Journal of Korean Society for Atmospheric Environment
Vol. 32, No. 2, April 2016, pp.216-232

DOI: http://dx.doi.org/10.5572/KOSAE.2016.32.2.216
p-ISSN 1598-7132, e-ISSN 2383-5346

MEA| XI5t 25 EMFZS| YXHHEE s §4 U
OMZZIS QEXE JHL
Characterizing Particle Matter on the Main Section

of the Seoul Subway Line-2 and
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Abstract

In present, the Seoul City is undergoing traffic congestion problems caused by rapid urbanization and population
growth. Thus the City government has reorganized the mass transportation system since 2004 and the subway has
become a very important means for public transit. Since the subway system is typically a closed environment, the
indoor air quality issues have often raised by the public. Especially since a huge amount of PM (particulate matter)
is emitted from ground tunnels passing through the subway train, it is now necessary to assess the characteristics
and behaviors of fine PM inside the tunnel.

In this study, the concentration patterns of PM,, PM, 5, and PM,, in the Seoul subway line-2 were analyzed by
real-time measurement during winter (Jan 13, 2015) and summer (Aug 7, 2015). The line-2 consisting of 51 stations
is the most busy circular line in Seoul having the railway of 60.2km length. The the one-day average PM,, concen-
trations were 148 pug/m’ in winter and 66.3 pg/m’ in summer and PM, 5 concentrations were 118 pg/m’ and 58.5 ug/
m’, respectively. The PM, s/PM,, ratio in the underground tunnel was lower than the outdoor ratio and also the ratio
in summer is higher than in winter. Further the study examined structural types of underground subsections to
explain the patterns of elevated PM concentrations in the line-2. The subsections showing high PM concentration
have longer track, shorter curvature radius, and farther from the outdoor stations. We also estimated the outdoor
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PM concentrations near each station by a spatial statistical analysis using the PM,, data obtained from the 40 Seoul

Monitoring Sites, and further we calculated PM, s/PM,, and PM,/PM,, mass ratios near the outdoor subway sta-

tions by using our observed outdoor PM,, PM, 5, and PM,, data. Finally, we could develop pollution maps for out-

door PM, and PM, 5 near the line-2 by using the kriging method in spatial analysis. This methodology may help to

utilize existing PM,, database when managing and control fine particle problems in Korea.
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Table 1. Specifications of the Dust monitor.

Dust monitor 1.108

Measurement mode

Size range (m)

Display resolution
Concentration range (p/L)
Measurement intervals

0.3~20

Sampling flow rate (L/min) 12
Reproducibility (%) +2
Sensitivity (particle/liter) 1

Continuous

15 channels (0.3/0.4/0.5/0.65/0.8/1.0/1.6/2.5/3.0/4.0/5.0/7.5/10/15/20 um)
1 to 2,000,000
6sec, 1 min, 5 min

References: Grimm Technologies, Inc. http://www.dustmonitor.com/
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Fig. 1. The ambient air monitoring sites located in Seoul.
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Table 2. Numbers of passengers using the subway line-2 during each PM sampling period.

Passengers through
the subway line-2

Subway line-2 services

Time zone Sampling period Daily activity frequency Winter Summer
(Jan 13,2015) (Aug 7,2015)
1 06:00~09:00 Morning rush-hour 116 685,529 612,346
I 09:00~12:00 Morning activity 99 520,419 461,633
1 12:00~15:00 Lunch time 81 453,636 403,291
v 15:00~18:00 Afternoon activity 95 553,291 507,877
v 18:00~21:00 Evening rush-hour 113 807,974 810,630
VI 21:00~24:00 Night activity 79 446,019 453,723

References: Seoul Metro (2015)
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Fig. 2. Average PM concentrations during (a) Winter (Jan 13, 2015) and (b) Summer (Aug 7, 2015) for each time-zone on
the Seoul subway line-2.
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Table 3. The number of subsections by PM concentration for each time-zone in the line-2.

Subsection No. within concentration range

Time zone 1 11 it v \'% VI
Total No. of underground subsections 32 32 32 32 32 32
0~100 pg/m’ 3 0 0 1 0 0
. 100~ 150 pg/m’ 15 6 11 8 1 7
Winter (Jan 13,2015) 150~200 pg/m’ 12 18 15 19 17 23
over 200 pg/m’ 2 8 6 4 14 2

PM,,
0~100 pg/m’ 5 1 1 5 0 1
100~ 150 pg/m’ 24 18 22 22 12 24
Summer (Aug 7, 2015) 150~200 pg/m’ 3 11 9 5 20 7
over 200 pg/m’ 0 0 0 0
0~50 pg/m’ 0 0 0 0 0 0
50~100 pg/m’ 5 1 1 5 0 1
Winter (Jan 13,2015) 100~ 150 pg/m’ 24 18 22 22 12 24
150~200 pg/m’ 3 11 9 5 20 7
PM, over 200 pg/m’ 0 2 0 0 0 0
0~50 pg/m’ 10 1 0 6 4 6
Summer (Aug 7,2015) 50~100 pg/m* 22 31 32 26 28 26
over 100 pg/m’ 0 0 0 0 0 0
0~25 pg/m’ 0 0 0 0 0 0
) 25~50 pug/m’ 1 0 0 1 0 0
Winter (Jan 13,2015) 50~75 pg/m’ g 1 1 3 0 1
over 75 ug/m’ 23 31 31 28 32 31

PM,

0~25 pg/m’ 2 0 0 0 0 0
25~50 pg/m’ 25 7 6 14 13 21
Summer (Aug 7, 2015) 50~75 pg/m’ 5 23 24 18 19 11
over 75 ug/m’ 0 2 2 0 0 0
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(b) PM,, (Aug 7, 2015)

100%
90%
80%
70%
60% -
50%
40%
30% -
20% -
10%

0%

250

PM,, conc. (ug/m’)

(d) PM, s (Aug 7, 2015)

100%
90%
80%
70%
60%
50%
40%
30% -
20% -
10%

0% T T et T T T T )
0 10 20 30 40 50 60 70 80 90 100

PM, ; conc. (ug/m’)

Fig. 3. Seasonal cummulative distributions of PM,; and PM,, concentrations monitored for each time zone in the line-
2, where the solid line A in each box indicates the indoor air quality standard (PM,,: 150 ug/m® in Korea, the
solid line B indicates the indoor air quality guideline (PM,,: 200 ug/m°) set by the MOE mass transit, and the solid
line C indicates the ambient air quality standard (PM,;, 24-hr basis: 50 pg/m°) in Korea.
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Fig. 4. Variations of PM,, PM,;, and PM,, mass concentrations and their corresponding mass ratios monitored on each

subsection of the Seoul subway line-2. Shaded parts in the graph are ground section.

Table 4. A statistics of PM mass ratios measured on the Seoul subway line-2.

Winter (Jan 13,2015)

Summer (Aug 7, 2015)

Section
PM,/PM,, PM,/PM, 5 PM,/PM,, PM,s/PM,, PM,/PM, 5 PM,/PM,,

Ground 0.80 0.82 0.65 0.88 0.87 0.77
Underground 0.80 0.72 0.58 0.88 0.80 0.71
Min 0.67 0.68 0.51 0.81 0.75 0.64
Max 0.85 0.84 0.72 092 0.90 0.81
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Fig. 5. Results of linear regressions among PM,, PM,;, and PM,, mass concentrations which measured on the Seoul

subway line-2.
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Fig. 6. 2-D contours for PM,, and PM,; mass concentrations on the basis of each time-zone and subsections on the

Seoul subway line-2.
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Table 5. Structural characteristics of underground subsections in the Seoul subway line-2.

Station Tunnel subsection Under ground Curvature Transfer line
length (m) depth (m) radius (m)
Sindorim 981 11.9 Straight
Mullae 660 13.0 Straight
Yeongdeungpo-gu Office 626 14.1 Straight National Railroad Line
Hapjeong 870 142 Straight
Hongik Univ. 1,110 13.3 900 Line-5
Sinchon 625 15.1 400 Line-6
Ewha Womans Univ. 713 28.4 Straight Airport Railroad Line
Ahyeon 593 149 1,000
Chungjeongno 858 16.4 1,200
CityHall 471 21.0 400
Euljirol-ga 555 14.6 Straight Line-5
Euljiro3-ga 435 12.7 Straight Line-1
Euljiro4-ga 810 153 3,000
Dongdaemun History & Culture Park 735 15.1 900 Line-3
Sindang 673 134 450 Line-5
Sangwangsimli 643 152 600 Line-4, Line-5
Wangsimli 790 13.6 900 Line-6
Jamsil 1,010 11.1 1,200
Sincheon 950 10.8 1,200 Line-5, Gyengui-jungang Line
Sports Complex 770 12.3 1,200 Line-8
Samseong 1,112 134 900
Seolleung 998 13.1 Straight
Yeoksam 570 17.7 Straight
Gangnam 1,040 13.1 2,000 Bundang Line
Seoul Nat’l Univ. of Education 490 13.1 Straight
Seocho 1,450 154 Straight
Bangbae 1,355 12.8 500 Line-3
Sadang 1,455 13.8 Straight
Nakseongdae 842 134 Straight
Seoul Nat’l Univ. 776 13.4 400 Line-4
Bongcheon 942 13.1 400
Sinllim 572 129 1,200

References: Seoul Metro (2015)
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Table 6. The underground subsections in the Seoul subway line-2 showing elevated PM concentration and their corre-

sponding structural characteristics.

Stations

Structural characteristic

Hongik Univ., Jamsil, Sincheon, Samseong, Seolleung, Gangnam, Seocho, Bangbae, Sadang
CityHall, Sindang, Sangwangsimli, Bangbae, Seoul Nat’l Univ, Bongcheon
Euljiro1-ga, Euljiro3-ga, Euljiro4-ga, Dongdaemun History & Culture Park

Long tunnel length
Short curvature radius
Transfer station

(a) AM 8:00 on Aug 7,2015

PM,, (pg/m’)
+ Seoul air monitoring sites Il 0~30
e Stations of line 2 B 31~80
Emsi~150

B 151~200

(b) PM 7:00 on Aug 7, 2015
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e Stations of line 2 3180
Ems1~150

. 151~200

S

Fig. 7. Outdoor PM,, concentrations estimated a spatial analysis near subway stations on the line-2.
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Fig. 8. Extracted outdoor PM,, concentrations by a spatial analysis using air pollution monitoring DB and obserbed
PM,, concentrations thru the line-2. Shaded parts in the graph are ground section.
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Fig. 9. PM, pollution maps developed by using monitored PM,, DB and calculated PM,/PM,, mass ratios near the area

of the Seoul subway line-2.
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