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Bicycle way is generally located near the motor road due to the limitation of available space and convenient use.

People who use bicycle may inhale highly polluted air during the travelling over the bicycle way. In this study, spatial and
temporal variation of air quality over bicycle way was investigated using a mobile laboratory equipped with real-time
monitoring instruments. Size distribution of particles ranging from 5.6~560 nm, black carbon, and particle-bound PAHs
(polycyclic aromatic hydrocarbons) were monitored. In addition, NO, NO,, and NO, were measured. They are indicators of vehicle
exhaust. Air pollution level over bicycle way was compared with those of expressway and city road, and the nearest ambient air
quality monitoring station. As expected, the air pollution level over bicycle road was high during the commuting time due to the
heavy traffic volume. The air pollution level at the location close to the expressway was almost the same as that of the
expressway. It is suggested that cyclists need to be cautious about highly polluted air over bicycle way.
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20149 AlA] EAISHE-S 54%2 A7 Aol |
= AHEAZE FS7FsHAL QAT (UN, 2014). ATHEA]
ol FAFN 5, 1584 ed 5 ot
EAZE WAk Stk A9 HA-2 60520 km* S
2 St A WA 9] 0.6%0] A9t 9777 g 0] 7
o3 ITh(SK, 2018). A H & /L 7] (Organiza-

tion for Economic Cooperation and Development,
OECD) 7t =7} & A&¥ g et =4
9] QI L 16,7007 /km2O 2 25¢1 g of H]g]
3.279 =T (KRIHS, 2018). &= 2AH54F S5 &
14.1%7F A-&°l 555 o] 9lo] (MOLIT, 2017), 1§
=7 EL ERole el t7 e 7] x
¢ =2 Aoz dHA Aot A-s AL w77kl s
n] A 2] (particulate matter less than 10 um, PM,) &
Z3SE 0|4k 4 (nitrogen dioxide, NO,), ™

(black carbon, BC), YAIS}IEtA (carbon monoxide,



https://crossmark.crossref.org/dialog/?doi=10.5572/KOSAE.2019.35.2.184&domain=http://jekosae.or.kr/&uri_scheme=http:&cm_version=v1.5

CO) Fol ZF=o] 9lom, 201218 AA R
(World Health Organization, WHO)7} 73 ZF-g-2te]l
A WhEEE GAYAE QA6 e U 4 gl
17 HA=4 (Group )& 275t B FHEL
ATH(WHO, 2012). AAIZ A (World Economic
Forum, WEF)o|X& Z=2] @733} 1l A, A
A3E F0R Wiolel i 2
(Environmental Performance Index, EPI) S
g, 2016 ¢ utete] 37182 18071= 5 173

22| gHE w9 £2] QYTH(WEF, 2017).
A Lol ol 2] 838

ol

SOt WSl 9k Zefs ut
o] 7% "i712d & Al AL R fFaF
TR AL A, A5k 3 AP E FRE 2
A7) shelet. vidd=2] 73 1}@74 ol-&-

= 98l AA =2E AAEshs &
7]&0] 1 JITH(KOTI, 2014). Tab}a}oﬂ/ﬂg 252t
o] thaleto 2 AL % HIE-S T7HA]7

7] 13l 1995358 “2pd7] o]-§ Egste] et ¥
B2 Aldste] AlPstal 9l.er (MOIS, 1995), A&
Al A= 20178 7]E0]] I AHAA E29] o8&
S7kel QA S, B 219 A 2ot AAA
P& sl AR =2 AAAZE -ste] Al
3k UTHSMG, 2017a).

2016 A= A7 - THES 14%°]9, °] F
A& 1.6%°13L 5o] Fpp0] ¢ 26%2] T2AF
7t AR EFEEete Aoz AT (SK,
2018). AEAlOlA Yot Sl 35 AA o]
AH|2Q] “mpgo]” Al EET AZEH €] o] 8-E0l
40%= 7P w2 Ao= UrEP;kE‘r. S 27 =

SEZote Aol ittt A gl 2A1= A2 5

Z] 7% = O]B_o}

ol

—_—

M2 e A E2o| AISZHA 7|28 £ 185

kS

O > 1o

2

R

1 Q)th(MacNaughton et al., 2014). PFAIT1-E
1986'd H|=o] A|RIS] FAI} 71 S 5
7171 $1sh AREEAL Qlom, ATt 63T %

85131 QUTH(SMG, 2018a). 1L} ThE-Ee

W] Zuse, un=s gL s 4T
of QIFsto] oA IAYH AFat e F=H9]
Fe A T2 ek 55 Tl wet ExofA

d= 7}
A

HlZE 098 o] YU UL ol §oke AnElA
ARA o7 &H 4 9lon, T A (well-being)

I3 A P AAA E2E ol8st] EES
SR Aol TS LR 4 9lck. mAlelA] A
A% B thRA B G0 @] Ggo] 1
%3 Ql=tll, Hankey et al. (2017, 2012)2 =4 A
2lofA @& BT A AAAE 7 B¢ A @
F=dol tigt keFo] S7FSHL, H Al wEel B
2 77 g4l _!Eako] Ao olHE 25 0]835HH
PM, 7} BCOl T3t keES 247t 1%} 19% 5L 5
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Fig. 1. Map of measurement route, check points, AWS, AQMS, and measuring time.
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Table 1. Specification of monitoring instruments used in this study.

Classification Instrument Air pollutant Range Data storage interval
Fast mobility particle sizer Particle size distribution 5.6~560 nm 1sec
Particulate pollutant Aethalometer Black carbon <2.5um 15sec
Particle-bound PAHs monitor Particle-bound PAHs TSP 6sec
Gaseous pollutant NO, analyser NO, NO,, NO, 0~10ppm 1sec

S 4% 8% 12%16% 20%24%208%32% 36%

Fig. 3. Distribution of wind direction and speed monitored at
the AWS during the measurement period.
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NO)¢}t NO,E 5435171 $13ll NOy analyser (model
CLD 700 AL, Eco Physics)S AH&alct A2y &
A ZAgeE 274 A A AR LD ol
st Az HAES AL, M= &
11/3°59H (high efficiency particulate air filter,
HEPA filter)@} A=F-7-A] (mass flow meter, MFM)
= AHgato] o] ET ST §E 215}
o7k Blel SAHIE AR Tk
234 % Qo] AHEE =

S o] ARAEE R Aot

R

g7l

3. 3% ¥ 2%

3.1 REA E2 913 7|4 Y 7|
4ol 173 7L

H]
st o] REE X™stE 98-S iE}(Klm and

Kim, 2008). AR AHdA =2+ S 9
z|5kal, vigho] whako]| wat ggo] EH 1}74474 =
| ZoA HlEH 24

= el sAfeh EASE
e QAL N R &

o] W &l fIAIe TA LSRR A BHEH L

% L™ 32 3471

wsellA 54

o4 6A15H 20*177}11 IAIZE o190 7]

SHE ‘%EM BT (wind rose)oltt. G 5

o BHMZOZ AZHET F4L 2.1+1.0 m/s0]
(I, =77 F F3 FELL2 1749 3.9m/s01.L

o, A Z&2 g~104 2/\]7} &<t 0.7 m/sol St
(KMA, 2018). o]of| w2} &
ioﬂ/ﬂ HHEF-J EHE E—J

Ztell T2 PMyq, PM, 5 @ NO, %
Ko 3= yepd Aotk o= AEZe

T T LAAGY FUIdol Esto] EH712°§
of T2 Al Hls sttt Z70] AAIH 39
PM,, 715 80 ug/m*7t i s Al7} 5 o4
TZE L, BAsE A PMy, 65.2 pg/m®, PM,
437 pg/m’ O & AP+ 712875 AR E T
T S L ] A PM g PM, s FE7F 242 47,

L B\
e
rEori




27 ug/m’ 2.2 39 F tf7|do] £2 Fo|tH(SMG,
2018b). 7k @ A= NO,9| 3% 39 Bs
L7} 37 ppbolSletl, P Y sk 40 ppbE H
I} FAFSFGIT

3.2 EE 4 i7|Ex

a9 5= AR 63] 54 Al 3 AA71E
BsEs e Aolth 53} Hi77kAe] 2

80 ! : : ; : : : — 80

or 2 o
s —o— NO,
”'\E 60 160 3
> Q
= 50+ {50 ¢
c S
S 3
£ ar j40 £
g 3
g 30 130 §
o ON
g 2| 20 Z

10 10

0 - - L . . - - o

00 03 06 09 12 15 18 21 00

Time of day (hr)

Fig. 4. Diurnal variation of PM,,, PM, s, and NO, concentra-
tions monitored at AQMS.
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Fig. 5. Diurnal variation of pollutant concentrations averaged for each measurement period.

Table 2. Average concentration of pollutants monitored on each road.

Particle-bound PAHs PN
BC 3 O (ppb NO, (ppb. NO, (ppb
(ug/m’) (ng/m3) (ppb) 2(Ppb) x(PPb) (particles/cm?)
Bicycle way 2.7 43.8 83.9 62.8 147.1 15,242
Expressway 39 95.7 158.6 74.2 2333 37,572
City road 3.9 88.3 233.0 86.6 320.1 28,457
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Fig. 6. Diurnal variation of pollutant concentrations monitored at four CMPs.
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U\l
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Table 3. Average concentrations of pollutant monitored at CMPs.

Location (distance from BC Particle-bound PAHs NO NO, NO, PN
the expressway) (ug/m3) (ng/m3) (ppb) (ppb) (ppb) (particles/cm?)
CMP 1(45m) 2.2 225 44.6 47.5 92.2 19,029
CMP 2(0m) 4.1 82.6 159.8 784 238.6 15,893
CMP 3 (60 m) 2.0 326 106.4 80.4 187.3 12,304
CMP 4 (90 m) 2.9 68.5 75.6 71.0 147.1 13,983
Expressway 4.5 93.2 132.6 70.9 203.9 39,196
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