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Abstract In this study, the air quality of underground and overground railway stations was evaluated focusing on
the degree of influence of the outside air quality. The measured components were particulate matter (PM,o), carbon
dioxide (CO,), carbon monoxide (CO), nitrogen dioxide (NO), formaldehyde (HCHO), ozone (Os), total airborne
bacteria (TAB), total volatile organic carbon (TVOC), and Radon (Rn), which are included in the maintenance
standards and recommended standards of the Indoor Air Quality Management Act. Also, the indoor/outdoor
concentration ratios of PM10, NO,, and O3 were calculated to estimate the influence of the outdoor air quality. The
concentrations of PM10 HCHO, TVOC, NO,, and Rn in the underground stations were found to be higher than those
in the overground stations. These results indicate that the (present) generation of contaminants are caused by the
indoor source of the underground station. The ozone concentration of the overground stations was higher than that
of the underground stations, which indicates that the outdoor ozone concentration influenced that of the overground
stations directly. Thus, methods of improving the IAQ should take into consideration the types of contamination

Keywords : Railway, Overground station, Underground station, Indoor Air Quality, 1/O ratio

1. M2 2,527 gt
[1]. s =8k

A ZAEEESE)E 20141 7o A ¢ Flo] AAdskr] 7} o

oL
o
s
o

Ha, |9
o] dAFE FEWER HE7]&dATA(15RTRP-B074139-03)8] A 91L wrol 3= 5k
"Corresponding Author : Soon-Bark Kwon(KRRI)
Tel: +82-31-460-5375 email: sbkwon@krri.re.kr
Received March 29, 2016 Revised April 20, 2016
Accepted May 12, 2016 Published May 31, 2016

17



FFAE &= BA) AT A55, 2016

o] AR EHA AUF7] 24 g 937} EolA]

Atk ool wel 1996\ 129 309 AstAEES
ez AsAEFt AR H (HE #1522435)
A FJAAL o] 2003 5Y 29U “rhEol &AM
o AdE71d Ak Adlgr1dd, HE A
6911 &) 02 A& NS ATH2).

A7 Ael e tFol gl e #elvt
23 2 AEAE HAUA(PM), °l4tEE2A(COy),

&d|&to| =(HCHO), E4-Altt, 94atslet(C0), o4t

i)
=

3Z
=

SHA(NOy), H=(Rn), F3UAR718HEHE(TVOC),
AW, SFEO0)E AR eH, ol AUEUd &

A7|EsE dariEdae s FRETH3].

AR o2 A3t atef| Ao AUghd-e F2 njAd
Ao WA FREALS IFE ATEHUTH4-6].
w2, A3 w)A |
Gl

B
I~)
24 o
>

)
~
[\
[}
=
(OS]
i
[\
S
=
~
-
tlo
o
ol
==
X
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Ab TIAHA (PMyg) B2 96.9 1g/m'(200743), 81.6
©gm'(20123) 22 ZALE|UTE Al &aA] A 5FAAL Bl A
WA FFEHS 110.8 pg/m'(2007), 88.3 pg/m'(20127)
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Table 1. Detailed information of investigation sites

Items Contents
Overground 01, 02, 03
Station
Underground Ul, U2, U3, U4, US
Measurement Concourse (2 spot), Platform (2 spot)
location oL, P
First
2014.09.25. - 2014.10.07.
Date of measurement
measurement
Second 2014.10.22. - 2014.10.31.
Measurement
Time 15:00 ~ 21:00 (6hr)
7} AAlol| A= 20143 99259 - 1097, 10¥22Y
- 103190l AA Arpd R 234, 1‘415“@} 7478l
7t % ARAe ARsel AFAAL SHser
g AWE7IEe] 342 ZF A AR A 15:00
HE 2100714 F 6A7FESE &0 o] Folom,
Y ARRH €719] B71AE EAV| L ESATE R
(airkorea) & -8}t 16]
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Ak wAEAe] P Optical Particle
Sizer(Model 3330, TSI, USA)& o|-&3l9om, FHH
24 MiniVol—TAS(Airmetn'cs USA)E o]-g-sko] Al
z =& ol &ste] FAE S48tk o
Absbehaet odbsbeiat WA 9 AR A H(1Q-610,
TSI, USA)C.2 ZAH I LEUH 3] =(HCHO)= 7}
E#]A|(2,4-DNPH Cartridge, Top Trading ENG, Korea)
Z o] g3l MElror FYagon, HPLC(Serles
1100, HP, USA)E o] &3}lo] 1 & B4t &
BHAe mAEMZE(KASI10, KEMK, Korea)Z
ol-gste] ZH o, A FH S o] 838t =
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Table 2. Analytical methods and instruments

Contents Samp hr_lg and
analytical instrument
Mini Volume Air Sampler /
PMuo OPS
CO; CO, CO, analyzer/
Standard CO Non-Dispersive InfraRed
2,4-DNPH Cartridge
HCHO / HPLC
TAB Agar plate / CFU
VOCs Tenax tube / GCMS
NO, NO?< an}alyzer/
X Chemiluminescence
Recommendation
o Ozone analyzer/
} UV Photometry
Radon Sun nuclear

Ao Fade HALAR71SFE(TVOCs)S
SIBATAA}S] minipump(MP-3:30, SIBATA, Japan)E
©]-8-5}o] Tenax tube(Tenax TA, Supelco(Sigma-Aldrich),
USA)oll *¥3]3}9aL, TD-GC/MS(TD-20, MS-QP2010,

Shimadzu, Japan)E o] g3le] RS B

J2-g BAse, BE

(Rn)2 521 A& HEUEHZ7H(Rn-1027, Sun Nuclear,
USA)S o]&3to] 1A17F B2t A Sttt 1 ol
NO,&= 3F8PI3H(KN-210, KENTEK, Korea), O3 }
9] 534 H(KN-410, KENTEK, Korea) 2.2 %
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Fig. 1. Comparison of air quality at overground and underground railway, (a)PMio, (b)CO,, (C)CO, (d)HCHO,
(e)TAB, (HTVOC, (g)NO2, (h)Os, (i)Rn.
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3.1.4 EMH|5H0|=(HCHO)

ALt ol %O‘tﬂa}o] == 247 21.3 pg/m -
249 pgme] F= WS BoH, S 13.6 py
m - 16 pg/m' e Z*PEloiD‘r Bk 2| s AL oA
S A o FLEtelE s ZF GAPHR & Afo]
2 HYoH, 84 ugm - 49 pgm'e FEHAS Bk

AFAARE €]719] o ® Gl Yo EAletE Y
distol= Fro] |A/E AR FARE A sHAARY] A5
A= 2t GAF A7 = lEE o] Aol el Y
distol = %Eﬂ zpo)7b wlg- F Ao R FRIHTE A
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02 vi§tade] A9 F84AT F=7F 242 272 CFU/M,
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o e Al FHWARISHHTVOC) FETt
S W, A% 9 clhelol 918 FH R 4

= Yepttia Baudk b glot

2t AL A UL (A : 306 wym', 737 : 396
pgm) 2 U2 (N4 2 340 pgm, 774 ¢ 374 pym))&=
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Fig. 2. Indoor/Outdoor ratio of PMjo concentration (I/O
ratio).
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Fig. 3. Indoor/Outdoor ratio of NO, concentration (I/O
ratio).
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Fig. 4. Indoor/Outdoor ratio of O3 concentration (I/O
ratio).
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