J. Soil Groundw. Environ. Vol. 19(1), p. 8~25, 2014

<[FZE>

20081 CHEIXIOIN 2AEH EAte] 3

olm!* -

http://dx.doi.org/10.7857/JSGE.2014.19.1.008

=11

1B

o

IFAANAT ATDHATEY.
2

e Ath e 27412

s}

Pollution Level of Heavy Metals of Asian Dust in Daejeon Area, 2008
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’Department of Geosystem Engineering, Daejeon University

ABSTRACT

The aims of this study were to determine concentrations of selected metals in Asian and non-Asian dust collected in
Daejeon, Korea between February 2008 and December 2008 and to estimate the pollution level. The geochemical analyses
of Asian dust (AD) and Non Asian dust (NAD) show that the mean concentrations of As, Cd, Cu, Pb, Zn, Zr, Sb, Mo and
S reached levels up to 16, 209, 31, 43, 81, 28, 31, 122 and 302 times higher, respectively, than those in uncontaminated
Chinese desert soils. These results indicate that both AD and NAD serve as an atmospheric repository for trace and heavy-
metal accumulation. The the enrichment factor (EF) and pollution index (PI) show that AD and NAD were severely
contaminated by S, Mo, Zr, Cd, Pb, Zn, Sb, Cu, and As. All indices for these metals showed either strong or notably high
level of pollution relative to Chinese desert soil, principally due to the severe atmospheric pollution derived from
anthropogenic activities in heavily industrial Chinese cities. Therefore, Mo, Cd, Zr, As, Cu, Sb, Pb, and Zn are the ones
most strongly affected by anthropogenic inputs such as airborne pollutants.
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Table 1. Mass concentration in TSP, PM,,, PM, s in spring 2008 at Daejeon

Mass (g) Flow (1000 L) Mass Conc. (ug/m°)
No Date
TSP PM,,  PM,s TSP PM,, PM, 5 TSP PM, PM, 5
59 2008.2.12 0.1137 0.0743 0.0151 1439.9 1439.9 815 79 51.6 18.5
61 2008.2.27 0.0924 0.0610 0.0123 1439.9 1440.0 815 64.2 424 15.1
63 2008.2.29 0.0903 0.0646 0.0013 1246.3 1147.9 684.4 72.5 56.3 2
65 2008.3.02 0.2994 0.1253 0.0157 1271.5 1272.1 719.7 235.5 98.5 21.9
66 2008.3.03 0.0590 0.0404 0.0098 384.5 385.2 217.7 153.4 104.9 45
71 2008.3.08 0.0823 0.0589 0.0105 14214 1421.6 804.5 57.9 414 13.1
73 2008.3.10 0.0988 0.0691 0.0119 1406.0 1405.4 795.5 70.2 49.2 15
76 2008.3.13 0.0683 0.0569 0.0100 4749 474.7 268.8 143.8 119.9 37.2
79 2008.3.16 0.3557 0.2492 0.0356 1403.9 1405.0 795.2 2534 177.4 44.7
81 2008.3.18 0.1468 0.0971 0.0190 1439.9 1439.9 815 102 674 23.3
94 2008.4.03 0.1007 0.0655 0.0139 1415.3 1416.3 801.3 71.2 46.2 17.3
95 2008.4.04 0.1264 0.0822 0.0145 1419.5 1413.6 803.3 89 58.1 18
100 2008.4.11 0.1401 0.1037 0.0202 1388.9 1387.9 785.9 100.9 74.7 25.6
106 2008.4.18 0.1367 0.0840 0.0168 1439.9 1439.9 815 94.9 58.3 20.6
107 2008.4.19 0.1419 0.1019 0.0212 1405.2 1404.6 795.2 101 72.5 26.7
114 2008.4.28 0.1627 0.1070 0.0193 1433.3 1430.4 811.2 113.5 74.8 23.8
115 2008.4.29 0.1850 0.1179 0.0208 1420.3 1420.9 804.5 130.3 83 259
117 2008.5.01 0.2039 0.1355 0.0220 14114 1410.1 798.5 144.5 96.1 27.5
118 2008.5.02 0.2234 0.1476 0.0039 1439.9 1439.9 815 155.1 102.5 4.8
119 2008.5.03 0.2175 0.1118 0.0283 1390.7 1390.9 787.2 156.4 80.4 359
126 2008.5.20 0.0909 0.0641 0.0133 1436.6 1437.1 813.2 63.3 44.6 16.4
130 2008.5.30 0.5383 0.3373 0.0302 1439.9 1439.9 815 373.8 234.3 37.1
131 2008.5.31 0.1155 0.0717 0.0128 1340.1 1339.0 758 86.2 53.5 17
132 2008.6.09 0.0755 0.0474 0.0115 1437.5 1438.1 813.9 52.5 33 14.2
133 2008.6.11 0.0500 0.0334 0.0058 1437.1 1434.7 813.4 34.8 233 7.1
136 2008.7.07 0.0526 0.0415 0.0087 1384.0 1383.5 783.2 38 30 11.1
139 2008.7.17 0.0440 0.0345 0.0043 1429.3 1428.2 808.7 30.8 242 54
140 2008.8.06 0.0553 0.0442 0.0069 1439.9 1439.9 815 384 30.7 8.4
141 2008.8.20 0.0183 0.0144 0.0026 408.1 407.1 230.7 448 353 11.1
142 2008.8.25 0.0277 0.0206 0.0027 1439.9 1439.9 815 19.2 14.3 33
143 2008.8.26 0.0299 0.0242 0.0050 1364.2 1363.2 771.8 21.9 17.8 6.5
147 2008.9.18 0.0585 0.0435 0.0082 1439.9 1439.9 815 40.6 30.2 10.1
2008.10.24-25
152 0.1445 0.1145 0.0136 4319.7 4319.7 2445 33.5 26.5 5.6
10.27-29

154 2008.11.7 0.1193 0.0915 0.0155 1439.9 1439.9 815 82.9 63.5 19

Mean 0.1314 0.0871 0.0137 1408.2 1405 796.4 98.3 65.6 18.6

Max 0.5383 0.3373 0.0356 4319.7 4319.7 2445 373.8 2343 45

Min 0.0183 0.0144 0.0013 384.5 385.2 217.7 19.2 14.3 2

STD 0.1025 0.0627 0.0079 580.7 581.7 328.9 73 44.8 11.3

RF Power, 1300 W; Coolant gas flow, 18 L/min; Cs, Mo, Sb, Sc, Sn, U <& ThemoElemental A}
Auxiliary gas flow, 0.5 L/min; Nebulizer gas flow, 0.6 ICP-MS(Model: X-Series(X5))S ©]-&3}3om, A2
L/min; Wavelenth(Ca, 317.933 nm; P, 213.617 nm; Fe, 2 23} 2t RF Frequency, 27.12 MHz; RF Power,
238.204nm; Zn, 206.200 nm). +H Ba, Cr, Cu, As, 1300 W; Coolant gas flow, 13 L/min; Auxiliary gas flow,
Cd, Co, Ni, Rb, Pb, Ga, Li, V, Zr, Hf, Th, Y, Cd, 0.7 L/min; Nebulizer gas flow, 0.9 L/min; Sample Cone,
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Ni; Skimmer Cone, Ni). AF&E A2k
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Fig. 1. Comparison of trace element concentrations in Asian Dust and Non Asian Dust between 2007 and 2008 (1.g/g).
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ufio]th(Lee et al., 2012b).

2.5.2. LEA|4=(Pollution index, PI)
Faiz et al.(2009)°1A] 2 GA]4=(pollution index) AlAk-

et 2.
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Fig. 1. (continued).

AR @ ARG} Blasky] 913k Aot =, PrE ZF 949 2 AR (pollution index) &t <]
"SR (Rashed, 2010).
2.5.3. LGSR (Pollution load index, PLI)

\=]

. 5
. , - 1/
QL HH3A4=(Pollution load index)= T3} o] <] PLI=(PI1xPI2xPI3x...xPln) " 3)
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2008A%0] 2FHSH wAAR| A FAPEAY 7)7E %—
TSP(Total suspended particulates) Hi A5
179.1 + 113.5 pg/m*S & 20073A%=8} FASE 3hS 1. 1
Qo A AFEEE 373.8 ug/m’oE 200739 H
sl] A wgkon, o) 20080l Azket A}
AL A A on]sith(Table 1). HISAL 713F wlAH
o] TSP FEE 19.2-156.4 pgm’Y] HYS HolH,
TS oF 782 £41.7 ng/m’ A=olt}. 48ToA 5€x
HIZA} 7)7F 2ol JFH o2 TSPY AHEsE7 100
pg/ms 233t PM et PM,s9] 7A-9oll= AL 7]
7ol Hit AFE=7F 242 11094703 pg/m® 2 26.6 +
16.1 pg/m® o|AaL BIGAL 717 Folls ZH2F 5424275
ug/m3 2 16.6+9.1 pugm’o|ATKTable 1). ©]&3 GE
< 25 20079% ZZte] AeFes gHET v ks B
EiE}(Lee et al., 2012a).
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7ro] ZS(TSP 1,430+ 1,070 ug/g, PMy, 4,820 3470

- HPH

pg/g, PMas 37,390 +30,270 pg/g), TSPollA¢] ke
2007 A% (Lee et al., 2012a)° Hwdte] ZHA3IAARH
PM;, & PM,s ZtZ} 24 2 538} Z718199th. Zn(@Ed
1,180+ 600 pg/g, 1,340 £812 pg/e, 4,960 + 6,800 pg/g)S
2007950 Blaate] TSPellxe] ghdo] AASHAl A
SIAAIRE PMy, B PMyOlME AR s Holar
ATHFig. 1). Cu(356 336 pglg, 348+ 301 png/g, 1,680 +
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+2,130 pg/gye 200735 =4k vlashd TSPoAE
AR S Kol Wi, PMolXlE adhke A%
< B3 PM, 15— R A Cla=: == Loy = )
2007l RInSHH TSP Y=olXe 1/5 22 7
SFRAITE PM ot PM, s AEelXe ot S7kske 74
B AT Mo(222 237 uglg, 284+ 164 pglg, 2,790
3,320 pg/g), Pb(413 + 180 pg/g, 455+ 176 puglg, 991+
537 pg/g), Cd(9.7+5.7uglg, 9.6+62uglg, 10.0+83
pg/gye 2007950l HlwshH FA ZAsHth(Fig. 1).
31, §(30,200 + 15,400 pg/g, 30,100 + 13,900 pg/g, 69,400

L
-

=N
=

by

145200 pg/gy= 2007 ¥ gETE TSP, PM;, &
PM, s B5F A ATt
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Fig. 2. Three-days back trajectories of air-mass during Asian Dust in 2007 using HYSPLIT-4 (Hybrid Single-Particle Lagrangian
Integrated Trajectory-Version 4) model, developed by NOAA Air Resources Laboratory (Draxler and Rolph, 2003).
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s 15
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2.5-3.28) Z713F grolth(Fig. 1). Z2Y Pb@ET 633+
305 pglg, 675+269 pglg, 1,540 + 837 ug/g)?t Mo(H
157 £102 pg/g, 259 + 147 ug/g, 908 + 632 pg/g)= 2007
UE S0 Bl o 5 4 BT 2/5-3/5 o E
Z+Aa3 grolth Sb(100+ 118 pg/g, 145+ 180 pg/g =
926 +241 png/gye= TSP 9FF 7HAagk wEAC PM,

Table 2. Elemental concentration (ng/g) in TSP, PM,o, PM, s for Asian Dust and non-Asian Dust in spring 2008 at Daejeon

Asian Dust non-Asian Dust
Element TSP PM,q PM, 5 TSP PM,q PM, 5
Mean Stdev. Mean Stdev. Mean Stdev. Mean Stdev. Mean Stdev. Mean Stdev.
Cr 129 77.4 924 66.0 352 224 136 102 130 103 399 515
Cu 356 336 348 301 1680 2070 407 141 404 147 1120 578
Pb 413 180 455 176 991 537 633 305 675 269 1540 837
Zn 1180 600 1340 812 4960 6800 2180 833 2280 837 5260 3640
\Y% 64.7 8.9 39.0 17.5 132 0 53.5 26.8 76.8 67.5 561 337
Zr 1430 1070 4820 3470 37390 30270 3980 3450 7930 6070 37830 36270
S 30200 15400 30100 13900 69400 45200 71600 40600 85300 43600 184600 94300
Sr 131 104 132 94.1 390 0 72.9 55.8 163 203 127 78.0
Ba 315 393 688 0 687 0 1390 836 1700 1980 1470 1410
Li 87.3 30.2 101 533 491 80.6 137 180 204 175 934 735
As 109 59.7 89.8 63.2 1170 1670 69.9 62.3 73.1 474 183 163
Cd 9.7 5.7 9.6 6.2 10.0 8.3 16.8 10.2 18.4 11.0 43.1 29.6
Co 22.8 4.1 22.3 3.7 99.8 91.9 21.5 15.2 24.6 25.1 87.5 77.6
Ni 134 49.7 159 57.0 1510 2130 173 72.4 221 104 984 526
Mo 222 237 284 164 2790 3320 157 102 259 147 908 632
Sb 354 40.2 49.5 0 341 0 100 118 145 180 926 241
Cs 8.6 35 7.9 4.5 19.8 20.7 7.1 5.7 7.5 5.5 23.1 29.3
Rb 167 33.7 183 40.5 874 634 235 222 297 365 1130 1100
Sc 11.8 42 11.9 5.5 45.6 26.8 5.4 43 8.2 7.4 432 44.6
Th 21.0 7.8 259 7.8 230 301 19.3 15.7 25.0 24.0 124 92.5
U 4.5 42 6.3 2.3 60.1 494 5.2 3.2 6.7 5.3 28.3 22.3
Y 59.6 243 774 322 806 1200 72.7 53.7 103 85.5 559 391
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PM,s Y=olXe ZHzt 2.0 2 2.48) =719 As 200739 o] 2008 = SAlllA zro] Shgo] =&
(69.9+623 nug/g, 73.1+474ng/g 2 183 163 pg/g)= AL To B3 AY FPEA NN S EFFES] A
TSPE ¢zt 718k whdo) PM,} PM,s QEME 1/ A #A0] 1S 7FsAde] & o= FAHT 4 glom,
5-2/5 50 2 7FA38THTable 2; Fig. 1). AL 2 AL TRPIE S diEA] 2] 7] e
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Fig. 3. Box-whisker plot of elemental concentrations in TSP, PM,y, PM, 5 for Asian Dust and Non Asian Dust in spring 2008 at Daejeon.
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34. EARt LV | FRE2| O[ZHA §2hd|ln

Cr, Pb, Zn, Zr, Cd, Sb 5 th7]2Fel 710sk= Y4
AR} =719} AgAgle] HIZAL Al7]9] th7 Rl A
shgo] =& FoZ YeRSTHFig. 3). ol A=

71l 7IRIsks PlFAES GAPIRI 7] Sl
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AL o] STIe RN O] T 7 ol okt
o= ZE onfehs ZloE, & dAaRe} nludd
AX|== Aot} 7|E AFAHeME AL Bl o
3l APHESF 719o] 49 S FTISEAINE Q1914Q)
Lol % mFAAE] FFe 2 W AW A
3= Ao® YeEht vl JYTHKim et al, 2002a; Kim
et al., 2002b; Kim et al., 2003; Choi et al., 2003;
Kim et al, 2004; Jeon et al, 2005, Jeon and
Hwang, 2010). ©]¢], Cu, Ni 5 th7]gel 7]1sk=
Ao} V, S, Co, U H Y 5 3L 71919 mAs
<, TSPt PM,®] 7B-¢ol=, BIgAL 7IRE ti71-Eo
A gHge] diFo® =9kout PMys dAke] A=
GAlelMe] gheFo] FiAoR =itk 2001 AR
g HERPREe FEs FEEE 54S A7 Choi et
al.(2003)9] ATATIAE Q9Zel QG 7] h=
w241 Mo, Cr, Cu, Pb 52 7I3HH 5= o7}
mRIERATE ZpAFRI 711e] nlFAAES AR R A}
o7} & Zo& vEhd vt ok 22yt 2008350l A
3 Al Eo] ' As9t Mo 52 ti7]edel 7]
Jsle AaEdele E78ial APl ko] 274 =
o= S BHIOH, 53] PM,s d=xelA I S
7ol & 202 vEen, 212t 6482t 3.8 ST
SI9tH(Table 2). ©J5 YAEL T2 Al =] 3
= "HEE Bl 53] FFo] & HIW7| wER] 3o

= F490.

= [
£ 5

nr

-

4.1 #

Ry

4.1. Al ¥ V|22 0/2A §HEnt EsideEX
¥ J|E38e| vl

Park et al.(2010)°] AA| 7fdkst g)7|22Q]l ADAM2
5 o83l 2007d% HASH FARE 8l eEluE &
el HAE a7tk A T JHHE 12,6 thkm® S AL
9% vl Q. oleld 4 ARE AR 2007%
detol] HAE A} HHTFS 1,254,0008 1 Aoz
e} o] HAFo] B E FARES X3 A%
o] A= E HAE FAle] LHAE
Lavt ok 2y ti7|2RE X|3EEE 3
9 T4 LEEE WK e 13Ul 7]
B= oy dFeMe EYl 3HE A9 7183
ARlM e a5 s EYRY 99 2 didvE vl
w3t

2008 ANHg L] FEE TS EYLA 27

P2

oX o

¢

r
MM
O i

o

2

W

J. Soil Groundw. Environ. Vol. 19(1), p. 8~25, 2014

T} Hlugh A9, ZndEe 1A Ve BT 29S8t
3, 2AY 71Ee dEEE 85.7-100%, 3AY 7FES
14.3-71.4%7} 27319t Aso] 75 d=HE=Z 1A 7]
5 85.7-100%7F 2oL, 24| TEeEE T14-
100% =3}, 3X|Y 7102+ TSP} PM,, ¥x=2] 749
B f271F olslelar, PMys A& ¢ 42.9%7F ¢
H7kES 23 Pbel A9 1A 7R vlwd o
85.7-100%7} =3t aL, 24197 vl 57.1-100%7F
Z35k Wil 3299} BlwskH TSP} PM,, U=9] 7
T FE7IE olslAal PMys AlES] A 71.4%7F =%
3199t} Nie] A%, A7 ET = AR ES] 71.4-100%
7} 23831, 2499 14.3-100%7F 238K 3R,
32 7 vlwst A%, TSPeF PM,, Y=9] 735
FH7IE oletd o, PMys AlRE] Aol 71.4%7F =
F3tAck. cuel AF 1A 85.7-100%SF 241 14.3-
85.7%7} Z2H3EAAINE, 349 7% TSPS}F PM,, Y%
o] AL 287)E o)EAI PMys AlEE 28.6% Yo
TS 2RI cdY A9l 1X9 vlwshd
57.1-71.4%7}F 238}, 24 9= vlust A7} 28.6-57.1%
7} 233190, 3R 97 Hlwdk Avhs BE YoM
o] glaFo] 271 ol8IATtH(Table 3).

7 1AEe] A, 1AY e vad o 239
3= Hlgo] YEHEE Zn 96.4-100%, Cu 92.9-100%,
Pb 89.3-100%, As 82.1-100%, Cd 85.7-100% % Ni
82.1-100%°1% oM, AR TR 713782 Alg7} 14
o9 H7IES 2% vlgo] o &3t 2XY SHUIE
7} HWEPA, Zn 96.4-100%, Pb 78.6-89.3%, Cd 75.0-
82.1%, As 57.1-78.6%, Ni 32.1-100% % Cu 21.4-
89.3%7} =319t 349 7|5 vlagk 23, Zn
50.0-89.3%, Pb 32.1-82.1%, Ni 0-78.6%, As 0-35.7%
7} NS 2800 Cust Cde TSPY PM, ¢S B5
FH7IE oISl PMy ol MRE 242 7.1%2F 17.9%7}
ZIEAH(Table 3). Wb 39S Alelgh 12} 27|%e]
HAEE A gi71R-E AlEE Zn, Pb, As, Cd,
Cu % Niol| 9t BESF 2 FAIZ HAet 23S
ek = Q18-S o Aol BRIFEIT)

Al B TEE TS 1, 2, 2 3A|Y9] g3
T2 vlwshH, Zno] A9 2 42.9-100%, 28.6-71.4%
2 0-143%7F 200l AsE 22 57.1-71.4%, 28.6-
71.4% 2 0-28.6%7F 233t Cud] Bfele 149
71F%23 NE e AEEE 14.3-85.7%2] wHHC 2%
o 2 3x]9 71Fe] BlwdAE TSP PM, A 2%
WA 7]E o]skel WAl PM,sell ARt ZFzt 28.6%%%

&
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Table 3. Sample numbers of Asian Dust and non-Asian Dust exceeding soil contamination Worrisome Level and Countermeasure

Standard (%)
Sample
Asian Dust (n=7) Cu Pb Zn As Cd Ni
Won 1 85.7 85.7 100 100 71.4 71.4
orrisome 2 143 57.1 85.7 85.7 57.1 143
Level
Tsp 3 0 0 143 0 0 0
1 143 143 429 57.1 286 0
Countermeasure 2 0 0 28.6 429 0 0
standard
3 0 0 0 0 0 0
, | 85.7 85.7 100 85.7 714 85.7
Wogi(ime 2 143 714 85.7 714 429 286
ML 3 0 0 28.6 0 0 0
| 143 143 429 57.1 286 0
Countermeasure 2 0 0 286 286 0 0
standard
3 0 0 0 0 0 0
Won 1 100 100 100 100 57.1 100
Ol:i‘ime 2 85.7 100 100 100 286 100
VoS 3 286 71.4 714 429 0 714
' 1 85.7 714 100 71.4 286 100
Countermeasure 2 28.6 28.6 714 714 0 714
standard
3 143 0 143 286 0 143
non-Asian dust (n=27)
Wort 1 929 929 100 82.1 100 82.1
"l‘"eriolme 2 32.1 786 96.4 57.1 75.0 32.1
3 0 32.1 50.0 3.6 0 0
TSP
1 46.4 464 89.3 32.1 60.7 3.6
Countermeasure 2 0 3.6 60.7 7.1 10.7 0
standard
3 0 0 0 0 0 0
) 1 100 100 100 89.3 100 100
Worrisome
evel 2 214 82.1 100 643 78.6 53.6
MO 3 0 46.4 64.3 0 0 3.6
| 32.1 60.7 96.4 429 75.0 143
Countermeasure 2 0 0 75.0 7.1 143 36
standard
3 0 0 0 0 0 0
) | 96.4 89.3 96.4 100 85.7 100
Worrisome
evel 2 89.3 89.3 96.4 78.6 82.1 100
PMLS 3 7.1 82.1 89.3 357 17.9 78.6
| 89.3 85.7 92.9 67.9 82.1 100
Countermeasure 2 286 50.0 89.3 393 50.0 75.0
standard
3 0 25.0 393 3.6 0 143

14.3%7} Z331tt. Pbe] A9 E 1A 7E2 Al
B e UEHEE 14.3-71.4%2] Hbd| 22|92 TSP}
PMollA 25 i@ 7]E o]kl Whdol PM, ol ARk
28.6%7} 28Il 3R] HL A=A P 7IE o]
3I9th. Cde 1A A9 28.6%2] AE7F =S

L=
2=

2130, 24} 3A] B
< TSP9} PM,0IA B5F tiA7]E o]kl HHHol| PM, 5
olIAMRE 1A 100%, 2A19 71.4% 23X 14.3%7}
Z3}519TH(Table 3).

WIRE BRE FEE TR 1,2 R 3499
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A7 Blwd A3 zZne 22t 89.3-96.4%, 60.7-
89.3% % 0-393%7} Z=H3FAL, Ase= ZH7; 32.1-
67.9%, 7.1-393% L 0-3.6%/} 233}k Cud] 73S
ol& 32.1-89.3%7} 1AY thA7ES 2HsiaL, 249
l27)E) vlwshd TSPeF PMellA ti3) 71 o5kl
I PM, O ARE 28.6% =3}k widHol| 3x]<] oA 7]
e Be Y=olA 7IE olskith. Pbe WAl AR
46.4-85.7%7F 1A hA7EFS 29319, 24 ol M=
0-50.0%7} IR o, 3x]Ho| = TSP} PM,, BF
A 7)E o]lo]al PMysE 25.0%2) A7} did7)ES
233t cde 1A 2x99] 5 247} 60.7-
82.1%%} 10.7-50.0%7}F 233t HhHol| 329 7]FolA =
25 i A7IE olsilth. Ni2 149 i 7IE Blal Al
3.6-100%7} Z3gk ¥hH 22 %} HlwoA= 0-75.0%7F
Z319ar, 3A 97} vlaolE TSP PM 7t 5 7]
T o8kel whHe| PM,olME 143%7F 2HsH Tt
(Table 3).

olydt A= EYLY THVIER vud A9 St

TSP
1000
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UBfpgg,
QDEQQ‘EQ@%?DQQ 5
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oF th7I-frgo] 1A19e 22| el HAE 73g- 179 B
2A19e] B 29 s AAIRIT BRE 3
FolME= ARl siFshe PM, o] dAPE H4E
78 Zn, Pb, As, Cu 3 Ni 59| € 7
S}, 3, A7 IE vlarg Aol Akt o7
=] Zn, As R Cu ¥Fo] 1A% 24199 TIEs
e A7t AF gleug ol gk BEded ¥y
Ego] B3t

0 }\EO

42, BAl| D|elA =X U ooiE my}

4.2.1. F8}2|4>(Enrichment Factor)

Banwart and Malmstrom(2001)0] F3}X|4= 3k 715
02 QAATE EF3 A oA, 3RAA HAEH S
2} Mo EE U&=ollA “extremely high enrichment”Z
EFEY Zn, Zr @ As= PM,s, Cd2 TSPS} PM, o
] “extremely high enrichment”®2 EF=03L, Cu, Cd,
Ni 2 Y9 PM,s, Zre] PM,, & Zne TSP} PMy,
52 “very high enrichment’Z +FFt}. Pbe] TSP,
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Fig. 4. Comparison of Enrichment factor of trace elements in TSP, PM,o, PM, 5 for Asian Dust in spring 2008 at Daejeon.
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PM;,, 2 PM,s 53 Cu$} Ase] TSPS} PM,), Sb
PM,&} PM,s, Li, Th ¥ U9 PM,s 52 “significant
enrichment”Z EFEt 3, 20083500 ANHE Al
¥ S, Mo, Cd, Zn, Zr, As, Cu, Pb ¥ Sb 5]
#4~ “significant enrichment|*] Zt)] “extremely high
enrichment’2 EFEFI}. ol Xt =& A =
o YA o] FAR A t71 Gl el A5t
oIzl Aijoldt, olejgt A= 2007d%0l AT FA
o] Aele A dA|eh= AASATHLee et al., 2002;
Lee et al., 2012a; Lee et al, 2013). Li, Th & U<
PM,s & A3} “significant enrichment”Z +-F% 72
APFESFo] o)F Fof S & g2kl mE 9%
o2 &A=}, A, Cs©] “moderate enrichment”, Cr,
Sr, Ba, Co, Rb, Sc B V 52 “depletion to minimal
enrichment”® 5%t} =, Cs, Cr, S, Ba, Co, Rb,
Sc, V, Li, U, Y, & Th 5 th7]%el| &gt F3s vt

] a1 APEFESES] T)9e] od FEks W dAES
“moderate  enrichment”ol| 4] “depletion to minimal

enrichment”® F-F-ECHFig. 4a).

Q7 15H-E2] 79, “extremely high enrichment”Z
FE ¥94E S, Cd, Mo, Pb 2 Zn Tol9leH, o]9],
Sbe} Zre] PM ot PM,s, Cu, Ni 2 Y9 PM,s7} ©]
IFol &3} Cu TSP} PMy,, Sb} Zr TSP, As, Li,
Rb, Th ¥ U] PM,s 52 “very high enrichment”2
9ot As, Ni, Li, Rb ¥ Y9 TSP} PM,, Cr, Co
2 Cs9 PM o} PM,s5, Th 2 U9 PM;i2 “significant
enrichment”® E-FHCE “moderate enrichment”® 5
FH mEdaE Bao] 9loH, 9]9], Cr, Co, Cs, Th &
U] TSP} VIF Sco] PM,s&= ol &3t= 4ot
“depletion to minimal enrichment’Z EFH TEIALE
Sro] 9loem, vk Sc] TSP} PM,0] &3t} Hakx|4=
7} =& s}t HEAlT) W fae] S dRkE o
2 AL Ao sUst A9E BYou, SalA F
3G e AAHH Yo PM,s, Li, Rb, Th 2 U
9] PM,s, Li, Rb ¥ Y] TSP} PMy,, Cr, Co ¥ Cs
9] PMyo¥% PM,s, Th E U2 PM,, 5°] 2008d%= =}
FollA Hsl=rt 2007d=e Bls|A EolthFig. 3,
Lee et al., 2012a). 28202 th7]2dl] 7]213F Al
S, Cd, Mo, Pb, Zn, Cu, Zr, Sb & As 5& HIZAY]
ol F8pAE o] A S718I e, AFTES 7]
€ Cs, Rb, Ni, Cr, Li, V, Co, U, Y, Sr, Ba, Sc & Th
Y F3XG A= SV ZAdo] IAETHFig. 4b).
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422, LGRS (Pollution index)

AR Mo, S B Cd 5 Al Y4Vt d=el sl
o] B3t ARG ko] 100 oVl AxH e, Cu, Zn,
Zr, As B Sb 59 Y452 PMy oMY LEXG kol
100 odelRdtt. ol¢jell Hit LA} Hit 208 =%
3kal 100 ©|Yel YA ZE Pbel BE YE(TSP, PM,,
2 PM,s), Cu, Zn® TSPS} PMy, Zre PM,# Li,
Ni, Th, U ¥ Y] PM,s7} St} ©]9] LEXG7F 200]
310l AAE Zr9] TSP, As, Sb, Ni, Li, Th, U 2 Y
59 TSPS} PM,, 5°] 315921, Cr, V, Sr, Ba, Co,
Cs, Rb @ S¢c 5& BE Y57} o] 2E &3t}
(Table 4).
7= S, seF Cd who] Qo) Alglo] 3
L@AF Gl 1002 ks YA eH, Mo= Al
Aol PM¢} PM,s, Pb, Zn, Zr, @ Sb 52 PM, 0l
LAXG Fho] 100S 28Tt Hit 29A)
4 kel 20 o 100 HYRRI A= Ccurl Y=ol g
Qlo] o] 1Bl &= Y940l Pb, Zn, Zr D She
TSPS} PM;©] 4311, Mo TSP, As, Ni, Li, Rb,
Th, U 2 Y& PM,s 4= ¥lo] o] T1Fof| &3t} o]¢]
LARFT} 20015101 UAE As, Ni, Li, Rb, Th, U &
Y 59 TSPSH PMA%=7t o] gl &3laL, Cr, V,
Sr, Ba, Co, Cs @ Sc 52 EE YUmollA o] 15
:3HH(Table 4).

423, LGF3FA4=(Pollution load index)

LAFIAT #he vlaA Wtk (ks AslEE &
A O7 IR AFAI e AR SHAEE A
Ao 2 Hurt 7}ssick S, Mo, Cd, Zn, Zr, As,
Cu, Pb & Sb T t7]249] oS ke dAass oy
o7 AaRr Axt AlBHE 66(2008/3/03), 63(2008/2/
29) 2 59(2008/2/12) A=) LAFSAIF ol =2 3
o2 Yeytor, 1 9 & Ao AHgE GRS
LAFAF B B Al d7IERES LEReAST
el B vass JFeos e s Bt
(Table 5). €HFE o2 200733 FAISH 20083%=2] 7
Foll= Atel 7 IF-F=2] LAFsIAlT dhs Hlashd
T FEANY] AR Ho g2 el EAE)] e A
e AfshAd Walvhs st fEvEE e
A TEd B nRkdAe] e o] AjFos dAst
Al =% TH(Lee et al,, 2013).

7= Aeole Hagks sk
3lo] mAEE QAR PM, oM RE @ G3RERAS Zho]

O

J. Soil Groundw. Environ. Vol. 19(1), p. 8~25, 2014



22

ol - WP

Table 4. Pollution Index (PI) in TSP, PM,o, PM, 5 for Asian Dust and non-Asian Dust in spring 2008 at Daejeon

Asian Dust Non Asian Dust
Element TSP PM, PM, s TSP PM,, PM, 5

Mean  Stdev. Mean  Stdev.  Mean Stdev. Mean  Stdev. Mean  Stdev.  Mean Stdev.
Cr 4.6 2.8 3.3 24 12.6 8.0 4.8 3.6 4.7 3.7 14.3 184
Cu 27.7 26.1 27.1 234 130 161 31.7 11.0 314 11.5 87.5 45.0
Pb 28.3 12.3 31.2 12.1 67.9 36.8 434 20.9 46.2 184 105 57.3
Zn 443 22.5 50.1 30.4 186 255 81.6 31.2 85.4 314 197 136
A% 1.6 0.2 1.0 04 3.3 0 1.3 0.7 1.9 1.7 14.0 8.4
7r 10.2 7.7 344 24.7 267 216 28.4 24.7 56.7 434 270 259
S 127 64.9 127 58.8 293 191 302 172 360 184 779 398
Sr 0.6 0.5 0.6 0.5 1.9 0 0.4 0.3 0.8 1.0 0.6 04
Ba 0.6 0.7 12 0 1.2 0 2.5 1.5 3.1 3.6 2.7 2.6
Li 5.1 1.8 5.9 3.1 28.6 4.7 7.9 10.5 11.9 10.2 543 42.7
As 16.3 8.9 134 9.5 176 249 10.5 9.3 10.9 7.1 274 245
Cd 122 71.2 120 77.3 126 104 209 128 230 137 538 370
Co 4.0 0.7 4.0 0.7 17.7 16.3 3.8 2.7 44 44 15.5 13.7
Ni 7.8 2.9 9.3 3.3 88.0 125 10.1 42 12.9 6.1 57.5 30.7
Mo 122 130 156 90.3 1530 1830 86.1 56.0 142 80.6 499 347
Sb 11.1 12.6 15.6 0 107 0 31.6 37.0 454 56.5 291 75.7
Cs 6.0 24 5.5 3.1 13.7 14.4 4.9 4.0 5.2 3.8 16.1 20.3
Rb 3.7 0.7 4.0 0.9 19.2 13.9 52 4.9 6.5 8.0 24.7 24.1
Sc 2.9 1.0 2.9 1.4 11.2 6.6 1.3 1.1 2.0 1.8 10.6 11.0
Th 4.7 1.7 5.8 1.7 51.0 66.9 43 35 5.6 5.3 27.6 20.6
U 3.5 32 4.8 1.8 46.2 38.0 4.0 2.5 52 4.0 21.8 17.2
Y 6.9 2.8 9.0 3.8 93.9 139 8.5 6.3 12.0 10.0 65.1 45.5

=1

Aoz YePdth TSP, PM;y 2 PM,s2 2GR3IA|G
S mHEE AJFEHE 76(2008/3/13), 55(2008/1/08),
95(2008/4/04), 94(2008/4/03), 81(2008/3/18), 140(8/06),
154(2008/11/07) 2 73(2008/3/10) 5 tH9] ti7)5-5-=
o] QENSIAG gk AP IE] LARIAIT FHT=
e R =2 Fo= YeRdti(Table 5). ol&lgh A=
© PE S| e AR o ERE FY
He AAY ol =Y SE5 2 vEea] @
GRSRGTE A Aoz FAdn) o= T 2
SR 712G 71R181 SAFAI719F HISIARA]
T 3o g7 IERESY] SEE T RlEEAEY]
A& AAZ

=
)=}
-
|

Gol v A2 52

N

o
=

?Ed

5. =

200830 2NFSH AL A SES 2007 B

MAze}t Hlwd o) 7r, Cu, As @ Nie 78I,
Zn}t Sbe AR SRS Kl whde, S, Mo, Pb, Cd
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& =) sk B RS ARIIE S, Zn 2
Cd2 2007 SA7 2 Aol7k fi= wbdel, Zr, Sb,
Cu % Ni= S7F8I31aL, Pb, Mo B As= =LA 745}
At olefdk A SAF B oAl Fd BEe &
Ae] A|Z71el 711G Zlo 2 FAECE AL} ti71R-HE
o] 5% FFS EYRERAY] feiviE vl
A, 39S ALjet 13} 29 EFEe ket 7]
F-fE ASE Zn, Pb, As, Cd, Cu & Niel 9| EY
Qo] FHEJ. I FAF B 7R AES] Zn
b As I A7 IES 23R A8 V) 8ol B
dol wi- feHET. FATE S VIEeE U7l &
Aol Fe Wk 7} v QEEE EHIH, &
Ale] 749 S8 Mo= “extremely high enrichment”, Zn
9} Cde= “very high enrichment-extremely high enrich-

ment”, Zr¥} Ase “significant enrichment-extremely
high enrichment”, Cu= “significant enrichment-very high
enrichment”, Pbi=  “significant enrichment”, Sb+

“moderate enrichment-significant enrichment’2 750
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Table 5. Pollution Load Index (PLI) in TSP, PM,4, PM; 5 for Asian Dust and non-Asian Dust in spring 2008 at Daejeon

PLI
Sample No. (Date)

TSP PM,q PM, 5
F3-59 (02/12) 23.6 42.8 124.9
F3-63 (02/29) 55.7 56.4 568.9
F3-65 (03/02) 234 447 103.1
Asian Dust F3-66 (03/03) 794 94.3 2494
F3-79 (03/16) 233 29.7 100.5
F3-130 (05/30) 153 15.5 58.7
F3-131 (05/31) 59.0 48.5 65.6
Mean 40.0 474 181.6
F3-61 (02/27) 69.7 48.0 2144
F3-71 (03/08) 58.7 96.5 189.1
F3-73 (03/10) 55.1 73.7 2244
F3-76 (03/13) 96.2 105.2 331.1
F3-81 (03/18) 56.5 64.3 2532
F3-94 (04/03) 59.5 81.4 2539
F3-95 (04/04) 46.2 89.7 268.2
F3-100 (04/11) 79.5 75.0 105.7
F3-106 (04/18) 23.0 34.1 142.6
F3-107 (04/19) 49.2 69.6 110.7
F3-114 (04/28) 462 66.7 114.9
F3-115 (04/29) 28.8 52.2 75.9
F3-117 (05/01) 234 18.4 60.9
Asiali"‘]’)mt F3-118 (05/02) 15.9 20.7 1384
F3-119 (05/03) 26 342 66.4
F3-126 (05/20) 29.2 49.8 156.1
F3-132 (06/09) 61.8 52.9 129.6
F3-133 (06/11) 71.6 66.8 91.3
F3-136 (07/07) 78.2 78.7 167.7
F3-139 (07/17) 53.6 70.6 66.6
F3-140 (08/06) 65.2 82.6 2322
F3-141 (08/20) 46.3 105.5 74.0
F3-142 (08/25) 51.8 48.8 87.4
F3-143 (08/26) 48.6 58.9 99.6
F3-F147 (09/18) 50.5 71.5 192.9
F3-F152 (10/24-25, 10/27-29) 42.6 32.1 160.5
F3-F154 (11/07) 86.2 76.9 228.0
Mean 53.8 64.5 163.7

o, 7 &2l A= AR o 75 Fl
Al T AAAEA BAE mIAER7E SARERE o}
et FdAdE di7-iEo JeE AR olEE o]
FEUEel7EA] GFS mIAIAL ok ZS gRlEkith
A2 7| mEdAE S, Mo, Cd, Zn, Zr, As,
Cu, Pb & Sb 5o, o] nj¢ =11 J=7} A
gt Ao WriEdeh 1eEg e} g7 IRfEe 5

2} Sle] A7EA Byto] ofel, EUA] A7)
7 EHE A 79 AAelE oldgke mAA 2 A

oI},

B A=

At

.

At
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