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Analysis of Natural Ventilation Effect of Seoul Metropolitan Subway by
Monitoring Indoor CO; Concentrations
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ABSTRACT

Two major parameters, i.e. carbon dioxide (CO2) and particulate matters smaller than 10um (PMo), were
selected as the index pollutants in managing indoor air quality. The former pollutant, CO,, is the index that
shows the ventilation status and is exhaled by passengers when they breathe in train or subway. It is
generally known that high CO, concentration in the vehicle may be decreased by insufficient air-tightening
vehicle bodies and the air is ventilated when vehicles stop at the station and doors open. However, there is
no established proof or quantitatively identified data on how much the CO: concentration is reduced when
ventilation is done while doors are opened. In this study, CO, concentrations were measured in 6 lines of
Korail and one line of Seoul Metro subway linesand a theoretical approach was takento predict the changing
trend of CO; concentrations during the operation of vehicle by using CO dilution factor through natural

ventilation. As a result, the change could be quantified and it was found that app. 35% of indoor CO: was
removed through natural ventilation.
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Table 1. Monitoring schedule for Korail and Seoul Metro lines.

. Length #of Avg. Rush .
Operator Date Lines (k) Stations Distance*  Hour Time table
20 March Bundang  27.7 19 1.47 p.m. Seolleung 19:00 ~ Bojeong 19:46
Bundang 27.7 19 1.47 am. Bojeong 07:35 ~ Seolleung 08:23
21 March
Korail Gyeongbu 96.9 36 2.69 p.m. Seoul St. 18:19 ~ Cheonan 20:13
orai
Gyeongbu 96.9 36 2.69 am. Cheonan 06:54 ~ Seoul St. 09:01
22 March
Gyeongin  27.0 21 1.29 p.m. Guro 18:58 ~ Incheon 19:42
23 March  Gyeongin 27.0 21 1.29 am. Incheon 07:31 ~ Guro 08:19
26 June  Line 2 48.8 43 1.13 p.m. Seongsu 18:02 ~ Seongsu 19:28
27 Line 2 48.8 43 1.13 am. Seongsu 07:14 ~ Seongsu 08:40
une
Seoul Line 3 544 40 1.36 p.m. Suseo 18:50 ~ Daehwa 20:20
Metro ’8 Line 3 54.4 40 1.36 am. Daehwa 07:44 ~ Suseo 09:14
une
Line 4 71.5 48 1.49 pm. Oido 19:09 ~ Danggogye 20:59
29 June Line 4 71.5 48 1.49 am. Danggogye 07:21 ~ Oido 09:13

*Avg. Distance: average distance between stations (=length/number of stations)
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Table 2. Parameters for simulating CO, concentration inside the cabin

Parameters Unit Values Remarks
Number of passengers, N [ -] 100
CO; exhaust per person, M m’/h 0.017 At standing condition
Journey time between stations, t; sec 150
Effective volume of cabin, V. m’ 100 Approximated volume
Average volume of human body, Vy m’ 0.06 Density of human body: 1000 kg/m’
Background CO; concentration, CO2pg ppm 500
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Fig.1. Estimated CO> levels by adopting dilution factor (D).
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Fig. 2. Correlation between estimated (D=0.345) and measured CO-concentrations for all lines studied.
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