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Quantitative Analysis of CO, Reduction by
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Abstract

The guidelines for indoor air quality of public transportations such as subway, train and bus was presented by
Korean Ministry of Environment last end of year 2006 based on the great consequence of indoor air quality in daily
life. Two main parameters, carbon dioxide (CO,) and particulate matters smaller than 10 um (PM,), were selected
as index pollutants for the management of indoor air quality. The former pollutant, CO,, is regarded as index of
ventilation status and the major source of CO, in the train or subway is the exhalation of passengers. It is publically
perceived that the high CO, concentration in a crowded subway will be reduced and ventilated with outdoor air by
door-opening taken every 2 or 3 minutes when the train stops each station. However, there has not been any
scientific proof and quantitative informatton on the effect of door-opening on the CO, reduction by ventilation with
outdoor air. In this study, CO, concentration and number of passengers were measured at each station on the 3 lines
of Korail metropolitan subway. In order to evaluate the effect of CO, reduction by door opening, the theoretical
approach using the CO, balance equation was performed. By comparing the predicted data with monitoring one,
the optimum CO, dilution factor was determined. For the first time, it was quantified that about 35% of CO,
concentration in the subway indoor was removed by the door-opening at each station.
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Table 1. Time schedule for in-train measurement.

Z4F Mol o3t

Ex A CO, 7ast §4 155

Date Lines Direction Rush Hour (RH) Time table
20 March Bundang Outbound Evening RH Seolleung 19:00 ~ Bojeong 19:46
21 March Bundang Inbound Morning RH Bojeong 07:35~ Seolleung 08:23
Gyeongbu Outbound Evening RH Seoul St. 18:19 ~Cheonan 20:18
22 March Gyeongbu Inbound Morning RH Cheonan 06:54 ~ Seoul St. 09:01
Gyeongin Outbound Evening RH Guro 18:58 ~ Incheon 19:42
23 March Gyeongin Inbound Morning RH Incheon 07:31 ~Guro 08:19
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Table 2. Number of passengers and CO, concentration.

Bundang line

Gyeongbu line Gyeongin line

Inbound Outbound Inbound Outbound Inbound Outbound
Avg. 124 87 128 94 88 72
No. passengers Std. dev. 26 34 50 65 62 51
Range 63~ 156 17~138 48 ~207 8~206 6~190 2~156
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CO, (ppm) Std. dev. 325 331 663 877 606 570
Range 915~2614 768 ~2772 1163~3884 737~3700 538~2344 785~2597
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Table 3. Parameters for simulating the effect of dilution

factor (D).
Parameters Unit  Values Remarks

Number of passengers, N [-] 100
CO, exhaust per person, M m’h  0.017
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Effective volume of cabin, V. m® 100 condition
Average volume of human 3
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Initial CO, concentration ppm 500
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Fig. 5. Correlation between measured and predicted CO,
concentrations (D=0.35).
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