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Air Pollution in Seoul Caused by Aerosols
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Abstract

Various aspects of air quality problems caused by aerosols in Seoul are discussed. Based on the measurement
data, it was found that the general air quality in Seoul has improved during last twenty years. However, PM10
concentration in Seoul is still higher than other cities in Korea and worldwide. At Seoul, it was suggested that
secondary aerosols are as important as aerosols directly emitted in Seoul or transported from outside.
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Fig. 1. Trend of the fossil fuel consumption in Seoul between 1990 and 2003 (A Xt £, 2004).
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Fig. 2. Trend of the annual average concentrations of criteria air poliutants and visibility in Seoul between 1980 and
2004.
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Fig. 3. Schematic diagram on the chemical coupling of ozone and aerosol (Meng et al., 1997).
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1980 and 2001 (Ghim et al., 2005).
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Table 1. Comparison of the TSP and PM10 (numbers in parentheses) concentrations at several cities in Korea between

1991 and 2004 (unit: pg/m°) (8125, 2005a).

Seoul Busan Daegu Incheon Gwangju Daejeon Ulsan
1991 121 134 109 144 100 68 104
1992 97 113 119 103 104 52 102
1993 88 96 105 100 75 53 98
1994 78 97 93 93 64 58 99
1995 85(78) 93(73) 73 (81 93(76) 63(49) 69(63) 106(51)
1996 85(72) 89(76) 75(87) 86(67) 74(51) 63(63) 97 (69)
1997 72(68) 84 (68) 62(72) 86 (70) 74 (49) 67(69) 84(43)
1998 62(59) 74(67) 72(72) 81(57) 62(49) 64 (58) 7229
1999 84 (66) 44(65) — (66) - (53) 43(56) —(55) 7129
2000 99 (65) —(62) -~ (63) —(53) —(58) —(51) 43(52)
2001 -1 ~ (60) —(67) -(52) —(57) ~(48) —(55)
2002 —(76) —(69) -7 —(57) —(52) - (53 —(54)
2003 — (69) —(54) - (59) —(61) - (35) —(43) —(39)
2004 —(61) -~ (60) —(58) —(62) ~ (46) - (49) - (50)
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Table 2. Comparison of the PM10 concentrations in Seoul
and other metropolitan areas in the world (unit:
Hg/m?) (242452, 2005b).

Seoul London Paris

City Tokyo New York
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g. 5. Trend of the annual mean SPM (approximately
PM7) concentration at the Kudan site in Tokyo,
Japan between 1994 and 2003 (Minoura et al.,
2006).
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Table 3. Concentrations of TSP mass and ion concen-
trations measured in 1985~ 1986 (unit: pg/m®)
(&St sgd, 1986).

Season Particle =~ Mass SO NOoy  CI
Coarse 89.20 6.29 1.55 0.85

Spring Fine 101.64 16.15 3.99 1.94
(Mar.~May) Total 190.84 2244 554 279
FIT 0.53 0.72 072 070

Coarse 43.29 6.08 0.89 0.91

Summer Fine 40.13 13.47 1.12 0.69
(Jun.~Aug.) Total 83.42 19.55 2.01 1.60
F/T 0.48 0.69 0.56 043

Coarse 47.00 9.28 0.57 0.89

Autumn Fine 51.17 14.78 2.03 1.70
(Sep.~Nov.) Total 98.17  24.06 2.60 2.59
F/T 0.52 0.61 0.78 0.66

Coarse 64.42 11.82 2.16 1.08

Winter Fine 83.12 2543 3.49 373
(Dec.~Feb.) Total 147.54 37.30 5.65 431
F/T 0.56 0.68 0.62 0.87

Coarse 60.50 8.24 1.26 0.93

Annual Fine 68.04 17.20 2.60 1.95
m Total 12854 2544 386  2.88
F/T 0.53 0.68 067 0.68
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Table 4. lon concentrations of PM3 measured in 1993 at KIST (Baik ef al., 1995).

Concentration (ug/m?)

Sampling period

Mass SO,%  NOy cr NH,* Na* K* Ca>* Mg**
Apr.Y Avg. (0.25~2.5) 61.4 8.02 4.41 0.25 1.77 N/D N/D 1.24 0.48
Apr.” Avg. (PM10) 106.0 8.82 551 0.36 1.87 N/D N/D 2.30 0.62
Daytime avg. 26.3 7.38 0.27 0.45 1.09 N/D N/D N/D N/D
Aug? Nighttime avg. 22.0 4.04 0.78 1.12 0.82 N/D N/D N/D N/D
Total avg. 23.6 5.52 0.63 0.87 0.92 N/D N/D N/D N/D
Oct.? Avg. 50.8 3.57 242 2.69 0.95 0.25 0.14 0.05 0.02
Nov.® Avg. 106.0 15.70 12.13 2.89 3.50 0.10 0.07 0.08 0.02
DApril 21 ~24, 1993. N/D: below the detection limit.
DAugust 23~28, 1993,
30ctober 19~22, 1993.
“November 3 ~6, 1993
Table 5. Characteristics of PM10 particle samples in fall, 1993 (#{4}= S, 1994b).
Smoggy period Clear period
Mass Nels NO;~ Mass SO NO;~
Avg. concentration PM10 (ug/m®) 145.34 15.64 12.79 71.87 7.08 5.06
Fi rticl Peak size (um) 0.89 0.81 0.89 0.75 0.75 0.63
ne particle Concentration (Lg/m?) 166.44 3649 2111 40.06 3.83 1.93
Coarse particle Peak size (fLm) 4.54 1.92 2.28 5.39 4.95 4.95
p Concentration (ug/m3) 113.19 18.55 9.56 87.32 9.78 7.31

J. KOSAE Vol. 22, No. 5(2006)



Table 6. Summary statistics of seasonally averaged PM2.5 chemical species measured in Seoul (unit: pg/m?).

HNO, NH, PM2.5 S0, NO;” NH,* ocC EC

1996/1997 1.09 434 56.9 8.70 5.97 4,19 - -
Annual 2001/2002 1.22 4,42 49.6 6.42 778 3.30 13.05 5.95
2003/2005 2.50 3.71 43.64 8.16 7.64 5.57 10.16 4.20

1996/1997 1.17 4,57 55.9 9.75 7.23 436 - -
Spring 2001/2002 1.78 4.88 48.8 7.62 8.47 342 10.82 6.11
2003/2005 2.97 3.61 46.12 8.12 9.61 5.54 10.19 4.14

1996/1997 2.34 7.61 38.6 8.35 3.43 2.94 - -
Summer 2001/2002 2.17 5.08 22.9 291 2.20 0.96 8.02 5.06
2003/2004 277 4.89 38.27 8.59 6.65 6.42 7.17 427

1996/1997 0.39 4.76 50.3 5.62 4.49 2.95 - -
Fall 2001/2002 0.63 5.06 75.2 9.06 13.0 5.21 18.78 7.88
2003/2004 222 2.99 415 7.75 6.0 456 10.16 5.07

1996/1997 0.62 0.66 81.6 11.4 8.85 6.52 - -
Winter 2001/2002 0.32 2.69 51.6 6.10 7.48 3.62 14.58 476
2003/2004 1.76 2.8 48.81 8.51 7.78 5.47 14.02 3.67

Table 7. Summary data of PM2.5 chemical species measured in Chongju and Seoul (unit: pg/m®*,

PM2.5 S0 NO;~ NH,* oC EC
Annual Chongju, *95/°96 44.2 8.22 3.63 2.84 4.99 4.44
Seoul, *96/°97 56.9 8.70 4.19 5.97 13.05 5.95
Sorin Chongju, *95/°96 459 9.85 3.65 2.42 4.83 3.59
pring Seoul, *96/°97 559 9.75 4.36 7.23 10.82 6.11
Summer Chongju, ‘95/°96 43.1 9.87 1.11 3.13 4.04 3.37
um Seoul, *96/°97 386 8.35 2.94 3.43 8.02 5.06
Fall Chongju, ’95/°96 43.6 7.56 436 2.65 6.00 6.35
Seoul, '96/°97 50.3 5.62 2.95 4.49 18.78 7.88
Winter Chongju, *95/°96 44.1 5.81 5.05 3.20 4.99 432
" Seoul, *96/°97 81.6 11.4 6.52 8.85 14.58 4.46

*QC and EC in Seoul are from the measurements between 2001 and 2002 (74311, 2003).
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o3 FSAL, Z|AAAY Al AR &5
Aelet. old EHA AT AN 4 gl WY
sh}7t ©v)-BEj 2 (denuder-filter pack) A% E A}
Bohe Aol droit AR 4re AT,
el dAlA Hshe AEs oA A3
stel 240xE BAT 4 Aok WA o] WYL A
A A Fell A AA Al SA AHEE T (A
E Zo] Schaap er al., 2002).

Sas) e WelEe ol fstel SulguiAle
Sehags Ageld 19 ol AAEPE & A3t

718 E A A202A AS5E

Table 8. Concentrations of OC and EC measured in Seoul
in summer of 1994 (unit: ug/m®) (Kim et al., 1999).

Mean Range
OC(PM2.5) 9.97 7.77~13.6
EC(PM2.5) 7.57 4.86~9.86
0OC(PM10) 11.1 9.75~144
EC(PM10) 8.39 6.16~10.7

7} & 2% 9o} Lee et al. (1999)& Mg A=Y
oM 19961 10432 19973 947=A], 7}
(2003)= A=hatmo A 20019 492 2002
A7HA] SRR g F 7AE S

oo o o
N AT
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Table 9. Concentration of water soluble ions in PM10 (unit: pg/m®) (Choi et al., 2001).
c Number of Concentration
ase samples - - + + P 24
TSP PM10 SO, NO,~ NH, Na K* Mgt Ca
Nond 26 83 8 7.28 8.04  4.50 077  0.36 0.08  0.68
ondust (4~128)  (13~112) : : : : : : :
Regular dust 7 17 8 12.76 13.14 5.51 0.88 0.56 0.13 1.32
cguiar dus (67~170)  (447~111) : : . : : : :
238 172
Heavy dust 2 @211~265) (152~ 192) 11.16 8.16 3.87 129  0.63 033  4.66
Table 10. Relative fraction of chemical species in PM10 20 70

shown in Table 9 (ug/ug particle).

S0, NO;” NH,* Na* K* Mg** Ca*
Nondust 0.13 0.14 008 001 001 <001 0.01
Regulardust 0.16 0.17 007 001 001 <001 002
Heavy dust 0.06 0.05 0.02 001 <001 <001 003

Hem 5 (Aedha, 2005)2 20039 3YHE
200551 5974 Mgdstn Bzt (A7)0l
A 2Rt 24 ATE = 60 myth b
5ol FE7} A Ror}, o] Fro HlEk o
ol 7HE ¥k o] 22 A 1985/1986\d] &3
g A3 (= oMz dept Qo A ES 1)
ARG FelH A Agsee] AFrig 238
= Aot sgAaAEL §7)ek4 (organic carbon,
0C)2} Y AAFerA (elemental carbon, EC) 2. W&t}
E 7o) ¥&gt A7) 2 Hen-dog ylyge
2 EFA% A3 AFAE B9 (Lee and Kang,
2001). o] 2 HFE A&l vls) Fu)A A 2
Fe et g 2eiv $ags Aakd sEr 1o
Al Zpol7t A ok L, skmige] Xo]E H.lr) ofn}
= gt AFo xjo|7} E Floz Ml
Selvetelia wAaA R EAZIAE wA] oo
R 8o 19941 8o &A% OCs} EC AH3 B
dot. F AR 25 IuAgA]e] gjREe] 2 3l
& & gt o] ARE = 63 7¢) & A}
vwEhd EC 3=+ 7 74z, 0C =+ 10
o J FoF 1oA] Wt ¢S o 4 o
Sevehe At R’ sxe) 2AC] f¥E
u] e} Choi et al. (2001)2 19981 o] Akl A
£9] ofojBE 9 A niAE JFE BHs)
At dukd o= Faby)l wAsle] Seulels o)F

—_
N o
M
1
[=23
(=)

= E
14 50 5
[T =
212 /\ 0§
g10 [ %
g L30 £
£’
% 6 120 8
S 4 0 &
) H10 =
0 T T T T 0
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Year

-e- 50,2 —o-NO; —4-0OC -a EC --PM25

Fig. 6. Trend of chemical species in PM2.5 measured at
Seoul.

s, EE ¥ ohe} lsides WA o)L
FBRNA 7198 ot Ane e o]
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L BAAGL 19904 deldl o % AS) U3
# AN A% F7heke ANY B
EC 3= Boix|3 QA% OC st Zee 371
YET. PGS FE7} FIET WAYY FEo}
F7hske dels ¥ 71 shsAdel s

AL ol BAE A FATES A
sl wizepel Wstslel of L& ARE B 5
Uk Park er al. (2004)2 AjF =N TZHT 2RG
28] Fabedsh AARS) A713e] (1992~20024)
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oA W& AeE AFIAT 28 3 A2 A
o] Faollxl o) vl W3 (SR wE et
AxArehE Wz 27T AFskgch 2o A e
AFEsfe o) FAH AANHE WEel

A 29 2604 Bxol W9 olstAL FEA
Ae 512 otoma] o]AkzlAd o) B3)e} wlL Ab
2 AabAAre el 27171 PEe

A Aol Zhasheal, SArg sl
el Z1AAel AT sl Asgos W
s}sh ool 2748 FRsAlolsh 22 o) FPsAlE
19909 o] % el pEsh A WakA @S
AE TEshd, e A FET ojutxe 9
T 7R ofgke] B ew 283 Zloz HolAtt
S$AsA sk $2E AgolA WA ole Bl
%A A4, oA obA) 4 w23 gleh

A=) Adet 14 =4 AGellM 19843 RH
199351 Atolell &Agh a|AdA] (PM10)2] 3}stxA
Z47k (median)& A AAkd-2 b7 2171,
0.509 ug/m> (A& 4~ 45277), ¢S 0461 ug/m’
(A& = 54970) et ol & Fhe FH o] AgellA]
o sxe WANE ohg $e Fholch M
PMI10/TSP9} PM2.5/PMI0 Agkewn]e] HF7H-2
Z+ZF 0.563}F 0.51 )%} (Brook er al., 1997).

HF A Eel AH 2addds A A
Aol MEHE edeel FoNeE YoA
AR 24 298 2EF FuAEA FETt
=2 Roz A od#lx 9} Chritoforou et al. (2000)
°) 1982'dRE] 1993 d0)) HA 2AcfAlH e w7
=x o, 2AIXY EslAgel A YFeA (San
Nicolas) A=, A] Q—.—(Central LA), &3] x (Rubi-
doux)®] FulM™A| e} Apgwe} Fo AR Fx
g AR ASE = (1o Byo 1Yoz 2

mL‘ rE

2 o]x]-Oéﬂ EAo| 4284 o]& AR w2
slohe A& & 4 ik lsfe dasden A3

oA 2)A Hﬂé  flstAs) lasta AR =
AR el A AV =4 °Ur FeA9e] v=
7} wigsiel & 11E 29, 2AR9e oA Ex|
Ak =xo] 60~70%7} 13} LAEA, 10~20%7}
WS %, YAzt 231 ed8A-gl Aoz wold
0194# Yoz FEAAL 30~50%7F 13 &

B3, 30~50%7} 23} 2 gGEAo)w, YR|7}
7§%£°J Aoz MQlth F 2AagAH A Ao]

[T BA}AA A 2A 255

Table 11. Annual average fine particle concentration in
Los Angeles Basin, USA (unit: pg/m?) (Chrito-
forou et al., 2000).

Site Mass SO,>~ NO,” NH,* OC

1982

San Nicolas 6.8 23 09 08 24 03 09
Central LA 32.7 6.7 3.1 30 102 49 22
Rubidoux 42.1 59 105 5.1 73 3.0 30

1986
San Nicolas 6.7 1.6 0.7 07 24 0.1 06
Central LA 36.8 5.3 54 33 156 39 25

EC Crustal

Rubidoux 438 4.6 134 59 111 25 19
1993

San Nicolas 7.7 21 04 03 22 0.1 04
Central LA 274 4.1 3.1 i6 172 27 22

Rubidoux 376 3.8 97 33 136 15 28

Table 12. Average characteristics of PM2.5 and PM10
composition in San Joaquin valley, USA (unit:
ng/m? (Chow et al., 1996).

Crows landing Academy

Site

(rural site) (urban site)

PM2.5

Mass 29.933 16.953
SO 3.083 2.448
NO,” 0.797 0.350
NH,* 0.815 0.938
ocC 7.397 5.945
EC 1.763 1.429
Al 1.390 0.631
PM10

Mass ' 68.872 35.923
S0 2919 2.653
NO,~ 1.790 0.991
NH,* 0914 0.926
ocC 8.892 8.578
EC 2.197 1.604
Al 6.972 2218

= A FAF FI Fo FAol FEtAlA, ol F
= F3Ebgel o3 221 2 gEA S| A9
A Az 29 ek

u)Z A2lxyjel X Al solzlHle] (San Joaquin
valley)oll A 19903l &A% mixmx] 2} Fu)A=
Ao A Fme} setrge QA A Ao
o2 FElE HAT(E 12). o] A Y u4HAE
EAANGT 52 AY 2F 2 AR (%P
), Al HEss AR)7E ket ole A9



A w7l sl "HAE o8 A2E 29 A
A olFstx Qv ol A& zhEs] TR,
(1) A& AAA A 8 vl & (oA WEHE HAE |
2 2gEAeleh, (2) Mg w7l 7124 97
FEA o] W& EsiA WFE wix (o)A A=
 dAE 23 GE8A e, (3) JREHEY 4
3}, B2 f& (0] W Eoloi, e HAE |
A 2Byt 23 29EAe] BE = I, 4
A& A7) M e A Aoleh(2 7).

4710 FEE Fol7] HME o]E o FAo
g 718 A = mXE ke A 7
=g A5 Felsledopit ok =3, 2 AgAlE

lo

@ Reaction: Generation

@ Transport out

@ Removal . -

@ Transport in

(@ Emissions

Fig. 7. Schematic diagram of the processes that affect
the concentration of aerosol in the air at Seoul.
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2, Abzolzivi ] o] oollA] HTo] wlEo] Fadl
S (=), s Z3} ur-So 93t AAde] a3 7
(B2l ), W2} R H4o] F&
7% (AZopzE) = WA M7 A e 2]
Sptel] et

w % o ol

3.1 u§&

)28 A7} 2 A 2A] A= FA ol o
HAo] ApAA o] dH (AHgelt A} F) AAA wlE
Holzt 3o, Apgto] WAYAIFIH (Mt Aot HwAt
A 23 5 A wiEddele s el
7| A M=) ) A28 FE2AL] (Clean Air Policy
Support System, CAPSSY £ 3 dj7] 28249 u)
ZZe Aasln ook = 130 vt v T
r 2EFEA (TSP} wA==] (PM10)9] W&
Feole} Fopd wWiEY AaE BAR (FAF,
2005a).

F 2719 WA BF o9, B3] mRelFL
Aol A ulZH e ofo] 71 Wt e Al E =
Ro| 099 7wt B3 ol 2002 AHA
A RA] W& 47258 7Hd 22 0lF el
A 34858 (°F T4%)o] wiEE Sic} (8744, 2005a).
ARl A kg 543 LPG 5831 A4 A
A o 2= wpuiAE wjEelA) g Zlez
o] glof, Bl F2 Af AN &=
Aoz AAtEe] Qlnt. dx] AR AL, SxAelA
o AA A o] F2 wE Fof I shrdedME A
F AsA AFEHe e AL o W& A=
o] v}ekE F517] WEelot

2 139] W&k Amy vAPHAlE a2jElk] g
Ztoleh vIAMIA = AAT WETF glo] 7] Fol

Table 13. Anthropogenic emissions of TSP and PM10 in Korea (unit: ton) (825, 2005a).

Ener; . . On-road Off-road
Pollutant  Year Total indus%r}; Non»mdu§ try Industry Production mobile mobile Waste
combustion combustion  combustion process sources sources | treatment
2000 89,424 9,615 3,994 20,282 20,451 26,028 8,769 285
TSP 2001 91,597 10,596 4,333 25,033 14,702 27,935 8,665 333
2002 89,019 7,623 4,106 22,020 15,161 29,914 9,800 395
2003 90,643 7,963 4,182 22,054 15,466 30,363 10,199 416
2000 67,515 6,594 2,593 13,522 10,993 26,028 7,732 54
PMI0 2001 69,881 7,263 2,806 16,701 7,438 27,935 7,630 63
2002 68,890 5,196 2,672 14,710 7,644 29915 8,679 75
2003 70,120 5433 2,724 14,780 7,707 30,363 9,033 79
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Table 14. Fraction of secondary PM2.5 concentration
shown in Table 6.

Period Mass Secondary particle fraction
1996/1997 56.9 >0.33 (no OC data)
2001/2002 49.6 0.39
2003/2005 43.64 0.53
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Fig. 8. Trend of fossil fuel usage in China, Japan, and
Korea (BP, 2005).
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Table 15. Results of average mass contribution obtained from multiple regression analyses for the 22 ambient
samples collected in Sungdong-Gu, Seoul using the TTFA method (unit: %) (84 §, 1995).

Sampling - . Ferrous related Oil burning  Vehicle related Metal related  Cement related
: PMI10 size Soil source
periods source source source source source
Day Fine 12.5 13.66 45.14 28.7 - -
Day Coarse 42.82 - 33.26 - 13.9 10.02
Night Fine 11.11 18.67 54 ’ 16.22 - -
Night Coarse 45.48 - 34.89 - 19.32 0.31
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Table 16. Average PM2.5 source contribution estimates
from the measurement in 2001 using the CMB
model (unit: %) (0|5t4 5, 2005).

Source type Spring Fall
(04/09~05/12) (10/12~11/22)

Soil 7.1 0.3
Road dust 34 0.0
Gasoline vehicles 1.4 5.1
Diesel vehicles 14.7 21.8
Municipal incinerator 0.5 32
Point 0.4 0.0
Biomass burning 15.5 31.1
Marine aerosol 1.6 0.2
(NH),S80, 13.4 9.1
NH,/NO, 8.9 13.9
Coal-fired power plant 1.4 4.6
Chinese aerosol 31.7 10.7

A 2% F) A5 2 YR 25~ 10um)s] 9
PAH A% %8 dfgtoz $4wdo)
3htel TTFA (target transformation factor analysis)Z&
Neoe 32 74 4E AR T 150] Kol E
o] 2okt M davt A FleEa 9o, A%
A B Felge FulRAT 20~30% FEz
Cebsteh

ol3h (2005 20015 B3} 7heel AT
AN Hre-gEE ez 249 o)A
o shehza (o)L, Wk AW wke 44
zde] ghtel Fetalzgr 4% =2 (Chemical mass
balance model, CMB)& AR3-3le], 2 7|od0E& ¥
oHGE 16). o AR HH AEA) sloigel
23, 7% A5 Fleigol iAoz w3k o
AoIA Fol RS F2NA )5 VAT We
= Feja Aolch, Bole 13 4. 7heol 10% 4
w7 22 05T Aoz vhehdeh e ol
2L F3714d HA ] AERE ARG AL ARAE
= AR HA G 2AE doi AHow

& Qs
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ZAg FoARAY o], d4, & AR BEE
vlgto 2 gA] $41599] gl PMF (positive
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Table 17. Average PM2.5 source contribution estimates
from the measurement between 2003 and 2005
using the PMF model (unit: %) (M2cH&ta,

2005).
Source %o

Smog event aerosol 19.2
Secondary sulfate (summer) 16.3
Secondary sulfate (winter) 7.5
Gasoline 13

Secondary nitrate 11.5
Sea salt 11.5
Diesel 1.4
Biomass 6.5
Yellow-sand event/soil 6.7

o

E 16~18el AAH 2000 o)F FA& vigk
= FuRAel A 248 spud e Az
e QA g AHesT o Sl B 1
St o] AHELS Az ulaT HEel Aok 34 2
FAEEE A5 ASAD 2ol 15~25% A2z
vebba o =3 23 WA (A, AANY, By
£m)e) Sl 30~40% FEolch ol 5
(2005)2 2%} =HA7}F((NH,),S0,92 NH,NO;) 20%E
FZF W AAE Bolu, T3 7] oo} 2ol 23}
wA7E 23Fe] glomz, A Ho2E 30% A=
ojch. 22l wA] 2#7) Aol AA &7 (bio-
mass bumning) 2] A (AeDFA e 27 BF
o o3 7jedge] 20% A= 1 oitoz veht
3 Qlek e 5 (AEdsta, 2005)9] A&
A 27t dgFe] 6.5% A==z vrehdtl 2By o
9 A= HA {23 A 77(AL)~86(A
)% Al o 7|4 3R] X3 Ak
sl QL A azbel F, Hee] W Ag a9
st A 27t FE 7] Eo] HALFIEHRE T
Ael ek 714 FJ# A2 CMB mEl- 7t 7]
o4 2ANEE AA SA- o8 T Wi,
PMF 2ol Zb 7]odde] 2Aujdx 2oy
Aargtels Aelrt. wetM PMF 2o A 34 (sea
salt) 7]e{oletn & dell= s|dez FFHE 7]

o del2te ojm et

l

Table 18. Average source contribution estimates from the measurement in Seoul and Incheon using the PMF model (&t

217|828, 2006a).

PM10 PM2.5
Source Seoul Incheon Seoul Incheon

pne/m? % ug/m® % pg/m? % ug/m? %
Coal related - - 1.60 1.75 - - 1.60 3.14
Qil related 2.05 2.64 7.84 8.61 2.05 5.40 7.84 15.44
Waste burning 5.67 7.19 16.69 18.33 5.67 14.96 4.71 9.27
Vehicle (Diesel) 4.82 6.33 8.79 9.65 4.03 10.64 8.79 17.30
Vehicle (Gasoline) 4.25 5.48 4.30 4.72 3.33 8.79 4.30 8.46

Sea salt 2.95 3.80 2.09 2.30 - - - -
Soil related 27.87 35.90 24.50 26.90 6.31 16.64 7.40 14.56

3.35 3.68 - -

Fe_Zn related 9.18 11.82 0.19 021 4.03 10.63 _ _
Sulfate 5.85 7.54 7.04 7.74 5.85 15.43 7.04 13.87
Nitrate 6.13 7.90 8.72 9.58 6.13 16.17 8.72 17.17

Secondary aerosol 7.54 9.71 2.92 3.21 - - - -
Unknown 1.32 1.70 3.03 3.33 0.51 1.33 0.40 0.79
Total 77.63 100.00 91.06 100.00 37.91 100.00 50.80 100.00

FFN71 BT A2 A5



Table 19. Average seasonal source contribution for PM-
10 using the PMF model in Suwon area (&21=9}

use, 2003).
Season Spring Summer Fall Winter
(No. of sample) (55) 3o 26 A7
. . pug/m®  12.2 5.4 32 203
Field burning % 10.6 9.7 43 218
Lo pg/m®  10.1 42 158 142
Waste incineration % 8.8 76 212 152

pg/m® 221 238 157 237
% 192 426 210 254
pg/m* 02 01 01 008

Secondary aerosol

Aged sea salt

% 0.2 0.2 0.1 0.1

. pg/m® 303 21 28 72
Soil related % 2.3 37 17 79
Fossil fuel pg/md 6.9 73 201 7.8
combination % 6.0 13.0 269 8.4
pg/m* 48 69 33 20

Secondary sulfate % 40 12.4 44 29
pg/m* 05 01 01 03

Nonferrous metal % 0.5 02 02 04

ug/m®* 12,6 2.7 38 48
% 10.9 4.8 51 51
ug/m? 8.8 3.2 77 15

Industry related

Motor vehicle

% 7.7 5.7 10.3 8.1
. . ug/m® 6.5 0.04 2.1 5.4
Oil, coal combustion % 57 0.1 238 538

Total Mass pug/m® 1150 558 747 933
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(Bac et al., 2002). $-2) )12 X,ji-ﬂ?‘ﬂ,‘ﬂ AR E=xs
£0)7] $isiME AA 27 =3 &7 5o ol
gt dAo] Fed Aoz Wt

FAze} 7154 (2003)2 Ul A 19999 347
B 2001 1297}%] 347 X8 njAwz] R8s
uleto 2 PMF 29§ #4319 cH (& 19). o] Ao
Mgl A 2] Azte} v st

4. 2 <

20039 129 4= 92187 A B9 52
ol 2HE EIeUM, Aee TRY 2 o
Aol WA SEg AR AE Fo FE
s e AR R ARAY o) +FE,
a9 wARA A7 e ShE] Paa

Alge] niA =Rl 23 driey 551

A8 Folo} W3, Tel3 Fa 7 Jobopt
g} o] AFAE 200609 9UR) Y e
o) a3 BolA Rxd A7 AHE FRHes
A B Ag W78 mAAe) Ha () 9
3} FolE Fotsla, (2) = WL HAE F&
Hee FolAE 2o s3ish

SFALs, mlHRA 5o 71877 2R
st A7 drledsl Az AGe) At 200 W3
o WEe A A% A B71RAL 19909
o % MU 3¢ dsteh et A wldm
A #D ANRAE ob it B gEA
siel dEAlel ws) ulHRA A% wst A4,
A9 etz F ool WA vhme,

A 718 wlARA Eel) daE BlAE Fo
QA AN W, el o5 A, 2y
o) 43 A Aleleh WA 24 Aus A o
718 Bl Hezae) FeolE oldalel
2o} gk, ol RayEls] Aol EH ol 9
@ 44 e Fea) YES 2Felx BT, 24
Azsh 2a Ashe FYA Age) Aselr i
3 gResels] gt uhgol og A4
dapel 2 Aoz vehdeh ok M9 wHRA
FEE Fo7) F4E AW MEE Box A=
ZoAA T, FHNALA A A4F 926l
4904 2ok AT e onlg

B &34 mARA ARRRE Y] ¢
AAE Algndes dug Sk olAmA 4 2

A AR Do oAl 9 s

ket

ZArel 2

o] =EE FHADY F/HAALTA (FHAHE
2006-0213) Ak FYBATEAe] $=HAY )
AR 2G84 4 2 g els =g Ade
= 2=l

o

!

Ho
rok

721 (2003) Characteristics of the fine particles and source
apportionments using the CMB model in Seoul

J. KOSAE Vol. 22, No. 5(2006)



552 7142

area, Ph D. thesis, Konkuk University, A2

S A T (2005) FHotH Y| 2g AANAATE 2 &
ARAYFHAR (VD), 255 HE 11-1480523-
000030-10, A&

AGE(1999) S Hrleq Wk 2 34
o2, 3397187837, 15(2), 211-217.

AR, v, oM E:, AASe, E4H, T2, Ao}
(2005) st&vi71e) 94 A= AT o]47
A 28A Y = drjeds A7 adiA,
=) 7)1 314 81 3] 7], 21(2), 243-257.

23T, A4, FA3 (2004) A A= wAA )&%
AHg (20011 %), gH5 71373 8H3) A, 20(2), 263-
276.

3, 2182 .(2002) MM A o2 Az A
OZIPRE )43k At A7, 3= 7|87 337,
18(2), 427-433.

Wz el 2, 18-, FAF (1994a), A A7 AF el
& 2 Fguby: e A9 AR EY o
TE 98k, g7 nA sz, 1001), 1-23.

Wz e, AAF, A48, LS (1994b) AM-&A]9
19934 7k AR 9 A 54 &4 9 4,
g=d) 7] 24 53R, 10(1), 32-40.

AP AR (2004) A H el AR FA A K, AL

e (2005) $4 e 9d 2UEHE 3 s
el T35 3 A, AR

&5, 589 (1986) =AIW7|F RHUALEAR, 938,
A 9 Ak xel YARE, Y7
B A3 =], 2(3), 27-33.

A, 5%, A8 (1995) LA PM-10 £9414) A=
A 7edx FA, g7 mAE s, 1(3), 279-
290,

o|ul3], 3ol 1oF4=(1986) AL Abe] Selutetel] ulA

o33, g2 7| BAE3]A], 2(3), 34-44.

g, 72, o)A, (2005) 542 AL o] 83 A

A vl Al YZHPM2.5)0 oJ3FE vl v &Y

Aol #ZE A, 71T A A, 21(3),
329-341.

o)3tod Al ghaz (2002) W =A] WH7]A F - QA A
F$e AT AL

kA, A F, o] $4(1989) Ak 7] £zl 313 =
A " 71el gk A, iR EEA,
5(2), 72-83.

2] 7] 817 83 (20062) W =A] W7)A FefRel 2AMA
“F Workshop (9] %1A] F-op), A&

271873 5h3] (2006b) =4 f7]A HePUt 2AF 4
F(v): F3ke dirled A e AAA
R

735 (20052) 73 A 2005, A&

o ¢l

olety, 7%

i o

g2 718k stElA] 2229 A5

74 3-2005b) =3 w7|BARY A1 2AY, AL
ol %, 7154 (2003) PMFRE 2 o]43F d7] 3 PM-10 &

A9 g, 27| R7AFEA, 19(6), 701717,
Bae, S.Y., S.M. Yi, and Y.P. Kim (2002) Temporal and

spatial variations of the particle size distribution

ol

and their dry deposition fluxes in Korea, Atmos.
Environ., 36, 5491-5500.

Baik, N.J., J.H. Lee, Y.P. Kim, K.C. Moon, and Y.L Joe
(1995) Trend of visibility impairment caused by
smog phenomenon in Seoul, Korean J. of Chem.
Eng., 12, 300-305.

BP (2005) Statistical review of world energy 2005 (available
at http://www.bp.com/downioads.do?categoryld=
9003093 &contentld=7005944).

Brook, J.R., T.F. Dann, and R.T. Burnett (1997) The rela-
tionship among TSP, PM10, PM2.5, and inorganic
constituents of atmospheric particulate matter at
multiple Canadian locations, J. AWMA, 47, 2-19.

Choi, J.C., M.H. Lee, J.Y. Kim, S.N. Oh, and Y.S. Chun
(2001) Chemical composition and source signature
of spring aerosol in Seoul, Korea, J. Geophys. Res.,
106 (D16), 18067-18074.

Chow, J.C., J.G. Watson, Z. Lu, D.H. Lowenthal, C.A.
Frazier, P.A. Solomon, R.H. Thuillier, and K.
Magliano (1996) Descriptive analysis of PM2.5 and
PM10 at regionally representative locations during
SIVAQS/AUSPEX, Atmos. Environ., 30, 2079-
2112,

Christoforou, C.S., L.G. Salmon, M.P. Hannigan, P.A.
Solomon, and G.R. Cass (2000) Trends in fine par-
ticle concentration and chemical composition in
Southern California, J. AWMA, 50, 43-53.

Duan, F., X. Liu, T. Yu, and H. Cachier (2004) Identification
and estimate of biomass burning contribution to the
urban aerosol organic carbon concentrations in
Beijing, Atmos. Environ., 38, 1275-1282,

Ghim, Y.S., K.C. Moon, S.H. Lee, and Y.P. Kim (2005)
Visibility trend in Korea during the past two deca-
des, J. AWMA, 55, 73-82.

Henry, R.C., C.W. Lewis, P.K. Hopke, and H.J. Williamson
(1984) Review of receptor model fundamentals,
Atmos. Environ. 18, 1507-1515.

IEA, International Energy Agency, 2006. Energy statistics
(available at http://www.iea.org/Textbase/stats/
index.asp).

Kim, Y.P., K.-C. Moon, J.H. Lee, and N.J. Baik (1999)
Concentrations of carbonaceous species in particles

at Seoul and Cheju in Korea, Atmos. Environ., 33,



2751-2758.

Lee, B.K., N.-Y. Jun, and H. Kim Lee (2005) Analysis of
impacts on urban air quality by restricting the
operation of passenger vehicles during Asian Game
events in Busan, Korea, Atmos. Environ., 39, 2323-
2338.

Lee, H.S. and B.-W. Kang (2001) Chemical characteristics of
principal PM, 5 species in Chongju, South Korea,
Atmos. Environ., 35, 739-746.

Lee, H.S., C.-M. Kang, B.-W. Kang, and H.-K. Kim (1999)
Seasonal variations of acidic air pollutants in Seoul,
South Korea, Atmos. Environ., 33, 3143-3152.

Lee, S.H., Y.S. Ghim, Y.P. Kim, and J.Y. Kim (2006) Esti-
mation of the seasonal variation of particulate
nitrate and sensitivity to the emission changes in
the greater Seoul area, Atmos. Environ., 40, 3724-
3736.

Meng, Z., D. Dabdub, and J.H. Seinfeld (1997) Chemical
coupling between atmospheric ozone and partic-

A& wlARAN g ey 553

ulate matter, Science, 277, 116-119.

Minoura, H., K. Takahashi, J.C. Chow, and J.G. Watson
(2006) Multi-year trend in fine and coarse particle
mass, carbon, and ions in downtown Tokyo, Japan,
Atmos. Environ., 40, 2478-2487.

Park, M.H., Y.P. Kim, C.H. Kang, and S.G. Shim (2004)
Aerosol composition change between 1992 and
2002 at Gosan, Korea, J. Geophys. Res., 109,
D19S13, doi:10.1029/2003JD004110.

Schaap, M., K. Miiller, and H.M. ten Brink (2002) Construc-
ting the European aerosol nitrate concentration
field from quality analysed data, Atmos. Environ.,
36, 1323-1335.

Stockwell, W.R., J.G. Watson, N.F. Robinson, W. Steiner,
and W.W. Sylte (2000) The ammonium nitrate
particle equivalent of NO, emissions for wintertime
conditions in Central California’s San Joaquin
Valley, Atmos. Environ., 34, 4711-4717.

J. KOSAE Vol. 22, No. 5(2006)



