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Abstracts

This study aims to evaluate the characteristics of indoor air quality(IAQ) in subway stations within
Busan, South Korea, through statistical analysis of PM-2.5 and CO, data collected between 2021 and
2024. Urban subway systems, characterized by enclosed structures and limited natural ventilation,
are critical areas for air quality monitoring due to their high user density and internal pollution
sources such as tunnel dust and train-induced airflows. The study examines the relationships
between [AQ parameters and external air quality, passenger activity levels, ventilation rates, and
meteorological conditions.

The results reveal significant correlations between PM-2.5 concentrations at subway platforms and
external ambient air, as well as notable seasonal and hourly variations influenced by external air
quality, ventilation operations, and passenger density. In particular, the introduction of a smart
ventilation system in July 2024 was associated with an increase in PM-2.5 levels, highlighting the need
for optimized ventilation strategies. Furthermore, structural factors, including platform type, screen
door installation, and track design, were found to significantly influence PM-2.5 levels, with fully
enclosed screen doors and concrete trackbeds contributing to lower concentrations.

This study underscores the importance of tailored [AQ management strategies for subway
environments. By proposing a platform-specific Indoor Air Quality Index(IAQI-P) and relative criteria
based on Indoor/Outdoor Ratios(I/O Ratios), the findings provide actionable insights for enhancing
air quality management. These results contribute to improving the health and comfort of subway
users and offer a basis for establishing effective IAQ standards for underground transit systems.
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Fig. 1. Indoor air quality monitoring stations on Busan subway platforms(Red Points) and
underground station indoor air quality monitoring systems.

Fig. 2. Ambient air monitoring stations near subway indoor air quality monitoring systems.

Table 1. List of stations equipped with automatic carbon dioxide(CO,;) monitoring devices

Platform Concourse
Line 1 Line 2 Line 1 Line 2 Line 3 Line 4

Seomyeon Seomyeon Hadan Seomyeon Suyeong Dongrae

Jagalchi Sasang Yeonsan

Nampo Minam

Busan station Deokcheon
Seomyeon
Bujeon
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Fig. 3. 4-Year average PM-2.5 concentrations(2021 - 2024) and
annual averages by Subway Line(2021 - 2023).
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Table 2. Number of times exceeding the standard at Line(2021. 1. - 2024. 11))
) Number of times exceeding the standard
Line 2021 year 2022 year 2023 year 2024 year Sum
Line 1 250 151 229 62 692
Line 2 50 91 130 39 310
Line 3 21 24 25 7 77
Line 4 9 5 9 0 23
Sum 330 271 393 118 1,102
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Table 3. Monthly average PM-2.5 concentrations by Subway Line
Line Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2021 226 253 268 228 236 252 190 179 161 182 234 242
2022 234 216 261 197 212 139 156 138 139 141 212 206
Line 1 2023 246 253 256 210 206 181 172 152 141 172 195 224
2024 216 185 223 230 178 202 137 185 159 170 193 -
Avg. 231 227 252 216 208 194 164 164 150 166 209 224
2021 184 212 209 164 168 174 131 128 104 145 201 218
2022 234 200 230 165 173 114 123 112 11.3 119 183 177
Line 2 2023 210 221 224 190 174 148 135 122 105 138 165 205
2024 195 171 194 206 155 177 113 193 171 168 185 -
Avg. 206 20.1 214 181 168 153 126 139 123 143 184 200
2021 227 255 226 184 180 180 13.0 105 91 137 194 209
2022 224 217 226 163 169 107 120 101 100 127 176 183
Line 3 2023 21.7 225 223 179 169 146 123 11.3 106 149 168 20.7
2024 203 188 201 202 163 185 105 161 160 168 177 -
Avg. 218 221 219 182 170 155 120 120 114 145 179 200
2021 188 214 203 153 147 158 10.7 9.4 77 116 164 177
2022 194 179 201 154 161 106 109 9.1 89 104 169 162
Line 4 2023 198 203 204 174 156 132 114 9.9 87 11.7 131 164
2024 17.1 149 175 172 126 146 8.5 11.1 8.9 93 118 -
Avg. 188 186 196 163 148 136 104 9.9 86 108 146 16.8

(unit: pg/m’)
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Fig. 4. Monthly average PM-2.5 concentrations in underground station platforms and
ambient air over 4 years(2021 - 2024).
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Table 4. Seasonal PM-2.5 average concentrations and number of times exceeding the standard

Season
Spring Summer Autumn Winter
Platform Ambient | Platform Ambient | Platform Ambient | Platform Ambient
Avg. 19.8 18.5 14.5 11.7 15.2 12.2 21.2 19.9
PM-2.5 Std. 7.7 10.4 5.2 5.9 5.1 6.6 8.5 10.2
(ng/m’)  Max. 69.2 105.0 35.0 36.0 35.4 39.0 58.3 64.0
Min. 7.6 4.0 6.1 3.0 6.8 2.0 8.1 5.0
Meas. Days 368 368 364 361
2021 177 57 88 0 21 31 60 116
(2.1) (2.9) (1.1) (0.0) (0.3) (1.6) (0.7) (6.1)
2022 45 113 7 1 22 20 211 168
(0.5) (5.8) (0.1) 0.1) (0.3) (1.0) (2.6) (8.9)
No. 2023 131 161 3 0 19 1 217 141
(Rate: %) (1.6) (8.3) (0.0 (0.0) (0.2) 0.1) (2.6) (7.5)
2024 63 91 4 16 11 0 69 107
(0.8) (4.7) (0.0) (0.8) 0.1) (0.0) (0.8) (5.6)
Sum 416 422 102 17 73 55 557 532
U (1.2) (5.5) (0.3) (0.2) (0.2) (0.7) (1.7) (7.0)

(Remark) 1. No.: Number of times exceeding the standard(Platform Std. = 50 pg/m3, Ambient Std. = 35 pg/m3)
2. Number of PM-2.5 Monitors (Platform = 91, Ambient = 21)
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Fig. 5. Distribution of PM-2.5 concentrations on
the Busan Subway Platform by hour for 4
years(2021 - 2024).
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Table 5. Number of Stations by Platform structure
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Screen Door Type Track Type Platform Type

Full Half Concrete Gravel Lateral Island
Line 1 13 19 6 26 28 4
Line 2 4 33 37 - 33 4
Line 3 13 - 13 - 9 4
Line 4 9 - 9 - 6 3
Sum 39 52 65 26 76 15

(Remark) Island Platform: A platform shared by trains in both directions, designed like an island floating between the tracks.(<>

Lateral Platform)
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Table 6. Average PM-2.5 Concentration by Platform Structure(2021 - 2023)

PM-2.5 Concentration (ng/m?)
Screen Door Type Track Type Platform Type

Full Half Concrete Gravel Lateral Island

2021 18.2 24.7 19.6 22.7 20.7 31.8

Line 1 2022 17.0 19.9 18.2 18.9 17.6 26.6
2023 17.5 21.9 18.3 20.5 18.6 30.5

2021 15.8 17.2 17.0 - 17.2 15.2

Line 2 2022 15.9 16.2 16.2 - 16.2 16.1
2023 17.9 16.9 17.0 - 16.9 17.4

2021 17.6 - 17.6 - 17.7 18.1

Line 3 2022 16.0 - 16.0 - 16.0 16.2
2023 16.9 - 16.9 - 17.2 16.6

2021 14.9 - 14.9 - 15.5 13.9

Line 4 2022 14.3 - 14.3 - 14.6 13.7
2023 14.8 - 14.8 - 14.8 14.8

Avg. 16.6 18.7 16.6 20.7 17.5 19.4
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Table 7. Correlations between Temperature(Temp.), Relative Humidity(RH), Rainfall, Wind and the
concentration of PM-2.5 measured at Platform, Ambient

PM-2.5 PM-2.5

at Platform at Ambient Temp. RH Rainfall Wind
PM-2.5 at Platform 1.000
PM-2.5 at Ambient 0.978? 1.000
Temp. -0.295¥ -0.275Y 1.000
RH -0.256% -0.2709 0.689 1.000
Rainfall -0.233% -0.267% 0.154% 0.392% 1.000
Wind -0.127% -0.126? -0.040 0.058 0.125Y 1.000

(Remark) a)p-value < 0.01 by Pearson correlation.
b)p-value < 0.05 by Pearson correlation.
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Fig. 6. Daily Average PM-2.5 Concentrations at Subway Platforms and Ambient Air(2021 - 2024).
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Table 8. Indoor air quality maintenance and recommended Standards for underground stations
according to the indoor air quality management act

Maintenance Std.

Recommended Std.

PM-10  PM-25 CO, HCHO Cco NO; Rn TVOC
(ug/m’)  (ug/m’)  (ppm)  (e/m’)  (ppm) | (ppm)  (Ba/m’)  (ug/m’)
Underground 100 50 1.000 100 10
station platform (100) (50) (1,000) (90) (7) 0.1 148 500

(Remark) ( ): Maintenance standards according to Busan city ordinance
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Table 9. IAQ code, Certification, Guideline and Index

PM-2.5, SO, O3, NO,, CO, Pb)Q =2 Al
9JCHEPA, 2006). EPAX= o] 7|&2 vlgo g tf7|Al
AAQDE Al Hi71E Ho7tol AREshL glom,
PM-10, PM-2.5, SO;, O3, NO,, CO9] =5 =45}
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AAQHN)E ARgst Oi71d JEiE B2t
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t}. Avtme 2o 0o 71 Rla(PS,
Pollutant Standards Index)& /\}Ro}oﬂl o7ttt
2] AlQ] tf7] WrP &S PM-10, PM-2.5% 24A|7F
B, YA 2452 @] =5 T2 113514 7|
T2 AoIRATHSO;, NOg: 1AIRF Bz, Os, CO:
AR W &), efolAlok 7l L ARIH(APL
Air Pollution Index)S AFE3HH, PM-10, PM-2.5,
SOz, 03, NOz, COE H7IIth mUoflx= S&T7]
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P G 4 Jes sl 7| B o2 RE shE o
W5t7] sl 7t O] @ = mHALS ARESHT)
A2 1 AAlE Hdll S8 A= A1dsh e
0, Alpof] ZE= i ed242 b7l 5 PM-10,
PM-2.5(150]- 58, SO, O3, NO,, CO(1AIZt 3
) o]t}

o
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l
1

Name Country Type
A Enforcement Decree of the IAQ Control Act Korea Code
B ASHRAE 62.1 USA Index
C [AQ Certification Scheme Hong Kong Certification
D EU INDEX Project European Union Index
E LEED Indoor Air Quality USA Certification
F Indoor Air Quality Guideline Singapore Guideline
G Indoor Air Quality Index Taiwan Index
H

Indoor Environmental Index

Malaysia Index
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Table 10. Comparative refernces of IAQ code, Certification, Guideline, and Index

PM-10 PM-2.5 CO, _—
Class (ug/m°) (ug/m’) (ppm) Application/IAQ status
(K of:ea) 100 50 1,000 For general population
B
(USA) 1,000
C 1 20 800 Excellent
(Hong Kong) 2 100 1,000 | Good
D
(European Union) 50 25
E
(USA) 25 12 800
F
(Singapore) 150 1,000
1 15 10 350 Little or no risk
2 60 45 600 Acceptable
G 3 150 100 1,000 Health effect for sensitive population
(Taiwan) 4 350 135 5000  Health effect for each individual
5 420 250 30,000 More serious health effect
6 600 500 40,000 | Emergency condition
1 20 600 Good
H 2 150 1,000 Moderate
(Malaysia) 3 180 1,500  Unhealthy
4 600 5,000 Hazardous

=] AUs7 1A 7182 =71 R 7REE Rfolg &
ojH, Ayl &gl I dat A% B o5 ol ohedet
YAlo 2 AAIEIL ot
0]=29] FAU=7]=QE3](ASHRAE, American
Society of Heating, Refrigerationd, and Air-
COI]dlthl’lll’lg Engineers)[B]= Wyl 13 OP
2 BPFS 9J5t 71L& AU o]AlSIERA
ppm OO 8 FAJR 215 HAl
BV it 8] AR £84S Rol] 9iF 5
23 A0 EHT Utk £F SHEWT| A
U271 2] 22(IAQMG, The Government of the
HongKong Special Administrative Region Indoor
Air Quality Management Group)[C]2 0O]= EPA &
WHO(World Health Organization)?] A|&A-S &hs}
of MyFIIAE £ W Sgo= RSt
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Table 11. Indoor Air Quality Index for Platforms(IAQI-P) Standards in Subway Stations

Grade Description PM-10 PM-2.5 CO,
Good No health impact < 30 < 15 < 800
Moderate Caution for sensitive groups 31 - 100 16 - 35 801 - 1,000
Caution Harmful to health 101 - 150 36 - 50 1,001 - 1,200
Unhealthy Risk of health deterioration 151 - 200 51 =75 1,201 - 1,500
Very Unhealthy Serious health effects 201 - 300 76 - 100 1,501 - 2,000
Hazardous Critical health risk > 300 > 100 > 2,000
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Fig 7. Comparison of I/0 ratio by subway line before and after smart ventilation system operation
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