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ABSTRACT

The objective of this study were to measure concentrations of indoor pollutants in public trans-
portation systems to provide importance of indoor air quality in transportation systems to policy
makers. Indoor air quality of the pollutants (CO, CO,, PM-10) and environmental sources (temper-
ature, humidity) were measured at subway, seat-type bus, and city-type bus in the Seoul area
from April to September 1992. The same pollutants and environmental sources were also measured
at selected bus stops and subway stations during October 1991-September 1992. The mean concen-
trations of indoor pollutants in the public transportation systems were showed 115.5 ug/m* in PM-
10, 6.8 ppm in CO, and 2167.9 ppm in CO,, respectively. The mean values of PM-10 and CO showed
below the US. 24 hour standard value of PM-10 and the Korea ambient CO standard, while
the mean concentrations of CO, exceeded the Korea CO, standard. The highest levels of indoor
concentration at public transportation systems were PM-10 of 134.6 yg/m® in the subway, CO of
8.9 ppm in the city-type bus, and CO. of 2,511.1 ppm in seat-type bus, respectively. The results
showed that indoor air quality in bus and subway seemed likely to be affected by number of
passengers and outdoor air infiltrated from exhausted gases of automobiles.

Keywords : Indoor air quality, public transportation, Seoul.
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Fig. 1. Map of Seoul area with the bus service routes and subway lines.
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Table 1. Comparison with indoor and outdoor concentration at public transportation system

w of PTS City type bus Seat type bus Subway Total

(N=60) (N=211) (N=220) (N=491)
tant

Polluta In Out |I/O*** In Out [[/O***| In Out |1/O***| In Out | 1/O***
TEM (C) 285 210 136( 267 228| 117} 265, 200, 133| 269 213| 129
HUM (%) 616 328 1.89| 418 425, 098] 515 383{ 135 485 379 141
PM. (ug/m?) 12601 71.6] 176] 965 80.1} 121| 1346 1860 072 1169} 1126/ 1.23
CO (ppm) 89| 10.3| 0.86 59 81| 073 6.6 25| 262 6.5 70| 140
CO; (ppm) 662.5| *444.0| 1.49]2511.1| *444.0| 5.66|1986.9| *444.0| 4.48|2167.9| *4440| 3.88
*7)332] 2(1987) Ak 5.3 =, **N=Number of sample, ***I/0 = Indoor/Outdoor
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Fig. 2. Indoor concentration of public transportation system according to number of passenger.
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Table 2. Indoor concentration of public transportation system according to age of cars

33

Age Above 7 years 4~7 years 2~4 years Less than 2 years
Pollutant (N=16) (N=116) (N=171) (N=179)
TEM () 29.9 28.0 26.8 25.0
HUM (%) 53.1 49.3 49.6 46.5
PM,, (ug/m®) 150.0 119.7 118.0 111.2
CO (ppm) 89 7.8 7.1 5.0
CO; (ppm) 500.0 2063.9 2358.6 21485
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Table 3. Indoor concentration of public transportation system according to A/C

Yoon Shin Kim et al.

and window

Air conditioner Window

Operate Non-Oper. Ratio Operate Non-Oper. Ratio

(N=421) (N=65) (O/N*) (N=74) (N=412) (O/C**)
TEM (C) 26.6 285 093 28.3 26.6 1.06
HUM (%) 46.5 60.7 0.76 59.3 46.6 1.27
PM,, (ug/m*) 115.8 1245 0.93 1286 114.9 1.12
CO (ppm) 6.2 9.0 0.68 84 6.2 1.35
CO. (ppm) 2252.7 662.5 3.40 864.3 2302.1 0.38

*ON = Operate/Non-operate, **O/C = Open/Closed

Table 4. Indoor concentration of public transportation system according to classify by time period

City type bus Seat type bus Subway Total
1 2 3 1 2 3 1 2 3 1 2 3

TEM () 281 29.1| 280| 261| 275| 264| 265| 264| 267 264 272 268
HUM (%) 586| 622 622 416| 415| 424| 54.8| 493| 518 482 476| 499
PMy; (ug/m*) 920( 162.1} 99.1| 107.6| 87.3| 95.1| 141.7{ 130.0| 134.7| 1204} 116.0| 1139
CO (ppm) 8.0 8.7 9.7 7.0 5.3 5.1 8.5 5.6 6.2 7.7 58 6.4
CO: (ppm) - *650.0| 700.0|3115.4|2171.4| 2166.7| 3832.2| 1167.7| 1688.9| 3408.6| 1535.3| 1863.2
*1:AM 07 :00~AM 10:00, 2: AM 11:30~PM 16:00, 3: PM 17:00~PM 21:00.
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Fig. 4. Graph of indoor CO concentration of subway,
seat type bus, and city type bus according
to classify by time period.

Table 5. Indoor concentration of subway
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Fig. 5. Graph of indoor CO, concentration of subway,
seat type bus, and city type bus according
to classify by time period.

Line 1 Line 2 Line 3 Line 4 Total
(N=50) /(N =68) (N=39) (N=63) (N=220)
Mean=* S.D. Mean+ S.D. Mean+ S.D. Mean+ S.D. Mean=* S.D.
TEM (C) 269+ 2.0 26.6+ 0.9 257+ 14 268+ 1.2 265+t 14
HUM (%) 50.7+ 4.5 51.6+ 4.1 522+ 23 51.6+ 4.8 515+ 4.1
PMy (ug/m*) 132.8+ 39.8 151.5+ 39.9 100.3+ 32.3 137.6+ 385 1346+ 41.7
CO (ppm) 6.9+ 2.1 79+ 25 6.4+ 2.3 50+ 2.0 6.6+ 2.5
CO. (ppm) 1500+ 378 2333+ 2499 1486+ 828 2394+ 2158 1987+ 1822
PA (person) 1145+ 423 117.9+59.2 101.0+56.5 118.4+ 86.1 114.3+ 645

*( ) :Number of sample, PA: Number of passenger
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Table 6. Indoor concentration of seat type bus

Bus service Bus service Bus service Bus service
route of SR* route of NR* route of CA* route of CB* Total
(N=45) (N=50) (N=52) (N=64) (N=211)

Mean+ S.D. Meant S.D. Mean+ S.D. Mean+ S.D. Mean+ S.D.
TEM(C) 280+ 2.0 238+ 1.2 272+ 09 278+ 1.3 267+ 2.1
HUM(%) 431+ 2.6 41.3+59 423+ 2.8 40.7t 5.2 418+ 45
PM,,(ug/m?) 1249+ 57.2 81.01 41.2 92.3+ 28.9 92.0+ 29.8 96.5+ 42.3
CO(ppm) 84+ 2.1 34+ 1.1 52+ 1.6 6.5+ 2.7 59+ 26
COuy(ppm) 2400+ 1151 2062+ 783 2843+ 957 3063+ 1852 2511+ 1220
PA(person) 30.8+20.6 20.3+ 9.6 46.8+ 15.3 298+ 195 319+ 19.2

*SR : South of River (Myongildong-Yongdungpo)
NR :North of River (Hyekyungdong-Bukgajwadong)
CA :Cross of City A (Sangkyedong-Yeouido)

CB :Cross of City B (Hongeundong-)Jangjidong)

Table 7. Indoor concentration of subway line 4 according to age of cars and number of passenger

Age of cars Number of passenger
C D A* B* Cc* D* E*
(N=17) (N=46) (N= (N=8) (N=29) (N=6) (N=14)

TEM (C) 264 27.0 26.8 264 27.3 27.1 279
HUM (%) 52.7 511 46.9 50.4 51.6 514 61.5
PM,, (ug/m?) 114.7 146.2 130.0 129.7 123.8 1314 204.3
CO (ppm) 4.9 5.0 3.7 39 6.0 6.0 9.1
CO; (ppm) 2000.0 2525.0 800.0 10000.0 1325.0 3350.0 7000.0
A* © less than 50 persons A © above 7 years
B* : 50-99 persons B 1 4-7 years
C* 7 100-149 persons C 24 years
D* : 150-250 persons D : less than 2 years
E* © above 250 persons
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Table 8. Correlation coefficient between indoor concentration of public transportation system and number

passenger
TEM HUM PM-10 CcO Cco, PA

TEM () 1,0000
HUM (%) 2975* 1.0000
PM,; (ug/m®) .1962 4229** 1.0000
CO (ppm) 4437 3466 .3486* 1.0000
CO, (ppm) - .0066 -.0398 1382 .3690** 1.0000
PA (person) 1212 .5893** 4096** A715%* A4290** 1.0000

N or case: 74, l-tailed signif: *0.05, **0.01, PA : Number of passenger
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