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Abstract This study was performed to evaluate spatial and temporal variations of PM;, and PM, 5 levels in Busan's subway
system between 2015 and 2019. In order to understand the effect of outdoor PM (PM;, and PM, ;) on the PM levels in
underground subway stations, this study analyzed the data obtained from the air quality monitoring stations around subway
stations was also performed. This study found that the average PM;, and PM, 5 levels in the underground subway stations
decreased continuously during the period of observation. In the case of Seomyeon station, the concentrations of PM;, and
PM, s in the platform of line number 1 were higher than those in the platform of line number 2 due to the depth of the plat-
form and the number of passengers. There was no significant difference between the PM, s/PM;, ratios in the waiting rooms
and in platforms. In addition, when we compared the PM;, and PM, 5 levels by the operating time of subway system, the level
of PM;, concentrations measured during the operation time was higher than that measured during the non-operation time.
However, in the case of PM,;, the data showed that there was no significant difference between the operation and non-
operation periods. Finally, this study found that the variation of PM,, and PM, 5 levels in the underground subway stations is
similar to that in the surrounding atmosphere.
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A FolAE deE 7 9 Yol wl Az Ay
AS Wasta 91, £ Alzte] o827t HE =
55T A 7 olo] AUET1E 2ol gt

A@gol o2 o =2 Adolct(Park et al,

2019; Son and Ryu, 2018; Eom et al., 2013). 3], Tt
S AY 7] LFQEA FolA] u]AHA] (particulate
matter: PM)= G2H2] 23 Bl 579 5o ofstoq
A= ] U io] SAHE Aoz A ATt (Lee et
al., 2017; Kamani et al., 2014; Son et al., 2013; Kim et
al., 2012; Raut et al., 2009; Kim et al., 2008; Branis,
2006; Aarnio et al., 2005; Johansson and Johansson,
2003; Awad, 2002; Furuya et al., 2001). A|ct7}, o] A
2| e _?49,]. Zro YHzAel g Aot o]-qE]— oo
9l 37]0] $7] 9 Ame} ge oel o
O A = X Tt (Park et al., 2019; Lee et al., 2017,
2015; Son et al., 2013; Kim et al., 2012; Lee et al.,
2010). Z22]aL F2ER @] Bl o] g7 9] Fh= Q)
st #shd Auig7]de] e FRltks Hals g-eut
ejek ofuje} caket AFA}] ofdl) S ola
2t A7 Ao A ZroHE 4= It (Son and Ryu,
2018). AAZIA] 18]~ (Martins et al., 2016a), =Y
(Gerber et al., 2014), tH%F (Cheng et al., 2008), 20}t
(Ripanucci et al., 2006), BA| I (Mugica-Alvarez et al.,
2012; Gomez-Perales et al., 2004), B|= (Kam et al.,
2011; Wang and Gao, 2011; Grass et al., 2010; Chill-
rud et al., 2004; Levy et al., 2002), W (Aarnio et
al., 2005), L2 EZF (Martins et al., 2016b), T~
2009), 294l (Karlsson et al., 2005;
Johansson and Johansson, 2003), 2~H|Ql (Martins et
al., 2016, 2015; Querol et al., 2012), OF2 I E| L (Mur-
runi et al., 2009), 9=+ (Seaton et al., 2005; Adam et
al., 2001), o|&2]o} (Carteni et al., 2015; Colombi et
al., 2013), ©|¥+(Kamani ef al., 2014), L X E | g2]o}
(Knibbs and Dear, 2010), 5= (Lu et al., 2015; Qiao et
al., 2015a, b; Bao et al., 2014; Ye et al., 2010; Li et al.,

(Raut et al.,

2007; Chan et al., 2002a, b), |3 (Branis, 2006), E]7]
(Onat and Stakeeva, 2014; Sahin et al., 2012), F7}2]
(Salma et al., 2007) 2 =+l (Kwon et al., 2015; Kim et
al., 2012; Kim et al., 2008; Park and Ha, 2008)°]|4 &
g A5k mAA] 520 ML HH PM (par-
ticulate matter 10 um or less in diameter)-> 10~1500
ug/m®, PM, 5 (particulate matter 2.5 um or less in dia-
meter)+= 7~731 pg/m’2 YHHH O 2 tf7] FoflA| &
e T ET ¢ w2 g UEhde A gl
& = Q. o] of e E AR W82 A o]
=zl Zot & & At (Park et al,, 2019). ©]2} T
=01, ZIskd o= QA A= vAHA=
B Ui Fofl A <, v, e T2 5o npz Q)
st} T = =2S0] ATE AAskeT, ol
= AAEe okl e ol 2 E (Fes0,
a-Fe,0;, y-Fe, 05, iron (Fe) metal)©]7] w&of o]
T OAEREG QAo Azt Jg= A AL
2 A It} (Son and Ryu, 2018; Jung et al., 2012;
Mugica-Alvarez ef al., 2012; Gustavsson et al., 2008;
Salma et al., 2007; Karlsson et al., 2005). TSt 0] 52
A vpet 22 Z1AIAQ1 @l ofsiA WA=

=4 (iron (Fe) metal) ¥ A & F7] 5] 4F4-0f vt
5ot PAEE S-S (Fe;04 a-Fe,0s, y-Fe,05) 2
T2H I Gape] YL 7 ofste] AEE AT
2 st S B 74| filse Aor o
A4 At (Eom et al., 2013).
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Jeut ol 2et dat 2 Ed W] mAHA] e A
A5 7] A A" Jpsuto 2 7 Aol AR
714 71 (150 pg/m’)& WS 4= Siche A7 A
I It} (Son et al., 2013).
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(Choi et al., 2020; Jeon et al., 2019a; Kim et al., 2009;
Lee et al., 2003a, b, 2002). H]S UH =TFofx] FAF
2ot A 2" Y O] mAHR] o] thigt At At
S= Ak QAL B2 A1 2 EEA AL
oflA] A7F AP o= Qlsto] Fit A5k o] A
AA QN v 2] FE o] kS mefstr] ol A7
T} (Choi et al., 2019; Jeon, 2019b; Kim et al., 2009).
upebA 2 Aol 201597 E 20198714] 5
B Fa AstAtl A S H PM,, %
PM, s &% A=E E-goto] nlA=] o] A7HA 53t
2 EAJS mofstnat gict o] & 9lste] 511e] pM
T AmE o|gste] Ate] AHute] E PM,, R
PM, 5 ‘&= 0] W3}, ZstHAL U 912]o] whE PM,, 2
PM, 5 5&=0] 54, Aotd 238 3 £]7]9] ko] df

g A5 st

1 ol A% 2 =] &3
S AT E AR 47 A 115.8km7t X E o] 114
7§ Aol 23 Fofl ATt (Busan transportation Corpo-
ration, 2020). FAFAE 2010 = 109 AJHSS A2
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Table 1. General information on target subway systems in this study.
. . Opening year Depth of Installation year Number of
Station Line number by line platform (m) of screen door daily passengers in 2019

Nampo 1988 14.28 2012 46,184
Sasang 1999 12.15 2012 48,859

1985 13.03 2008 87,264
Seomyeon

1999 20.11 2008 58,875

Table 2. Annual mean concentrations of PM;, and PM, 5 measured at subway systems during five years (2015~2019).

2015 2016 2017 2018 2019 Total
Station Line Location
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
N2 1 wd 51.3 47.5 435 19.3 40.8 20.2 43.8 22.1 39.8 19.8 43.8 25.8
ssb) 2 w 375 20.1 324 144 323 13.1 30.7 15.0 345 154 335 15.6
PM 59 1 w 519 223 47.4 194 45.1 18.7 39.1 25.2 41.6 18.2 45.0 20.8
10 S 2 w 48.0 28.8 445 19.0 40.1 16.4 39.1 25.2 38.8 17.4 421 214
S 1 pe 55.2 80.5 51.3 22.1 43.5 20.6 385 204 37.8 222 453 33.2
S 2 P 46.0 41.2 40.0 19.7 37.1 21.7 329 23.0 346 204 38.1 25.2
N 1 w 25.7 11.7 24.1 28.5 24.9 16.6 26.5 235 26.3 135 25.5 18.8
SS 2 w 22.2 14.0 16.6 7.9 14.2 6.9 19.6 7.5 215 9.7 18.8 9.2
PM S 1 w 30.1 16.2 27.1 30.3 28.6 303 244 39.8 20.7 11.9 26.2 25.7
25 S 2 w 279 16.0 28.8 375 23.7 15.7 244 39.8 20.6 11.5 25.1 241
S 1 P 26.6 355 29.8 27.3 23.8 20.0 214 24.2 204 12.7 244 23.9
S 2 P 236 24.0 30.2 31.8 25.1 16.5 229 184 19.1 10.9 24.2 20.3
AINampo; P'Sasang; “Seomyeon; YWaiting room; ®Platform
T #Hz0] gkl o 2 4] 1985 154 77t /=T 3. 2y ¢ v%F
SHA A2 A|ASHe] 1999 0] 25 Ao] 712 TS
HomA Gpolo] A EAAES RE G E 3.1 PMig X PMys0) AIZIR B
oA o-gZo] 71 @e HAfolet. o5 HAtel it 2 A 9] gl Al A 2015375 2019
Hop 2t HEE & 10 b Ik Aztz] s\del] 24 4% PM,, @ PM,;9] 5L &
olo} tlEof, Al mAHA] e D AgwAs  UERH Aol 5 sete] Bulghe Hlus) Heks
Wl 24517 Siste] 2 Astelitold 7k aE T M S PME PMy; BEE vl A7
AP MABAATU e QAEEATAR AW 1948 S A 154 digae 244
£ Agsc AR ARE, IS PE E 453 ugm’ T 262 pgnOIAT, 1Y e FEE
xAL FEE RS UG 7]7H2015~20199) 0 B 2 AR 2849t 2 27} 33.5 ug/m’ it
2 Aa)sto] AFgstelnh B35k BE AsteA} 9l oj7]  18.8 pg/m’E YERGTH T 7] PM,, E PM, 9
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‘l/\Eﬂ LH—’] PM lr_Eoﬂ Oﬂo]:
o] o= Qlsto] LAY L]
o] ZFor Qlste] TAH=
PM, 27| A 9 EUE 52§t rdE o7l
Z9] pM}t o] AA| 37122 R TH(Choi et al,
2004). Z12]3L o] 52 &S] A7)0 whebA 1 vijE
Qo] M2 trerky kel A 9tk Z, PM,; 02 A5}
Ho| £ W 570) 5ol oo F2 WAH
PM, 5= &7125E FEHE 202 IR ot
(Son et al., 2014).

wtA g GALe] PM, oFell ZRtE U=
PM, 59 7]91&-2 7tsk7] f1ste] 2015958 2019
A7z 537t 24 o] Agd 7HS VX 1
PM, o/ PM, 12 AFR5HLT, o) HHH o2 75}
d A2/ Foll A mlAR R o] el T 5= H
7t o ARg-ot= W olth(Son et al., 2014; Cheng et
al., 2008; Kim et al., 2008; Park and Ha, 2008; Sohn et
al., 2008; Chan et al., 2002a). 1 A7}, - the] #]
SHAAL A= PM, 5/PM,oHl= 0.54~0.64= 2] ZF
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