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Abstracts

This research has been done to minimize the health risk of people at bus shelter from vehicle emission when bus platform

are built. Furthermore, we suggested that bus waiting passenger's safety should be ensured and the conclusion is like

that ;

Size distribution of particulate matter showed high concentration at the coarse particle region ( >3.2 x m) outside bus

platform, at the fine particle region ( <1.8 x m) inside existing bus platform, and at the range of 1 ~ 10 x m inside

modified bus platform, but it showed low level of particulate matter inside modified bus platform comparing outside and

existing bus platform.

Total particulate matter level is in the order of outside (a) > existing (b) > modified (c) and PM10/TSP are (a) 78

%, (b) 81 %, and (c) 84 %.

The level of gaseous pollutants (CO, NO, and NO>) inside modified bus platform are 40 %, 35 % and 70 % of outside
bus platform, 53 %, 63 %, and 76 % of inside existing bus platform, so it is considered that the modified bus platform

can reduce particulate and gaseous pollutants.

Risk index of NO; both inside modified bus platform and existing bus platform didn't exceed "1", the criteria for health

effect by noncarcinogenic pollutants, and health risk of modified bus platform was about 24 % lower than that of existing

bus platform.

In conclusion, we should not only consider reducing health risk but also ensure bus waiting passenger's safety by

minimizing pollutants level for changing old bus platform or building new bus platform.
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Table 1, Vehicle registration number in Busan'? (F9:oh)
E1n YA 9000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 | 2011.11
A 812,369| 862,699 921,084| 955,366 966,417| 979,969 994,292 1,010,286] 1,038,954| 1,116,719| 1,147,311} 1,160,019
E7H) 68 62 68 G102 04 @y e @9 74 @D 1D
=& o47,405| 589,257| 638,173| 667,191| 679,433| 699,786 718,357| 735,941| 769,463| 851,684| 885,945| 901,583
= 92,069 87,697 87,903| 85,833| 83,048 76,791 73,780| 71,609| 69,904| 68011 64,531 61,894
k= 167,899 180,393| 189,023| 195,601 196,740 196,099| 194,622| 194,713| 191,635 189,029| 188,731| 188,304
£ 4,996  5,392| 5,985 6,741  7,196| 7,293| 7,533| 7,823] 7,952| 7,995 §,104] 8,238
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Fig. 1. Multi—functional bus Platform,
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Fig. 2. Picture of Bus Rapid Transit in Busan,
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Table 2. Emission sources of automobile with no emission controls'”

Pollutant(%)
Source -
CO HC NOx Particles
Exhaust 100 62 100 90
Crankcase emission - 20 - 10
Fuel tank evaporation - 9 - -
Carburetor evaporation - 9 - -
Table 3. Change number of CNG bus by year in Busan
Year Total ~2009 2010 2011 2012
Total 2,400 1,069 391 477 463
Express bus 153 9 37 o7 50
Intra—city bus 2,247 1,060 354 420 413
(EA RG] 25=)
Table 4. Emission factors for CNG and Diesel buses'”
Fuel type Natural gas Diesel
Pollutants (g/km) Type 1 Type 2 Type 3 91/542/EEC/I | 91/542/EEC/1I
CO 11.63 0.54 5.37 19 13.5
HC 4.96 5.21 8.34 3 2.8
NOx 8.25 13.42 14.73 19 13.5
Particles 0.026 0.025 0.036 1.1 0.6
(EA : 36 W29 wEAs= European program COPERTOA €183t Zojn, o] L2132 INRETS2} CORINAIR ARE Qo3 #Y)
A9k, 53] ZAIA O] g Foket AROE BAGA]7]7] =
5o 2 EA7L =3 ek Ee A AAYESS Table 4= HA7FE W20t ZAf W20 wj2A+E
ol 21 Z2 StEAS vET A Qgtolu Al LERH Zlofm, W= oA M A7Es Mo w4
of 1A Ql FFS vAA "t gatEEANO)= F 7h 9A yehtal, 53] AEE Y A HAvks W
Aol ZIHZA t)7]% =+ 0.5 ppm ©|5t=E 2 Hol 27 A A9 3 % FOZE u|$ Wkt Table 5=
] olA e g QIgh A7 FFE Wrke vt qlth AA7bs wAel FRH2o] w9 AtY YA
oJAHE A (NOy)= H2 2N W 7AIZA s&=7t = (particles/s)& Webdl Zojw, oA Hi= vfe} o]
= B wo2 & o Qo e e & 7R H2 B 2R OFE
dibdo s 35S T olitehda kEsko 80 ~ (Deceleration)y} 27 (Idle)Al  #&gkom,  7HEA]
50 7} A2 85 8 4 SLoE, W AR S (Accelerarion)7} B £ £210] M3 459l A

| A7t A4l Hrls Bttt 53] A HAe A oe 24 239 vib
= °k§}*l7l7iur s WshAE = kAl b A gk 10~1004H =4 UrE}‘:kEUJI CNG #29] 7% 10" %
A AIA 0.5 ppmol A A5< WERHIL 0.5 ppm ©]5} A ey ZEEAIZE B 24 2300 vlsl o w2 A

ANA T7)1%0] FagS el 4 oGBAS METS & 4 AUtk ¥A S B
BAANAE B8 AL 91 120909 So] F 7MeAl MiETkAS) AHAL G W 4 Uy R
FHAS WA ONG HARe] @ASHE glom 2012 wa t7] $4L WEvtked dRdos wid 4 9

A7FA] 2,400 (F3H 2 1530, YHFHA 2 247H) = =
PAE g ow dmd aABRL theel Table 37} 2 thgom WA 5 qAA, F WA SR A
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Table 5. Emission rates (particles/s) for CNG and diesel buses'”

Driving condition Deceleration Idle Acceleration Cruise
Bus type
Diesel Buses 1.5 E+11 1.5 E+11 2.0 E+13 1.8 E+12
CNG Buses 3.3 E+10 3.3 E+10 4.0 E+14 8.5 E+10

(L o e

Table 6, Facility numbers of bus platform in Busan

PAF= 0~400 nmé] 27] Hejoll glow, b} CNG 29 74

29 A Z+2F 80~90 nm@}F 10~12 nm¢

Total

~2009 2010 2011

Number 1,271(865)

1,088(728)

90(70)

Table 6oll4] Hi= upe} o] RAbAloll= 2011dT AA
127170 A (A):4067), -0 86571 A=|)7F A =o] Q)
o}, WA 273 Ao A7 A grelo gz AR E
o] 9lg Mulolua} A HE w535} wo] wAu|oA of

FEFE v 5 Qv 53], R M e A5
ARs AL B 71725 E o] R AR ez W] oo
A7 FF= GubAQl =4 FAR G vl FrhiE e
2 gte 9723 Ao

WA S0l AS HAFAL IR 1.46 m, A=
3.4 m ¥°| 2.38 molH, 7|2 SFLFUE, Ao
FRP, fel= 784 Ad= =Hol ok, S2d7]
A HA7|ES NERVE L 74 Her 9 o

ol §A4 F4 A, 9HE/Z | HEE0] 4.0 m o4
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Fig. 3. Picture of bus platform,




(a) Existing bus platform
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(b) Modified bus platform

Fig, 4. Bus platform (a) existing (b) modified.,
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Table 8. Quantitative estimate of carcinogenic and non—carcinogenic risk from inhalation exposure

EPA RIC NOAEL |
Pollutant Classification (mg/m”) LOAEL (mg/m”) or M
NOg C 0.1 N4 30 L

RfC : reference concentration, N : NOAEL, L : LOAEL, UF : uncertainty factor, MF : modifying factor, A : human carcinogen,

B ! probable human carcinogen, C : possible human carcinogen, D

of non—carcinogen for human (US EPA, IRIS, 2005)

g7}

H Lol A= US EPACIA A|-&sH= IRIS (Integrated
Risk Information System)2] "lo|EjH|o]AE 0]-&3}o]
drobd 9 vpeHd - HhgEIME s Had =4
A2l Q= (unit risk)Qb HEAAY EPAE
RfD (Reference Dose)?] A2 & AMg3}9tt. US EPA
of ERAAQ WFEAL 7Heol wet Heres 735t
A3, dYYEE, A (extrapolation method), %
o g 9 s=54 AFeRRH Aol oyt =4
FFE UEUA g E9d JW-?—%@%%(NO
Observed Adverse Effect Level : NOAEL)Z} AZHA;
of 54 FFE UEtl= AR H AP FE=F(Lowest
Observed Adverse Effect Level : LOAEL) 2 XAF

sttt EgE EAEeHE ol8E 4 = AR g}
Z E3AAT} 9ARS) wf whAYsls BEAAS mAals] <
3t HEAS(Modifying Factor | MF)e} ESAAA

UF) 5 2Astgov o

(Uncertainty Factor
Table 81} 7t}

1) HZ(body weight)
o] it AFE ARl o5 A7) obd %
Welet AL o aeks TohaAle) diEAel Ao
Average Daily Dose (mg/kg » day) =

Intake Dose = CAXIRXEF XED

CA : Chemical concentration in Air (mg/m®)

EF : Exposure Frequency (days/year)
BW : Body Weight (kg)

/ Intake Dose
BWx AT

. not classifiable as to human carcinogen, E : no evidence

WA A e}, 2 Ao A= 20109 SAA
X3 A SARE o] 8351 o Ht A2 19~60A4
Agol YL 70.9 kg, AL 55.6 kg 22 4T},

2
1-01!
mloiv

£-(inhalation rate)
&2 US EPAY] IRISOA AZLsHA HI7MA] 4
L 20 m’/day S o]&3lgct B ool Ao

}'](point estimate)% 3529 30 m’/day S =
‘:P Q%%ﬂ el e S8l

(

fob v X oX
& Mo b o o
= o ﬂﬁo "D’ N iﬂ E[Ol'
o o N2

1

+5" (average lifetime)
H2 o] Aol =gdt Algo] L ojl: |
3k = =THE AARE AE daeoltt, o] Foll
Al, & S8A1Y] Bt 7]"’“01‘:53 Batargolet
ALt FE koA = = 33 ARE
]Xé o7 &2 A= 74]72? of[ A 2010
7ol o= HAf 77,2, oA 84,1
’5]'0313]' 19

4) ¥=ZH1%(exposure frequency) 9 *=37]7Hexposure

)

o O ox

>

lO o 32
= Flr
L

fLOrL o R x off
N
HN

o s % o gn
-
o

duration)
= dAolA= AFERE o]§5te] ERH| HE=
= A7) Hi ke A5 AH7FA] (point estimate)
E29%E Z7F9] 95 % UCL(Upper confidence level) =
LAt &7 72 FAIAANA AlFdte 71t
X}fng ggatglon, ol Egk AR ERE 7HYsGlTt
dordEde A9, e 240 o] 8E = &Y
Q (Average Daily Doses : ADDs)2.2 4}
ofefo] Al(1)= A4 4 qlet.

IR : Inhalation Rate (m®/day)
ED : Exposure Duration (years)
AT : Averaging Time (days)
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Outside bus station

Aerodynamic diameter, D, (nm) Aerodynamic

Inside bus station(Existing)

Inside bus station(Modified)

(a) Outside bus platform (b) Inside exi

diameter; D, (um) Acrodynamic diameter, D, (um)

sting bus platform (c) Inside modified bus platform

Fig. 5. Size distribution of particulate matter in outside and inside bus platform.
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Table 9, Size distribution of particulate matter outside and inside bus platform,

(a) Outside (b) Inside (Existing) (c) Inside (Modified)

Particle size (zm) Mass3 Content Mass3 Content Mass3 Content
(¢ g/m’) (%) (¢ g/m") (%) (1 g/m”) (%)
18.0~ 19.5 11.9 12.2 8.8 6.3 6.1
10.0~18.0 17.2 10.5 14.6 10.6 10.6 10.2
5,6~10.0 23.7 14.5 18.2 13.2 21.5 20.7
3.2~5.6 18.5 11.3 8.2 5.9 10.4 10.0
1.8~3.2 8.3 5.1 4.9 3.5 7.7 7.4
1.0~1.8 11.9 7.3 14.4 10.4 16.7 16.1
0.56~1.0 17.8 10.9 26.2 19.0 0.6 0.4
0.32~0.56 13.2 8.1 13.5 9.8 1.1 1.1
0.18~0.32 16.3 10.0 11.7 8.5 6.2 6.0
0.10~0.18 7.8 4.8 7.5 5.4 8.0 7.7
0.056~0.10 3.2 2.0 2.0 1.4 3.6 3.5
~0.056 6.2 3.8 4.8 3.5 6.4 6.2
Total 163.5 100 138.2 100 104.0 100
PM10 126.9 78 111.4 81 87.2 84
Mass Mean Diameter 1.2 ym 50 0.9 ym 50 0.8 um 50
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Table 10, Gaseous pollutants concentration in outside and inside bus platform,

[(a) Outside (b) Inside (Existing) (c) Inside (Modified)]

co NO NO>
Pollutants | (a) (b) (c) (a) (b) (c) (a) (b) (c)
Statistics ppm ppm ppm
Mean 1.241  0.961  0.506 | 0.161 0.091  0.057 | 0.050 0.046  0.035
Max, 2.410  1.650 1,170 | 0.393 0,185 0,150 | 0.071 0059 0,054
Min, 0.630 0470 0290 | 0.042 0.026 _ 0.018 | 0.034 0.036 0,024
S AR DY) 2N o AY G9EA BoEs JIAN 23 SF 2
AR W2 5778 W 5 37HA] 240stoll A 7w Table 100] A] 7}2] ZANA 2As} 7}24F B o]
S AR L AR ofehe] Fig. 5 5 Table 9% o) s e it QAR (CO)Y HE B
. ] @e @, ©). @ =404 77 1241
B2 S QR (@)l YAFRES ST A F2 (0.630~2.410), 0.961(0.470~1.650), 0.506(0.290
Ztf YA (coarse particle) FH] 3.2 1 m o2 Y74 ~1.170) ppmO.& 577 XA 2Agt gho] 7Fa =
Bl HHHOE 2 RS UHHASS, AR gepgont A S8 A9 A SF olst o}
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Fig. 6. Comparison of gaseous pollutants in outside and inside bus platform.
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Table 11, Correlation analysis of each components in each condition
(a) CO NO NOg (b) CcO NO NOq (c) CO NO NOg
CO 1.000 CO 1.000 CO 1.000
NO  0.608" 1,000 NO  0.144 1.000 NO  0.379° 1.000
D O 000 D 0.324 D O 007
NO; 0.6817 0.699 1.000 NO;,  —.085 0.393" 1.000 NO, 0.429° 0.776 1.000
D 0.000 0.000 D 0.563 0.005 D 0.002 0.000
O ARASE 0,01 () {3
Table 12, Assessment data of NOg for this study (M : male, F : female)
\ ED BW AT ADDs
Condition (mg m?) (m31/£§ay) ( dayf/l;ear) (vears) (kg) (days) (mg/kg-day)

M F M F M F M F
m‘?lfﬁed 0.072 20 438 038095709 556|772 |84.1| 4.45-3 | 3.4m-3
em;gng 0.094 20 43.8 0.38]0.25|70.9|556|77.2|84.1| 57E-3 | 4.4E-3
1) BP : Bus Platform

Intake Dose = CAXIRXEFXED
CA : Chemical concentration in Air (mg/m?) IR : Inhalation Rate (m®/day)

EF : Exposure Frequency (days/year)
BW : Body Weight (kg)
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ED : Exposure Duration (years)
AT : Averaging Time (days)
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