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ABSTRACT

The purpose of this study was to characterize background mass concentration of PM,, and metallic composition from
September 2001 to August 2002 in comparison with Asan and Seoul. Annual mean of PM,, concentrations in Asan and
Seoul were 47.98 and 75.33 pg/m’, respectively. The concentrations of PM, were highest in spring season in both cities.
The concentrations of measured metals except for As and Pb in Asan were higher than those in Seoul. Yellow dust could
affect the mass and metals concentrations of measured PMj, in Asan and Seoul. Relationship between measured metals
concentrations showed that Si and Fe were associated with natural sources such as soil. Pb, Cu and Zn were closely
related to urban anthropogenic sources such as fuel combustion. Especially, relationship between metals showed ditf-
ferent association during yellow dust. Proper management for PM,, will need in Asan, considered the concentrations
of metallic elements in PM,y in Asan were relatively higher than those in Seoul.

Keywords: PM,,, metallic elements, yellow sand, receptor
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A BRAL 3FA Aol ZeA tiF-E ZuA
v, 10pm BEot 2R A BEFLE 33718 3
7132 A7 AES F Uk oY@ YAV B
Adle o8 7A] FHAE, V18, vis, 2F 2
T3l Fol XxgHo] o, b B dshea
(polycyclic aromatic hydrocarbon, PAH) 5-¢] ¢k
Edo| 2g=o] glo). vidwAlel T3E EF F F
$95-L O o ARE geizl SAEEIR F7)
X U 94 F o 309 A4t FEHOR B R
B, 2 F % 3w 350 AR 54& ddslie
Ao deiA Ui, dFe T /R Yok 9
Rl gk et} of7) $E71ES 200097 T
Aol gk &471ES A S PM,, FE71ES A
ZF 70 pg/m’®, 2487 150 ugm’E A3fsle] gjE
At

A7 FAF7 A7), 72, WINE, EFY 2
HeiRe) 2 A(source) FHLE FAsH] & yhg,
FALHEZS HIE W AuA = A7) viHE
IS FY3h= T (receptor) 49 FHLFER
& A5 s A7t = - WQlolN s Iy
HI Ak pMoll S AlolE 32z FP5
7} SEiME d71eEEE € 2 wiEded g o
71 59 getat tlge] 4 odQdA wiEEEe
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I A2A] FANEE o) st Sl o] & 5
I/ming] Mini-volume portable air sampler(MiniVol,
AlRmetrics iH)E ©l83le AlRE &8t ul7]
AE 2717 2001 92FE 2002 897EK| 01
om o} 7|7k Fo F 68AEeY 15A5E da
4 13M7H)) 9&% EZEAT AR THL pallflex
membrane filter(47 mm, Gelman sciences fit)S ©]-&
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B v oMY S 47.98(+45.57) ugm*S Lt
R e™ AEAE 75.33(140.52) pgm*S WERAS]
Th(Table 1). PM,e8] =& A2AI7}F oM B} FA|
Aoz frelah EhThp<0.01). 78 717HEF 2001
d 129 13, 144, 20029 1€ 124, 34 17, 18,
19, 20, 21, 22, 23, 4€ 8, 9, 10, 12, 17Y& &
A} @B T AL BRE 717k B E 3}
3L 3RApE BAEkR]) g2 7|7he ARt ZPAE TR
3l F= HAE STk Auk 7PN oAl PM,,
B FEE 36.71(£20.53) pgim’, AEA1e] HE B
= 71242 41.47) g2 Y EHATHPp<0.001). FA}
Al F TIY AE EFF77 Bl 93 FUA, 9
717t & olAlel AEAIY PM,, BH-EEE 2tz
99.47(£84.86) ug/m’Sk 103.98(+ 14.66) pg/m’= L xk
717N Bt zhzh oF 2 ie} 15 A S
guk 7)4A1e FERD FAR] TR ol A&
Neja RE BAEoR fosA when @
p<0.05), O1R& BAIZE] FEsL Guk F1gAel w)
3 Erhe o2 97 e} vised £E& YER
I Itk Aol oAl AgAle] PM,, BEE
Ze ZAHCE st Aol VERA] Etow, o
A AP F AQ B 5L IS F= A=

UERtot.
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Table 2= oFhAI9} A&-A]e] PM,, Ba-5EE AlAE
gz gokgl Aot olikrle] AEA PM,, HdE®
= B 67.55(%£70.65) ug/m’, S 27.40(£10.50) pg/
m, 7He 45.09(+32.84) pgm’, AL 50.46(128.55)
ug/m’e] F==2 zZpzb JEeigow, AEAle AEd ¥

ST B 96.30(222.70) pg/m’, 35 45.96(+ 16.10)
pgh’, 7FS 61.32(1£49.56) ug/m®, A2 78.17(£41.99)
ug/me] F=2 zHzt 2=k F A BRA] &
Aol PM,, BasErt A4 JEREe ™ MEA7E B4
Aoz frofeiAl E%eH (p=0.003), °l= FA F=
k= A wEeltt J8He w27t tE A
Aol xRt ¥ 249 HEd oA H8de
ASE 75l o5 A= BolH, Fje PME &
A3 7AHEL 5(1998)) A7e) vk AdE By
t}h® Qin 5(1997)°] Z-FolM 243 PMQ FE7}
AEHo] OE AdEY WA 4% ol%E AsF o
Fog Agsl vl Yok e 20008t ol|A
AREZ 249 PM,0 BEE 7180 7 Wste
W, dF, B A% 02 Fol, B Ao de F
e} YRIEHA] gkttt &, A9H B4 wE A-dH
PM,, 57} 2ol 2 YeRd = 08-S AlARRIL ™ o}
Al g F A B2 AHE FEe SAFHeE &

Table 1. Concentrations (ug/m’) of PM,y in yellow dust and non-yellow dust conditions of Asan and Seoul

Asan Seoul N
n Mean + S.D. (Range) n Mean + S.D. (Range) P
Yellow dust condition 7 99.47 + 84.86(27.08~278.01) 5 103.98 + 14.66(85.88~120.14) 0.223
Non-yellow dust condition 32 36.71 £ 20.53(15.05~127.08) 35 71.24 + 41.47(20.83~190.05) 0.001"
Total 39 47.98 £45.57 40 75.33 £40.52 0.006™
P’ 0.012 0.023"

p“(p-value) : Mann-Whitney U test between concentrations of particles of Asan and Seoul.
p'(p-value) : Mann-Whitney U test between concentrations of particles of yellow sand condition and normal weather condition.

Table 2. Seasonal concentrations (ug/m3) of PM)p in Asan and Seoul

Asan Seoul .
n Mean + S.D. (Range) n Mean + S.D. (Range) P
Spring 12 67.55 £ 70.65 (23.84~278.01) 12 96.30 £22.70 (63.66~132.41) 0.005"
Summer 11 27.40 + 10.50 (18.06~55.56) 4 45.96 + 16.10 (29.64~67.36) 0.019
Autumn 45.09 +32.84 (15.05~127.08) 12 61.32 +49.56 (20.83~187.73) 0.355
Winter 50.46 +28.55 (21.76~104.63) 12 78.17 £41.99 (37.73~190.05) 0.052

p° 0.029" 0.004™

p“(p-value) : Mann-Whitney U test between concentrations of particles of Asan and Seoul.
p(p-value) : Kruskal-Wallis H test between concentrations of particles with regard to season.
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3. PM,, Q| 548

1) F449%9] T

PM,, 59 85488 4% A okE &
1491.34 ng/m®, & 980.18 ng/m’, 78] 164.88 ng/m’,
ol 156.86 ngm®, 02 UEILI, AeAE F4
700.74 ng/m’, F 722.12 ngm’, ot 137.90 ng/md’,
T8 11724 ng/m’e] £0 2 Jepton, VAL AS
A (limit of detection) ©13F] kS VFERNITHTable
3). F Al FHAE = viuA YA, B3, 32,
TRl olitA7E MgAlET BAIACE felsil ¥
ATh@ZE p<0.05). Hl&9 FE A SXHE BE
BEARAA odAIZE AEAED BA SXol F
om, ojAL ARl MEAV B ¥F FOF =
Z9 AHo] Aer B3] F- AEARQ] oM E A
Ao Z A So gol =29 EY ¢4 5 AHe
FES Bo| w2 Aoz FHY & Ut} EI ot
Aol ERAHA £AFNERE EY S FYA}
AF Y= F= Foll JX5hd Q19 wALdem
FE f8 F54%E®b, M, Ni, Cr. Cu, Cd, Zn)
o] PM;o ol $AlsHA EAlshs Aog AT
9,}\‘:]'.15'17)

it Z)gA) olikrlel FEAE FRE A 53014
ng/m®, T4 47838 ng/m®, 72 17295 ngi’, oA
155.86 ng/m’E. T2 TEE YEINSH, | 36.03 ng/
m’, B¢ 3041 ngm’S] £O= FFSHUY. A F
$9% == 3 60026 ng/m’, T 459.63 ng/m’,
ol 140.80 ngm’, 78] 12035 ngm’eE TE F
&l Hlg] 2 F=& vElen, ¥ 4670 ngim’,
D7t 1797 ngm’e) £02 AT et 7143
T A494 PM,, T FHE 5EE HEgs o N
A} oRiAlolA BZY, 2E, FEI7t BASE R
23Al A thp<0.01).

A oA FHAR FEE T4 612201
y’E 7P & ¥EF Bon 3 303751 ng/
m’, o}d 16142 ng/m’*e} £22 ZAHAUTE AN
FEAE B 20T 238849 ng/m’, Hol 1575.14
ngm’E B FEE HYor, ofd 117.64 ng’, T
g 9547 ngm’?]l w2 ettt £ XYL wind
HR o7 ARG FAae B <o o) 25k
A, HAE ALE e FHER oA A4
Ho} 2 22 2tk F o7t Eifel 9% o
W o vt

Ank 71gAI e vingls W FAAC oA E TF

4733 - &3 -

= o))
&, 3, Fe, v, U2k FEt fe3A e
(p<0.05), 53] 74 TEv GuIA R oF 12.84),
Aol Fx7t o 5l B FEE BATh A&
= FANL 4, A, wW7kol Uk 7IA R 98
Al FE=U (p<0.05), 49 T oF s, e 5
5 9 260 Zpol7th W, W 9F 25819 xjolE
HAT HFEQO0L) Sol AEA] AFEd] 2440 =
At PM®] &5 ZHe} vz o, & a3 Axe}
v|&a] FAhde] Ax w7k FRv) wEARA R
Zhz} o 2,580} 2480 HUSL, FE, JI=F S Y
3 B Uehiint. v gt e OE )
£ ¥o] vjd BAEE ALY AR HE 5 s
Yepljaz ek ®

 5(1995) Nittta 5(1994)2] A74A E)] )
Q1% 2 F¥L Si, Fe 509, f5F & 999 7y,
Pb, Mn 5|3 Zn, Pb, As& A5} 2gQes 28
T A& AP0 SAAE 2 A5 2¥U9
Pb, AlH A7 obIA BT BE FES eR)
At} TH-OE Pb, AsE A3 ZE FEolA] oA
7t Mg ET #A4 UEY PM,, 2L oi@ e
2 Ao} Wikto] YZA] Rl ohle} FAEAIML o]
Fojzof ghg Holi gt

2) FEAE AdE Fx ¥E

ORIAY] PM,9 Y F5E BY AEY uel
w7 UR, 3, 2E, 7, 7 35 AE 93
ztolE BSthp<0.05). 53] Eoll 7+4(3720.85 ng/m’)
9} #(2052.93 ngim»Y) 7 558 & 5 k. B
H oPAe] FAd SAHAE 7HE(275.53 ng/m®)) B
o 1350 A= FA SAEATHTable 4). T Y7L,
YA, ge] ASols 58 7P =4 2AFA.
AAlE B A9 #, ol B9 Bt P =
kom, geo] Afdds B2 E4vRrt P w2
URe BE AN HEVA olstel e e
o & A9 25 749 do vl Bl A4 1
EitE ole B A @doE s EY AR
2} ol 7R WFolgial 2T & Ak F A
g Alele] AFYE Fr HIE BRYE Hdes g v
7}, AEANE W FRI7E AR o7 #
QA TR (P<0.05). oFFAOA ol B-& A9
AFAA A VeRger, U7ke Bid B2 5o E
Hepf At

3) F&98e R 24

oAelM ZRE FEHEE T T H(@=0987)
F BHr=0.949014 3k JAAAE Yo, v
2, Y, 2E, Fae 943 Jeidnh Agae
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Table 5. Correlation matrix among metallic elements in Asan

¥ A B 3 PMS BE R FEAL Y 54 9T 129
3, o] BN 71T ARk Zelt. wel
A oKl Felgk NgAelNE P, FhEE

3} fol@ ARBAES Uehlo] AF T 4FAHE %

As Mn Ni Fe Cr Cu Cd Pb Zn Si
As 1
Mn —0.122 1
Ni -0.029 -0.057 1
Fe -0.119 0.960** —0.178 1
Cr -0.113 -0.090 0.262 -0.135 1
Cu 0.138 0.054 0.490** -0.119 0.245 1
Cd -0.017 0.502%*  (.393* 0.432%*  —0.024 0314 1
Pb 0.119 0.116 0.052 0.078 -0.156 0.396* 0.311 1
Zn 0.209 0.100 0.469%*  0.022 0.000 0.651%*%  0.617+*  0.656** 1
Si -0.140 0.949%*%  —0.233 0.987*%* -0.124 —0.150 0.326* 0.033 -0.056 1
*p<0.05.
**p<0.01.
Table 6. Correlation matrix among metallic elements in Seoul
As Mn Fe Cr Cu Cd Pb Zn Si
As 1
Mn 0.085 1
Fe 0.023 0.973%* 1
Cr 0.107 0.304 0.217 1
Cu 0.278 0.218 0.103 0.536%* 1
Cd 0.155 0.651** 0.621** 0.199 0.637** 1
Pb 0.400* 0.356* 0.229 0.530%* 0.807**  (.629%* 1
Zn 0.271 0.239 0.127 0.543** 0.999**  0.649** 0.810** 1
Si —0.059 0.736** 0.820%* -0.116 —0.131 0.447%* —0.049 —0.111 1
*p<0.05.
**p<(.01.
Table 7. Correlation matrix among metallic elements in non-yellow dust condition in Asan
As Mn Ni Fe Cr Cu Cd Pb Zn Si
As 1
Mn -0.011 1
Ni -0.112 0.484** 1
Fe 0.031 0.689**  (.353* 1
Cr —0.169 0.087 0.201 —0.046 1
Cu 0.109 0.635%*  0.484*+  0.332 0.213 1
Cd 0.036 0.561*%*  0.580**  0.565**  0.028 0.446* 1
Pb 0.223 0.236 0.237 0.227 -0.135 0.464%*  (.372* 1
Zn 0.228 0.425* 0.529**  0.464**  0.016 0.665**  0.730**  0.707** 1
Si -0.117 0.579**  0.012 0.649%*  0.034 0.245 0.004 —0.030 0.023 1
*p<0.05.
**p<0.01.
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Table 8. Correlation matrix among metallic elements in non-yellow dust condition in Seoul

As Mn Fe Cr Cu Cd Pb Zn Si
As 1
Mn 0.177 1
Fe 0.108 0.960** 1
Cr 0.074 0.559%* 0.547%* 1
Cu 0.258 - 0.681** 0.661%%* 0.466%* 1
Cd 0.157 0.697** 0.726%* 0.223 0.808:%* 1
Pb 0.386* 0.751%* 0.703** 0.491%* 0.796%* 0.733%* 1
Zn 0.250 0.688** 0.673%* 04725+ 0.999*:x* 0.813** 0.807** 1
Si —0.048 0.308 0.352* 0.057 0.550** 0.580** 0.437%%* 0.553%* 1
*p<0.05.
*¥p<0.01.
Table 9. Correlation matrix among metallic elements in yellow dust condition in Asan
Mn Ni Fe Cr Cu Cd Pb Zn Si
Mn 1
Ni 0.092 1
Fe 0.996%* 0.013 1
Cr 0.513 -0.633 0.554 1
Cu —0415 -0.243 -0.429 0.079 1
Cd 0.686 0.096 0.685 0.513 —0.444 1
Pb -0.302 —0.205 ~0.324 0314 0.890* -0.114 1
Zn —0.344 0.400 ~0.407 -0.304 0.783* -0.274 0.739 1
Si 0.997%* 0.064 0.996%* 0.507 -0.424 0.639 -0.337 —0.378 1
*p<0.05.
**p<0.01.
Table 10. Correlation matrix among metallic elements in yellow dust condition in Seoul
As Mn Fe Cr Cu Cd Pb Zn Si
As 1
Mn 0.216 1
Fe 0.159 0.992%x* 1
Cr 0.509 —0.561 —0.645 1
Cu 0.431 —0.688 -0.757 0.985%* 1
Cd 0.660 0.752 0.744 -0.140 ~0.241 1
Pb 0.520 —0.480 -0.577 0.985%* 0.950* ~0.144 1
Zn 0.442 -0.678 -0.747 0.987%+* 1.000%*  -0.224 0.951* 1
Si 0.097 0971k 0.993%*  —.725 —0.820 0.711 —0.666 —0.811 1
*p<0.05.
*#p<0.01.
Ao BT & vt 0.649), B7He=0570)3 FoT FAE e BAY, A&
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® oAl A
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