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ABSTRACT

The objective of this study is to provide the research data on the actual concentrations of PM;9, PM, 5, PM; and CO,
in Seoul subway carriages. Mean concentrations of PM,g, PM,5 and PM,, and CO, in subway carriages were inves-
tigated at levels of 215.1+101.4 pg/m’, 86.9£38.6 pg/m’, 27.0+11.4 pg/m’, and 1,588+714 ppm, respectively. The
mean concenirations in subway carriages were higher when the train ran on an underground track rather than on an
above ground track. The measured concentration of particulate matter varied with the time of day and was highest in
the morning, followed by noon and evening while the CO, concentration was highest in the morning, followed by
evening and noon. In relation to correlation among the pollutants: the correlation between PM,, and PM, 5 was 0.92,
and that between PM,s and PM, was 0.94 The inclusion rate of PM,5to PM;o was 41£7% and that of PM, to PM,5
was 324+4%. In addition, the CO, concentration had a positive relation with the number of people in a carriage, whereas
the concentration of PM,, had negative correlation to the number of people. In relation to these two pollutants we cal-
culated using a regression equation (34.06 + 0.04 CO,(ppm) — 0.09 PM 10(ug/m*)(R*=0.30, p<0.01, n=707), that a max-
imum number of 61 persons would ensure that each pollutant is maintained below the criteria level, applicable to
subway stations.
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Fig. 1. Subway route map in Seoul metropolis.
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Fig. 2. Sampling sites in Seoul metropolis.
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Table 1. The distribution of concentration for pollutnats by sampling period and point in subway carriages

Point Shift PM (pg/m’) Gases (ppm)
(o'clock) Npw™ PM,,” PM, " PM,” Neaz co,”
79 10,974 238.4x107.3" 95.4+42.6 29.6+13.1 10,939 18714890
11-13 10,493 203.7+86.2 85.6+31.1 27.2+94 10,425 1387+490
Entrance 1820 10,795  196.0+104.9 81.7+418 252+11.5 10,686 1530641
Sub total 32,262 212.9+101.8 87.6+39.4 27.3+11.6 32,050 1600+726
7-9 10,973 243.1x107.2 94.4+42.0 29.1+13.1 10,854 1838+867
Contral 11-13 10,475 205.0+82.5 83.0+29.6 26.0+8.7 10,110 1370+456
18-20 10,769 203.2+105.4 80.8+39.2 24.6+10.6 10,627 1508+615
Sub total 32,217 217.3+100.9 86.1+37.9 26.6+11.2 31,591 1577+701
79 21,947 240.7+107.3 9491423 29.3+13.1 21,793 1,855+879
11-13 20,968 204.3+84.4 84.3+£30.4 26.6+9.1 20,535 1,379+474
Total 18-20 21,564 199.6+105.2 81.3+40.5 24.9+11.1 21,313 1519+629
Sub total 64,479 215.1x101.4 86.9+38.6 27.0+11.4 63,641 1,588+714
"Nems Neoz, Neo @ number of samples measured during the sampling period.
‘Mean concentration standard deviation.
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Fig. 3. Comparison of concentration in each pollutants by sampling point in subway carriage. Letters of E and C on the x-axis indicate
the sampling site of entrance and central for subway carriages. Symbols of asterisk (*) in this figure stand for p value < 0.01.
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Fig. 4. Comparison of concentration in each pollutants by sampling period in subway carriage. The same letters indicate non-
significant difference between groups based on Tukey's multiple comparison test.
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Table 2. The concentration of each pollutants in carriage by subway location

Pollutant Location n Mean SD p-Value
PM,, (ug/n) Underground 47812 218.9 100.3 p<0.01
Ground 9338 188.5 101.7
PM,  (ug/m’) Underground 47812 88.9 38.5 p<0.01
: Ground 9338 74.5 39.6
PM, (ug/m’) Underground 47812 275 114 p<0.01
Ground 9338 239 11.7
Underground 47811 1678 732
CO, (ppm) p<0.01
Ground 9356 1485 571

n - number of samples used in the analysis, SD - standard deviation.

Table 3. Correlation matrix among CO,, PM,4, PM, 5 and PM,

Table 4. Corresponding measurement of PM;y, PM, 5 and PM,

Pollutant CO, PM;, PM, 5 PM,
CO, 1.00° -0.02" -0.06" -0.07"
PM,, 1.00" 0.92" 077
PM,; 1.00° 0.94
PM, .00

*Correlation is significant at the 0.01 level.

PM,= R5F ol 240.7£107.3 pg/m’®, 94.9+423
ug/m®, 29.3%13.1 pg/m®), FA(Zh 204.3 ug/m’£84.4
pg/m’, 843 ug/m’+30.4 pg/m®,  26.6 pg/m*+£9.1 ng/
m’), A4, 199.6% 1052 pg/m’, 81.3140.5 ug/m’,
249+ 111 pgim’)e] o2 2 FEE Yelyon,
BT AR fog zolE HEH L (p<0.01),
CO= o3&, 1,855+879 ppm, 3.5+ 1.3 ppm), A4
@}, 1,519£629, 3.12 1.1 ppm), BA1(1,379+474 ppm,
28+ 12ppm)2] £ 2 FAXCR {3t FEA|E
VR THp<0.01).
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&3 FA Aa oA 2AE 271 F9 PM,,
PM,s, PM, 2 COxI] A#4E 4% 25 PMt
PM,s, PM,¢ PM, E PM,s¢} PM,9] o] 7=
z¥zt 092, 0.77 D 0943 BF =& g AFE U
EPATH(p<0.01).

A W S5 ZARN0] dAL S9lR A 28
2 zAlBIFE, ol AEE 13 g 5448 7]
RBoz oo Algsm e A £E g8k, 1004
olAte] e T F SASFE Mo, 1A &
AFE S sges) 719 28 s Yeth

Az U 29EE £ & ARTAS BA 2
2A7] P8-S A1 A3} Table 49 22tk PM,,
of gt PM,s0] 8L 41£7%E ZAESIOH,
PM,2] et PM,;0] B5E8 928 4 & 394

Point Ratio n Mean SD
PM2.5/PM10" 32,262 0.42 0.07
Entrance PM1/PM10? 32,262 0.14 0.04

PM1/PM2.5” 32,262 . 032 0.04
PM2.5/PM10 32,217 0.40 0.07

Central PM1/PM10 32,217 0.13 0.04
PM1/PM2.5 32,217 0.32 0.04
PM2.5/PM10 64,479 0.41 0.07

Total PMI1/PM10 64,479 0.13 0.04
PM1/PM2.5 64,479 0.32 0.04

n - number of samples used in the analysis, SD - standard
deviation, 1) - PM, 5 to PM,, exposure ratio; 2) - PM; to PM,,
exposure ratio; 3) - PM, to PM,s exposure ratio.
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