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Abstract Buses are one of the most commonly used forms of transportation, and air pollution occurring at the roadside
poses a higher health risk than general air pollution. In particular, users of bus-only lanes suffer adverse health effects due to
exposure to air pollutants emitted from vehicles running in both directions. This study was conducted on air quality
characteristics of an enclosed-type bus station located in Asan City, between 14~24 October, 2022. Pollution levels at the
roadside were higher than that of roadside air quality monitoring station (RAQMS), with an exception of carbon monoxide
(CO). The average black carbon (BC) concentrations during the measurement period were 2.3+ 1.1 ug/m?>. The average
concentration of CO, inside the enclosed bus station was 987 ppm, which was close to the standards for the maintenance of
Indoor Air Quality (IAQ). It was found that pollutant concentrations at the roadside were 1.5 to 2 times higher than the general
air pollution level. The result of comparing indoor and outdoor air pollution showed that concentrations of PM,;, and PM, 5
outside the enclosed bus station were 1.8 to 2 times higher than that inside. In addition, heavy metal analysis of roadside
PM, 5 detected representative soil and mobile pollutants including Si, S, Al, Fe, and Ti. These results show that there is a need
for both management and long-term regulatory measures for air pollution at bus stations.
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Yeo et al., 2019). 2019'F HjSF

T A= TSP B S 484,527 =0 & H4HHZ] 9 7]
ol 66.8% (323,462 =)= 7P =2 0, 1L
Z 50.7%7F =2 AYH]AFHZ]o|ThH(NAIR, 2022). A4
A¥3HE (nitrogen dioxide, NO) ¥ CO &A] &2 o]F
LG Qo tiet 7=t 2 Ao=m I o
(Brimblecombe et al., 2021; Kamara and Harrison,
2021; Longley et al., 2015; Lawrence et al., 2004), =}
AFoM = Mas ARt FF, di+ 5 A9
T U7 HiEd e R o] F e dYS Aast

(Kim et al., 2016).

EeHoA HiEHs L9=d2 BCE 25
NO,, CO, 394 3-718}3H= (volatile organic com-
pounds, VOCs), AAA} e J&E4 (particulate matter,
PM) & et dirled=4o] AT (Park,
2013). o] §t LFEEE2 AFAL HiETHA, B
of, Hejlo]2 = B L zeto] ntR, et T 9
AElsh F98 EY §9 5 o ieds 7R
(Amoto et al., 2011; Furusjo et al., 2007). T2 H A
T 2A=E2 72 (Cu), B (Pb), °Fd (Zn), Y
2 (Ni), 7F=a (Cd) o E2 %T_:L—i\—% o eokal
2).© ™ (Adachi and Tainosho, 2004), & &7] 42l =
A9 vtk (Jeong et al., 2020). E3], A5}
A &%= PM2 100 nm ©]5te] wlAlet 2715 7t

A7) whgo] QA £ A HE W AE S717] B
sfol 3 715704, AEEA A8, £33 2
Py, AL E 275 A2l RN B 014

= Atk (Cho et al., 2019; Ngoc et al., 2018; Kim,
2014).

L 2F ol&ste HFuE T HAE 20194 71
A s BHES 23.0%2 7MY H2 HES
A2} (SK, 2022). A&& Zoket A7 Fef &}
Aol M= M SEAAAE dAlste] MAo] A
e A% friestal flo, tidolu AlFALS] 75
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ZHAGYHAA A (bus rapid transit, BRT)E >3 5t
£ 5 TUSY HA R EE Eol7] Sl skl
AUk SR A FYAAAE Elor EEHo
A alEE e FEHol HAE Z|vd= sAA of
P& nve 97 2F REHA QT (Lee et
al., 2014). Kim et al. (2017)°0] AR ZA A S A=
o] ti7lsh= ARt BAR A oF 7.8~1022 2%
UeRton, 7| A7 Fet ExolA HAAH e HE
Aol iz 4= Hpoll glof o]of gt thd mhgio] &
a3t AAolrt. ARoM= =z e ddof gt 7
iz o= ey At By, =% B 27
2 g AR wA A, B2 A 2 E 23 g
A = T HgR S FRskAL AN St
MA 3= YeRR] 831 9tk (Baik et al., 2018).
S A sid-e Q1o XAl = EHE HA
A2l £8 FA5} At} (Seo and Kim, 2021).
J2] S WA RS AeFolt e e
2 BT, vjRe] B2 271 ANEAS
v} o} of5o] dhgt
HFA9 A RS B AR FEok Lee
and Kyen, 2020).
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Fig. 1. Location of Measurement site, RAQMS (roadside air quality monitoring station) and setup photo of monitoring devices.
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Table 1. Summary of measurement instruments used in this study.

Time

Species Instrument Indoor Outdoor X Flow Specification
resolution
Aethalometer . 3
BC (AE43, Magee Scientific) O 1 min 5lpm B QBC]LTS/O 0’0/:;:‘?/”1
with PM, 5 cyclone ! Hg
CO analyzer . - Accuracy: 100 ppb
o (48iQ, Thermo) © Tmin - Tlem 16,000 ppm
NO-NO, anlayzer . - Accuracy: 10 ppb
NO, NO,, NOy (42iQ, Thermo) (@] 1min 0.1lpm 0~100 ppm
PM, 5 sequential sampler - @:47 mm
PMas (LAS-16, APM Eng.) © 24hr1671pm - _ ity method
. X-Ray fluorescence _ _ - Al,Ti,V, Mn, Fe, Ni, Co, Cu, Zn,
Metal in PM,5 (Epsilon 4, Malvern Panalytical B.V.) © As, Sr, Mo, Cd, Ba, Pb, P, S, Cr, Si
Particle number, ~ Portable Aerosol Spectrometer o o _ 120bm 3! chanels
distribution (11-D, Grimm) <IPM - 9~100mg/m?
CO,, RH, AirGuard K ) - €0,:0~3,000ppm
O 5min 0.1lpm - RH:0~100%
Temperature (IAQ-CW1, K-weather) —Temp.: ~40~70°C
24 TP BHoR SR 3 WA B FAuISe] AR ARFS Uk Zloltt,
< 2 HAY (1 m A H)H =2H (RAQMS) A TS ffs) HAPRE R SR
ol B vlmelw, T WA BHL MARE W $A0] oA 5& Teistel WA S (porta-

5} 9152.0] 55 v wolth,

R ) AT 95 A5 hEThse] AR B
2 A5 = A (black carbon, BC)= PM, ¢
EHAFZ] (M4110, Magee Scientific) S 323t Aetha-
lometer (AE43, Magee Scientific)E -85} =%}
AL, AR HlE7EA 0] 9 HlEEHE ] CO (48iQ,
Thermo)2} NO-NO, (42iQ, Thermo) S Z+z+ AA|ZH
AL SHHHE E8oto] SHsIA L o] k2l
PM,;9 T5%& g mtestr] fldll PM,; 5%
X 37311 PM, 5 sequential sampler (LAS-16,
APM Engineering)% AFESHTE BC2F CO, NO-
NOZE 7 1 W9l ZEo] v 2AE 9 1
At BtE RS ARSI PM, 5= 24417 F
St A & XA FFEAH (X-Ray fluorescence, XRE,
Epsilon 4, Malvern Panalytical B.V.)-S ©]-8olo 5=
& =8 Aot ® 12 2 Aol +3E &

11-D, Grimm)E 2+Z+

Aahict. Fag

gy

ble aerosol spectrometer, PAS,
HAAFE WiFet ool A
&L Al digt S EASE AR A=
HA 1do] o Q35lct(Park et al., 2016). ©]°]
TFollMe Aol AHgE 2tho] SHYHIE 2
SO FAlo] 2ol ATy BAE
stglen], 1 238 18 20] Yehich 248 2
= ZF ZHE R B A A5 (correlation factor, CF) & &
Boto] FEEE FHEER At Foh PM, 9]
A9 5 A AT S B e (RO =
0.99) T2 2Haskec). SHAEE PM,,e] A9 17 2
o] (byoll ekl Az} o] Avje] 23 AEwsb
0.88 (R*=0.90)2 Ho] 0|2 ghits 2 of HHj5}o]
APPSR Sl A At HAA 4 *LW
of {3t A7 o Bt gl oo, AR Ql Wig-
Kim et al. (2020)]l Z45] g = o] girt.
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Fig. 2. Scatter plot of PAS installed at inner bus station and outdoor.
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Fig. 3. Variation of daily and hourly average concentration of pollutants measured at roadside and RAQMS.
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Table 2. Summary of BC concentration reported in previous studies.

Author Year Location City Pollutant Concentration
Viidanoja et al. 2002 Urban Helsinki PM, 5 0.6~2.1 ug/m?
Park et al. 2009 Urban Gwangju PM, 5 1.9 ug/m?

Jung and Park 2010 Urban Gwangju PM, 5 2.6+2.0ug/m?
Kim et al. 2019 Urban Seoul PM, 5 2.7 pg/m3
Chaetal. 2019 Urban Cheongju PM, 5 0.8~2.4ug/m?
Mori et al. 2020 Urban Tokyo PM, 5 0.41~1.1 pg/m?
Engelhardt et al. 2022 Urban Caracas PM, 5 1.75+0.89 pg/m?3
This study 2022 Roadside Asan PM, 5 23+1.1ug/m?
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