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A Study on air quality improvement through the efficiency
analysis of Air Control System in underground station

Jeong-mi Kimx*, Sook-jin You, Jeongwon Son, Sangwoong Yoo, So-yun Kim, Gyeong-rim Ryu,
Hyunchel Jeong

Busan Metropolitan City Institute of Health & Environtment, Korea
Department of Atmospheric Environtment Research, Particulate Matter Safety Team

Abstracts

In this study compared and analyzed the PM-2.5 reduction efficiency of indoor air and the filter
replacement of the air conditioning system promoted by the Busan Transportation Corporation, and
compared and analyzed the PM-2.5 reduction effect of the air conditioning system operation
schedule. After replacing the filter of the air conditioning system, the reduction efficiency of PM-2.5
in Sasang platform was 15.7 pg/mi, and 6.8 pg/m, respectively, which was 2.3 times higher than the
Gamjeon platform. Comparing the indoor and outdoor air ratio (I/O ratio) with the beta-ray
absorption method of the Gamjeon and Sasang platform, the /O ratio of the Gamjeon platform was
0.17~1.46 after the filter replacement date, and the 1/O ratio of Sasang station was 2.3 times lower
than that of the filter replacement.

As a result of analyzing 91 stations of lines 1 ~ 4 that changed the PM-2.5 concentration according
to the change in the operating schedule of the air conditioning system, the air conditioning and
exhaust facilities of line 1 differ by 6pg/m and 28.6% PM-2.5 reduction efficiency compared to the
same month of the previous year. The stations of not replacing the filter on Line 2 showed a PM-2.5
reduction efficiency of 14.3% compared to the same month of the previous year as the average
concentration was reduced by 2pg/m, and was lower than that of Line 1. However, the stations of
replacing the filter on Line 2 showed the difference and the PM-2.5 reduction efficiency of 40.0%
compared to the same month of the previous year, showing the largest PM-2.5 reduction efficiency.
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Table 1. Major factors contributing to emission sources in underground stations®

Inflow

Self-generated

Spread of contaminants

Passengers using the subway

Underpass floating population
Forced(mechanical) Ventilation system
Natural ventilation(external air entrance)

Train wheel wear
Rail wear

Brake wear
Catenary line wear

Train wind
Ventilation system
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Table 2. Indoor emission source in underground stations
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Indoor air pollution source

- subway passengers
- an underground pedestrian on the subway

- Air pollutants introduced by ventilation system

- train wind by train operation

- Ventilation using mechanical equipment
- Natural ventilation through pure openings and stair
entrances

Table 3. Major sources of contamination in underground stations

Section Soil related Outdoor source Ferrous related
Concourse 20.2% 55.6% 24.2%
Platform 14.4% 29.9% 55.7%
Tunnel 16.0% 18.6% 65.4%

Table 4. Busan underground station indoor air quality standard and average conc. (2022)

Item PM-2.5(ug/m® | PM-10(ug/m?) CO,(ppm) CO(ppm) NO,(ppm) HCHO(pg/m?)
Standards below 50 below 100 below 1,000 below 10 below 0.1 below 100
Average Conc. 16 28 493 0.4 0.028 2.1

Table 5. Major status of underground station air quality improvement project (Humetro)

Year

Section

Improvement project

2020 ~ 2022
(3 years)

Ventilation

Replacement of underground station ventilation system(including air filtration

system)

Establishment of interlocking system for air purifier and ventilation system
in underground station

Installation of air purifiers in underground stations

Ventilation duct and air filter cleaning

Train and
main tunnel

Installation of air purifiers in trains

Water cleaning in the tunnel

Replacing old ventilation system on main line and installing two-way dust

collector
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Fig. 1. Ventilation flow chart of underground station®
Table 6. Types and features of air supply air filter®
- ; Unpowered power - ; Metal filter Metal filter
Section Demister supply Medium filter (plate type) (cylindrical)
Shape . !
|
| Gl ]
Quality of
the Stainless steel |PE+PP Combination Glass Fiber Stainless steel Stainless steel
material
PM-2.5 | Unable to capture | Unable to capture |[More than MERV13 MERV10 MERV10
PM-2.5 Collection | PM-2.5 Collection
No filter No filter Facellent Available Available
Merit replacement replacement officienc No filter No need for water
required required No ne edyf or water replacement supply
(Washing) (Washing) supnly facilities required facilities(dry
pPly (Washing) cleaning)
Periodic filter Accessory Accessory
\_Ar]leezlé Eﬁ%bée to capture gﬁ%bée to capture replacement installation space |installation space
: : required required required
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1.6. MERV S5&

MERV 552 IE{9] £|4 &-8(Minimum Efficiency
Reporting Value)2A4], ASHRAE (American Society
of Heating, Refrigerating and Air-Conditioning
Engineers)ol A 9HE TEjo] AAS2S S3ot &
Zolc}. YAEEY|0] T MERV 53 MERV S20]
o2 Mg Hel= Table 71t Table 81 oW,
PM-2.5% 9I5| A7 9JshA= MERV S2o]
12017491 BB S ARESfiof oF2 & 4 Qlth FAt &4
A 2920 47 ol WAl n]Hs BE= 20219
12€0]] AAJ$t ASHRAE Standard 52.2-2017 A&
o] T /dsdAtollA 0.3 ~ 1.0 im RHRIAE
(E1) 89.1%, 1.0 ~ 3.0 ym YAA|AHE{(E2) 97.4%, 3.0
~ 10.0 ym(E3) YAHAH-& 98.9% = LIEFH O™ Table
9} ulsto] MERV 53] 1590] USEI%Ch

Table 7. MERV Index according to particle diameter®
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MERV Min_. particle Common removal contaminants
diameter
1~4 10 pm ~ Pollen, dust mites, sand dust, spray paint dust, carpet fiber
5~8 10.0 ~ 3.0 um Fungi, spores, dust mite debris, pet dandruff, hair spray
9~ 12 3.0 ~ 1.0 pm Legionella, Humidifier Dust, Lead Dust, Processed Flour
13 ~ 16 1.0 ~ 0.3 ym Bacteria, sneezing, most smoke and insecticide dust, cosmetics powder
17 ~ 20 ~ 0.3 ym Microorganisms, carbon dust, smoke

Table 8. Applicable building types according to MERV Index”

Min. particle . i
MERV diameter Applicable building types
1~4 10 pm ~ Minimum filtration, general housing, window air conditioning
5~8 10.0 ~ 3.0 ym Commercial buildings, excellent houses, general workshops
9~ 12 3.0 ~ 1.0 ym High-end houses, excellent commercial buildings, excellent workshops
13 ~ 16 1.0 ~ 0.3 pm General hospital, smoking room, high-end commercial building
Clean rooms, radioactive removal facilities, pharmaceutical facilities,
17 ~ 20 ~ 0.3 um . e .
carcinogen removal facilities, surgical rooms
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Table 9. MERV parameters
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Composite average particle size efficiency, %
MERV .
in size range, /m
Index
Range 1 (0.3~1.0) Range 2 (1.0~3.0) Range 3 (3.0~10.0)

8 N/A 20< E2 70<E3
9 N/A 35< E2 75<E3
10 N/A 50< E2 80<E3
11 20<El1 65< E2 85<E3
12 35<FEl 80< E2 90<E3
13 50<El1 85< E2 90<E3
14 75<E1 90< E2 95<E3
15 85<El 90< E2 95<E3
16 95<El 95< E2 95<E3

Table 10. Schedule for operating air handling unit in Gamjeon and Sasang platform

Schedule Platform schedule Platform schedule Platform schedule

Station (~ 2022. 5.) (2022. 6. ~ 8) (2022. 9. ~)
5:00 ~ 24:00 5:00 ~ 24:00 5:00 ~ 24:00

Gamjeon 10 hours 19 hours 10 hours
30min/hr on 50min/hr on 30min/hr on
5:00 ~ 24:00 5:00 ~ 24:00 5:00 ~ 24:00

Sasang 10 hours 19 hours 10 hours
30min/hr on 50min/hr on 30min/hr on

Table 11. Characteristics of Air Conditioning System in Gamjeon and Sasang Station

Station Outdoor filter AHU filter
ato Name Characteristic Name Characteristic
. -PM-2.5 : No Unpowered power PM-=2.5: No performance
Gamjeon . standard
Demister performance supply MERV : 67
(Washing) standard PM-2.5 - 90%
. . N — 4. . (o]
Sasang ~MERV : 4~5 Medium filter MERV : 15
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Fig. 2. Floor plan of Air handling unit in Gamjeon and Sasang subway station

Table 12. Standards of air handling unit and exhaust fan in Gamjeon and Sasang subway station

Section purpose standards Count
Platform air handling unit (AHU-1) Air volume:75,000CMH, static pressure:990Pa, power:22kW 4 |
Concourse air handling unit (AHU-2) Air volume:39,540CMH, static pressure:980Pa, power:18.5kW
Gamjeon Station office air handling unit (AC-1) Air volume:7,200CMH, static pressure:880Pa, power:3.7kW

Platform exhaust fan

Air volume:37 500CMH, static pressure:545Pa, power:15kW

Concourse exhaust fan

Air volume:29,940CMH, static pressure:644Pa, power:11kW

Platform air handling unit (AHU-1)

Concourse air handling unit (AHU-2)

Air volume:33,200CMH, static pressure:950Pa, power:15kW

Sasang Station office air handling unit (AHU-3)

Air volume:16,900CMH, static pressure:1,050Pa, power:11kW

Platform exhaust fan

Air volume:51.240CMH, static pressure:545Pa, power:15kW

Concourse exhaust fan

2
1
4
2
Air volume:51,225CMH, static pressure:1,050Pa, power:30kW 4 |
2
1
4
2

Air volume:26,220CMH, static pressure:445Pa, power:5.5kW

Table 13. The number of ventilation diffusers and specification in the platform of Gamjeon and Sasang station

Section Supply circle diffuser Supply rectangular diffuser Exhaust rectangular diffuser
Gamjeon 500500 (2300) = 44EA 500500 = 14EA -
Sasang - 500%500 = 87EA 500500 = 20EA
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Fig. 3. Schematic of platform and locations of air supply unit in Gamjeon subway station

B Adr supply unit in Sasang
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Fig. 4. Schematic of platform locations of air supply unit and Air exhaust unit in Sasang subway station

Table 14. Analytical item and method

Section Sampler Item Flow rate Analytical instrument
Outdoor Low volume air sampler PM Filter weighting robot
(Air supply room) (APM and Met One) system
Low volume air sampler PM-2.5 16.7 L/min PM Filter weighting robot
Indoor
(Platform) (APM and Met One system beta rays
(BAM-1020)) (Scintillation detector)




Section Sampling site Outdoor(Air supply room)
outdoor
/ sampling point
=2
o
Gamjeon
indoor
sampling point
0"..':?‘
a a
@“’*-' B outdoor
‘‘‘‘ 2N sampling point
Sasang
indoor
sampling point
Fig. 5. Sampling location for this study
Supply circle diffuser
Gamjeon
Supply rectangular diffuser
Sasang

Fig. 6. Supply circle, rectangular diffuser and Exhaust rectangular diffuser in the platform Gamjeon
and Sasang subway station
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1. PM-2.5 AZEg BA

FA-SEANA 20221 2 W7HA] 28540 AR
AP ~ &2f F13H 107 2ALe] FEAIARLS 71t
Hn| A8 FE(1RF)RF 3571 vlt)E BE|(2RDZ A
2t 2, 2022\ 3¢ 25% ~ 49 8% 7I7HE YAt
S e d 2 ARl 24A1F Fot AR
2SN AES FEEOE BAR dah 2R 3
7142 5.8 ~ 39.5 ng/m, APFo] G71Ae 8.2 ~
34.0 pg/me] PM-2.5 SRR S Holon], £ oA
o] G714 PM-2.5 H557} 16.4 ~ 16.7 pg/mz
BR8P Uehtou, S dRlgol 4.1 ~ 377
pg/mi, AP0l 1.3 ~ 14.2 pg/mo] PM-2.5 =8
=5 Bolon, 99| Hds=rt 15.7 ng/m, At
Jeio] Has e 6.8 ng/m= o] 2.34] =7
UERRT. PM-2.59] AJa-8-2 Z70] 4.3 %2 0]
ot S71dE fUd 9719 FFe H= T
AAOL, AV A2 59.3% =2 AR} 13.84] =2
o8 ettt

2. PM-2.5 AUQ] 27]4|(I/O ratio) H]a
LR} AP 57470 2022 39 259 ~ 49 8
o 7IFEQt 971 SN 719 2ol &iF-
FA3 4TS EOj2 T oAje) PM-2.5 A9 S
H|(I/O ratio)g dlwsl Hoftt. tf7] 5 I
U2 5 & QL B Aol o] 5 9=
: 0B el WHI Bo]
At} 1/0 ratio?} 19 7245
FsIcH= 248 ofulsta 1/0
ratioZ} 1H0} FOH Alswrt o ghh= 71, 15
o =00 Auis=rt H =2 Ayl viEdo] &g
71s7g0] &2 UERATE6) vlw ZAut, K9] 1/0
ratio= 0.71 ~ 1.469] Ex & H4 [/O ratio’} 1.00
o] oLt AL 0.10 ~ 0.889] Zx & 4 1/0
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Table 15. Result of measurement of PM-25 conc. (gravimetric method)

PM-25 Conc. (ug/m)
G aflon Month Outdoor(Air supply room) Indoor(Platform) Reduction
Mean SD Min Max Mean SD Min Max rate (%)
March 15.5 13.7 5.8 39.5 15.7 12.9 4.1 37.7 0.0
Gamjeon April 17.0 6.5 8.2 28.2 15.7 3.7 10.5 22.8 7.6
Total 16.4 9.4 5.8 39.5 15.7 8.0 4.1 37.7 4.3
March 15.4 10.7 8.2 34.0 6.0 5.2 1.3 14.2 61.0
Sasang April 17.5 6.1 8.3 28.1 7.3 2.1 2.6 10.3 58.3
Total 16.7 7.8 8.2 34.0 6.8 3.5 1.3 14.2 59.3
1 .60
140 B Gamjeon_ 'O ratio
= Sassng VO ratio
1.20 I
1 i o i T, L L Ll
0.80
0.60
0.40
0.20
0.00

3/25 3/26 3/27 3/28 3/219 41

4/2

4/3 a4

4/5 46

47 a/8

Fig. 7. PM-2.5 I/0 ratio with replacement of AHU

= AHU (Air handling Unit)
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Table 16. Differential pressure of Air handling unit in Sasang platform

Ventilation room PhETENHE [REESTIG El EL7 WETE\NG) (i M Filter differential pressure
et name 2T () retention criteria (mmAq)
AHU 1 AHU 2 B
A 20 11
2022-07-08 B 20 1
A 39 17
2022-08-10 B 16 18 12 ~ 38
A 49 20
2022-09-08 B 84 68
100 !
a0 | Limit of Filter

Cufterential Pressure

B

2022-9 2022-7 2022-8 2022-9

- AL T mAHLU 2

Fig. 8. Change of differential pressure of Air handling unit in Sasang platform
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Table 17. PM-2.5 Concentration by Line according to changing operation schedule of AHU

PM-2.5 Concentration (ug/m)
Line 1 [32] Line 2 [36] Line 3 [13] Line 4 [9]
month not Filter Filter replaced
2021 2022 replaced [26] [10] 2021 2022 2021 2022
2021 2022 2021 2022
Nov 21 23 19 19 20 23 17 19 16 16
Dec 25 24 21 20 23 26 25 19 21 16
Jan 23 23 18 22 20 28 23 22 19 19
Feb 25 22 21 20 22 20 25 22 21 18
Mar 27 26 21 23 21 21 23 23 20 20
Apr 23 20 16 17 16 13 18 16 15 15
May 24 21 17 19 16 13 18 17 15 16
Jun 25 14 18 12 16 8 18 11 16 11
Jul 19 16 13 13 14 9 13 12 11 11
Aug 18 14 12 12 14 10 11 10 9 9
Sep 16 14 10 11 13 11 9 10 8 9
Oct 18 14 14 12 16 11 14 13 12 10
Mean 22 19 16 17 17 16 18 16 15 14
* [ ] : Number of stations on each line
+— Line 1 (2020
30 Line 1 (2022
25 - A A A~ ...\
_..-E- 20 e g N
é‘ . W
= 15 iz
5
|:.
12 2 3 5 & 7 g 9 10
month

Fig. 9. PM-2.5 Concentration in Line 1 according to changing operation schedule of AHU
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Fig. 10. PM-2.5 Concentration in Line 2 according to changing operation schedule of AHU
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Fig. 11. PM25 Concentretion in Line 3 and 4 acoording to changing operation schedule of AHU
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Fig. 12. PM-2.5 Concentration in Line 1 over time according to changing operation schedule of AHU
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Fig. 13. PM-2.5 Concentration in Line 2 over time according to changing operation
schedule of AHU (Left: Filter replaced, Right: Filter not replaced)
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Fig. 14. PM-2.5 Concentration in Line 3 and 4 over time according to
changing operation schedule of AHU
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Table 18. Temperature, Barometricpressure, Relative humidity in Gamjeon and Sasang Platform

Gamjeon Sasang
Section Temp.(C) Barometric Relative Temp.(C) Barometric Relative
P- pressure(mb) humidity(%) P. pressure(mb) humidity(%)
2022-9-29 27.4 1015.0 38.8 -
2022-9-30 ~ 27.7 1017.1 62.0
2022-10-18 22.3 1021.0 26.3
10
a8
=8
=T |
g
2
0
1 3 5 7 9 1113151719 21 23 25 27 26 31 33 35 37 39 41 43 45 47 49 51 53 55 57
number
Fig. 15. Average velocity of air supply unit in Gamjeon subway station platform
10
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= Averg velodty of alr supply unit

= Averg velocity of air exhaust unit

number

16. Average velocity of air Supply and exhaust Unit in Sasang subway station platform
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