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Abstract

The subways play an important part in serious traffic problems. Almost seven million citizens a day are using sub-
ways as a means of traffic communication in the Seoul metropolitan city in 2012. However, the subway system is a
semi-closed environment, so many serious problems occurred in subway stations and injured passengers’ health. Plat-
form screen doors (PSD) are expected to prevent negligent accident such as injury or death from falling and improve
the air quality of the subway station. Installation of PSD at stations in Seoul metropolitan subway had been completed
in December 2009. Consequently, the underground transportation system became a closed environment, so the air
quality has improved the platforms, but it has deteriorated in the tunnels. Especially, the subway cabin has many
doors, and the doors are frequently opened and closed. For this reason, the effect of door opening on subway cabin,
dust flow inside the subway cabin. In this process, the maintenance work may influence the health of people who
work underground, as well as that of subway users (passengers).

In this study, we measured air quality inside and outside of the subway cabin line 2 in Seoul, Korea. This study
focused on the investigation of Indoor Air Quality (IAQ) and measurement target pollutants are PM10, CO, CO,,
NO,, O;. It was found that levels of PM10, CO,, and NO, inside subway cabin line 2 exceeded the Korea IAQ stan-
dard. Concentrations of PM10, CO,, and NO, inside of the cabin are higher than outside of the cabin (Indoor Outdoor
ratio is higher than 1.). Concentrations of CO, Oj; inside of the cabin are lower than outside of the cabin (Indoor Out-
door ratio is lower than 1.). There is a high correlation between CO, and passengers inside of the cabin and PM10
is only the weakest correlation with passengers. Therefore, it is important to find out the emission source of NO,.

The results of this study will be useful as fundamental data to study indoor air quality of a subway cabin.
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Table 1. Standards for Maintenance of IAQ (Subway sta-

tions).
PM10 CO, HCHO Total floating CcO
(ug/m®)  (ppm)  (ug/m®)  bacteria(CFU/m®)  (ppm)
150 1,000 100 - 10

Table 2. Standards for Recommendation of IAQ (Subway

stations).
NO, Rn vOoC Asbestos 0O,
(ppm) (pCiL) (ug/m®) (ea/ce) (ppm)
0.05 4.0 500 0.01 0.06

Table 3. Carbon dioxide and PM10 guideline for urban

railway.
Classification Normal times Rush hours
CO, (ppm) 2,500 3,500
PM10 (ug/m®) 200 250
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Fig. 1. Trend of PM10 in subway station.



e

FAREE TJH=ze vepd Zloloh £ oA
o] AX] (2009 12€)=]7] Helli= A3} GAF 24
o] Fofgkel oF 100~ 110 ug/m’e]GEd], A= o] F
o= oF 82~94 ug/m o2 v} ok 5% E A
2=l dolA 1 9lgE & & Atk
7% °Wf°l AA =7 Aol 574 e] )
o] ) dEE sl o, dAlE BHd T

ot

r:L
=
4o

7H 7l w55 vl o33 argxe

eqgAde Agkel WY 5 - A dPe
wol Sstel AR AU N¥= fYse] AEA
A4 Wxe] F71Ae) 2 dake mA 4 lh(Oh

etal.,2011; Park et al., 2004).

ST AR AP W SN el
Azrache AR AAE B ol Fae A7kl 2
71l SRSl A B3 A5 2
A o) 271e) WA ¥ Fes)h wak %A
Vel PMIO olh COl Bl o) 97
=% vl7b 9Joev} Xu et al., 2013; Park et al., 2012;
Cho et al.,2011; Oh et al, 2011; Park and Ha, 2008; So
and Y00, 2008), A5} WRo| A AfF7]A A 2
Ap7)F9] g2 A6 dajr Bxy =L A9
i

ool # AFANNE AEATL AFY W, B

o) 3717h A3 A4 3 Beles Hre
A5Ae oz AR A4 st o
A FA 4 2 wiskd A o)

A9l

& 9T AnE AT

e

A

& de Mo b
1o 0%
o b
e

R
I

AsA A5 A Wy A 2 Q7 177

ahaA s

2. 53 ML

2.1 28 A =M MA
2012 A&EHA ALEAL A=l gstH A
A 2342 7P B2 52 (752,918% )9
o] 43 Moz F AP £ (2,559,6550%) F
o 29.4%7} o]4 (Seoul Metropolitan Government,
2012)3= M2 A&l A etk 221 A&
F& A (AA, *J%, A=Y T, FHEIA ST
A, 70 AFE & Ak Aoz, AeAY A
o9& F3lEe f%’ﬂf’]‘;}- w3} AgHor =33}
w3 AER AL Rt 7?*6}3’—, A2
FA=7]
—r‘H"J—i AR sl

=]
=2 20134 149 219 AEA7} 235HE= 9A
07:1988 3$5E= 05 11:597HK] M2A|3514 25
A s A vl A A= Ao
2N 244 549 At 249 g4,
dEAdE st A A EUE L4474

472 AAsH T, =92 A (Sampling point)ol]
SAAE AAskd (" 3 F=2). 2= AsA
A 5] 54 WSl o}

r1m
>
= P
> of
N
»
lo
2
ol
|

Sampling
pointy
L 4-4 | L4-3 | L4-2 4-1
Direction of progress
R 4-4 R 4-3 R 4-2 R 4-1

Count the number of
passenger (D ~®)

)

Gate of subway cabin
(4-1)~ (4-4)

Fig. 2. Schematic diagram of the sampling point in the subway cabin line 2.
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Table 4. Measuring equipment and measurement method.

Measuring equipment

Measurement method

Inside of the cabin

Outside of the cabin

PMI0 GRIMM GRIMM ) )
(Dust monitor, Germany) (Dust monitor, Germany) Light scattering method
co Serinus 30 300E
(ECOTECH, Australia) (Teledyne API, USA)
Non dispersive infrared method

co 410i Airwell plus

2 (Thermo Scientific, USA) (Kinsco Tech., Korea)

Serinus 40 200E R

NO, NO, (ECOTECH, Australia) (Teledyne API, USA) Chemiluminescence method
0O, Serinus 10 400E Ultraviolet absorption method

(ECOTECH, Australia)

(Teledyne API, USA)

Fig. 3. Schematic diagram of the location of sampling
point in the subway cabin line 2.

el wiste] A(@~@)3Aet. ool =gk W&
a7 26 =¥}k

ZA B4 g5l 444 5o AZrIA R
oA A= = = PMIO, CO, CO,, NO,, 0,9}
NOo|| distel FAA A wet A5 A4 o)

=) 7] 3 ts] 2] A 304 A2 %

Hel oRE 1245].93\1:]— 22812 w2 Au] =
z2u e 7 49} 723, 2RSS =X 2 7A)

o

& sloleh 2T AEA AN S B
Felur] slsel Wl 1%kt 24E Ans A4
T RS 2907 29 3o Adlew el
v

-

o M

T

3.1 MEX Halo| 2dol HE 2dSNY
HEX 44 U - 9f 5= 5F 2
A5A7L $AG W LG8 (PMIO0, CO, CO,,

NO, NO,, O;) 52} 24 fRe} 2o s 1

= 4, 5o Yehf gl

a7 4,52 Tz 2AF Holy F £Ae] 7}
2 Bale Azl 9:008E 11:009] HoH =
Yepd ez, g2 Agxpl Ae~Aerix
13] 3= Soke vehd Zow Alz2e 29
244 = e Aotk F2

A RO 5= W3 o> *‘J_ A2 Asak AAl 9

Bl G R ARTAE »}E} Relet.
BT} e~ ASA 138 w8 E3 7
odBAE Q%A A ) one) WA A7

Fre % 5o XS



179

27

A

=

Askd AEA A v 2AA

—— Outside of the cabin

Inside of the cabin
-=--=- Passenger

s Ground section
=== |AQ standard

= == Public transit standard

(A) PM10

uoslad

o
(=)

60
30

Sococacnbhoaddad

- Bt s ] T QU B

D P et ot Y

S S S g g =

210
180

o
Lo
-

o
N
-

o
(=)

o
©

(wy/Brl) ouod

o o
o

(B) CO

uoslad uoslad
o O O o o O O o
4 ®©@ b N O O O 4 ®© b N O O O
N o 4 «4 OO © M O N o 4 4 O O© ™M O
T
H
| ]
Bdsed = |verelleeilovsvraginlivetiessoveiiiteeid
i
i3 o \ ..... I i -
i i
\
N\ 15000 OOl Y OO [NUNINE U N
H
o
i H
| I
1
! ( (
\ i )} ),
Y / A
{ <
) NI
4 } )
/ ¥
\ / il
AN it 08 D P,
] i v
/ / (
3 v I
(o] —t s—— .
a ' i
B \ I
N
o
(@]
—
S)
N®WOTNADOTENO o o o 9 o o o
d-d-+d oooco S 8 8 8 8 8
™ N N - —
(dd) ou0d (wdd) -ouoD

nsbuoag

woasyn} |

“Mun Buekuey

wwisBueps

wwisbuembues

Buepuig-yied ainng g AlojsiH unweaepbuog

¥ T S sinuns AR Unuisentiog

eb-¢ ouling-eb-g oxling
eb-g ouling-eb-| ouling

I )

l1leH Aun-cuBuoalbunyy
ouBuoalbunyp-uoakyy
uoaAyy- AU SUBLIOA BYMT
“AlUf) SUBLIOAN BUMT-LOYDUIS
uoyauIg-"Alun YiBuoH

Buoaldey

Buoaldey-uesbueqg
uesBueq-s01Q nB-odBunapbuoa g
3010 nB-odbunapbuoca A-ae|npy
wiopuig

wuopuis-wuseq
wuaeg-xajdwoy [enbig oing
xa|dwo) [eybig oino-Buegeepuig
Bueqaepuig

Buegeepuis-wiis
wijis-uosyobuog
_._DU_._UW_.__umn.b__._D |JEN |[n0ag
‘Al |1BN [noag-aepBuoasyeN
asepbuoasyen-Guepes
Buepeg-seqbueg

aeqbueg

seqbueg-oyooss
0Uo0as-uoneanp3 JO "AlUN |AEN NoaS
weubues

weubues-wesios A
wesyosA-Bunajjoag
Bunajjoeg-Buosswes

xajdwog spodg

~ | xejdwon spodg-ucayouig

UoBLOUIS-|ISWEf
(Iswep-niejiswep
niejjiswer

uoakgbues

nng

INND-"AIUN HNHUOYH
‘AU njuoy-nsbuoag
nsBuoag-woasyn |

Fig. 4. Result of (A) PM10, (B) CO, (C) CO, measurement in the subway cabin.
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Fig. 5. Result of (D) NO, (E) NO,, (F) O; measurement in the subway cabin.
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Table 5. Average concentrations of PM10, CO, CO,, NO,
NO,, O; inside of the cabin and outside of the cabin.

Average concentration
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Table 6. Average concentrations of PM10, CO, CO,, NO,
NO,, O; when the subway cabin is at the ground
section and underground section.

Average Average
concentration of  concentration of
the ground the underground
section section
PM10 Inside 94.14 141.98
(p.g/m3) Outside 3491 82.58
Inside 0.40 0.48
COP™) 1 iside 111 1.34
Inside 1101.55 1605.73
COPm) () side 405.23 586.53
Inside 0.130 0.164
NO®PM) ) iside 0.039 0.112
Inside 0.118 0.105
NO PP side 0.045 0.035
0, (ppm) Inside 0.0015 0.0007
3 (PP Outside 0.0061 0.0050
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off WAo] Exshe LPEAY AWRYEES T
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Table 7. Indoor and Outdoor ratio of PM10, CO, CO,, NO,
NO,, O; when the subway cabin is at the ground
section and underground section.

Indoor and Outdoor ratio (I/0)

Ground Underground

section section
PM10 2.696 1.719 >1
(€0) 0.361 0.356 <1
CO, 2.718 2.738 >1
NO 3.359 1.459 >1
NO, 2.660 2.990 >1
05 0.238 0.142 <1
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Fig. 7. Comparison between (A) PM10, (B) CO, (C) CO,, (D) NO, (E) NO,, (F) O; concentration inside of the cabin and the
number of passengers.
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