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Investigation on carbon dioxide levels in metro carriages in a city and relevant policy
suggestions YANG Ying-hua, ZHANG Lin, ZHANG Xia, GAO Jian-hui, HOU Xue-bo, WANG Kai, SU
Jin (Shanghai Municipal Center for Disease Control and Prevention, Shanghai 200336, China)
Abstract:

[Background] Carbon dioxide (CO,) is a main component of gaseous pollutants in metro carriages.
The high concentration of CO, in carriages not only affects comfortability, but also easily tends
to cause fatigue, dizziness, and even breathing difficulties for passengers. With the continuous
increase of metro operating mileage and the continuous extension of time passengers spend in
carriages, the concentration of CO; in carriages deserves attention.

[Objective] This study investigates the concentration of CO, in metro carriages in a city and put
forward corresponding control measures.

[Methods] From September to November 2017, the concentration of CO, were monitored in
carriages of seven metro lines (A-G) with a daily passenger flow of more than 500000 in the
selected city in rush hours (7:00-9:30 or 17:00-19:00) and non-rush hours (9:30-17:00) of working
days. Each monitoring sample set covered an actual continuous one-way end-to-end running
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time of a sampled train. Each CO, concentration at monitoring sites was recorded before carriage door open after arriving at a stop.
The instantaneous concentration and hourly average concentration of CO, were calculated and compared with the national standard
Hygienic indicators and limits for public places (GB 37488—2019) (CO, instantaneous concentration, <0.15%) and Hong Kong'’s Practice Note for
Managing Air Quality in Air-conditioned Public Transport Facilities—Railways (Practice Note, thereafter; CO, hourly average concentration
level 1, <0.25%), and then the sources of differences were analyzed and relevant policy suggestions were proposed.

[Results] The median of CO, instantaneous concentration in carriages of selected seven metro lines was 0.132%, and the range was
0.059%-0.295%; the median of CO, hourly average concentration was 0.152%, and the range was 0.088%-0.204%. More than half
(63.50%) of the samples met the requirements for CO, instantaneous concentration stipulated by GB 37488—2019, and all samples met
the requirement for CO, hourly average concentration level 1 specified by Practice Note. Except the instantaneous concentrations of
CO; in rush hours of line A and line B and the hourly average concentration of CO; in rush hours of line C, the medians of instantaneous
concentration and hourly average concentration of CO, in rush hours of each line were greater than 0.15%. Except the CO, hourly average
concentration of line F, the CO, instantaneous concentration and hourly average concentration in rush hours of each line were higher
than those in non-rush hours (P<0.05). In rush hours, 44.0% of the samples met the requirements for CO, instantaneous concentration
by GB 37488—2019; in non-rush hours, 93.0% of the samples met the requirements. In rush and non-rush hours, all samples met the
requirements for CO, hourly average concentration level 1 by Practice Note. The median of CO, instantaneous concentration in carriages
running underground (0.135%) was higher than that in carriages running on the ground (0.117%) (P<0.05).

[Conclusion] At present, the concentration of CO, in carriages in the selected city does not fully meet the requirements of GB
37488—2019, but fully meet the requirements of Practice Note level 1. Both passenger flow and metro running environment affect the
concentrations of CO; in carriages; therefore, it is suggested to take such CO, concentration control measures as peak passenger flow
restriction, adjustment of ventilation capacity of carriages and tunnels, and installation of online monitoring and linkage control devices.

Keywords: metro; carriage; concentration of CO,; passenger flow; metro running environment type
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Table 1 CO, concentrations in carriages of each metro line

AL (Unit) © %

BRERE 1h ERE

57
n Min Pys M Py Max n  Min Pys M Pss Max
A 112 0.068 0.104 0.134 0.169 0.269 24 0.126 0.133 0.143 0.171 0.180
B 120 0.076 0.104 0.122 0.141 0.251 44 0.109 0.118 0.132 0.164 0.189
C 81 0.067 0.110 0.139 0.163 0.234 12 0.129 0.130 0.149 0.152 0.153
D 90 0.073 0.116 0.135 0.194 0.295 21 0.115 0.122 0.182 0.190 0.193
E 104 0.059 0.089 0.132 0.190 0.270 28 0.106 0.111 0.152 0.199 0.204
F 112 0.074 0.124 0.151 0.171 0.210 8 0.115 0.124 0.155 0.165 0.167
G 96 0.059 0.084 0.111 0.169 0.203 21 0.088 0.090 0.155 0.159 0.163
Sit 715 0.059 0.104 0.132 0.167 0.295 158 0.088 0.122 0.152 0.178 0.204
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Table 2 Qualified rates of CO, concentrations in carriages
of each metro line by different standards

GB 37488—2019 ( A $EI7FR (Z Al <Fmy
e THEEATRIRESER) ERTL

ESTRE SERRE BARE /% STIRE BARRER AIRE /%

A 112 69 61.61 24 24 100

B 120 101 84.20 44 44 100

C 81 45 55.60 12 12 100

D 90 56 62.20 21 21 100

E 104 68 65.40 28 28 100

F 112 55 49.10 8 8 100

G 96 60 62.50 21 21 100

S 715 454 63.50 158 158 100
[E] a @ COREREFENBRRRE<0.15%. b : CO, REREIRE

N 1hIERE<0.25%,
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¥eFFIEHR (P<0.05),
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Table 3 CO, concentrations in carriages of each metro line in different sampling time

AL (Unit) © %

BIBRE LhIYERE
5 B &R (n=430) FUEHR (n=285) =&HE (n=90) FUEHR (n=68)
Pys M Pss Py M Pss Pys M Pss Py M Pss
A 0.102 0.150 0.205 0.104 0.130" 0.153 0.142 0.167 0.178 0.132 0.137 0.144
B 0.109 0.135 0.162 0.101 0.117" 0.127 0.135 0.155 0.185 0.113 0.120" 0.130
C 0.108 0.156 0.169 0.112 0.133" 0.139 0.149 0.150 0.152 0.129 0.130" 0.130
D 0.125 0.169 0.225 0.097 0.120" 0.128 0.182 0.188 0.190 0.118 0.121" 0.122
E 0.133 0.188 0.228 0.081 0.108" 0.132 0.190 0.199 0.202 0.110 0.111" 0.120
B 0.136 0.161 0.175 0.098 0.122" 0.128 0.150 0.160 0.167 0.115 0.116 0.116
G 0.102 0.156 0.177 0.071 0.086" 0.098 0.150 0.152 0.162 0.089 0.089" 0.090
U] = : 5=1&HA18LL, P<0.05, EIEHA : 7:00—9:30 5 17:00—19:00 ; FUEHE : 9:30—17:000
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Table 4 Qualified rates of CO, concentrations in carriages in rush
hours and non-rush hours by different standards

GB 37488—2019 { AH1HFR (Zlksrm)
4 BHIEGRRIREER)? SR
WERES RATRER KRR /% MAMRER SAARREL AR /%
Blet 430 189 44.0 90 90 100
T 285 265 93.0 68 68 100
ait 715 454 63.5 158 158 100
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Table 5 CO; instantaneous concentrations in carriages of each
metro line in different running environment B2 (Unit) : %

HFIEITA (n=542) #h EIE1T4E (n=173)

541
Pss M Ps Pas M Ps
A 0.133 0.155 0.182 0.085 0.100 0.124
B 0.107 0.124 0.144 0.095 0.101 0.188
C — — — 0.110 0.139 0.163
D 0.118 0.135 0.208 0.099 0.125 0.159
E 0.097 0.133 0.192 0.085 0.102 0.158
F 0.124 0.151 0.171 = = =
G 0.084 0.111 0.169 — — —
Sat 0.109 0.135 0.171 0.095 0.117" 0.156
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