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Background: Air pollution is increasing together with industrialization and urbanization. In order to reduce Accepted February 17, 2022

air pollution, public transportation is recommended rather than private cars, and the number of passengers
using public transportation is increasing accordingly. This study observes the concentration of indoor
pollutants in city buses over time. Through this means, we intend to suggest a plan to manage the indoor air
quality in city buses. Highlights:
S 5 ; e F 5 . . . . - Indoor air quality (IAQ) in public
Objectives: The concentration of indoor pollution in public transportation was investigated from April 2021 quality ( Ql) p
; " transportation is increasingly important.
to January 2022. Based on this, we evaluated the exposure to indoor pollutants. P gy mp
L . . L . Six lines of city bus in Dangjin,
Methods: Six city bus lines in an industrial city were selected for the research, and indoor pollution was )
i ) ) . Chungcheongnamdo were recruited
measured through IoT (Internet of Things)-based sensor-type measuring devices. The concentration of .
. o to measure IAQ using IoT-based
pollutants was measured every minute, and statistical data were constructed based on the measurement

device. Most samples did not exceed
results.

the guideline, but further studies are

Results: In all the city buses studied, the average concentration of pollutants were below the guidelines. "

However, some measurement results showed cases of exceeding the guidelines. As a result of the analysis by

time zone, there were more cases in which pollutants exceeded the standard value during rush hour compared o .
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to at other times. A risk assessment for PM,, was performed by evaluating the excess mortality risk from . .
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exposure and the risk from inhalation exposure. erittom sl Tedbinallosy Gnmaranss,

Conclusions: All measured indoor pollutants in the city buses did not exceed the guidelines. Also, the risk ICT Environment Convergence, Pyeongtack

assessment results were found to be within the level of safety. However, if a city bus is used for a long time, University; 3825 Seodong-daero, Pyeongtack
there is a possibility that there may be an impact on the human body due to inhalation exposure, so additional 17869, Republic of Korea
management is required. Tel: +82-31-659-8308
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Al A7 BeEEe 53 dFussd F EAEE, A
QM A, TEHHEAFG thE0| AR A A5Ho] sl
ek A7 BEHA thFol-8A Bl AHA(PM,y), 1]
AIHA(PM, 5), °T4I3FEHA(CO,) T Aol tigh 71 vt
Aokl o, FueA=Fe] 42 Zu|AHA|eL o]4kshetao]
dfsl| Hi7]ES vhste] skl Qo mlAHA| ] F9- A
YaztollA o] 8Ate] T5-& B3 AUE |UEH, A 4
H uAHAIE A7 k& Al QA 22, AEH, 5871 5Ol
Z+% AghS s 2 20134 12 SYEAR FHEUAL?
E3] oMAZ] AL W|eEuto gL AEWA 9 557
Eo] JF w2 5 QUek? ojAksteka s AUlg7toA Bk
1,000 ppm o}/gol¥ IAo] oA, 27 =7|A s},
5% 1,500 ppm oA = B4 A= I 9E, E S 62
o5t} olof whal World Health Organization (WHO)OJ|A]
£ ulAHA|, olAtsiEAs 5 AyE7 |-y Bt E2-0] i)
7hol=gtRl g Alg5lal QIek? FUe] B S RN fEn
BAFS] 3714 #eEE A AdERE Y 2-FEE A5}
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= o]&st= Ax AUzl = A Zr 20199
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2 42.2%, 20199 713 43.5%% ArdeF A6k glom
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2020990= oF 7709 o 2 thFuE-Z o] &ot= 4ol B
2 707 yepyh!
WEREST 5 ALY A9 F2 F5AT7E
Fo| B2 AHZ YFE Yo, fFuE S °l
2 WEAGo] Ag & Bl Ao F=2 0|85
o] ¥EAFOZ QI AFA} ui7|7kA0] A i 5
1 Ul 371"0] L85 Aotk !? T3t 2| &
50,4449 5 AWM AE 352074, AlQ] 9 140
G612 = AYHAYL § Booe B3ty F

[¢)

(il

N
=

4l o

)
K

ofo
ol
2

El =
o
LU
fr e e Mo orr ke

ol 2 of of
Wi

>
%k
> i

~

it

Table 1. Bus and route information

3714 T TEEL s s TAEE, A9
20|, A A FEjddollA AlejEo] itk &
& 55l Al 200 10T (Internet of Things) A48 A5
1 371715 AAsto] A717te] Hold 4 9 EAsk1
A} gt IoT AlA= AY371d AAIRE HUEEo] 755,
o5 &3t 7|7t Hlojg S0 st 10T ANE &
S AHeHEE F PM,, PM, 5, CO,, 2%, 5 SA5HL,
717t Hlole =& Sl AR € 5 E whofeitt
o|& 7|§te & S4B 7HE d¥sto] AIRtE, €, A
AU A o] & 500 IE flsiAdE AR 2 AFolA=
AJEAE L5t AlUHAY] 371 4
T A, T3AYE 2Fot= AWHAL AY371E Hlo]
& gHsto] 3 7412 X5ty gieh o]F Sl AU A
g5 1d AEE Bl 3
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1. 8910y H 71z
AT A2 Ard Ao FALAR|Fo] FEH= BR
Az AABIAL, g A9 Fste A2 oHE A
Sto] ZPSHATH(Table 1). AlUWH A W AAY S47171E 4
Asto] WA 27 AgolAle] HlolEE A5t oH, 20214
495H 20229 19714 °oF 1071€3te] A5 14 HolEE
& 99z 38k

)

21, EYSHMY

PAUE71 A ol A1 ST f4 9
AEEd T ANE 4 7T 240 PV, PM,5, COE
245191, 271402 HH4T BHE 25, 52 F716)
o & 57/ FE& gAfo = BYEHS)

Bus Bus route Notes
A Hanjin Substation <> Dangjin Health Center Running in an industrial complex
B Hapdeok Bus Terminal <> Dangjin Health Center
C Dangjin Hillstate APT <> Haengjeong-ri Parking Lot Village bus
D Seongmun Embankment <> Dangjin Health Center Electric bus
E Sapgyocheon Intercity Bus Terminal <> Dangjin Health Center Running in an industrial complex
F Dangjin Bus Terminal <> Handa-ri Low-floor bus
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A PIeid B7he SHEETEt A AT 5
A=A Aol B7HE e dxtet Wy Sofl #et A3,
of wzt Frlolth LHEE, TFE AT & Nk, =&
717t & 1ot dYH ot =ETF(average daily dose, ADD)
< A4 of7of] 7S ar=iste] 4] (1)} 2ol HAY
Ht QY- E3F(Lifetime average daily dose, LADD)& A|4FsH
o U SRR sl glo] 4 Q)% ol 919
=8 Aslolo} gk, VARAL B9 SF-HG WE B
S ekl e et A7t glo] PM, 2] SRIAFEE 7]k
Ql 0.39%E Lo egtol 2&st] PM,, &2 AT =
TG ES YrIstnt” 2rtd oz I visty 33
T2 W7 S LA9=29] fsidB7tE At Akt
H 5of TS 3,59 PM 9 Y& 5 (Reference

Table 2. Detailed specifications of indoor air quality measurement
equipments

Compose Type Detection ranges
PM,, Light scattering LOD~1,000 ug/m’
PM, Light scattering LOD~1,000 pg/m’
CO, NIDR 0~5,000 ppm
Temperature BandGap -40~120°C
Humidity Capacitive 0~100%RH
Power 12VI1A 12V/1A

*PM,, PM, s LOD=1 pg/m’.

Table 3. Exposure factors for users of public transportation

Exposure factors
Inhalation rate (m’/day)" 14.6
Exposure time (hr/day)b 1
Exposure frequency (day/yr)® 280
Exposure duration (yr)d 60
Body weight (kg)° 64.5
Average life span (yr)' 827

a, e, f: NIER, Korean Exposure Factors Handbook 2019.
b, c: Public transportation status survey 2020.
d: Value adopted from questionnaire Survey.
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concentration, RfC) 100 pg/m*S &-8-5t0] 4] (3)& Bof v
A 4o gt 5318k (Hazard quotient, HQ)Z A4ts}
o) £ 87 vlmstick

IR, X ET,; < EF; % ED,;

LADD (mg/kg/day) = Cpy < BW < AT (1)

LADD: Lifetime average daily dose (mg/kg/day)

CIA: Concentration of PM,, in indoor air at public transport (mg/m?)
IRkj: Inhalation rate for scenario, k and public transport, j (m®/day)
ETkj: Exposure time for scenario, k and public transport, j (hrs/day)
EFkj: Exposure frequency for scenario, k and public transport, j (days/yr)
EDKj: Exposure durations for scenario, k and public transport, j (yrs)
BWi: Body weight at age, i (kg)

AT: Averaging time for lifetime (days)

ECR= LADD (mg/kg/day) < Slop factor (mg/kg/day) " (2)

_ LADD (mg/kg/day)

"Q RfC (mg/m®) (3)

¥ 170] G wEASE Table 300 LiehiSl: A
558 B9, FRAHL FYRATAAY I 1w F
A BEe] AAAE AL 1o W] A U
2 W2 o[ gAI AL BBAGOY, b MEL F=
WE 5O s FFRANA 157 HA 0]-8-314 5373
£ 1497t o832 ghatste] F83tt” & 7|7k A
2 &9l tS0E < o]-&st= AFHE A&t

. Z2f 2 0F

1. AL ASHE ¥
A 29] HAHAE Z43 IS Table 40 HEFHS
t} glojElE 18 S92 SA% BE AWM A PM, B &
TE 42 pg/m’ 2 20199 "AWE7IE e, e

Table 4. Level of PM,, in the test buses (ug/m’)

Bus line Mean+SD Min Median Max
All 42+51 1 25 417
A 42+41 2 29 379
B 38+39 1 25 392
C 32+35 2 21 372
D 33+30 1 22 245
E 61+76 2 30 417
F 39+40 1 25 357

*PM,, Guideline of indoor air quality in public transportation
(2019)=200 pg/m’.
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AF(EAEE, A2, 148 A)0] P71 200 pg/m’
of wlsf Axt oJste] W2 s & Yehth A PM,, Bt
BEl A WAL 42 pg/m’, B AL 38 g/id, C AL 32
pg/m’, D WA= 33 ye/m’, E WAE 61 pg/m’, F Hj2AE 39
ng/m’ O 2 UERtT A W AAEA|7E 9l E AL 7
A UELL, FAAYE 235t rhEHAR] € MATE 7L
7 GA YErstth

PM, 59| S Z7}= Table 59+ Zth 5743 HE AU A9
PM, s B SEE 23 pg/m’o 2 MWg71d HeH A diF
WEAF A1 7|290 50 pg/m’] HHt 220 2 el |
28 PM,; BadEEE A HAE 22 pug/m’, B HAE 21
pg/n?, C A= 17 pg/n’, D A= 18 pg/nd, E A= 34
ug/m’, F WAL 21 pg/m’E UebgT) PM, 9] SAATe} 2
o] kA W AFAEAI7} Q= E HAZE 78 A UEaL, =
AR GE EYot= vFSH AR C HATE 7 WA UERytt

CO,° =% AF}+= Table 67} Zth SHT LE AYHA
9] CO, BisEE 1,182 ppm o & FAYZ/A Ha¥ 4 o
FUEAEF H7]EA 2,000 ppme] H¥F &0 F LpERG
o} H{AE CO, B 5= A AL 504 ppm, B AL 529
ppm, C H{AE 1,060 ppm, D WA= 1,595 ppm, E HAE
1,862 ppm, F ]2+ 1,535 ppm 2.2 YEHTE PM, 9] &7

Table 5. Level of PM, 5 in the test buses (ug/m’)

Bus line Mean+SD Min Median Max
All 23+29 1 13 271
A 22423 2 15 226
B 21422 1 13 250
C 17£19 2 11 222
D 18+16 1 12 135
E 34+44 2 16 271
F 21422 1 13 213

*PM, 5 Guideline of indoor air quality in public transportation=50
3
pg/m’.

Table 6. Level of CO, in the test buses (ppm)

Bus line Mean+SD Min Median Max
All 1,182+724 8 1,126 5,001
A 504+350 118 399 4,032
B 529+346 8 441 5,001
C 1,060+422 404 939 5,001
D 1,595+653 559 1,818 4,283
E 1,862+704 852 1,646 5,001
F 1,535+480 816 1,424 5,001

*CO, Guideline of indoor air quality in public transportation=2,000
ppm (at non-rush hour).

Aol o] LA W AAATEA|7} Q1= E AT 7P A UE
AL, FAXGE Lok uFSHAQl C AT 7Y WA U
et €O,9) H=7F EA UERd MA0A pM, I} PM, 9]
EE ELH A UERd A0 2 Hof Ak Yi9] 57412] Co, 5
A9 8 A AF W 549 TR Qlsto] PM, %}
PM,.9] 5% T3t w2 3 HQl Aoz voter) skA|qt
APAFAEE HH = PM, 9] A 8102 AdHR] &
o2 HjEEE NOxo} sOx2]| go] ml-g- 0¥ Adekx]
A 9 QT A7 Y& F= Ao 7 yehgteh? At
A A9Q9] AHATER Y] S BRI E2 vt AR8kst
T ARIA7} QIA|5H]P 7] P E-O] BT A B

I Uk B Aol AATAE L85t AU AL AU
LAEHo] #A YeR AFdER| oA Aot e AEHo] 4

QA RTG LSHE AfHLe] ABI1A T v
2 7Hs A glo] ol that 37149l 24} Was) Reld,

2. A[ZHHE D|MHX] 7|E=0tAH A Za}

QJEAYZ V|EXE 2T A= PM, 0 H$ oF
2.4%, PM, s&] 79 <F 10.2%, CO,2] A% 11.9%& LUERdTh
(Table 7). PM, 9] 7|&Z3AH7F T2 QAEZ | Hlof dA
SHA @A Yebgtr @A MAYE71d HEdE A dens At
FO| vAHA] 7SS PM, 5 VISR o, 7EA=
50 pg/m’oltt. ol Aul thFolgAlE FA|71E3 Zt of
A5t ¥ 77 o] 20199dell= wlA|HR|9] 7]F0] PM,0]).0.
™, 7|22+ 200 pg/m’Z LRt thEo]8A14 §-A171521 100
ug/m'oll Bl3l| 7|27} &tk PM,9] 7|EXE LHt thFol &
A9l §A)7]1%21 100 pg/mrol B0} 245 Bl A4 glo]
E19] 8.3%7} 7|E2 A2 UER oh 2 R AEE T AR
e Z2IHES Helth

u|AER| 9] 7|E2 I E AZIE BES 24
A AW AS] PM, 71224 HlolEE B9t o 8~1
Al 16~19A19] AIZF 7} 723 AE 9] v]Fo] 2+ =
© 2 UErtH(Table 8). PM, 2] 3% 7|2Z 1A HlolE
HotE o 8~104], 17~19A19] AlZFHh7} 712 A 9 BlF:
o] 2 Z0 2 PM, 9] £4 A3} FASHA| UEFSTHTable
9). 71E23AH| H]Z-0] 8A], 1749 F3311L, 104], 194] ©]
SO Fote Aoz yepgth Myg7d e olAE
S uEAtFe] o] 84o] @2 THAIE 7A] 30E+HH 9
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Table 7. Percentage of excess case of indoor pollutants concentration

Indoor Percentage of

Guideline
pollutant excess case
PM,, 2.4% 200 pg/m’ (2019)
PM, . 10.2% 50 pg/m’
CO, 11.9% 2,000 ppm (at non-rush hour)
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Table 8. Rate of excess case of PM,, concentration by every hour (%)

Bus line
Time
A B C D E F All
6:00~6:59 0.2 0.3 0.8 N/C 1.1 N/C 0.9
7:00~7:59 4.2 0.9 2.9 N/C 6.6 3.1 5.6
8:00~8:59 1.6 6.8 2.6 N/C 7.8 54 7.0
9:00~9:59 1.2 5.0 2.7 N/C 8.7 3.2 74
10:00~10:59 8.6 5.4 1.3 N/C 10.0 3.6 8.8
11:00~11:59 6.8 7.6 1.3 N/C 6.9 7.7 6.6
12:00~12:59 8.0 13.4 1.5 N/C 8.0 13.7 8.4
13:00~13:59 6.9 5.9 3.3 52.0 6.2 2.0 5.9
14:00~14:59 4.8 3.8 2.1 N/C 54 2.1 49
15:00~15:59 6.4 8.2 8.2 48.0 4.7 2.0 5.2
16:00~16:59 5.9 5.7 12.5 N/C 6.8 7.9 7.0
17:00~17:59 9.4 5.6 10.0 N/C 9.2 8.3 8.9
18:00~18:59 14.4 11.0 20.9 N/C 6.1 14.9 8.1
19:00~19:59 11.7 12.7 20.8 N/C 6.6 194 8.7
20:00~20:59 7.4 6.1 8.1 N/C 4.5 6.0 5.1
21:00~21:59 2.3 1.8 0.9 N/C 1.3 0.5 1.3
22:00~22:59 N/C N/C N/C N/C 0.1 N/C 0.1
*N/C: No excess case.
Table 9. Rate of excess case of PM, ; concentration by every hour (%)
Bus line
Time
A B C D E F All
6:00~6:59 1.5 1.8 24 0.1 1.8 0.6 1.7
7:00~7:59 6.8 7.0 6.4 5.7 8.1 4.8 7.0
8:00~8:59 10.0 11.7 6.3 6.0 8.4 9.1 8.9
9:00~9:59 7.9 9.3 73 4.1 8.6 7.7 8.3
10:00~10:59 7.5 7.5 6.0 10.9 8.9 8.9 8.2
11:00~11:59 5.3 6.5 5.7 4.9 5.9 4.1 5.6
12:00~12:59 5.0 74 39 1.9 6.6 44 5.8
13:00~13:59 5.1 6.0 49 5.7 5.4 59 5.5
14:00~14:59 4.6 6.0 7.4 4.8 5.6 6.1 5.9
15:00~15:59 6.6 5.3 7.5 6.4 44 6.4 5.5
16:00~16:59 6.3 5.7 7.0 5.6 6.5 74 6.6
17:00~17:59 6.6 5.5 7.8 4.6 7.6 72 71
18:00~18:59 8.6 7.5 10.1 14.0 6.9 10.1 8.2
19:00~19:59 8.6 6.7 11.0 17.2 7.9 8.9 8.4
20:00~20:59 6.5 4.5 5.8 6.4 5.5 59 5.5
21:00~21:59 3.1 1.5 0.2 1.5 1.6 24 1.7
22:00~22:59 N/C N/C N/C 0.4 0.3 N/C 0.1

*N/C: No excess case.
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el 5% B HSaE ol§0] BEZ 2uidtth k3t
ARATF AR e S Wt fFuFTAT U 2A=d
9] =7t A vdehhe AFE Boh 2 A7 daoh s
SRR RAEAY] 72 IA 9 BFo] 2 A2
g Al S 5T R AW H L 0§22 F7tol| Wt Ajf
W 9=d =7t 375t ZIE2aAtE 2 vlFol A Y
Ehd Zlo = Holu], TRl digt AU Bt 2
8o}t EATER Bl EY D WAk E WAE A|9f5kal 18
A2F19A19] 71E2 A 9] BlS 0] E4eH, D A 134
SF 15410 L 7SI QAT 7IE2IAE = 134]
of 133, 15490 127422 +3d & blolH 693,036 ¥l
8 mjolet &0 2 UEgen, o] 99 Ao 71E
A olstz Yepdth AR VE2 ARV OE A2, A

Table 10. Rate of excess case of PM,, concentration by month (%)

B 7ol mEE EAUS] =X, =4, ARIEA T =AY &
o] WAIHA 9 Fro] FFE vlA P HA] Aol 4]
o] oA Tl Y W HAE = avpt 9lom ) TA]
SP7F e E Ao A nAHA] 7t w2 Bl e A
o2 YRtk ARME 71E2 Tt HlFo] MagE o
27 vephd A2 7 A7 236k Ale] S50 2
o, M| A, 23 Al o 9 =4 757 5ol
e JTeE 2949 72 A AR HEA
e o o8B, oo Higt bRl E4o] " asit.

3. €Y DX 7IZ2 MY 2N 2}

SEECHEEEAE B EIERLE- SR VR
9 1190 36.3%2 7I1E2IAE 3 1Y B ¥1FS A5
Fom, 19of| 27.2%, 12¥€°] 14.9%, 8¥ol 14.4%= 11~14

Bus line
Year Month
A B C D E F All
2021 4 0.1 N/C N/C 100.0 0.7 N/C 0.7
5 0.1 0.8 0.1 N/C 0.5 N/C 0.4
6 N/C 0.7 N/C N/C 0.4 0.1 0.4
7 N/C 1.1 0.1 N/C 5.1 0.6 4.0
8 15.9 0.7 N/C N/C 17.7 0.1 144
9 N/C 0.1 N/C N/C 0.1 0.3 0.1
10 6.5 2.8 2.7 N/C 0.8 4.3 1.5
11 77.3 81.7 89.2 N/C 244 54.1 36.3
12 N/C 53 5.2 N/C 16.8 24.3 14.9
2022 1 N/C 6.9 2.6 N/C 33.5 16.1 27.2
*N/C: No excess case.
Table 11. Rate of excess case of PM, ; concentration by month (%)
Bus line
Year Month
A B C D E F All
2021 4 9.0 0.9 49 73.5 2.6 N/C 34
5 15.5 9.7 7.5 17.6 6.6 N/C 6.9
6 N/C 7.5 5.7 N/C 8.0 1.3 5.7
7 N/C 0.8 0.4 N/C 6.3 2.0 3.2
8 7.6 0.6 2.7 0.4 12.7 1.1 6.7
9 0.2 0.2 0.1 2.7 1.0 0.3 0.5
10 18.6 8.8 7.8 5.8 4.8 6.6 7.3
11 49.1 299 32.3 N/C 17.0 27.8 25.5
12 N/C 21.0 26.9 N/C 18.6 34.7 21.3
2022 1 N/C 20.7 11.8 N/C 22.5 26.3 194

*N/C: No excess case.
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4 8Yof| 7|2 A7 o] LR TH(Table 10). PM, 52 73
S 11€0]] 25.5% 2 7|E=2IAH] 5 7HE B2 H|5-S A5}
Fom, 12¥€9] 21.3%, 1€ 19.4%% 7|&2 A7l Eol
UFERATHTable 11). & 17-9] di4 A9 S HE 5549
of 54, 11¢, 12¢, 190 nNHA] FoJu E HFE o] &
okord 114, 124, 190 71&2 3t Q] vlFo] &4 Ue
W AL QRO n AR JIF-E ol 7|EZ AL 7 Eo]
Uehd Ao 2 BRIty APA7LZAdto| = 25Fe] g2
A 2ol whet 2=F 9)37o] u|A A7 YRE | P of
o7& Aok shAe vl A2 vAEA =7t =AU
ERteh?® B2 A ATtol M e nNHA] FojE W ZHrubgo]
Word 114, 129, 1€ oflojzl& AH8-HA] ghof 917-.9] 1]
AAR 7L g WEE F9l=]o] 7|&Z0AH7E wo] YEkyt
1, 590]= oflojHd AHECE Q9] wAHA] st =9k
ol 7|EZ2IA7E AA Yepd Ao 2 BRItk
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Table 12. Risk of mortality of PM,, in public transportation
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Table 13. Hazard quotients (HQ) of PM,, in public transportation

Time to use public transportation

Time windows to use public transportation

Bus line Rush hour Rush hour Bus line Rush hour Rush hour
Mean (8~9) (18~19) Mean (8:00~9:00)  (18:00~19:00)
All 2.49E-07 2.77E-07 2.64E-07 All 0.225 0.251 0.239
A 2.46E-07 2.62E-07 2.62E-07 A 0.223 0.237 0.238
B 2.24E-07 2.59E-07 2.24E-07 B 0.203 0.235 0.203
C 1.87E-07 2.02E-07 2.14E-07 C 0.170 0.183 0.194
D 1.94E-07 2.05E-07 2.48E-07 D 0.176 0.186 0.225
E 3.57E-07 3.80E-07 3.61E-07 E 0.324 0.345 0.327
F 2.30E-07 2.55E-07 2.59E-07 F 0.209 0.231 0.234
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