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Abstract

The PM;y and PM, 5 aerosols were collected at Busan from March to May, 2005, and the
concentrations of some metallic elements were analysed to study their characteristics. The mean
concentration of PM;, was 66.5+23.0 uig/m3 with a range of 22.2 to 118.1 yg/m3. The mean
concentration of PM, 5 was 46.1+17.2 ug/m3 with a range of 9.7 to 83.3 ug/m3. The ratio of
PM, 5/ PM;, was 0.69 at Busan. The distribution of metallic elements for PM;, and PM, 5 were
Cd<Ni<Cr<Ti<Sr<...<Al<K<Fe<Si<Na and Cd<Cr<Ti<Ni...<K<Al<Si<Fe<Na, respectively.
The mean mass concentrations of Asian dust and non Asian dust in PM;y were 94.9 1ig/m3 and
63.7 ug/m3, respectively. And The mean mass concentrations of Asian dust and non Asian dust
in PM, 5 were 56.9 1ig/m3 and 45.1 ug/m3, respectively. The mean values of crustal enrichment
factors for five elements (Cd, Cu, Pb, V and Zn) were all higher than 10, possibly suggesting the
influence of anthropogenic sources. The soil contribution ratios for PM;q and PM, 5 were 20.5%
and 19.4, respectively.

Key words : PM; o, PM, 5, metallic elements, crustal enrichment factor, Asian dust
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Fig. 1. PM;o and PM, 5 monitoring site in Busan
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PMj 52| A =2 yug/m322 Al Ca, Cd, Cr,
Cu, Fe, K, Mg, Mn, Na, Ni, Pb, Si Sr, Ti, V 4
Zn®| 1770 FEE ng/m3oz Yepfigich, WA
PM;pd s Hit 66.5+23.0 ug/m3ZA
A 5(2005)9 oA Hel 58.2+29.5

pg/m3ETE Tha =9k F o 1181 ug/m3, X4
22.2 pg/m3o|tt, SR & Hdsr= 49 7
U, oge AR o GArt oA HAT g
ojfl o}, FAX|AO] AT = oFskelTt, A
sk 5 16900 Ut PMy 59 A =&
Bt 46.1+17.2 ug/m3, 2t 83.3 ug/m3, Hi
9.7 pg/msdollom ZHANRE F HdisEe A
7} oFslA FAE 49 Tl YRt HA sk
59 164 & PM;pd} & Y5kl

20059 #4842 PMygoll Bigt PMy 9]
HlE= 0,692 PMyy &°ll oF 70%7F PMy 5 2l A2
Z yehgth PMy 5/PMyo vl Ao G383t ¢
7 2.5umo|ate] mlAHA ] 7|A&S & 4= Utk
£ WA Fas oujg 7Rt & 4 Qi
PMy 5/PMyq Hloll thgt 712 d49] & HH, H
WA FAA G AFE A4 20029 3Y 24
HE 49 119714 ST AroA FAA
0.404, HIZFAMAO] 0,503 2(FFE 5, 2002),
GAA O 2 ghe VRS, FARR 9] -
AAE 5(1999)0] 19999 5€ol|l A 8L7HA] A5
Aatef 2lshH PMy 5/PMy HI7F 0.702.2 & A
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Table 1. Statistical data of elemental concentration (ng/m3) in PM; and PM, 5 at Busan

Elements il (857 s (M)
Mean Min. Max. S.D. Mean Min. Max. S.D.
Mass(1g/m3) 66.5 22.2 118.1 23.0 46.1 9.7 83.3 17.2
Al 1413.1 448.0 2797.2 599.2 839.3 96.0 1769.4 365.7
Ca 691.5 232.8 2413.3 454.8 213.0 27.7 672.2 166.4
Ccd 1.4 0.4 3.7 0.7 1.1 0.3 3.2 0.6
Cr 9.4 3.2 45.8 7.4 5.0 1.0 185 32
Cu 33.1 10.3 91.3 17.2 19.8 0.9 474 9.4
Fe 1743.8 252.0 4322.2 750.6 1438.3 120.5 3883.0 648.0
K 925.7 4253 1916.0 349.4 576.9 182.8 1363.3 262.9
Mg 273.9 131.4 768.3 128.7 135.4 81.4 295.0 47.8
Mn 58.1 8.9 123.8 26.1 40.4 4.3 96.4 20.9
Na 2773.7 498.3 6282.7 1176.6 1741.0 165.0 4626.1 7874
Ni 9.1 0.8 26.7 5.4 5.6 0.4 17.6 3.5
Pb 55.8 7.7 150.0 313 47.6 6.2 1257 26.7
Si 2059.1 897.2 6725.0 1157.8 1311.7 214.8 4744.4 833.4
Sr 25.0 12.3 72.0 135 17.2 7.4 44.6 8.5
Ti 20.8 5.1 47.2 11.7 7.2 0.9 26.1 4.8
\Y 52.1 5.8 213.3 42.6 46.1 0.8 188.9 39.7
7n 489.1 133.5 1429.6 294.2 289.7 63.9 696.3 146.4
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Table 2. Monthly variation of elemental concentrations (ng/m?3) in PM aerosol. A parenthesis shows study period

Elements This study(2005) Busan® | Busanb) | Busan® | Busand | Seoul®) | Miland
March April May Spring | (2001) | (2002) | (2003) | (2004) | (200D | (2003)
Mass 58.8 75.0 63.1 66.5 98.2 219.8 53.8 729 95.5 81.4
Al 1550.4 1566.1 1144.3 1413.1 759.2 3660 449.6 10789 2490 840
Ca 700.8 863.5 498.2 691.5 1115.1 5670 919.3 1917.5 2336 1880
Cd 15 1.4 13 1.4 2.7 1.42 84 2.1 7.66
Cr 10.4 11.0 7.1 9.4 55 8.34 9.0 11.3 18.8 13
Cu** 47.1 29.4 26.7 33.1 26.26 259 44.7 50.1 72
Fe 1841.3 1803.7 1605.9 1743.8 749.8 3710 453.3 1468.3 2321 1830
K* 1020.8 1040.8 729.6 925.7 1230.8 2780 1006 1159.8 1038 660
Mg 253.2 332.0 220.4 273.9 330.6 2220 237.2 394.3 806
Mn 56.9 62.5 54.2 58.1 17.2 173.74 60.7 65.2 94.2 45
Na** 3736.5 2629.0 2208.5 2773.7 786.8 3240 1246 2602.2 699
Ni* 12.0 10.0 59 9.1 8.6 12.60 16.0 12.7 47.8 10
Pb 62.1 58.2 48.5 55.8 39.1 30.35 218.0 83.3 124 71
Si** 3217.2 1788.2 1484.1 2059.1 362.0 8420 793.1 2430
S 38.7 24.2 155 25.0 17.8
Ti 23.0 24.2 155 20.8 130 87
Ve 102.4 44 4 22.7 52.1 17.6 10
n** 727.1 494.1 305.2 489.1 302.6 571.78 330.0 388.7 302 180

* P<0.05, ** P<0.01, ** P<0.001

a) 8213 ¥ A(2003), mean of 14 samples (PM) during the spring, summer and winter

b) A8 2(2003), mean of 12 samples (PM) during spring

o) A= A3} 3F-8-21(2005), mean of 29 samples (PM;,) during the spring

dA tg & 5(2005), mean of 25 samples (PM;) during the

spring

e) 4714 5(2002), mean of 29 samples (PM, ) during spring
£) Vecchi et al(2007), mean of 25 daytime samples (PM, ) during winter
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Table 3. Monthly variation of elemental concentrations (ng/m3) in PM, 5 aerosol

Elements This study(2005) Busana Jejub) Seoul® Beijingd | Madride)
March April May Spring (2004) (2002) (2002) (2000) (2003)

Mass 42.0 48.5 46.7 46.1 33.3 23.83 49.3 88.6 34.14
Al 795.4 892.1 815.0 839.3 540.0 304 691 1370 720
Ca 234.0 239.0 168.9 213.0 682.4 33 565 1710 660
Cd 1.1 1.1 1.1 1.1 1.4 0.60

Cr 7.1 45 3.8 5.0 7.4 13.7 2
Cu* 26.7 17.8 16.7 19.8 23.8 2.48 27.8 28 41
Fe 1666.5 1392.2 1317.1 1438.3 834.5 222 743 1520 570

K 624.2 641.1 471.8 576.9 790.2 360 435 2570 210
Mg 128.9 149.4 125.2 135.4 108.1 117 231 310 90
Mn 38.1 41.9 40.5 40.4 35.7 9.21 39.0 90 8
Na* 2376.2 1462.7 1566.1 1741.0 1894.4 320 309 130

Ni 7.3 5.9 4.0 5.6 8.2 19.6 4 2
Pb 514 50.2 41.8 47.6 54.2 26.82 96.4 260 99

Si 1698.6 1174.2 1170.4 1311.7 4080 1800
S 26.2 15.9 12.0 17.2 33.28 791

Ti 8.1 7.6 6.1 7.2 6.18 33.7 21
Ve 93.6 39.0 18.1 46.1 10.16 7.62 3
Zn* 400.9 268.8 229.0 289.7 230.2 31.23 163 425 59

* P<0.05, * P<0.01, *** P<0.001

a) A1 Y 5(2005), mean of 25 samples (PM, 5) during the spring

b) 714 5(2004), mean of 9 samples (PM, 5) during spring
o 7718 5(2002), mean of 29 samples (PM, 5) during spring

d) He et al.(2001), mean of 13 samples (PM, 5) during the spring
e) Artinano et al.(2003), mean of 38 samples (PM, 5) during the annual



334 #EY

St wl16E M 5%

£ vehigiet vheel=e) 4
2003)= 19999 64955 20009 597k 17k 1
Zof 13 2H3 AOE PMy ;5 EE 34.14

Hg/m3g UERY /1T

200549 &4 #

Cd<{Cr(Ti{Ni...

PMjot Bl
(20052 &

oX

2.434}

Bl A= Sok

I

S
o]:

HR] 2 2] PMy 5 59
{K{(AI(Si(Fe{Nalo & et
b AEgS YEY S E}
29l Al Ca, Fe 2
Ao lonz;— Boloka Agstelon, ol B3

FEol ot A 2 v A AL i) F
o] 225 goloa 83} 4= )t} AM Ca

T AFA @A

SRS |

S ain

Lot} JEM Feﬂ} Mn2 AFAS
A9 23 e ER T A YERE O :‘% of
t}, Mg9 Hi-5%+ 135.4 ng/m3=

$(Artinano et al.,

.y S A= Ke)
U—il_AéLL

Awo =

Qi 2-o] 7}

5, 2004)3 27

A

A BAOEEHE 3 AFA ok ) Lt
gom, gds golat ol Holx| ggkeh. Kol
A AR e S S Bt 53] U914

719491 Cu(P<0.05), Sr(P<0.0

01), V(P<0.001) ¥

Zn(P<0.05)=A] &5 3ol 7H =74 Uehgen
Hatsre AFAGEY 20tk Cudf w4 H+t
SEw 19.8 ng/m3ZA| A|lFA| A EL} 4,424 =74

ekt
o3t 2ol

AAAY e A=7F =k Niz dHEE &
Rom BHFEs 5.6 ng/m3EA

AFAARTE Eotout BAX ks Wt
Pbe] 5= 47.6 ng/m3=A] 30,61 ng/m3E
BAR| e Ehe tha
ARG A

Hol AFAGRL; ko)
wokeh Cd, Cu, Ni Pb, V ¥ Zn&
FAGEL} =4 Yeh
9,]6‘} o]E 30:10

gAY 5, 2005). Cut Pb2 2
7} 47,6 ng/m3= A&, 57, uf=
=5 UEh i

-
At o

A

9] oJsRS- tho] Hk

=
4%

= Aol
Aoz gy

Y7} 19.8 ng/m3

ERrh e

Table 4 & A77IZe] FAMA|L} BIZAIA €]

Table 4. Elemental concentration(ng/m3) in M;q and PM, 5 aerosols for Asian dust(AD) and non Asian dust(NAD) at Busan.

This study Seoul®
Elements PM,, (N=34) PM, 5 (N=34) PM,, (N=28) PM, 5 (N=29)

All AD NAD All AD NAD All AD NAD All AD NAD
Mass 66.5*| 949 637 | 46.1 56.9 45.1 955 | 144 72.5 49.3 68.2 39.3
Al 1413.1 | 1954.6 | 1360.7 | 839.3 | 1117.6 | 8124 | 2490 | 4790 | 1400 691 1514 258
Ca 6915 | 1601.1 | 6035 | 213.0 | 4505 | 190.0 | 2336 | 3916 | 1587 565 1117 274
cd 1.4 1.7 13 1.1 1.4 1.1 7.66 773 7.63 4.62 5.18 433
Cr 9.4 9.2 95 5.0 59 49 18.8 195 | 185 137 16.2 12.4
Cu 33.1 39.1 325 198 21.7 19.6 50.1 53.0 | 487 27.8 28.6 273
Fe 1743.8 | 2108.1 | 1708.6 | 1438.3 | 1501.1 | 1432.2 | 2321 3960 | 1544 743 1310 444
K 9257 | 11794 | 901.1 | 5769 | 6341 | 569.4 | 1038 1712 720 435 676 308
Mg 273.9 | 4869 | 2532 | 1354* | 199.8 | 1292 | 806 1523 466 231 472 103
Mn 58.1 78.0 56.2 | 404 49.1 39.5 942 | 156 65.1 39.0 60.1 279
Na 2773.7 | 3013.1 | 2750.6 | 1741.0 | 17532 | 16152 | 699 999 556 309 381 381
Ni 9.1 11.0 89 5.6 6.7 55 47.8 698 | 374 19.6 32.8 12.7
Pb 55.8 72.4 542 | 476 59.5 464 | 124 133 120 9.4 | 107 90.9
Si 2059.1 | 2150.0 | 2050.3 | 1311.7 | 1333.3 | 1309.6
Sr 25.0 31.1 244 172 18.4 17.1
Ti 20.8 37.1 19.2 7.2 16.0 6.4
\% 52.1 61.6 512 | 461 56.6 45.0
Zn 489.1 | 5481 | 4834 | 289.7 | 3315 | 2857 | 302 372 270 163 187 150

* P<0.05, P<0.01, P<0.001
D HFE 5003)
The unit of PM is fg/m3.
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Table 5. Comparison of crustal enrichment factors between PM;q and PM, 5
Elements This study Busan? Busanb) Daegu© Jejud Mt Sobacke)
PMyo PM; 5 PMj PM; 5
Al 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Ca 1.1 0.6 4.4 3.2 3.3 2.1 2.87
Cd 390.0 545.2 1266.9 1547.8 1455.3 36906.2 1156 827
Cr 5.4 4.8 12.8 159 5.9 10303.9
Cu 34.6 34.8 76.8 84.8
Fe 2.0 2.8 2.1 2.0 1.6 2.4 1.9 0.94
K 2.1 2.2 4.5 52 5.1
Mg 0.8 0.6 1.7 1.0 1.7 26 0.85
Mn 3.5 4.1 6.4 7.0 1.9 3.6 2.2 1.33
Na 5.0 53 6.1 7.0 2.6 26.9 1.02
Ni 7.0 7.2 22.5 26.0 123 106.7 4.1 25
Pb 247.0 354.5 6306.1 785.6 322.2 11753 621 675
Si 0.4 0.5 0.1 0.1 0.1
Sr 3.8 4.5
Ti 0.3 0.2
\% 22.2 33.0
n 402.0 400.9 533.9 615.4 462.9 4265 62 50.0
a) A 5(2005), Busan, EF. of 87 samples (PM,, and PM, 5)
b) 71 20! 03) Busan, E.F. of 14 samples (PM;)
o) FA -2} £ £(2000), Daegu, E.F. of 84 samples (PMm)
d) Z|9HA 1} ‘2‘1}3—2,—(1999) Jeju Sungsan, E.F. of 76 samples (TSP)
e) Tk 5(1995), Mt. Soback, E.F. of 22 samples (TSP)
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Fig. 3. Monthly comparison of enrichment factor of each element in PM,y and PM, 5 aerosols
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