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Abstract

The subway play an important part in serious traffic problems. However, because subway system is a closed
environment, many serious air pollution problems occurred in subway stations and injured passenger’s health.
Therefor, it is a necessary to identify sources and to estimate pollutant sources in order to protect passenger’s
health and to keep clean subway environment. The purpose of this study was to analyze a air quality in the subway
stations and to apply a new receptor methodology for quantitatively estimate of PM10 sources. In this study, the
size distributions of particulate matters has been measured by using Aerosizer LD (U.S.A., APL Inc.). It’s real—
time measurement capability of time—of -flight technique offers a significant advantage of user convenience and air
pollution management. Also, the mass concentrations of PM10 has been measured by using mini-vol portable
sampler (U.S.A., Airmetrics Co.). The sampling performed in Seoul subway stations during the period of February
2000 and April 2000. The number distribution data used in this study consisted of 26 raw data sets in the Jongno-
sam-ga station. Correlation Analysis can be used in subway stations for source separation and identification. Then,
number contribution from each source is determined by the particle number balance (PNB). The mass
concentration data used in this study consisted of 31 raw data in the 8 different stations. The mass contributions of
PM 10 sources in the concourse by using PMF/CMB model.

Key words : Receptor methodology, Subway, PM10, PMF, PNB

* Corresponding author
Tel : +82-(0)31-201-2430, E-mail : atmos@khu.ac kr

J. KOSAE Vol. 20, No. 1(2004)



x
rhu

7AA9) Aoz Algle Fae PHsilen, A
T W A g Angh shssAl Sl A
TR e 2A29 A7FVHE oPIAzlen, 1
Aoz A4 edd Al A8 ARE
of LSt A A=e] F2 HEAIS v
2 A& A A BA) 255} AR w5E
Aehs =A1EAC AR glew, ofg dastr] 9
st mgFel QA BA| o]0l AFEHUH 1
A2d< o2 A P& & 5 Ak AEA] A
8L 1974 154 97 A& AL B 83
7HA) % 2637 AAE Esta glom, Azt 4 <
F= 20000 71F 189 =eoll Feba ek w2011
Qe 37] Aol &FHe A& ATEHES
Aol 7i7h¢- 48%E 7158 o= didsha gl

718 A7-Edel ofshd, "l HPEL2 o5
% 80~95%% okt Al FheM Agstz 9l
o (Wiley et al., 1991). whe}r] H7] 23 e] A7)
A =29 7FsAe AEg AvelA por, &
3] Askzre] A AsiHel F - ul7] Aulel o
3kl 3718 8k SAE 7R 7] |,
252 28 F717F Kd=AVE el 2dfle]
EAE A s AT 371049 29T 4 Y
o & A7ellie AeAle) daAel Astag-32tal
A Aalellx] ¥x1e] 2w WAL deofstart

TlAlERe] 2 - b B8 B3I 53, &
A9 Z7)e e W 7P Fedt 224 tﬂ

grol7] digell ®xe] A AMpeest 4
R 2F AU ST 248 Astae 3

Bz 999 #at rAdx=E AAt
s Al ket S8 EAIIHE o8 452
& stz #ASh A7) Ak AL W)
“7.%_94 AR el 7| 2AQ Ame F4d
AR, AssEe] Q7 dubehslelA el
*,J_AV Neiz 2A49] gL AASTA stgiet

%o i

2. A7 o 4Y

2.1 Al29e| =5

Mol =4 @rhedel AAT F237H6A

[ RT3 A20A A 15

Neer BZE Z2Asiqgct 2237192 134, 3
34, 5340 9AH gl Fpde=M AF 5F
7R AAFH Qv 134 $7ke Fbdw) 565
m, 257197} 875m @A gleom AxE 14mo
ok 334 7L b=} 800 m, £A =237}t
390m geix 9l AxE 21 melrh T ¢3H
534 7 FEEAT 1,040 m, £ 247197
820m GolA glem A= 33molt) 223714
ko] zrol AHAe] glovt, w7 Z AsHATE
= 25 ¢ton, Hdew 2937} 251,870
Hog Wi FEAFIL o]8de FAbeH (A&
WAl A A AAL RS, 200D). s A2 ‘ﬁ*}
o 97), Al 57, Bd el 2470 A A A &A
o, g AHNAM 2~3HH HbE FA st F
72709 AmE FrIA BEe] A $7NA
oF 35m A% "WelAl Fof| X7 ﬂﬂ"éa% = F
HellM EAslolon, dgtalat 732 dAake] &
I & ol M 2 7 YR AT il
N 2A8 971 27 A 0m ohe) =2
14 25aiic o Ao B ek 2744
2 2437) M F239e BT A2 9
g5 alellA) PM10S Asleel 24 ¢x]= 9
7], A, $7A el e 7Rl A 4z
Az 2A39

3'_,

2.2 Meske £F

20001 2¥ol] F237FeflA A1 JHEZ

2 74> = (number concentration)& ZA 3t}
Z21717]% n]= API(The Ambherst Process Instru-
ments, Inc.)A}2] particle size analysis system (U.S.A.,
API, Aerosizer LD)& AF-3lgth AF2-8 7171= 0.1
~700um #We1e] YAAN 2 100000742 AR
ZAe] 7hsdltt & AFelrE 0.1~200ume]
DEREXY %}‘ii o, B4 Bl 0.1~10um ¢
Y2 Mee=E AHSAT FUFES HT |
L/min¥] Tak_i 60~10027F E3l3hgom, X4
W 1~33e wE zﬂ% st 54
A4 U=s :

% PMT voltage—— 7]3—1é14%1'°] 100VE 2434l
ok 1200 VE AT A4 mA A &4 z5do
EolA} A Aol = (background noise)7} Z7}3s}



229 AesE R AFsme

= EA7) 2 4 9lok(Thornburg et al., 1999).

Aerosizers ¥4 H ollel2F 7ol wWol M4
1A, A a5 FEaRAE 23
o] A Tl 2l SR ATW
(vacuum pump)ell & F31= IAE sonic noz-
zled| A FH&Elo] 24 XA (measurerment region).o.
2 ol gHeIR L, §A9h YA A9 gl 717
Al 7MsEeh A7) wkE S22 fA9 @ T
d YA 94, 2ok UE Fo meh 39 (drag
force)®] °d&F& Wert 22 UAES waA A
9 %=z 2, AdHoz 2 U= w4 &
A9 &xo] A Dok YA 2ol whe &
Adon 24 Adel =23 A= 1mm 7+
3 709] #)o]A (dual laser beam optical sensor system)
o jste] ALREATIE Wl WA (pulse) 1AL 2
o] YNEEE PR YALELRE 7S
A )74 A&} (Thornburg ef al., 1999; API,
Inc., 1995). Aerosizers &A FAlo] Aoz
g7k gt 1A BHE 429 AFE e 2UE
= Astg 297,

2.3 dgsxe 549

20009 490 AAIW HEG F F59E FA
o2 @ &7 FAbelA] PMI0E iAo A2 sck
Z7717}% Mini-vol sampler (U.S.A., Airmetrics
Co., Model 4.1)E AH8-3}ic) A F 622 SL/mins
2 24A7F 23l e 72+ =K AL Agex
£ vlmsr] A 7] 124, A 124, 28]
Iz Ao 7R 1RARS A5}k Mini-
vol?] PM10 &4 8lE AAE S AMgsle 3719
A Aol 10um o4e BAL AAT F, o7
o PM10g A= whielnt AHAZLL 7]7]4)

#A imer® ol g3kl =Bs)slon, ) 5o
ofr2 71717t W A5E dlvlste 7714 A3
Bl ATk A\AE A2 B $AE Sse
of Agk AL AAsIAS ABAF A oS
# ox]+&= u]Z Corning Costarte] 47 mm % Bl
oJx] (U.S.A., Corning Costa, Membra—Fill, pore size
02um)E AHgstleh NEAH F ARE WA} o
AASEAA 2447 o4 AR, HApH S
£ olgsled Aga F Al ANF A - 3 FAR
S AF o o] AYPrsE AAEidrh ¥

U7 M-gAl ABHE JAp 29499 T)H= Ay 19

"1-°/l Agpev e Aalst 3o 2499 A s}
2 84 A A SAgE v=

EPA°ﬂ/‘1 199233l 32A|8F CWA (Clean Water Act)
2] microwave A ¥l Questrong ARE-FH A
AHeg& ol g8t o] AAE £lE
F - 7k AR A "AAE AE 45 A
o AHE 7P Ao AFHT QA& PFA liner
ol ¥ F A4 10mlE Y3 Faxhy WA 2}
=] (U.S.A., Questron Corp., Model Q15 Microprep)=
ol 43ted HAT Iyt AAHs B ARE
ICP-MS (U.S.A., HP, HP 4500, {3t w 373 A
71€QATAE)E o] 43led A B

e A

2.4 2H| Hax "ot

S EL 444 (receponfl A} Wi 2" 298
e B2 SHQ 2], woh A, QAEEL ¥
w9 B4 51 219 48 3 4
£ 0984S TEEAE $AT £ 54 29
2 AFA 7AxE ZE TEFAE o435t A
St ettt L9 EAY THT SA4E s
A% gz wie s "o 2Aubis 5
2 FAu Feo] itk dn|AA AU 2 YAt
T2 BAME 317] el UAPE HA (individual
particle analysis or particle by particle analysis)¢|g}1

Yo} mop £4, M9, THF, U4 5 AR 24
& A4z FASd 8500 AT 5 e
®, BRI, AARARA A D AFARAFALR

WA Soz ¥AME 4 oo e A A
A (bulk analysis) o2}t 3}, oJ =) wheje] 24
£ V1R o= o AFRAL YA RE BHI=
2 Rl uhdo|o). B3R YL X g g A
33 7 EAAE o] 43t B3t AHrE
dE A5E M3l 4F SE85ATE ol 43+
24999 A V=g FAsE Yol ¥4
o g = x-ray AW, AR gAY, dAEE
9, =23 Egkav), HPLC, ZlAa3a=snie dels
59 wle] . AAdE F2 FU)dr0 4P
=E o] &F pLuEo] FEE o5 o), 2

2849l ANF ek 2A7PE, A E ol
43t g0 WE 53 givh

YAE EA F ARl s dojxl o)3a}
ARE EARAS B Agdoz odyds =

\1

r{r off

J. KOSAE Vol. 20, No. 1(2004)



20 Hy

N R

Ho

A det 4 2ol A4 27ede 5
Fjelt AIAGEAY FE& wel AHg3he AT
7 7 ol AHEEE BARANbE L ekl
%A% (chemical mass balance: CMB)o|1} Q1 =}-#-A
i (factor analysis) 52 vhd®F FAEA o] Tt
oz &I ok dAREAMS] AE &
ddE gl 2 98-S AT 2 7HA A
A& Jeple] A2 gz L EHA 2999
Aegz 7ldx FA3S $8)r] TTFA (target transfor-
mation factor analysis)”} Alpert and Hopke (1980)¢|
2Jate] JUEeH, 7]E AAEAMY] DA &
5] APl A, 251 AR AT T EA
)& 7/)A%F PMF (positive matrix factorization) 2.5
o] Paatero and Tapper (1994) Sl &l 7=o] Z
Hell 24" »b U} (31=e} 754, 2003, 2003a;
Az 5, 2001). o}F X FEUPHELS A7 AY
Hell weh J2E Pelo] EAulo= siE T gl
o, 2 2ol Fell M Ex19] B2 5L o] 83
F4udo| dofalA A4HT ot AAFAER
734 (SEM/EDX) o] &3te] AHe] Ffel o} ¢
ALE Eiske Wie] A8 s (1999
olga] SMuts) gl ory, =5 SAlR]A}Ze i E o]
7352t 75 (2000000 LA ALHALS. E 4
TFollMe 2219 83 BA dAZ =& AH
SEs BT ARE o 8sl] Tl 443 ¥l gl
= Al2g 48w del PNB (particle number balance)
2de Agatna e
PNB 22 7|45 s X A8E o835t &
249 2 oA AA £ s 2
AH sl A AeEE 2 Pioloh
19893} 19903 Tian S0l 23] clean roomel| A =]
Al ke Ba) FEREEE o]43 298l d=
AFE-& 98]~ PCA (principal component analysis)2}
37 PCB (particle concentration balance)2t ©] &0 &
A4 v Gl AP AR Bel A8FT Ak
shebd Ang whoz B CMBAF AN 24}
9 shepalad] ARSAsh Agua) WAE Ae
Aol sho] A Jloixe sk Wby Da
o PNBE 248 97 ¥3 A4sx A2 vl
Sow 27te) oqgdd HaHE nhel U7 W
22 Hohlo] S HYEFE (source profile)E 2+A
332 A2 (least square method)3} 374

o

iy

oo

Y

71 A THA 420 A 1=

(regression analysis) 52 o] &3l 29U 7=
B AEse el o8 A (el vehisie

P, =k§ S, -C.  (=1,m) (1)

=1
4714 me FAE 7AW Ad Fol,nd oY
Q9] 2oleh =% PE A" APIA 24 ¥4
o] iR Ao Aprxrl Hy, S = kA
sduezyHel A A4e Aeseza 29
[o]

AE-5 2 (source profile)& &n|dit). C = ks 2
dheg¥Ee] N4 = 7)o = (number concentra-
tion contribution)7} e} 18] 2AeA &R Ay
= P8 299 B= S, & 7IASeY JHq = Cr
u| Rz FAPAEAHez 73 4 9ok 25 PNB
294 2437 eiMe ut=A] AR e
29 wiExtael S B9 glote] w$ Fesicl

3. A= o nH

3.1 HTske &%

20004 24 F237F96A Exz19] IA Rz u)
£ Nes=Es EAs A7), A, 747 H
de] 247 AAeA F 723] EAsgloH, HdE
A &gk Zhzhe] AAHE Pt 78 26709 AT
AAE (raw data)2 AR&-8tgd . 100 um7}pR] 2] TSP
(total suspended particulates)sl] o W =R ETZHE
I8 1e) vepigied, 97, A, 7+ s &
373 EldelM Y] Hg 473E MPsEE £ 1
Sephgdeh Q)N AaEE I 4T ¥
ZE vehlo], Z dF oA A8 Aerosizer LD 7]
A% 2899 (uclei mode)®] 3] 25
dgol guodee A Qkeh 2 A7 Ale
2% BxE= Despiau et al. (1996)3} Tuch et al.
(2000)°] At AN Meye=d ST Adtet
vwste & e ert AHes v ge el
Yz gled, o] 0.1um o°]3le] ¥HHS &SAEA
A7) o), dlk & dFol|l A AHE-E Aerosizer
o] ZAW2r} 0.1~200 ume] ATt B dFelME=
PM10%HE w#{3)7] WEo2 (F, 0.1~10ume]
$)) b= =} Qian er al. (1995)8] Q7o <lahad
Aerosizer?] 22 gHA] #H$jel 0.lum o]s}e] Hs)



A4 Fe APEEe dehhs Ao e
49  ASeEt 23 99 44

2

7o A E3) wEel

Z]

g Asrs g A 447 A2 A5A g edde 7= Ay 2

S E S

i)

B

£

%

27 @

e 97

0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.00 sssse

Fraction/dlogd

0.10

1.00

10.00

Particle diameter (um)

100.00

Fig. 1. Frequency number distribution measured in the
Jongno-3ga station (logarithmic size scale).
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Table 1. Average number distribution of each location in the Jongno-3ga station. (unit : number/cm®)

i ine- ine— Line-5 Station
Slz(ilirall)lge Outdoor Conourse ;T:tlt?orlil ;T;??oril plartlfeorm Tunnel average
0.10~0.12 0.013 0.029 0.127 0.175 0.216 0.085 0.091
0.12~0.14 0.013 0.026 0.118 0.160 0.196 0.083 0.085
0.14~0.16 0.010 0.021 0.096 0.136 0.165 0.084 0.073
0.16~0.18 0.008 0.018 0.085 0.122 0.142 0.100 0.066
0.18~0.22 0.017 0.041 0.172 0.240 0.268 0.161 0.128
0.22~0.25 0.019 0.046 0.143 0.198 0.216 0.178 0.115
0.25~0.29 0.045 0.085 0.232 0.295 0.331 0.307 0.189
0.29~0.34 0.110 0.173 0.381 0.444 0.493 0.509 0.313
0.34~0.40 0.255 0.361 0.657 0.683 0.760 0.787 0.535
0.40~0.46 0.428 0.598 0914 0.896 1.036 1.154 0.783
0.46~0.54 0.778 1.238 1.670 1.629 2.053 1.873 1.474
0.54~0.63 1.134 1.995 2.665 2.660 3.675 3.148 2.427
0.63~0.74 1.882 3.431 4.669 4.663 6.912 6.422 4.392
0.74~0.86 2.708 4.834 6.500 6.528 9.720 12.941 6.637
0.86~1.00 3.366 6.133 8.518 8.511 12.684 20.366 8.994
1.00~1.20 3.783 7.448 11.896 11.967 18.110 22.081 11.404
1.20~1.40 2.676 5.305 10.279 10.593 16.223 15.568 9.121
1.40~1.60 2.061 3.828 8.474 8.907 13.561 9.990 7.046
1.60~1.80 1.672 2.872 6.906 7.408 11.064 7.206 5.573
1.80~2.20 2.453 3.912 10.077 11.155 16.043 6.707 7.620
2.20~2.50 1.286 1.901 5.159 5.930 8.022 3.323 3.854
2.50~2.90 1.212 1.700 4814 5.668 7.270 2.862 3.530
2.90~3.40 0.998 1.299 3.904 4.733 5.741 2.238 2.823
3.40~4.00 0.755 0.915 2.957 3.650 4.189 1.564 2.083
4.00~4.60 0.503 0.534 1.909 2412 2.647 1.085 1.333
4.60~5.40 0.431 0.415 1.642 2.129 2.322 0.880 1.136
5.40~6.30 0.322 0.256 1.211 1.593 1.753 0.622 0.822
6.30~7.40 0.268 0.160 0.966 1.336 1.493 0.416 0.652
7.40~8.60 0.207 0.085 0.705 1.015 1.146 0.133 0.459
8.60~10.0 0.152 0.042 0.522 0.782 0.939 0.030 0.337
Total 29.565 49.701 98.368 106.618 149.390 122.903 84.095

J. KOSAE Vol. 20, No. 1 (2004)



el w)gked Zhzt 156, 19w} AE ¥ FE B &
& vepligort 5744 F el ol A9 ws
g = vEg veigdek BEY A 1.0~1.2
um HY A FEEHI}A B2 FEE Jehigsd
18~22pm =2719) 7 Wil wlsted 33uh9) &
o 3% HEg JeEp nt A3 MexEst A
= A% 20 o o Al st B
o] U A= gly] i 54 94A
We)e) #Aol Aoz Wo =YL Alm
Ak

Z237199 2AAGY 2 A4eEe] JFS
847)/em’s vehde) 26749 QAR Sl ApR
e xg Vel A2: 3 220 94T 15
A F73Aelgl e, of AL EdelA] 5m Hejal
Aoz 19670em™7t FAS A 7P w2 AR
=52 bl ArE 97124 19lem’s 2ALE
Aot ez gAY %‘r z2 AHud, 979

E%}%iv}. vt %‘—M}ﬁl 734 Wiay B ok
Fxlo] Z2HEg]on, E3] 1.8~22um HYdA =
=0 Exlo] 2= Y FF Nese
134, 334, 53AeA 22k 987)/cm’, 1077)
fem’, 14970 /cm’ 2. Z2AF A 2 Neres A
2 WH2PE o 2 v=2 SAHE AT 2
Aet 4718 HF Ae=st 30/M/em’dE et
27343 5340 A MeeE: 14970/em’z =4}

o] A9 sule] Fx AolE ek

e o

3.2 Jisszol st 2HKde| Fajet
2 ERHEe WY

23719604 Z2A3 26709 NyEss dAEE
o]g3sle] 2P B - Falsy] AWM FFF
A5 g A =sgch duld o s QAR F4
g SAEME o] 43 M 2999 74l
Azt 3 wpgke s XX Ay Wiske] dAxpt &
B4 FAXRR A7 et weba B
Moz BAs)7]d) e Py = Aas HIE
ztede] dosly, AR E % AFT (square
root) ¥ to]r}, 27 (logarithmic) W& F2 ALE-
3o} B dFeME 2adde £33 59
Z790M J7AEAE Aol = v EE W)

g2A71RRHA A209 A1 s

A3t wleRxgez SAA AAMzlE $Ysk
o & dxs s 2 19 2 g HYAZe
9, o] FAL #f‘ﬂrﬁ_f—_ HFs7] A% Fefold
23 o9 ko) AR Jehi7] st vie &
43 ot
294& 2] Hfﬂw,% wezke] A3
FASF= SAEA AREAE ARSslE A A
A 59 E} ¥ ﬁlvﬁrﬁoﬂfﬂ 7]%

o= Agshe Wyeln & A7
¥ ABES 2N A2 1‘+— iuzea
EH—E s FAsA e, dAEg A
43ke] 4 %*—i T 75 AREel 08 o4 ¥

< "Jﬂrlﬂ & velliddy) dEel 2gde} et
AP %7}—6}934 Neps 22 A2E Pd
9 A7k Tum ZAA Hdzgke Jeblie 54
T AZE 7] REA dase AHENE §

%
FEAL QA
;Ql
7

He

g o9 Rale AgsiA] dstct w3t 314 =
7ld] o8 % vlES 2] A8 =t
£2 WS £ ARE 01%6}04 ARS8
aiZl“P A 2 B2 ARASE Vel o4
AE B £ A& 2).

MNeyex B A8E o843 2499 Rl 74
72] e AT 47 WYY Ag viEsis

= 7HA sl st BJ'%ME} A 249 s
HsML 7o) 2 JREL FRHARX = EAAA

474 B2 g e e} ﬂv‘r a4, NesE BE
AgE AP xo YAt r|daxss AMEe
7Ag-sh= A5 Hert 2] dEo, egde] ¥
& e o8 H“a';IOl Zesqrt 1 olf=
Aoy B2 2ad 2% dxlar) A7 E&E (nor-
mal distribution)$} %A}z& Helo BEEE AT
dor, ALY UAE FE Aolx Wi 22
Welol A Wakelr] wEe] BAoz FHsy|s)

Table 2. A result of correlation analysis based on the
raw data (fraction/dlogdp).

Class 1 Class2 Class3 Class4 Class 5
Class 1 1.000
Class 2 0.969* 1.000
Class 3 0.965%  0.872*  1.000
Class 4 0.949*  0.995* 0.836* 1.000
Class 5 0.974*  0.982* (0.908* 0.965* 1.000
*:p<0.05, **:p<0.01
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Table 3. A result of correlation analysis based on the
transformed data.

Con-  Platform Platform Residual

course -A -B soil Outdoor
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Fig. 2. Patterns of 5 separated sources based on the transformed data calculated by eq (2), eq (3).
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Table 4. Source profiles (%) used in PNB modeling.

rangseliflm) Concourse Plat/iorm Plat]gorm Re:(l)?lu al Outdoor
0.10~0.12 0.846 4.120 4.184 0.130  0.179
0.12~0.14 0.742 3.995 4.363 0.203  0.239
0.14~0.16 0.636 3.815 4447 0.695 0.133
0.16~0.18 2511 3.455 4.352 1.044  0.096
0.18~0.22 1.448 3.594 4.195 1.572 0.147
0.22~0.25 2.678 3.538 3.652 2.311 0.233
0.25~0.29 4.827 3.339 3.090 3.037 0479
0.29~0.34 6.341 3.306 2.497 3.635 1.116
0.34~0.40 5.713 3.303 2.294 4486  2.232
0.40~0.46 11.700 2.575 2.202 3610 3457
0.46~0.54 10.405 2477 3.140 2.520 2.584
0.54~0.63 11.181 2011 3.958 1.761 1.206
0.63~0.74 10.645 1.630 3.969 3.387  0.908
0.74~0.86 9.020 0.822 1940 11993 0.511
0.86~1.00 3.634 0470 0.959 18.791 0.238
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3.40~4.00 1.348 4.586 3.295 0.175  8.596
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8.60~10.0 0.188 5.029 3.027 0.000 6.678
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Fig. 3. A result of particle number cantribution in the Jongno-3ga station.
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Fig. 4. PM10 mass concentration measured in the 8 different stations.
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Fig. 5. EV values of 4 sources in this study.
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