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Characteristics of PM4, and PM;5s Concentrations at Subway
Stations in Busan for 3 years (2015~2017)

Byung—lI Jeon"
Department of Environmental Engineering, Slla University, Busan 46958, Korea

Abstract

This research investigated the characteristics of PM;o and PM,s concentrations at the main subway stations in Busan.
Annual mean PM;, concentrations at the Seomyeon 1- waiting room and platform were 51.3 ug/m’ and 47.5 ug/m’,
respectively, and the annual PM, 5 concentration at the Seomyeon 1- platform was 28.8 ug/m’. PM, s/PM,, ratio at Seomyeon
1-platform and Dongnae station were 0.58 and 0.53, respectively. Diurnal variation of PM;, concentration at subway stations
in Busan was categorized into four types, depending on the number of peaks and the times at which the peaks occurred. Unlike
the areas outside of the subway stations which reported maximum PM,o concentration mostly in spring across the entire
locations, the interiors of the subway stations reported the maximum PM;, concentration in spring, winter, and even summer,
depending on their location. PM;, concentration was highest on Saturday and lowest on Sunday. The numbers of days when
PM,, concentration exceeded 100 ug/m’ and 80 pg/m’ per day over the last three years at the subway stations in Busan were 36
and 239, respectively. The findings of this research are expected to enhace the understanding of the fine particle characteristics
at subway stations in Busan and be useful for developing a strategy for controlling urban indoor air quality.
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Fig. 1. A Map of the Busan metropolitan rail routes and monitoring stations (yellow circle).
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Table 1. Annual mean of PM;, and PM, 5 concentration observed at Busan subway station for 3 years (2015~2017)

. PMo(¢g/m’) PMys(ug/m’)
Station
2015 2016 2017 Mean 2015 2016 2017 Mean

Nampo 52.7+14.1 45.6+13.3  44.0£12.0 47.5+13.7 26.449.2 26.44+9.2
Deokcheon 51.3£20.9  49.3+183  37.5+119 459+184

Dongnae 36.1x13.1  36.2+10.8 36.0£10.0 36.1x114 17.7£7.6 19.6+7.8 19.8+8.3 19.0+8.0
Minam 41.1£19.1  37.7£17.0  30.5£12.0 36.4+16.8

Sasang 37.6+13.8  32.4+11.1 33.2+8.6 34.4+11.6 14.444.5 14.4+4.5

Seomyeon 1-W’ 53.0+15.1  489+133 46.9+114 49.6+13.6 30.3+£10.0 27.7£14.0 28.3+10.2  28.8+11.6
Seomyeon 1-P** 53.9+17.6  53.8+15.0 46.0£14.0 51.3x16.0 26.1£10.4  30.5£11.8  24.9+114 27.2+11.5

Seomyeon 2-W 479+153 46.5%143  42.7£11.2  45.6+13.8 24.6+8.8 24.6+8.8
Seomyeon 2-P 45.0£13.9 41.4+£15.1 38.2+14.6 41.4+148 25.1£114  25.1£11.4
Suyeong 35.0£12.7  38.2+14.2  32.4+12.7 35.2+134
Yeonsan 37.9+14.8  38.8+14.3 28.1+9.4 34.9+13.9

"Waiting room “Platform
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Fig. 2. PM,s/PM;, concentration ratios Busan subway
station for 3 years (2015~2017).
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Fig. 5. Diurnal variation of the number of boarding/alighting passengers at Busan subway station (2017).
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Table 2. Seasonal mean of PM,y and PM, s concentration observed at Busan subway station for 3 years (2015~2017)

Station PM(zg/m) PM, 5(ug/n)

Spring Summer Fall Winter Spring Summer Fall Winter
Nampo 54.1£18.3  46.7£16.1  44.5+183  44.2+21.0
Deokcheon 459+21.1 4924274  46.7£22.1  40.9+18.5
Dongnae 38.3+124 32.7£12.1  31.7£16.4  41.9+20.7 19.0£9.3  18.4+10.8 17.1+94 21.5+114
Minam 39.7£19.7  40.3£23.3  31.4+16.5 34.1+18.3
Sasang 37.5¢132  30.0£10.5  30.2+10.4  40.3+18.6
Seomyeon 1-W 55.3+14.6  46.2£133  43.1x15.1  53.8420.5 332411.3 252+10.8 24.1+£10.3 32.5£19.9
Seomyeon 1-P 58.8+16.6  49.0£16.4  43.3+18.1  53.8422.6 30.3+12.5  26.9+13.4 21.3+12.1 30.3+20.1
Seomyeon 2-W 52.6+15.1  41.8£16.1  39.7+14.5 47.9+19.3
Seomyeon 2-P 48.7+14.0  34.2+13.1  34.7£19.7  47.3£19.5
Suyeong 38.5+15.6  36.6£17.4  30.7+14.8  34.3+l16.1

Yeonsan 38.6+£20.5  34.0+152  27.8+129  39.1%19.5
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Table 3. Weekly mean of PM;, and PM, s concentration observed at Busan subway station for 3 years (2015~2017)
Station Mon Tue Wed Thu Fri Sat Sun
Nampo 47.6£14.4 47.5£13.6 47.7£12.8 47.5+£12.8 47.3£13.3 49.1£15.5 45.5+£13.3
Deokcheon 46.4£17.8 46.5+19.4 45.9+17.6 46.4+18.0 457+ 18.7 47.6+21.1 42.4+15.2
Dongnae 36.4+12.0 36.6+11.0 36.3+11.4 36.8£11.6 36.1£11.1 36.6+11.0 33.9+11.4
Minam 36.8+14.9 37.7+21.1 36.6+£16.3 35.7+14.7 35.3+15.6 37.8+18.5 34.9+15.9
Sasang 34.3£11.9 34.5+11.5 34.6£12.1 35.1+11.9 34.2+11.2 35.4+10.9 32.7+11.4
Seomyeon 1-W 49.3+£14.4 49.9+13.8 49.8+13.5 50.7+£13.3 50.4£13.7 51.2+13.7 45.9+12.1
Seomyeon 1-P 51.1+17.4 52.0+15.6 51.9+16.3 52.6£16.0 52.5+16.6 51.215.5v 47.6+14.3
Seomyeon 2-W 45.4+14.1 45.6£14.1 45.4+13.7 45.9+14.0 45.8+13.1 48.3£14.5 43.0£12.6
Seomyeon 2-P 41.2£15.1 41.9£15.0 42.0+£15.8 41.8+14.8 41.5+14.7 42.9+14.8 38.8+13.3
Suyeong 35.9+14.4 35.5+13.3 35.1+12.6 36.0+13.8 35.0+13.7 35.7+13.8 33.3+12.1
Yeonsan 35.5+13.4 35.1+13.6 35.2+13.6 36.2+14.7 34.8+14.1 34.5+14.4 32.8+13.6
Dongnae* 19.3+8.4 19.2+7.9 19.3+8.3 18.9+8.5 18.747.5 19.447.6 18.5+7.6
Seomyeon 1-W" 29.1£12.9 29.6+12.0 28.6+10.2 28.8+10.4 29.6+14.6 29.1+10.8 26.549.1
Seomyeon 1-P* 27.0£12.1 27.8£11.6 27.3£11.1 27.5€11.6 27.9£11.9 27.4+11.4 25.5+£10.7

*PM, 5 concentration
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Fig. 6. Weekly variation of the number of boarding/alighting passengers at Busan subway station(2017).
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Table 4. Correlation coefficient between subway and ground station for PM,o and PM, s concentration observed at Busan for 3
years (2015~2017)

Subway station Ground station Correlation coefficient
Nampo PM;, Kwangbokdong PM; 0.74
Deokcheon PM; Deokcheon PM 0.60
Dongnae PM; Oncheondong PM;o 0.77
Seomyeon 1-W PM;, Jeonpodong PM;, 0.78
Seomyeon 2- W PM; Jeonpodong PM;, 0.78
Yeonsan PM;, Yeonsan PM, 0.58
Dongnae PM 5 Oncheondong PM; 5 0.81
Seomyeon 1-W PM, 5 Jeonpodong PM, 5 0.86

(2010) 570l 9] PMyg = €719 527t 5 WA AEE YRl A3kl & 4= 911, 100 pg/m’
7¥et uf O‘HW—E Z71zeaL s1giek. Aarnio et al. < 771 R o] gslar Qitk Fate] Z[stodatel]
(2005)+= R|3FEO] n|AHA] ARG Tt A= A A 397100 pg/mS 233t Slg= 5 36 UoI3L
AR oA 73 At v BlSsslod, A[sldAt L, olzollA V”io AN S Bl A2 Y
9] HR| 9] ole =7 wEo|z2kal 3193, Branis(2006) O & 16¥0]%l, the-o & ugdody} A 154 S733
= 719 o) 2E s AL, AstAt ol o] 64°]3l OEq 71 9} Gk vR HHEE ol
olf] Bt HieE FolA Aok =55 o] 2[5} 7| o} 80 pugm'E 2Rt Y= F 239Yolglem, EH
of| FEFS mIRITkaL i3k oo 61 = 7} EteH, thao e AW 134 574

Table 5= HAIR| 20 2|3}eIALolA] 20155E] #Jo] 549, w134 tighalo] 342 1 theo)oln).
20179714 3W7F 2431 AW (0500~2400 LST) AR 100 pg/m'S 214 20150] 2421, 2016
PM,o %57} 80 pg/md} 100 pg/ms 20}t Q421 o] 112, 20179 192 A4 74813, 80 ug/m'

ElH Zlolct 80 pg/m'at 100 pg/m-S X793t o]f+= H] 2Bt A= 2015 125¢, 20161 94, 2017‘5

Table 5. Number of exceedances per year of the daily value for 80 yg/m’ and 100 g#g/m’ of PM,, at Busan for 3 years (2015~

2017)
PMo = 80 pg/m’ PM;o = 100 pg/m’
Station
2015 2016 2017 Total 2015 2016 2017 Total
Nampo 11 10 5 26 1 2 3
Deokcheon 29 29 3 61 12 4 16
Dongnae 1 1 2
Minam 13 9 1 23 5 1 6
Sasang 3 3 1 1
Seomyeon 1-W 20 12 2 34 1 1
Seomyeon 1-P 37 14 3 54 3 3 6
Seomyeon 2-W 8 9 1 18 1 1
Seomyeon 2-P 1 3 4 1 1
Suyeong 1 5
Yeonsan 1 3 4 1 1

Total 125 94 20 239 24 11 1 36
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Table 6. Number of exceedances per year of the daily value for 50 gg/m’ and 80 ug/m’ of PM, s at Busan for 3 years (2015~

2017)
. PM;s > 50 pug/m’ PMys = 70 ug/m’
Station
2015 2016 2017 Total 2015 2016 2017 Total

Dongnae 1 1 2

Seomyeon 1-W 16 13 7 36 1 1

Seomyeon 1-P 9 19 7 35 1 1 2

Total 25 33 15 73 1 2 3
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