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Abstract

We investigated the pollution levels of PM, 5 at Wangsimni station at which four subway lines (Line 2, Line 5,
the Jungang line, and the Bundang Line) are simultaneously under the operation. The analysis of PM, 5 was made

for the period of 1 ~ 11 Nov. 2014. The results of our field campaign were analyzed to assess the effects of various
factors and conditions on the PM, 5 pollution (such as installation of the screen door, density of floating population,
weekdays and weekend, and the depth of platforms). The mean concentrations of PM, 5 in each subway line of the
Wangsimni station was measured as: the line 2 (22.5 ug/m?) ; the line 5 (18.3 ug/m?) ; the Jungang line (31.8 pg/
m®); and the Bundang line (32.2 ug/m?). Based on the detailed analysis of PM, 5 pollution at four subway lines, we

aimed to provide some perspectives on reducing the concentration of ultrafine particles in a highly populated urban

area.
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3ko] fite] 7]ofste AR g A Stk FA G
2 (IARC)= ZUAHA] (PM, )& AW, SAT &2
Sgo] dretEy a2 A5t (Seo ef al., 2006).
PM,8] 75, ti71SHE Ao oate] 1Y (244
7 BgAE 100 pm/m® o3} 18|31, A7t HdA=
50 pm/m’ ©]3HE FelFH 22 A XSk oH(KMOE,
2013). 2015E =g Ba|2 A3 PM,,9] A2, o7
FH R 9Jste] 1Y (24417 B A& 35 pm/m’
olal 181, A7k A& 15 um/m’ o|3+E Tt
Aoz AAEL OTE]—(KMOE 2013).
7] F &3¢ 2 AdA gl zsHA 4
FE et wEkA °‘HP@ o2 ALd B
I, @Eoh oflIt 2 AY Frkele S Bl
L Aoz Z 42 A thdJeon, 2010; Kim et al., 2000;
Leaderer et al., 1999). 3+ n| AR = 3Ap7}L WIw s}
A dsts B4 293 dHARE gol AHgshe
ALY 2 555 etk 8h, o Eofl= vl ¢
gk AIFEARR A W =g Helth X3t
T2 Astd, A7t AstEay 5o FHE 4y
o] &3t St X|3HE Ao &5} o] gl F7t
2 gk A5k F7|49 ofsh= oy PR o] &Rt
9] A%l 93Z vl 4= itk (Jun er al., 2009). PM, 5
£ A4, 55, ofEy 5 A 98E bl &
3] dAbRol glo} 181 wkloA o & JFE uA
ok webA REHE o)1t SRkl Wt PM, 9]
ZAAg FE|7t dasiet 20139, EA A SFIAHEY
T2 U - S L B5FEY olof] BH AA
23, A3t (AGAE] g9 Aet5e AldE
Z3e TFolAA 5o AdEASEY (HE
A10789%5)) what 85T Qlrt. o= thEol A,
A& F5FE 4 gFuFAF AyFr|ds gt
A FAsEL FEFOEH, T A o] &t <]
A7E Boetal 49 HaEE duhE 5Ho=
gtk 28y ofH = F g S EFEd A5 Al
At Bgh AWF71de] digh A 9 o] g4 A
AN Tl digt Bt RE53 AAo|t}. £9], A
St At A BN R] 2 H2 X351 o] § SAEY o]
. g2k LA, B71E A3l =Ytk 9F 17]
T o] kgt 71&E0] Zg3ttt. o] &9

o
o
202 U 49, Wi 3719 edel 93L

Fa7IE SR A A 31 E A3 =

z8A - 4R35}

4718

)Rt} (Yang et al., 2010; Lee et al., 2010; Park and
Ha, 2008).

A3 oAjet B9l F71de] LukAE, HEA )
3o) FIIAE orspEnE S50 A7l AL
Zeha & itk ol T AL ThFE 42T Bo B
&5t (Roh et al., 2007). & A-oflAl= o] 2|7t &4
AL Aesto], Ak JAE FAHLE PMys &
== 5k, o] A2E B2 PM,s9] TAE I}
chFgt BAlolA siAsteiT o] H gt A E EYE 1]
A8 AEe F=shy] g BekE =35k
stazt sHglet o] 5 flaf & AFolA= FF=EA
oA AT FAdE gAY PM,s ARE FAA &
Aof| 7]8kste] dAEE BIHE A=t ol & 8,
A AHE A Yo AEES] s 20149
119 019 ~ 1199 11L47HA] EARALS A5} T}

2.1 FA|7|2 EX-diH
%}@ﬂ Q/\]' o] 479 A3kd A4 23 A, 5TA,
)2 SABFES 229 TR 7|20
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SATAE, BREY Yol FHFL (EHD A7
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Table 1. Basic information for the analysis of PM, ; at Wangsimni station.

A PM, 5ol tidt e Jd% A5 203

Survey date

Sampling

Wind velocit
ind velocity ‘Wind direction

Order  (8:30AM, 2:30PM, Sampling spot Railroad type ~ Car count
7:30PM) code (m/s)

1 2014-11-01 The line 2 S-1 Single 10 23 Southeast

2 2014-11-01 The line 5 S-2 Single 10 23 Southeast

3 2014-11-01 The Jungang line S-3 Double 8 23 Southeast

4 2014-11-01 The Bundang line S-4 Double 8 23 Southeast

1 2014-11-03 The line 2 S-1 Single 10 1.1 Northwest

2 2014-11-03 The line 5 S-2 Single 10 1.1 Northwest

3 2014-11-03 The Jungang line S-3 Double 8 1.1 Northwest

4 2014-11-03 The Bundang line S-4 Double 8 1.1 Northwest

1 2014-11-06 The line 2 S-1 Single 10 1.7 Northwest

2 2014-11-06 The line 5 S-2 Single 10 1.7 Northwest

3 2014-11-06 The Jungang line S-3 Double 8 1.7 Northwest

4 2014-11-06 The Bundang line S-4 Double 8 1.7 Northwest

1 2014-11-10 The line 2 S-1 Single 10 2.5 West

2 2014-11-10 The line 5 S-2 Single 10 25 West

3 2014-11-10 The Jungang line S-3 Double 8 2.5 West

4 2014-11-10 The Bundang line S-4 Double 8 2.5 West

1 2014-11-11 The line 2 S-1 Single 10 14 East

2 2014-11-11 The line 5 S-2 Single 10 14 East

3 2014-11-11 The Jungang line S-3 Double 8 14 East

4 2014-11-11 The Bundang line S-4 Double 8 14 East
ZA3ko] AT Ao, BT BA o,
7t S F ok 22 SAA e sd AR 3, ZAIQt EE
€ & 19 AEste] PM,s9 L ARFE v
a3 AsHd AldEe 2A o= she] Fagt 3.1 232I=0{2] JHY {20 [E O|MTX]
NERETER X LRt S I

SAlE] ARl % 4o BA QBA, 55, 5%
2.2 PM,s &4 *L,l‘;r A)g fﬁgoh AUt 471Y] M F 2247 5

RIS 7= 907 Fakt AME Sl oF 0.1 pm

oA 10 um¢] YRk 7R Zo] FHsdit B AT
qJME 102 A2 37|52 vNHA 40| 7Fe
3+ DUSTTRAK™ DRX Model 8533-& ©]83}¢], PM, 5
g 4oz BH9 vES S50 & 47 A
ZRAI UHEHIEIOH ot wAE AR, B SAA
3H 24 T oA 2] istel, AR
(User Cal)& AAstgEch PM, A HE S o] &35t A
S3= AIABHAL, 158 (27] 1025 AT 527 10
2 992 29)Aes Fusiar.

TS Aol EYFo] 2a-Eo o o) AehE o]
CHHA, AT RS 747 R AAE <
ﬁﬂi—t,'—E] L A= 7]5—51& 2

g el 2:<‘zd EAH laE— Z}zF 2244561 pg/

m’, 182+2.74 ug/m*2 el S4A, Bpao =
=9l 31.8+8.90 ug/m?, 32.2+9.98 pg/m*H} =4 1}
BT 53], 89419 w=e 5549 =9 Hd
574% B 2 =5 YEhlin] A3 &0 AAfF
o Ze]7k Yehte A& glstAitt. o#d F=A}o

= 95% AFeEolA T Ao et o] 2%t
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Table 2. Comparison of PM, 5 concentration levels based on four major criteria selected in this study.

. X PM, 5 (ug/m*)
Order Exp No. Sampling code Sampling spot
Sample Ambient
1 S-1 Closed subway 224+5.61(75(N))
2 S-2 Closed subway 18.2£2.74 (65(N))
+

3 El S-3 Opened subway 31.84+8.90 (75(N)) 2442112300
4 S-4 Opened subway 32.24+9.98 (60(N))

5 Morning rush hour (7:33AM) 26.9+5.44 (25(N)) 22.7+6.53 (10(N))
6 E2A S-1 Transient hour (2:36M) 22.445.61(25(N)) 259+ 11.6 (10(N))
7 Evening rush hour (8:12PM) 31.9+4.27(25(N)) 247149 (10(N))
8 Morning rush time (7:33AM) 254+6.22 (20(N)) 22.7+6.53 (10(N))
9 E2B S-3 Transient time (2:36PM) 32.3+£9.86 (25(N)) 259+ 11.6 (10(N))
10 Evening rush time (8:12PM) 28.9+5.28 (20(N)) 24.7+14.9 (10(N))
11 S-2 The Fifth Basement Level 18.2+2.74 (65(N))
12 E3 S-1 The First Basement Level 22.4+£5.61(75(N)) 24.4+11.2(30(N))
13 S-4 The First Level 32.24+9.98 (135(N))
14 B4 S Weekdays 18.0£2.95(255(N)) 2524122 (24(N))
15 Weekends 19.3+1.22 (20(N)) 21.5£5.21(6(N))

50 40

PMas (ug/m®)

S-1

Fig. 1. Comparison of PM, ;5 levels in relation to the ins-
tallation of screen door: S-1 (Line 2), S-2 (Line 5),
S-3 (Jungang line), and S-4 (Bundang line).
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Fig. 2. Comparison of PM,; concentration levels by the
measurement time (density) of population of the
line number 2: Morning rush hour (M), Intermittent
(1), and Evening rush hour (E).

3.2 |37 xtolof mE OJMHX] s=
AZtE 7120 R {5 Agste] uet 5
S5 skt & 20 AA| SAET0 Hdgo s
579 Aol W AE AT HEo] A
&0 HAAA] == A AASH] EF7] 54
o2 QU3 G A BAASTA SHc. 18 294 3
o] Atol] &Jstd, A oA FEUF7T B2 %
A (27 8A] ~ 942} EZAIZI (2F TA] ~
Aol PM, s S %7} Z+2ZF 26.9+5.44 pg/m*Q} 32.0+
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Fig. 3. Comparison of PM, 5 levels by density of popula-
tion of the median line; Refer to Fig. 2 for three
symbols of M, |, and E.
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Fig. 4. Comparison of PM,; levels by underground depth
of each subway line: U5 (5th floor-underground), U1
(1st floor-underground), and A1 (1st floor-above-
ground).
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2 Ugyth 53542 §5907F B2 E2ATH(L
8Al ~OAN I} E|ZAITH( LS TA] ~8A)|| 57t 242
23.84+2.28 ug/m*e} 27.3+2.62 pyg/m*2 JEbth &
FATE AL o] LFATHLF 24 ~3A) 9] F=
18.3+2.74 pg/m’2 Vet RJAte] 923t At
Ql TS B AN FEd+7F B2
TAIZH (A 8A ~9ANT} EJZAIZH (L TA] ~8A])
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22 323 §59077F AL o] LTAITH(LF 24
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AR Apol7t EAFTE thE 2L FAlskAL, HA
o] Zolukg 7|ELo & Hlwg A
upe} e FodAd B A4 15, 2842 A8t
13, 584& A8} 55082 LRt §, 7}
off dial 22 Alztdoll wAHA] PM, 59|
sto] BatghS wlwstglch. 18 45 BH, A4 159]
3224998 pg/m’, A3} 120] 22.4+5.61 pg/m’, 2|5}
5%0] 1834274 ug/m’2 Yehdth. o] (7S B3
& A, A3} 5FolA Adt 152 o] FIHUA wAlE
9 F=7}F 22.6% F7VekgITh S A8t 13004 A
F152e2 o]FstHA 43.7% F7IsHtt Ast 133}
A8k 5Fof Hls) A 130] oF 60% F= =A Uebat
ot ol= A 139 R} S0l et =2H
A gA g0l o &Y T2 FFS A
o7 A W= Zog Bt a=ut o] whaj, At
123} A3} 529 2347} 554 9 nAHA H&
o] FFZ AF oz A ol 32 FEE Hl A
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Fig. 5. Comparison of PM,; levels (ug/m® between the
weekdays and weekends.
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3ol T G W BlAtT §5T

3.5 7|& A2t Hlw

2 AFY 295 APy 248X
ol vl Hokrh sk 734, 73 ot
A9, ol #2F Fo] AHT tE JHT PM,;9
Bt 2ot AF YA R eyt E3 o)=Y
T7H] B¢ 5hF Fet BAEG =2H vA|HA Y
FFL PM,59] 57k 7017 (ug/m’ - Al7holn, ol
QA Il W] 4,661 (ug/m’ - AZhH3t F5ul7] S
9] 4,655 (ug/m® - AlZhol| wla|Al 1.5 A vepsich
(Park er al., 2010a, b). 3}, 429 1,2,4,542] PM,;
ol 777 ug/mPo A 1582 ug/m® =202 B ES]
T} (Park and Ha, 2008). 0| = X A3 Ay} v|us)] &
o), PM, 0] A5 &30 H|w7} o] 2 & AER 2 5k
o Pttt ol FAYGET {EAT B,
20109 AL FA] 23 AEo|7F AR = A ¢t7] W
of MAEXY &7t A U Aer B & ok
(FRE 7342 20120 2A3-EAE X,

7V olgFol B tAA Ak A O S
oA 4x} (2 15Y/R}, 24X 7)ol AA S5 AA
3Tt (Lim er al., 2010). 23 A1} PM, 2 A< 36.9
+124 pg/m’2 Yepgeh. PM, 59 249 PM,9 5%
9] F 2PHEE st AR YET o] At
o] gFo] B A AT} e F52
T7F vk, AT MY AP o R HAH
o lo], & Aot FARE S Hole Ae=® AlRd
o 2 959 23, PM, 598 FatEsEs 2834 (225
ug/m’), 554 (18.3 pg/m’), B4l (32.2 pg/m’), 44
(322 pg/m*)Q] +F0 2 YepyTh.

A7FEE A5HE Y PM, s wEE BET AT, B
1143 ~13.98 pg/m*& o> A Yebgtt Jung et al.,
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2 dAFeAs A GAF WY PM, s L E8E8FE
AFstr] Hel, A 4 AsHd 24 234, 5
3, FGA, £ EHE (G-4R) oA PM,59 &
=5 EAsgh o] PM,s IS HolEE EUE 4
79 Blw7|E (AU E 9 TR, {5 A,
ALY o], FF/FHE AL, PM,5 5EF ©|
z270] o] FAH 7|02 Hlusigitt

1 A3 PM, 9 BH5 5L 234 (225 ug/m’), 55
A (18.3 pg/m?), 24 (31.8 ug/m?), A (32.2 ug/

m)o g2 Uehdth A38x0] Aure o] w2 n|A|
W2 erl 2Tyl 23 A4/55 49 e (204+
9.39 ug/m’y= HFEFQ FFA/EFAY FE 320+
4.87 pgim)2 A FAF 7ke] Aol 95% AlF|Fo) A

Ro% R0 tehdth 254014 §EATT BE
A7Hel S A 7H (LA 8A] ~9A) T} E|ZA|I7H(LZ 7
Al ~ 8ol Z+Z} 26.9 +5.44 pg/m>Q} 32.0 +5.56 ug/m’

o]1 FEUF7 FL o8 LFATH(LF 24 ~34))
9 =Tl 2244561 ugm’E UEbgTh 5348 85
A7F B2 A (E2AITH (LA 8A] ~ 94T} B2
Al (LF TA ~8A)SF F-5Q177F A2 o] & 234
ZHERZ 24 ~3A)9] =& 717F 23.8+42.28,273 +

2.62,183+2.74 pg/m’2 VeERGTh b o]9} -2 ]
AE A& A, Ao B AL, 23]
&7 } @3 *17¥EH°ﬂ Y £ 52 Ut
£ AHA s EEE H
A A RAF 1=, 25 4 0] 5}
15, 5348 At 5322 Uiro| Zzbo g 22
Azt = Ul*ﬂ‘?ixl =5 5 éé}@‘ﬁ A5t 52011

7hat gL XIBP I%OM 2| A 1%— 2 Ol%o}ﬁﬁ
43.7% Z7Fskgich 18al 35, Fdo)
FrAolE U7 B 5 %57} %‘“EPEE}
203% 7= A& & 5 AT

ol& A= i3t TAH HAS HAAE A, AY
RE ¥|@7|Zo| sl PM254 L 3jol7} Lottt
AIE FRIsttt. o] & ol BG4, TEAe PM,;
FEE edtet *lﬂfﬁg} FsA 9 F vlAEA|
9 F=7t 7MY & WsE gt 2543} 554

A PM, o iEt e @RS AT 207

AL Aeky AagEeleh EATI BAWA

Sofl MR Ag3A, o152 Aol WashA Lt
L AL 438 4 Yok B 472 Fotol 94l 9
AL 47} B9 PM,; STt Z2ke) ulm wel uret

KXy
o oL WA BT nAHAY x|
FHFL XL WSEL Thrsha, WS B ulA
BA9 gEre B2 6 dxsuA stk o
21 A5 A} o] Mo et A
o A tat FEA AAR O

F 0

2
lo
-0,
1>
)
kel

#Ate| 2

o] =22 2014d% FE (w3 A4
02 AT 7|2ATAE AL wot =3
= A (A HE 2009-0093848).
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