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PM10 and Associated Trace Elements in the Subway Cabin of Daejeon
by Instrumental Neutron Activation Analysis

— =1
sl - OIl= * . =
HElg| - UEH O|%l=

Jin Hee Jeong - Jong Myoung Lim* - Jin-Hong Lee'

FUiSEm 438 - BT AR DT B PAS Y
Department of Environmental Engineering, Chungnam National University,
*Environmental Radioactivity Assessment Team, Korea Atomic Energy Research Institute

(Received May 12, 2016; Revised July 12, 2016; Accepted August 1, 2016)

Abstract : In order to assess the pollution status and distribution characteristics of PM and PM-bound species, PM10 samples were
collected using mini-volume air sampler at the subway cabin in Daejeon city. Measurements of about 24 elements including toxic
metals (e.g., As, Cr, Mn, V, Zn) in PM10 were made by instrumental neutron activation analysis and X-ray fluorescence. The
average PM10 concentration was 59.3 + 14.5 ug/m3 in the subway cabin with a range of 42.2 to 97.4 pg/m3, while the associated
elemental concentrations were varied in the range of 107 to 10° ng/m3, It was found that the concentration of Fe (12.5 ug/m3) was
substantially higher than any other element. The Fe concentration was apportioned by about 20% of the PM10 concentration. The results
of factor analysis indicate that there are no more than six sources in the cabin (e.g., brake-nonferrous metal particle, resuspended rail
dust, fuel combustion, vehicle exhaust, black carbon, Cr-related).
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29 B AFE VI7ZAARAIBHEAY S o] &ate] thEolgAld F AskE Ax W AWF 7] F uAHA(PM10)9] u]FF
An FESHN AL B, F AWFA) T2 AlE AT A o PMI02] S NS PrhshaR
ok SiAF Ao A 23 F¢ A5HE A Yol A YT PMI09] FsEE 593+ 14.5 pg/m’o]glal, A|5tE A}
PMI0 5 24359 448 R4 A7), FEE 10°-10" ng/m’ Wgle)] A4 WA LIk 0, Fe (125 pg/m)9] 5=
7} 3] woith o= AekA BeflolZ AxEnt AR W AR viaknh 22 AskE 2wl olsto] Ferk el R o] i
o2 FoiEich B4 s FeE vigo g 29SS Hr1et A7, brake-nonferrous metal particle, resuspended rail dust,
fuel combustion, vehicle exhaust, black carbon, Cr-related”} =8 Gl Ao =2 YelyTt
FHO A, v, A Azl AU, 717] S8R ARSHEA

1.ME AYF7]= RE7] e e 58, dEolY A5AA,
o2 9 R AR, & Y AUgEoRiE

AfQle) thFE-e ZAlA &S F9lskar qlar, Uyt W &EE Bdo] &z Eo] ogo] AstErh™ Ayel &
2ol TAQle] AL 1Y 24A17F & 85% o|AFS Stk A} Yo 2 RE WEEH LAEEL IHHEH AHFItelA A
FA, TEAE, A5eT 5 oheket Auztela] Bujn SHOE 238k Auierids ohAlE BeF ohye, o
gt agma mA9l0] 9 dE AYEr]d kLEEE UA a&s 9%t AS5E A4 7YstE 3y 2
Lo 3, o2 Qld] A YA e b E FaAel AN ok we] A9, FH 7] (Clean
o vl Aok fEuEtE GE5T BAISE o|F Yt Air Act)ol|A] 273t =27}t 7] 37 7] Z(National Ambient
BAAY FETE 59 B g2 AuAST 9 Ay Air Quality Standard)®] 45 52 HAUjF7]o= #-&s}
Zo] Z715}1 Qth. E3] o]dolu} wmokxlel e m 7t of, T5A YAAF EZ(respirable particulate matter, PM10),
Z9] o] gAlA 47} 099 dir] 5 kol 190.7%= % olirstd A, BhE, o5 delshal, stueh 7MY, AR,
F7ketlon, 248 AL Er]d vlq, obET, A4 WFAE FolAY SFEumAr], HEsHA AA(E7HE,
Z3ho=Z 9lst A7t M&EH|7} 3,5009] Yo Pl Ao TFo| 3), FYHsto|lE, AFA, AW, F 55 I
2 FA9? ey i fqr|eg e ek 2y o7 Fal gleh ejuetE ‘ol gAld 59 AT
9] AREL 2JH A 7| (ambient air) S FA O R o]Fo] ARz o] oAstA 5% [FA7IE(PMI0, o] 4ta}gha
A grom Aar| Ao gt g AdE oz uEst A Zdsto| s, FRFAI, ATt 559 Hav)E
o]t (olatEH A, ke, & FAERTISRE, AW, .2)E
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gatRon, & WHEs /NE016d 3e)Fdomy FA E galeta] 54 ulefo] MyE ojof Tt

2 Aolstd Ausried o AAS LAtk 2 Ao A G HF A A SHE S 2006 34
g 7HA £ Ayt FolAE st ol 37]= A= ol LBt oF 100,000 ©]42011d 109 F4 4]

odut Auigrieks g Ad&7E A E7Fsst & 712)0] ol-&stal Q= HEAQ] HFULFTTTHO 2N, 22.6

3], A5 Ftoll A= AsHE = @34 7]Ql1gt ol E e km Zo]e] zstEdof 22719 FAGS ZIE 1540] &

P ol FHelol efd=dEo] AnlitE= S40] 9l A EAEI on, &5 284e SEY Aot B

o, AUjF71Wo] Uuk Smat offet TRAEY Aol ARl 2AURF AAst] $7e) HHE Ewaln

A e Ea e oY A, AWEe9ed 3 2Ake] LA A TS vl Aushe Ade §

A= YAy 0 YBPS AT U] A4 A I UHE oABAL UL 5 UES AAHe] Uk B, T

Aol AAT4E 557 AR Aaol AET 4 A A M 293 HY Y B4 S YA Belr} Sy

Aol wrulestel EAHo] FFFDR SHFS 5 FF A @S A% HY U 28] &Ko ZHHT 2

of golsixity. £ TFA AR EE(PMI0)> thefst A Y2 s gol dHEeR Srske] Askd A%

oA A BlEE =4 uFUALE(As, Cd, Cr, Cu, Mn, ol sk ededo] H44 ¢ St

Pb, Se, Zn)} Euk 2H835lo] Q17ke] BE7| Aol ok & e ARAFH(EEY) ® AAZE AR|caE)E

S v Ao oagA ek’ o|-g-5to] thdFHAl Astd At WollA 54 A =
AeHdE wEAlFol glal olge] et hFus s A=Az deA s PMI09] Aifsle =95 bl

o g Aol (rush hour)o] Q1L H =7} mjL =7] w2 th 23l As, Cr, Mn, V, Zn 53 22 549455 2

of Astd Aug71de] gt vhFgt A7F AFE o] % St 2450] nFAEE 717] B/dAREARERE A i (instrumental

t}. Kim'?2] dA 7)o 946‘}&] A x5Hd 2714 9 ) neutron activation analysis, INAA)Z} Ig-EAMY XA &3

FAlof A =4 QAAF 9 9ER 0] e Iy sl & E ¥ (wavelength dispersion X-ray fluorescence spectrometry,

A 33-47 um WolA 1 Eokom, ol npaal e WD-XRF)E o|§3o AR sl vjgie] g2 54

AAH A 712kl Fa] R AoE FAY £ 9 S HISHIch Ed FF Av3TIEY asA wYs

o AshE ool A AR BAE gRE F4 mwo] v 913 ThA BAVINE B8kl AshA A% o A

SEEA AEe] WP Aol YrEod my gee  L9Ue FYIAd

ez qlRle) Slupgels gl Be Ax

53] Fex gHl tf7] FolAx &3] AEE vFdEe

2, 9 #T7] Fols ofF 1% fEom 2AE: A 2. Y

3t %}El A5k AR FOIME o 40% YEES A s

Ao PWrlela 9lom, 22 hematite (Fe,03)Q} magnetite 2.1. PM10 A|2XHFH

(Fe;O4) Og‘EHi Z A3} >0 et A A A A} (steel dust)=
7] 5 Fe, Mn, Cr9] F=& FFA7I= 78 Holez A
e =, At AlE7] Fol= A2t A7 v 2
dlolz Alsd, 84 5o O <lste] BAYAT A
g 22 Hok Chillud = F842] Fado] xet
4 AUE7)E Bl U Hi Fe, Mn, Cro] 5:30]
Ak Th719] oF 1008o] S 5 9gE Hustom, o
350] VRS st BFE Foke] wEEL 7t
T8t 9508 BrhEL glrh

Tt Askd A% ) PMI0 AR S G5 A
aRwo] Av, A £ S| YFO Astel st F
WM 5 gonE AT AT/ GA5] S
AAZE ST ASE Sskn, HUT LU 1S
sfofof ath. 3L, Aohd AUF71 AL oA 2L 9]
sfof A A2B(ER W A2 AL, A P, &3
M, A A% FERAA Byl wrek gebd S gk
ehA Qe WHES} £ ASHE Ak 1 AskFY A
Y3719 Gol Al AL FFL B AL 2
AR AWF) A i FFE ZAATE B B

QA Ak Ak U PMI0 AIRE HFek7] Sl4)
93 =91 Az} Yol A& F7|3F]7]1(MiniVol, Airmetrics,
USA)E Axstelth diagela AsHae lae 29
sfof % 47ke] Aol AAH TR, AN SA5e)
SEaro] we 2 Aol
224 92 AASIE T PMI0 Al23 3= 20119 6
% 6 23] 4 A5

4°‘~2011?_1 74 102
1, & 28AR), 174 A
20) xlwmt 1% zariael 19 23
AH@A 6425 114, % 174D o2 sk A=A
F A #4525 Lmine 2 345kl f-452 24 mA
2 9J5}9] Gillian Gilibrator 2 Calibration System (Sensidyne,
LP)S ALgatolth. PMI0S 714 77} et ojeky
ol e shebHom e AL HEsES 2a 9o n)
FAAE B BE&ZH< pore FE|L] polycarbonate mem-
brane filter (®Nuclepore, 0.4 pm pore size, 47 mm diameter,
Whatman)E AHg-8to A FHskch. ek PM10 A==
F2(250), I A (50%) 2 HAACTE A 143 2

.
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3 &, W74 AL 284717 $lstel 2o ML Yol

& ZHAFA] #-&(XPE26, readability: 1 pg, Mettler-Tolledo In-

ternational Inc.)o| A AFFslal, WEslo] A|REA H7FA] d)
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e, ofx] 9o ARE THele] FAS
AEle 4 Qs FRATROIA, TAHE 24

el
2 g 4 grks Gold WS fesith 2o, §
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£ olgsio] t7] % PM109] <75 EE E2E 4 9
. A ZE 4] (Microdust PM monitor, Casella, USA)
g2 B71A2A719 BT AW AAeto] L8t
| SN AR Y RHAZE 2 2o A
2ol whe} base-level (zero span) 3015},
ARE o]g3dto] wAF I AgIGIch 12|
2 e S5kl A% 47 H(logging interval:
10 sec) PM10 A& 3 zero stability (2 pg/m’) njghe] =
e AlQlskAch
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AeFoll= AgtA o] x4k, Al, As, Co, Cr, Mn, Fe, Sc, Se, V,
Zn, halogen 9 rare earths@} 72 Y40 oz 43 &
Agmel W AERMAE e &4 7otk B3k ujd
of & FaFol ALY glof ohFdt A} A= Ao
FHAT H85Ehe HA, ) B Ae} gol x|shd
AWM ] 3o 2 WAE= Ca, Fe-enriched

0 2Ao= Agatrt. INAAE AR 9] FHlek A ¥
7y, Aol dpAof wep o] FolAn RAA RS WALEHE
8o} AR AL L] A& HAZ(HANARO) S &
A2p ZAAA QL 7] 3HPTS, @y = 2.95 x 10" n/em’-sec)
ZAEAE o833 B AlRE 2ARKZE Sete &
QA Zpo] Foll Y WA BT FAT 7|5k =
Aol 2ARFe =M EAQAE Hadtetal, et 54
A& HE-S =457 $)3le] Al-Au activation wire (Al
99.99%)5 A=t A ARSI WARS AlSoll AR
14T AZ2ubE HFEA HE71(EG&G ORTECT)E= 25%
relative efficiency, 9Co2] 1332 keVollA 1.85 keV FWHM,
peak to Compton ratio7} 45 : 10| Zupi o] =2 W FHA,
A9} A&EaE& AAHL ¢35t Gamma Vision (EG & G
ORTEC) =2 1918 ALg5Hict B4 2442 Fol7] 9]
stel AZAZHE e ZASAO, BUATHE 5% o
st fAskeih?

A, 7] F YA LGBUY FagROE EAEIE
[e]

ulAte] o3t 239 xS wiAIsk] $1sto] polyester A9
Mylar film (thin-film, polyester, 7.6 cm x 91.4 m, Chemplex)
o 2 ATRo] WAFORH 7719 2GL AAHY
3, Al&2e} 53t ul & (backing material: Nuclepore® poly-
carbonate aerosol membranes)o]] B|FAJF o] L2A =i F
ring mount FES] QlEE 529l XRF Calibration Standards
(Micromatter™, Canada)& o] 8&3lo] Aol Ase

g wAstad

3. Za Y nE
3.1. M M ge|
INAA BAd7te] Amghels $iste] 259 QAFEEE

Ae AL sk 7] 5 B} g AR 9%
FEE2 2 HrPka 9= NIST (National Institute of Stan-
dards and Technology, USA) SRM (Standard Reference
Material) 2783 (air particulate on filter media)©]3l, t}2 3}
U= AUa7]2 7o -3 NIST SRM 2584 (trace ele-
ments in indoor dust)Z A|&2 o} F U BA XA ug} &
A5kt 1 A3, NIST SRM 27839] -9 At 22171 As
(-14.1%)3} Sc (10.9%)2 ALJstH =& 10%XHc} ZH9kal,
£3] Ca, Co, K, Mg, Mn, Na, Sb, Sm, Ti, V, Z+= At <
t7F 5% wivto g uje wo He=E Hlth E=3F A
EZH2}7} Ca, Co, Cu, Mg, Sb, Zn= 10%S Z1}5H %
Al, As, Ce, K, Mn, Na, Sc, Ti, V& 5% ©o|5}9] 243k
Hth NIST SRM 25849 7%, As, Ba, Ca, Cr, Fe,
Mg, Mn, Naw= 5% m|Rte] G e xpet Fj 2EHAE, 1
il YR AR B 10% v|Rke] At Aot A
FUAE e ACE YEn} 52 24 gekee JUEs
X ¢ tiTable 1).

|

o 2 H

WD-XRFE Q482 4% uAg aEstel Aol
SHEYS AgoRu YA BHo| hssiu, HHel 3

3421
FEAE floto] QISHTEA S o] 83 3 4 (calibra-
tion curve)2 R Z il E AFoA = tf7] & PM109]
n)FdE A flote] A&t viel o] gt 5
3t ufj &l (backing material: Nuclepore® polycarbonate aerosol
membranes)©] U|FFAIEo] 127 =3 % ring mount & E} L]
olZ=H &2 ¢l XRF Calibration Standards (Micrometer™,
Canada)& AFgs}SIch 22)3 vl A9 e ool B39
2 RJISHETEAE 243 4%E o) %

Z S
= T
o] Al AAatglidl, S9t Sio] AAAFR)7} 0.99
[<JaNe)
©
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Table 1. Analytical results of NIST SRM 2783 (air particulate on filter media) and 2584 (trace elements in indoor dust) by INAA

NIST SRM 2783 NIST SRM 2584
Certified value Experimental value Certified value Experimental value
ltem RE RSD RE RSD
(ngffilter) (mg/kg)
Mean + Unc, (23)"" Mean + SD (1s) (%) Mean =+ Unc, (2s)a) Mean + SD (1s) (%)

Al 23210 + 530 21793 + 614 -6.1 28 23200 + 600 23127 + 2085 -03 9
As 118+12 101 = 051 -141 5 174+42 169+08 -3.1 49
Ba 335 + 50 363 = 20.7 8.2 57 1300 1332 £ 25 25 19
Ca 13200 + 1700 13169 + 1342 -0.2 10.2 63300 + 3000 66193 + 1355 46 2
Co 7712 751 £096 -25 128

Cr 135 £ 25 148 = 14 11 98 95 135 £ 91 129+ 49 -42 38
Cu 404 + 42 365 + 47.0 97 129

Fe 26500 = 1600 28867 + 2041 89 7.1 16400 + 1200 16500 + 300 06 18
K 5280 + 520 5213 += 162 -1.3 3.1 9500 =+ 1400 9107 + 827 -4 1 9.1
Mg 8620 + 520 8593 + 1067 -0.3 124 15900 =+ 300 16447 + 289 34 18
Mn 320 + 12 329 =049 28 0.1 370 356 + 14 -39 38
Na 1860 + 100 1840 £ 219 -11 12 27700 = 1200 27613 + 472 -03 17
Sb 718+26 75 £ 8.11 4.1 10.8 14 13+03 -6 23
Sc 354 +£028 39+0.19 109 49 4 37+04 -83 99
Th 323+059 35+033 6.8 97 4 38+02 -54 54
Ti 1490 + 240 1463 + 587 -18 4 4200 + 300 4303 + 341 25 79
\Y 485 £ 6 49 + 156 18 32 34 3709 75 25
Zn 1790 + 130 1731 £ 230 -33 133 2580 + 150 2357 = 150 -8.7 6.4

a)Expanded uncertainty with the coverage factor of two (approximately 95% confidence)

3.2. XI5H Z4%} Lj PM10 5 =S4 dmol, A2 AAY S GFL week” by A3
gawoAe ea Fo A A% del ) A7vIzE DTG # ATANE vl He(Table2), A& Al

oF A3t PM102] AFSHF 5l 593+ 14.5 pgm’ =2, A L A IS fsaYo) whel 2to] 7l Qlont F| 547
A A 2 A 422 pg/m’RE H I 974 pg/m’ Alo]o| =5 238tz A7 BEEAT 28 ] o7 A
x5ttt HimEA ATl 40~70 pg/m’e] B EH oo A b Aato A AEA7E £33 FE(AL> A9)E 75T
A 247k 85.7%7F ZE|o] 9l 70 pg/m’ o142l A v} QIek ) Taipei AH"E B A3} ) PMI0 527} A
-7} 43](14.3%) 2HAsFT AU F 7| A e o] A E std iy e T fEe s dA 24
o upel ASFACEAHEY ApzARTo N AYet = ) FEFS Wob 45U FAAT S 9L, Los Angeles™ ]
ANHEARHE Agjate] Zabe oy, 2 Ax77F ot EAEEE ARt 25k Ao A, Barcelona Vol A=
ZAE 254 A2} Y PMI0 == ‘*‘4*712‘411]%*’9] Z|EAo] At At e o] gt A& & 4 Qlrk 2
FA712(150 pg/m’)S 2IsHA = otk dFuse] & A A=t ZeHE2006E 7HF)e] A Wi PMI0 &
RAF 27l Zele mzo| ZE|TL g Alo}o]o] 7}3} o) 2 %] 1, 7} A& 17] ASHE(1~45.4, 1970~1985 71%) S22 1/2
Zdrol|= o] g-7fo] e Aol =g, A x3}H 12 A Zo)al, -8 AE(2)9] 27] A|FHA(5~8FA], 1990~
=3 Sles FUA0sE) T F=5(1128])o °F 10%7F H 2001 7HE)Eths tha FEI FEUS HolEth
Wk PMI0 528 £33 FUE RSk vlastd F5 Aol olatd x|shd At Azfo A A4 AT
o] AL 61.2+13.5 pg/m’ (47.0~97.4 pg/m’), IS 544+ ul QAR 9] A7 el X5 3o AJAEL Al HR
16.8 pg/m’ (42.2~91.4 pgm’)2 3ol A2 oz &gk, Bl G335t ok% 5 Wgyt A3, &3] FREW Fst
95% AlZFpE N HidEEe] 2ot FAHCR foFt & AT BA™ AN PMI0 SEEA FHE ol&
Ap=00H°2 Yepgeh 2 Ats w7|7ro| A gk, dvk ato] 2|52 242} U PMI0 55 #&e A3, HE) S0
o Aot &Y Wik YAt LAdEHY kol AF 7b Bat2eta HE ZFo| uj A, &7 Hds=7t 358
nAE Ao A oy ugm’ $E7HA] Adgshs A2 YelgthFig 1). $HH o
1’5}X44 U2 e dEHe] FrpRd oduitt AR 2 2% PMI0 Tt AATE Ao 2 AeE dHF
sdolgt E4& Holz, ol ZF AR YX|(X /A3, FEE uashy, AAZF PMI0L &7HsEE 102 1Mo
29 AFF A7) 2 AT, WA, BlA A W A5 2 FRetuR ZAghe] wgo] wle skl dBEdF =
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2 BAFE 2 PMI0 2ok skt Ask Aoz Ue
STh(Fig. 2). AAIZF PM109] %7} S35 éxééiﬂriﬁ}
=2 A% <529 Hdgo] AdHoR wle =2

, ol#lgt F& ztol= A|ehd %60 = Z

AR s
YA 2B ™ol YA oy

ZF Yol ilEt

Table 2. PM10 measurements in subway systems

City/Country Description PM10 (ug/m?) Reference
612+ 135
Line #1 (weekda . .
Daejeon, ( Y (47.0~97 4) This study
Korea . 5442+ 168 (2011)
Line #1 (weekend) (42.2-91 4)
Bundang 150 (AM), 196 (PM)
Gyeongbu 116 (AM), 125 (PM)
Gyeongin 117 (AM), 205 (PM) Kwon
Line #2 128 (AM), 189 (PM)  etal ™
Line #3 179 (AM), 93 (PM)
Line #4 91 (AM), 119 (PM)
Seoul, 70.1 £ 24 4 (Spring)
Korea Line #7 63.4 + 188 (Summer)
(rush hour) 62.4 + 185 (Fall)
1528 + 258 (Winter)  park
641+ 130 (Spring)  etal.””
Line #7 85.1 £ 22 2 (Summer)
(non-rush hour) 37.0 + 86 (Fall
90.2 + 8.6 (Winter)
Gold line 16 (6-53)
Los Angeles,  (ground level) Kam
USA Red level etal
(underground) 81(14-107)
R1
(elevated/ground/ 36 + 19 (10-93)

Taipei, underground) Cheng
Taiwan R2 (underground) 53 + 16 (26-97) etal”
R3 (underground) 40 + 12 (22-71)

R4 (underground) 35 + 10 (19-65)

KCR
+ -
(90% ground track) 60 + 12 (41-89)
Hong Kong, MTR 44 + 16 (23-85) Chan
China (underground) otal®
LRT
(ground track only, 41 + 7 (30-57)
low traffic flow)
Berlin, 153 + 220 (Summer) Fromme
Underground 25)
Germany 141 + 17,0 (Winter) ~ etal.
82.3 (Summer,
Prague, Underground ( ) Branis®®
Czech 1255 (Winter)
L3 (old line) 79 (52-100)
Barcelona, L5 (old line) 79 (77-87) Querol
Spain etal
L9 (new line) 48 (36-54)

400
i .
300 - \ : "}
_ Lo :
E { i 3
) H d
2 200 L : )
=) 2 Py ook
s J ] 1
o 5 '; 8
? Pt
100 - &
it
. i &
‘ i
0 I :': 'l : — ]
6/24  6/29 817 827 B30 o3 9l
Fig. 1. Real time variation of PM10 concentration in the sub-

way cabin of Daegjeon, Korea,

120
n OReal-time PM10 ® Mini-vol. PM10

90 + ]
ZE -
=} _
Z 60
o
-
=
o

30 + J

0 R e A O A A A A A R L O L O

6/24 6/29 7/2 715 7/18 817 8/27 8/30 9/3 9/6

Fig. 2. Comparison of daily PM10 concentrations in the sub-
way cabin using mini-volume air sampler and real-time
measurement instrument,

3.3. X|5Hd Zix} LY D|HHEEL EXEY

INAA®L WD-XRFE ©]-8ate] 2|5k Azt Yol xJF
3t PM10 = n|ZFAE 243(Al, As, Ba, Br, Ca, Cl, Co, Cr,
Cs, Cu, Fe, I, K, La, Mg, Mn, Na, S, Sb, Sc, Si, Ti, V,
Znye A BAT AT, 7 4RO HEE 10°~10° ng/m’
Heolz S WA Exalgon Fe (12.5 pg/m’)Q] Sw=7t
W B Sollrh(Table 3). S F4F Y459 A
Wi 7H7F As7F 1.90+ 1.13 ng/m’, Cro] 64.0 =7.90
ng/m’, Mn©] 157.2+73.0 ng/m’, V= 4.68 +3.64 ng/m’, Zn
o] 132.6+34.2 ng/m’o|ct A5 A} U] njkAdio)
e EAL WUslr] f1ste] A diHFAAl 1, 2419
Ao PMI0 Y =9 njwslgitk £ 159 |
(Ratio = subway cabin/ambient air)®] H++2 YEMH Fig. 32
Hil, 8o FEnle iR A AA W 527t
Q7] FojH o HEet §AFSIE 1@ Ba, Br, Fe,
Cr, Mno] A% %wH|7} 33~1942 A} f Hm=7b o<
2 ol Jew Ytk Askd Beo]AoA] A
== ARH(flake)= E53F 3hHY §A& 7HA AL, AR8SH=
/\]/\Eﬂ(l:la-]]o]ﬂ =9 AT 24, AS vl E)oﬂ w}k
2 gk 4 Qo dubA o 2 ghA A E(carbonaceous)©]
£3 Bao| AA HHE £EO0E e B X

, 463
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Table 3. A statistical summary of elemental concentrations as-
sociated with PM10 in the subway cabin of Daejeon,
Korea (unit: ng/m®)

Mean Median SD CV (%) Min Max N

Al 3192 2679 1604 502 1398 6910 28
As 190 158 113 6895 063 514 28
Ba 8426 6346 4822 572 4118 21245 28
Br 1897 1297 1147 821 228 3044 28
Ca 5468 5237 1287 235 2708 7670 28
Cl 35611 31956 2139 609 738 8601 28
Co 0.71 0.72 015 217 041 107 28
Cr 64.0 63.1 79 123 529 847 28
Cs 129 1.30 023 181 085 170 24
Cu 2768 2142 1439 520 1364 5815 28
Fe 124834 123797 22635 181 90453 175444 28
2,99 243 162 543 103 694 28
K 1657 1410 742 448 601 3406 27
La 0.24 0.22 007 309 0.13 042 26
Mg 2218 2142 85 385 1114 3857 18
Mn 1672 1267 730 465 815 3502 28
Na 1763 1887 916 523 654 3761 26
S 17247 16180 10824 628 2568 35869 27
Sb 152 149 079 518 026 352 28
Sc 0.02 0.02 001 462 0.00 005 28
Si 4466 4036 12566 281 2635 7431 28
Ti 374 328 142 380 163 695 20
\ 468 3.75 364 777 083 161 28
Zn 1826 1272 342 268 723 2289 28

20+ Elemental concentration
Ratlo = csubway cabin/cambient air
15 -
2
® 10-
14
54

AlAsBaBrCaCl CrFe | K LaMgMnNaSbSc Si Ti V Zn

Fig. 3. Ratio of elemental concentration for the subway cabin
and ambient air; The elemental concentration in ambient
air were used from ref 30,
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Fig. 4. Results of enrichment factor analysis of elemental con-
centration in the subway cabin,
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Table 4. Result of factor analysis after varimax rotation

Factori  Factor2 Factor3 Factor4 Factorb Factor6
cil;%kn 008 010 001 091
Al 093 0.15 0.06 0.12 0.08
As 022 0.40 064 014 042
Ba 097 0.17 004 004
Br 0.11 0.86
Ca 0.26 0.71 036 014
Cl 0.18 0.26
Co 0.36 0.70 0.23 0.06
Cr 0.14 068 033 043
Cu 093 0.20 0.02 013 0.3
Fe 024 0.70 025 009
| 0.43 052 0.25
K 0.03 0.63 050 010 039
La 0.15 0.06 087
Mn 093 0.13 0.00 0.11 0.12
Na 0.31 017 057 0.15
Sb 0.12 0.14 0.85 0.03
Sc 0.81 0.11 0.02 0.14
Si 0.78 0.31 000 0.1
\Y 0.62 0.40 0.31 0.21 0.15
Zn 0.08 0.63 0.34 0.42
Variance 4,56 3.54 297 280 150 146
(218%) (16.9%) (14.2%) (13.3%) (7.12%) (6.93%)

Source Brake-non Resus-
identifi- ferrous me- pended
cation tal particles rail dust

Fuel com- Vehicle Black Cr-
pbustion exhaust carbon related
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