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. NO, co S0, 0s PM10 PM25
- (ppm) (ppm) (ppm) (ppm) (ug/m) (ug/m)
2001 0.037 0.9 0.005 0.015 71 43
2002 0.036 0.7 0.005 0.014 76 40
2003 0.038 0.6 0.005 0.014 69 38
2004 0.037 0.6 0.005 0.014 61 30
2005 0.034 0.6 0.005 0.017 58 29
2006 0.036 0.6 0.005 0.018 60 30
2007 0.038 0.7 0.006 0.018 61 30
2008 0.038 0.6 0.005 0.019 55 26
2009 0.035 0.6 0.005 0.021 54 26
2010 0.034 0.5 0.005 0.019 49 25
2011 0.033 0.6 0.006 0.019 47 24
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(9] A42)
T A 0.030ppm 0|3} 0.031~0,035ppm 0,036~0,050ppm
20114 25 7 13 5
20104 25 6 12 7
20094 25 2 12 11
2008 25 1 6 18
20074 25 1 20
20064 25 1 12 12
20054 27 5 13 9
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E?ﬂ(*ﬂ% 7871 - el AFE] Aok Agelle F2 WAl B2 A7}

Eid %‘J%ﬂ‘ﬂ 0] A HlE e A=A R I3 7] F EAlE A

(E 24) B Y +EAY ASH S2hs 574 %0

7= | 20014 | 200244 | 20034 | 200444 | 20054 | 20064 | 200744 | 20084 | 2009 | 20104 | 201144
M2 12,914 (13,049 | 14,587 | 14,934 | 15,396 | 15,895 | 16,428 | 16,794 | 17,325 | 17,941 | 18,437

2550 | 2,601 | 2,777 | 2,778 | 2,808 | 2,857 | 2,933 | 2,949 | 2,955 | 2,981 | 2,978
(19.7%) | (19.3%) | (19.0%) | (18.6%) | (18.2%) | (18.0%) | (17.9%) | (17.6%) | (17.1%) | (16.6%) | (16.2%)

olM | 697 | 753 | 774 | 782 | 800 | 822 | 853 | 870 | 896 | 926 | 984
#7| | 2,736 | 3040 | 3233 | 3,358 | 3,505 | 3,651 | 3,792 | 3,880 | 4014 | 4,189 | 4,304
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HeHlg

20014 2,550 1,641 606 302 2 23.7%
20024 2,691 1,665 692 332 2 257%
20034 2,777 1,671 755 348 3 27.2%
20044 2,780 1,625 797 356 3 28.7%
20054 2,809 1,613 826 367 3 29.4%
20064 2,857 1,613 848 393 3 29.7%
20074 2,933 1,643 868 419 3 29.6%
20084 2,949 1,643 859 442 5 29.1%
20094 2,955 1,642 854 451 7 28.9%
20104 2,981 1,662 863 448 9 29.2%
20114 2,978 1,662 875 428 13 29.4%

X2 ZEFUE XI=A EAXIS(2001-2011)

A9l ZARAFERF B8-S 2011 29.4% FEE NIHA2F(3%), =
F(4%)°) Blsle] FrijH oz = otk ol 4k ¢ oluA] H3
A 77 Al 3k ARG Agstal S S| R AAE T 93t
O o 1 998 2H& 5 AThAe] 37, 2006 AW A)).
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(E 2-6) MBA| HNE - X 5E XSk SS2011H)

38 584 st a2 £4
1,565,383 120,789 250,546 2,550

54 oA
64.1% 71.1% 69.6% 59.1%
1,223,509 102,711 211,463 1,768

7 oly
50.1% 60.4% 58.7% 4.0%
808,817 85,586 145,764 1,199

104 of4
331% 50.4% 405% 27 8%
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1996 10,810 29 2,638 | 1,651 75 123 4,028 988 | 1,153 125

1997 13,033 94 3474 | 2223 | 80 160 4,869 860 | 1,178 95

1998 7,148 105 | 1,296 | 1,656 | 62 86 3,120 328 448 48

1999 18,423 | 340 | 3,183 | 4966 | 144 | 156 7,599 | 1,075 | 908 52

2000 20,224 | 347 | 5488 | 8675 | 283 | 231 10,709 | 2,050 | 1,327 114

2001 46,474 5 25289 | 2964 | 379 | 353 | 13,634 | 2,132 | 1,588 130

2002 79,319 4 53,809 | 4,113 | 363 | 374 | 14977 | 3,170 | 2,333 186

2003 | 62203 | 2 |40,300 | 2,829 | 245 | 420 | 14,201 | 2,021 | 2,055 | 130

2004 | 69,057 | 8 |43973| 3275 | 298 | 592 | 15810 | 1,938 | 2,954 | 209

2005 | 62,753 | 856 | 37,329 | 4,333 | 200 | 720 | 13940 | 1,708 | 3452 | 215

2006 62,574 | 3,127 | 36,392 | 6,424 | 184 | 823 | 11221 | 1,389 | 2,804 210

2007 69,152 | 1,365 | 40,827 | 4,674 | 338 | 1,332 | 12,840 | 2,645 | 4,599 542

2008 64,805 | 870 | 34,147 | 6,749 | 207 | 879 | 15142 | 2,013 | 4,443 355

2009 47235 | 621 | 22327 | 5838 | 160 | 843 | 11,203 | 1,481 | 4,622 240

2010 71,908 | 1,084 | 38987 | 8,796 | 156 | 930 | 15,008 | 2,114 | 4,504 329

2011 115,819 | 286 | 63,166 | 12,656 | 273 | 926 | 27,596 | 3,250 | 6,841 825

874,928 | 9,171 |459,433 | 89,672 | 3,702 | 9,536 | 214,585 | 35,145 | 49,474 | 4,210
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TEA A - ARHEEE LPG 583 AGE S8 EAN Y & 3 7%11
Q1 155.5kw o] BEd=o] 1Y Bt FH A7 95.3km H=Z 7P =9kom,
502 55 AfAs At 17.1w/'Y, 3 ArARs At 56. 7k, %—‘% 7
FAFEA} 543k o2 ARSI

T AME 8= ﬂlﬂf& I, skt 55k 39 B AR
sk 1Y FaFdAee 8, LPG, 78 985 ARgehs AFsAtHth

L ES AT & AUTH<E 29> %&)

2 BrAbsatlr 2 ijEse vide R Bd=ds 2k 3
oH, 3F7] A%} 22 A v fald dEFe =AW 7 sl AF
5L gl 53] A s82k= ' <8t His| NOxS @ol Hi&3t
718A9, HE, 784 Hag 5o do7le Aes HuHa 3l o3t
AR ATE s, FF BfrAbeate] AT T Al wE 7]
LA e A=E asty FRAeate SV s 2adks &
T At
(E 2-9) MBAl X3 - ABHEY LFayi2|

(2l : km)
£ S84t st a2 4t S8t Al
A 409 500 54 4 76.7 462
SIS 26.2 213 18.0 106 26.1
4% 405 543 56.7 771 528
LPG 93 388 425 410 720
7|Et 0 0 00 0 0
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Hh2 0 2 2010893 HISsEE s RISkl Itk el AR Y] ZHAaA]
7d iAo R A4 Yea leS & 5 AT
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o] WEL 1,077,293U1Z 201099] B3] <F 0.87% 7
a AA=Z 4, Bz} 959 uF44, Fade7d
3} 5O7 WEHS AU o7 TAFHE Ho|a ok ASAA] A ¢

=
FARE Zrleke AT glou Aoz NeA f9 nEHe FEuE

(E 2-10) MBAA 2 4 § - 59 2SVR011Y)

T= A el 7ES HALH| R/RE
| 5,351,626 3,524,678 3,511,274 0.41% 1.00
= 1,077,293 526,632 550,661 0.87% 096
A 1,307,127 1,022,898 992,631 -0.34% 1.03
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ANEAA - 29 A-S 107202 BF7E A2A] T8 -]
A4S AFEE, FHFo] 3489330/ 7Y BRoH, o]0 Y50l
27423100/Y, dhd=0] 269,821HH/Y o2 Yt nEs=d
WEFA AT IY=50] 17,1390/Y, 5] 15,647/, B o] 13,7170/
A £O0F A EEfﬁ FEL AR FYste Aol W #= At
Froh o] BOoH(F9/E=137), B2 g5 A2dAM We fF A
Fol B B2 ZAoE FtE TN U/E=0.91).

(E 2-11) nEZY pnEZHMSX|LARH XIB J|F, 20114)
(e TH/eY)
5% A A 2o | 55 | zw | ME2 |ogpes
e
ofet | ZYIC, MSILC, ZR= AlA 134,624 | 135197 | 269,821 11,731 1.00
PAE bl k-] 45,052 43,678 88,730 12,676 1.03
T IAEEAEEE) Z4uNE
sy |@22) AacEonaEs) o4n| | 172642 | 176201 | 348933 | 12923 | 098
e
49 | MwkiZE, A 88,757 89,561 178,318 13,717 0.99
1% M2s T, HXIZ AA 158,320 | 115911 | 274,231 17,139 137
o eI AIC(EEISES) 132,139 | 133,852 | 265,991 15,647 0.99
SR |EEZ AA 38,604 33,356 71,960 8,995 1.16
T2 |AS, ALHC, MK 95680 | 97.363 | 193052 | 12,066 | 098
Mot (| AX-ESEA|ISEE ENARS 108,516 | 118,672 | 227,188 13,364 091
Ok | AISCHE AlA| 48,555 48,750 97,305 9,731 1.00
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v iis .
B OIS X
2 d %
1 w3 ° L
348,933 € s f*"rw
(0.98) .. 269,821
- g (1.00)
1"‘;“|\L‘ - ) ] i
178,318 " ’f""l‘ "J“u'&
(0.99) W 9710 - 227,188
22 e 2[:;5,;51 (0.51)
RNEZ  MEELAl MERLEEH(2012)
(O3 2-10) uEFY MM s
2) 71573 SHHO/D) £9Y 5HF A5 4
20104 o172 714 FRHOD) AnE WO AXTUL S0 E
B AE 2, A S AT Aol aETe] B AR 74
=3k
(& 2-12) RXTY 40 8
(el : oH/e)
T SEX HA A 7|Et A
e 219,496 28,683 86,928 70,172 405,279
= 233,128 20,303 105,248 82,883 441 561
SA 131,501 17,649 68,377 52,791 270,318
NEST 117,124 11,087 32,309 83,162 243,682
4rIF 127,077 16,339 43,611 77,585 264,613
ZEF 128,607 25,003 40,917 79,062 273,589
e 110,163 16,374 26,677 59,609 212,824
ME4 144,205 28,487 40,082 51,946 264,720
U4e4 82,057 23,099 31,560 56,538 193,254
L= 104,668 15,613 22,529 39,288 182,098
28 M2Al ZRAISAL HIESEM(PM - NOX)2 m2ist Tl Ha|wot



E %) NA7E 40 25

(Tl - h/)
T SER HA E4A| 7|Et 25l
e 200,695 21,773 40,760 67,342 331,071
enq 132,005 20,304 40,256 47,345 239,910
M2 113,746 27,969 37,681 35,190 214,586
ojz 181,869 22,008 61,475 64,610 330,053
UHT 200,261 18,544 45,903 62,207 326,914
P 208,331 25,543 41,212 58,815 353,901
T2 189,083 24,536 51,863 53,573 319,055
=Zx7 106,450 18,465 21,277 30,291 176,483
S 255,338 29,463 73,526 110,831 469,157
=xt7 123,684 24,105 40,554 49,503 237,846
Botp 142,883 32,529 31,458 44,964 251,835
MET 316,070 34,314 84,758 45,343 480,485
27 551,788 43,473 186,794 79,085 861,140
207 318,328 31,623 99,891 119,367 569,209
2= 184,007 17,742 34,168 73,044 308,962
T 1 HAN, O, B, 1%, Alel, S/, JEHLE, SUBBH, Ekt0|, XEA, JIEH
2ty _'%Eo*: ?—E%%*!%'“; AL QISR Li0f MERHTE MAIRIY : SAL - 1.272l/0), A

- 12.9504/21, B4A| - 1.5401/cH),
RE FEADSEE, 20120 ofF J|EH SHOD) Hrst U FHFL0E BSEAL 2012

A8 WEY) VA, =
WA e AT olushd FErt A ekt gk

== jri: Lig=E?

orgy Tt

(g 2-11) XA|7E sctnsEskn o|bHX|, O|MEEA sE H|I
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E 2-13) AA|FE ZtA - 2EHER - SHIEER nEY

(Thl - o/
as A A 2EEER SCHES =X
¢ 7= 2 ¢ 7= 2 ¢ 7= Al

z=27 | 1808 | 2113 | 3921 | 19625 | 18595 | 38220 | 2,084 | 1570 | 3654
Z7 | 3070 | 2,588 | 5658 | 22,080 | 22,602 | 44,682 | 4328 | 4,878 | 9,207
M7 | 723 784 | 1508 | 7,680 | 6702 | 14381 | 881 | 1699 | 2,580
N=7 | 107 185 202 | 14453 | 12911 | 27,365 | 2578 | 2,389 | 4967
TR | 1284 | 1434 | 2718 | 11,965 | 10,637 | 22,602 | 1284 | 1945 | 3,229
SHE7 | 695 617 | 1312 | 14658 | 12438 | 27,006 | 2621 | 2535 | 5,156
zap | a4 349 723 | 15852 | 14684 | 30,536 | 3637 | 3983 | 7,620
M= | 9 195 285 | 10970 | 11,407 | 22378 | 2287 | 1953 | 4240
2272 | 106 87 193 | 10084 | 9902 | 19986 | 979 | 1578 | 2,557
=7 | 288 259 546 | 8193 | 7724 | 15917 | 1211 | 1381 | 2592
o7 | 544 667 | 1211 | 10,140 | 10521 | 20661 | 3878 | 2,379 | 6257
emy | 723 838 | 1561 | 10898 | 11,293 | 22191 | 970 | 1,773 | 2,744
MOH2 | 1531 | 1154 | 2685 | 6982 | 6655 | 13638 | 2612 | 1544 | 4156
O | 1210 | 1454 | 2,664 | 10039 | 13022 | 23061 | 1674 | 1,821 | 349
UHT | 265 290 555 | 12,022 | 11,171 | 23192 | 7014 | 4485 | 11,499
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(2l - th/e)

A 2gsERt StistEAt

=2 7E 2 =2 7E 2 =2 7E 2
ZMT 582 568 1,150 | 17,955 | 16,386 | 34,342 | 9,432 | 10,695 | 20,126

TEF 537 515 1,062 | 17,956 | 14,063 | 32,009 | 4,811 4977 9,788

M7 208 314 523 10,183 | 10,396 | 20,680 | 7,428 3,857 | 11,285

9EZ| 2221 | 2,023 | 4244 | 24088 | 26021 | 50,089 | 4141 | 2,768 | 6,909

SAF 1,199 1,245 2,443 9,126 8,837 | 17,963 | 2,811 1,190 4,001

et 555 251 806 12,045 | 11,593 | 23,638 | 2,452 3,602 6,054

MZEF | 5205 5270 | 10,475 | 11,391 | 11,310 | 22,701 2,716 2,652 5,368

2 | 3,152 3,454 6,605 | 15,664 | 15893 | 31,557 | 2,985 6,255 9,240

suE | 2490 | 2643 | 5133 | 23204 | 23921 | 47,125 | 7,952 | 5232 | 13,183

45+ 707 673 1,380 | 14,784 | 13,124 | 27,908 | 5,682 4615 | 10,297
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7t SFET NEE FYEE FdFo| B o= YE
Aoz M-Q1% 7te] FHFET Me-77] 119 TP ol
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e Mg o 7] 7[EPH22.03), A9 2(1.23), THEEE(1.09)
o 2o EAL 1 7]EH2(1.43), AF3HE(1.30), 5-8X2K1.15)

E 2-14) 7|54 SYY(OD) Sd+HE 7 £ Hlw

\s Me-olH Me-z| MHe—azAe)
2p o e T P R = P I =]
Mg | HZ 28) 7:7| Aj% 28) A;ﬂgl H; 23)
L] = (=) T
SEA 3,534,945 | 132,724 | 136,729 | 103 | 935468 | 958849 | 102 | 85714 | 98435 | 115
AJLHEHA | 402,862 705 474 067 | 25761 25,708 | 1,00 17 8 044
A|2JHA 0 237 242 1.02 1,067 1,318 123 | 4,420 4628 | 1.05
oStHA | 100,307 0 0 - 1,201 1,268 1.06 7 0 007
ZoIHA 6,702 2,112 2,231 106 | 21,181 20,865 | 0,99 8 6 0.75
J|Ef{A | 22464 1,504 1,668 | 1.11 10,298 20,865 | 203 | 1,090 1,554 | 143
EHA| 1,312,275 | 2,846 4587 161 66,648 67,697 | 102 411 262 064
SIS | 181417 | 21,850 | 23122 | 1.06 | 122,054 | 117,531 | 096 | 16,647 | 21,695 | 1.30
Zridst=E | 19919 | 21,850 9,779 | 045 | 36,151 39,436 | 109 | 19692 | 16,712 | 0.85
QEH|0| | 701,166 1,293 1,251 097 | 13726 13,622 | 099 0 177 -
S| 6,282,058 | 185,122 | 180,084 | 0.97 |1,233554 | 1,267,155 | 1,03 | 128,007 | 143,478 | 1.1

ANz FEHUEEE(2012)

ojs} 2ol 7154 THHOD)= W 4T 7 - /0T x5 2
HA, A - A2 A wg et opdet 79 W = W S
°olF Holal gt} FE AgAlell A wiEHE o|ishA Ee wEEe] B
2 7ETeA w2 FAE BolH, BgHae Az
T, U8 FEA % Aﬁ’-cﬂw - EQF] Hlﬂfiﬂ we Roz vehdal
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H3E FRAsA 2ESd WEEY
1. AHAE 3] PM - NOx W&

A HlEdE vA A9} AakelE wEHES <3 2-15>, <3t 2-16>%
2} v YA S-S S UEE AT EE o5l ulE vige] 7
= = Qitk 20099 HHHA] & F 2,045%F0] 1, HjEEE LA
%2 E2ol% QdY) ujEake 132980 % o 65.0%2] A BHES 2}

AstaL itk mAEA] HjE TS et SEe] SlE Bt & F

fr
o
o
Ul

2 SO 2006\ 371A] F7-S wHEEiT)
N2 21487019 Ve FAHE 22 AL
NOx Hj&o] Jjd oz 74s Aoz Hg) 20009 AAEHE Hf
L 69,5580 7 o] 7}t E2olFEdYo] 39836207 57.3%9] HIFS
UehHa 9tk

PM10 7| MNOx HI|= HUHX
_ I At -
BIEHA L T e Ha 4== 0wz U
4 coms 0.7%
HEZ 3% _\ / 10.7% Ols2Ed 2-3%’;‘
come o 12.3%
E=28E Mz
20.4% 0.1%
Ezo|s
288
65.0%

(3 2-12) siESAE o|HHX] siEHE (O 2-13) siERE A MEE SIS
(20094 7|F) (20094 7|F)



(£ 2-15) MEA| tHERIE o|MHX| i E521999:~2000')

(T2l B4, %)
o] E20lE | HEE2 |HYE -
= AlO4 Zo | AHALZA =13
T Ao HIARY | ®IZY | MASH ouel | oj=ous | #al 7|Et 2
009 9 219 1 0 1,329 418 31 39 2,045
(0.4) (10.7) (0.1) 0.0) (65.0) (20.4) (15 | (19 | (100.0)
0008 11 249 4 0 1,456 330 26 41 2,116
(0.5 (11.8) 0.2) 0.0) (68.8) (15.6) (1.2) | (1.9) | (100.0)
2007 13 278 5 0 1912 1,652 22 38 3,920
0.3 (7.1) 0.1) 0.0) (48.8) (42.1) 0.6) | (1.0) | (100.0)
2006 7 363 4 0 2,690 349 19 0 3,433
0.2) (10.6) (0.1) 0.0) (78.4) (10.2) 0.1 | (0.0) | (100.0)
005 14 367 3 0 3,009 913 4 0 4,311
0.3) (8.5) 0.1) 0.0) (69.8) 212 ©0.1) | (0.0) | (100.0)
0004 13 324 3 0 3,508 570 5 0 4,424
0.9 (7.3) 0.1) 0.0) (79.9) (12.9) 0.1) | (0.0) | (100.0)
2003 14 312 5 0 3,430 916 5 0 4,683
0.3 (6.7) 0.1) 0.0) (732) (19.6) 0.1) | (0.0) | (100.0)
2002 13 341 5 0 3,399 875 4 0 4,637
0.3) (7.3) 0.1 0.0) (73.3) (18.9) ©0.1) | (0.0) | (100.0)
001 18 427 9 0 3,509 566 3 0 4533
(0.4) (9.4) 0.2) 0.0) (77.4) (12.5) ©0.1) | (0.0) | (100.0)
000 16 445 7 0 2,757 521 3 0 3,750
0.4) (11.9) 02 0.0) (73.5) (13.9) 0.1) | (0.0) | (100.0)
1999 15 483 8 0 2,281 399 2 0 3,189
(0.5) (15.2) 0.2) (0.0) (71.5) (12.5) (0.1) | (0.0) | (100.0)
Z  O|MEHX| A2 |AHX] iS22 0]EE
x}g:aagwg HEkel, 201112, 2009 CH7 | 2YS2 wi=
(E 2-16) M2A| siEY HAMSLE v E2199914~2009H)
(T2l B4, %)
ol E2015 | HEZ |H7IE -
=] A}O4 o1 AP x st
T Ao HIARY | ®IZY | MASH ouel |oj=ogsl | wal 7|Et 2
009 493 | 18,885 | 145 0 30,836 | 8565 1,611 22 | 69,558
0.7) 272 0.2 0.0) (57.3) (12.3) 23) | (00) | (100,0)
0008 507 | 18427 | 814 0 43,491 6,915 1315 | 24 | 71,493
07) | @58 (1.1) 0.0) (60.8) 9.7) (18 | (0.0 | (1000
5007 789 | 19,625 | 1,393 0 52,010 | 38234 | 1,014 | 22 |113,086
0.7) | (174 (1.2) 0.0) (46.0) (33.8) 09 | (0.0 | (100.0)
2006 309 | 20295 | 991 0 56,040 | 9,161 1,007 0 87,893
0.5 | (231) (1.1) (0.0) (63.8) (10.4) (11) | (0.0 | (100.0)
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(2 AS) MSAl tiEE ELMEE o E2H(19993~2009H)
(E9]: B/, %)

o =205 | HER | B2 _
=] AOd o4 A2 X =19
TE | uy | U] AR 9858 ons loigemu) xa | T |
2005 1,062 | 20,744 | 1,346 1 59,333 | 23,937 835 0 107,257
10 | 193 | 13 | 00 | 653 | ©23 | 08 | 00 | (1000
2004 1,012 | 20,037 712 0 65,625 14,941 1,222 0 103,549
10 | 194 | 01 | 00 | 84 | (149 | (12 | 00 | (1000)
2003 977 20,160 | 1,154 0 64,372 | 23,875 1,159 0 111,698
09 | 189 | (10 | 00 | 679 | @14 | (0 | 00 | (1000)
o | 8% | 20838 | 1110 0 |64190 | 22713 | 817 | o |110354
0.8) (18.7) (1.0 0.0 (68.2) (20.6) 0.7) 0.0) | (100.0)
2001 2,609 | 21,731 1,451 0 64,157 15,068 692 0 105,718
@5 | 206 | (4 | ©00 | ©07 | (143 | 07 | 00 | (1000
2000 2,276 | 23,384 | 1,017 0 54,315 14,907 693 0 96,591
e | @22 | () | 00 | 662 | (54 | 07 | 0O | (1000
1999 2,067 | 26,276 999 0 48,459 11,651 384 0 89,736
29 | 299 | (1) | 00 | G40 | (129 | 04 | 09 | (1009

ANZ  DEEFNEHY, 2011.12, 2009 7|22 HEY

i 7t E2olE 29U 20099 WSR-S VIR g A A
WA} AAMNE HjEHE < 2-17>3 2t A1) nA|HA] wjE3e
49.9%, oAkl A HiETES 39.9%E 71 Ekom, tHEE 58xHRV)] 1
AR WiEEES 40.0%, A2AtEE S-S 133% 508 T20lF oY
A HjEol] 2 7S ARzl ALE Ve 18]al =20l S dY 77
PRS2 AARs Al A slEE 1L QloH, AAASHE-S 22,802 0%
oF 57.4%2] ¥1F-S AA|EIL Utk

E 2-17) E20|5 ¥ FEQ A5 o|MHX|, HaLstE siE2H2009H 7|F)
(2l 7, %)
. ol 4] Bk
TE HA A9 NEA HA A9 NEA
B A 12 (0.9%) 12 09%) | 5117 | (128%) | 1271 | (3.2%)
£S2X} 3 (0.2%) 3 (0.2%) 8,633 (21.7%) 35 (0.1%)
S5HRL 115 (8.7%) 115 (8.7%) 1,835 (4.6%) 1,665 (4.2%)

M2 ARASAS PM - NOX HHESY 24 35



AL 2015 ¥ FE29| A5 o|MHA|, HLLEE sS22000H 7|F)
(EH9]: B/, %)

- ol H|2x| EAAEE
- HH A8 XEx HH A XEx
O|ZX} 0 (0.0%) 0 (0.0%) 719 (1.8%) 0 (0.0%)
EHA| 0 (0.0%) 0 0.0%) | 2221 | (56%) 0 (0.0%)
ISES ! 3 (0.3%) 3 (0.3%) 123 (0.3%) 123 (0.3%)
312X} 663 (49.9%) 663 (49.9%) | 15,906 | (39.9%) | 15,537 | (39.0%)
RV 532 | (400%) | 532 | (40.0%) | 5282 | (13.3%) | 4,231 | (10.6%)
S| 1329 |[(100.0%)| 1,329 |(100.0%) | 39,836 |(100.0%) | 22,862 | (57.4%)
PM10 NOx
L STH RV S B
oo%  03% B7%  sag 13.3% 12.8%

0.3%

RV
40.0%

1= (
49.9%

(18 2-14) E20|S o@e #B (17 215) E20|S o¥Y 2o
HH clAGIR SEdIE000 12 HEH HANSHE HisB 000K 15

ZAfrAre At A HlE 712 AR, sleAte] 71wt 7P wom,
Ak 7o &7} ol ¥hd, RV M MEJ} A S7FBIAL QTR o=
Azalst Aol SRt} SHEAlE FAoE FRE 0, SRR} sEAt] vl
Az g AatslEe] W& 7104%01 Aag Aow AgEck

20099 HiEHF A5 S 71 Fo8 TRolF 29N Ml s AR, vl
ARAE BF3lEal, Aiesdal, A Rvatla 99.5%2 tii-te] wEs]
o, AAelEe 57.0%2 Al oS wiEshs 202 Vet

9) W71 AR LA 2=H(CAPSS)] =205 299 EFAAI7} 2007 7102 wlE&d SEF
RVAVHHER ARF5I5100, 2008208 HERol 921419 AU ke HEEe,
2] BHE0] 2ol 249lo 2 BRE teh o E hslel 2007320004 &

2ol 0A9 MEHS U uEAOR ARe)F Fo vk

36 M2Al ZRXAISA HEEMPM - NOZ T2{8h Chy phajgtot



A AEEE AR, B AEA e F8 RVAZ) 71 B, o
Se 39 S8, 27 A, YZEY #Aolth ERolFOGUN M
WA W2 3 49.9%7} SHEAS] SJ3F nlARA WS 2 A JES
AN the gl vla) wARIA wEIFe] 493 B Aoe Yent
MR w2 AAGNN B g thgo] A&H oz o] FolA
& Aoz poEd. w3 AARY A% 2710 B AR 2 AasE
wEulgo] FAS Z7Hel ek 35 g 1Bt ARe) 17 9
S8 8] Ete olol i Belt dEslolof dk

223 g A ALNEE wEHFe sk A e, 59
s12ate] NOx WhEHI &S B3 F7bske FA) Qlow), YzEe ugo]
12-15% 552 AT Qo) 3 B2 2 AFAR D87l 55 B
BAs Bage Ak gk

(£ 2-18) HARASA MF XE5E olMHA| § HLdslE siE= HIE

o 0| A AaLEE

= 2007 2008 2009 2007 2008 2009

A8 15.8% 16.1% 152% 8.6% 8.6% 9.1%

=3 10.3% 147% 21.9% 13.1% 207% 32.9%

cha 2.8% 3.7% 3.0% 20.3% 5.7% 6.4%

B=At Ex 1.0% 0.1% 0.1% 1.0% 0.2% 0.2%
HEEY 16.3% 7.1% 7.5% 15.7% 12.3% 14.9%

F3p|EQA 7.4% 2.4% 2.3% 71% 41% 46%

A 53.6% 44.1% 50.0% 65.8% 515% 68.1%

23 6.9% 7.0% 6.7% 2.0% 2.4% 30%

=35 0.0% 0.2% 1.8% 0.4% 1.0% 3.4%

&3 CHE(E2) 6.1% 8.2% 0.9% 201% 29.6% 6.2%
Ex 0.1% 0.3% 02% 0.0% 05% 0.3%

Al 131% 157% 9.6% 22 5% 336% 12.9%

Ex 0.8% 0.3% 0.3% 0.9% 05% 05%

A8 26.2% 34.2% 41% 9.0% 12.4% 2.2%

RV =5 6.2% 5.7% 36.0% 1.8% 2.0% 16.4%
A 32.4% 40.0% 401% 10.8% 14 4% 18.5%
= 1000% | 1000% | 1000% | 1000% | 1000% | 100.0%

A= FEeEnEty, 201112, 2009 CH7|2UER HiES
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] B3| EAE AABIAL k. Y Y] AFHE wlEEAS AR,
2009 A4 7o 2 mAWRAY] BiulEATE $8 SEAPL L6lgkm, &
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Ao B3hlEAle S5t 4.75gkmE ) FAAR S vl &
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otth AMBIEE vIRAE E4AL 20 seAks Al 2 S84k
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FE= Ao, BrAeAtlA wiE

25) A& : Berlin, 2012. 5, Luftgiiutemessdaten 2011
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ERL T I £ 10
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0 0
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&
< {2008 .
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WCEa2 MCOT NGBS MC32 MGDID MD11S WCIT7 WOI43 NGiTA N220 \C032 WDOTT MCOBS MCOAZ NGOTO MGT1E G117 WDI43 MO1T4 ME220
il = 33 | Y 33
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A2 : Berlin, 2013, Entwurf Luftreinhalteplan 2011 bis 2017 fiir Berlin
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(3% 4-19) HISE2I9 NO, BRSE £E
HIE99] PMIO, NO,9| HiET-S 1989\ o] % ZHAshe Aake Holal St
1989137} Hlaste] PM10-2 82%, NO= 73% AT A4S Ao = Yepsith
20099 NO, HiZe IFF-E(AFE2D O] oF 40%, PM102] iZE-E Efo]o],
EE 9, Heo]a nhe, =2 AHlLt TS FRE aE-Eol oF 29%9] HIF
= ApAstaL Stk

1_4

(£ 4-7) HIE29 #2E NO, & PM10 BiS2

(T2 ty)

1989 | 1994 | 2000 | 2002 | 2005 | 2008 | 2009

Total 69,071 | 42,417 | 25981 | 21,913| 20202 | 20,744 | 18,619
Fazgtt'sgri;‘:‘?;':”g 41757 [ 16,172 | 8331 | 6499 | 6,034 | 6594 | 6594

Home fumaces 2,704 | 3120 | 2860 | 2,860 | 2,945 | 2,900 | 2,807

NOz Small commercial 1,200 700 190 185 160 150 127
Traffic (only motor vehicles) | 21,410 | 19,025 | 12400 |10455| 9538 | 95500 | 7,510
Traffic  (other) 1400 | 1,300 | 1000 | 900 | 652 | €50 | 641

Other sources 1500 | 2,100 | 1200 | 1,014 | 963 | 950 | 940
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(] : ty)
1989 | 1994 | 2000 | 2002 | 2005 | 2008 | 2009
Total 17,580 | 8804 | 4729 | 4199 | 3854 | 3623 | 3,125
Fazgtt'sgri;i?;':”g 9563 | 3161 | 960 | 650 | 384 | 153 | 153
Home furnaces 2,693 | 1,148 131 132 96 96 95
Small commercial 250 220 160 153 149 258 258
PM10 Traffic

. 1,736 | 1,135 667 394 355 300 225
(only motor vehicles,exhaust)

Abrasion and dust from traffic
stirred up by wind

Traffic(other) 238 190 124 130 123 120 119
Other sources 1,900 | 1,800 | 1690 | 1,690 | 1,648 | 1,606 | 1,606

1,200 | 1,150 997 | 1,050 | 1,009 1090 669

A2 : Berlin Environmental Atlas, 3,12 Long-Term Development of Air-Quality(Edition 2012)
http://www stadtentwicklung berlin de/umwelt/umweltatlas

A e ag

(1) M3sl HA 25

100% [— T

HIEDAIE 20109744 BE H&
A ABIANE R BwoSEE 0 T e e
VI6) 71g WS B 600t B O e e
G BRE ANLAYE FAR T B EE
7}, Buro 3 71% 1610, Euro 4 7% i E
409%, EEV/Euros 71 S35t 5 o mmT

= 39 HE ERE gAE}79) Target
o2tk olo] wah Agulzo] Wy  (TH 420 IS Aol HAE HIR(%)
Bl EAIGE 20049 0.47gkm G504 2011 0.047gkm FF02 ZA /R4
3, NO, HlEAFE 22 713F 183gkmollA] 9.71gkmZ 7HA= ATk

26) EEV(Enhanced Environmentally-fiendly Vehicle) 713 : 1999 EU7} 313+ 714 A21E 98l
Y= 7]1Z0 2 Euro 59} Euro 69 £7F A=
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ﬁ + a- =——inncrhalb der Umwelteone  ===auRerhalb der Umweltzone

100%
—~—
"'-—--_.___\
P

99,2% 97,5% 95,5% 94,9% 93,2% 89,6%

A= : Kilian Frey, 2010, “The Low Emission Zone(Umweltzone) in Berlin”,

(2 4-23) BAXY AlY 013 DEY W3

o, L H=AS Bol WiEshe 159 Aeat 55 Higo] 197 874849
il 582 70%, 498 AFsAk= 50% =7

swel AEAk e S7RE Ao s ey t7|ededS Bl wiEske A
TAEC] AT Aow EAE<E 424>, <1

number of registered vehicles with pollution
category 1 (no sticker) in Berlin

&1.a4e

sa.000

25000

decrease due to LEZ

-73%
[

decrease due o
21180

i, 13.004

Jun 08

Jan 06 [Trend 08| Jan 08 Dez 08 | Trend
end of

08

end of
na

passenger cars commercial vehicles

A2 : Martin Lutz, 2009, “The Low Emission Zone in Berlin-Results of a First Impact
Assessment”,
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100% - oWz

® 99%
99% Effekt der UWZ
Pkw
296% Trane 96%
90%
85%
84%
UWZ
I T _growt der HGV
70% Nutzfahrzeuge
a 68%
67% Trend
61% L
60%
50% T T T
20086 Jan 08 Juni 08 Dez 08

X2 : Martin Lutz(2009)

(2% 4-25) SAX] AW Mol 555 2-455 AISA SEHIE HE

FH SAAY A A - F Y U7]e 9 vl #gke <l 426>
I 2} A AE AR B Aok AEAke] AAdHRIe} = EH S-S
n2 S, 2008 "AHA] wjEFL 2007 0] vlE) oF 6% HAshE &3}
E Hole 202 A49th 2008'd AAl B4R A8 o]F AFAt FEAR
E o] &ate] MiEES A Aol oJahy, e oF 24% AT Aew
FAE 2eja 2EA g dido] ofd wiEEH 19 XPii} | 525 oA
g ZAfolle mANA Aave Hd 30%E A5t dasEe 344
g APO T 14% AR A4S 895 Heltk

20074, 2008\ FA] th7] 2.4 wiEF MM E WAHR|E oF 3% 7= 1,
24X WA 71 Z2do] 4~59Y B 7HAiSiT) A 99| HH o]
nlAR]e) 23S S5 o], A7 oJsf NO2 HiEEo] S7HSlE =
T3laL oRIBFAAE 7-10% AE 7HAEE A0 F Uttt 1?4?& S A0 E
Ih= 2917} A== 20101 ©]
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5000

W2007

7.000 T Otrend 2008 without LEZ
BLEZ2008

6.000 4 ag—— OLEZmax

5.000 4

4.000 4 4%
3.000 { o

2.000 4

1.000 o 2%

entire fleet pass. cars LDV <35t HDV>35t T entireflest pass.cars LDV<35t HDV> 35t
(o] MR [EattstE]

A2 @ Martin Lutz(2009)

ﬂoﬂ%ﬁ NO, 71% 1834 O%E%w~ 73] Fololth. Buro 3 71&S A40E
AR A7} NOx Bl E 5] oF 40%S HiEshe, 20101 =3H) 2EIAS &
NE5+5 39 AFsaE 4R 287122 WiE5F 42 /Hs7] $lsiA
oA DEE AEstelol dok ey B AAAA plARA] ZE A
o] WiE7k2 NOE S8kl o], 29 A 297493 AL

fr S ont
= :lC' I-

>

olell w} W& = HAot Y skealE thde= NOx A7 SCRT H

Aol F=kal 9lom, o 39| Aol SCRT A @32 Sl AA
=

=
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A= : SCAQMD, 2012, FINAL 2012 Air Quality Management Plan
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road point,
dust, 10%

point,
5%

off-road,

area, /%
29%

off-road,
17%

on-road,
on-road 23%

, 59%
NOx Emissions: 721 tons/day

area, 39%

Directly Emitted PM2.5 Emissions:

80 tons/day
A2 : SCAQMD, 2012, FINAL 2012 Air Quality Management Plan
(gl 4-28) Zz|ZEL|0o}F= NOx, PM25 H|E2l(2008H)
2) BaAbs AL deldg
Ae]Ejo} A oA 71 Fobo] F2 ARl AP H-S] PM2.5 71L,

QF 7IE@ eI FERE oF 4489 F8 HTEZES NOx HiE2S Al

(1) M=x viEsi87|& 23t

A Tolr wiE7]Ee] AR ME7IERY o A4S FFolH, A
71Ao] S 7HARY £ot AfAlEAte] By WSS 4] 4t

78] ol tf) 7184 (California Air Resource Baord:CARB)-2 19901 d9]]
2150 2 California’s Low-Emission Vehicle(LEV) T8-S A3}, 199435
E] 2003'A71A19] A=A 288 v Sl o] % K} 7Jste LEV 1T 117
S At 2004 WRE AR AZAEA ] ALs)a, 20149 ERAE
2 o= B} A% AlfAksAt wilEs8 71 LEV 1 7152 FRlskaL )
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(2) HHETIA R |ZIHEX|(ODB) Mx| 2|35}

nj obgEE g3} 9 A SEXE galoE 199449 Hd x}EHE
OBD AX|Z, 1998 J5E] OBD-II H-2-S o) 7-3)&}ar glrk 7“1?4£H°}%‘{CARB)
+ 1990 7€l OBD-II A%] JF-SHAI=E Aelstal, 199435 AYrks=

8% 43 3% 9 ABATAA ol 4832
Z

o=} o}u]a} 15 xﬂo}ﬁ}z] e 2 M7} 3E T %«‘ﬂr 287 HH
E7i2ol BA} Ok ABAE ABAOE PSR FAZ Be)v)ee] o
& YA 72 B w2t BE BA12 1ot aRRo s Haelr) s A
2l OBD-9) AA] oF-8AlE E90] 2T AE Folu.

(3) California Diesel Risk Reduction Program
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ME QS Fkar ok GAVFEE L Y B ffOJ Level 34 A7ralgol
A AR T AAPFEA Y o] 0.01gbhp-hr o]t Level
Tt} 2004'd PIAAR] 27| Q15 g ellA] NO, HiZoll
gk A L(‘?:‘741) 1% 4745k bl JITHNO, HIE “J3SH) : Baseline NO, Hl&<]
= A 7o) sE A Zste] A8s81A] X}
5}7} 20073 5-E] E‘ri 2slE 7]F(Baseline NO, BlZ2] 30%)2 283k &
2009 o] Foll= ) 7IEo = Zskste] AR A7FA R {18 NO, %—7}
HAIE dsta Aok ArAsAt MiE7ks AR BrAFs AR ofy
2f, ZAA71A, F71A 5 HIEZE Fule} i vlex H85a gtk

K

(Z 4-9) Ha|zLoto] M| xzHlE J|E

T HNaE X7
25% O|A Level 1
olxjAt 2ZI(PM) 50% oAt Level 2
85% 0|4t K= 0.01g/bhp-hr Level 3
25%0[ A Mark 1
40% oAt Mark 2
E A AMSHE(NOX) 55% Of&t Mark 3
70% Ofat Mark 4
85% Ofat Mark 5
X2 BESADEY, 2000, NS HIEIIA NARK I U HAL HD JjMet (1)
5. 7%
D d7187 28

CO, NO,, PM10& 1]=F SEH(EPA)ONA 7R8I Qe t7]12 9529 o
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71873 67 7S sl ok 2y 223 200430 =HE PM2.5E 1

NES GASHA Fela Qluh A PM2.5SE A7F 3,000 ol Z7IAM,

8,0003] o]e] deolvt 54 SFA olFe] AMIAE BuEa ik
olAH QA fJaidol & PM2.5 M A

ALt 45%, 7] T SO0l 93 o] /o] 55% FEOE A E ], TS

8 Ao oA gtk

O

(9]

(E 4-10) 529 tf7|&d s 24

T= | 2000 | 2001 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010
PM1Q 46 37 51 45 27 27 27 25 26 20 -
(ug/m)
PM2.5 152 151 143 142 133 144 124 132 159 12 15
(.ug / m‘)

NO: 38 38 38 38 35 37 34 34 36 - -
(ppb)

220084 Xz New York, PS59 EX 4 x| 200912 PS19 =84 K| 201042 New York Northemn
New Jersey-Long Island, NY-NJ-PA X2
A2 MBEHYA| 2012, 2011 M CH7|E HIIE DA,
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) 280tH] EF A - A, 7 ws Sof 1,5009H2E7F Ao, 6.3%
o] PM2.5 ARRHEI7} YR,

(2) EiA|, 2|7, cHoIXISAE 22|
A A= BA] 13,0000H, 21571 10,000tH, e ZFE=} 25,0000 ©]/do]
3= o} 53] YA FaAR = A1 80,000kmel] o] 2L {lo], S/
o] WiEdhs CO, W& oF 4%, 784 AA| viEZ] 1% H=E A}AIs8)
At} GA1Y] ARE AT 718 AT olaks A AR E
& = AoE el Wt Al 2007 Al EAIE TSR 2008
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om, A%7Fse BT HABANY FEL Mo Solnels, 2745
5 AP T3} BEe GH o Fska gtk $AA0R s B S
SEY A 59 A7NE S, AW, A 5 T8 ABAES e
2 227} RS Poialn glow), Al knge 2 e) Shbe vojela 9l
A, S-SR elo RISl A7) $H, ONG wzze] A, A7)
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N 5 ABNS Aldo] FHE ol Ik 53] FRATA AT} A
o 87 W P2ENE FrIH] I3 44 ke SRR A)
=2 9 ARt A Yo

YR, AAEAEE B719GR A % 2 SRS geksiel, JPue v
Age) BRBeRAL FFO2 £ - olPsta Yov, Hade] FEe
oz Ajawte 2] Slal A s 7 W eke el g, B3R
& BP0 ARl LUATS AP ke Aol EH A,
£, A9 Fo] thwA U718 Bl Sl8l o] A= BT AL oy

S8 Al St} EiEE 1% 3¥0] 5o S
AR AlIME EoE thestal ok 3k fE
e AHoz A7 TFskal ek

T, PM 9529] Z-rAke At Bt izl ]l NO, 7i4do] A
NO; 7IiE @40] 8oleHA] &2 =AE2 NOx #j&o] th3 43te Euro
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A Study on the Policy Options Considering Life
Cycle Management for PM + NOx Emissions of
Diesel Vehicles in Seoul

WoonSoo Kim - Yu-Jin Choi - Jeong-Ah Kim

There is growing evidence of the health hazards of a distinct set of air
pollutants such as particulate matters(PM10), oxides of nitrogen(NOX) arises
from studies. Taken as a whole, the health studies show elevated risk for

possible development of asthma and reduced Iung function.

According to the WHO estimation(2008), urban outdoor air pollution was
responsible for 1.3 million annual deaths, representing 2.4% of the total
deaths. Worldwide, urban air pollution is estimated to cause about 9% of the
lung cancer deaths, 5% of cardiopulmonary deaths and about 1% of respiratory

infection deaths.

In 2009, based on the clean air policy supporting system(CAPSS inventory),
road transport, one of the major sources of urban air pollution, especially
accounted for around 65% of all PM10 emissions and 32.9% of NOx emissions

in Seoul.

This gives the motives to the decision-maker of Seoul city government for
preparing general PM10 and NOx reduction plans, with focusing on provision
of low emission vehicles such as attachment of DPF control device, accelerated
retirement of old vehicles, conversion of diesel buses to CNG buses. Due to the
implementation of such reduction plans, the level of PM10 concentrations in
Seoul are dramatically showing yearly declining pattern. In 2011, the average
PM10 level was 47ug/m’', compared to the level of 76pg/m' in 2002. However,

the concentration of NO2 has not been reduced as much as we expected.
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Without dramatic reductions of NOx emissions from transportation sources, the

on-going clean air initiatives would not be successful.

Thus, the purpose of this study mainly given to preparing the policy
options considering life cycle management for PM and NOx emissions from
diesel vehicles in Seoul, thereby efficiently reducing the PM10 and NOx
emissions in a customized management way. The basic framework of life
cycle management for PM and NOx emissions from diesel vehicles consists of
two approaches : 1) adoption of more stringent emission criteria of new
vehicle with provision of low-emission vehicles, and 2) car /M system,
attachment of DPF : p-DPF - PM/NOx reduction devices, engine conversion,
operation of low-emission zone, retirement of dirty vehicles, and sticking of
emission certification with model years of diesel vehicles.

This study might be used as a ‘lively practical guideline’ to assist Seoul
city deal with PM10 and NOx emissions from the viewpoints of life cycle

management of emissions from diesel vehicles.
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