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ZF 29| 7| e HiEgS SR AAAFRAE A AlFStl Q=
7] AR YA AE(Clean Air Policy System, CAPSSy& 7|22 Z/Jotoirt.
20144 3.28x10° ton/Wo]YW 7] QFEA Hi&ke 20184 4.01%x10° ton/d
o2 24.5% S7Fet ZAoE yepgtt AxtolA d7|2FEA wiETF 1919 F7eEs
2014¥ 5.0%10° ton/FollA 20189 6.5x%10° ton/WLE 30.0% S/, A=
Hi&TF 29101 YT 20149 4.2x10° ton/WollA 20184¥ 4.6x10° ton/WL.
2 9.6% 271 AoE Yehdth ALL 20149 2.0x10° ton/WolA 20184
2.6x10° ton/A 2R 27.6% S/t Ao veht AE I/ B7|= ) AL
Al FEEE )l Ao SRIFIE Ad QAEA vl&2 A=9] 4% NOx7t
26.1%2 7P &2 8l&S AAJskal %)L, VOC 25.0%, CO 18.7%, TSP 9.4%
<07 YeRdtt 7|%9] 49 VOC7t 29.4%% 7MY &2 Hl&-S A5 AL,
NOx 27.5%, CO 21.1%, TSP 8.1%% Uit} 37|29 49 Qlafid, =AAIA,
AE &3 5 43 ARIRSC] B, 3, 2, /M 8 T T $4F ARt
A7} A5l Qlo] olF AloA9] VOC Hi&o] & F3& 1 Y AoZ s
o} SHEE T3 NOx7F 23.5%= 7P & Hl&-& Hol1 glout 1 HE olo] VOC
17.1%, SOx 15.3%, CO 14.3%= A= 9 A7|%0] vls 49d A&7t viEH]
0| FARE & HAlth 55 A7 A2l s A og &2 SOx Hi&E
S Ho|1l Sl ol A9 597] AetstEdAAs F 29717t SH = A5k
of Bi&skal Sl AolA] 71918 Z3E wekEch NH;y E3 A= 2 7| %, A4
of Blg] =2 Hl&-E A ok=t] o] Tt 39| 9 4kQjo] ofufR] A4t 9] w41
o]7] wEo 7] viEH NH;2 & Ao Z HEch A&A|9] A9 AFA+
oA F9 vjEYo] o]5PUA Aoz LA Q= wiEY ES NOx VOC,
CO7t Ydts] 1~3918 Aok Zs ERIT &= At

o rlrorl



Air pollutant emissions in Korea(ton/year)
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Air pollutant emissions in ChumgNam, Seoul, Gyeonggi (ton/year)
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A=o] 7| QP2 F wiETFS 20144 tiv] 20184 ©<e H|WA] 24.5%7F S7}
St A0 7 Holxuk 201649 H| &SRS Hol & 20174, 20184 A ZAFA0]
Qe Ao Holrh 20149 32.3%2 7M =& H[L-S AAskd NOx7t 20184
26.1%=2 74519031, SOx, VOC % NH; & AZ 744519t 8 TSP7E 1.5%001A4]
9.4%=% F7FI=H o= 201595 E F71HE BAFAA|9] g3l A o= wehE.
2015\ o] TSPE HIRE PMo¥} PM,s HI&-E AR 202 SRIE

771%+= 20149 oiH] 20184 30.0%7F S7Foti=dl 1 % 7Hg wol S7kt o
EAL vAHA Y] PR w2 IR LEEZA(TSP, PMio, PMas)& AlQlotils
COE ERIFIJTK1.6% 7. 1 Qole Be 204 IE2A HAES Heom,
E5] NOx&F VOCe] #raZo| 34 Yehgtt. H=tolu AL-3Hd=9] 3$ NOx
9] &=l 7P & B A7]%E VOCs HiEgo] 7|dEd wies 3 7P &
H&-S XAJslal §loH, A7|% E3t M=t s E 201649 Hdis=s F1L
201793 2018 =E HAFAIE Holil otk

G Al A= A7|eot v 2018 I viETFe HAH e
At E4EEE 20149 36.0%7H4] AAIZEE NOx S Hl&°] 23.5%% 12.5%4
AL, SOxe VOC7T &% Zrasylet. AAHQl viEsk SHolAles 7%
olo] 295 AA|staL YA 2014 tiE] 20184W S/ A 9 A7], ALA7t
20%H 78-S 29l vhd SHEEE 9.6%% AAFo® AR3 Z718S Bt
TS A=AV A71Eet b2 q@uEArd gl gt 717t =2 ol
gt /RS QI = AHdolA A1 W 8 viEA T A&HQ1 AP =
OkS FAERI Jl=d] oo WE FUF A5 APt widd AdE dddch

)

MEAE AAZQ] g7 FGEd siEgadsE 371y $HEEe] Fhtox 1)
A]7] F5l= viEHS Hol Qi shAR M= Ae 9 ST} 20169 %
HAaFAE Bol= v A2A19] BE- A&4R S71AIE Holal glow, 1 37t
A S FZol 7PHESE B e ASAIE Eolil . 20149 V&
VOC7} 32.9%2 7Pg w2 vl&S 24519, NOx 31.0%, CO 30.9% <=°|ou
201849l NOx7} 34.4% % 7Y =2 H]&-S AA|5191, VOCS CO= Hlgo] 7+
Asto] 2+ 28.2%%}F 23.0%2 UERSTE

T 22k A ool2E9] AFEZE AW Q= NH39 A9 SHd=rt
11.4~11.6%2 7F =2 v18S HP1, A7 9.2~7.2%, ALA| 2.3~1.4%=2 1t
Efth o= NH;9 vi&do] s54tdoltt By 554kdol gt 7]of&o] & 3%
gl A7E A-A] £08 Uehd Zo7 watEth 3304 NH:E 233t 23}
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(B 4-7] M2 Qb

AR, AR (20199 71F)

A AREH) BAREAE)
QIR MY 1,399 5,365
i 3 2 329 1,466
AR 480 2,136
7[Ef QlafE=t MY 590 1,763
(B 4-8] M2/l 7IS0HHISHIY AR, SARR: (2019 71F)

e AR BARH(Z)
7 = 0K 52 163

20194 71E A=2A9 &, AdH 9 7ISHA BAY

BE A off Eo} gk NAZWSl, NEEX 2 ARNE EW, ‘sm
OF B o YRR, VI UAE U, Y, AR,

A AL EFE Z}XHL% ARdAS] B B SRl 4 ok E‘ﬂr Obﬂ

U AR AH7E

= 71EHA —“i.—xﬂ?j T A 11216709 ARGAl &, ST DA 4,923719]
ARIAIZE B2, & H159] 43.9%5 AASIAL Jlo] AEA] 257] AT F &
o, A f 7IEHA BAY B ARIA 2250l 1911 AR T2 BRI

ol 1¥E Bl ERIT 4 Ux, AEAl Y AS 53] Ve JdE &0
A, RAAL, AR, V1S A Hxﬂ‘ﬁ % 47 BRollA 257 AAH F
B ARG 1912 Yehdth oA X v1S 198 UEhd ARIAER
7er AHE EWA'Y B HA 1607K A}%Xﬂ %, 7ol 287H(17.5%) +&,
UYL A 545271 AFQA S 3,7077H(68.0%) 22, AHAG S AA|
1,39971 AAl & 8967M(64.0%)%E, 7I1SHAIEAIA S B AA 5270 F 9
M(17.3%) #ESIL QS-S RIS A MY, AT A, 1A <l
A, 7IeF AHA' & BF EIdoks UAMG' Y A FF A=A 2570 AR

AAA] <k 70% HAES H9sla 9o}, 2o QIS thtew dAFEHS
B odEd viE B4 9 wMiEEEY HURAP} o]RojAof S & & Ut




[E 4-9] M2l ST, Q44 & 7IS00H SHEY 22 XXHE 2

(2019 71%)

o | oo TOROEEE sme 0 te mwy @ u8

h on | o
el | NRR | ARA ARW AR AR AR
20D | A0 40D | 40D 40D | 200 20D

=+ 229 135 12 10 141 35 4 566 5.0

Ean 162 m 10 28 3,707 | 8% 9 4923 | 439
s 74 50 18 2 48 20 1 213 1.9
g5 59 29 16 3 345 92 2 546 4.9
a4rH 50 21 18 3 41 6 1 140 1.2
Sz 54 17 10 3 42 15 1 142 1.3
Eras 17 10 4 - 60 10 1 102 0.9
8= 50 17 5 5 26 6 - 109 1.0
45+ 23 7 2 - 20 4 - 56 05
== 17 3 4 2 10 2 - 38 0.3
L 16 6 4 - 21 7 1 55 0.5
=87 24 " 7 6 22 3 - 73 0.7
M2 101 34 18 3 30 18 - 204 1.8
Oz 473 114 172 14 80 43 7 903 8.1
P 30 " 16 1 29 4 - 91 0.8
A 64 37 20 5 54 10 1 191 1.7
T=t 65 52 " 7 61 24 1 221 2.0
at 104 53 " 5 154 44 - 371 3.3
FSET 105 120 47 9 313 56 5 655 58
A 42 9 13 2 16 4 1 87 0.8
ot 44 22 10 1 20 14 - 111 1.0
Mz 182 98 102 18 52 23 7 482 43
a7 201 100 194 26 81 36 9 647 5.8
S 64 27 31 6 46 21 - 195 1.7
RASaE 28 15 " 1 33 6 1 9% 0.8

2%l 2,278 1,109 766 160 | 5452 | 1,399 52 11,216 | 100.0
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1-2. 47|k

2

w2 g to ol

71 ARIEE2 20184 VI 47H9] =7MEEA, 15879 ARkt
of °F o0rte] 7jo] ArdAel 2PstaL 9lom, 53] AxU9 HlFe] & EA4
Holal Qlr}. o]F dVIe¥=Ede wiEshe AR 19071712 A= HiEAl
9] 32%E5 "=t AB71=el YA dVledEd HE ARRE & o A
HEH, 20199 71E & 192107047} 3L, AP FREEE 15 230714, 2
T 219714, 3F 392714, 4F 5808704, 5% 12,5017M4% 4-5F Aol
95.6%% AHAIRtTE At 109 B9t 25.9%7F S71RE AR YEhgth AR
SHAIZE 14.2%2 7V B2 W7129Ed WEAdge] AAs Sl Ao yE
WAL, AEA] 10.3%, ZFA 7.0% &0l AFd, I, ZHZS Br= o
7129 =4 HiEARdAe] Itk AAFCR 1-3F oY AR Hashe

Alolu, 4-5% AR S71otke FAleIHE A71%9] 3% 78 B2 Aol
onf A=olA 7MY B2 di71ed=de HiEshl it BF71=s 3ol
I AE 0 2 g 540 g2 AF71= dold miAwA 29

z9] o7t Qe

BT 30 N

[E 4-10] Z7I=0] xIet Agizto] 2 &

di

(20194 7I&)

x4 15 23 33 43 55 2 Hig
25 101 63 13 10 7 194 | 10%
IEEE | w 108 206 931 1502 | 2893 | 15.1%
S - - - 78 146 24| 12%
A - - 2 26 79 07| 06%
ofA| - - 1 27 8 15 | 0.6%
25| - - 2 200 560 762 | 40%
2N - - - 13 21 3| 0%
| - - 8 188 501 787 | 4%
ORA] - - 404 548 %3 | 50%
] - - - 7 15 2 0.1%
M - - 2 17 64 8 0.4%
AN - - - 20 53 73 0.4%
BT - - 2 a4 140 185 | 1.0%
oAl - - 2 25 46 73 0.4%
SiAl - - - 15 25 0 | 02%




22| - - 4 160 499 663 3.5%
OEA| - - 1 141 270 412 2.1%
QFA| - - 12 190 590 792 4.1%
LAl - - 3 726 1243 1972 10.3%
EIVSIN - - 18 871 1840 2729 14.2%
ZFA - - 1 303 706 1010 5.3%
o= - - - - - - 0.0%
OF=A| - - 15 74 169 258 1.3%
UEL - - - 21 30 51 0.3%
=235 73 48 38 161 175 495 2.6%
OJHEA| - - - 20 33 53 0.3%
SFU - - 4 27 33 64 0.3%
TIUA| - - 4 85 261 350 1.8%
N - - - 1 I 22 0.1%
LA - - 1 153 326 480 2.5%
IRA| - - 10 272 860 1142 5.9%
S - - - - - - 0.0%
A - - 31 275 384 690 3.6%
oM - - - - - - 0.0%
LAl - - 8 319 1017 1344 7.0%
A - - 3 34 44 81 0.4%
7rE= - - - 20 36 56 0.3%
A 230 219 392 5868 12501 19210 100.0%
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1-3. S¥H:

FHEEE 201949 7|E 7] EEE wiEAEAo] § 3,694747F &9 Fol
Aok I 1F ARdAo] 3.2%(117718)5 AAskaL 9loH, 2% AdE 2.8%(104
AR, 3% ARG 4.3%(158714), 4F A 34.7%(1,28170%), 55 AFA%
55.1%((2,03471A) 22 YeRgal, APAIGOR BEREE 4, 55 AMGFo] A
A T S 89.8%= tHHES AAsk= ACE RIS AgHE = Het
AZE 29.1%2 7F B 71 e9EA HiEARIFe] YR8 Qe AoE YERt
31, OKHA] 18.7%, FHIAl 10.3%, =AHA] 6.9%, oAkt 6.3% <=°]%itt. Agdz
1~3% AT 4~5F Ao RE ERote] BlwA] MEdd FdE, AARIY
A9 1~3% AgAo] ulgo] ZzF 24.6%, 20.8%, 20.1%% WS- =A Jehto
o, AHHoR 2 ARG YRS Hl HMAL} oAl diFAIAC] H|Eo]
27 7.0%2F 9.6%F A UeRgtt,

[E 4-11] SEH0 RIS AlFEe] 22

rat
o

(20194 7I&)

x4 15 23 33 43 55 2 Hig
ot 21 22 32 365 635 1,075 29.1%
OpAr 20 22 24 231 3% 691 18.7%
g 18 20 20 160 161 379 10.3%
bt 5 3 8 85 155 256 6.9%
Offt 7 5 16 81 122 231 6.3%
ALt 22 5 15 69 98 209 5.7%
X8 2 5 3 49 118 177 4.8%
att 3 1 8 37 107 156 4.2%
23 4 6 4 52 63 129 3.5%
24 3 3 8 46 48 108 2.9%
24 3 2 4 28 46 83 2.2%
A 3 5 8 27 22 65 1.8%
= 4 4 3 17 25 53 1.4%
EHQt 1 1 2 16 25 45 1.2%
AE 1 - - 8 13 22 0.6%
= 3 10 2 15 0.4%
A 117 104 158 1,281 2,034 3,694 100.0%
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FHX|Y VOCs AlSZH B XA}

AAH2] VOCs W2t AWEY] oo F+ TAIH7] &
AgollA Z7g3t HH%‘%EQ 548 AWEST 99 129(%) FH 9¥ 16¥(E)
A &4 71717F AsotA EoE ARFES AlLlsta tAE 50~100 ppb 5%
9] TVOC7t #ZFH AT Adk oz 99 144EhT 1590l s&7t e
2 Eor, 99 129(%) 23 %E 9¥ 13Y(@)7H = A3l woitt 9¥ 124
) LAAIIE FEO A5o] UEiTh

400

TVOC

100

ol#gt TVOC & WaE VOCs 2dEs HUsh durr] s 2 242
TE AAEE EAstErh 1 A7 TVOCY el 4] we Fio] H
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W O [ VR

0 T T T
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Cyclopentane MEK
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0= L L o [y Lo / -~ -
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BZ Methylcyclopentane
21 | 101
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HCHO MOH AN AA  ACT IPA ISP MVK CYP MEK BZ MCYP VA TOLMCH_PIMIBK STR XYL TMB p-DEB
Compounds

[3™ 4-9] M2A| &3 XIFE0IAMQ VOCs (ppb) Sk Wrlt BEEX|

A™REESAEoN 4" 24 B89 ¥ WEssES Arid, EFQA(TOL),
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7} o]0l WE VOCs s=E2 off 1% dot 2 F2Moz A"
EFA(TOL), FFMos HPE HEHS(MOH), Heto] o E(ACT), & M
o] ALAXYL)Ol 9Js) & VOCs s=7t Welshe Aoz Uehgth 99 129(Y)
o] 7t diAlZ Wi, 9¥ 13Y(DFEH 98 14LE7HA dAlz =), 9
159(F) QAARIE] Ha, 11 o]F AR HA] FoMlE Zig ERIg & Utk
o] e F2 EFA] o3 2de= AC® Yehgon], 233 Hg2(MOH)
oluf oMIE(ACT) 52 FEaYY 2Y¥ HEFHo| T4 Hlsir= Atz
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=
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. HCHO
= MOH
- AN
- AA

F> 02IM MHEE X0 DRFHO.
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. ISP
- MVK
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A
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H

[E 4-13] M2/l 0|55 2t 29

ofo{ 0912-1 | 0912-2 | 0912-3 | 0913-1 | 0913-2 | 0913-3 | 0913-4 | 0913-5
HCHO 0.882 0.839 0.857 0.762 0.775 0.831 0.851 0.866
MOH 7.351 6.742 8.332 7.475 8.647 | 11.827 | 12.982 | 15.206
AN 1.512 1.538 1.439 1.582 1.670 1.875 1.919 | 1.873
AA 2.647 2.280 2.094 2.369 2.588 2.911 3.215 | 3.409

ACT 4.871 4.321 4.372 5.544 5.232 7.742 9.089 | 8.032

IPA 2278 | 2093 | 2.026 1.934 1987 | 3378 | 4475 | 2.840

ISP 0794 | 0.879 | 0.681 0560 | 05% | 0744 | 0.729 | 0.754
MVK 0.911 1.047 1154 | 0518 | 0464 | 0462 0479 | 0.59%

Cyp 0544 | 0.841 0358 | 0274 | 0.331 0.401 0436 | 0447

MEK 1.229 1.030 | 0.916 1.151 1.335 5509 | 8532 | 2810




BZ 1.063 1.093 0.753 0.574 | 0.761 0.996 1.055 | 1.063
MCYP 0.372 0.433 0.296 0.286 | 0300 | 0.336 0.350 | 0.363
VA 0.440 0410 | 0.385 03% | 0.388 0.422 0459 | 0.503
TOL 4.840 6.106 | 4.663 5517 | 10.649 | 29.624 | 41.620 | 31.707
MCH_P1 0.356 0414 | 0.240 0210 | 0.243 0.291 0.296 | 0.323
MIBK 0.534 | 0.453 0434 | 0582 0.538 0.908 1.230 | 1.239
STR 0.202 0.209 | 0.176 0.192 0.192 0.218 0.206 | 0.208
XYL 2.782 3.245 1.577 1.831 2.233 3.367 3.884 | 3.568
T™B 1.195 2414 | 0918 0525 | 0.739 1.060 1.024 | 1.106
p-DEB 0.357 0.647 0.3% 0.245 | 0.283 0.428 0.345 | 0.349
[E 4-13] M2l 0|S2E 21t 294(A%)
ofo{ 0913-6 | 0913-7 | 0913-8 | 0913-9 | 0913-10 | 0914-1 | 0914-2 | 0914-3
HCHO 0.901 0.961 0.925 0.942 0.977 0.817 0.822 | 0.808
MOH 9.591 11515 | 10.288 | 11.234 14.484 | 13.703 | 13.093 | 12.160
AN 1.695 1.791 1.703 1.760 2.022 1.950 1.907 | 1.946
AA 3.184 | 3376 2.990 3.048 3.209 2.974 2906 | 2.868
ACT 7.174 | 8208 8.444 8.771 10.292 7.511 7.242 | 7.245
IPA 2850 | 4.031 3.417 3.510 3.679 2.335 209% | 2.342
ISP 0675 | 0734 0.701 0.709 0.759 0.656 0688 | 0.735
MVK 0684 | 0.768 0.661 0.683 0.753 0.516 049 | 0.450
CYp 0.356 0.489 0.438 0.441 0.432 0.368 0405 | 0.541
MEK 3214 | 3.790 2.827 2.905 4.588 1.971 1.608 | 1.674
BZ 0.832 0.837 1.019 1.025 0.973 0.849 0.795 | 0.897
MCYP 0.341 0.374 0.353 0.346 0.368 0.317 0.323 | 0.34
VA 0.481 0.549 0.521 0.519 0.532 0.418 0.400 | 0.409
TOL 18.216 | 24.382 | 21.219 | 24440 | 30.348 | 15333 | 19.016 | 23.041
MCH_P1 | 0284 | 0.325 0.311 0.303 0.350 0.269 0.302 | 0.301
MIBK 0918 | 0975 0.968 1.111 1.008 0.570 0.583 | 0.771
STR 0.187 0.187 0.195 0.199 0.205 0.259 0.215 | 0215
XYL 2560 | 2.546 2.932 3.205 2.602 2.907 2.591 3.256
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TMB | 0812 | 1055 | 0985 | 0966 | 1.153 | 0.767 | 0948 | 1.071
p-DEB | 0301 | 0298 | 0314 | 0318 | 0340 | 0307 | 0360 | 0352
(B 4-13] M2SAl O|SEE Zt QA(HS)
%0 | 0914-4 | 0914-5 | 0914-6 | 0914-7 | 0914-8 | 0915-1 | 0915-2 | 0915-3
HCHO | 0.843 | 0869 | 0945 | 0968 | 0946 | 0708 | 0.680 | 0.733
MOH | 12590 | 15.088 | 11.063 | 11582 | 9.797 | 9549 | 8640 | 9.714
AN | 1873 | 2013 | 1731 | 1839 | 1689 | 1598 | 1648 | 1713
AA | 2851 | 2976 | 2754 | 3890 | 3140 | 2070 | 2004 | 2214
ACT | 7.878 | 8798 | 7.698 | 8127 | 7.770 | 5466 | 5058 | 5486
IPA | 4657 | 3248 | 2726 | 2919 | 2941 | 1589 | 1.540 | 2.381
ISP | 0704 | 0.757 | 0704 | 0683 | 0661 | 0560 | 0612 | 0.647
MVK | 055 | 0582 | 08587 | 0663 | 0770 | 0126 | 0.137 | 0243
CYP | 0453 | 0548 | 0468 | 0432 | 0364 | 0266 | 0472 | 0410
MEK | 2467 | 2085 | 4011 | 2613 | 3040 | 0912 | 1.016 | 3683
BZ | 0945 | 1031 | 0863 | 1.140 | 0911 | 0591 | 0668 | 0815
MCYP | 0336 | 0372 | 0346 | 0340 | 0308 | 0254 | 0280 | 0.287
VA | 0428 | 0447 | 0421 | 0457 | 0408 | 0301 | 0305 | 0322
TOL | 27672 | 20059 | 20074 | 31213 | 24920 | 9.407 | 13860 | 19.055
MCHP1 | 0294 | 0338 | 0307 | 0313 | 0282 | 0248 | 0243 | 0247
MIBK | 0854 | 0952 | 0902 | 1171 | 0992 | 0390 | 0404 | 0523
STR | 0204 | 0212 | 0189 | 0212 | 0189 | 0.178 | 0.161 | 0.175
XYL | 3453 | 3493 | 2825 | 3486 | 2877 | 1744 | 1846 | 25%
TMB | 0982 | 1232 | 1027 | 1.141 | 0937 | 0572 | 0734 | 0.845
p-DEB | 0322 | 0375 | 0321 | 0319 | 0289 | 0238 | 0250 | 0313
[# 4-13] M2A| OISEE Zi 20(12)
%0 | 0915-4 | 0915-5 | 0915-6 | 0915-7 | 0915-8 | 0916-1 | 0916-2 | 0916-3
HCHO | 0771 | 0812 | 0807 | 0815 | 0812 | 0876 | 088 | 0836
MOH | 11.150 | 12.106 | 10.009 | 12219 | 21.315 | 13.008 | 15.069 | 15.035
AN | 1794 | 1836 | 1774 | 1767 | 1923 | 1669 | 1962 | 1787




AA 2.301 2.457 2.313 2.321 2.332 2.280 2742 | 2.690

ACT 6.756 6.537 5.682 6.631 7.161 6.021 9.319 | 831

IPA 2.800 3.060 3.100 3.559 2.783 2.558 5578 | 2.847

ISP 0.660 0.754 | 0.798 0806 | 0.713 0.609 0.702 | 0.764

MVK 0.317 0.369 0.497 0.578 0.548 0.432 0485 | 0.636

Cyp 0.437 0.731 0889 | 0504 | 0323 | 0318 | 0349 | 0422

MEK 3.638 | 5538 | b006 | 6.689 | 3363 | 3246 | 4.081 2.717

BZ 0.685 0.933 0.915 0.931 0.781 0.793 1.005 | 1.175

MCYP 0.308 | 0.351 0364 | 0347 | 0.301 0.283 0.309 | 0.329

VA 0.349 0.451 0.418 0470 | 0.49% 0.441 0.772 | 0.634

TOL 26558 | 31.918 | 25739 | 32.075 | 38.186 | 21.995 | 40.349 | 32.750

MCH_P1 0.293 0.323 0.332 0.383 0.341 0.257 0.322 | 0.340

MIBK 0.617 0.837 0.936 0.977 0.977 1.008 1.248 | 1.439

STR 0.174 0.192 0.183 0.185 0.187 0.174 0.201 0.217

XYL 2.620 3.251 3.891 3.816 3.846 2.662 413 | 4175

T™B 0.900 1.242 1.066 1.210 1.039 0.892 1.263 | 1.344

p-DEB 0.286 0.419 0.292 0.401 0.436 0.298 0.477 | 0.465
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[ 4-15] 27| I=EA| O|SES0| ALBE PTR-ToF-MS2| 2 HM=Z 28 2 &3
= £3 201 =28 = =X =4 =8
OVOCs, phtochemical HCHO Formaldehyde CHO 31.0236 1.39 kPa -19
OVOCs MOH Methanol CH4O 33.0314 13.02 kPa 64.7
Automobile AN Acetonitrile CoHsN 42.0344 9.71 kPa 81.3 ~ 82.1
OVOCs, Automobile AA Acetaldehyde CH,O 45.0341 98.65 kPa 20.2
OVOCs ACT Acetone CsHsO 59.0497 30.6 kPa 56.05
- IPA Isopropy! alcohol GsHsO 61.035 4.1 kPa 81.4
BVOCs ISP Isoprene CsHs 69.0725 73.33 kPa 34.067
Petrochemical, OVOCs MVK Methyl Vinyl Ketone CaHsO 71.0479 41 kPa 81.4
Petrochemical, OVOCs MEK Methyl Ethyl Ketone C4HeO 73.0633 10.39 kPa 79.64
Classl, Carcinogenic BZ Benzene CsHs 79.0548 12.7 kPa 80.1
Carcinogenic, Solvents TOL Toluene CiHs 93.0704 2.8 kPa M
Carcinogenic, Plastics STR Styrene CsHs 105.0699 0.66 kPa 145
Carcinogenic, Solvents XYL Xylene CsHo 107.0861 0.82 kPa 138.5
Carcinogenic,, T™B Trimethylbenzene CoHiz 121.1012 0.27 kPa 169 ~ 171




B 4-15& 2 =Ho| AF2E PTR-ToF-MSQ] 7j¥ VOC E2& vehd #o]

MEEE FE2 7|& AFEIAL QIFAAE B =52 AESt F 1470
A& A5t} ti7] 5 BTXS (Benzene, Toluene, Xylene, Styrene)2] 73

F718A10014 WAsk= EZolth benzened %S Bl oF 50%7F QA
FrEH, ol A2 FolAlRt IEE B IFRHVIE STk Aol F5E
benzene F2 A0 RESHAEY, FH4FFL A5 ISl A5 W
B ek EqPAS e 9 52 &St i‘? *J ] ‘H}X]‘:} HIE

]IOlt —lO ﬂ]-{[] _E.

Toluene 3t @30 oJ3 F2 FYUHIL ¥, = = <t 52 1}—}6}@ Skl
FESHH 2A2E-2 dor7le itk ES 5, @71
F=ol =22 A5 v AdElol BERAL oA

dth Xyleneo 2siA= AN, HolsAd9Yd, IAU=H 59 FFS =t
(Wallace, 1987).

A EoIA LY== VOCse I, H2HA, AlFA, @ 52 Aoz 7l
ZoH, ALl VOCsE Alofske ®ole A #7HA ot ARg-dEu
gol gt Alsks o ARgSke v H2Al S0l ZE 7718419
dge AU W8S JiAdske] 1718A1E AA ARgShe Aotk o st
U A4 30lA EASk= VOCsE A&7t 7hs?t AAES A 29ske
Zloltt.

% ot o

SgRol 2002 W= 48 UL Fo] VOCs MBS Slat Fe e
U2 GRS L PARES HI FHo| dout fAE Aoz e FA
Wk, ABYA Y WY S0 AN PAS ol9E T RN ATA
33 gt

THE 2009 FALHGIGAGRY HBANS] FF, AMS] T, HBolA

oA Sof Wt 4 LFENENE Sl 7718A & HJIE AR A=
2171832 9 A RTIstE AAAE RS oRelelal FEA 129 oy
e SRS SUALL oI5 AIAY Yol BT Ao} o3
Haskstolof gttt ALY A9 W Fxolofol sn, W7
&3 HHEE]L A R7IstEe HAAES HA-AFstoior Tt FXA] HiE
H 3oV |sRtEL. M o7 ldslojof i},

o
u:Zi

O
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(28 4-22] IETRIBY ¥ OSSN AY U U B

=

I9 4-232 ols8508 24 fFEHrAle] 2 QHBdda Jighs U
ERdl Flolc}. =447 E2MN(11.7+14.5 ppb) ) WE LF2(9.2+4.4 ppb) » oM
E(8.1+6.35 ppb) » HE ofd AE(4.8+3.1 ppb) ) 0lAZEH AFL(4.4+3.8
ppb) «2& Uepdtt E3] 4718All S0l EFQe AARAZIFOlA At
13 99Ed2 AA T, oHES HJIES] gz de] 2o olQlofm A4
2 g7 AEEE 7ISRIECt oREL & 5572 EH0] 1 F, A% &
=, 79, 55, 127 59 A% SAoANE 25 ARt QIX)715 Aol
59| 41745 4ol A S Gl HE oE AR o =S F ES FE E
715& doFitt. oplanzad AFSLE = I, AT Aot A, FAEA oA,
SZup7E BuEo] Q= AFEAEZl WY YF2E B9l JFo A
2 85 55 A4 Aols 4o 4 9 viEHo|n AFog hEEY FE, Y
Aol AlFAsIE 4ozt &3], 7 A U EFA9 4S B 5k Bt B2
BFEAE Hole olf= SN wet gdollA wiEE VOCsoll sl Bt

22 el olEdE Al FAES A i Bt AT A9 Bkt &
A717F59t 4 0.55 ppbollAl o 585.08 ppbE B} A, Hoj)o] A A
a7 e A2l w2 A% FEsEe] A 3718 EarlE 1,000 wg/nf
(226 ppb) Ert 2.584] o} AZ5uct,

=



VYOCs{pph)

8

-
5]

HCHO MOH

AN

AA

ACT

IPA

ISP
Compounds

(O3 4-23] DEEYRARSY)M FZE VOCs| Bos=

TOL

STR

XYL TMB
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[BE 4-16] A7| LZEA| O]

0
rh

2ofof M1 M2 M3 M4 M5 M6 M7
HCHO 0735 |0.758 |0.852 |0.939 |1.055 |1.196 |0.695
MOH 7.851 8627 |9.227 8593 |10.753 |17.911 |7.652
AN 2122 2051 1898 |[1.721 |1.827 |2.0617 |1.932
AA 2733 2944 3325 |3458 [4.171 |5.001 2235
ACT 8.682 |8147 7218 |7.991 |8.631 |11.564 5.168
IPA 4080 2614 |319% |3.771 |529% |10.685 2350
ISP 0.906 10916 0899 0963 |0920 |1.062 |0.768
MVK 0.293 10438 |0637 0711 |0.888 |0.863 |0.507
MEK 4479 2814 |3192 [4.008 |5616 |11.245 |1.540
Bz 0759 |0.764 0668 |0.719 |0.767 |1.002 |0.482
TOL 19.155 | 11.937 |6.273 |5.090 |7.778 |15.629 |13.930
STR 0286 0222 0174 |0.174 10.197 0282 |0.177
XYL 2882 2982 |1.784 [1.621 2381 3541 |1.253
T™B 1.038 0943 |0537 (0479 |0.782 0835 |0.668
TVOCs 56.002 |46.157 |39.880 40.238 51.063 |82.867 |39.356

M14
0.720
9.404
1.923
2.49%
6.464
2.653
0.654
0.224
3.001
0.746
6.838
0.202
2.973
0.680
38.977

M15
0.825
6.988
1.884
7.143
7.206
9.127
0.727
0.3%4
2.464
0.619
7.171
0.199
1.937
0.741

47.387




SANE gges 7+ P FE 42 YERd Aotk 9¥€ 9
o] ol A F M6 2% AI7K15:53~16:22)° TVOCs s+ 82.867
ppbE 7FF =9 9¥ 10¥2 24 A)ZH08:07~08:34)° 81.697 ppbZ 7F&
EUTE 4 %ol A9 gl A= A3t 9¥ 119 EQY o #=9 Fix
TVOCs 5% 38.977~47.387 ppbZ &A Ut VOCs U AFGA9] 2dd
o] AR Y= Aoz WAECE 1Y HUA-FHAR9 o] 9¥ 9Yol=
43.511 ppboli 9¢¥ 10¥ol= 40.426 ppbl® &4, 5 SWUTAl= FH
oA olEE LAEHY JFE AA L= AY9eR VOCs HAA7t 4 I
EORE A3E Btk wEhA, gEHEAle b7 F VOCs 299 4
< AGolA A 9 ST 20| AIFEY £ $IA04S] VOCs7t g4 3]
EOX|AL FHo| L7t §A] He ACE muiEnh A B 5t B9
EF4, WE ¢FE, oE, olAm2Y 4T 9 TVOCs7t &oAHd ufet
A o] FoMAE A7t Hof f7]8A 0 o3t Akgo]l B4 HES Eo] TVOCs

5|
”r\
—_
flo
-,
o)

r

%Y 4-24= M1¥¥E MI57F 244 VOCso Q9&aE LAHE Yehd A
olt}. 7| VOC HEL EF(12.6~36.2%), Md LHL(12.2~23.1%), M=
(13.0%~20.3%), o]AZZE AFL(4.0~19.3%) &0 YepF},

AAFFoA A= VOCsY] s AR SRt Jaol wet g2
=8, G da= BHE Aw, FA, K5 A AE St st
S3HLL A FHultt zlol7h Qlom 84l It g JFr} T2hlol 9
7} gAEFHEo] Eob W= VOCSTHE - &rh Q44 AgEE
T 7FAEAoIA B, olAIE, HigkE 59 R718A7F AR

A AR A= Bol AgEHE EFAH AER WY € AEL =2
o] -&A 5t ofuet SMAR ARBETE ARl 2ol FH A= HIHAIE R
< A= 35t ARgEH di7] $9 HE olE A SV = 7 S5
7igtell met J=9] A ARgEE HE oE AEl] Aol S8 WeEd
Aos WeEn mFEEHEAY] RV AR dHdAES AEY FEo=
i #27F A& or ofRojXA| gkl 3Jer VOCse #go] 44 =71 o
o FH &49 Fro= T2 71X Aoz dodd.
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[Z2 4-24] #=E VOCs2| 7| £4

2 2750 SHE AIGUEN ol 5AIE B I Lol V0L
e BEoh 94498 %_‘J%} Aolth, ThEe] FWEAE AZOR TEERS
Aolekie %7, HA7\jo] o] fnAoz VOCs W] 43 UFo <)
A1o] 2WsHA Zolgly mEe] Ho] FM VOCss tHEE Agel 2
uigelo] BaEl Ao wod
99 4255 TR NI B0 2 4RE mY TVOCs BES 20
9] Baste] gsiolct 98 90U ZYo] Al F Aol TVOCs7h kAt
FAPIE 27 A G M6(15:53~16:22) o] 5BE0IAE TVOCs Bk
B 82.86 ppb7t FOH, M6(17:26~17:46) O1F8=0IA 3936 ppb2 ThA]
T3] asteich 59 Q) Aol WalEle] 9T AEe] Ea Eo| FL
A1 o] BESIA Lol gob 4 FUoINel SEE sort A
Axelolre] SEl ArHoR Yo A% el Ao 2AEgt ol
9 4-263F Zo] 9¢ 10¥ MISJ—} 9d11Y M159] SIEHS SoiAE & Ho
Ack ROR HUE UL ekl o AAESl St AXst
e w22 feh SAX9S P4t ok

5



<t
(]

4

10

0= EIR0 T~ 0180 DM ZFkf WIrR0 KA=T

116






<t
(]

4

10

0= EIR0 T~ 0180 DM ZFkf WIrR0 KA=T

118






o
IS

>

0|

2= 02IM MHHEE D DRHO N 0XTQ >0

120

[O3 4-25] 92 5UEY) =2H VOCs 7ML : M1, M2, M3, M4,
M9, M10, M11, M12,

M5, M6, M7, M8,
M13, M14, M15



QHEARE QU Aol BEo] Xsle] B4t Faol wet Ak o]
e QEFANS 28779) VOCs FEIIE G 1 Aow diuEd &
A7 AT Aoje] Aateigel BHol glow, IHFAXAY S9N
7k At QUEstel QBN 8RS B4 84 ASE Y Y
o ofs) WS Woke A% WAL, XS Y oA o] e e u
Z/140] glom, 3ol A3} 102 e Aol U A UolA: wEFol
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[38 4-26] 92 10 VOCs SIEH : M13, 9& 11 VOCs SIEH™ : M15
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UrjE S e 5 9ekEde] T wel AR olHAX e ek
AN A AUAEL SR AN 2T FsAo] Stk A
o] 9 BPA & vhRAHeI9A gk WENRAD, FEE HETt

AA
ot

=

A

v}

o

LA

ol

"



o
=

2= 02 MHEE AHD DRFO NS 02T >0 >

122

BUL 49T 5 Yk 1RAY HEP} AFEA = RE o] FYASol
{71840 M7 =&Y AR5l Eoh BTE AYgel A9 drlaAREY 2
AP Sol 2ANe] YrledR YL MEHEIEF olsk R viEstT 9

Ag A7 Aol A9 Al 8T §718 401 WA VOCsE BT

: Feplo] I viEs) Helg 3 oo TEEwaAel
Fol WA A 429 TP WA 17184 5
spelgSol of% tylde] G mA Fu FUSY Agel okjgre mlch
AT QA4 A9 SR AN Hske SHRYIG A WS )
2480 Sg=IA] Slot A} olelg) A W A wlelo] Wast.
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A o] Ag7 BES Uolrs] Ssl o5BSol Asd M| UARE
VOCs EAH|(PTR-ToF-M9E A2 & =4 QEASE ol5e) 71A
SFE A4S FUSh 2 20214 99 39 (e O 9U 7 1
FAzk SgEIglon], ol5HS U IABES Wgebte AWsidTh Fa B
PPE 590l $30] BT ERAHE APsieln, B BUARleTE SN
o otz AYsidch WHSY Pt A Al UE 2AAdE 74
ANFFLEHOR B9, o523 AT A A 5 WSS B A
HEE L SEdst e B0 B 1Y 4-282 mRAEL 1 FH
27 9 ShAe] 9IS el Zol.
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AFH 52(2021) FAACIA oleh FARE A5 S35te] Halet #o] 9l
RS A2t S ddshe AaEE Q2o XSk e F8 FakE
A2 ARdRAIeE 4 3 PR Go] EAEle] At FAA W E2E oA 1t
42 A AIE A FHoR FESIAL, 4 7 W BAEC] Sle BA B
E2H 3T oleSHANE vl 2AsEA FHEE ek AR Hidt 4

S s SH0le A LA YARE 9 e ook 9
APSE AME351991, =2 0990 NREAE 2 AME Q& BCY NOxE
EIRE CO, 05 5& 3kt oot Heo] A9 29k $E& vefsh=t
T8I AL 7VIARE PM500E ARSI SAEClEE Ha 1204 17
Aol= Agste] 8313l 4 e S7IRIES AR AR F719E
sto] ST WA A== ST
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243 94X
(1)

(O3 4-30] HtA| 015EHE=

I9 4-30= M9 olsSEF=E e Zolot. F3dAle] Ae- Al ZdAlE did
o= olgl7] el FtoR RSOV 2 Aol dhgile] 71E A= 4.5
kn x 2.6 kn® Ao F2 WHoR Tl o Sl 13] @8
1ARE 102 ~ 1ARE 1584 285 & 23 72l 21 it oFs5732 9
SUDFE 72EH7HA 397t FFHUCE 0¥ 5YL2 FHE E2H FAo] 7RsSHA|
g= TRl ikt A9 W sk wefsly] Asl =¥sial, 23] 2353t 94
Yt 7Y Aol RFoke £x10R QA SAIRE 19A7HA] S 63] 254
Z 123]9] Hlo|EE ESoigitt # 4-17+= S5 A=o] izt gotolth

[E 4-17] 0ISZXYY 2 HOIE =S 2

ARIH 9% 5 98 6UE) 98 7@ED
8:00 M1 M3 M9
10:00 M2 M4 M10
12:00 M5 M11
14:00 M6 M12
16:00 M7 M13
18:00 M8 M14




[B 4-18] HMQA| 0|50 A= PTR-ToF-MS2| £ HY=Z 258 2 &3
HEH £3 LY =29 = =R =212 =4
OVOCs, phtochemical HCHO Formaldehyde CH,O 31.0236 1.39 kPa -19
OVOCs MOH Methanol CH.O 33.0314 13.02 kPa 64.7
Automobile AN Acetonitrile CoHsN 42.0344 9.71 kPa 81.3 ~ 82.1
Petrochemical, combustion KT Ketene CH0 43.0184 1386.55 kPa -56.1
Petrochemical, combustion PP Propene CsHs 43.054 1560.40 kPa -47.6
OVOCs, Automobile AA Acetaldehyde CHsO 45,0341 98.65 kPa 20.2
Classl, Carcinogenic BD 1,3 Butadiene CaHs 55.0542 243.18 kPa -4.4
OVOCs ACT Acetone CsHeO 59.0497 30.6 kPa 56.05
- AAC Acetic Acid CoHiO2 61.0284 1.5 kPa 118 ~ 119
Marine DMS Dimethyl Sulfide CoHeS 63.0266 53.7 kPa 35 ~ 41
BVOCs ISP Isoprene CsHs 69.0725 73.33 kPa 34.067
Petrochemical, OVOCs MVK Methyl Vinyl Ketone CsHsO 71.0479 41 kPa 81.4
Petrochemical, OVOCs MEK Methyl Ethyl Ketone C4HeO 73.0633 10.39 kPa 79.64
Classl, Carcinogenic BZ Benzene CeHs 79.0548 12.7 kPa 80.1
Coating Indicator EA Ethyl acetate CaHgO2 89.0597 9.7 kPa 771
- TVMB Trimethylbenzene CoHi2 121.1012 0.27 kPa 169 ~ 171
BVOCs PN Pinene CioHie 137.1325 0.63 kPa 155 ~ 156
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H 4-182 & =Ho] AF8H PTR-ToF-MSQ] 7|8 VOC &4& YUehd #Holct,
FEL 7|E AFHIANL} EAAETY =ES ARSI & 217 BF

T, ZEAStolEL} HPHIAE, Y DAE, EEUTSIEE AT
o4 F= wjEEC 13 Redn W) 49 13 WrEAR fadol e
3m, 20164 NASA®H ) @7le] FELHE KORUS-AQOIA thatdel 43
oM 5% ARIE Hol BAAEIE st ofdopElelE: 193 A%
24 22 AgH1 9k

pbZ 7MY & FE2 EIAL, HES

We E 522 ot 24g
gol X8l 9, 24 FY B4 Folgt vAbAA 59 IS WA 5 A%
Tk 0QgSo] F3e] glof VOCsol Tie JaRe whe: Hld Aow ket
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Compounds

(O3 4-32] UEEHEL2SY)M 58 VOCs| Bz



o
=

01 IR0l

J
——

F> 02IM MHEE X0 DRFHO.

>

130

I 4-19¢ olsBSAYE WIeE 7 P sEgS Ui Aotk §AR
99 599] o524 M1y} M2 A3 TVOC %%7} ZHF 20.8 ppb2t 20.9 pp
2 AR £EoE Ut 3R s 71l 9¥ 6¥ele A EFRQ
M3(8:00~10:00)2] 4% 21.1 ppb& ?#3:1 QAR HE52S Hoal, 11 o
M4, M5, M67HA] fARE S-S BTH21.3~22.8 ppb). SHAIRE QA7)
91 M7(16:00~18:0003 MO(18: 00~20:00)°ll= ZZ+ 27.6 ppb2t 32.1 ppbE
AZ Z7kt. 39k Q1 9¥ 79 A WA SHAIZIMI)ol= Ad A HA A7)
B} oF 7 ppb =& 28.9 ppbE YERET, M10(10:00~12:00)0] AZ 74519
ot M11~M147H] 2% 29xET =2 =542(32.1~30.5 ppbyS Eth
J% 4-82 MI1FH M14714] &4H VOCsE thez QA&Edd +4gulg ¢
Efdl Zoloh 78 VOC M&+= oMER HEkE, otETIstolE, 1,3 FEal
o] Hlgo] A Uikt I3 HY A AR EGEZAR 01%% 16

Al~204] Afole] 7t A UE=T oluis thE ARMHES A", 54,

oY) Hlge] kolAE AS BeIE 4 Uitk

-|°1‘ 0 B L




M5 M6 HcHO

HCHO 2.1%

oL 3.6% ToL 4.0%
%

ToL 2.5% ToL 3.7%

M12
XL
ToL 4.4%

M14 tve

2.6%

XYL /
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(B 4-19] TCHA| O|SE= 21 29

ofof M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12 M13 M14
HCHO 0.578 | 0599 | 0510 | 0499 | 0500 & 0471 0.465 | 0460 @ 0.431 0442 | 0434 | 0457 | 0497 | 0439
MOH 3.092 | 3185 | 289% | 2846 | 2938 | 3479 | 3330 | 3489 | 2880 | 3451 | 4210 | 4748 | 485 | 4.027
AN 1432 | 1400 | 1508 | 1450 | 1365 | 1.390 | 1462 | 1517 | 1.607 | 1.601 1.659 | 1.747 | 1.881 1.810
KT 1.307 | 1.368 | 15617 | 1444 | 169% | 17983 | 2565 | 3.138 | 3962 | 2359 | 2972 | 4209 | 4.905 | 1.861
PP 0.837 | 0808 | 1.128 | 1.022 & 0.903 | 0.907 | 1.141 0.928 | 0897 | 0943 | 1.254 | 1433 | 1478 | 1.276
AA 1927 | 2033 | 1.742 | 1.649 | 1.651 1.631 1796 | 1.798 | 1449 | 1.750 | 1.744 | 1885 | 2159 | 1.758
BD 1463 | 1.390 | 1.724 | 1.736 | 1578 | 1568 | 1.747 | 1.889 | 2481 2.652 | 2.891 2947 | 4044 | 3.869
ACT 3206 | 3225 | 2674 | 2800 | 3432 | 3515 | 4375 | 53% | 2793 | 3.164 | 3.601 | 4498 | 4637 | 3577
AAC 119 | 1.186 | 1.806 | 1577 | 1.749 | 1829 | 2746 | 3450 | 4387 | 2762 | 3479 | 5077 | 5597 | 1.858
DMS 0.300 | 0300 | 0304 | 0307 @ 0308 | 0313 | 0322 | 0333 | 0337 | 0326 | 033 | 0360 | 0377 | 0.355
ISP 0.944 | 0849 | 0766 | 0.781 0799 | 0677 | 0687 | 0628 | 0523 | 0.551 0.5% | 0660 | 0.774 | 0.696
MVK 0820 | 0894 | 0538 | 0674 & 0723 | 0635 | 0662 | 0.581 0388 | 0422 | 0505 | 0576 | 0.652 | 0.620
MEK 0.814 | 0.836 | 0.831 09% | 1219 | 1.213 | 1.817 | 2597 | 2319 | 2158 | 248 | 2576 | 3.153 | 1.998
BZ 0348 | 0394 | 0437 | 0.341 0327 | 0344 | 0422 | 0435 | 0403 | 0381 0.463 | 0.551 0.599 | 0.596
EA 0264 | 0260 | 0282 | 0289 & 0353 & 0342 | 0438 | 0539 | 0565 | 0465 | 0.564 | 0.591 0.797 | 0.49%5
TOL 0.881 0749 | 1.043 | 1.090 | 11388 | 1116 | 1.770 | 2766 | 2.079 | 1733 | 2234 | 3017 | 4333 | 2519
STR 0.129 | 0.131 0140 | 0182 | 0148 | 0152 | 0.193 | 0219 | 0152 | 0230 | 0236 | 0279 | 0262 | 0.213
XYL 0694 | 0.719 | 0608 | 0965 | 0.871 085 | 1.004 | 1283 | 0718 | 0.999 | 1.651 1.694 | 1.817 | 1.465
nBA 0.058 | 0.059 | 0058 | 0.060 & 0.056 | 0.056 | 0062 | 0062 | 0.059 | 0.059 | 0.061 0.061 0.068 | 0.070
T™B 0313 | 0349 | 039% | 0.401 0383 | 0387 | 0477 | 0470 0357 | 0375 | 0569 | 0556 | 0593 | 0.779
PN 0.160 | 0.144 | 0.162 | 0.158 = 0.147 | 0.136 | 0.156 | 0.156 | 0.145 | 0.149 | 0.159 | 0.165 | 0.181 0.171
TVOCs 20.761 | 20.868 | 21.061 | 21.260 | 22.284 | 22.807 | 27.629 | 32.134 | 28.933 | 26.973 | 32.100 | 38.088 | 43.660 | 30.452
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Abstract

Three—provinces joint research to cope with high particulate matter

concentration

Min Young Song - Sung-Kyun Shin - Jihyun Han - Seongjin Yun -
Kiyong Lee - Joohyung Lee - Haejoon Chun

There are frequent cases of high concentrations of fine dust nationwide. In order to
jointly resolve the issue of fine dust, it is necessary to prepare a system for ‘customized
action for each region’ based on the characteristics of emission of fine dust and
precursors in each region. Seoul is also making continuous efforts to reduce the
concentration of small-scale fine dust sources within the city center, and it is necessary
to establish a research cooperation system between regions and countries that

comprehensively considers the causes of high concentrations of fine dust in each region.

Fine dust is a particulate matter formed by various precursors in the atmosphere, and

high concentrations of fine dust across the country is a threat to public health.

Fine dust (PM10) and Ultra-fine dust (PM2.5) are particulate matter present in the
atmosphere. It is divided into primary fine dust directly emitted from the source, and
secondary fine dust formed through chemical reactions in the atmosphere using
Nitrogen Oxides (NOx), Volatile Organic Compounds (VOCs), and Black Carbon (BC) as

precursors.

Since Ultra-fine dust is very small, it stays in the air and has a large impact on the human
body by penetrating into the lungs through the respiratory tract or moving into the body
along the blood vessels. In 2013, the International Agency for Research on Cancer (ARC)
under the World Health Organization (WHO) designated fine dust as a Group 1

carcinogen confirmed to be carcinogenic to humans.



As such, the fine dust issue is recognized not only as an environmental issue but also
as a social issue. As the public's interest and anxiety about fine dust increased, Korea
also designated PM2.5 as a criteria material in 2015 and set standards. In order to
minimize the damage to public health caused by fine dust, a fine dust forecasting and
alarming system has been implemented and warnings have been issued. Looking at the
issuance status of Ultra-fine dust warnings nationwide from 2015 to 2019, it can be seen
that the number of issuance cases showed a slight decrease in 2016 and 2017, but
increased significantly in 2018 and 2019. Compared to 2015, the number of fine dust
warnings issued in 2019 increased by about 1.4 times and the number of Ultra-fine dust

warnings increased by about 3.4 times.

Considering the characteristics of fine dust, it is necessary to comprehensively identify
the causes of high concentrations of fine dust at home and abroad, and to establish a

joint regional research system to reduce domestic emissions.

The occurrence of high concentrations of fine dust is caused by a combination of the
effects of fine dust flowing from abroad and fine dust emitted from the country. In the
case of foreign inflows, studies have been conducted on the effect of fine dust in
neighboring countries on the increase in domestic air quality and fine dust
concentration. In order to solve the problem of high concentrations of fine dust at the
global level, efforts such as sharing air quality information with neighboring countries,
sharing fine dust-related technologies, and research cooperation in the atmospheric

field are necessary.

Currently, at the domestic level, there are some studies to understand the high
concentration of fine dust and identify the cause to solve the problem. However, studies
related to type analysis and identification of the mechanism of occurrence of short-term
high concentration cases are mainly conducted. In order to solve the fine dust problem,
various local governments and research institutes in Korea are conducting various
reduction projects related to the main causes of fine dust, development of reduction
technologies, and improvement of fine dust. However, in order to set a direction for
solving high concentrations of fine dust at the national level, comprehensive efforts are
needed, including technology development and policy support considering local and

regional characteristics.
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As a result of research cooperation between the three regions, the composition ratio
of the total air pollutant components varies depending on the unique characteristics of
each region. There is also a difference in the composition of PM2.5 components when

high concentrations of fine dust occur.

In this study, a research consultative consisting of three regions,
Seoul-Gyeonggi-Chungnam, was formed with the aim of comprehensively considering
the establishment of information and research exchange related to the air environment

and the current air quality by region.

We checked air environment response technologies and reduction projects that took
into account the characteristics of major air pollutant emissions by region, and
compared the air pollutant emission characteristics of each region. As a result of
checking air pollutant emissions based on CAPSS data in 2018, Gyeonggi-do, the
nation's No. 1 emission, recorded 6.5%x105 ton/year, Chungcheongnam-do, the
nation's No. 2 emission, recorded 4.6x105 ton/year in 2018, and Seoul 2.6x105
ton/year. Among the total air pollutant emissions, the composition ratio of each

individual substance showed differences according to regional characteristics.

In the case of Gyeonggi-do, which has numerous small businesses and small
medium-sized industrial complexes, VOC (29.4%) » NOx (27.5%) > CO (21.1%) ) TSP
(8.1%) was found, and in Chungcheong-do, NOx (23.5%) » SOx (15.3%) > CO (14.3%). This
is considered to be due to the fact that about 50% of the nation's coal-fired power plants
are located in Chungcheong-do. In the case of Seoul, NOx (34.4%) ) VOC (28.2%) » CO
(23.0%) > TSP (6.2%) were shown. This is believed to be due to the influence of mobile
pollutants (automobiles), a major source of emissions in Seoul, and small businesses

distributed throughout the city.

The composition of individual components of PM2.5 was analyzed when high
concentrations occurred, focusing on the days when high concentrations of fine dust
were simultaneously observed in three regions of Seoul-Gyeonggi-Chungnam. The
composition of fine dust is very diverse, including carbon components (organic carbon,
elemental carbon), ionic components (sulfate, nitrate, ammonium), and mineral
components. By analyzing the composition ratio, it can be determined what kind of
influence was largely attributable to the process of fine dust formation. In all three
regions, when high-concentration fine dust is generated, the chemical composition of
PM2.5 is 22.3~69.7% ion, OC 6.7~33.6%, EC 0.9~8.5%, and metal 4.6~16.7%.



In the case of Gyeonggi-do, the proportion of heavy metals was higher than that of other
local governments due to the effects of pollutants emitted from industrial complexes.
In the case of Chungcheong-do, the proportion of organic carbon (OC) generated by
open-air incineration in rural areas was high. As such, the composition of PM2.5 may
vary depending on regional characteristics, and individual improvement measures

should be prepared accordingly.

Major industries and causes that contribute to the generation of fine dust by region may
differ. The characteristics of pollutants vary depending on the type of source, so
management should be differentiated.

Representative small business facilities that affect air quality by three regions were
selected, and mobile and fixed measurements were conducted using mobile observation
vehicles. Air pollutant emission characteristics of small business facilities and major

VOCs that serve as precursors for fine dust were analyzed intensively.

In the case of Seoul, Jung-gu printing shops were selected as representatives of small
businesses concentrated areas in the city center. In the case of Gyeonggi-do, Paju
Publishing City, where printing-related service industries and publishing and
distribution-related companies are concentrated among industrial complexes, was
selected as the subject of the study. As a result of measuring the movement of printing
streets in Jung-gu, Seoul, toluene, methanol, acetone, and xylene were identified as
major VOCs substances emitted from the printing industry. In the case of Paju Publishing
City, Gyeonggi-do, the concentration was detected high in the order of toluene, methyl
alcohol, acetone, methyl ethyl ketone, and isopropyl alcohol. Toluene and acetone were
commonly detected as a result of observation of movement around printing shops in the
two regions. In the case of toluene generated during the printing process, it is also
applicable to substances designated by the WHO as carcinogens, and special

management for reduction or removal is expected.

In the case of Chungcheong-do, painting facilities accounted for the highest
proportion among small businesses, excluding other manufacturing facilities, and major
emission materials were investigated for painting facilities. As a result of examining the
materials measured through movement observation around the painting facilities,
acetone, methanol, ketene, and acetic acid were detected as the main VOCs substances.

As such, small businesses are concentrated depending on the characteristics of each
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region, and major VOCs materials emitted vary depending on the type of small business.
If the current status of emission facilities is identified based on these regional

characteristics, management solutions should be prepared accordingly.

In order to jointly respond to high-concentration fine dust between regions, Seoul needs
to manage mobile pollutants and small businesses that cause fine dust and precursors
in the city. Other regions also need to set a direction for responding to fine dust that

actively reflects reality.

In the case of fine dust generated in Seoul, intensive management of these major sources
is necessary because mobile pollutants (automobiles), road rescattering dust, and fine
dust scattered and emitted from small businesses account for a high proportion of total
emissions. Measures are needed to take into account the characteristics of sources of
transportation, industry, and living in Seoul. According to the 2017 CAPSS data, indirect
emissions of NOx, VOC, and SOx, which correspond to precursors of secondary fine
dust, accounted for more than 60% of the total emissions of air pollutants in Seoul. In
particular, in the case of NOx and VOCs, it applies not only to fine dust precursors but
also to ozone generation contributing substances, so there is a high need for
management. In addition to preparing management measures for major sources of
emissions in Seoul for each pollutant, it is necessary to integrate air pollutants (NOx,

VOCs, SOx, etc.) considering the primary and secondary fine dust.

The increase in the concentration of fine dust in Korea and the phenomenon of high
concentrations of fine dust are affected by complex factors contributing to the
generation of fine dust in Korea, in addition to the continuous inflow of fine dust from
abroad and weather and climate effects. In order to solve and respond to domestic fine
dust-related issues, it is important to prepare measures from a comprehensive
perspective, including analyzing the causes and characteristics of fine dust, deriving
problems and solutions, and preparing and sharing joint countermeasures. It is
necessary to analyze the characteristics of the generation of fine dust and precursors
by region, perform joint research tasks and establish a cooperative system to respond

to high concentrations of fine dust.
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