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Abstracts

In this study, the concentration distribution of PM-2.5 in the automatic air quality measurement
network of an subway station in Busan and the chemical characteristics of ions, carbon, and
inorganic elements included in PM-2.5 were investigated, and the pollutants of PM-2.5 were
quantitatively evaluated. The average concentration measured by an automatic measuring device at
the platforms of 91 subway stations was 18.0 pg/m, which was 36% of the indoor air quality
maintenance standard. Line 1 (22.0 pg/m) > Line 3 (17.8 pg/m) > Line 2 (16.9 pg/m) > Line 4 (15.2
pg/m) showed.

As a result of analyzing the chemical composition of PM-2.5, ions accounted for 55.1%, carbon
18.1%, other 15.5%, and inorganic elements 11.3% in the order, and ionic components were NOs;™ 3.217
pg/m > SO,4 2.791 pg/m > NH,™ 1.314 pg/m was found, carbon component was OC 2.382 pg/m > EC
0.494 pg/mi, and inorganic component was Fe 0.924 pg/m > Si 0.297 pg/m’ > Al 0.180 pg/m’ showed.

As a result of identifying the source of pollution in the subway station and analyzing the
contribution by pollution source using PMF model, road movement and road dust (42.3%) > secondary
aerosol (37.0%) > Soil (14.7%) > Sea salt (6.0%) were investigated.

Key words - PM-2.5, Subway station, Indoor air quality
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Table 1. Characteristics of busan metro by line
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No. of station Length of | Area of :;/etr: g:f Number of Number of The first
Line (No. of measuring station station stF;tion passenger | subway sevice year of
station) (km) (m?) (m) (/day) (/day) opened year
Line 1 40 (32) 39.9 47,992 115 333,060 354 1985
Line 2 43 (37) 45.2 54,824 19.4 246,157 341 1999
Line 3 17 (13) 18.1 17,391 30.7 73,075 320 2005
Line 4 14 (9) 12.0 5,451 22.9 23,642 310 2011
Total 114 (91) 115.2 125,658 21.1 675,934 1,325 -
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Fig. 1. Busan subway station air quality monitoring system
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Table 2. Sampling location for this study
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Table 3. Analytical item and method
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Table 4. Statistical summary of PM-2.5 concentration by Line (2020. 11. ~ 2021. 10.)

Line PM-2.5 concentration (ug/m) Number of
Mean SD Min Max exceedances
Line 1 22.0 7.7 9.3 84.1 251
Line 2 16.9 7.1 6.8 63.5 50
Line 3 17.8 8.2 6.1 67.6 28
Line 4 15.2 7.4 4.7 61.8 10
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Table 5. Concentration and ratio of components in PM-2.5 of subway station platform

S Average Jangnim City Hall
Conc.(u/m) Ratio(%) Conc.(ug/m) Ratio(%) Conc.(ug/m) Ratio(%)
PM-2.5 15.9 19.3 12.4

Na® 0.576 3.6% 0.66 3.4% 0.492 4.0%
NH," 1.314 8.3% 1.737 9.0% 0.89 7.2%
K’ 0.123 0.8% 0.151 0.8% 0.095 0.8%
lon Mg2+ 0.104 0.7% 0.115 0.6% 0.093 0.8%
Ca” 0.241 1.5% 0.255 1.3% 0.226 1.8%
Cl, 0.363 2.3% 0.423 2.2% 0.303 2.4%
NOs', 3.217 20.3% 4.050 21.0% 2.384 19.2%
S04~ 2.791 17.6% 3.301 17.1% 2.281 18.4%
Carbon EC 0.494 3.1% 0.588 3.0% 0.399 3.2%
oC 2.382 15.0% 2.534 13.1% 2.229 18.0%
Igferflzzf 1.792 11.3% 2.071 10.7% 1.512 12.2%
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Fig. 10. Ion composition ratio of PM2.5 and Concentration distribution by component

PM-2.5¢} o] /&3] Aads dotsr] s
SPSSE o|&stglon, mojd At A5 Auts
Table 60 UERAICE AR E —104 1Ato]9]
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0.7612 BE ofo] AUMAS 71X, E3] SO,
NH/E= 0.7 o)ge] =2 Aahds LEhfQict =3t
NOs 9t SO/2 e AA27E 0.720, NHi = NOs,
SO4~9} 0.892, 0.8522 A& 79| Aldo] =& 7
o2 Uepdth o= PM-2.5 5 NH,/ & £& S0l
Q1 NOs 1} SO;” 250} Agtslo] YRS PAJsh=
o] 2o]7] o] PM-2.5 5&&} o] 25 Atolo] o
=0 ATHPES B9l Zlog moect

2.1.3. &4y

Mz

PM-2.5 & &t4/d8(Total Carbon, TC)= &71&t
A(Organic  Carbon, 0OC)2t YAErA(Element
Carbon, EC)&Z U0l A& AlXlslgial, Fig. 11+
(AUDAISIIAR] PM-2.5 & ©Aa/dwd]at OCet EC
o HERES Uepd Jefmolct, HANEe FA
o] 18.1%2 ARSI, FA| HaS 100% &
o OC 2.382 pg/mi (82.8%) > EC 0.494 pg/mi
(17.2%) 02 =2 H]82 R}X|staL 9Jct. OC/EC
Hla2 gHY 4.3, ARG 5.62 At w2} xto]7t
UEHoH, Fatrlog 487 OC7t &7 UERSTh

ECE OJe2 spijelne] i o8] op] Fo=
U5, 24} SSreleg Qlo7)x] ek S ofsiA
st Sk 1A 228 (A)uVIde 5=
0.537 pg/m, (AU)XI5IAIe] 5= 0.494 pg/m=
U U OH, RAPRE 59 5= HalEe
Shelay

Table 6. Correlation analysis results of PM-2.5 and ionic ingredients

PM-2.5 cr NOs™ S0~ NH," Na* K Ca” Mg?*
PM-2.5 1
cr 0.444"" 1
NOs;~ 0.677°"" | 0.343” 1
S04~ 0.750"" | 0.520"™" | 0.720" 1
NH,' 0.761"" | 0.418™" | 0.892"" | 0.852" 1
Na' 0.021 0.323" | 0.248" 0.082 0.295" 1
K 0.505"" | 0.431"" | 0.672"" | 0.496" | 0.642""" | 0.461°" 1
Ca” 0.014 -0.074 | 0.156 0.047 0.049 | -0.303" | 0.310" 1
Mg 0.251" | -0.023 0.223 0.296" | 0.289" | -0.277" | 0.284" | 0.721"" 1

p <005 p” <001 p <0.001
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Fig. 11. Carbon composition ratio of PM2.5 and Concentration distribution by component

Table 7. Correlation analysis results of PM-2.5 and carbon ingredients

PM-2.5 oc EC
PM-2.5 1
oC 0.723™ 1
EC 0.648"™ 0.701"" 1

p <005 p” <001 p <0.001
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Fig. 12. Inorganic element ratio and Concentration distribution by component

Table 8. Correlation analysis results of PM-2.5 and Inorganic element

PM-25 Mg Al Si Ca Cr Mn Fe Cu Zn Pb
PM-2.5 1
Mg 0.384™ 1
Al 0.462™" | 0.677"" 1
Si 0.479"" | 0.697™ | 0.982"" 1
Ca 0.125 |0.806™"| 0.232 | 0.241° 1
Cr 0.421"7"| 0.131 0.066 | 0.073 | 0.058 1
Mn | 0.600"" | 0.352" | 0.354™ | 0.396™ | 0.101 | 0.525™" 1
Fe 0.643™ | 0.378" | 0.436™" | 0.456™" | 0.174 | 0.506™" | 0.645™" 1
Cu 0.068 | 0.100 | 0.302" | 0.198 | 0.044 | 0.102 | 0.005 | 0.166 1
Zn 0.329” | 0.202 | 0.024 | 0.052 0.167 |0.426™" | 0.794™" | 0.338" | 0.015 1
Pb 0.300" | 0.187 | 0.172 | 0.138 | 0.103 | 0.415™" | 0.464™" | 0.334™ | 0.260" | 0.405™ 1

D <005 p" <001 p~ <0001
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Table 9. Average source concentration and contribution
Source Concentration (ug/m) Contribution (%)
Secondary aerosol 5.561 38.4
Sea salt 0.891 6.2
Road movement & Road dust 5.809 40.2
Soil 2.204 15.2
Total 14.465 100
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Fig. 17. Source profiles resolved from PM-2.5 in this study
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