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Abstract

This study examined the concentration level of the major air pollutants in public transportation. The study was
conducted between February 2009 and March 2008 at Suwon-Yeosu line in Korea. PM;o concentration level was 100
rg/m' on average. The PM2s to PM10 ratio in transport is 0.37, which was lower than the results published by other
researches. The result also demonstrated that outdoor PMyo concentration was about 56~60% level compared to that of
the cabin. CO, concentration level in the cabin was 1,359ppm, which does not exceed 2,000ppm, which is the
guideline concentration level according to the Ministry of Environment. CO, concentration level in the cabin was CO,
=23.4x N +460.2, and about 23.4ppm in CO, concentration level increased every time one passenger was added on.

The experiment conducted on the train demonstrated that the average PMio concentration level was 100xg/m’ in case
of the reference cabin while average PMy, concentration level of the modified vehicle was 68ug/m'. Likewise, effect
of the particle reduction device for the reduction of PMio concentration level was approximately 21%. Meanwhile
there was almost no difference in the concentration level between reference and modified cabin in case of PMas,
Using zeolite as an adsorbent was made to reduce the CO; concentration level in the cabin. Number of passengers
was factored in, to calculate the effect of the adsorption device, which demonstrated that about 36% of CO,
concentration level was reduced in the modified cabin effect of the CO, reduction device. This research analyzed the
current status concerning the quality of air in the public transportation and technologies were developed that reduces
major air pollutants.
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Table 1. Sampling information.

ol A PMio, PMzs 9 CO9]

BE AR AE A Be A7 11

Pollutant Date Lines Distance Journey time Characteristics of route
Pyeongtaek hr Traverse between Seoul metropolitan area and
-Yeosu Line southern part of Korea peninsula. Crossing

PMjio 2008.3.18 262.1km . .
Yeosu- mid and small city such as Cheonan, Iksan and
. 4hr 25min .
Pyeongtaek Line Jeonju.
o 2008.2.14 Suwon-lksan Line 215 3K 4hr 20min - Thjs Jine crossing mid and small city such as
3km ————
z ~2.23 lksan-Suwon Line 4hr 20min  Cheonan, Daecheon and Janghang.
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Figure 1. Location of sampling routes and main cities.
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Figure 2. Dust separation concept by cyclone particle
separator,
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Table 2. Specification and test results of CPS.
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Items Specifications Test results

Fluid Air -
Air flow rate Max. 400 ¢ /sec 400 ¢ /sec
Test particle SAECTD -
Dust separation efficiency More than 95% 98.8%
Particle concentration 1.0g/m’ -

Power 440VAC, 3%, 60Hz -
Motor specification Current(normal) 6.5A -

Current(max.) 52A -
Material Aluminum -
Dust separation tube Polypropylene -
Noise standard Less than 86dB(A) 85dB(A)
Weight Max. 35kg -
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Table 3. Basic specification of selected filter medias(1st step).
Media type SUS Electret nylon

Mesh 180 300 400 24 68

Mesh size(mm) 0.088 0.049 0.037 0.710 0.210

Mesh diameter(mm) 0.053 0.040 0.030 0.350 0.110

Initial pressure drop(mmAq) 1.100 3.100 3.700 0.150 0.400
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Table 4. Basic specifications of selected filter media(2nd step).
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Figure 3. Particle removal efficiency by type of filter media.

Media type Mesh Non-woven fabric Standard

Mesh type 68mesh 150mesh 30g/m’ -
Material Nylon PE PET -
Antimicrobial (%) - 99.9 99.9 KS K 0693
Oxygen Index(LOI,%) 34.0 30.2 34.2 ISO 4589-2
Pressure drop(mmAQq) 0.3 1.3 2.6

- - ASHRAE 52-1
Particle removal efficiency(%) 62.2 67.0 84.0

- - - (1m/sec)
Particle holding capacity(g/m’) 321.8 260.7 34.9
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Table 5. Statistical results of PM in reference cabin and modified cabin.

PMlo (ug/m“)

PM2,5 (ug/m“)

Cabins
n Mean Range S.D n Mean Range SD
P taek
YeONgIaeK™ 49 9 44~333 51 49 38  18-106 15
Reference  Y€Osu
cabin Yeosu—
! 54 104 43~241 44 54 36 18~60 10
Pyeongtaek
Average 100 37
P taek
B YEONgueK™ 49 68 35~164 23 49 35 18~74 11
Modified  Yeosu
cabin Y —
eosu 54 89 37~160 27 54 4 16~74 12
Pyeongtaek
Average 79 38
Table 6. Indoor air quality guideline for public transportations in Korea.
Parameter Classification Level 1Y Level 2?
co Electric rail car 2,500ppm 3,500ppm
2 Railway passenger cabin, bus 2,000ppm 3,000ppm
PM10 Electric rail car 200pg/m’ 250pg/m’
Railway passenger cabin, bus 150g/m’ 200ug/m’
(Average value during a route) 1) Level 1 : normal times, 2) Level 2 : rush hours.

Particle and Aerosol Research #| 6 @ #| 1%
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Table 7. Comparison of PM concentration with other studies.

Mean concentration

Location PM size , PM25/PMyo ratio
(ng/m’)
. PMyo 100 + 48
Current study Railway PMas 37 + 13 0.37
. PM3g 144 + 13
Park l. (2 T .82
ark et al. (2008) Subway Train PMs 118 + 15 0.8
PMjio 60 £ 12
KCR PMzs 46 + 11 0.77
PMa1o 44 + 16
MTR PM2s 33 £ 10 075
Chan et al. (2002)
PMyo 41 + 7
LRT PM2s 34 +6 083
PM3g 175 + 36
T .62
ram PMzs 109 + 31 0.6

1) KCR : Kowloon-Canton Railway, 2) LRT : Mass Transit Railway, 3) LRT : Light Rail Transit

PM:1o/PMio2 0.11, PM2s/PMig 0.37, PMyo/PMig S SA S 130ug/m' 2 A AN ZH ) 73%
09424 FA1 AT, PMas~PM7o2] 4AH7F PMy Y2k ?%0 Ao & vepstt Gx7F AakA g HFEAE
o] 50% ©]’d- AFAsko] Mo Ffohs 2uAlY s Wz A SAFke] thh & Ao
Zke] vEe e AgabEe AT vads 2 FAH Faas vl Bd s A
u she FFEoldit - TMSS] ko] 99.5pg/m'Ad] HES|A] 7 A of| 4] 2]
=72 179ug/m O 2 A 56% 71F =kom, Abs)
3.3 Z{Mnt e7|ete| PM EX™Z T} Hlm 8] A9 TMSel A 9] kol 126pg/m' 1] 742 o] 4
Aol s 1A 716l & oF 30%2] Al ¥ 9o Z7gko] 210ug/m .2 60% 71 ¥ AIE
717 AL R FFE, B A7RY] AF AT A= Rk
Mo 2714 g17)e oA & dFEs e A
o= wig v QI 2009). €719 W] et 3.4 PM NMUEE BN
Aol PM FEFES Fldtr] HdiA g7 1% 5ol A9l Zo] PMyo| ¢ HE o4
AEE5 G (TMS) A= A A PM SA @2 T3k Bl ARl A 96ug/m’, o> F3E
sttt 29 104 2 S =Ml fx% T2 oA 104ug/m' = A BlmabEe] A9 Fit 100xg/m
TA FolA TMS7E Qe 32 HgH itk AF 5 ojglom, Feloolo] Pk Aol A 68
ojth, AFellE F 33o] 9lom, 1 F F Hol & pgl, oFol—guel kol s ZApEFel| A 89ug/
A dgste] 7 (A s 329 F mZA Hh 79ug/m'Ql RS2 YERTE W WA
GEAHTA ST Ak aAbE 27F 296-35 A AR2 W zARRAA Y] S-S BaE EF PM AR
AT 7Y S Hste] ula #o R ARE Aol &8k PMy w522 AZFET = oF 21%< A
sklth oAbe et A A4 dEE 171 60 9 O 2 e
APAA 2 d AEHE 35-13W R EAIAIH R SA)A PM,s9] 73-F- Bl A}eFell A 37pg/m' o] Q1 om], 7l %
2] TMS AEES A3 ApeFol M= 38ug/m O & A Z=AFRF A PM A ZHEA|
29 404 Bzo] Ayt Hbs T uf A4 = Az anrt glv 2oE duEh cpst Al
oAl ESAFE 177ug/molATh o] Wl QA Au) &3 fAH]go] AHetL 122 A oA A
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Table 8. Statistical result of CO2 concentration and number of passengers in reference cabin and modified cabin.
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No. of passengers

Cabins Mean Range S.D
Avg. Std. dev. Range
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Figure 7. The typical concentration profile with number
of passengers on board of the reference cabin.
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Figure 8. Correlation
devices on the CO2 concentration level.
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