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Table 1-2. The administrative and research participants in Korea and Japan
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Fig. 2-1-1 The survey sites in Korea and Japan



Table 2-1-1. The location of survey sites in Korea
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E 129.0782°
B o= a3
SEA H4SEZ 28
oL A 25 N 34.8043°
dets E 126.4345°
B as o=
&=Al BIS2 85812 12
e A aES N 35.1983°
ce=+ E 128.0781°
B o= o=
M=Al 2HZ 6
N=E< A A= N 33.4889°
XX &= E 126.5005°
B as &=
Table 2-1-2. The location of survey sites in Japan
i} A _ AR =
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2.1.2 €= At XIE
2.1.2.1  Yamaguchi
O XIAlE OFOt XIS =20 <AXISHH OFOF2XICHH FoHUCH =220l &
ZHIDN UM, AlIFo SLs =522 A0l 236t), 1O 20l 2XI-Z 0kt
M XICE OFOFRXIAISl HEES 1023.31 km?, Q&= 196,846 & (2017 & 3 & SXH)
Oltd, JIZ= BHIIR01 154 C, BEESEI 73 %, A B 220/ 1,886 mm O|Ct
TANE2 =2 24 200 m Helol =2 2HdE20 =25 9 SH0l JULMH, IS
12 A2t WSS (EY 7:00~19:00)2 21,183 U, 24 A2t usS&E2 26,571 H(ZAHX
OICt.
PRTR &30 OI0IEH(2015 @)l UM 2 =A SFHEEs 18 EFS VOC
CHOIBHE &2 OFOF2XIAIDF 33 ton/yr, OFDFXISO0l 2,400 ton/yr OICH. 1 SHAME
Toluene, Xylene, Ethylbenzene 0| 0| BIEZ D U2, OFOIAXIAl BHE S| 98%,
OOt XIS HHEE2 86%E XtAIot] UCH
2.1.2.2 Dazaifu(Fukuoka)
CHAOIS Al ER2IHAIS =% 2 16 km 0l fIXISHH, SZ0 AlX &, SZEO0
SO0 UL, AIE Jt2XNZ2= OI9tAtZd2 SEHHOIA 23 6HH  AIDHXIE XL
OIOtEIZICZ  ReE D QUCH CHRIOIRAIS X2 296 km®, Q7= 71,828 &
2017 & 3 & &M) Ol0d, JIZF= HAJII=01 166 C, BEAF&EI 69 %, o BER
220l 1,684 mm OILCt.
A REL AMZE 2 160 m Helol A+ ASXHE2IF Ay, sF 28 500 m Helol
=% 3 340l A2H, XSS 12 A2t WSS (HEY 7:00~19:00)2 22 78,489 CHet
12 OH, 24 Al nsSEe 22 101,703 CHet 58,504 CH OICH.
PRTR &30 OI0IEH(2015 @)ol UM 2 =A SH&Es 18 EF2 VOC
CHOIBHE 22 CHAOIFAIDE 7.5 ton/yr, R 29t 01 5,200 ton/yr OICt.
CtXHOIZ AU Al = Styrene, Toluene Ol =2 BIESZI D U220, CHAOIZFAl IS 97%
£ XXotd UL FFLIE HMMEZ= Toluene, Xylene, Ethylbenzene 0l =2
BHET D UM, RIS BHEES 91%E XtXotd UL



2.1.2.3 Saga

gEZ2 OtelotAloo &Hoih UASH HOoFRIE BHM UALL, =E2 M=2l4HK
(MIAIAXDIE AN EDIF =2 XIEOICH AJIAIS A2 431.84 km?, QFe
234,453 & (201744 3 & &) OICH. ERIIS01 165 C, BZSTIH 70 %, o BR
220l 1,870 mm OICt.

A XIEB2 Al €22 HOFR0H ZEX™X= AIJEX WO fIXIoH JACEH &€= 28 600m
Heloll =2 2dE=202 =% 264 SH0l UL, NAsX2 12 Al2E WSE
(B 7:00~19:00)2 14,449 THOIL, 24 A2t WSS 18,945

PRTR &1 OIOIE(2015 E)0l UMM 2 XA SHES 18 EF2 VOC UJ]
BiE2F2 AJEAIDE 87 ton/yr, APDFSO0l 1,700 ton/yr OICEH.  AJFAIOIA = Toluene,
Xylene, Styrene 0| =2 HIEE 1D UM, AIJIAI BIEES 83%E XtKlotd UL
Mt &M Z= Xylene, Toluene, Ethylbenzene 0l =2 HIEE D UM, AL
BHE 2l 96%E XtAIGt] UL

2.1.2.4 Omura(Nagasaki)

RIPetAlE LIIAIIE 20 RAXIGHH, SZEES wittAtsS HIRSHH CretatA

ZOtXIE =8 XD ALM, MBS ZUg 2Rl B™MA= XEH0l S2e

AOICH 2R2tAlSl BHE2 126.62 km?, 2172= 93,559 & (2017 & 3 & & XH)0In,
H2I|201 16.9 C, Ba&EIt 74 %, ¢ B2 22201 1,918 mm OICt.

IAF AEES AE 2 800m Heldl 2% 34560l Y12, s 28 1200 m H2lol 7+

NESXHE20F JA2H, s 12 Al nEe(EY 7:00~19:00)02 2+2 30,947 ek

19,453 O, 24 Al2t WSS 22 41,125 U2 24,204 4 OICt.

PRTR &30 OIOIEH(2015 @)dl UAHAME 2 EA S 18 82 VOC Y]

BHIE&2 2R2tAIJF 72 ton/yr, FAF21E 0l 3,500 ton/yr OICH. 1 EEWAS Toluene,

Xylene, Ethylbenzene 0l =2 HIEE1 ULH, LF2Al HHIEE2 99%, LIJIAIIIE
BiE 22l 99%E XtXIotD QUCH

10



AL EEH A(VOC 82 =& =F)= 201649 53,82, 112 20178 230 S 43

AAIGHR LD, 28 ZAPDIZH 32t HEOZ AISE THFGHACH TAF &Y B(ISSHFY

(MAAIZAl) OOIH S)= 2016 H 4 & 12 ~ 2017 & 3 & 31 20l &Al StA20, OH
A2 &2 HO0IeHE =+=&otRULt.
Table 2-2-1. Survey period by Method A
|5 A Z LAl ST LAl
52 10 €(3h) 9 Al 52 13(3) 9 Al
2016 8 & 23 2(3h) 9 Al 8 & 26 L(3) 9 Al
112 8L(3h) 9 Al Mg 11 2(2)9Al
2017 28 7(&h) 9 A 28 10 2(2) 9 Al
2.2.2 XA =
IAH 28 A = VOC &2 18 il == Ao} LD, A &8 B = AsSEY

(AAIZAI) L JIACIOIEH S 12 i S22 T AHGHRAL.

Table 2-2-2. Analysis items

A Y g

Bl

Chloroform, Tetrachloroethylene, Trichloroethylene, 1, 3—-Butadiene,
Benzene, Toluene, Carbontetrachloride, Ethylbenzene, m, p—Xylene,
A 2™ A | Styrene, o—Xylene, 1,1,1-Trichloroethane, 1,1-Dichloroethane,
Dichloromethane, Acrylonitrile, Chloroethylene, 1, 2-Dichloroethane,

Chloromethane

PM2‘5, PM10 or SPM, Os or Ox, 802, NO, NOQ,
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UOIRE S AIEIIE(ES01804.2)01 2/5H0H Al AlSHRILCY.

Busan 1t Gyeongsangnamdo & Carbopack C, Carbopack B 2t Carbosieve Sl (40/60
mesh, Markes Inc., UK) S&HJt S&E AHCle|AAY THAES S22 (C3-AAXX-5035,
1/4” x 9cm, Markes Inc., UK)2 Aot ], dY 1 MF= Carbopack B 2t Carbosieve
S11(40/60 mesh, Perkin elmer, UK)E E& M ot= S 2 (Airtoxic, 1/4” x 9cm, Perkin
elmer, UK)S AIZ5IRUCH. S22 =0 2o 350 COHlA == 99.99 % 0|49
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A

mL/min & 2 Al2t 2t322 BtRUCH AMEMMFEXIS &2 Fig. 2-3-1 ot ZC

2NA= saA i1
—_— ey —> _— —
MFC &+ fva B
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Fig. 2-3-1 Structure of sampling equipment

OllHel E€x2%= 200 ~ 300 T2 otU2H, 2RIIHS | 30 ~ 100 mL/min 2
otLt. ZEXHE MZE M2s= EHH s=A2 = 250 ~ 300 T2 2= 0IA
1~15=2 Ol 2E1H 30 ~ 100 mL/min 2 E&AIZC 8=22 tIISBSEAEIIE

Ol ZAlEl GC/MS AlAEN 24 X24S Table 2-3-1 0l LIEFLHRUACE.



Table 2-3-1. Operation conditions of analytical methods

H o &= JIM Z2O0LEHTI(GC) =A
e =) 2ty DB-1(50.0 m x 320 um x 5.0 ym)
2 8 I A g B
2 E e 1.5 mL/min
=R ) MS =
as 2k 2 & X Al
(C/min) (c) (min)
= J
Q2 2 Ty T 30 0
2 & 3 170 0
3 & 6 200 8.33
T IS A2 80 min
El(Electron Impact) =2 70 ev
SR e 35 ~ 300 amu
0| S
e
e I
=i I )L
B E g g——
o ELEF AL GC/MSD(or FID) 2MA s T

Fig. 2-3-2 Structure of analytical equipment
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Table 2-4-1. National Ambient Air Quality Standards under Method A

5 o Benzene Trichloroethylene | Tetrachloroethylene | Dichloromethane
- (ug/m®) (ug/m?®) (ug/m®) (ug/m®)
CHstol= 5 - - -
& = 3 200 200 150
Table 2-4-2. National Ambient Air Quality Standards under Method B
PM;, or
. PMy5"! © SO, CO NO, O3 or Ox
?- o 3 SPM *3
(ug/m?) . (opm) | (ppm) (ppm) (ppm)
(ug/m°)
Chetol= 25 50 0.02 - 0.03 -
o 2t « = 15 - - - - -
WHO 10 20 - - 0.021 -
Chsrol= 50 100 0.05 - 0.06 -
24A2F | & = 35 100 0.04 10 0.04~0.06 -
WHO 25 50 - - - -
Chstol= - - - 9 - 0.06
8AIZE | & = - - - 20 - -
WHO - - 8.6 - 0.05
Cherol= - - 0.15 25 0.10 0.10
1AI2E & = - 200 0.10 - - 0.06
WHO - - - 25.7 0.102 -




. 2 ZAF X&2 VOC =& 2t

3.1 Busan
3.1.1VOC s& ¥ NSEFL(AAIZAI) OOIH s& =0l

ANE MH J12F 32 VOC s&£E Fig. 3-1-1 & Fig. 3-1-2 0, A==5&EY OI0IHE
Fig. 3—-1-3 0l LIEHLHRAC]
538 1222 =201 TE I
HEEZE=E =012 25 & A
ANE WMH JI2tEe S50

Ct=0l Toluene Ol U LCF.

J
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>
N
==

I

122 11 E(FAH)U VOC st =2 F0l UAUCH
=
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|
0
kJ
O
H
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oY
]
n
MHo
1]
o

m,p—Xylene 0|13,

40
M Acrylonitrile
35
M1, 3-Butadiene
30 B Styrene
& Ethylbenzene
25 E m, p-Xylene
. o-Xylene
E
B Toluene
E 20
= El Benzene
15 Fl Tetrachloroethylene
A Trichloroethylene
10 A Chloroethylene
i W1, 1, 1-Trichloroethane
5 i M 1, 2-Dichloroethane
o = W 1, 1-Dichloroeth
; . ] , ichloroethane
| adp DEE CHEEE |
0 SR = M Carbontetrachloride
Tl ol orrrrrro v
000090 0000090 00090090 00090900 Chloroform
2999008 999998 ©9999S 9999 2o89Q
O~~~ O N (o2 T @ ) T N @ ) T N AN~ L2 T @) TN @) I N .
o7 d" T """ 1T 0" e "o NTw " a™ B Dichloromethane
— O - N NN AN < NN S~ 0 SN0 O SN S0 SN0
FIFIFTY 29588 33352 “IYIYR  mchiorometh
A B B P P ) = ERE Chloromethane
Sampling date

Fig. 3-1-1 VOC concentration transition
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Fig. 3-1-2 VOC concentration
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Fig. 3-1-3 Transition of automatic measurement data
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Fig. 3-2-1 VOC concentration transition
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Fig. 3-2-2 VOC concentration
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(Environmental Geographic Information Service, EGIS)Y2| BAZ=NEE HIE2O2 50
LIEFH Z30ICH Jeju & ER= PRTR AlLNMHA 722 HIEALY
=20 2gt Bll= OIFUHAIX ZUASH, CAPSS U= 0l 2t DEBH A AIGHICEH
CAPSS Xtz Ol LtEH 28 A& A2E VOC BIEEE2 Gyeongsangnamdo It
96,702 ton 22 4 H AI-&= = JtE 2 U1, Jeollanamdo It 73,803 ton, Busan Ol
40,279 ton OIRALCt Jeju = 7,167 ton 22 4 | Al-= S It HULH HE/LE2E=
FIEM ASAMEUHAL HHEE ERE0] Busan 0l 84 %, Gyeongsangnamdo Jt 78%,
Jeju Jb 72% =2 JtE UL Jeollanamdo 2f BRE= MAZBHUA 56%=2 IJtE 2Ol
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Fig. 4-1-1 VOCs emission map in Korea
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Table 4-1-1. Total VOC emissions by CAPSS data(2014)

(Unit : kg/yr)
N ) Energy Other
Source Combusition | Production Solvent Waste
transport Mobile area Total
category of fuel process utilization treatment
& storage sources
5 643,036 241,680 621,993 33,653,644 | 4,183,460 909,570 25,534 | 40,278,917
usan
(1.6%) (0.6%) (1.5%) (83.6) (10.4%) (2.3%) (0.1%) (100%)
Gyeongsang-— 961,182 9,199,975 | 2,116,069 | 75,737,778 | 5,577,110 | 3,064,050 | 46,107 | 96,702,271
namdo (1.0%) (9.5%) (2.2%) (78.3%) (5.8%) (3.2%) (0.0%) (100%)
Jeoll g 1,153,985 | 41,283,056 | 2,139,165 | 22,294,343 | 3,825,749 | 3,068,553 | 38,540 | 73,803,391
eollanamdo
(1.6%) (55.9%) (2.9%) (30.2%) (5.2%) (4.2%) (0.1%) (100%)
Jei 185,364 12,167 383,561 5,178,579 | 1,208,986 191,282 7,220 7,167,159
eju
(2.6%) (0.2%) (5.4%) (72.3%) (16.9%) (2.7%) (0.1%) (100%)

Table 4-1-2. VOC emissions under target items of this study by PRTR data(2015)

ltems Emissions Ratio Number of
(ka/yr) (%) company

Busan 782,970 100.0% 71

1 Xylene 449,264 57.4% 28
2 | Toluene 225,281 28.8% 22
3 | Dichloromethane 50,344 6.4% 6
4 Ethylbenzene 44,626 5.7% 8
5 | Trichloroethylene 12,306 1.6% 2
6 | Styrene 1,146 0.1% 4
7 | Benzene 3 0.0003% 1
Gyeongsangnamdo 7,649,621 100.0% 200

1 Xylene 6,076,543 79.4% 81
2 Ethylbenzene 895,063 11.7% 23
3 | Toluene 376,357 4.9% 64
4 | Dichloromethane 133,800 1.7% 10
5 | Tetrachloroethylene 73,682 1.0% 4
6 | Trichloroethylene 68,495 0.9% 6
7 Styrene 17,691 0.2% 9
8 | Chloromethane 7,600 0.1% 1
9 | Acrylonitile 379 0.005% 1
10 | 1,2-Dichloroethane 11 0.0001% 1
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Jeollanamdo 2,960,534 100.0% 154
1 Xylene 2,250,691 76.0% 29
2 Ethylbenzene 483,655 16.3% 23
3 | Toluene 82,366 2.8% 33
4 | Benzene 46,556 1.6% 19
5 Chloroethylene 40,243 1.4% 3
6 | Styrene 22,668 0.8% 18
7 1,3-Butadiene 14,974 0.5% 17
8 Acrylonitile 12,174 0.4% 4
9 1,2-Dichloroethane 6,561 0.2% 3
10 | Dichloromethane 538 0.02% 3
11 | Chloromethane 85 0.003% 1
12 | Tetrachloroethylene 23 0.001% 1

Reference:

1) 3L 5822 oM @ http//ncis.nier.go.kr

2) =&

3) &

HZ kst 2 httpsi/airemiss.nier.go.kr

E
F 23 S2tE B MHIA httpsi//egis.me.go.kr

45



4.1.1.1. Busan

CAPSS N&E HIE2Z Busan XZE2l I = VOC Ol et HHIERE Ze
ZIIotLH 2014 E J1&E Busanll VOC & BHEE 40,279 ton 2 84%0 Edt= 33,65
ton 0l RIIEH AMEAEUAM BHEZLH LdEHCZ EACH, O 2Al= 0SS ANA
10%, A2dA Y HII2 X2l SHAM 6% tHESE = X222 HItE UL

= HAF0AMS SZULY =0l VOC 18 S0l et &=2Z i=s8&s 2015 ¢
PRTRAIESE HBIE2=Z ol 2UACH 185 & 7 M &=0AM S 782,970 kg 2 VOC It
BHECIR2MH, Ol Xylene(m, p, o-Xylene)0l 449,264 kg 22 57%2 HRES2
XtRIGHH OtE =%CH CH20l Toluene 2% 225,281 kg BHEZIH B RE8 29%=
XXISHRACEH 0 & 2229 RS0l & 86 %= Ho WRF0I0{, LIHXI 5 M &=0
14% BETE XtAIotD UL

= A9 ZAFZ LN [E Busan 2| )] & VOC &=28 A== E 2 Xylene 0]

3

o
1o

0

~

ik

JlEH ASAIEHAN ZLMT= Xylene € Toluene 2t2lJt

Combusion of fuel
643,036ke
(2%)

Production process
241,680kg
(1%)

Waste treatment
909,570kg

(2%) nergy transport &
. storage
Mobile 621,993ke
4,183,460kg
(2%)
(20%)

Fig. 4-1-2 Source contribution in Busan by CAPSS data(2014)
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Dichloromethane (6%)
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Trichloroethylene
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Fig. 4-1-3 VOC emissions in Busan under target items of this study by

PRTR data(2015)
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Fig. 4-1-4 Comparison of this study and PRTR data in Busan

47




4.1.1.2 Jeollanamdo

CAPSS XI2E BIE 22 Jeollanamdo X2l D] & VOC 0l CHS HiEdY ZMAS
BIotRALE 2014 F JI&E Jeollanamdo 2 VOC & HHEE 73,803 ton 2 56%0l &ot=
41,283 ton Jt&E0l MAZBHOUA BHEZO IJHE RUASCH, KRIIEH MSAEUHAE
30%0 Eot= 22,294 ton Ol BHEE = H22 HILE UL

S AIZS HIEE0l 86%=2 H2 WRE== XKAotl JUJUCEH S0l 2tet A2
tiet2l=2 TOE 3 M Al-EllAE RIIEH AIZAE0A JtE @E2 20| i<
g2l Jeollanamdo OlA= dASEHU AL VOC BHEE0| JtE RCes 0O SIIEA

MEAEHNANAE 30%It HIEZHOH =2 EERE& IKlotd JUJCH 2 2
01S22ER0| 5%, HIIZ2 HMeloA 4% iEE= Ad22 HILEQUCH

2 AR0ANS SHUA sse VOC 18 30l Oist gxsY Hissas 2015 4
PRTR NZSE HIECZ Eotof %L 18 & & 12 M &=0HMH S 2,960,534 kg 2
VOC It tHE ZIA2B 0l = Xylene(m, p. o-Xylene)Ol 2,250,691 kg 22 76%2
d=m=2= XAot JtE =L S0l Ethylbenzene 22 483,655 kg BHEZ O ==
16%S XHXIGIRCE Ol & 2&Q BRS01 & 2%=Z HO WRE0I0{, LIHX 10 H

2 319 I AFZ U0 2 Jeollanamdo 2 D] = VOC =24 A= 122 29

Xylene 0] 30%& D& EUSMH, CHSO0l Toluene 28%, Ethylbenzene 17% =0|ULCt. 0]

N &30l X2 <& 75%E ERote A2 ZAZIJLH AS0 26t =8 FRE8
S2l PRTRHIZEE K20 2t 87E &8s SR EJtol 2% WHZ Xylene,

Toluene, Ethylbenzene 2| Ml &=0| XIBH&EOI2t & = ULt TetM Jeollanamdo 2
VOC &2 SHo Rloide Ma4sE L FIOIEH AFZAIEHAN 2T = Xylene

2 Toluene, Ethylbenzene 2 22|JF EEC=Z QP S},
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Waste treatment

3,068,553 ke Combusion of fuel
(4%) 1,153,985kg
Mobile (2%)
3,825,749 kg
(5%)

Energy transport &
storage
2,139,165 kg
(3%)

Fig. 4-1-5 Source contribution in Jeollanamdo by CAPSS data (2014)

Chloroethylene Stylene
40,243 22,668 kg . :
Benzene (1%) 1,3-Butadiene
46,556 kg 14,?;“3
(2%) (1%)

Toluene
82,366 kg
(3%)

Fig. 4-1-6 VOC emissions in Jeollanamdo under target items of this study by
PRTR data(2015)
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Fig. 4-1-7 Comparison of this study and PRTR data in Jeollanamdo

4.1.1.3 Gyeongsangnamdo

CAPSS X2 E HIE22 Gyeongsangnamdo X9l CHJ] & VOC Ol CHEH HHE=&E
glzs oot 20143 J|l= Gyeongsangnamdo 2l VOC & HiEE 96,702 ton &
78 %0l Z3ot= 75,738 ton JtEOl RIIEM MSAENM HIEEH &=z
EACH, O A= MMSHOUAM 10%, Ols2Z2 L HIIZ Ml SHM 12%

= f70Ae =HUa &¢=e VOC 18 &0l et =8 HiEsgs 20156 &

PRTR U= E HIE2=2 dotol 2UACH 18 & & 10 M &=0AH T 7,649,621 kg 2

Jo

Xylene(m, p, o-Xylene)Ol 6,076,543 kg 22 79%°
I =QUCH TS0l Ethylbenzene 22 895,063 kg HIEZI O 8=
12%E XXNGIGLH O] & =2&29 HERE0] & 91%=Z2 HO HE=0I0H, LIHX 8 M

<
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Combusion of fuel

Waste treatment 96][';;:? ke
. 3,064,050 kg Production process
Mobile (3%) 9,199,975 ke
5,577,110 kg (10%)
(6%)

Energy transport &
storage
2,116,069 kg
(2%)

Fig. 4-1-8 Source contribution in Gyeongsangnamdo by CAPSS data(2014)

Tetrachloroethylene
73,682 kg
(1%) Trichloroethylene
68,495 kg
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Dichloromethane
133,800 kg
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Toluene
376,357 kg
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Fig. 4-1-9 VOC emissions in Gyeongsangnamdo under target items of this study by
PRTR data(2015)

51



50.0%
B This study W PRTR

B0.0%

F0.0%

60.0%

50.0%

40.0%

30.0%

200%

10.0%

0os - — B L
& 2 2 2 ° & & 2 al &
ko‘é‘ & & & N & & & ol & afe & & & 5° &
& & *ﬁ & & & S o E ,_;# o 5 & & & &
3 t"e} & e e * o ~§°Z \U&z ‘P‘oz @6@ a& & \\‘-"o «5“&
P o9 o @ & & & - w < Lo o8
& & " & £ 90§ S
e &F Mo N &

Fig. 4-1-10 Comparison of this study and PRTR data in Gyeongsangnamdo

4.1.1.4 Jeju

CAPSS X=EE HIE2Z jeju ANFS Il = VOC 0 et HHIEEE ZLdE=S
BItotALH 2014 @ JIE Jeju 2 VOC SHHIEE 7,167 ton 2 72%01 €dt= 5,179 ton
JH0l RIISH MEAEZUHA BHEZUSH, O 2 ISR 17%, HUX=s Y
MEOUA 5% BIEE1D ARUCH Jeju 2f BLE= PRTR AU #2000 &= At

A0 S=2Y HisEEsS & == QAL 82 HAF2 T AIZUH M2 Jeju 2 OOl =
VOC &=22 A= NI=E 2AH Toluene 0] 61%Z2 JHa EUASD, CLIS0| Benzene 22

| HH2l of 82%E & F/ote W22 ZAERUACH WA
| M= =FIISH ASAE0AN ZdE= Toluene &

Benzene O Z2|J} RANMO2 @IPE=CED & & QAL

Combusion of fuel
185,364 kg

Waste treatment. (3%)

191,282 kg
(3%)

Mobile Energy transport &
1,208,986 kg storage
(17%) 383,561 kg
(5%)

Fig. 4-1-11 Source contribution in Jeju by CAPSS data(2015)

52



VOC 2| HiE& CI0IH

3

—_

<)

PRTR 0l 2

4.1.2.1

o s s e 2 s 5 35 5 o Moo M S sl S o oW 1l
< o3 M o o oy &Y A0 &% - U = M o2 #o ST 33 DO )
- B B B o _ LT Ll = T i - -
O N ) N N g Doy ks = 30 o) ol
S &7 o _ 8 v o2 3 o E= £ I My n
B w0 Aoy Y S S o g MW U R - 5 = 5 X0
5 K oo oo 2w 2 o o o WS 1ol = =
o8 == T o S 50 s > o =< 3 U0 o o ol Kl
Rl SR YRE oS o o o O = bl m T Al =
0 o oWy B ooy @ N | S — N -
Wil v koL S K il s — o g . <5 Iy ,
= NR oz 2 g ol S o e wmewm oM A3
ol N~ = c = o3 O gy c . S D
AL = 5 Hog gy = o 8 < oA or © I+
o) 0 = M oL, N = = > < s Ki  Of
> = o R S = 2@~ R © m ;ﬂ: I+ M m A N = = 1 o]
—-— D .
ook oy A2 W oS g o = W ~ o £ _ o w io- 31
O —_ ﬂw - ._._lg o) L O ™M ™ __o; — :H Plu < a == = . _.Al_ .
o = © [ o= 3 = — U0 ot = O o =3 O Al T
T FE a 3 w Yo ooy YD ol _ (U ~ w2 U
S o= = A5 35 I = o d KD D 3 & _ o« gl X0 — 33 Hi0 03
L om = &y = g2 < o WS - i i K% = &8
5 U i 45 6 =W B W oo S = s D oo fr =
S T U g s o 2 o = 2 o N o) N o o 0l 0l
© m 0o 2 s W o © © o = R B o a5 = OF
=Wy g 2 © 2 5 a7 < 2 M_Emm W S W oy oo
= g m 2 q G g I S AL~ 00 o0
E=33®_ @ - 35 5= m_w_ E B g S =8 a1 @a_m o 3 o
o S22 g @ .52 omy TR 2 r Koo oo osn KoEw
A R SR S < oD O TR ~ o< F o= =
§ A S EF s FEmoadM_ SMZHT R
S _ _mnsap 2 ;0= 51 K 5 3 8 = O W o om o A0 L
© o = &5 @z © — T . c X Kd M = =z o = N0t = 3 = KU ™ K
2@ Koy T 2w S S5 . TN = w P Y . 25 & 5
§ = W = w o e 5 _ W oo — 8 00 x 2T s =5 _
5 LS 2 e W B2 S 3 s s ¥ DO io
S 5 M ot O @ = o5 S [T O e w M s 5 0 oE
H == == &5 =& < W = 2 W - = = o U g J o = c = < =
— o o L = ™ S X w00 S 2 W oot O oy - o= 88 <
= Ik X T _ © =] = g = s c o I H
= mo ™o 23 8RO g€ ST Mg g o 3
T = TS R~ - R B = S 20 2k A 0 § 2 35 I
W LA N oo Ol = = Kl m w ol W & I O K W 23 S M 338 W © 20 © =
E e H KIS S ®T W T T XYL B0 @D w0 P owm

53



10000

9000

8000

7000
6000
5000
4000
3000
2000
1000

ton/yr

# Ethylbenzene
M Toluene

# Xylene

Table 4-1-3. VOC release in prefecture

Fig. 4-1-12 VOC total release by PRTR in 2015

(ton/yr)
ltems Yamaguchi Fukuoka Saga Nagasaki
Acrylonitrile 12.0 1.4 0.1 0.2
Ethylbenzene 1,286.4 1,366.6 528.8 1,334.2
Xylene 2,325.4 2,245.4 1,058.5 2,418.9
Chloroethylene 58.5 0 0 0
Chloroform 48.5 5.7 1.0 1.5
Carbontetrachloride 0.1 5.9 0
1, 2-Dichloroethane 26.5 0.2 0
Styrene 63.0 100.6 31.4 39.6
Tetrachloroethylene 2.5 37.4 1.3 2.3
1,1,1=-Trichloroethane 0.5 0.8 0 0.1
Toluene 1,991.5 4,585.7 968.0 973.6
1, 3—Butadiene 25.6 39.3 12.1 19.1
Benzene 122.5 295.6 68.3 97.3
Chloromethane 2.4 0 0 0
Dichloromethane 91.3 304.5 50.2 10.6
Trichloroethylene 48.9 38.8 1.9 15.8

1, 1=-Dichloroethane

PRTR CH&H 2
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Carbontetrachloride, Chloromethane 2 HA(E®H)A 200, L X<0Lt €8 s<
Z W 8tCt. Carbontetrachloride = Fukuoka JIEFR#AAIN HIS 20| AD| 20, =&
S5 = Fukuoka JIEFAFAIZREH Yamaguchi AIZ=AMIIIAl F=HOUH Z2™HMNM =H
LIEFLED QUIIKXNIEH S sE= 401 NE B5F &2 &0
Xylene Toluene
< 2 -
Styrene Ethylbenzene
S g
¥ : o i
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Fig. 4-1-13 ADMER result in Japan
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Fig. 4-1-14 VOC concentrations in Japan
Reference:
1) ZH A& A http://www.meti.go.jp/policy/chemical_management/law/prtr/index.html
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INSO <10MdJ/m2? (n=26)

Chloroform
Tetrachloroethylene
Trichloroethylene
1, 3-Butadiene
Ethylbenzene
m, p—Xylene
Styrene
o—Xylene

1-Trichloroethane
1, 1-Dichloroethane
Dichloromethane
Acrylonitrile
Chloroethylene
1, 2-Dichloroethane
Chloromethane

Benzene
Toluene
Carbontetrachloride

1

0.16 0.059 0037 0069 1.0 33 063 10 085 0095 029 0026 0014 098 0044 0058 0.17 15

average ue/m‘ ue/m* we/m' we/m' ue/m® we/m* ue/m' ue/m® ue/m® we/m® ue/mt ue/mt we/m® ue/m ue/mt ue/m we/m® U e/m
Temp 128 °C 029 034 033 012 -015 013 013 024 021 033 024 011 013 017 036 -020 037 040
Humidity 75.7 % 052 044 056 050 019 041 019 039 043 059 045 011 017 034 046 019 062 059
INSO 49 MJ/m? = -047 -020 -047 -056 -037 -045 -044 -044 -051 -044 -049 -022 -026 -037 -0.18 -022 -052 -0.30
Rainfall 4.7 mm 020 010 046 007 -009 006 013 011 009 019 005 011 007 009 029 012 042 036

INSO 10MdJ/m2s  (n=22)

m, p—Xylene
Styrene
o—Xylene

Acrylonitrile

Ethylbenzene
1, 1-Trichloroethane

Dichloromethane
Chloroethylene
Chloromethane

Trichloroethylene
1, 2-Dichloroethane

Chloroform
Tetrachloroethylene
1, 1-Dichloroethane

1, 3-Butadiene
Benzene
Toluene

Carbontetrachloride

1,

0.16 0038 0021 0026 062 25 062 061 039 0053 0.4 0019 0011 074 0051 0037 012 15

average te/m‘ te/m* we/m' we/m‘ ye/m' ue/m' ue/m* we/m we/m’ we/m’ we/m’ Ue/m’ we/m’ Ue/m’ Ue/m’ Ue/m’ ue/m  ue/m]
Temp 26.1 °C 020 -033 -0.18 -0.35/-083 -043 003 -002 -054 016 -044 -0.18 -0.14 -035 0.10 004 -002 -041
Humidity 521 % 018 -027 -0.17 -031 000 -025 023 -0.17 -0.12 -034 -022 -026 -0.15 -006 -044 -009 0.18 0.6
INSO 17.7 MJ/m?> 000 -008 002 -0.19 -057 -020 -006 010 -030 015 -020 009 -0.10 -004 022 005 003 -024
Rainfall 0.0 mm - - - - - - - - - - - - - - - - - -

Fig.4-2-20 Pearson correlation coefficient of the concentration of VOCs vs
weather items for each INSO
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43 ETH AtellQ oiA

431 &ZJlE €8 =0l g VOCsZ ol tHoto

= H72 AU 18 & S Hett=0ME =6tH Benzene 0 HIIEEIIE &
So2 SFG0 22D UACH JIFES 28 BRI 5 pug/m® 0l5H0I04, Ol F=1
=S9o| gdJIEd sgst =F0ICk 2007 ol =0t HIIEIIE &=22=2 AL

0
Ol EAIZD HEI0I=Z= 4 Jf Al-£2 Benzene EZ#=sS%= Busan 0.19 ug/m?,
Gyeongsangnamdo 0.06 pg/m?®, Jeollanamdo 1.36 ug/m®, Jeju 0.25 ug/m® 2 2%
218 AD0|E=(5 ug/m®)0ldtE  LIEFSCH Busan It Gyeongsangnamdo, Jeju 2

Boshkes &3JIES 5% 0lot #==22 HuH Y22 A2 ZAZUXE

Jeollanamdo 2 HXR= EEIIEL 27% =FC=2Z [IE A& Bles Aoz =2
ST 2 S0 =S AIZHYE z2DsE S5 2.78 uyg/m® 2 SAIEBU Y2 e
AALEIACH
Table 4-3-1. Concentration of Benzene in Korea
Gyeongsang— . Environmental
Busan Jeollanamdo Jeju
. namdo Standard
Region Annual
Ave. | Max. | Ave. Max. Ave. | Max. | Ave. | Max.
average
C trati
Oneentration 1 5 19 | 0.64 | 0.06 | 0.30 | 1.36 | 2.78 | 0.25 | 1.63 5.0
(ug/m°)
C trati
ONnCentration o | 13% | 1% | 6% | 27% | 56% | 5% | 33% -
/ standard

6.0

=—=Busan =—Gyeongsangnamdo -Jeollanamdo —leju —Environmental standard
50

40

30

(e

m____é’w M

510 5/10 5/41 5/11 512 5/12 §23 823 824 8§24 825 g5 1Ys 18 119 1ys 110 a0 Y7 YT Ys  ys Yy e
900~ 1700~ 900~ 1700~ 900~ 1700~ 900~ 1700~ 800~ 1700~ %00~ 1700~ 900~ 1700~ 900~ 1700~ 900~ 1700~ 900~ 1700~ 900~ 1700~ 800~ 1700~

Fig. 4-3-1 Values of Benzene under regulation of Environmental quality standard by
Korean Government
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Fig. 4-3-2 Values of VOCs under regulation of Environmental quality standard by

Japanese Government
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X/E sZHIE 0I8dt0HA= VOC JF BHEE AlZE & i
01212 Xylene 0| Ethylbenzene 2CH CHD] SO0HA EH 2| BISsH(l= Z§sHA

gHE2dE2 X0IE 0I88t A0ICH =, X/EQ st =Chs A2 1 XY2 VOC It ol
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CISHA LB LD 2 X/E Hls 1.5 ~2.2 =0 2402 8010 ACH?.
BTEX =&Hl HWE <ol &8 =Ss8g8=s 24 ZIIoIALE Xylene 2 &&=
m,p—Xylene 1t o-Xylene 2| g{2 &ot LIEFLHRUCH Busan 1t Jeollanamdo = Xylene,
Toluene, Ethylbenzene, Benzene =2 & =& JI =% 11, Gyeongsangnamdo 2 2=
Xylene, Ethylbenzene, Toluene, Benzene =O0IULCt. OIAS] 3 IH Al-T= B2

Xylene 2 %0t JtE =1, Benzene 2 s&JF JH& LUCH BHH Jeju = Toluene,
Benzene, Ethylbenzene, Xylene =22 =%Jt =0 B A-&Eo2t= OE Jg=

SY 55IF 1ug/m® 012He] Ms 0 2AH2 400 389 501
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= A TAIHAQCI VOC 18 &l &=0lA BTEX Jb XtXIot= HI=Z0l Busan 75%,
Gyeongsangnamdo 70%, Jeollanamdo 85%, Jeju 85%=Z ZXAMEZOH HO UE=RS
BTEX 820| XtKlotD UL
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B Busan
25
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- LLhe

Benzene Toluene Ethylbenzene Xylene
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Fig. 4-3-3 Concentration of BTEX in Korea

CHstel=2= 400 A9 T/B & X/EQ =%HIE HlWol EUCH HA T/Bo =EHIE
20 Busan 0| 8.20 22 JI& =U1D IS0l Gyeongsangnamdo £ 4.18, Jeju It 2.97
Jeollanamdo JF 2.75 =2 & ZTAIZQUCH A HSE/USO0| AHAZSUHA LEHA

SAUAMS T/BHIJFE2 ~ 5 £=F0Q 248 206IH Gyeongsangnamdo 2t Jeollanamdo,

e

Jejus= EF TAISW HI=8 £=F0|IACH BHH Busan 2 U2 T AIS0 Bl Xl =2
S UEHHD AURULCEH Ol= Busan 2 ZAIXNEOS L XSXE HiJtAZ 18k VOC
HSEC KII2H AMESAIE S 22 U2 HIEf0 298 JIIHEI =Cts AHs

2| 0| 8tLCt.
X/E s=%=Hl= Busan 0] 2.74, Gyeongsangnamdo 2t 2.39, Jeollanamdo 2t 1.80, Jeju Jt
0.46 S XZAMZ/UCH. L8 ARSHM LBHEQL (D] &2 X/E s==HIIJF 1.5 ~

2.2 =%0Ql A1 "Hlwof 2 Busan Ut Gyeongsangnamdo = S MotAl= 2£XIBF O
=2 ==F0I/A2M, Jeollanamdo 2 BR= HI=xst =F0IULE. EtH, Jeju = LEHFOQI
CAINAMS EHALZCH SMoHH SUACEH 0l242 Busan b Gyeongsangnamdo =
ZAXEDL JIh2 R0l 2= LotAe RIIEM AFE2=2 QIa U0 &S & =
U= BHERO HeBE=E EMEY = A= AE 20IctH, Jeju & 2R= ZALKIE Dt
eI™el ROM2 &2 Faz2 N ilis A 2 0Is8tt

Table 4-3-2. T/B and X/E concentration ratio in Korea

Concentration ratio Busan Gyeongsang- Jeollanamdo Jeju
namdo
T/8B
8.20 4.18 2.75 2.97
(Toluene/Benzene)
X/E
2.74 2.39 1.80 0.46
(Xylene/Ethylbenzene)
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T/B

Y

Range in a typical city

Busan Gyeongsangnamdo leollanamdo leju

Fig. 4-3-4 T/B concentration ratio in Korea

X/E

3.0

2.5 A

20 r 3

Range in a typical city

15 A

1.0 A

05 A

0.0 A

Busan Gyeongsangnamdo Jeollanamdo Jeju

Fig. 4-3-5 X/E concentration ratio in Korea

Reference:

1) Kelessis, A.G., M.J. Petrakakis, and N.M. Zoumakis (2006) Determination of benzene,
toluene, ethylene and xylens in the urban of Thessaloniki, Greece, Environmental
Toxicology, 21(4), 440-443.

2) Gee, I L., Sollars, C.J (1998) Ambient air levels of volatile organic compounds in latin
American and asian cities. Chemosphere, 36(11), 2497-2506.

3) A. C. Udea., E. Tomas (2011) BTEX concentrations in the atmosphere of the metropolitan
area of Campinas, WIT Transactios on Ecology and Environment, 147, 211-217.

4) Ho, K,F, S.C. Lee, H. Guo, and W.Y, Tsai (2004) Seasonal and diurnal variations of
volatile orgsnic compounds (VOCs) in the Total Environment, 322, 155-166.
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2t &9 VOC A2 =& =T 2 1,3-Butadiene / Benzene =XHIE 24 hr, F=2H9:00

2 L0 M LIEHHRACHFIg.4-3-6). VOC & 8& =48

!
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o
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o
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—~
)
o
S

!
©
o
£
10

0

=52 HEH Hlwot JAXAHU et Bset)] A R0, Benzene HIE 0
Sto2 M LMo JHETES LIEIHCHD M2t=Ch V. 1,3-Butadiene 2 =2 HIE2
XS BHEIJHAOIC.

Fkuoka Jt O1= AlZtTHU 1,3-Butadiene / Benzene HIJt =20, 01X 2 Dazaifu A%

°f 160 m Helol NS0l 2 7% ASUHE2IH JJI S0t H2AECHTable

0

4-3-3). Ch822Z Yamaguchi Jt =2dl, 01X2 =% 2 200 m Helol <IXIs

Table 4-3-3. Distance from survey site to road and daily traffic volume

Prefecture Yamaguchi Dazaifu Saga Omura
Distance to road 200 m 160 m 600 m 800 m
Daily traffic volume 29,466 U 89,451 O} 19,235 OH 41,125 CH
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Fig. 4-3-6 Variations of 1,3-Butadiene/Benzene ratio in Japan

Reference:

1) S Al =0k OIOtL: AHOIZR, @6HAl CHAIAL, AFARDT 82, RAIX0] £I|12 -
IEHHE 0|=¢ HiEg) & 2= Mds2 HI,
2) OIOI2 & Of clz2, |8 SI|al, JHI0kAl 3IZ0kA, Olet0l KO0IX| :
A2l 1,3-FECIo, BiE Y ZTSAMHSIE2 ] &8 ZLIHE 20,
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Table 4-3-4. Number of samples in survey site and observed period

2016. 2016. 2016. 2017.

Observed period Total

5.10~5.13 | 8.23~8.26 | 11.8~11.11 2.7~2.10
Busan 12 18 18 18 66
Gyeongsangnamdo 12 18 18 18 66
Jeollanamdo 18 18 16 18 70
Jeju 18 18 18 18 72
Total 60 72 70 72 274

r

AOIOI =MoIH2MH, CXNE=E HSAAHA IJIEA PMF HAES B2 £8ist Al
ANHE Q 2t [Q value(True) 1 ot OI2 Q 2t [Q value(Theory)] 0 D&

SAOI 220 £E 5 JHE oYL Q value(Theory)= Ofelf Al 0l=5lM
A

g

Q value(Theory) =Sx C—-Fx (S + C)
S Number of samples
C : Number of components

F: Number of factors

(3) SHA EIEHol A=
PMF oi&0l= 1 ofid Z2ue EtYd=E2 THGH| ot E JtXe HIF &®H- 0l
2= ME QUCH HII0lA= Bootstrap execution(BS) & Displacement execution(DISP)
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HAl= VOC & SJs JAl 24=(96 21)E 0IS5tUCH. 2SS (LOD)0ILH TIOIE 2
30 UaiAEsE 2 80l 28 HEOA ASE LOD 2 B2 £X 5 & 2 89
X2 LOD 2 HEXI2 &tACH OII0A MR8 LOD 2 CHEGIA = OoIEE
LOD 9 1/22t22 XI&5tUCt. J2l1 CIoIE Ao E85= 15%2 &6HRUCH
Hsole =HE Al 42018 M 8=2)2 0I5t
OISXIetel Z2HHAC ZEH AHA(P)It 0.7 0I2+0
SIACHPMF MM = Weak 2 22C0 S5O 3HIOF S0f, sHA ZDHoll CHSH D10 St
LH24 2tCH. Table 4-3-5 0l PMF A0 0128 422 LIEHHRALE.

Table 4-3-5. Components used for PMF analysis

Components Slope r? Category

TVOC18 (Total Value) 1.01 0.94 Weak
1 Chloroform 0.56 0.45 Weak
2 Tetrachloroethylene 0.45 0.51 Weak
3 Trichloroethylene 0.96 0.99 Strong
4 1, 3—Butadiene 1.03 0.98 Strong
5 Benzene 0.81 0.91 Strong
6 Toluene 0.76 0.74 Strong
7 Carbontetrachloride 0.32 0.01 Weak
8 Ethylbenzene 0.84 0.95 Strong
9 m, p—Xylene 0.89 0.96 Strong
10 Styrene 0.90 0.99 Strong
11 o—Xylene 1.00 0.96 Strong
12 1,1, 1-Trichloroethane 0.25 0.18 Weak
13 1, 1-Dichloroethane 0.41 0.50 Weak
14 Dichloromethane 0.22 0.40 Weak
15 Acrylonitrile 0.98 1.00 Strong
16 Chloroethylene 0.89 0.97 Strong
17 1, 2—Dichloroethane 0.34 0.59 Weak
18 Chloromethane 0.90 0.17 Weak
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(2) &It =2 &BF

OIXH(OIGH Factor etX) BtCh) =5 4 ~ 10 22 HSIAIDI®AM PMF 9 J|2 Ads
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Factor=7 2 ot 0l=2| aHA0l OlSotRULt.

----Q(Rbust)
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Q(Theory)
-=-RSD(Rbust)
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Fig. 4-3-8 Transition of Q and RSD values according to changing the
number of Factor

(3) SHX EIZHo HB
PMF oi&0l=s 1 o4 22 Etgdds &Hol)|l ot £ JtXe &I -0l

2= QUCH OII0 M= Bootstrap(BS) 2 Displacement(DISP)E 0IS3dtRALt BS <
ol Z21E Table 4-3-6 0l LIEHLHRACE. JI2& 2 2t Factor 2 BS 2 2} Factor 2+
2UXIIE 80%01& A= A, Unmapped Ol HEZXN Z= A2 20t Factor ==t
NAEGICHD =HIQUCE DISP 2 oA ZWE Table 4-3-7 Ol LIEFLHACH Oid=

ECX AUAD, Q2 EHUHZ A 0.01 0IS0IAUSH, 2t Factor ML oH(fE)2 WEE
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Table 4-3-6. Bootstrap(BS) result

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Unmapped

Boot Factor 1 100 0 0 0 0 0 0 0
Boot Factor 2 1 99 0 0 0 0 0 0
Boot Factor 3 0 2 96 0 0 0 2 0
Boot Factor 4 4 10 0 86 0 0 0 0
Boot Factor 5 0 0 0 0 100 0 0 0
Boot Factor 6 2 0 0 0 0 97 1 0
Boot Factor 7 0 0 0 0 0 0 100 0
Table 4-3-7. Displacement(DISP) result
Error Code: 0
Largest Decrease in Q: 0
Swaps by Factor: 0 0 0 0 0 0 0

PMF ol &0l & 2 Factor 2 T2 S Fig. 4-3-9 0l LHEFLHAUCH. IDI0AM =

2t d=201 Z Factor 0l & %% ZEEHN JA=IHE UHEHHLD A2M, 1O JIIH=Z22FH
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Carbontetrachloride, Chloromethane 0] =2 2192 E0I HA(EFH)HAE
Ethylbenzene, o,m,p-Xylene, Toluene 0] =2 A2Z B0t T 2H HAE?

. Styrene 0| =2 Aoz 20 AEld &=XH H2.

Acrylonitrile 0| =2 A2 Z 20 OIAEZLIEY =XIH HE2.
Chloroethylene 0] =2 2122 20 &3 HIYH H2.
Trichloroethylene 0| =2 X222 20t MEH 2 9.

1,3-Butadiene 0| =2 21292 20} A=A IS JIA A2 9.
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Fig. 4-3-17 VOC concentration transition in Busan(left) and Gyeongsangnamdo(right)
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Fig. 4-3-24 Backward Trajectory Analysis in Gyeongsangnamdo
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Fig. 4-3-25 Backward Trajectory Analysis in Jeju
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Source * at multiple locations
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GDAS Meteorological Data

NOAA HYSPLIT MODEL
Backward trajectories ending at 0300 UTC 07 Nov 16
GDAS Meteorological Data
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Fig. 4-3-28 Backward Trajectory Analysis in Japan
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Fig. 4-3-29 Backward Trajectory Analysis in Japan
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Fig. 4-3-30 Backward Trajectory Analysis in Japan
Reference:

1) JI&E Uge 2I|%, http//www.data.jma.go.jp/fed/yoho/hibiten/index.html

2) HYSPLIT Trajectory Model, https://www.ready.noaa.gov/HYSPLIT traj.php
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