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Abstract To mitigate air pollution from vehicle emissions, the government recommends using public transportation.
However, studies to assess public exposure to air pollutants (particularly, fine particles here) during the use of public
transportation have been limited in Korea. We measured concentrations of particulate matter smaller than 2.5 um in diameter
(PM,5) with DustTrak 8530 in three types of transportation environments (walk along roadsides, A/C on and off buses, and
subways) in urban areas of Busan, Korea. A total of 13 round-trips were made for seven days in spring and summer of 2017.
The mean PM, s concentrations were the highest in the cabin of A/C non-operated buses (27.1 ug - m™), followed by walking
on the roadside (24.4 ug-m™3), subway platform (20.4 pg-m™) and walking on campus of university (19.9 pg-m™), inside
subway trains (15.0 ug - m™3), and A/C operated buses (10.2 Mg - m~3). Based on ventilation for healthy adults and the observed
PM, s concentrations, we also estimated inhalation rates of PM, s in these transportation environments. Inhalation rates
depend on both PM, 5 levels and activities of transit-users (ventilation). With the ambient PM, s concentration of 35 ug-m™3,
the inhalation rates in the cabin of A/C operated buses, subway, and A/C non-operated buses were reduced to 46%, 68%, and
81%, compared to the inhalation rate in a walk along the roadside. These reductions even increase as ambient PM, 5 level
increases. This study provides the useful information to establish the guidelines for minimizing the transit-users’ exposure to
PM, 5, although we need to collect more data under various weather and PM, 5 conditions to confirm our conclusion because
the exposure risks vary depending on the specific environments and seasons.
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TAIE SHEHA vlAHR7E Q17ke] A 9
WEY YH5HA TRIE] 3ol YFE] gL
(Xing et al., 2016; Sioutas et al., 2005), A A 7]
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Fig. 1. Sampling route. Orange inverted triangles represent the locations of air quality monitoring station (AQMS), red lines
denote walking route, yellow line represents on-board route for bus (DY —SM) and subway (SM — DY).
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Table 1. Measurement schedule.

Date Time

5:00~6:30
7:30~9:00
14:00~15:30

7/27,8/1

5/11,5/12,5/16,5/23,5/26,7/27,8/1 17:00~18:30
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Fig. 2. Comparison of PM, 5 concentrations measured with
DustTrak 8530 (DT) vs. light scattering sensor calibrated
(R?=10.955) to the instrument with federal equivalent meth-
od (FEM) in real atmospheric environments. Black line shows
a linear fit with R®=0.81 (calibrated sensor=0.84 xDT
+ 1.86) and gray dashed line is 1:1 line.
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Fig. 3. Time-series of PM, 5 concentrations for sampling
periods. Red lines represent the walk along roadside, orange
lines in-cabin of buses, yellow lines underground subway
station, blue lines platform, and green lines in-cabin of sub-
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min. (a) Time-series obtained in May of 2017 (17:00~18:30
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normal (dotted), and bad (solid) PM, 5 conditions.
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Table 2. Meteorological conditions obtained from nearby AWS station (Daeyeon) and PM, 5 concentrations measured at

AQMS stations (Daeyeon and Seomyun) for sampling periods.

PM, 5 (mg-m~)*

. Temp. Humid Wind speed Wind direction
Date Time o o o
(°Q) (%) (m/s) ©) Daeyeon Seomyun
5/11 17:00~18:30 234 78.8 0.6 98.4 63** 52%*
5/16 17:00~18:30 194 59.8 14 99.6 31 N/A
5/23 17:00~18:30 238 74.8 2.2 230.1 33 N/A
5/26 17:00~18:30 19.2 61.5 23 157.3 19 16
7/27 5:00~6:30 23.2 69.5 1.2 19.8 22 13*
7:30~9:00 25.7 1.6 82.7 17 15%
14:00~15:30 27.2 2.2 96.4 22 17
17:00~18:30 273 1.4 100.6 18 16
8/1 5:00~6:30 259 79.6 1.3 30 20 25
7:30~9:00 27.6 1.5 73.7 25 40**
14:00~15:30 28.9 2.1 94.6 30 35%*
17:00~18:30 27.8 3 79 23 33
*Good in terms of PM, 5 (< 15ug - m™)
**Bad in terms of PM, 5 (> 35)
*Ambient concentrations obtained from Air Quality Monitoring Station
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Table 4. Mean concentrations (standard deviations) of PM, s in various locations of the underground subway station in

SeoMyeon. (ug-m™)
Outside mean (std) Station mean (std) Platform mean (std) Subway mean (std)
5/11 17:00~18:30 44(8) 39(8) 42(3) 25(2)
5/16 17:00~18:30 26(5) 20(7) 21(1) 17(1)
5/23 17:00~18:30 22(5) 23(4) 24(2) 16(1)
5/26 17:00~18:30 10(5) 10(2) 11(1) 11(1)
7/27 5:00~6:30 11(1) 10(1) 10(1) 9(1)
7:30~9:00 12(2) 12(1) 17(2) 10(1)
14:00~15:30 11(6) 9(1) 9(1) 10(1)
17:00~18:30 92(3) 7(1) 9(1) 7(1)
8/1 5:00~6:30 32(7) 16(1) 16(1) 13(1)
7:30~9:00 30(4) 23(1) 24 (3) 15(1)
14:00~15:30 43(8) 28(5) 25(1) 24(2)
17:00~18:30 43(5) 31(2) 37(4) 23(2)
Average 24.4(13.9) 19.0(10.1) 20.4(10.8) 15.0(6.2)
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Table 5. Inhalation rates (ug - min~3) estimated for the in-cabin of the subway and buses, and the walk outside for the sam-
pling periods.

Date Sampling time Subway inside (std) Bus inside (std) Walk (std)
5/11 17:00~18:30 0.24(0.01) 0.39(0.02) 0.81(0.14)
5/16 17:00~18:30 0.16(0.01) 0.29(0.02) 0.47(0.09)

5/23 17:00~18:30 0.15(0) 0.25(0.01) 0.4(0.08)
5/26 17:00~18:30 0.10(0.01) 0.08(0.01) 0.18(0.09)
5:00~6:30 0.09(0) 0.14(0.02) 0.19(0.02)
7/27 7:30~9:00 0.10(0.01) 0.09(0.02) 0.21(0.06)
14:00~15:30 0.10(0.01) 0.05(0) 0.17(0.05)
17:00~18:30 0.06 (0) 0.06(0.01) 0.13(0.05)
5:00~6:30 0.12(0.01) 0.11(0.01) 0.38(0.10)
8/1 7:30~9:00 0.14(0) 0.14(0.02) 0.47 (0.08)
14:00~15:30 0.23(0.02) 0.09(0.03) 0.58(0.22)
17:00~18:30 0.23(0.01) 0.16(0.02) 0.61(0.14)
Average 0.14(0.06) 0.15(0.10) 0.38(0.21)
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Fig. 7. Decreases in inhaled PM, 5 in the cabin of subways and buses as a function of ambient PM, 5 levels. (a) Inhalation rates
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