S 3k7d B4 818) %] A|18dW (A 1E) 49~58, 2015
J. of the Korean Society for Environmental Analysis

ME2 tHEXIY PM,;

0x
o
02
L3
ra
3
N
ek
3':

oM

The Characteristics of Element Components in PM, g
in Seoul and Daejeon
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We collected PM, 5 samples from sampling sites in Seoul and Daejeon metropolitan cities and analyzed ele-
mental species in the samples to investigate the concentration distribution and seasonal characteristics of PM, s.
Also, emissions contribution was estimated by comparing composition of soils from Korea and elsewhere. The
average mass concentrations of PM, s were 27.3 and 30.0 pg/m’ in Seoul and Daejeon, respectively. The ele-
mental compositions were dominated by K, Ca, Fe. The total element components portion ranged from 4.3%
to 7.2% in mass concentration of PM, 5. Enrichment factors(EF) for the elemental species were calculated to
identify emission sources of PM, 5. The PM, 5 samples showed high Enrichment factors for V and Cr as well
as Br and Pb. Therefore, it is assumed that exhaust emissions from petroleum-base fuel combustion and oil-
combustions related to residental space heating have contributed significantly to PM, 5 emissions in these cities.
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2.1. SEXE 9 AIEXH

AL PMZ IEE AR 2 AR dEHe] B7]
Aol mA= FEFS Aetsr] flste] 2007d5E A
HEEE, 24, 399, 584, AFd 2 999)
7| LAHTZIHAE AAste] st ot & A
Toll= Fg. 1] A& 237 B335l 9xg =4
71 2GR SZ=HA(37°61N, 126°93E)e} A =+
welEe] XS F5E 7|98 TE5Y 4 36°32N,
127°A1E)0IN A8 il 7 A9 B EAIX
Ao} e R {FYul= 7Rl e FAglolset
SAA GEke] o7t JEAE dolral, 53] P4
7F 29 vl dejl sk e tide] B9 A
2H &7 miXle QR Aetetaat F A9S Al
A =k 20119 19 193E 20124 129 319
7HA 237 A& AF A EF7 2] (Low-volume  air
samplen)S AFE-3le] 16.7 L/mine] 322 ujd 04
FE thgg AR 2477-5%t AEE AF ST
PM,, 284219} PM,, Al2E |35 WINS(Well
Impactor Ninety-Six)& "33, PTFE(Polytetra-
fluoroethylene) A&l PT47DMC-KR(2.0 um, 47 mm,
MTL) A& ARE-sIT

AFA - ke - 24

- SA"
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N, §3, QB 5 PM,, BEE 245k 71E
Pyow FPsERe AsT Yow, vl PM,,

EF==HWH(FRM, Federal Reference Method)yS <]
A& AMEsle] 2407 FHAHE 71 E oL Q)

k) EPAE X3S wZe 71719 WS 0183 =4
2zl gsle] PM,; AHEE 18k ¢lom, US EPA
(1997) APPENDIX L TO PART 50& wZ&t}®

2 At e FHEEHOR TEE AEdon,
AFer AHE flete] F220°03 FH5B5%)°1 F
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AFsE BAS st 3 759 oA FAE A=
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PM,; = PM,; A% 55 (ug/m’)

W, = PM,; 917] Aol ol 85l o3x)e] A FAl(ug)

W; = PM,; 9748] AH10] o188 oixle] F 7l (ug)

Weg = PM,; 94719} MES Field Blanke] 2 ¥
Al(ug)

Weps = PM, 5 9I%19} MEQ] Field Blanke] ¥ ¥
Al (ug)

V, = AF719l aix] F9E AEAF A B3] (m®)
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2.3. HAME 2N

PM,; & 944%S ED-XRF(Energy Dispersive
X-Ray Fluorescence analyzer, Epsilon5, PANalytical,
Netherlands)Z #4139t} Xray tube= Gd anode
Z side window typee]3, 21+ 25~100kV, A/ 05
~24 mAEY power: 600 W) ¥lolth. Xray FE
(tube)2t A& Atelol] 22} Eb(target)o] “F2t= =]
HhlEl XAe 23} targetol]l RAMESL 23} targetol] A
= Al mEf 73§34 XAo] wAE o] o] &
sto] 2R AT AFE S35k Aot
At Bde 25 26 £7FE K, Ca, Ti, Mn, Fe,
Zn, Sc, V, Cr, Co, Ni, Cu, As, Se, Br, Rb, Sr,
Mo, Cd, Sn, Sb, Te, Cs, Ba, Hg, Pbol™, &&=
< 367 94 39Al =9 Aerosol Membrane
(Nucleipore}2 AME-3IATh At EFH2}(relative stan-
dard deviation, RSD)YE 2F&3st A3} 10% ©W=Z o
Ebstar, 24 3tatgk(detection limit) 0.2~5.9 ng/m®
5 Yehiith ED-XRFE] #4248 Table 10
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2.4. Enrichment Factor(EF) 4FH

YA E BHE Folo] miErdes gR1s] Sl
Enrichment Factor(EF)E 2Fg3l9ith. EFe A4y
2 JEARIA YA FERIA] lstar F4ulA] 7]

Table 2. Meteorological characteristics
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Table 1. ED-XRF analysis conditions

Subject Speciation
X-ray detector Ge (germanium)
Windows 8 um Be
Detector Energy range 0.7~100 keV
Resolution < 140 eV
(2000 cps, Mn Ka)
Cooling Liquid nitrogen cooling
Type side window tube
Windows 150 um Be
X-ray tube Rating 25~100 kV, 0.5~24 mA
Max power 600 W
Cooling Internal water cooling
LHEE HIWE 5 Slo] sk 28EH, ti71$d
RolIAE BEHOR AT UTEHO B Aol
£ Xu et al2012)%] w} Eq. (22 EFE AHgs}

o} YukH o2 crustal source] XwjE FIFS W=
Al, Si, TiZ reference element® Aglsh=d], 2 <
TolM= A9} Sie= XRFIA 7Eo] FX| ¢7] uj
o TiZ =sle] ALtaliets0

_ (CX/CR)aerosol

T (Cy/CR)

%

il
=
L

@
crust

Cx : mass concentration of element X

Cy : concentration of reference element

3. d7An

B 7o) 19734
71=3819.0H, 20124
A=Ho2 /g3t 29
99 27 A%Ho= H)
= IW7F $EuEE AestdohY Table 20 vebd
e} 7ro] 2011, 20124 HiH712S F o] H]S=g
FolaL, kel vjs] A& x9e] 3
), ArEge T A9 25 20129 Hlal] 2011d0]

R

220) W2

=
-

Region Windspeed Precipitation Temperature Relative humidity
Seoul 2011 2.7 m/s 2039.3 mm 12.0 60%
2012 2.8 m/s 1646.3 mm 12.2 57%
Daejeon 2011 1.8 m/s 1943.4 mm 12.6 64%
2012 1.8 m/s 1409.5 mm 12.6 68%

ABEA: 7)14H WA G REE?
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Fig. 2. Pollutant rose by PM,; concentration
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3.2. PM,; 5= S4

AT B PM,, TE M HE 2.7~125.0
pgm®, A 34~1522 ugm’E Yelta, HisEs
A& 273 pg/m®, A 300 ugm’sE H|S=3 B 5
TS5 BT tide] A9 S84 AV =2 <l
Fall2del PM,; Adls=rt =4 Yepst

Table 3& F A9<] PM,; $55 d=EE Yepd
Aot} Ag2] 201193} 20129 PM,; H+ % 7t
7} 29.3, 252 ug/m®, A2l 201193} 20124 H=E
747} 324, 278 ugm’E F A BE 201190 w8
20120] A YERITE

A E= Fig. 30l JeRd ulel o] Agol Ear

Table 3. Annual average of PM, - mass concentration (ug/m®)

Region year Mass concentration

Seoul 2011 293 += 19.5
2012 252 = 16.1

Daejeon 2011 324 = 219
2012 278 + 17.8

- Qe - 49

- SA"

4% 8% 12% 16% 20%

180

(Daejeon)
(TFAEAF  7174H 713243

o5 W& 540 FsiskA vElsth AEE PM,;
57t A€ 393, thd 443 ugm’E 7P =9k o
52 PM,; 57 A2 193, A 186 ugm’= 7}
WA el Ae9) 20119 E(3~59), &6~

89), 7 (9~119) AL(12~2¥) PM,; HHsEe
29.1, 22.9, 22.1 41.9 ug/m®]3, 20123 7zt 26.0,
158, 20.1 36.7ug/m’Z, AgHo] 5o Hla) <F
1.8~2.31 =2 ASE yepsith thde] A= 2011
QB2 o9F, 7S, AL PM,, Hasert 295, 231,
253, 47.7 ug/m®)3, 20129 ZHzt 27.6, 14.0, 24.1,
409 pg/m’=, ALHo) =
Aoz Yepth Agdd £ T8 Hel e

9z

WA BT Q1@ 9%ld] 710@ Ao, o8
& g 75 <8l £ AYEHwashout)’t 3

wo] W2 FEe Bt

33. YAME SEET SM
= 2gxAe) AANE HaEes Awud uk

W29} A|7pgRe] Faidrel K, Ca, Fe 5o] A&
376.4, 90.2, 187.0 ng/m°, & 360.1, 75.6, 1958
ngm’ & FES YERIA, ol vls) Ag9
AAED FE7F i =4 UEiTh $949] A4S
Fe, Zn, Pbe] ¥%7} Cu, Cd, Cr, Ni¢] F=o| ujs)
=& FxE5 Yepi®la, Fe > Zn > Pb > Mn >
Cu > As > Cd > Cr > Ni o]t}
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Fig. 3. Monthly distribution of PM, 5 concentration.

PM,; & 94/3%e] s Ay, 20119 A9
7S A7+ A (crustal element) Si, K, Ca, Ti, Mn,

Fe, Zn7} 1.84 ug/m® (6.7%), %A (trace element)
7F 0.12 pg/m® (05%)°.2 e} PM, 0 7.2%% =t
A&, el 49 A4 160 ug/m® (5.4%), P
FAA 011 ug/m® (04%)2-2 YeRt PM, .2 5.8%
23R AS & AT 2012d9] A5, AE
A7 1.24 ug/m® (4.9%), P32 0.09 ug/m?

[e]
0.3%)°.2 YeR} PM, 9 53%=2 A&, A
[e)
0.

—~

S A4 110 pug/m® (4.0%), VDA 0.09 ug/m®
(0.3%)°2 e} PM, ] 4.3%S 2Aeh= 21e &
AT F A9 25 20114 B3 201249 Hd

o] WolAe AEgS Hol7l sh Axe] wE A}
ol ZA YehA] sttt
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AR B aEo] BE o]¢}t e AAE
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Fig. 4. Average concentration of element species in Seoul(S) and Daejeon(D).
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Table 4. The concentration of element species in Seoul and Daejeon (Unit: mg/m®)

Seoul Daejeon
2011 2012 2011 2012

K 416.1+352.2 336.6+224.6 415.9+468.2 304.2+214.7
Fe 217.2+201.7 156.8+86.6 224.7+165.1 167.0+114.1
Ca 109.9+173.8 70.4+60.5 91.3+88.0 59.9+32.9
Zn 89.8+53.6 68.9+39.6 92.8+54.1 69.0+47.2
Pb 34.7+26.5 30.0+22.1 35.2+30.1 30.2+23.5
Mn 17.0+10.3 13.4+8.1 17.0+10.3 13.8+10.7
Ba 17.0+14.7 10.8+8.4 17.3+23.6 12.7+115
Ti 13.5+17.8 9.4+6.4 10.7+12.5 7.4+4.0
Cu 10.2+6.4 6.8+4.2 8.9+5.9 6.9+5.5
Cs 7.5+6.2 5.7+4.8 6.0+5.5 5.3+4.4
Br 7.5+7.6 5.7+5.7 9.0+£9.7 6.7+8.6
Sn 7.3+6.1 5.0+3.7 5.7+4.6 5.4+4.1
Hg 7.1+5.1 49+3.6 59+4.4 5.9+3.6
Sh 7.0+5.1 6.2+4.3 6.3+5.0 5.8+4.2
As 6.2+4.5 4.4+3.4 5.3+4.5 42+33
Sc 5.5+4.7 3.6+3.0 4.6+3.9 4.4+3.8
Te 5.4+42 42+3.0 52+45 4.0+3.4

\Y 48+4.6 42+43 3.3+2.9 3.1+3.1
Cd 28+2.2 2.0+1.8 2.7+2.1 2.3+1.9
Cr 23+1.3 1.7+1.1 2.8+2.6 2.1+2.5
Ni 2.1+15 1.5+14 2.6+2.5 22+2.1
Sr 2.0x24 1.3+x1.2 2.1+4.7 1.8+4.9
Mo 1.8+15 12+1.0 22+1.8 1.8+14
Rb 16+13 14+1.1 14+1.1 1.3+0.9
Se 1.0=1.1 1.1+0.9 1.6x+1.5 1.4+15
Co 0.5+0.6 0.5+0.4 0.5+0.5 0.5*+0.5

Edxolr 719ehs Ase®® 20119 He 62, il A29] PM,; ¥% 2 Ca, Cu, Pb A3 thi=
53 ng/m?®, 2012 A% 44, A 42 ngmio =2 A LAAE 55 Florida®t Fuzhoud =7+ A= -’%Zr
ol &2 ¥og yepdth Cddt Cré] 45 PM  olH, Agra A9 =& vAHA] F25 el
PM, ol sAlol el dadios 2 Agh 4 F5 Fuzhou A2 Q1914 wiEolA 7IQ1gk Fe, T,
f, 287] AaA] ALor] WAshs FoE A 2l Mn 59 ot g X vle| =A JEld e
om 1 Cde 20119 A% 2.8, thd 2.7ngm’, 2012 & Ko} wEFTe] oJifo] & Ao w ke

W Ag 20, A 23ngm’e s AxHEE H)S=3 ¥

L4tk Cre 20119 A% 2.3, thd 2.8 ng/m®, 34. ANE SN

2012 A€ 1.7, thd 2.1 ngm’og A& Ha] Table 6& YAAdE-<] 74] 2 E4E JeRd Zlojtt
, Zn, Mn, Cu, As, P vt_"‘—?: ALl 71%

o] e HWow yeht) Bro) 7= Meurt i K ¢ =2
Ao =& A Bk Ca, Fe, Ti 4w ESF =5 H3loH, ﬂ]iﬂﬂ—i AL YR 4
BAMHR] 9] A2} (tracen) 2 LA ¢lem 310 2011 &31 =& Holqldh AL, B39 Ph, Fe, As?

=7t %
o s 20124 RolA= AFS HHTh Cu, Zn, 7} g, 7ted icgu} =7 vElgton, o=
Pb, Mn 5¢] AELS F A9 BF 2AX G oGy 1 Sl aﬂr%} H)53E Feke B2tk K, Ca, Fe,
o] A7k Figk xjo|E Kol Wdrh. Zn 5 UFES AR ﬂﬁoﬂ vl BHo] =7

Table 55 53 Fuzhou®, Q1% Agral®, w|= Flo-  Ueptow, ol E3o| th7)7} Axsla Aol 1
rida!” A|2j2] PM,; 5 9449 & 9]' B aTe] ol 2Ashes Al 9 Wi oR FHHY, T
Aste vlwste] e Zoltk. $eluet Aeat thdl o ArAnSelE e A welth Ni ARl 4

rN m

[



Table 5. Mean concentration of mass and element in PM, s of other result (Unit: ug/m®)

&3t tpdAe PM

2.5 %‘ '%]_—1— o

AEe] n
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Species Fuzhou, China® Agra, India” Florida, USA® Seoul, Korea' Daejeon, Korea®
Mass 44.3 104.9 12.7 27.3 30.0
K 0.58 - 0.07 0.38 0.36
Ca 0.8 - 0.17 0.09 0.08
Ti 45x%10% - 3.5x10° 1.1x10% 0.9%102
Cr 1.6x1072 0.6 - 2.0x10° 2.4x10°
Mn 4.8x102 0.1 1.9x10° 1.5x10? 1.5x10?
Fe 0.66 1.9 7.9%10%2 0.19 0.20
Zn 0.28 0.9 1.3x10? 0.08 0.08
Ni 4.2x103 0.3 1.3x103 1.8x107 2.4x10°
Cu 0.18 0.2 2.4x10° 8.5x10% 7.9%103
Pb 0.04 1.1 5.3x10° 0.03 0.03
Xy et al. (2012)?; PKulshrestha et al. (2009)®; “Olson et al. (2008)'”; This study.
Table 6. Seasonal variations of PM, 5
Spring Summer Autumn Winter
Seoul Daejeon Seoul Daejeon Seoul Daejeon Seoul Daejeon
K 353.1+202.1 341.4+191.9 208.2+210.6 243.4%+294.0 337.5+197.6 302.8+163.7 574.5+385.3 515.0+570.2
Fe 242.2+263.0 211.9+172.3 118.1+70.4 117.1+749 180.2+106.0 203.1+150.8 211.9+94.6 229.7+121.7
Ca 137.8+238.7 104.2+106.8 38.1+24.9 458+293 78.8+655 63.9+38.1 109.6+63.2 77.8+38.1
Zn 83.2+425 83.3+46.2 63.3%49.1 46.7+x323 74.2+473 82.0£55.9 94.4+486 101.2%+52.9
Pb 32.2+179 315+x19.0 19.4+18.6 12.9+9.7 28.6+20.0 282+19.1 46.7+x29.6 51.9+34.3
Mn 16.8+9.6 16.0+9.0 9.9+7.0 8.2+5.8 14.2+8.9 15.1+10.8 19.3+9.3 19.9+11.5
Ti 16.5+24.2 12.6+155 5.9+3.5 5.0+3.5 10.4+6.8 7.3+3.7 13.6+6.6 9.8+4.6
Ba 12.1+8.7 15.3+7.9 9.1+6.3 10.6+13.7 12.8+8.6 10.9+7.7 19.1+x17.7 214=31.1
Cu 8.8+5.7 6.7+3.9 7.7+5.3 54+4.1 7.7+5.2 8.0+5.6 9.7+6.1 11.0+7.1
Br 6.7+5.8 6.4+6.0 4.3+3.6 2.8+3.1 4.7+4.7 53+5.1 9.0+9.2 13.0+12.7
\% 6.5+5.4 4.5+39 5.4+5.3 3.5+2.7 2.5+2.2 1.9+15 3.0x2.0 22+13
Cs 6.1+4.6 5.6+4.4 4.7+4.7 4.5+4.0 6.4+5.0 5.5+4.8 8.6+6.9 6.3+5.8
Sh 5.8+4.5 7.0x4.5 4.4+3.7 3.8+2.7 6.3+4.3 4.4+3.5 8.4+5.1 6.9+5.4
Hg 5.2+3.7 6.4+3.9 5.9+3.6 4.0+2.8 4.7+3.4 6.0+3.3 7.8+6.0 6.8+5.0
Sn 5.1+3.6 4.6+3.8 4.3+3.7 4.1+34 5.5+4.1 5.8+4.1 9.0+6.5 7.0%+5.0
Te 4.5+3.3 4.1+4.0 4.1+29 3.6+3.3 4.8+3.3 4.6+3.5 5.9+4.9 53+4.8
As 4.1+2.1 3.9+24 3.0x25 2.4+1.6 4.9+3.0 4.5+2.7 8.5+5.1 74+5.5
Sc 3.9+2.7 4.2+35 1.7+x1.8 4.4+3.6 4.7+4.1 4.5+3.6 7.8+5.6 5.0+4.5
Ni 2.4+19 2.6+x24 2.1x1.7 2.3+2.6 1.3+0.9 2.2+28 1.6*x1.0 2.5+1.7
Cr 2.3+13 2.4+3.1 1.7x1.2 2.0x2.1 1.8+1.1 23+24 2.3+13 2.8+2.2
Cd 2.2+19 25+1.38 23x15 22+1.7 2.0x1.6 19+15 3.0x2.7 3.0x2.5
Sr 1.7+x2.3 1.7x14 1.0+0.7 1.9+7.3 1.4+0.9 1.1+0.8 2427 2.8+6.1
Mo 1.6+x1.1 1.5+1.3 1.1+0.8 19+14 1.2+0.8 22+1.7 19+1.8 24+17
Rb 14+1.1 1.3+0.8 0.9+0.8 1.1+0.8 1.2+1.0 1.1+0.8 2.2+13 1.7+1.3
Se 1.2+0.8 1.1+1.0 1.1+1.0 1.0+0.9 1.1+0.9 1.3+0.9 1.1+1.2 2.0+1.8
Co 0.7+0.8 0.5+0.6 0.3+0.3 0.4=+04 0.4+0.4 0.5+0.4 0.5+0.4 0.5+0.5
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