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Evaluation of indoor air quality in public transport facility

Jae—In Lee", Ju—Hyung Lee, Byeng—Ok Lee, Yu—Jin Jung, Da—Eun Hong, Yong—Gyun Jin, Jin
Yoo, Boem—Yeol Lee, Joon—Sang Bang, Wan—Soon Kwack, Mun—Ju Kwon

Indoor Environment Division, Incheon Research Institute of Public Health and Environment

Abstract

The management of indoor air quality(IAQ) is important, because various pollutants exist in
the indoor air and can affect the human body in a variety of ways. Especially, the importance
of Indoor air quality in public transportation is increasing, since modern people spend most of
their time in public transportation for the commuting. Consequently, the purpose of this study
were to investigate pollution level of indoor air and to identify concentration characteristics for
subway facilities in incheon.

The indoor air quality of cabin, platform and concourse was investigated for the incheon
linel, incheon line2, airport railroad, suinbundang line, national railroad linel. The survey was
conducted each in summer and winter, for rush hour and non—rush hour. Ther were
investigated that PM—10, PM—2.5, CO,, formaldehyde, total volatile organic compounds(TVOC),
benzene, toluene, ethyl benzene, xylene, styrene, total airborne bacteria(TAB), fungi.

As a result of the this study, the average concentration of each pollutant was 0.1% to 52.5%
of the guide lines for the indoor air quality. Since the cabin is relatively closed, the
concentrations of CO,, TVOC, and benzene were high. The concentration of CO,, TVOC and
toluene were also high for rush hour with many users. The concentrations of formaldehyde,
VOCs, and microbial pollutants were high in summer, when the emission and generation of
pollutants was active due to high indoor temperature. The purpose of this study is to provide
basic data for indoor air quality management for public transportation facilities, by identifying
the characteristics of indoor air quality pollutants. This study is also expected to be used as

policy data for customized indoor air quality management in public transportation facilities.

Key words : TAQ(Indoor air quality), Public transport facility, Indoor air pollutants, PM—2.5, CO;
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A tFol&AAY HAUyErd #HEe
S 7FH PuFL Hrg ndse HE
stal low, STy HFus AT
An7Fvs AAFste HEA7I Ut
FAZIEL ol &A1 &FA Fo] HHEA]
AAoksh= #Y7IFoE, W Al JEHE F
I WA E T WAFERX7E A, AT
T AEH F4E AEsheE Veo=E, ot
Al 7R AaLzt o] Fo AT (H AR, 2020)

AU E71d T od HEwe tF
o] gAIE L I FE oY AFtYAl, H=
AALY] A, =AF, ofdoly Fo] T
Ha, AEFFFEFAL 1004 ol AEEH=
olWtE, AYPFH, 7|SA) s ET dEuE
g EAEEAE, AR, AWt

PM—2.5, o|4ts}ekas, &

’ =
drkstetioly, AAVE LAEEL oklshEA

%!
Ha o oltgeas EFANU) vER
K of #EFHI, FEFAITY
18:00~20:00)= 2,500 ppm
) €19 Az =
o #Y3tal AT

Table 1. Guideline of indoor air quality for public

transportation.
Guideline
Pollutants
Rush hour Non—Rush hour

PM—-2.5

(ug/m) 50

CO, 2,500 2,000
(ppm)

Table 2. Sources and environmental diseases of indoor air pollutants.

Pollutants Sources

Environmental diseases

PM-10, PM—-2.5

Inflow from outdoor air, Friction with
break pad and railroad

asthma, pneumoconiosis

CO, Breath

headache, dyspnea

HCHO

Insulator, Cosmetic, Cloth

mucosa stimulation, mental unease,
hypomnesis

VOCs

Paint, Glue, Hair spray

fatigability, headache, dizziness,
orthostatic hypotension

Bacteria, Fungi

Inflow from outdoor air, physical
activity, Air conditioner, humidifier

infectious disease, allergy, respiratory
disease
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Fig. 1. Sampling point for public transportation in Incheon.

3.2. A B
3.2.1. A AW B A7

AFAA AT AL AP B
T4 LA E297A] gEOE A8
AHE 3R TH(Table 3). T3 zZF =A¥=Z
o] gMo] Wi QLAEE URT F v 94}
o] £ e A AY¥or HAAI}
A(Table 3), AFALE LAE ZAL9} FA|
of Pttt LAE ZAP|IE =AEE
ALH(29)d AE5H (7)o Z 1318 A
BERaL, FARAIZRE EFAIZI(07:30~09:30)

#
A(PM-2.5) o], Edu|stol =, F3%
BHASER(IVOC), WA, E7A, g
A, AR, 2ER, % go] 12
guolm, $409 SEEE P ZPsA

(Table 5).

Table 3. Information of sampling point and railway line in this study.

. . Sampling point Travel time
Railway line ( _ )
Cabin Platform and Concourse one—way
Incheonl Songdo Moonlight Festival Park <> Gyeyang Incheon Univ. 56 m
Incheon?2 Unyeon <> Geomdan Oryu Juan 52 m
Airport Railroad Incheon Airport Terminal2 < Gyeyang Incheon Airport Terminall 38 m
SuinBundang Incheon <> Oido Incheon 30 m
Linel Incheon < Bugae Bupyeong 23 m




Table 4. Sampling information in this study.

. 1) Cabin
Samphng 2) Platform
points
3) Concourse

Sampling 1) Rush hour(07:30~09:30)
hours 2) Non—Rush hour(12:00~15:00)
Sampling 1) Winter(February)

Season 2) Summer(July)

Table 5. Target pollutants in this study.

Category

Pollutants

Pollutants regulated for 1) PM—-2.5
public transportation 2) CO,

Pollutants regulated

3) PM-10
4) HCHO
5) TVOC
6) TAB

for public station and | 7) Fungi
newly—constructed 8) Benzene

apartment houses

9) Toluene
10) Ethyl benzene
11) Xylene
12) Styrene

Environmental factor

13) Temperature
14) Humidity

3.23. ANEAH R 24T
A AA (PM—10) ¢} 2R A H A (PM—2.5),

o] st eka o]

ARAA B B g

4 peE A% dFasddel A9

943, 9

FuERF AhED

tol AAstga, g 29

71

2 3ZANA7E o Fato

(1) BAHA(PM-10), Z¥] A2 (PM—2.5)
AARA S 2R MRS (o FaEA el

Non—Dispersive Infrared)/] °JE]E %‘7] %
ojAtstetAE BASE AEdAE A7V
(IQ—610Xtra, Graywolf)E o]&3}ls 58 7t
Ao 2 HolHE FH3AT.

(4) &< 3}le] =(HCHO)

Fedslol== Alerid sAHAE7IE
(ES 02601.1c) 2,4 DNPH 7}IEZ]#|9}
AazviEafzR; o met ARRHS} &

s AAstA T

eEY S T fs L&A EH
(Supelco, US)= DNPH(Dinitrophenylhydrazine)
7+E ] A (Supelco, US) o] A3 T Alm
AN# HE(MP-X100H, Sibata)E ©]-&3}4
ANEAHAE stAT. AEAH FHF2 0
L/min® 2 30% &<t AlEAF s, &4
HAE 3 AZko] 30E vl =48 &
AlZE &<k AlRAFHE A AT

AlgA3 5% DNPH 7IEZ A= oA E
o]E™ (Acetonitrile) £WlZ2 A F 1
AedA =zt E2 I (Waters2695, Waters)
£ o]&ste] 360 nm Aol EA AT

kv
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(5) FALA#7ISFEE(TVOC), W4, &
F4, dgA, LA, g

AL 71 ES AUE7IEd FHAIEY
Z(ES 02602.1c) ux&Ha7 7153220}
EJZ-MS/FIDH; o wat N1 =

s AAstA T

A EFZFH Tenax tube(Markes, US)E A
243 F=Z(MP-X30H, Sibata)ol 23}
AEARHAE &tdd. AEAFH FFS 0.1
L/mine 2 30% F< AlBAF 393, =
HE 23 Agto] 30 HIRFS =AHe 3
AL AIEAHE DB

AsAH 459 IAZFHELS AsEdE®
Z2] (Unity—xr, Markes)”7} H3&#  GC/MS
(Thermo Tracel310/ISQLT)E o]-&3slo] &

435t

(6) FHAFH T (TAB), Ff+3°](Fungi)
ZHFAH(TAB, Total Airborne Bacteria)
I BFHFFo](Fungh) e AW371d 3HAH
71#(ES 02701.1c, ES 02702.1a) 'F&
Ho ool mEk AlEAFH S E4S AAEHA T
ER TS ATAFHZ(MASIO0 400
MERCK)E ol&3&to] FFATH A
(TSA, Tryptic Soy Agar)dl &7] & ®AE
XA A EAFH AT Faradels
HhHo g2 HJFFo|uf X (PDA, Potato
Dextrose Agar)E ©]&3t] A& O}Od
o ARAHEZ {52 100 L/mlnoljl %
S7IAHAFS T4 %
200 L2 23y } o
ANEAFH 45"
=+
5
e

holes,

=
= &
e

E

(IR—150, Daihan
AIZE T2 vk

of AAT B wAAY 9 =
(CFU/m*) & A&ttt Bfiagols 25 C
G4 59 ~ 79 B Ml T pe yos

$E8 BIhshech

(7)) A 2%

A exo F5E 255 AFd
7171(1Q—610Xtra, Graywolf)E o|&
A2 A F5AFH} TLI AHAAM 1

o= HeolHE s

A % J»
) I
N o o

(8) TAEA

B AFAA ZASE L9EdT AR}
A o e J}OLO}T— ZAVSEZRe]
AL gotslr] ¢dte] SPSS version 18.02
o] &3l FEAEXNS AHAASAEY. HHAd B
e Toj&AAE A (pearson  correlation
analysis) .2 718193, o5 (p)<& 0.05

-
ojgtE FoA AFE AT

ZAMA A, A, AlEE LEEE F
To aiA 15 1+ TAZA AolY FY8ES
gletrslr] ¢35} v‘f—ﬂ‘}v‘i— 1(ANOVA, Aanalysis
of variance)& A3t

£

3.2.4. 7)A=
Fow A =

AR FEel

AN

A vAHA = ©o]H
To| mWE 7 ZARHE
35 dolr 7] fste]
A AFTE oo =g ol (www.airkorea.or.kr)
ANX AFseE =AUWZISHES PM-10,
PM-2.5 5EA8S o|gstdeh. 244 9%
ARE B ATFY AU =AY
0.5 km ~ 5.9 km A9 JAHTF FAHLE
Ao

HOR rE off



V. 2% 2 33 Zpoli= glSaL, okt a sk= o870 23]

4.1, Z2nEX}F A7 B 29ER it oF 35% =4 Vet

TE EX

QE=mERY AEd Bur|zoz e Table 6. Average concentration of PM—2.5 and
g 0olZdel PM-2.59 ojAlelEiae] Ew CO; in cabin.
BEYE 2493590 (Fig. 2—-3)2 224 ) Rush hour | Non—Rush hour
EAIRIT e} BIEFAITIT ] PM—2.59) o|ksleka Ave. 15.0 13.5
SAFS v €08 I a=zo|t PM_2.5 | Max. 42 35

AFA A Wl PM-2.59 EA10 e (ug/m™) |y 4 3
e 150 ugn’, MIEFALHE 13.5 ug/m’ N 823(0) 821(0)
2 dFuFasE AUF71dY PM-2.5 HaL7]

Ave. 1,028 770

2l 50 pg/m°® oJHE ZAE ATH Table 6).
ERADY ] PM-25 FEE A17]1Z¢] 30.0 co, | Max 5281 ke
%, B|EZA U E 27.0 % o072, ZAHA (ppm) Min. 190 226
7bo] W2 PM—2.59] EEx3}o]= umm|dl Ao N 616(4) 636(0)

2 ZAE A (Fig. 2). E3A17HH ¢ PM—-2.5 % () : Number of data exceeded guideline

dole) 823703 MERLAIZIU S dolE] 8217

< 25 A7)FE ol E ZAE AT (Table 6).
A ) o] AkslerA o] EFAII Hgk ®0

Guideline of IAQ

2 1,028 ppm, BIEFAIZH= 770 ppmOl.E o] P B A S e S S S S s

FAEAT ANFAAe) olEks ARAFE e

SJAIZ 2,500 ppm, HIEFAIZIH 2,000 30

ppm °JHZE FAE AT Table 6). EFAI7HN <] 20

PM'Z.S (Unit : pg/md)

olleA FEe AVIFEY 411 %, HIER o

Al 385 % FEoE, SRR ot 0

i]’%i %:E7}‘ H]:é:;g}‘]7]'ﬂ]ﬁ.]:}‘ lEﬂ] Z"]’QS& Rush hour Non-Rush hour

th(Fig. 3). 2 U] o]xlaletre] F od9e Fig. 2. Distribution of PM—2.5 concentration in cabin.

A THo| AgFoz o]go] We EZAZ

O:" H EX"‘/\]7‘|’EHJ}_]_E]- ok 1 BHH :I% %: % J}_‘_g} COZ (Unit : ppm)
3500

SH(Table 6). EFAITY ol Bsghs dolg

6147@ Z 4AS PuANFES 2IEFP(ZT) U i sl N

& 0.65%), MIERAZNS BolE 636A€ B w0

Guideline of IAQ (Non-Rush hour)
T Ha7|E o2 AR AT Table 6). 00

3;:]_‘75“‘?‘0”*'] %Zl’?} IT4;'<]- /\]LH;TL7 7;1 ﬂﬂ 1:::
Fig. 3. Distribution of CO» concentration in cabin.
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4.2. 57 =4 H Holg Hl Table 7. Average concentration of inddor air
:]U

Zt =AY QA EA P HlolHE FAMA pollutants by sampling point
AE, A, AldEE FESe] (Table 12) Cabin Platform | Concourse
of YelfATh PM_10
B =z 1 oodX ol W 3 27.2 25.2 29.9
1_ Od-—TLoﬂA-] —L/‘]'% 7—1 —J—HEE-’] oﬁ (ﬂg/m)
ThEe Aderd 2Hd fAVIE, A PM-2.5
(/) 14.2 14.9 17.3
7129 0.1 % ~ 52.5 % FFOo 2 ZAME AT pe/m
(Table 12). (C%l) 397 3957 387"
AEHos 2d8dy JasEs Avn op
™ PM—103 PM—2.5% )EnExts Ay g (%g/i% 5.3 5.9 7.1
1A Au7|ZEY 72+ 27.5 %, 30.9 %, o]i+3} o
TV *% Kk k%
BaE 525 % FELE ZAEATHTable (ug/m’) 147.9 71.9 69.1
Zoldl s = Z o]l AV A Al 3 7] A
12)- =] EEHO]’O]——L ‘jrvgolo ]E ELHO7] Benzene Lo 0.9° Lo*
“A71729 6.1 %, TVOCE thFo]&A)A 4 (pg/m®) . . :
Y2714 A17)15F9 19.3 % $FO02 ALY Toluene
(/) 12.0 10.7 9.2
ATH(Table 12). WA, EF, AdulAl, =Y .
d, 2gde ME5Fs3d AYFrjd A Ethyl benzene 19 9.4 19
(ug/md) . . .
7129 0.1 % ~ 4.3 % FFOE2 ZAE AT
(Table 12). FHEFATL gsol&Ad F é@iﬁlse) 3.3 3.1 2.6
UAAAA AYF7Id {FA71F9 11.3 %=
o N Styrene 0.3 0.1 0.2
ZAE A, BREgoles ool 8AAd F (1g/m’) : ' ‘
N7AAAE AWF7|d A= 30.2 % F TAR
F0 2 ZAE A (Table 12). m
Fungi
3 159 153 141
421 2AAPE 5= =4 o} (CEU/m)

ZAAHE §93 =5 2}o]E Holx & ¥ p—value @ #+ < 0.01, * < 0.05, / numbers of data : 80.
HEZL o] A3l ekA(p<0.01), TVOC(p<0.01),
A (p<0.05) 2.2 ZALE AtH(Table 7).

oPElErRS} TVOCE ZARAE 714 msish oo e
FEAllE HAAaL, olikshekast TVOC 55 X3 0 {
@ ooEd 75l AUAMIN OE 2AAH  n 1
woh =4 Uehdth(Fig. 4-8). ol Auidgoe s 5 T [
Wro} gl AWAde] A B4 wio],  me
o] g M7 FH FHAHoZHE WEH QPFEHo) a -

=
8454 Rt wAE Aoz ek o s
H Cabin Platform = Concourse
T Z2AAA 7 FEE APAdLS YEYA & Fig. 4. Average concentration of PM—10 and PM—2.5
Yok (Fig. 4—8). by sampling point.
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1200.0 (Unit: ppm) 10.0 (Unit: pg/m?)
9.0
1000.0 8.0 ‘{
300.0 o W
6.0
600.0 5.0
4.0
400.0 Lasttr 30
200.0 =
1.0
0.0 0.0
co, HCHO

W Cabin = Platform @ Concourse W Cabin = Platform = Concourse

Fig. 5. Average concentration of CO; and HCHO by
sampling point.

200.0 (Unit: pg/m?) 200 (Unit: pg/m?)
180.0 18.0
160.0 16.0
140.0 14.0
12000 12.0
100.0 10.0
80.0 ‘{ ‘{ B.O
60.0 6.0
40.0 1 4.0
20,0 . 20
oo 0.0
TVOC Toluene
B Cabin ¥ Platform © Concourse B Cabin @ Platform [ Concourse

Fig. 6. Average concentration TVOC and Toluene by
sampling point.

6.0 [Unit: pg/m?)

5.0

]

gl

2.0 [

10 JEIP

0.0 -
Benzene  Ethyl benzene Xylene Styrene

H Cabin Platform = Concourse

Fig. 7. Average concentration of VOCs(Benzene,

Ethyl benzene, Xylene, Styrene) by

sampling point.

250.0 (Unit: CFU/m?)

L | ]

200.0

150.0 \

100.0 ‘{

0.0
TAB Fungi

B Cabin Platform = Concourse

Fig. 8. Average concentration of TAB and Fungi by
sampling point.

4.2.2. N7tHE 5 EA g9}
A F23 B ZolE Hols QY

o] AFs}Er A (p<0.05), TVOC(p<0.05),
05)0.2 ZALE AT (Table 8).
29 TVOC 5& E33 o4&

el A Bl EZA g Bk

i o
o U mx
QO e
o of o X C% flo
o B
A
b
(ot
X
>

L o
F
1o g

]/]' ‘E‘, o =
ozRE WA wEe] o]go] we
AN & L5 HQ Aoz ok

i ol ot mok wn B
O

N

Q]7] WA
ANBAZH 7] 7] PM—10
o FF FEE 29.2 ug/m’, PM—2.5 13.9
ug/m’2  yebgd. HEFALD 97
PM—-10<% 36.0 ug/m®, PM—-2.5% 16.5 u
g/m’o 2 wEZAZIYY 97] mAA Y
T ERANYEYG F2 Ao FAEH
th olZ & B Aol AN dFTuE
A wAAR] sEE 97 PARA FE

FEFES wol HEZZAITI 7L EZAITHRE
o =7 JEld o g shdEth(Fig. 9).

o~
offt

o
rfot

X
>
S
o
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Table 8. Average concentration of inddor air

pollutants by sampling hours.

Rush hour Non—Rush hour
I(ng/;nlsg) 26.6 28.2
sy 14.3 16.0
(S;?nzl) 707" 574"
ohe 5.7 6.4
(s 107.1° 85.5"
Renzepe 1.5 1.1
{Slyene 13.3° 7.9°

Eth{}z ;glr%ene 21 2.0
aél/enl%% 3.2 2.8
Lrens 0.2 0.2
(CFOm®) 105 &
(R 166 136
% p—value © # < 0.01, * < 0.05, / numbers of data : 80,

1000.0

B0O0.0

600.0

200.0

0.0

(Unit: ppm)

co,

M Rush hour @ Mon-Rush hour

9.0

(Unit: pg/m?)

HCHO

W Rush hour @ Mon-Rush hour

Fig. 10. Average concentration of COs and HCHO by

160.0
140.0
120.0

B0.0
0.0
40.0
20.0

0.0

sampling hours.

{Unit: pg/m?) 250

TVOC

B Rush hour @ Non-Rush hour

20,0

(LX)

(Unit: pg/m?)

Toluene

B Rush hour ™ Non-Rush hour

Fig. 11. Average concentration of TVOC and Toluene

by sampling hours.

40.0 |Unit: pg/m?)
35.0
30.0
250
20.0
15.0
10.0

5.0

0.0

PM-10 PM-2.5

® Rush hour ® Non-Rush hour

Fig. 9. Average concentration of PM—10 and PM—2.5
by sampling hours.

6.0 (Unit: pg/m?)

5.0

4.0

3.0

20

10 i i

00 [ ==
Benzene  Ethyl benzene Xylene Styrene

B Rush hour @ Non-Rush hour

Fig. 12. Average concentration of VOCs(Benzene, Ethyl
benzene, Xylene, Styrene) by sampling hours.
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250.0 (Unit: CFU/m?)}
200.0
150.0
100.0
0.0
Fungi

BRush hour B Non-Rush hour

Fig. 13. Average concentration of TAB and Fungi by
sampling hours.

4.2.3. AAY s = EA ¥

AR 93 5 2o]E Hole L9E
22 PM—2.5(p<0.05), o]2ksleta(p<0.05), &L
3] =(p<0.01), TVOC(p<0.05), #lAl (p<0.01),
%‘ﬂl(p<0 01), °l&wlAl(p<0.01), 21L& (p<0.05),
FAT(p<0.01) .2 ZAFEATH Table 9).

%%‘ fstol=e} FHRFAT & EF
HEA 10F0] AFHoNAN ASHEY 2

5 ®EH(Table 9).

2 A7 ASFE AEAFH 7Y 97
PM—-109] ¥%%& 29.2 ug/m’, PM—2.5.& 11.3
ug/m’, A& AEANH 717k 971 PM-10
38.0 ug/m®, PM—2.5% 20.0 pg/m’o &, o
o] &7] mAWA TE7F ALHERT =
Eltth o2 Qs Oﬂ?oﬂﬁ
FTAFAAL] HAHA] FEE 97
TEY JIgFE ‘?%0} S 1 AE
S o (Fig. 14).
| 5}o 159} TVOC, VOCs, ZF3HA,
55 5 3dAFaA AA
EHE doA Ao mEbA

o}-}l
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1
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o
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=,
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>
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2
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3 ‘5
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)
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G

Table 9. Average concentration of inddor air
pollutants by seasons.

Winter Summer
(P 26.2 28.5
sy 12.2" 18.1°
(o) 469° 732°
Lo 3.7 8.4
(il 79.4° 113.3"
Renzepe 1.7 0.9"
{Slyene 4.6" 16.5"
Eth{}; gt}rennz)ene 0.9% 3.1
ovieng 2.1" 3.9°
Lrens 0.3 0.2
(CFUm) 55" 1257
(U 13 159
¥ p—value : ** < 0.01, * < 0.05, / numbers of data : 80

45.0 (Unit: pg/m?)

10,0

PM-10 PM-2.5

H Winter BSummer

Fig. 14. Average concentration of PM—10 and PM—-2.5
by seasons.
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1000.0 {Unit: ppm) 12.0 (Unit: pg/m?)
900.0
10.0

800.0
F00.0 8.0
600.0 T
500.0 6.0
wo P —
300.0 i
200.0 i 2.0
100.0

0.0 | 0.0

co, HCHO

mWinter = Summer wWinter @ Summer

Fig. 15. Average concentration of CO; and HCHO by

seasons.
180.0 (Unit: pg/m?) 300 (Unit: pg/m?)
160.0
250
140.0
120.0 20.0
100.0
[ 15.0
B80.0 —
60.0 [ 10.0
|
400 £
| 50 [
20.0 i | [
0.0 | 0.0
TVOC Toluene

B Winter B Summer Y wWinter B Summer

Fig. 16. Average concentration of TVOC and Toluene
by seasons.

6.0 (Unit: pg/m?)
5.0

1.0

o i

Lo o i -_-.-I- |
0.0 = _— = ~T— =

Benzene  Ethyl benzene Xylene Styrene

E\Winter HSummer

Fig. 17. Average concentration of VOCs(Benzene,

Ethyl benzene, Xylene, Styrene) by

sSeasons.

250.0 [Unit: CFU/m?}

TAB Fungi

HWinter BSummer

Fig. 18. Average concentration of TAB and Fungi by
seasons.

424 SAEAY FT 54 9o
(1) ®] A9 =) (PM—10, PM2.5)

PM-10& éAmaﬂﬂg, Az, AR &
913k Fxbol7t QIA, PM—2.5= AdYE &
2|3 FEAo]E BYH(Table 7-9).

EAEE AA W wARA sEE B
W g v 5o wyd F54 w4
A Ay 3t 94 ) 2REe 49 5 =3
49l 90 2R 9L v

=

ALd v 7] mAYA F=(EFAIZ
) PM—10 27.4 ug/m®, PM—2.5 11.3 ug/m°®,
HEZZAZH PM—10 30.8 pg/m®, PM—2.5
11.5 pg/m?) M= HE W £ 559 A
A7} AFALAZE FAEEA 2FAL Y m
ARA 27t 234 NFART =4 e
3 Ao ® AEch(Fig. 19-20). AF AT A
T HYEY WY 1= A7 ds5ate] 714
el ZQE 55 &3 Asa A yR
fFrd=ol AFA Ao Fr| o JEFe v AT
(QmA 5 2011; Park et al., 2004).

W2 q5d HEFAI s mA
A=A oWlEZE MAgste] (E-AIZH PM—10
32.1 ug/m®, PM—2.5 16.9 ug/m’, RIEZAIZt
o) PM—10 48.2 ug/m®, PM—2.5 24.7 ug/m®),
g7] ,4 oJ8ke- A]—]:HX-] o7 FJ k= /\71-11-1‘,]]
FHao] AT =8 TS HAtKFig 19-20).
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4 ERAN S vEFA ] w]A
A F& zolE FAZ LolrR 7] L) A
FH =} (RSD, Relative Standard Deviation) S

A3t A, 23F 71.4 %, A 42.7 B2

= FEAbolE BN, AFALL 9.9 =
oz W2 saolE Hit 9 23
T, ALFE AR oWl E YA
A gL 97 AR w2

NN oofy M oox HEY RN R

(Unit: pg/m3)

50.0

400 T

00 | T T

200 I I 1 I T |

i Il i .
0.0

Cabin Platform Concourse  Cabin Platform Concourse

Winter Summer

Rush hour m Non-Rush hour

Fig. 19. Average concentration of PM—10 by sampling
points and hours, seasons.

PM-2.5 (Unit: pg/m?)

30.0

200 7 T
T L i 4

10.0 i = €L & !

§ |

Cabin Platform Concourse Cabin Platform Concourse

Winter Summer

Rush hour = Non-Rush hour

Fig. 20. Average concentration of PM—2.5 by sampling
points and hours, seasons.

AP A7, AAE
W $93 FExto]E HYtH(Table 7-9).

AeHABd A BT AgAdel 5

H(Fig. 21). AEFAAR 7373 3t
& z}o] RSDE 80.0 % ~ 92
Aol2 BPx, F$34AT o
0.7 % ~ 4.4 BE FL
FAIZbe o Bl & A
NA 205 % ~ 30.3 =, FF(7.1 % ~ 7.6
%) N (2.1 % ~ 3.5 %) B} JujHo=s

w2 T AolE HAH

K

9 ATe o ogurs vE 5
4 FeE, AW olstEae F2 29
A Aol sFoly] Wi, JuHos
Awo] gl A olgAe] e E
Ao £ TEE Hole ZAOE FALE
AH(Fig. 21). ol¢h= B=2A 373
< diFor 97]e #Fdo] gt Ay
Hof S17] WZol AFALRG o] 2kstekA o
&b gtan, ESRAIY e BIEFAIE Y
ol gl &3t FEAPol7} HHG FOoE %
ALE ATH(Fig. 21).

co, {Unit: ppm)

1500

1200

=

600

T T
300 =28 ii
; 1 Nl

Cabin Platform Concourse Cabin Platform Concourse

Winter Summer

Rush hour = Non-Rush hour

Fig. 21. Average concentration of CO; by sampling
points and hours, seasons.

(3) E&dslol=
Zddslol== A-AYE {3 wExlolE
HAH(Table 9).

FQUstelsE RE ZAAHANA AEI

£ 3 F0EE AR
SEe 5402 o8 Jugoz dyes
7 d e AFHAA B FEst B A
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2006). EF FEFE AN FEdestol=
AHE AFGA=

2719 Fedstols

AL I Th (A

HCHO (Unit: pg/m3)

140

10,0
g T_

8.0 "] . ;4'
BN | |
T |

Cabin Platform Concourse  Cabin

L
|

Platform Concourse

6.0

40 T L T

0.0

Winter Summer

Rush hour ® Non-Rush hour

Fig. 22. Average concentration of HCHO by sampling
points and hours, seasons.

(4) TVOC ¥ VOC 5 (il A,
ZAdd, 2~g4)
TVOCE ZAMAAE, A7, AEE
o3t FrxtolE B YtH(Table 7—9). WAL
ZAA Y, AFE, EFAe A)ZE, AA
W o3 o2 RYw 1%@%14 2t
Jale AdE Fovg FEAIE HAYT

(Table 7—-9).

E=4q, quu

TVOCe 74, ogwlAl, Adue &<
gatol =9} plR7iA 2 AW eErt =2 AF
Ho] ALHHY & TS H A (Fig. 23,
25—=27). WAL ALHo] J=
TES B, SHIAS AH ©mE 5
TE 540 UrE‘rb}Xl eFAH(Fig. 24, 28)
042% TEE AYEd, AFALdEY <
NN £ FEE HIAY F
t Hi =, TVOCS WA, &7
AFA LA A HFLEG gg%
2 B YtH(Fig. 22—-25). Jduldlz =dA
2 TR AFAANN =2 F

i
%
i
o,
fr
O

£ B AoH(Fig. 26—28).

I3 VOCsE JEFHo nE éAW%ﬂ'ﬂW

SFAZH 7 HEFAHEY 52 FEE
Bl whH(Fig. 23-28), —"‘—OLH]E}O]ET‘:— =

z

A e} Bl ERA Y] F=Rlol7 AL
AATH(Fig. 22). o] = E 3|
VOCs¢ 2490 A& ¢

=
570l Zolstt= Ae & =+ ilME‘r.

1‘
S~

il
& UH:[

A ARE A, VOCse B o= W
37 A9 fleds Eetn £ whet
FEArel7F AA dEhd AeE RHol o8
o o, Fg, Axg o] Fo JFS we A
o2 Ao (Fig. 23-28). ¥hd 4 s}o]
Er ERE B 2559 Wt wg v
=] Ws7h 3A yehde Ae® Hol 53
g g WAAdAN BEHE 2dE

), AL =(0. 525)JJr wo 7\1—_1,]-
»;\Oi(Table 13), ol& %3
L MZ2 =

= = =
i, eAed 3 gy SA4E M2 gl
g Aoz gudd
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TVOC (Unit: pgfm?) Ethyl benzene (Unit: pg/m?)

3000 7.0
250.0 6.0 1
200.0 1 5.0 1
4.0 !
150.0 !
3.0
1000 : 20 |
- t [ v h |
o (] _ - & T
Cabin Platform Concourse Cabin Platform Concourse Cabin Platform Concourse  Cabin Platform Concourse
Winter Summer Winter Summer
# Rush hour = Non-Rush hour ™ Rush hour @ Non-Rush hour

Fig. 23. Average concentration of TVOC by sampling Fig. 26. Average concentration of Ethyl benzene by

points and hours, seasons. sampling points and hours, seasons.
Benzene {Unit: pgfm?) Xylene {Unit: pgfm?)
5.0 B.0
7.0 4
40 60 |
3.0 5.0 1
4.0 |
20 3.0 1
. TN T . - i |
i N ] @ i | po ml |
Cabin Platform Concourse  Cabin Platform Concourse Cabin Platform Concourse Cabin Platform Concourse
Winter Summer Winter Summer
@ Rush hour = Non-Rush hour ® Rush hour = Non-Rush hour

Fig. 24. Average concentration of Benzene by sampling Fig. 27. Average concentration of Xylene by sampling

points and hours, seasons. points and hours, seasons.
Toluene (Unit: pg/m3) Styrene {Unit: pg/m3)
400 0.9
35.0 0.8
300 07 |
250 | 06 |
00 - oa ﬁ
150 | 03
100 ! i i 02 | i
50 | 01 |
» al all & i sl B e Na
Cabin Platform Concourse | Cabin Platform Concourse Cabin Platform Conecourse  Cabin Platform Concourse
Winter Summer Winter Summer
= Rush hour = Non-Rush hour # Rush hour = Non-Rush hour

Fig. 25. Average concentration of Toluene by sampling Fig. 28. Average concentration of Styrene by sampling
points and hours, seasons. points and hours, seasons.
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AT, ol

AL Fo3 FEAIOIE
ZARA A, AIZFE,
Pom A (Table 7-9).
oAE5FHo] ALHHG E2
TE BN, ALE A4S Addst 2

A SJ/AIZ7E HERJ/A

TEE RYtH(Fig. 29). nAyELS
2L FdFEANAN HAo] FAsHA
., 2001), 042% 3—%‘—

(5) &%

FHrATS

Il

de lornor

G RS QA9
, o]l gMo] &
E%UVJEHQ] TR AT if‘zﬂ Bl &A1
o2 AdEH(Fig. 29).
v BEfadole 533 AEE T x}o]
Holx] kAL, Al *Eﬂm }Ol” 454
% Al 2
PRIZIA 2 o] 82 0] B %1”\17@01]*1«1 &
7} mEFAZ R B depdeh(Fig. 30).

TAB (Unit: CFU/m3)

g |
150 | I

3 Fni
Py B B | r 0 [
F " g H

Platform Conecourse

S
{

Cabin Platform Concourse Cabin
Winter Summer

Rush hour = Non-Rush hour

Fig. 29. Average concentration of TAB by sampling
points and hours, seasons.

Fungi {Unit: CFU/m3)
300

j:: T | [ I I
150 T: ,——L I I I T

100

l

]
1 e
Bl

Platform Concourse

I
Cabin Platform Concourse Cabin

Winter Summer

Rush hour = Non-Rush hour

Fig. 30. Average concentration of Fungi by sampling
points and hours, seasons.

4.3. 7] AR Fxo) e = 54 Tt
9471 AR Fxod wWE UFuF
Qotr 7] 9dte] AbEh
Aol M Azste PAAA] FEF o] &
AAE +45 A Jﬂo};’iE}(Flg 31-35).
usvy A &A}XWOH 17‘<1—t—

S~
L

il

]/K

N

ofr
o

4.3.1 ZAHAHE HMI?*_ A AAE 4

(Fig. 31-35)& =41 7 ZAA A 9]7]
H] A H ] 2 /\]741%5 ajzE el
agolg. tiFE =AddNE s A
A 2 v ARR FE zfole AA A, ¢
5 o7|ete] w= wste) viszgh S BHY
TH(Fig. 31-35). AZFAAY vAHA FE=
Z-dgdsd vg sEE HolAY
7 =2 Aol EAth(Fig. 31-35).
(Fig. 31)= 9]7] A= e] H57} =o} A
wj, 7t ZARAEY HAEAEES] ¥WIE Ko
FIiL AT AFE 9719 wAHA] FE7} Fof
A7 FAl 73 ﬂ%“&é_!-ﬂ AR FE
7b 97 PR FEe] FEo R Fobxl wh,

x}ﬂwgq A A %E—t— A FsEA &
A

rrc =
o 1=

89

1

12 oy
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Winter Summer —Outdoor air 4 Cabin © Platform ~ Concourse
(Unit : pg/m3)

150
120

Fig. 31. Time series graph of PM—10 concentration of cabin, platform, concourse and outdoor air in A line.

Winter Summer =—Qutdoor air 4 Cabin © Platform  Concourse

80

(Unit : pg/m3)

Fig. 32. Time series graph of PM—10 concentration of cabin, platform, concourse and outdoor air in B line.

Winter Summer =—Outdoor air 4 Cabin © platfrom = Concourse

80 X

(Unit : pg/m3)

60 o
40 %“%ﬁ%p fA = 5
20 Rt £E 0, & 22

S e

eeeeeeee PP

PEFEPEREFESEIISPPIPIIISEIPE P,

FIPESESIPPTSS

Fig. 33. Time series graph of PM—10 concentration of cabin, platform, concourse and outdoor air in C line.

Winter Summer —Outdoor air 4 Cabin © Platform ~ Concourse

(Unit : pg/m3)

Fig. 34. Time series graph of PM—10 concentration of cabin, platform, concourse and outdoor air in D line.

Winter Summer =Outdoor air 2 Cabin © Platform = Concourse
60
(Unit : pg/m?3)

40 %)
0
A A e _UREEEES N
A WFA“_M_ LYY A AT DOn, y e — OOy CON A B COOnany 000N 0D AN A s
20 A A Pl =RoiteEs R T A M%AMAMM%MMM RN 20 %@% =it

PIPEEEELIPIS FPPISIPPEPEPIFPEPPELIPSS PELPPIIPEEPS PESEESIIFIPIP PIILIEIEPEIFEELPEPPEPEPEFEELEFLEEE PP ELEES

Fig. 35. Time series graph of PM—10 concentration of cabin, platform, concourse and outdoor air in E line.
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3.2 97 T=9 ZAAA T FEEH
P 2R vAwA sxe g7 AES

4.

Z

oz RE £ 279 vAwA 7 4
o

)

7)
B8 AN Table 10—-11). PM—10
Q7] T ZAMAA & 1 ABATE
B, A 0.297(p<0.01), 4%
0.901(p<0.01), W23} 0.912(p<0.01),
7lExe A UFAES
BHAx, AFAdREs e
(Table 10).

PM—-2.5% PM—-103% vwlz7 A2, 2}
3= 0.597(p<0.01), 73787 0.885(p<0.01),
g3 0.915(p<0.01)E 97 B=9 57
Ao g 2o JAAAE Bl wvhd, A
= o AAAS BYTH(Table 11).
ANE FTH3HA,

Lo lo i
=)
2 =

>
2
2

o
2 o
v

- O I o
A Pe] =

o
i h,

Table 11. Pearson correlation coefficient for
PM-2.5 concentration of sapling
points and outdoor air.

Cabin | Platform | Concourse Ou‘;cilroor
Cabin 1.000

Platform 0.484™ 1.000

Concourse 0.517" — 1.000

O”;?for 0.597" | 0.885" | 0915% | 1.000

¥ p—value : ** < 0.01, * < 0.05, / numbers of data : 1641.

i APAAE AN oo gEnEAT 44 g 29
NFAET Aoz dHEo] i AA EA2S AAsta #HHGE AW SFS =45
7183 ER T e 1A 27 A ) ga we )ze) AwEm v,

AAe o) A 5 A @A o e ge anjeln ol HESE olske

A& ABAdRe dlHes A AM o gage ojge) 298RS A A51A

Ao F4eE & W] Wwel 1wk wAY 4, QEAAS T, PARIAE Bz

A oMEZF BT W AAHOR AV TR g sjee agal) e ANEET WAUAE A

oA IFS wE Aoz dddn. Aeke tEENE Adeld ALseh o

T3k sEWFFIAME BE W F PAEAIE A

Table 10. Pearson -correlation coefficient for Ashs A=A} BAE wqHA] AR} =04
PM—-10 concentration of sapling 7] AL A28 A A7E A3s u) 9

points and outdoor air. Ssle] Ao W] Sepznt Aem oo m

Cabin | Platform | Concourse Ou‘;cilroor E Y Fo=E PAEAY 2LE9EZFH VOCs

5 Od3s LHEZS AASE A W TR

Cabin | 1.000 NAZF27 RE o] 383t k. HARell A

+ TH d7IAHERE AAste ks TR 2

Platform | 0.3257 | 1.000 EE Aglo] A AeFo g AlLLstE A5

g HEA2ES Es7| = SFdth

Conouse | 03917 = 1.000 9 Jlee e 2 W, ad A0 o9

Outdoor | e | goor= | ogiz| rooo S oe Lo €R SVl AH=S2 AAse
It Asd AR AXe B W LH9EES A

# p—value  ** < 0.01, * < 0.05, / numbers of data : 1641. Wehs =85 Al sk diFasAld 4
W71 Jide] & 35 B ZeE wdEn
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Table 12. Average concentration of pollutants by sampling points and hours, seasons and guideline of indoor air quality.

. Winter Summer
Indoor air
quality Rush hour Non—Rush hour Rush hour Non—Rush hour
guideline Cabin Platform | Concourse Cabin Platform | Concourse Cabin Platform | Concourse Cabin Platform | Concourse
I(Di}g/;nlsg 100" 35.1 99.6 97.3 27.0 15.1 20.8 99.2 20.3 98.2 24.5 42.9 43.4
lzl;ﬁg/_rfs? 500 15.9 11.0 13.5 11.8 7.4 10.4 14.0 12.8 17.6 15.2 98.3 27.6
2)
(S;?rﬁ) 28883) 759 284 2792 618 263 266 | 1,158 480 460 853 447 444
(%/i% 100" 4.6 2.4 3.2 3.6 3.9 4.7 6.3 8.2 9.6 6.5 9.1 10.8
(zgv/%% 500° 129.1 38.4 47.1 100.8 78.9 81.6 216.2 117.1 94.5 145.6 53.0 53.2
]?ES/ZS?? 30% 3.2 1.1 1.3 2.3 1.1 1.3 1.3 1.1 0.9 0.7 0.3 0.8
?5;‘/1;%33 1,000% 4.3 4.0 4.5 5.2 6.0 3.6 24.7 23.3 19.0 13.9 9.4 8.5
Ethyl
benzene 360° 0.9 0.7 0.5 1.5 1.5 0.5 2.9 3.8 4.0 2.1 3.5 2.4
(pg/m?)
é‘ygl/%%?) 700° 2.8 1.4 0.7 3.2 2.6 2.2 4.3 5.0 4.8 2.5 3.5 2.7
%Lg;%? 300 0.3 0.1 0.1 0.5 0.2 0.3 0.3 0.2 0.3 0.1 0.1 0.0
(C’IESE]S) 800" 70 11 62 51 66 42 110 133 214 93 81 118
(gF%n/rgés) 500% 183 176 155 130 109 106 182 128 169 143 196 133

1) Guideline of Indoor air quality for public transportation.
2) Guideline of Indoor air quality for public transportation for rush hours.

3) Guideline of Indoor air quality for public transportation for Non—rush hours.
4) Regulation standard of indoor air quality for public spaces.
5) Guideline of indoor air quality for public spaces.

6) Guideline of indoor air quality for Newly—constructed apartment houses.
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Table 13. Pearson correlation coefficient for indoor air pollutants.

Ethyl

Temper

PM—-10 | PM—2.5 CO, HCHO TVOC Benzene | Toluen benzene Xylene | Styrene TAB Fungi ature Humidity
PM—10 | 1.000
PM—2.5 963" | 1.000
CO, 074 050 1.000
HCHO .245™ 3687 | 138 1.000
TVOC 051 059 460" 147 1.000
Benzene 166 022 318" | —.050 163 1.000
Toluen 142 233" .252° 3117 598" | —.025 | 1.000
bfg?gie 426" A86™ | 175 3827 | 45T 025 604 | 1.000
Xylene 278" 272 204 203 5257|171 5467 | 858" | 1.000
Styrene 032 —.041 191 —.049 267 432" 152 .350™ 5107 | 1.000
TAB —-.088 | —.020 100 4747|009 -.197 073 051 —-.048 | —.075 | 1.000
Fungi 312" 2947|112 111 .031 .000 024 016 037 —.024 106 1.000
Taetfgfgr 076 236" 272" .630™ .096 —.196 365" 357" 158 —.056 407 027 1.000
Humidity |  .158 335" | .353" 594 | 242" | —.156 4417 500 262° | —.093 2627 083 7717 1.000
¥ p—value @ *x < 0.01, * < 0.05, / numbers of data : 80.
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