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Identification of PM,, Chemical Characteristics and

Sources and Estimation of their Contributions in
a Seoul Metropolitan Subway Station
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Abstract

Since the underground transportation system is a closed environment, indoor air quality problems may seriously
affect many passengers health. The purpose of this study was to understand PM,, characteristics in the underground
air environment and further to quantitatively estimate PM 4 source contributions in a Seoul Metropolitan subway
station. The PM o was intensively collected on various filters with PM,, aerosol samplers to obtain sufficient sam-
ples for its chemica analysis. Sampling was carried out in the M station on the Line-4 from April 21 to 28, July 13
to 21, and October 11 to 19 in the year of 2010 and January 11 to 17 in the year of 2011. The aerosol filter samples
were then analyzed for metals, water soluble ions, and carbon components. The 29 chemical species(OC1, OC2,
OC3, OC4, CC, PC, EC, Ag, Al, Ba, Cd, Cr, Cu, Fe, Mn, Ni, Pb, Si, Ti, V, Zn, Cl-, NO;", SO,2", Nat, NH,*, K+,
Mg?*, Ca2") were analyzed by using ICP-AES, IC, and TOR after proper pretreatments of each sample filter.

Based on the chemical information, positive matrix factorization (PMF) model was applied to identify the PMyq
sources and then six sources such as biomass burning, outdoor, vehicle, soil and road dust, secondary aerosol,
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ferrous, and brakewear related source were classified. The contributions rate of their sources in tunnel are 4.0%,

5.8%, 1.6%, 17.9%, 13.8% and 56.9% in order.

Key words: PM,,, PMF model, Subway station, Source contribution, Indoor air quality
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e BA3EL7) 9§ Teflon A= AzAF A -
F2 37 2 - Fdene] AA wAA o] E (San-

Tunnel 1

Platform

Tunnel 2

Fig. 1. Installation location of the sampler.
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ug/m®, 41 104.7~300.2 ug/m®, 42 91.8~ 266.1
ng/m®e]w, PM ] A3 Fs s 9]7] 415ug/m’
274 77.4ug/md, B141 194.8 ug/m?, €142 181.6
ngmiz 2AEQS MAAL W 57 B19L(%
737 ARk Ed) Alolell= PSD (platform screen door)
7} AA =] ik FAA Atel7t 77k A Yol =
BFeha 574 FFsms BEle) vmsted v)
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MeA] AEHE 43419 M GAalell A =8k H
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7}sl7] $1sked 10379 PMy A28 %ﬁs}ﬁﬁ.

Table 1. A statistical summary of PM,, concentration at
each sampling site.

_ Concentration (ug/m°)
Pollutant  SAMPIiNg "1
site Mean  SD Range
sample
QOutdoor 26 415 131 224~853
oM Platform 30 774 279 281~159.1
10 Tunnel 19 26 1948 412 104.7~300.2
Tunnel 29 21 1816 459 91.8~266.1

dThe sampling site was located at tunnel side in front of platform.
Platform screen doors (PSD) were installed between platform and
tunnel sides at the Station M.

BThe sampling site was located 70 m inside tunnel from the passager
platform of Station M.
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Fig. 2. A comparison of average PM,, concentrations mea-
sured at each site.
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Table 2. Summary of PM,, and 29 chemical species used for PMF analysis.

i 3
Chemical Concentration (ug/’) Number of Number of
; ini Percentile i BDL? values missing values
species Minimum Maximum g
values 25 50 75 values (%) (%)
PMy, 224 62.0 116.7 202.4 386.4 0(0.0) 0(0.0)
Ag 0.0000 0.0000 0.0068 0.0183 0.6625 30(31.3) 0(0.0)
Al 0.0000 0.1744 0.3119 0.4829 5.2572 4(4.2) 0(0.0)
Ba 0.0073 0.0854 0.2824 0.5706 2.8190 0(0.0) 0(0.0)
Cd 0.0000 0.0000 0.0036 0.0055 0.2235 30(31.3) 0(0.0)
Cr 0.0000 0.0000 0.1006 0.1867 1.0759 32(33.3) 0(0.0)
Cu 0.0032 0.3025 1.0154 2.2386 7.1448 0(0.0) 0(0.0)
Fe 0.0000 6.4548 225142 54.6158 181.5971 0(0.0) 0(0.0)
Mn 0.0000 0.0571 0.1901 0.4713 1.4375 2(21) 0(0.0)
Ni 0.0000 0.0000 0.0000 0.0142 0.2464 50(52.1) 0(0.0)
Pb 0.0000 0.0677 0.1359 0.2417 1.0117 1(1.0) 0(0.0)
Si 0.0000 1.6146 2.6843 4.3466 11.6882 1(1.0 0(0.0)
Ti 0.0000 0.0108 0.0224 0.0376 0.6469 7(7.3) 0(0.0)
\% 0.0000 0.0000 0.0000 0.0000 0.1119 56 (58.3) 0(0.0)
Zn 0.0000 0.0000 0.2903 1.0709 11.0750 37(38.5) 0(0.0)
Na* 0.0000 0.7804 1.2898 2.1908 8.2288 7(7.3) 0(0.0)
NH,* 0.0000 1.1280 21821 3.8600 13.1177 8(8.3) 0(0.0)
K* 0.0371 0.3765 0.5528 0.9772 4.1736 4(4.2) 0(0.0)
Mg?* 0.0247 0.4061 0.6383 1.0017 8.6124 4(4.2) 0(0.0)
cat 0.1332 15129 2.7550 4.8774 12.4373 4(4.2) 0(0.0)
Cl- 0.0264 0.7194 1.3416 2.3124 10.2856 4(4.2) 0(0.0)
NO; 0.0104 1.7781 3.0453 4.9581 15.3072 4(4.2) 0(0.0)
Seka 0.1068 1.4497 3.0693 6.2502 27.1129 0(0.0) 0(0.0)
oC1 0.2437 4.6677 5.8101 7.1034 15.2852 0(0.0) 0(0.0)
ocC2 0.2015 3.1116 4.2099 5.6640 11.6750 0(0.0) 0(0.0)
0C3 0.0506 1.5943 2.3720 3.1508 4.8829 0(0.0) 0(0.0)
ocC4 0.0000 1.2186 1.5647 2.2873 7.7466 0(0.0) 0(0.0)
CcC 0.0000 1.1028 3.1586 5.9156 10.6923 0(0.0) 0(0.0)
PC 0.0440 1.4812 2.5649 45019 10.1010 0(0.0) 0(0.0)
EC 0.7207 15.0501 20.5775 31.4200 48.9771 0(0.0) 0(0.0)

Notes: ? BDL stands for below detection limit
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E3 = (andytical uncertainty) = B]#sle] Z7}3}7)
jFof], o] & Ate]d] AYHAAE Fd kE FAEY
2~ o)k (Kim et al., 2005).
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Fig. 3. Measured versus predicted PM,, mass concen-
tration.
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Fig. 4. Source profiles resolved from PM,, sources in the study area.
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Table 3. Average source contributions (ug m™2) and rela-
tive contributions (%) of each individual identifi-
ed source to the PMy,.

! PMyq
Site Source _
ugm®* %

Biomass burning, Outdoor related 86 16.2
Vehiclerelated 139 261

Outdoor Soil and road dust related 35 6.6
Secondary aerosol related 241 454

Ferrous related 0.8 15

Brakewear related 22 42

Biomass burning, Outdoor related 125 16.8

Vehicle related 133 17.8

Platform Soil and road dust related 34 46
Secondary aerosol related 169 226

Ferrous related 43 57

Brakewear related 243 325

Biomass burning, Outdoor related 71 40

Vehicle related 104 58

Tunnd Soil and road dust related 29 1.6
Secondary aerosol related 320 179

Ferrous related 246 138

Brakewear related 101.9 56.9
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