824 Hsld F7t

sl’d B7HE 4885h7] Hst sl VOCse] &% H(Mean), 95% 4
+5 Table 140] Yot Az A i A9 W Yx[gt o
15 Rold7158 4004 &2 391H2019~2021) FHEH 8 UWIA
VOCs?9] ¥4 =& WAl 0.84, 0.48, 0.53 ppb, 13-FElCjAdLS
0.26, 0.28, 0.35 ppb, ¥&u]dL 0.19, 0.16, 0.30 o2 UERJC} =2
Apo|A] HIAIC] Ht H=wghe 1d¥z 0.98 ~ 2.29 ppb, 1,3-FEtql
< 0.09 ~ 8.50 ppb olt}. F7F O 24 5 4tst=Z =23l 30,72 ppb,
Atstoedall 19.73 ppb, Z2YMG|5|= 11.54 ppb, OPNEAT|S]E 6.62
ppb 02 Vit EAEQC}

I

M
ln 48 4o

r
o]
o)

2A0] HF =r 9 95% ArQJZto 2 urololsH w9} ulEolos =S ALY
5199 tHTable 15, Table 16). 25 oAl E3F Wersl e 1.0E-4&
sttt f9E e HugloeRes A 99 SHEIHsiETt
6.00E-4(CTE), 2.70E-3(RME)Z 7} =1 D oA 1.6E-4(CTE),
5.00E-4(RME)C.2 715 GA] Lpebdc},

A #9904 242 T == oM ELYsIE 2.8E-6(CTE), Z5Y
Ois|= 4.4E-6(CTE), 1,3-FEtdl 1.80E-4(CTE), ®#IAl 1.2E-5(CTE), At
sholdsll 3.8E-4(CTE), Atefzm=z=all 2.5E-5(CTE)Cz2 ZupEhere|sie
71% 1.0E-4 ~ 1.0E-62 Zufeh 242 1.3-FECly} Atetogaot).
A TN FHFEUS et zod > AstogEd > 2ESAHS|E >
OFNIELHIs|E > 1,3-FECQN > HIAl ojglont Hesimo|A= 4re}
gl > 1,3 FEYM > Atz g > HIA > 2FAHS|E > oM E
dHslE o= e

%LOD‘OM =2 H*O*Hﬁﬂiﬁ oMM EZH|s] = 3.8E-6(CTE), 25
4.4E-6(CTE), 1,3-2Et]Qll 3.8E-6(CTE), ¥l 8.7E-6(CTE), At

=

_lTl
==
ok

2}011% 1 36E—4(CTE) Astmemel 59E-5(CTE) o2 Astigag A
olstmi &TPUSE 7]1% 1.0B-4 ~ 1.05-6 oJUjel o= epget.
B 7olold &% wgle Astmemal > Astolgal > obyEdHs| e
> meodlsls > WAl > 13-REIC]Ql #oln werelsl e Alsjolal
> Astmemal > WAl > ZEAEs|E > 1,3 Vet > opjE s s
S0 Uehdtt
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Table 14. Concentrations of hazardous VOCs in each area

(unit: ppb)
A B C D E
VOCs Yeocheon
CTE RME CTE RME CTE RME CTE RME CTE RME
acetaldehyde 9.52 27.26 12.75 37.97 8.32 25.77 4.36 11.56 6.62 17.81 -
formaldehyde 10.59 28.14 10.49 23.74 10.32 28.71 10.41 21.49 11.54 25.80 -
1,3—Butadiene 8.50 32.32 0.18 0.95 0.24 1.23 0.09 0.63 0.21 1.06 0.35
Benzene 2.29 5.29 1.69 4.65 1.70 4.93 0.98 2.87 1.32 4.42 0.53
ethylene oxide 42.34 115.94 39.80 125.19 29.71 82.96 15.30 31.76 19.73 62.76 -
propylene oxide 50.26 146.31 119.26 399.55 31.70 85.09 16.21 39.96 30.72 101.50 -
Trichloroethylene 0.23 1.47 0.24 1.47 0.16 1.20 0.22 1.35 0.25 1.52 0.01
Tetrachloroethylene 0.02 0.00 0.01 0.00 0.13 0.00 0.05 0.00 0.02 0.00 0.21
Toluene 2.23 5.76 3.58 11.03 2.39 6.91 1.48 5.39 1.95 4.78 091

t Annual average concentration in Yeocheon hazardous pollutants monitoring station in 202154
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Table 15. Carcinogenic risk of VOCs at each area

A B E
VOCs
CTE RME CTE RME CTE RME CTE RME CTE RME
Acetaldehyde 2.8E-6 1.1E-5 3.7E-6 1.6E-5 2.4E-6 1.1E-5 1.3E-6 4.8E-6 1.9E-6 7.5E-6
Formaldehyde 44E-6 1.7E-5 44E-6 1.4E-5 4.3E-6 1.7E-5 4.3E-6 1.3E-5 4.8E-6 1.5E-5
1,3-Butadiene 1.8E-4 1.0E-3 3.8E-6 2.9E-5 5.1E-6 3.8E-5 1.9E-6 2.0E-5 4.4E-6 3.3E-5
Benzene 1.2E-5 3.9E-5 8.7E-6 3.4E-5 8.7E-6 3.7E-5 5.0E-6 2.1E-5 6.8E-6 3.3E-5
Ethylene oxide 3.8E-4 1.5E-3 3.6E-4 1.6E-3 2.7E-4 1.1E-3 14E-4 41E-4 1.8E-4 8.1E-4
Propylene oxide 2.5E-5 1.0E-4 5.9E-5 2.9E-4 1.6E-5 6.1E-5 8.1E-6 2.9E-5 1.5E-5 7.3E-5
Trichloroethylene 14E-7 1.3E-6 1.5E-7 1.3E-6 9.9E-8 1.0E-6 1.3E-7 1.2E-6 1.5E-7 1.3E-6
Tetrachloroethylene ~ 3.8E-9 0.0E+0 2.1E-9 0.0E+0 3.1E-8 0.0E+0 1.1E-8 0.0E+0 3.8E-9 0.0E+0
Sum 6.0E-4 2.7E-3 44E-4 2.0E-3 3.1E-4 13E-3 16E-4 5.0E-4 2.1E-4 9.7E-4
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Table 16. Non-carcinogenic risk of VOCs at each area

A B

VOCs
CTE RME CTE RME CTE RME CTE RME CTE RME
Acetaldehyde 4.6E-1 19E+0 6.1E-1 2.6E+0 4.0E-1 1.8E+0 2.1E-1 8.0E-1 9.6E-2 1.2E+0
Formaldehyde 3.5E-3 1.3E-2 3.4E-3 1.1E-2 34E-3 14E-2 34E-3 1.0E-2 3.8E-3 1.2E-2
1,3-Butadiene 2.2E+0 12E+1 4.7E-2 3.6E-1 6.2E-2 4.6E-1 2.3E-2 24E-1 5.4E-2 4.0E-1
Benzene 9.7E-2 3.3E-1 7.2E-2 2.8E-1 7.2E-2 3.0E-1 4.2E-2 1.8E-1 5.6E-2 2.7E-1
Ethylene oxide 6.0E-1 1.6E+0 5.6E-1 1.8E+0 4.2E-1 1.2E+0 2.2E-1 4.5E-1 2.8E-1 1.3E+0
Propylene oxide 9.4E-1 3.9E+0 2.2E+0 11E+1 59E-1 23E+0 3.0E-1 1.1E+0 5.7E-1 2.7E+0
Trichloroethylene 1.3E-1 1.2E+0 14E-1 1.2E+0 9.3E-2 9.9E-1 1.2E-1 1.1E+0 1.5E-1 1.3E+0
Tetrachloroethylene ~ 1.0E-3 0.0E+0 5.6E-4 0.0E+0 8.1E-3 0.0E+0 3.0E-3 0.0E+0 1.0E-3 0.0E+0
Toluene 5.6E-3 2.1E-2 9.0E-3 4.0E-2 6.0E-3 2.5E-2 3.7E-3 2.0E-2 4.9E-3 1.7E-2
Sum 44E+0 2.1E+1 3.6E+0 1.7E+1 1.7E+0 7.1E+0 9.3E-1 3.9E+0 1.2E+0 7.2E+0
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Carcinogenic risk
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Fig. 12. Comparison carciogenic risk in each area
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Fig. 13. Comparison Hazardous Index in each area
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vl = (HI)= A Lo A 4.4(CTE), 21.0RME)e.& 714 =& ZF

o2 Uegoew B 9 3.6(CTE), 17.0(RME), CH4d 1.7(CTE),
7.1(RME), D #+9 0.93(CTE), 3.9(RME), E & 1.2(CTE), 7.2(RME)=
BF 12 Rufsto] v /440 ot Yo7t e Aoz YERTT b
ool e = W4t LWE(CTE) 7% t9¥€=z A >B > C >E > D
Fo= Uehgrt.
ol Rle(HQ7E 15 Zapshs 282 A fFHoM= Fd 5=(CTE) =&
Al 1,3-REYA, 95% 5% k% (RME) Al otM|ELHs|E, 1,3-FEH
A, Atetogdl, Atetmzgdl, EQZzRoEolH, B M= Bt
5 (CTE)OIA AtstZ= 2-I(CTE), 95% 5 %=(RME)oA oM ELH|s] &,
yelojgal, delmewa, EelZzzoldd, C oML 95% &
(RME)of|A - ot EL |5, AletoEdll, Atetm=zEill, D LA =
95% =E(RME)IA Atetoldal, Atstmz@al, E ololis 95% 55
(RME)of|A oI ELTS| =, AletoZall, Aotz zgdl, E2lZ g 2o g4,
2902 Uepgtt4.3.2.  SEEX Ysid H7HMonte-carlo
simulation)

Monte-carlo simulation© @ AIA|St QI H7to|A] BLAQ1 7]&0] ¥t
HA= 1.0E-65 =0T &E(%)= 519 Table 160 YERHICE. A 0]
A ddefsli= 1.00E-6 o= 20 e ZFLUS|E, Atz gdlo]
81.3%, 81.2%= UERJTl B LYoA= mEUY|5| =7} 1.00E-6 oJAS £
g o] 76.3%= 7MY =l D #HoM= ZELTS|E, Atstof|ERio]
drokQlsli = 1.00E-6 o|AS Zupsh &-go] 717F 89.2%, 96.0%= UERJTH
T+¥ Monte-carlo simulation Z23H= Table 179 A2|5t Tt

=28 foiAHQ) 3 12 2t ZE2 A PN ofNELTs|=
18.8%. 1.3-FEHQ 53.3%, Atetolgall 34.2%, Afejm=zmao] 47.4%=2 1}
Efdch B 1ooMs Z2YUY3|= 36.2%, Atstoldal 36.3%, Aletmzme
55.4%, E2]Z22o|gH 3.4%02 APEIT. C FooAe ZEYHs|I=
10.5%, Atstogal 21.6%, Atstmzmall 27.0%, D FojHE B%F 1% ols}
At E Folde AstolEa 2.7%, Aetmemal 42.4% = LERT:
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Table 17. Probability of exceeding 1.0E-6 at each area

vocs A B arCe : D E
Acetaldehyde 67.9% 66.3% 68.5% 59.6% 66.9%
Formaldehyde 81.3% 76.3% 76.7% 89.2% 79.7%
1,3-Butadiene 56.8% 57.4% 60.1% 54.9% 54.9%
Benzene 61.1% 65.7% 59.9% 72.7% 70.6%
Ethylene oxide 72.4% 65.5% 71.4% 96.0% 76.5%
Propylene oxide 81.2% 58.3% 79.4% 58.8% 59.3%
Trichloroethylene 1.0% 4.3% 0.1% 0.7% 0.5%
Tetrachloroethylene 0.0% 0.0% 0.2% 0.0% 0.0%
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Table 18. Distribution of probablilstic risk assessment at each area

Monte-carlo simulation(Site A)

VOes Mean Max 10% 25% 50% 75% 90% 95%
Acetaldehyde 2.8E-6 1.8E-5 -2.0E-6 2.7E-7 2.7E-6 5.3E-6 7.6E-6 8.9E-6
Formaldehyde 44E-6 1.9E-5 -4.1E-7 1.9E-6 4.5E-6 7.0E-6 9.3E-6 L1E-5
1,3-Butadiene 1.8E-4 3.7E-3 -9.9E-4 -4.3E-4 1.8E-4 8.0E-4 1.3E-3 1.7E-3
Benzene 1.1E-5 14E-4 -3.4E-5 -1.3E-5 1.1E-5 3.5E-5 5.6E-5 7.0E-5
Ethylene oxide 3.9E-4 2.7E-3 -4.0E-4 -3.5E-5 3.9E-4 8.1E-4 1.2E-3 1.4E-3
Propylene oxide 2.5E-5 1.2E-4 -9.5E-6 -7.3E-6 2.5E-5 4.4E-5 6.0E-5 7.0E-5
Trichloroethylene 14E-7 1.6E-6 -3.3E-7 -1.1E-7 1.5E-7 3.9E-7 5.9E-7 7.2E-7
Tetrachloroethylene 3.9E-9 14E-7 -4.2E-8 -2.0E-8 4.1E-9 2.7E-8 4.9E-8 6.2E-8

Sum 6.1E-4 6.7E-3 -1.4E-3 -4.7E-4 6.1E-4 1.7E-3 2.6E-3 3.3E-3

VOCs Monte-carlo simulation(Site B)

Mean Max 10% 25% 50% 75% 90% 95%

Acetaldehyde 3.7E-6 2.8E-5 -4.6E-6 -6.0E-7 3.7E-6 8.1E-6 1.2E-5 1.4E-5
Formaldehyde 43E-6 24E-5 -1.6E-6 1.2E-6 4.3E-6 7.5E-6 1.0E-5 1.2E-5
1,3-Butadiene 3.9E-6 5.6E-5 -1.4E-5 -5.3E-5 3.5E-6 1.3E-5 2.2E-5 2.7E-5
Benzene 8.5E-6 7.7E-5 -1.6E-5 -4.4E-6 8.5E-6 2.1E-5 3.3E-5 4.0E-5
Ethylene oxide 3.6E-4 3.5E-3 -7.7E-4 -2.3E-4 3.6E-4 9.5E-4 1.5E-3 1.8E-3
Propylene oxide 6.0E-5 9.8E-4 -2.5E-4 -1.0E-4 6.0E-5 23E-4 3.6E-4 4.5E-4
Trichloroethylene 14E-7 23E-6 -4 9E-7 -2.0E-7 1.4E-7 4.8E-7 7.8E-7 9.7E-7
Tetrachloroethylene 2.1E-9 9.0E-8 -2.7E-8 -1.3E-8 2.2E-9 1.7E-8 3.1E-8 3.9E-8
Sum 4.4E-4 4.7E-3 -1.1E-3 -3.9E-4 4.4E-4 1.2E-3 1.9E-3 2.3E-3
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Monte-carlo simulation(Site C)

VOCs

Mean Max 10% 25% 50% 75% 90% 95%

Acetaldehyde 24E-6 1.2E-5 -1.3E-6 4.8E-7 2.4E-06 4.4E-06 6.2E-06 7.3E-6
Formaldehyde 4.3E-6 2.0E-5 -1.5E-6 1.2E-6 4.2E-06 7.3E-06 1.0E-05 1.2E-5
1,3-Butadiene 5.0E-6 7.6E-5 -14E-5 -5.5E-6 5.0E-06 1.6E-05 2.5E-05 3.0E-5
Benzene 8.9E-6 7.2E-5 -1.0E-5 -14E-6 8.8E-06 1.9E-05 2.8E-05 3.4E-5
Ethylene oxide 2.7E-4 1.8E-3 -3.3E-4 -4.2E-5 2.7E-04 5.8E-04 8.7E-04 1.0E-3
Propylene oxide 1.6E-5 8.2E-5 -7.1E-6 -3.5E-6 1.6E-05 2.8E-05 3.9E-05 4.5E-5
Trichloroethylene 9.9E-8 1.2E-6 -2.8E-7 -1.0E-7 1.0E-07 3.0E-07 4.7E-07 5.8E-7
Tetrachloroethylene 3.5E-8 1.4E-6 -3.9E-7 -1.9E-7 3.4E-08 2.6E-07 4.6E-07 5.9e-7

Sum 3.1E-4 2.1E-3 -3.6E-4 -44E-5 3.1E-04 6.6E-04 9.8E-04 1.1E-3

VOCs Monte-carlo simulation(Site D)
Mean Max 10% 25% 50% 75% 90% 95%

Acetaldehyde 1.3E-6 5.0E-6 -1.4E-7 5.5E-7 1.3E-6 2.0E-6 2.7E-6 3.1E-6
Formaldehyde 4.3E-6 1.5E-5 8.8E-7 2.5E-6 4.3E-6 6.1E-6 7.8E-6 8.7E-6
1,3-Butadiene 1.8E-6 2.8E-5 -6.0E-6 -2.3E-6 1.9E-6 5.9E-6 9.7E-6 1.2E-5
Benzene 5.0E-6 2.7E-5 -3.2E-6 6.9E-7 5.0E-6 9.3E-6 1.3E-5 1.6E-5
Ethylene oxide 14E-4 4.8E-4 3.8E-5 8.6E-5 14E-4 19E-4 24E-4 2.6E-4
Propylene oxide 1.6E-5 23E-4 -6.1E-5 -2.5E-5 1.6E-5 5.8E-5 94E-5 1.2E-4
Trichloroethylene 1.5E-7 1.8E-6 -3.0E-7 -8.5E-8 1.5E-7 3.8E-7 6.0E-7 7.3E-7
Tetrachloroethylene 1.2E-8 2.7E-7 -7.8E-8 -3.4E-8 1.2E-8 5.8E-8 9.9E-8 1.2E-7

Sum 1.7E-4 79E-4 -3.2E-5 6.2E-5 1.7E-4 2.7E-4 3.7E-4 4.2E-4
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Monte-carlo simulation(Site E)

VOCs

Mean Max 10% 25% 50% 75% 90% 95%

Acetaldehyde 1.9E-06 9.8E-06 -7.4E-07 5.4E-07 1.9E-06 3.4E-06 4.6E-06 5.3E-06
Formaldehyde 4.9E-06 2.2E-05 -9.3E-07 1.8E-06 4.9E-06 8.0E-06 1.1E-05 1.2E-05
1,3-Butadiene 4.9E-06 1.1E-04 -3.2E-05 -1.5E-05 5.3E-06 2.5E-05 4.2E-05 5.3E-05
Benzene 6.8E-06 4.9E-05 -6.7E-06 -4 2E-07 6.7E-06 1.4E-05 2.0E-05 2.4E-05
Ethylene oxide 1.8E-04 1.0E-03 -1.2E-04 1.6E-05 1.8E-04 3.4E-04 4.8E-04 5.7E-04
Propylene oxide 1.5E-05 2.4E-04 -6.3E-05 -2.6E-05 1.5E-05 5.7E-05 9.3E-05 1.1E-04
Trichloroethylene 1.6E-07 1.4E-06 -2.9E-07 -7.8E-07 1.5E-07 3.9E-07 6.0E-07 7.3E-07
Tetrachloroethylene 3.8E-09 1.6E-07 -4.1E-08 -2.0E-08 3.8E-09 2.7E-08 4.9E-08 6.1E-08

Sum 2.1E-04 1.4E-03 -2.2E-04 -2.4E-05 2.1E-04 4.5E-04 6.5E-04 7.8E-04
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Abstract

Ulsan is the city where national industrial complexes are located,
and the air quality of the entire region is affected by various air
pollutants emitted from industrial complexes. Volatile organic
compounds, which are discharged in large quantities from
industrial complexes, contain many substances that are harmful
to the human body and have high carcinogenic potential even at
low concentrations, so continuous monitoring and management
are required. In addition, it is a major cause of ultrafine dust
that generates secondary organic aerosols through chemical and
photochemical reactions, and affects ozone concentration as a
precursor of ozone. Although VOCs are important, measurement
items and measurement cycles are limited, and there are not
enough measurement stations in Ulsan, so it is difficult to grasp
the emission sources and pollution status of the region in detail.

In this study, the concentration of VOCs emitted from national
industrial complexes in Ulsan was measured using a Selected-ion
flow tube mass spectrometry(SIFT-MS) capable of real-time
quantitative analysis of VOCs and the characteristics of VOCs
emissions in the industrial complex. In addition, the
photochemical ozone generation potential (POCP) of VOCs, which
act as a major factor in ozone production, was calculated to
examine VOCs substances that affect the ozone concentration in
the region. Finally, by conducting a risk assessment on
carcinogenic VOCs, it was intended to identify substances that
need to be reduced first in terms of risk and provide scientific

evidence to improve air quality in the region.

Ulsan-Mipo National Industrial Complex and Onsan National
Industrial Complex were divided into five zones, and movement
measurements were conducted with vehicles equipped with
SIFT-MS. Measurements were performed 7 to 11 times for each
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area, and the VOCs of 84 substances were measured
simultaneously. As a result of the measurement, it was found
that the VOCs detected at a high concentration in the Ulsan
industrial complex were alcohols and epoxy, and particularly, the
concentrations of methyl alcohol, ethylene oxide, and propylene
oxide were high. The sum of VOCs concentrations (TVOCs) was
the highest in Zone B, where various industries such as
petroleum refining, petrochemical, and waste treatment are

concentrated.

As a result of ozone formation potential analysis, pentane,
methanol, and xylene were found to be substances with high
ozone production contribution. Pentane and methanol have lower
atmospheric emissions and a lower POCP index than xylene, but
their contribution to ozone formation is high due to their high
concentration in the atmosphere. Since there is no photochemical
pollutant monitoring station in the Ulsan, ozone precursors are
not monitored at all times. In order to manage the continuously
rising ozone concentration, it is essential to measure substances

with high ozone formation contribution at all times.

As a result of conducting a risk evaluation on nine types of
carcinogenic VOCs, the cancer risk value was 2.1E-4, exceeding
the standard for excess cancer risk of 1.0E-6 to 1.0E-4. The
carcinogenic risk of ethylene oxide, propylene oxide, benzene,
formaldehyde, acetaldehyde, and 1,3-butadiene exceeded 1.0E-6.
The hazard index (HQ), which represents the non-cancer risk,
did not exceed 1 for individual substances, but the integrated
non-cancer risk (HI), which combines all the risks of the target
substances, was found to be more than 1. As a result of the risk
assessment, it is necessary to continuously monitor ethylene
oxide, propylene oxide, and aldehyde, which have a high risk of

cancer, and to prepare measures to reduce them in emission
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sources. To this end, it is necessary to install additional
hazardous air pollutant monitoring stations in Ulsan, and regular
monitoring of carcinogenic VOCs is required.

In this study, since VOCs measurement in industrial complexes
was performed only during the daytime, additional measurements
are required at night to understand the daily fluctuation
characteristics of VOCs. In addition, in some high-concentration
areas, it is necessary to conduct fixed measurements to identify
seasonal behavior and weather effects of VOCs. Comparing the
results of this study with the measurement results of VOCs in
areas near industrial complexes and non-contaminated areas,
identifying the impact of VOCs emitted from industrial complexes

remains an additional task.
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