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Air Quality in the Subway Cabins of the Seoul Metropolitan Area
and Analysis of Its Influencing Factors Using
Multivariate Statistics
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Abstract

In this study, we have observed PM-10 and CO, concentration in the subway cabins and anayzed the factors
affecting air quality using a multivariate statistical analysis. The measurements have been conducted at Seoul metro-
politan subway lines. The results show that the mean concentration of the PM-10 and CO, inside subway cabinsis
in the range of 62.6 to 108.0ug/m® and 907 to 2,008 ppm, respectively. CO, level in specific sections during the
rush hours has exceeded air quality guidelines for public transportation, which requires designated train ventilation
controls. Correlation and regression analyses of influencing factors imply that CO, level is severely influenced by
the number of passengers and PM-10 level is also correlated with the number of passengers. In particular, PM-10
level in the cabins indicates a positive correlation with outdoor PM-10 level. In addition, the PM concentration has
been highly affected by the number of passengers and distance between stations.
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Table 1. Sampling information.
Tota Distance # of ground Ratio of Denth
Section length  between adjacent station/# of underground stations (er%
(km) stations (km) underground station to total stations(%)
Linel Dongincheon-Y ongsan 33.9 26 14/0 0 -
(express)
Line2 Seongsu-Seongsu 48.8 11 10/34 77.3 12.7
(outer cycle)
Line3 Daehwa-Suseo 54.1 14 3/37 92.5 158
Line4 Danggogae-Oido 70.2 15 19/29 60.4 15.8
Line5 Banghwa-Sangildong 45.2 11 0/44 100 232
Line6 Eungam-Bonghwasan 35.1 0.9 0/38 100 24.0
Line7 Jangam-Onsu 46.9 11 3/39 92.9 235
Line8 Moran-Amsa 17.7 11 0/17 100 19.6
Bundangline  Bojeong-Seolleung 217 15 2/18 90 -
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Table 2. Guidelines of indoor air quality for public transportations (average for 1 operation of a route) (Minister of Envi-

ronment, 2006).

Pollutants Classification Level 19 Level 22
co Subway Less than 2,500 ppm Less than 3,500 ppm
2 Train, Bus Less than 2,000 ppm Less than 3,000 ppm
PM-10 Subway L ess than 200 ug/m?® Less than 250 ug/m®
Train, Bus Less than 150 ug/m® Less than 200 ug/m®

YNon-rush hour, ?Rush hour
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Table 3. Seasonal variations of mean PM-10 concentration in subway cabin for each route during rush and non-rush

hour. (unit: pg/m®)
Rush hour Non-rush hour
Autumn Winter Spring Autumn Winter Spring

Linel 59.3(+10.0) 36.5(+5.8) 50.8(+8.8) 46.0(£12.3) 31.9(+5.3) 77.9(%+14.9)
Line2 128.3(+36.4) 99.9(+16.8) 66.1(+14.5) 46.6(£12.2) 66.6 (+20.8) 62.4(+11.2)
Line3 99.0(+29.4) 89.7(+20.4) 95.7(£19.3) 43.7(£13.3) 45.7(£12.3) 41.3(£15.3)
Line4 99.9(+25.0) 78.0(+22.6) 62.9(+9.2) 119.8(+13.0) 97.3(%19.1) 36.4(+8.4)
Line5 114.7(+12.9) 166.1(+19.3) 68.9(+9.9) 86.3(+7.1) 92.8(+16.4) 29.6(+6.5)
Line 6 170.4(+19.7) 94.6(+10.9) 105.5(*25.9) 151.1(+11.0) 86.3(+8.4) 101.9(+13.4)
Line7 150.6 (+27.2) 110.7(+15.2) 87.8(+16.0) 139.1(+14.8) 86.8(+12.1) 86.6 (+19.3)
Line8 116.1(+10.1) 104.3(+12.2) 73.1(+6.6) 73.4(+6.4) 105.6(+11.1) 76.9(+13.5)
Bundang line 33.6(£7.4) 65.0(+12.4) 49.1(+£11.4) 43.5(+6.6) 59.8(£115) 47.0(£5.53)
Average
(+ Standard 108.0(+42.3) 88.3(+25.1) 73.3(£19.4) 83.3(£434) 74.8(+25.1) 62.2(+25.1)
deviation)

Table 4. Seasonal variations of mean CO, concentration in subway cabin for each route during rush and non-rush hour.

(unit: ppm)
Rush hour Non-rush hour
Autumn Winter Spring Autumn Winter Spring

Linel 2478.0(£804.9) 1568.5(+505.6) 2168.5(+11645) 714.3(+147.2) 841.4(+1469) 883.7(+270.3)
Line2 2285.2(+670.8) 2036.0(*£787.3) 1815.1(£595.1) 2002.2(%497.2) 1757.2(£381L.1) 812.2(+248.4)
Line3 1517.4(+£661.9) 1624.1(+518.6) 1325.0(+401.0) 713.7(+£117.4)  965.0(%+362.6) 996.7(+203.2)
Line4 1852.6(+1052.0) 1271.4(+543.3) 1306.4(+555.2) 1202.1(+427.9) 1223.9(%£294.8) 973.9(+253.1)
Line5 1506.9(+631.7) 1424.4(£5145) 1594.4(+£627.3) 1001.4(%194.3) 1002.0(£180.3) 753.6(+124.9)
Line6 1524.9(+572.4) 1054.8(+151.7) 1409.8(+471.0) 864.1(+168.0) 866.4(+204.1) 769.2(+126.0)
Line7 1879.1(£7245) 1397.6(+544.9) 1809.8(+705.8) 1241.0(+3424) 814.2(%2156) 880.7(+182.7)
Line8 2097.0(+625.1) 1531.3(%508.7) 1585.0(+637.8) 832.3(£1485) 880.2(*+1782) 952.7(%210.5)
Bundangline 2928.5(+831.9) 1411.7(#+308.1) 1672.4(+521.1) 958.0(+106.3) 1035.7(+146.4) 1139.0(+154.4)
Average
(+Standard  2007.7(+489.8) 1480.0(+269.1) 1631.8(+275.6) 1058.8(+400.7) 1042.9(£296.1) 906.9(+123.1)
deviation)
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Table 6. Results of correlation analysis of monitored variables.

Outdoor Cabin
Relative  Wind #of Relative
Temp. by dity  speed PM-10 passenger CO, PM-10 - Temp. 1 imidi ty
Outdoor Temp. 1
Relative ok
humidity 0465 1
Wind speed —0.269 0.131 1
PM-10 -0.106 -0.236 -0.192
Cabin # of passenger —0.242 0.046 0.260 —0.168 1
CoO, -0.093 —0.006 0.059 -0.173 0.88** 1
PM-10 0.048 0.151 —0.262 0.499**  —0.086 —0.066 1
Temp. 0.686** 0.355*  —0.295 0.213 —0.155 —0.085 0279 1
Rel a_tl\_/e 0.657** 0.647** 0.034 -0.134 0.322* 0.422** 0223 0.462** 1
humidity
(*: p<0.05, **: p<0.01)
180 3500
L]
< 1601 . 3000- .
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Authmn Wi'nter Spr'ing Authmn Wi'nter Sp}ing
Rush hour Non-rush hour

Fig. 1. Variations of PM-10 concentration according to
the season and time of day (dotted line: mean,
solid line in box: median, end lines of box: 25 per-
centile and 75 percentile, whisker caps: 10 percen-
tile and 90 percentile, closed circles: outliers).
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Autl'Jmn Wiﬁter Spr'ing Authmn Wir'1ter Spr'ing
Rush hour Non-rush hour

Fig. 2. Variations of CO, concentration according to the
season and time of day (dotted line: mean, solid
line in box: median, end lines of box: 25 percentile
and 75 percentile, whisker caps: 10 percentile and
90 percentile, closed circles: outliers).
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Table 7. Results of regression analysis for seasonal variation of CO, (ppm).

Parameter Coefficients r sig.
Total # of passenger 5.590 0.356 0.000
# of passenger, driving time 5.13, 1.052 0.393 0.000
Autumn Ground # of passenger 9.718 0.514 0.000
# of passenger, driving time 8.159, 1.577 0.597 0.000
Underground # of passenger 4.766 0.329 0.000
Tota # of passenger 4.675 0.277 0.000
# of passenger, driving time 4.467, 1.035 0.328 0.000
Winter Ground # of passenger 10.391 0.527 0.000
# of passenger 3.798 0.240 0.000
Underground # of passenger, driving time 3.734,1.322 0.307 0.000
# of passenger, driving time, door opening time 3.786, 1.384, —1.575 0.319 0.000
Tota # of passenger 3.019 0.092 0.000
# of passenger, driving time 2.922,0.767 0.110 0.000
Spriy # of passenger 5111 0.264 0.000
9 Ground # of passenger, door opening time 4.728,12.421 0.399 0.000
# of passenger, door opening time, driving time 4.757,11.29, 1.354 0.456 0.000
Underground # of passenger 1.789 0.032 0.005
Table 8. Results of regression analysis for CO, (ppm) and PM-10 (ug/m®) when number of passenger is under 150.
Parameters Coefficients r? sig.
Underground # of passenger 12.555 0.556 0.000
Autumn CO,
Ground # of passenger 12.048 0.733 0.000
Underground # of passenger 6.584 0.522 0.000
Wi Co, round Zo: passenger g 7.686 0.783 0.000
inter roun of passenger, distance
between adjacent stations 7.779, 0.066 0.807 0.000
PM-10 Underground # of passenger -0.389 0.223 0.000
Underground # of passenger 5.440 0.233 0.000
Spring CO,
Ground # of passenger 11.043 0.461 0.000
Aztgch 49 1609E 71Fez WA w3 ¥ Fob f20F ARWAE Jehliglon, e AL
& A, WA Rt 3716l WA gl Ae f0R g vlAE Ak vehdA dgte
of AsA HALAE I Ase = 87w 9 b WHES ¥ A COe0l FEE FAG o3
ek ARl S48 A W BT 4 9l Gl 1Y 2 Aoz vhehh PM-10FEE 57
 9AE zhelste] 150~1709L S|ARLMAA A 5L A7 Al F2 YAz FAF L)
s)shelnt. = 8% x 99 FAAI A AFANA CO2)
LR 27} e Ao Z 2alo] A 100%KRT  EFEE £ Sl BA gl °§§-%— WA= PM-10
A& 371 SAZ 7P 2 A4S 7R AR 9 wEE S0 BRI B oA ARl el
T A5 HiH CO, e $A FA A Ae AE & 5 UsH o= LI et al. (2006)¢] <
H/AE, PM-10 5=t A5 &9 AAIAE oA A4 471 CO, =il ok PM-10 l=£
Baoh PM-10 525 FUsH A SAAA 54 o= AuAE Bdae 23 fAbsto =3, EA
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Table 9. Results of regression analysis for CO, (ppm) and PM-10 (ug/m®) when number of passenger is over 170.

2

Parameters Coefficients r sig.

Underground # of passenger 8.931 0.369 0.000
€0 Ground # of passenger 15.170 0.454 0.046
Autumn distance between adjacent stations ~0.031 0102 0013
PM-10 Underground distance between adjacent stations, —0.036, —0.413 0.195 0.002

# of passenger
CO, Underground # of passenger 8.493 0.522 0.000
Winter # of passenger 0.485 0.253 0.000
PM-10 Underground ?:d <_)f passenger, distance between 0.399, —0.017 0.359 0.000

jjacent stations

# of passenger 6.330 0.156 0.001
Spring CO, Underground Zd (J);feansts;na?:eéngl stance between 6.380, —0.313 0215 0.001
PM-10 Underground # of passenger -0.176 0.162 0.001
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