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Assessment and Estimation of Particulate Matter Formation Potential and
Respiratory Effects from Air Emission Matters in Industrial Sectors and Cities/Regions
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Abstract : Since the fine particulate matters occurred from mainly combustion in industry and road transport effect to human
respiratory health, the interest and importance are getting increased. In 2013, the World Health Organization (WHO) concluded
that outdoor air pollution is carcinogenic to humans, with the particulate matter component (PM;o and PM,s) of air pollution most
closely associated with increased cancer incidence, especially cancer of the lung. Therefore, many researches have been studied in
the quantification and data development of fine particulate matters. Currently, the Ministry of Environment and cities/regions are
developing the fine particulate matter data and air emission information. Particularly just PM;o and PM,s data is used in the fine
particulate matters warning and alert. The data of NOx, SOx, NH3, which have the particulate matter formation potential are not
well considered. Also, the researches related with particulate matter formation potential and respiratory effects by industrial sectors and
cities/regions are not conducted well. Therefore, the purpose of this study is to evaluate and calculate particulate matter formation
potential and respiratory effects in 11 industrial sectors and cities using NOx, SOx, PM;o, NH; data (developed by Ministry of
Environment and National Institute of Environmental Research) in 2001 and 2013. The results of this study will be provided the
particulate matter formation potential and respiratory effects and will be used for future the fine particulate matter researches.
Key Words : Fine Particulate Matter, Particulate Matter Formation Potential, Respiratory Effects, Air Emission Information,
Human Health

20 g A U ERolFo Y SORRE MR n UL ANAFT £F/) T JFS 1A gov] ofd
de Fa4o] A F7Heka Alek MARA7LWHO)NAE uA|A(PMg) D Zul A AAPM S 4@ % un Fo
2An g SE 1T WGEAR AT o[ F2 YUl ALHel FHI dTE A ew ek dA B
S} 2t AAAER oA D oyl e GYRE FEFp] AFHL YAT, B3] vlwiA] Fo % ARk 9o vl

AR PMip B PMps AFR TS 285kl QL mlAlHA Gl F3F-& F=NO0x, SOx, N AR+ &8 9 18 E oA gL
Qlth. ok T AYE W A A MR A vl A G4 7h5A (particulate matter formation potential) T M| 1 4]
AR & QIgE AA 5 7] B FE 7Hrespiratory effects)2f TAE A= Wol Mol Hir | girh oo & A HAH2
=W 117 4HE H A =EE 2000037 2013 45 2D S-S ol A AASEL 9l NOx, SOx, PMip, NH; A =&
2r-8-3lo] v A|H x| & A(particulate matter formation potential) H7}e} o]2 I3t Q1A 587 IS H7F W AFYSIo] v
AAStALAL staTh 2 AT AR AGE W AEHE uAHA P bAG dFS AAstE e, & nlAHXA]
o o] Faal e S e Ao AR

FHO - mAHA, AEAEA e, 3E7] 9, d7Ied R, AAAG

1.2 EolA n AL 7| =S A8l 7 557 AEe o
07 HHQ Yelolw, oo x B RAL T} LAY

2013 A%F-E] AJA| 27 7]7H(world health organization, WHO) — So] uhgicy. B3| ZulAWz: |l HA =t 2y 2
A= 357 4 FREE JFE7} 7 AFEE 5 < 7] Wl 7|EolA A A A Bt thERE Ho] wehE
Aol Aztet 9 S 712 = e v AU (PM) D 21 o1el HlE71x AEe) AAAsT} 557 AH 5 doy)
AHA(PMas) S A 2 H& 50 B 2 5315 AR dEA ok nAvA TR O vA
AFEAR A QT o] TR Lyl AE x4H el B 2|7} v E 2ot A, AR A Sof uhet geba 4
7 7S Ao ok vHAE AHEA} vz QA hRE 7| e dEdo] F7] Fol|A whgste] F
AdgEoR Qed WYHE GEED U FF5 5o AE BAAS B, 3, 24 53 Ag 9 He 5
g7 5ol A Fakel whe-S UoA grEofRILh? o]gA v S ARE ol oA dAleHs BaRel Ay, AX
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Al EZ o] u|NHXR] & A 7]—% “J(particulate matter formation
potential) & 7] e FdEA R Qa4 WAYE wAHAZ <l
gt QA S 57| 43y 7]-(resp1ratory effects)@} PHE A
ol AAHT A ek olo] & AN W 4
AHA1I7M A iER) 9 A=EHE 2001 5FE 20134
7] 25 8l e asklel Al AlAskAL gle NOx,
SOx, PMyy, NH; A=E Z-§3to] vjA|Hix g dg7Iet o]
2R AR # 557 dFeE %+ A

HlEL A4S s,

2. Xtz A A

oz

EH
=

2 AGE feliA SR e skl A AlAlskaL
Q= =7 71952 vj&FF AJH]2(national air pollution
emission service) A7 E &-&35tch 19 271 grlegdexd
&S AHl A 2tg e gi7jEEEE, AR Eeld A
At A, BARY A, Az A 5 F 1 A o
B2 Table 1), 1811 177] A|=o)A] 871A] 7| gd&E=A
(CO, NOx, SOx, TSP, PMy, PMys, VOC, NH;)9] uj&
ArE dxdE BHoFa gk nAHAFAY 7Hed R
A E ml A2 Q13 I E57] S B7F SleiA=
WA AEe d7eEE oA pAHAFAE 7Hs/doll
o =L =20 NOx, SOx, PMjo, PMys, NH;9H-S 1125}
OﬂOEq” o 7] A PMpsi= 20112 E 245k Qe AR
o|E & 2001} 2013 = 0] A¥Hd U= B7HETE Ho
7] A AP Al Al skt

aAHR| = QIgE A Eg7] FFF B7HE flsiAl Ak E
7H(life cycle assessment)Z}g oA 4238 4= Q= AH S
g 7Klife cycle impact assessment) W= o] 4] ReCiPe'”
R ES ARSI AR B 7= =2 AlFold AHla
W AAHE oo B B, 44 U4 5O B
YEAT HBEE 7] U 24 LARA, A1E SO )
FRAESS vEo BYYTS Y U Wrlel
29 AB71) el Agak Aok Halgmsiel A g
Ao e F25 AMAHBRZRX(ife cycle inventory) (&
Ao = NOx, SOx, PMlo, NH; E28 ez she
7}A] 21 Eco-indicator 99 ) Korean Eco- Indlcator,m TRACI,Zz)
ReCiPe 59 o]g] 9Japm 7} RS o] 85te] Aaks 7}
o] AP Eth ReCiPerdioll= A3}, Fg sl AF
A3k, nARA R 7HsA 5o FFHTE E3sto] 147
o] FFHFE 2staL ek A (DI ()l vrekd Hiet
o] $7+9F(midpoint impact)©] 7= 1470 FFHF
oA PR G Y 7 FF FFHTE @ 543
A4S &-835lo] NOx, SOx, PMjo, NH; 2 @EZE2] uj
Fopoll B4 A% Fotol TAHARA Ths Aol et
HA 2 719 =S kg T ton PMyy eq. & YERE 4= g9low,
2|93 (endpoint) O] ol F7HFFF AR Bl
317 NOx, SOx, PMj, NH; S HEH 59 wj&=Fof| 2+
9] Y ERE9 DALY (disability adjusted life years, Zof
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Table 1. Industry sectors and source classification categories

Industrial sector source
classification categories

Source classification categories

Combustion in energy industries
Non-industrial combustion plants

Public power; District heating plants; Petroleum refining plants; Solid fuel transformation plants; Commercial power
Commercial and institutional plants; Residential plants; Plants in agriculture, forestry and aquaculture

Combustion in manufacturing industries  Combustion in bailers, gas turbines and stationary engines; Process furnace; Other

Processes in petroleum industries; Processes in iron and steel industries and collieries; Processes in non-

Production processes

ferrous metal industries; Processes in inorganic chemical industries; Processes in organic chemical industries;
Processes in wood, paper and pulp industries; Processes in food and drink industries; Ammonia con-

sumption; Processes in other industries

Storage and distribution of fuels Liquid fuel distribution

Solvent use

Road transport (RV): Motorcycles

Other mobile sources and machinery
Waste treatment and disposal
Agriculture

Other sources & sinks Others

Paint application; Degreasing and electronics; Dry cleaning; Other use of solvents and related activities
Passenger cars; Taxis; Light-duty vehicles; Buses; Trucks; Special purpose vehicles (SPV); Recreational vehicles

Military; Railways; Ships; Aircrafts; Agricultural machinery; Construction machinery and equipment
Waste incineration, Solid waste proposal on land
Cultures with fertilizers; Enteric fermentation

Source: Statistic Korea, 2016°"

1, (midpoint impact) Z CF,; X mi )

I, (endpoint impact) = ZDAL Y, < mi 2)

where mi is the magnitude of intervention I (e.g., the mass
of NOx released to air), CFni the characterization factor that
connects intervention i with midpoint impact category m (here,
particulate matter formation), DALY the DALY factor that
connects intervention i with endpoint impact category m (here,
particulate matter formation) and I, the indicator result for

midpoint impact category m.'7#29

th-&-9] Table 20= WA AAFA &2
3! DALY A 45 yeiar gk

22ke) EA3AS
12 54, 1 ke PMER

Table 2. Emissions characterization factor and DALY factor in
particulate matter formation

Substance Unit Midpoint Endpoint DALY*
name (kg PM1o eq.) (year)
NOx kg 0,22 5 72E-05
SOx kg 0.2 5 20E-05
PMio kg 1 2 60E-04
NHs kg 032 8.32E-05

Date from ReCiPe®®

* The DALY of particulate matter formation (kg PM1o eq.) is 2,60E-04,
For example, 5.72E-05 (DALY of NOx) is calculated like this; the
DALY of particulate matter formation (kg PM1o €q.) 2.60E-04 x 0,22
=572E-05,

kg NOx+ 0.22 kg PM;oH

3.1 MAREE OMEXEE 7tsd H UNHZ
gl ?J7J7d7c}°11 gt 3

A uvﬂuw%vg 7}%*3
7HRE- 20
3t 20004 5= uvﬂuﬂzlw B RE &80 A A5}
I QAU AFY] B R o] Alojgto g QA 20134
A2k BAYE 7147 913120019 R E] A5} gl of
UAALY A, BlAR] A, AR Ad 5 F 117 AR
geR Aeg eestel 79 wwsigch v 2001
A= Avs Amud eejuket 24 Aol A 507,164
ton PMig eq.9] ulHHAGAe] 710iS 3 Zo= e
o], o] 44,090 DALY year®] ol m = Ad o]
S & A0 Yegth o] ghe 20019 L2luat A ¢
T 48,022-H O R o] ARYS)H, 0.0009 DALY year
of FoRAEdds ghe 7N, ol& oAl ARt R &
Ak 804A]71-0§ 20019 = AAAG A viEEH 7]
U HA| P A2 YT 8.044|7F2] 4=
Fore AE gk 9 AR
HEWH, 20|52 YA 127,749 ton PM,
Ao 24%= 7 w2 vlAIAZ A 714
o, o]& QIek QIzkigel digk FE2 et
5ol HsiA4112,820 DALY year2] gho] ol &7
deeol G Foch el oAy day
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L Al YA ChY |2 SZ HISRAIZE 0|85 O|MTHA| HA JtsM 3 olX| S57| & WoiFy

I AXH0] 66,517 ton PMyg eq. (12%)2} 7,085 DALY year, Zth T2 o g TS F AHELS HER o5 dy &
=olxlBo] 55340 ton PMy eq. (10%)2} 4,604 DALY year, H o2 82,387 ton PM10 eq.2 A drAio] 15%S }#]5}
HE2ol5 e HUFEo] 51,906 ton PMyy eq.(2F 10%)<t o o HRFA o] FEFS F90m, 7,723 DALY year?]
4,477 DALY year 59| <02 S & o= YEyth o] ol RAEAARE 7HX] Ao R A E R 5

20139 Aotz fefubel AA Aol A= 536,181 ton H.10] 73,957 ton PMyo eq. (14%)$} 6,153 DALY year, ©]
PMio eq.&] mlAlHAF o] 7145 3+ Aoz A= U A AR A A B o] 63,584 ton PMyg eq.(SF 12%)%} 4,467
], o] 57,339 DALY year®] Fofj il g d 4o o= DALY year £9] £03 &L & Ao F Uehgch A&

% 702 Uehgeh 94 APHE utet o] of & 2013 AWIES Fig. 13}, Table 30] 48] vk,
d elukel A Q174 SLI4IAY O Lhiro] ALY,

0.0011 DALY year®] Aol RA LA TS ZHS 7R H, ol& Table 3. Air emissions from industrial sectors in 2001 and 2013
ChA] A|ZEo 2 ZRALSHH 9.82A]17FC 2, 2013W = A A ALY 2001 NOx SOx PMy NH; ton DALY
oAl &= olX 7| LAEHE Qg nHMA PPz g (fon)  (ton) (ton) (ton) PMioeq, (year)
g 9.82417re] HthEe] JgFS & AL njgich 4 Combustonn 5 405 197,579 7,263 1224 120744 8184

energy industries
o AEAom Awuu, 2001\WTH e A2y A ¥

B Non-industrial
AHEo0] 139,603 ton PMjg eq. 2 ZA| WA Q] 26% =2 714+

) 94,791 56,529 2,800 2,091 35629 2,564
combustion plants

0l FIARAAE) AASIE A= R, S Comeustionin M- 45 g5 110171 16,687 1236 66517 7,085
A 24,322 DALY year?] Aol HALA AR IS & A facturing industries ’ ’ ’ ’ ' ’
o2 vl o]l w3k 200199 Axbgrrch <F 73,088 Production processes 50,029 73,449 6,129 31,245 41824 3,819
ton PMjp eq. J== 28] o]} F71e A& UEyt) A Storage and . . _ } B -
%29] dABH o]o]A 2001 d0] 7FY wke oIFke 2oy distribution of fuels
ER2o]E 00204 89,148 ton PMyy eq. 5 AH| HHAYO] Solvent use - -
179%E A5 B A oA EAe] Aee =olo Road transport 437,341 7,209 26795 10,304 127,749 12,820
™, 7,635 DALY year®] 7ro] Aol Aaal o] 3FS Oth:;(m;ﬁim 162000 41537 7,630 408 51906 4477
Z Aoz Aok 2001 127,749 ton PMy, eq.o]l Al Waste tregtmont
2013 89,148 ton PMyo eq. 22 2F 38,601 ton PMj eq. O anddisposal P90 1259 83 - - 3613 218
B2 AT B2 Y uAHAIFAY o] EolEen, o Agriculture - - - 172,939 55340 4,604
= FH A T52 STHENAN =20l 19| 7] Other sources ) ) 10008 3842 300
/NS B 521 A& A7re FHE 2 & sinks , ,
A W ok o B R o] Zo]E9y] wjitolal AR E Y] Total 1219020 487,734 67,368 231,453 507,164 44,090

2001 Road transport, 127,749 (24%), 12,820 DALY (year)

507,164 TON Combustion in energy industries, 120,744 (23%), 8,184 DALY (year)

PM 10 eqv.

44,090 DALY

536,181 TON Combustion in manufacturingindustries, 139,603 (26%), 24,322 DALY (year)
PM 10 eqv.
57,339DALY Road transport, 89,148 (17%), 7,635 DALY (year)

Agriculture, 73,957 (14%), 6,153 DALY (year)

Combustion in energy industries, 63,584 (12%), 4,467 DALY (year)
Production processes, 51,263 (10%), 4,379 DALY (year)
Others, 36,237 (7%), 2,660 DALY (year)

Fig. 1. Comparison of emissions from industrial sectors in 2001 and 2013,

CHEHEIZ Zat8|x| | M39A M45] 20174 4 |
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Table 3. Continued

NOx SOx  PMyg

2013 (ton)  (ton)  (ton)

NHs ton DALY
(ton) PMigeq. (year)

Combustion in

) . 177219 97565 4,524
energy industries

Non-industrial

) 88,769 31,101 1,955
combustion plants

Combustion in manu-
facturing industries
Production processes 55,151 108,333 6,249

Storage and
distribution of fuels

178,034 95,836 81,014

Solvent use - - -
Road transport 335,721 189 12,103

Other mobile sources

! 246,027 65,119 15,167
and machinery

Waste treatment 0520 6517 243

and disposal
Agriculture - - -
Other sources & sinks 165 - 310
Total 1,090,614 404,660 121,563

1,745 63584 4,467

1392 28,150 1,986

800 139,605 24,322

35,051 51,265 4,379

9839 89,148 7,635

220 82387 7,723

23 3,650 251

231,117 73957 6,153
12785 4438 423
292,973 536,181 57,339

3.2, L X|XbH|'E O[MIHX|EE 7158 = 2l A
S A wAEAEY e E AA AT F
B7HA1+E Fig. 29} Table 40 Yetiict 200149 2
At EE, A7 =71 69,312 ton PMyg eq. (14%)o.2 714
wol =y Ao mAHAFA THs =

fr N

_\::!‘
oX i lo

el 9Fe = AR

ARow, tf2o 2= Aol 64,010 ton PMjy eq. (13%),
=4 62,606 ton PMjg eq. (12%), 7&‘3" 45,924 ton PMy eq.

(9%), 74+ 44,017 ton PMyo eq. (9%), =

]‘ 43,604 ton PM,g

eq. (9%), A= 31,296 ton PMyy eq. (6%), 7+ 28,520 ton

PMj eq. (6%), S5 24,014 ton PMjo

eq. (5%) 59 ¢o=

nAHA R 7Hsdol dFdFE & AAAR A 2 E7t
HAok ZF ARAER AP E AR vAEA R Tsd 2
= ulelo 2 DALY year?] Ao RAEAESE A ES
o, £3t o] AEg ARAE AFeE Fo] ZF 7l

Z DALY year ol RAYEATSE AT 77 QIS
DALY year o R GEMAS FEA ] AME= &4t
o] 7} =2 ZrQl AA| 4,682 DALY year®] ZojHA &
Ao A0S vEpg on, Q4 0.0044 DALY year
(38.84A17H 0 &2 AP = l=H, 2001 Eofli= ZAloll A=
T 38.84A171e] A FFE & HLRE UrEPkkE}.

SO EE Fd0l 4,684 DALY year®] oA E4AAS
£ /M Aoz AFEew, Q1Y 0.0024 DALY year
(21.39A17h 9] F&FS 3t Aol 3,879 DALY yeard]
Aoy EAEFE 7R Aom A EgleH, Aty
0.0018 DALY vyear (16.19A]7}), 7+¢1o] 2,709 DALY year®]
oA £AdLE 7 AR AEg e, Ay
0.0017 DALY year (15.294]7}), $5-0] 2,463 DALY year2]
oy £AERE 7H AoR AgE o, A4
0.0016 DALY year (14.41A]7}), 7+& 2,463 DALY year?]
ol B A SAd2 913} 0.0016 DALY year (13.01A17h)
TY o2 s & A o® Uyt A&& 2,745 DALY
year®| ol EAGERE 7K Ao R &Xéﬂ o, <l
T 0.0003 DALY year (2.34A17H 0.2 HA| A% 2| AHA|
FollA 7P 2 g dEhsich

2013 Fr7AaE AEEH 2001d =0 AlRA

wo n| N HA A TP e = %go]

N
s

rziHU
% |o
ol fU oMz Mo fu 1o o2t

)

Py
ES
o, 20126135 Ax, oA W ERolE 23]
wolA e d7ledEd & SR Qe IR
g} 1 the ol AR 74971 ton PMyo eq. (14%), A
70,007 ton PM,g eq. (13%), 77| 62,734 ton PM,y eq. (12%),
A 45,996 ton PMo eq. (9%), =AF 33,285 ton PMy eq.
(6%), 7+9] 28,117 ton PMy eq. (5%) 59| 02 S
= AL A E QI o]of HEsA AlE 3,036 ton PMy eq.
(1%), 333 3,772 ton PMyg eq. (1%), T 4,055 ton PMj
eq. (1%), A= 6,341 ton PMyq eq. (1%) 59] 02 o3}
& A7) v AAEGT & o ARA AR @ B

100,000

90,000

80,000

70,000

Ton PM10 eq.

60,000
50,000
40,000
30,000
20,000 |
. mem = - ||

seoul Busan  Daegu  Incheon Gwangju Daejeon  Ulsan  Sejong
2001

Gyeongi Gangwon Chungbuk Chungnam Jeonbuk Jeonnam Gyeongbuk Gyeongnam  Jeju
2013

Fig. 2. Comparison of Ton PMy, eq. value from 17 cities/regions in 2001 and 2013,
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Table 4. Ton PMyo eq. value in each city from 2001 to 2013

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Seoul 31,296 32,016 32,316 30,249 31,248 25904 33,752 20,463 19,088 19935 17,956 17,807 18,500
Busan 21254 23433 22793 24,479 23537 27,378 24787 20778 22850 22330 21972 21611 19,821
Daegu 13,180 12,395 12,855 13,196 13,570 13,129 12,175 8,846 8,135 8,116 7,690 8,343 8,665
Incheon 20,632 20,241 22341 22,048 24183 25031 22427 16,641 17336 19,440 17,705 17,033 17,082
Gwangju 4,495 5,387 5966 5326 4,706 4,847 4777 3,444 3,244 3,649 3,421 3,823 3,772
Daejeon 6,602 6,801 7,469 6,650 6,293 6,143 6,343 5410 4,599 4,445 4421 3,922 4,055
Ulsan 43604 40571 39,832 41,051 43,823 41,733 42,018 35618 35689 36,992 32,048 33,128 33,285
Sejong - - - - - - - - - - - 2,026 3,036
Gyeongi 69,312 71,392 74,722 72342 70,614 68,762 76,382 63,483 62,012 61,986 55858 060,564 62,734
Gangwon 28,620 28,495 29,988 27,426 26,697 26,501 36,258 48,843 64,985 69,644 81598 28,716 28,177
Chungbuk 24,014 23485 23107 21542 21,661 21,867 27,191 27,387 25923 26699 25407 25284 24733
Chungnam 62,606 65606 73658 79151 73,887 71,492 51281 53347 52514 57,102 59539 93,873 93,584
Jeonbuk 22,571 20,980 23,761 23,812 21,959 22352 23,492 20,083 20,843 24,805 23,798 22,009 21,424
Jeonnam 45924 50,022 47,805 50,951 50,966 51,373 74,139 81,821 67,416 74,476 83,461 71,325 70,007
Gyeongbuk 44,017 39,501 41,168 38,067 40,034 41,182 57,452 58754 480934 54564 55277 75156 74,971
Gyeongnam 64,010 58,613 71,804 71237 57,402 57,136 40,619 39,210 34,449 33343 38468 46507 45996
Jeju 5129 5,504 5,672 5,350 5023 5,183 5,687 5,268 5,439 5,821 6,646 6,036 6,341
Table 5. DALY value (year) in each city from 2001 to 2013
2001 2002 20083 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Seoul 2,745 2,808 2,836 2,666 2,698 2214 2,805 1,633 1,523 1,567 1,415 1,406 1,444
Busan 1,932 2,099 1,911 2,005 1,993 2,257 2,020 1,582 1,957 1,888 1,879 1,858 1,736
Daegu 1,232 1,141 1,182 1,206 1,263 1,217 1,130 802 747 734 704 766 775
Incheon 1,715 1,704 1,911 1,833 1,976 1,978 1,823 1,340 1,435 1,606 1,496 1,418 1,419
Gwangju 406 487 520 484 422 430 425 300 276 308 293 328 318
Daejeon 571 591 667 602 551 527 544 452 386 372 379 332 338
Ulsan 4,682 4179 4134 4222 4668 4,265 4,467 3,670 3,418 3,620 2,522 2,669 2,693
Sejong - - - - - - - - - - - 187 268
Gyeongi 5999 6,167 6,471 6,325 6,139 5,981 6,496 5,353 5,273 5204 4,677 5,062 5,261
Gangwon 2,709 2,598 2,794 2389 2,613 2,487 4,082 6,889 10,452 11466 14,051 2,503 2,396
Chungbuk 2,463 2,342 2,273 2,000 2,132 2,141 2,702 2,910 2,603 2,683 2,580 2,310 2,189
Chungnam 4,684 4,812 5,343 5,656 5,549 5,449 4,015 4,071 4,071 4,493 4815 11,947 11,928
Jeonbuk 1,939 1779 2,043 2086 1927 1965 1,985 1679 1,769 2460 2,318 1,872 1,808
Jeonnam 3,879 4,331 4,057 4314 4304 4,298 9,640 11,554 8374 9,404 11,038 8,108 8,427
Gyeongbuk 4,137 3,658 3,811 3,484 3,635 3,729 6,953 7,591 55680 6,572 7,091 11196 11,227
Gyeongnam 4,562 4261 5122 5019 4495 4462 3312 37122 2858 2757 3249 4693 4,586
Jeju 434 458 463 445 414 410 472 432 453 483 560 504 528
7VA3HE Fig. 29 Table 40 Yehfgich 20139 %= 2 2|7t Targol = Fth= r= siA ol & Sk o
A2 ARl mAHRAFAY 7HsAd AaE vig e o2 do] 8427 DALY yeard] oy EAUSE
DALY year FJo|EAEAA4-E AHHsIH oY, T3 o] A 712 AL 2 A E o, 214 0.0044 DALY year (38.71
WS ARAE ez Uieo] ZF Q5 DALY year ATH e FeFE FUTh FEo] 11,217 DALY year®] Zof

ForgEdd e Ak ZF A5E DALY year &
JEAEHAS FEoA o itz Fdol AA 11,928
DALY year ZojRy &HELE 7P w2 Aigs U
el om, o1t 0.0058 DALY year (51.02A17h) 02 A4
e, 20139 o= FEelAs AT 51.024]38 <l

B SAUSE 7P A0R APEon], AT 00042
)

£AASE AP Ao APgE oM, Qe 0.0023
DALY year (204147}, H|Z0] 268 DALY year®] &rojj =
3 EAASE 74 Ao AgEon, 7T 0.0022
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Table 6. DALY value (hours) per person in each city from 2001 to 2013
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Seoul 234 241 244 2.30 2.32 191 2.41 140 1.31 133 1.21 1.21 125
Busan 449 493 453 479 4.80 547 493 3.89 484 464 464 4.60 431
Daegu 427 3.96 4.09 418 441 427 397 282 263 2.56 2.46 2.68 2.71

Incheon 586 579 6.51 6.23 6.66 6.60 599 436 464 510 468 437 432
Gwangju 257 3.05 327 3.03 264 268 263 184 1.69 1.86 175 196 1.89
Dagejeon 3.57 3.64 408 3.65 3.32 3.15 3.23 267 228 217 219 1.91 198
Ulsan 3884 3438 3375 3421 3759 3421 3557 2891 2688 2816 1945 2039 2041
Sejong - - - - - - - - - - - 1453 19.26
Gyeongi 551 544 555 5.30 5,03 480 512 415 403 3.87 3.43 3.66 3.77
Gangwon 1529 1479 1603 1376 1513 1448 2378 3999 6055 6565 8014 1425 1361
Chungbuk 1441 13.74 13.36 11,77 1254 1255 15.71 16.77 1493 1517 14 46 1292 1219
Chungnam 2139 2209 2447 2537 2476 2418 1762 1766 1751 1897 2007 5158 5102
Jeonbuk 8.47 797 916 949 8.95 9.21 934 792 8.36 1153 1084 8.76 8.46
Jeonnam 1619 1847 1761 1903 1917 1938 4376 5274 3835 4295 5052 3719 3871
Gyeongbuk 13.01 11.62 1227 11,32 11.85 1215 2272 24 87 18.31 21.40 23,02 36.35 36.44
Gyeongnam 1286 1195 1430 1398 1246 1232 9.08 8.48 770 7.34 8.60 1239 1205
Jeju 6.95 7.29 7.35 7.02 6.50 6.43 7.39 6.75 7.06 7.40 8.52 7.56 7.80

DALY year (19.26A17h), 7+ 2,396 DALY year2] Ao = S£AGLE 712 Ao R APl o, 95T 0.0001 DALY
A EAASR QTG 00016 (136147) 59 £02 S year (125A7D 02 201340 A A= A4 FolA

Z Ao el AL o] Zlof 1 A 2o 72 JERY Qi
T+ o= ol A& 1,444 DALY yearQ] Ao R A 7 SEE = AT
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Fig. 3. Ton PMyo eq. value changes in 17 cities/regions from 2001 to 2013,
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