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Abstract

In this study, the performance of air cleaners installed in subway stations was evaluated using field test method
and chamber test method in accordance with the standard for air cleaner. Also, the air filter maintenance period
was examined by the performance reduction of air cleaners with respect to the air filter usage period. From the
field tests, the clean air delivery rate (CADR) of air cleaners with filter in use was about 85% on average compared
to the ones with new filter. The main factor of CADR reduction was not the decrease of filter efficiency but the
decrease of airflow rate. The chamber test results shows that the CADR of air cleaners decreased with the usage
time, but the proper filter replacement can make the CADR keep about 95% of the certified CADR. The expected
filter replacement cycle measured by the field test method was calculated to be approximately 3.35 months (100
days). However, the replacement cycle was a large difference between 1.2 and 6.6 months with the different
stations. Therefore, the replacement cycle should be individually investigated for each station. The use of air
cleaners must be effective in reducing fine dust in subway stations. For more effective air quality management in
subway stations, additional researches is necessary to define the appropriate capacity of HVAC system and air
cleaner, and related maintenance for each station.
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Table 1 Test samples for measuring the CADR of
air cleaners installed in subway platform

Subway | Station Number of sample
line name On-site Chamber
A 3 0
B 3 0
5 C 3 0
D 0 1
E 0 1
F 3 0
6 G 3 0
H 3 1
I 3 0
’ ] 3 0
K 3 1
8 L 3 0
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Figure 1 Measurement of collection efficiency and airflow rate of the air cleaner installed in the subway

platform
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Table 2 PM2.5 collection efficiency of the air cleaners measured by the on-site evaluation method

Filter in use
New filter replaced
Line | Station Sample 1 Sample 2 Sample 3
Inl) | Out2) €3) € In € €
(ug/m) | (ug/m) | (%) (ug/ uf) (ug/ m) ©6) | (ug/m) (ug/ m) %) (ug/ ') (pg/ m) %)
A 14.4 0.1 99.3 14.7 0.1 99.3 18.1 0.2 98.9 15.0 0.1 99.7
5 B 16.8 0.3 98.2 18.2 0.2 98.9 16.3 0.2 98.8 15.5 0.1 99.4
C 11.7 0.1 99.2 14.9 0.2 98.7 14.7 0.1 99.3 11.7 0.1 99.2
F 17.6 0.1 99.4 13.6 0.1 99.3 17.0 0.1 99.4 19.9 0.1 99.5
6 G 16.2 0.1 99.4 12.5 0.3 97.6 14.5 0.2 98.6 15.2 0.1 99.3
H 25.3 0.2 99.2 21.8 0.3 98.6 24.9 0.9 96.4 24.5 0.1 99.6
7 1 18.9 0.1 99.5 17.1 0.1 99.4 21.3 0.1 99.5 18.4 0.1 99.5
J 21.8 0.3 98.6 3.00 0.2 99.3 12.7 0.1 99.2 35.1 0.2 99.4
8 K 21.5 0.2 99.1 15.5 0.2 98.7 12.3 0.2 98.4 17.9 0.2 98.9
L 18.4 0.5 97.3 14.4 0.4 97.2 14.7 0.4 97.3 14.9 0.1 99.3
where, In” is the PM2.5 concentration at inlet, Out® is the PM2.5 concentration at outlet, ¢ is the collection
efficiency
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Table 3 Airflow rate of the air cleaners measured by the on-site evaluation method

Filter in use
Sample 1 Sample 2 Sample 3 New filter replaced
Line | Station | pvergge Airflow Average Airflow Average Airflow Average Airflow
velocity rate Veloc1ty rate veloc1ty rate velocity rate
(m/s) (m*/min) (m/s) (m*/min) (m/s) (m*/min) (m/s) (m*/min)
A 1.20 22.3 1.13 21.1 1.23 22.9 1.38 25.8
5 B 1.06 19.8 1.04 19.3 1.04 19.3 1.20 22.4
C 1.19 22.2 1.25 23.3 1.28 23.9 1.37 25.6
F 1.31 24.3 1.36 25.3 1.35 25.1 1.47 27.5
6 G 1.29 24.0 1.22 22.6 1.22 22.7 1.42 26.5
H 1.14 21.2 1.11 20.7 0.23 4.2 1.39 26.0
7 I 1.36 25.3 1.29 24.0 1.29 23.9 1.39 26.0
] 1.10 20.4 1.09 20.4 0.99 18.4 1.41 26.3
K 1.16 21.6 1.09 20.3 1.16 21.5 1.36 254
8 L 0.54 10.1 0.52 9.7 0.49 9.2 1.46 27.2

Table 4 Clean air delivery rate (CADR) of air cleaners measured by the on-site evaluation method

Filter in use New filter replaced
Line | Station Sample 1 Sample 2 Sample 3 Average Wi pla
CADR (m'/min) | CADR (n/min) | CADR (n/min) | CADR (n'/min) CADR (n/min)
A 20.0 18.8 20.4 19.7 23.1
5 B 17.5 17.2 17.2 17.3 20.0
C 19.8 20.6 21.3 20.6 22.8
F 21.8 22.6 22.5 22.3 24.6
6 G 21.5 19.9 20.1 20.5 23.7
H 18.9 18.4 3.6 13.6 23.3
7 I 22.7 21.5 21.4 21.9 23.3
] 18.1 18.2 16.4 17.6 23.6
3 K 19.2 18.0 19.1 18.8 22.6
L 8.8 8.5 8.1 8.5 24.3
Average 18.1 18.1 23.5
A EE i AR F91 27 AEE 37133719 £ AR F71%3A71Y B4 BeoA 49 FP5
A8 HHEHOoRE oF 85% £FOE WIHEQ) 582 HFol 19.1 m/min °2F, 7] ASFHY
o oolzRe Asleld B7144719 §AHAE A 202 w/min o W) oF 05% e WAHIL,
Moz & HyHT USe T & At olz¥E 371947] A ol% o 3dlo] AAE, ¥
HE F7140=2 uAs) £hd, 37134719 450
3.2 A ME 2719%7 vt 208 449 £ U8l T
I3 25 FAAEHH(SPS-KACA002-0132)2 & it
stof A7 solA 2HT FHSRsRolt BF gAAsImeld 139719 e Sgsde
T Lo Hd FF 25, AN 59 ZE A 2 U thREY ARo|A FFol A HET A &
HE ¥4=E 3AssES Briekolth =} of= 4] (2)ollA] H= viel o] F7Fo] 3H
47 B Lol A B gl A48 5 BEE  sisnch 2AY Aok s of2o] medt e
BHE B9 BASAL % 81 % £21A A BA AL e 8713410 B BF ATL
3 A EF wEolAE oF 00% 0Tk Al BE  sygAG AAsolol & Aoz werE).
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Figure 2 Clean air delivery rate (CADR) of air cleaners measured by the standard (SPS-KACA002-0132)
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Figure 3 Variation of PM2.5 concentrations of the subway platforms in Seoul (www.inair.or.kr)
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Table 5 Expected replacement cycle measured by the on-site evaluation method
Daily Dail A Filter CADR (m'/min) E ted
aily verage xpecte
Sulli);gay Station bp:rvdeirr?gg an i‘;g{i‘%te PN%'ZSZHI ;esrai%ed New Filter in Red;lCtiO [/B_[g]] repglaceine
disembarking (person) | (g/m) (day) filter use I(lmggtchﬁ
(person) [A] [B] [C] B-C]
A 7,734 1,640 13.3 22 23.1 19.7 3.4 0.15 2.5
5 B 32,602 10,328 25.8 22 20.0 17.3 2.7 0.12 2.7
C 17,052 3,869 21.2 38 22.8 20.6 2.2 0.06 6.6
F 31,404 9,382 27.9 0 24.6 22.3 2.3 - -
6 G 10,979 2,877 14.8 36 23.7 20.5 3.2 0.09 4.4
H 6,442 1,640 20 30 23.3 13.6 9.7 0.32 1.2
I 31,006 8,102 18.9 6 23.3 21.9 1.4 0.23 1.7
7 J 27,251 8,102 14.2 31 23.6 17.6 6.0 0.19 2.0
g K 11,589 3,711 29.9 31 22.6 18.8 3.8 0.12 3.1
L 15,761 3,653 14 233 24.3 8.5 15.8 0.07 6.0
3.4 X|at9AF B71¥F7| M8 &t a3 FH AR e WA AstAAre] A
7Y 32 201995 E 20239 Aol ALA At W /1A JIEAE APt ATARE A&t
] ZAE AWF PMys BE WIS HolZTh o] ol 7|20 32718 37197471 8% 499 X
E aFgEFTe] A/ B FEIRTN Aol tf@ A7, ole} BT fABS 717t Tt <
AAG dole5e st e Zolth 20199 T So] F7hHow Way Aol
37149718 AAs] AR olgRE sy
PMys BEE Zasts 248 Holx gov =Y 4 AR
7} F49 20231 olF PMys B2/t Z715Hert,
ol 20194 o|F FAsITt AR FA o]F HhA] 2 dFollAE AstgAtel HAd 37184719 45
S7tste W71 PMas = HSHY] 9F FHshA] & 2 Ao r Breila dRE AEYSH
o 2ol® E7stal FEo| o8] T nAEA| S71387871 SUARATFF SA HHARE 35k
7F AAEA F71H0s wAZE 9a3 AL F71H% ot 3 371347101 AAH AN 9 DE] o
719] ARGl AstAL mIAIEA]l Aol a7t A= A S ARETIRE FeHAaTe Hlawste] oojdH A
< £t B 717hE A sttt
Aot 1424179 B PMas 5&7F 5-884 AHAY 27, &4 9 A 59 29 JXa
27)9] Bat PMys sERT JHECR =2 AL 2 &2 B+ 98.73 % I, A ZEHE FATt & FF
7] AstE ol AA7IEoIU S2AH7E Al 71l B @ AXEES HdE 99.37 % B S 0|25 H
A AAEHQ7] fro R woE T2y, 3713 489 Adasd 3713847 ¥Psksd 749 F
F715 AATE olFoE PMys =7 AASHA = 8 890 oiYehs AS & & ASlTh v, AR 5
Aatol]l disirle AR et &%, 3271 fd7et < EE7F AR 3713A71Y 9 B 225 of
EET 5o o At 2 Aes ddEn. A /min °]Ax, Al EZ AR 371784719 FF
stgrbdz 3718 E4o] t27] wWiEd o8 AYst Bt 26.2 nf/min 2 FRIF] F7EA7] FEAS
of BHEY JAHeE Q% ZoE HIlTh o] +9 aclo] We AY F7o e FF Fadhe

Part. Aerosol Res. Vol. 20, No. 2(2024)



76 =W - 449 FRet

AL & %5 Ak A = ] Ag FA B P
28 371974719 FHsFsUS WA o 85%
Szom AL ol Anany 371347
"E o) fARSL ANAHOR T £ T U %

ANAE 23, HE I LhoA A "EHE At
713873719 H4sHeE2 Hatol 19.1 m'/min &
2 27] J5#< 20.2 w/min o H|3l < 95% ==
o= BrtEQth OIETH 3717474717k A9 ol¥
oF 3do] AYA|YL, WEHE F7|3 02 wAS Frid,
371374719 Aol 57]*3%4 H|=3h £E0E §
Ad = o] A=

~ o

/\l’@ gyol ols) S4d 01]’% g 124 F7]

]7} x]o}c_rwtﬂ_za 1.2 - 6. 6 7Hé_% =
AstAte] 54e mefd & WE A
F715 APgehs Aol "asitt
57187719 ARgol AlsteAte] mlAIHA] A3h
Ao sHAHE JAPER F2719F 57138747
A7 &% AP et oleh A FAES AT
F7HHOR Aldntd, AAETG BHHQ 57
7t olFold Aos dekdEn

érﬂ mﬂ

of:

=2

oZi

> o 1o

References

Choi, I.W., Lee, J.S., Kim, D.G., Ryu, HR., Kim,
T.H., Lee, SM., Lee, ].Y., Choi, Y.H., Kim,
HJ. (2013).
Indoor Air Quality and Health Risk
Assessment in Medical Facility, J. Korean
Soc. Indoor Environ., 10(2), 115-128.

Han, B., Hong, K., Shin, D., Kim, H., Kim, Y.J.,
Kim, S., Kim, S.W., Hwang, Ch.H., Noh,
K.C. (2019) Field tests of indoor air
cleaners for removal of PM2.5 and PM10

in elementary school's classrooms in

A Study Characteristic on

Seoul, Korea, Particle and Aerosol

Research, Vol. 15(2), 79-90.

Particle and Aerosol Research A 20 @ A2 &

KACA-CAT-2023-07 (2023) Air cleaner on-site
evaluation method, Korea Air Cleaning
Association.

K SC 9314 (2019) Air cleaners, Korean agency for
technology.

KS C 9326 (2021) Performance test method of large
scale air cleaner, Korean agency for
technology.

Kim, J., Lim, S., Choo, S., Park, 1. (2015) Analysis
of transit ridership patterns and
influencing factors in Seoul, The Korea
Spatial Planning Review, Vol. 87, 49-65.

Kwon, S.B. (2018) Analysis of air purifier empirical
cases - Research case of smart air quality
management system in underground
station, Air cleaning technology, KACA,
Vol. 31(3), pp. 39-43.

Kwon, Y. (2023) Characteristics of Fine Particulate
Variations in the Underground Subway
Platforms: A Case of Seoul, Journal of
Korean Society for Atmospheric
Environment, Vol. 39(5), 675-695.

Lee, G.H, Kim, S.B., Park, 1., Hong K., Lee, Y., Kim,
HJ., Kim, Y.J., Han, B. 2022) Comparison
of applicability of HVAC and air cleaners

in a subway station platform against

airborne  infection of SARS-CoV-2,
Particle and Aerosol Research, Vol. 18(3),
51-59.

Lee, HD. Lee, SH, Park, CG. (2020
Characteristic Analysis of PM in Seoul
Subway  Station and  Performance
Evaluation of Bi-directional Electrostatic
Precipitator for Reduction of PM, Journal
of Fluid Machinery, Vol. 23(2), 23-29.

Lee, T.J., Jeon, J.S., Kim, S.D., Kim, D.S. (2010) A
Comparative Study on PMI10 Source
Contributions in a Seoul Metropolitan

Subway Station Before/After Installing



Platform Screen Doors, Journal of Korean
Society for Atmospheric Environment, Vol.
26(5), 543-553.

Ministry of Environment, Comprehensive indoor air
quality management network,
www.inair.or.kr

Noh, K.C. (2015). Theoretical investigation on
clean air delivery rate and
cost-effectiveness of indoor environment
control technologies in a child care
center, J. Odor Indoor Environ. Vol.14,
No.2, pp.128-135.

Noh, K.C. and Yook, S.J. (2016). Evaluation of clean
air delivery rates and operating cost
effectiveness for room air cleaner and
ventilation system in a small lecture room.
Energy Build. Vol. 119, pp. 111-118.

Noh, K.C. (2022) Introduction on new concept of
air cleaning per hour (ACH) for controlling
contamination and infection, Air cleaning
technology, Korea Air Cleaning
Association, Vol. 138, pp. 93-99.

Son, Y.S., Yu, SJ., Seo, S.H., Choi, LY. (2022)
Effects of Indoor Air Quality in Subway
Systems according to Changes in Outdoor
Air Quality, Journal of Korean Society for
Atmospheric Environment, Vol. 38(1),
13-29.

SPS-KACA002-0132 (2022) Indoor air cleaners,

Korea Air Cleaning Association

et 8]

377

| 4587k 2 Be RARS 4

olN

A+ 77

Part. Aerosol Res. Vol. 20, No. 2(2024)





