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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
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ARy, As 24 25
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)
o2 Ao Ft vAUA FER 2A YepgARl A
AF ghaake Sl QATH10].

Cheng et al.(2008)9} Kam et al.(2011), Son et
al2013)0ll A= =7HE RSt ANEA)  wAEA
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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} At M= 20143 9925 - 1097, 10922
S 10931900 AA AP 23)%, ojgAs $7ge
27 % ARHE RSl AFNAL SASA.
g AWE7IEe] 342 ZF A AR A 15:00
HE 2100714 F 6A7FESE A& 0 o] FojHom,
Y ARRH €719] B71AE EAV| L ESATE R
(airkorea) & -8}t 16]

22 EH77| ¥ 2M diH

AW/ HAE theolEAd T AlETd #e
WA A AU L9EE ¥ F FAVE S
Z(PM,o, CO, CO,, HCHO, &¥-fAi)3 Aa7|F 4
Z(NO,, Rn, TVOCs, 03)& 43It 2F g tigt
=74 Ao} EAHY 52 S Table 20 #7133 t)

WA wAdA] FEE A Y S o 43
At mAwHA e FAakebE 5742 Optical Particle

Sizer(Model 3330, TSI, USA)& o|-&3l9om, FHH
=42 MiniVol-TAS(Airmetrics, USA)E ©]&3}o] Al
2 EYSN ALS o8] TAF FYsech o
Abshebaot olabshebais WA 9 A H(1Q-610,
TSI USA) 2.2 S5 3ltt 25U 8] =(HCHO)= 7}
E#]A|(2,4-DNPH Cartridge, Top Trading ENG, Korea)
2 o]g3le] AMexorw ¥Hajow, HPLC(Serles
1100, HP, USA)E o] &3}lo] 1 & B4t &
BHAe mAEMZE(KASI10, KEMK, Korea)Z
ol-gste] ZHon, A FH S o] 838t =

gt
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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)& ©]-§3}] J&& A8t 2k
(Rn) H-28 4T UEZSAW(Rn-1027, Sun Nuclear,
USA)S o]-&3to] 1A7F B3t A4 23t 1 5l
NO,&= 3F8PI3H(KN-210, KENTEK, Korea), O3 }
9] 534 H(KN-410, KENTEK, Korea) 2.2 %
s 24 9 24389

3. 21t & E9

3.1 AL HUiES7 1=

Uk Fig. 10i= A 9AL 3303 A8t AL 5300l A]
o] ‘5ol 8AA Fof Alerld dEellA AA|st
FAE 2 d7)E =4 50 el o

el M el Hitgat FEUAE el

670

> Flr
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Fig. 19] (a)& A&Al
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ol iRk Bt

TEk

s EEARE wAS:

A} v v lU*XP AAARLS) 735 L 5T - 100
p, 57 61 - 84 pgms) W e ow], 4
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- 119 pgm'e] W2 ZAE I Htgho = nas) s

W A A A S 573 el



A7 &8 3= A AT A5E, 2016

PM10 (ug/m3)
[-2]
o

40

30

20

HCHO (ug/m3)

(d)

(9)

O-station

U-station

1000

800

CO2 (ppm)

400

200

350

300

250

200

150

TAB (CFUIm3)

100

50

O3 (ppb)
(-]

25
(b) (c) == Concourse
== Platform
2.0
15
8
K=
8 10
0.5
0.0
500
(e) 4]
400
“E 300
(=]
=
8
200
F
100
0
70
(h) (i)
60
50
&
§40
g 30
20
10
ol
O-station U-station O-station U-station

Fig. 1. Comparison of air quality at overground and underground railway, (a)PMio, (b)CO,, (C)CO, (d)HCHO,

(e)TAB, (HTVOC, (gNO,, (h)Os, (i)Rn.

B3k FE O R YEREA L Alateate] Ag-oll= oig
ARG S0l °F 20 pgm' oY VAWA FETF %
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424 ppm o2 UAT FF0 FEE HAATh ASHAKS
M gt o) ikstelA FEE 645 ppm - 724 ppm©]
Ao, $7474E 706 ppm - 807 ppme] HAZ thgH
3 2 Aels RolA goiet.
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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
3H9AL F, UL, U29] i d) 5743 555 A4SA
o 2 Z}O] EO] A AR UsAE gy} 7%
F RFOIA 40 pgm o) FoE g B2 FEE KBS
D} HH R U4, Us AL 57736l A o] Fddistols &

T Z47F 158 pe/mi, 17.7 pgm' &2 A3} & A
o|F Ho|x| AT o A9 Eddstels Tt

= 84 pgm o 1§ A YERTh

Kim et al.(2005)4| A= ol )3kd kel AP
7t EAog AgErd 24 2 yrte 43 44 o
At A e] Fddsle] = BT f47]5S WEstE A
o v o, JAA FA ARl W ATt
U A7 Sell e A R718E(VOCs) 2 &
dislo|=o) gk 537} el wel BEEria Rt
HE ITH17].

L
L

21

3.1.5 EE{MTTAB)

2 g GALel A 51 Aol A o] FH-F-A| T (Total airborn
bacteria, TAB)& =% Fig. 19 (e)oll FEAIHACE A4
Aate] A$ vigalo] 214 CFU/m' - 320 CFU/m'o]™,
7478 141 CFU/m' - 187 CFU/M'e] s =H-AS B9
t}. 01, 02, 039] ZAZhS ¥, vgde] 7473
of vs] Ztzt 1.6, 2.2, 1.19) &9k, 53] 013}
02 vi§tade] A9 F84AT F=7F 242 272 CFU/M,
319 CFU/m 2 E} 9Atel] Hlgf =2 X5 HHT)

AL ggtal o] FH-FAT FEE 120 CFU/m -
229 CFU/m’¢]al, <7442 157 CFU/m' - 220 CFU/m’
9] TE HE Bk Ast9AL 5 Alolo] Hits
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& nige Aol FHTHIHFRIVOC) FEH
sre e, A% 9 el Slal FHB gAE

= Yepttia Baudk b glot

28t Ael A UL (A4 : 306 py/m, 5747 : 396
pgm) 2 U2 (N4 2 340 pgm, 774 ¢ 374 pym))&=
53] =2 A R7ISE s28 2k 71E Choi
et al.(2005)2] AFollA D29 A o 859 F 71
S VOC &% #g /M, B3k d1s ghotslr|
Q3= 2ol tigk 7149l Ale] et B
38k \F QITH20].

23R} 53S gFo s Eha T}
S5 Fig. 19] (g) 28 =0l e}
SREREECERE e

.
e

glol ¢k 0.02 - 0.05 ppm FFS o, o) theol
SA o Adle ey ARt e oitstd
2 A37]50.05 ppm)= WSS FEO R UERTL
Son et al.(2000)2] Aol A ZAE Aok HAfe] o] ik

s FE 9A 2 0.03 ppm TS HERH oW, o4k
A FEE IE T o F9ol gt Fo] 7}
F =S Ao Adkegi14].

3.1.8 2&(0s)

Fig. 19 (h)= AdAatet #state] A8 o&
Bs YRt A GAL Fit 0 sREE A
AL tigtae] 4 - 7 ppb, T740] 2 - 13 ppbe] i
ow AR O, A5t A A o0 T
E=2-3ppb, ¥4 1 -2 ppb FEOE AP o&
FE9 atol7t AA YRt 0FE wRo] AdE B
RZ FEE] e XW"*/\M S3F QEFETL
AREA Q] A5t Ate] @ E R} oF 7 - 108] H2 A
= 2T F AUtk

3.1.9 2H=(Rn)

Fig. 19 ()] AdSAet Astgate] tighd 3t <7
Fe] BE FEE AT Adel g Bt 159
A5 UERAITE ARG AL B e wEE g ol
10 Bg/m' - 22 Bg/mt, 57%¢] 11 Bg/m' - 24 Bq/m'&
WA A S Abele] BhE FEE 2 Afo]E HolA]

22

ettt AstAtel A o] et e FEE U] 12
Bg/m' - 50 Bg/m' %737¢°] 20 Bg/m’ - 76 Bg/m'®] W1

& nol T £ 1 FEAIE A4 ek

E 2 A0SR Yeylth PSD AA A 5543 75419
GEEEEIZE ZALE Lee et al.(2004)] AFolA e
7 i = F57) 61.8 Bg/m', S 382 Bg/
mE BTk FARSE vl 9lom, o] & Ao Ao}
Al frAFIT21]. PSD HA 3 5971 SAf ke ke
W3} 545 A3 Jeon et al.(2012)2 574l A<
Wit theE s 54 Bo/m, A A desEs 34
Bg/m' o2 W3k v} QItH22]. Lee et al.(2004)% Je

et al.(2012) S| A AT}
Ak o, U128 Al

S o
S o] =2 =

SE a}%(Rn)%Et
Ageiabe gt
8 HolE ATE fARITH2I, 22].

3.2 Indoor/outdoor ratio(l/O ratio)

AY-a714d 4 4535 Air KoreaollA] EHE 4= 2
= PMyg, NO,, 050l tialiA] 9]7]7F SAF A7) del of
L Qo] ks mx=x] st sk 7] F

TE EAIEAY ARS Dgale] Ayrke] HiF
ke 2Hgste] A48tk 1O ratio= €719 AE7)
4 9F ArE Aoshs 7Fe *}ﬁillll 19 717+
5 oJ7]o o]t P wol wh= Ao et 3 5 9]
o Ol 1 B 2 X7 e Aol egddde] gl
T Ae® votE, 0o 7 37F o @) 7)o
ok Jg Ao vA P Ao A I 4 gl
3.2.1 O/MHX|

Uk Fig. 20l A3 A8t 27 Aol A 44 vl
AR FEE 279 vlaLsle] 1/0 ratio® A S L
u], A|gAALe} 2|kl digk Hit /O ratios %71
Stk mAEA ] o= AJAte] 1/O ratioZ}
¥l ks Mo =ZA, Atz Ao A e] uAwA] FE

=
1‘-1—1_.

7k S17) mARA B B AS HAd S glek A4
A g ol o] mAEA] FRe 9] vAmA T
1) o

71202 Ha 179l A Ao 3.1u) 74A X}OV}
W, $7478E Ha 1500 A 420 Zol 7t i
Astgate] g &7] wAHAG Fe 7]7‘°i,
WS Ha L1afell A Har2nf, A2 #Ha 174
oA ZIL 2.6W9] ko7t Wtk o]9f & mAWA €]
/O ratiot= A|8tGALel A ] HAEA| = £]7]<] A
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Aol 9@ JFurks A LHo] B2 A Wy
of o) Qe wol Wi AL & 4 A B,
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o1 02 03 u1 U2 U3 use U O-average U-average

Fig. 2. Indoor/Outdoor ratio of PMjo concentration (I/O
ratio).

3.2.2 O|M3HEA

A AAtel A steate] 7w} gl el o4t
3}4 4 1/0 ratio= ©H Fig. 3o YeERAATE 0293
Us9S Alelet titite] 24 abel 2|atejatel A o]t
312 2 9] 1/O ratios 19 7PHE £2& BelozH, 9
7o) 9% JFS Wol W= Ao Fud & rh
Son et al.(2000)0] =43+ X&A| A5 5343} 754
o] A ArK sl olatshd s /O ratio®] W
0.49 ~ 09322 ALl oH, X|5kd AR o]4ls)
28] FUALL 9] ] 711F Ao o3ANY
B 13 1} 9JrH14]. Lee et al.(2012)¢] oA %= o]
E2 48 $AsE AsAsh 3
| = 9]719F Al
9l 7Fs Aol =
Holn o2
5171 S5l oA
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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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