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Abstract

This study had the aim of characteristics of PM;, in subway cabins. PM,, was measured by times of day (rush and
non rush hours) and seasons with real time PM,, sampler on the subway cabins of line 7. Filter samples were col-
lected for evaluation of their elemental composition as well as identification of major sources of PM ;4 using a recep-
tor model, PMF. PM,, concentration were the highest in the winter season both in the rush and non rush hours at
152.8 ug/m?, 90.2 ug/m?® respectively. The PM,, concentrations in rush hour were 30% higher compared to non rush
hours. Based on the chemical information, the composition rare of inorganic elements was 52.5%, anions were
10.2% and others were 37.3%. Fe was the most abundant element and significantly correlated (p< 0.01) with Mn
(r=0.97), Ti (r=0.91), Cr (r=0.88), Ni (r=0.89) and Cu (r=0.88). Characterized PM,, sources by PMF in the cabin
were soil and road dust related sources (27.2%), railroad related sources (47.5%), secondary nitrate sources (16.2%)
and a Cl-factor mixed with a secondary sulfate source (9.1%).
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Fig. 1. Comparison of the PM,, hourly concentrations by
both the light scattering (LD-3B) and beta-ray
absorption methods (Anderson).
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Table 1. Seasonal PM,, concentrations in the subway cabins.

(unit: pg/md)

Rush hour Non-rush hour
Spring Summer  Autumn Winter Tota Spring Summer  Autumn Winter Tota
PM 70.1 63.4 62.4 152.8 88.1 64.1 85.1 37.0 90.2 68.4
10 (£244) (+188) (+185) (£258) (*£431) (*£130 (*+222) (£8.6) (+86) (£231)
#of 82.6 90.9 1105 93.9 94.2 44.1 61.9 54.9 36.8 49.5
passenger  (+49.6) (£637) (£756) (£64.8) (+643) (+232) (+203) (£29.3) (*17.1) (£24.7)
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Fig. 2. A comparison of average PM,, concentrations
measured in the cabin when rush hour and non
rush hour (solid line in box: mean, end lines of box:
25 percentile and 75 percentile, whisker caps: 10
percentile and 90 percentile, closed circles: outlies).

=
S
>
w
K3

o ZAH Fxel w3 0% A= o
3 odem Ex4 wlEtke] A
By o] zpo]= Fld 4= 9lgc)

o= AA W EA5L PMygte] A
A A2k o) A AEA W SA5
1l Aoz PMy 4 34 5
1 sl ABA o5 F
M52} PMyg
A W PMpdt 5
& T 4 golnk B
M 5= d3g 7kl
Aekel] AEA W) PV 5
QAAbe whepshl 2Ag Aolet
Al= ¥t} BrainS et al. (2005) 2! Fromme et al. (2007)
< AdelA wARA] s AR B =
A edgke W= Aoz wIElgich A WA
s7A5e) BEA ol AAE AR AeF 2 Aol o}
o £A50] o] Eshe AN, E AN AR

B
o ML rlo ¢

ofl
12

o
‘H
of

t

ﬂ

o,
ok
N

X

I 12

_?{_A’

32

[o
>
o o

>,

S.’i

o

”S

E 1%
off
e
ﬂllﬂl )
2
ey
o,
32
v
&)
off
_);1_14
_47:

g

N
ey
T

o2
2

Nl

£

)
(o3
) i
o>
O
r; \(
i,
i)
PN
off
)

ol
ofy
Fll‘ S offt o

e
g_V\UTJ‘é
ﬂ—'_|>

%0 fu

el
=2
::lri
‘lN Fll’



Askd A5A ALNA) PV 9954 shofel BT 97 527

Table 2. A statistical summary for 16 chemical species in

PM,,. (unit: pg/md)
. A Wi Percentile M

Species verage in P = - ax
PM,, 65.71 1429 4405 5476 75.00 200.00
Mg 4.74 019 441 452 505 1048
Al 0.20 002 006 014 023 0.71
S 271 228 250 258 270 3.74
Ti 0.01 000 0.00 001 002 0.05
\% 0.05 002 003 005 006 0.09
Cr 1.03 005 019 113 148 3.99
Mn 0.24 007 010 017 025 1.06
Fe 29.31 6.57 1227 19.77 27.28 119.62
Ni 0.64 005 017 068 084 247
Cu 0.20 004 009 016 023 0.55
Zn 2.29 006 071 131 314 8.14
Ba 0.24 002 011 024 031 0.60
Pb 0.97 022 08 110 127 132
Cl™ 10.45 280 680 866 1519 1944
NO;~ 5.53 012 183 375 670 19.27
SO,2 5.92 066 246 391 683 2064
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Fig. 3. Average chemical compositions of PM,, in the sub-
way passenger cabins.
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Mg 4.74pg/m®, Si 2.71 ug/m®, Zn 2.29 ug/md, Cr 1.03
ug/me, Pb 0.97 ug/m?, Ni 0.64 ug/m®, Ba 0.24 ug/m®,
Mn 0.24 ug/m®, Al 0.20 ug/m®, Cu 0.20 ug/m®, V 0.05
ng/m®, Ti 0.01pg/m® s-o 2 epde). 245 gl
9] FHF = CI” 1045ug/m?, SO 5.92 ug/m?,
NO; 553ug/m® &0 2 Jelyron C =7} 713
A vebdet g7 A wlAmA] F CIre 1

rlr
s
o

J. KOSAE Val. 27, No. 5(2011)



Table 3. Correlation analysis results of chemical species in PM,.

Mg Al S Ti \Y Cr Mn Fe Ni Cu Zn Ba Pb CI© NO;y SO
Mg  1.00
Al 032 1.00
S 025 0.86** 1.00
Ti 043 0.94** 0.95** 1.00
\ 030 -0.13 -046  0.02 1.00
Cr 0.00 0.84** 0.76** 0.89** —0.09 1.00
Mn 035 0090** 082** 093** 002 0.90** 100
Fe 0.34 091** 0.79** 0.91** 0.14 0.88** 097** 1.00
Ni 0.26 0.86** 0.76** 0.89** —0.13 0.96** 0.93** 0.89** 1.00
Cu 034 0.92** 0.86** 0.93** 003 0.88* 088* 086** 0.89** 1.00
Zn 010 051* 044 053 -010 059** 0.64** 0.62** 057** 0.48 1.00
Ba 057 081 073 083 023 0.82** 0.84** 082** 0.82** 0.88** 058* 1.00
Pb 001 0.32 018 031 -016 014 005 009 -053 061 -044 042 100
Cl~ -0.07 -0.03 0.09 -0.17 070 -043 -032 -030 -031 -012 -033 -035 092 100
NO;,” 0.66 0.63 072 036 0.93 0.29 0.18 0.19 004 026 -009 002 055 032 1.00
SO 027 001 -011 -023 091-031 -024 -027 -034 -019 -050 -022 039 085 014 1.00
**p<0.01, *p< 0.05
AL Y =% 248Fes F2 RuHQAT ¥ FAriste Ax da=2 Cugs A skH.
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Fig. 4. Comparison of measured and predicted PM,, mass
concentration.
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Fig. 5. Source profiles determined by PMF modeling.
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