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The Metallic Composition of PM2.5 and PM10 in a Northeast
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Abstract : The analysis of heavy metals associated with both PM2.5 and PMI10 fraction of aerosols was made from a
northeast region of Seoul during the spring period of 2001. The mean concentrations of fine (PM2.5), coarse (PM10-
PM2.5), and PM10 fraction were observed as 49.3+29.2, 50.5+35.0, and 95.5+46.1 ug/m’, respectively during this study
period. According to the results of enrichment factor (EF) analysis between different particle fractions, major elements
(including Fe, Ca, Na, and K) were found to exhibit EF values of less than 10. However, heavy metal components (like
Zn and Pb) showed very high EF values. Comparison of fine/coarse (F/C) concentration ratio showed that Zn, Cr, Pb, and
Ni have higher ratio values than others. The metallic composition of particles was also compared on both absolute and
relative terms. The results of our analysis showed an evidence that the increase in the total metallic contents is prominent
during the spring period due mostly to the Asian Dust event.
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Table 1. Instrumental conditions and detection limits (36) of ICP-AES for the analysis of metals and sulfur in this study.

Thermo Jarrel Ash,

Instrument Model IRIS-DUO Operation Mode Simulataneous mode
Plasma Type Radial, Axial RF Frequency 40.68 MHz
Auxiliary Flow 0.5 Vmin RF Power 1150 W
Nebulizer Flow 28.06 psi Pump Rate 130 pm
. Outer=16.0 Vmin
Nebulizer Pressure 35 psi, 28 psi Air Flow Rate Inner=0.5 Vmin

Nebulizer=28.06 psi

Element Detection Wavelength (nm) Detection Limit (ppm)
Al 396.152 0.044
Ca 317.933 0.021
K 766.490 0.068
Ti 334.941 0.001
Ba 233.527 0.002
Zn 213.586 0.001
Cr 267.716 0.003
Cu 324.754 0.003
Co 228.616 0.001
Cd 214.438 0.001
Fe 259.837 0.009
Na 588.995 0.028
Mg 202.582 0.012
Mn 257.610 0.0002
Sr 346.446 0.003
v 309.311 0.001
Pb 220.353 0.021
Ni 221.647 0.002
Mo 202.03 0.002
S 182.034 0.031
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Table 2. Statistical summary of PM and the associated constituents and parameters determined during Asian dust period of
2001 in the study area. All measurements are made on a daily basis for a total of 29 days.*

Pa.::.r?e- Mean Med SD MAX MIN Mean Med SD MAX MIN Mean Med SD MAX MIN
(1) Fine (3) Coarse particle (PM10-PM2.5) (2) PM 10
PM** 493 408 292 166 14.1 505 394 350 139 189 955 759 461 212 486
Al 691 378 822 3480 573 1853 1398 1303 5060 630 2490 1745 2031 8218 778
Fe 743 510 565 2639 309 1615 1270 974 4114 629 2321 1760 1473 6160 999
Ca 565 288 580 2387 170 1836 1575 1018 4717 831 2336 1841 1455 6435 1032
Na 309 286 150 691 115 390 29 291 1296 1.80 699 575 375 1787 265
K 435 302 354 1655 458 610 472 387 1672 186 1038 719 661 2566 362
Mg 231 962 267 1131 532 588 424 446 1859 232 806 504 696 2800 301
Ti 337 201 295 122 997 98.7 808 570 262 365 1299 103.0 8213 351 513
Mn 390 297 228 106 148 568 425 365 152 186 942 785 557 248 399
Ba 208 220 919 426 463 383 377 156 630 113 584 534 207 951 257
Sr 791 761 475 215 0.00 999 830 614 256 081 178 50 885 453 881
Zn 163 137 125 644 258 146 104 134 652 944 302 279 160 795  89.1
\Y% 762 58 433 194 241 103 952 640 257 120 176 140 974 450 591
Cr 137 118 101 588 278 993 860 884 397 153 188 172 701 368 100
Pb %4 672 729 357 0 297 304 138 523 317 124 111 658 327 312
Cu 278 256 141 543 539 224 227 850 3954 7.03 501 471 182 926 199
Ni 196 137 143 514 177 292 255 147 615 061 478 452 199 970 251
Co 209 162 141 491 000 241 247 143 529 0 432 409 099 666 280
Mo 375 356 158 831 125 289 348 167 531 019 650 630 114 942 454
Cd 462 440 225 997 077 328 342 164 745 058 766 766 157 110 465
S 1504 1292 953 5604 705 337 312 233 963 114 1867 1558 1081 6192 1056

*Note that N=29 for all measurements.
#*The unit of PM is pg m™, while all the rest are ng m”.
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Fig. 1. Comparison of the concentrations of each component is made for both PM2.5, PM10 and coarse particle (PMI10-
PM2.5). Considering the wide range of distribution, the data are ploted on a logarithmic basis.
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Fig. 2. Comparative analysis of frequency distribution patterns of elemental components of fine particle (PM 2.5).
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Table 3. Concentrations of metals on the x-axis are arbi- =3 o] Z7xol 2ok

trarily adjusted by the following factors. B oA 32y Z4HAE kriyy) Ay
PM 25 PM 10 Coarse Qu|E AAIF LR ol3slr] Hsll, SN Z=FE
PM#+ 2 2 10 ARES] FTREATS BN o)He) ArAns
?i jgg 15%%0 jgg 3 B A7Aze) vzE AEstgd. oled vlae
iy 750 00 00 ngeze ARE WASIZE 44 2ol PMI0
Na 75 200 100 FA L Ao Z o|Fo|AHT) Tuble 4 2 AHAE
K 200 200 200 AXEYTE. 2 BRI AAR Feol A4S vz
= e > o g dEe Vs Az ] HABE Folrh 3
Mn 10 20 10 v A=rt YR 22 H]ESlY Mn, Ti, Ba 59
Ba 5 10 75 AT AFWIR N AUHos IFEE 44
- . o v e 202 el 22U Table 49] Yeht A
v ) s 55 3} 7o) Cr& UAe] TuA A AR Mgl

cr 5 5 5 Az e HHANE AEEE, FAXG 9F
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N : o ) Uehdeh, Wb @A S ARe cr
Co 05 075 05 Exo Qo] T - ARiAGT FANAY FpeE
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Table 4. Comparison of elemental components of PM10 among different studies conducted in Korea.

Study area Tae Jon Tae Gu Won Ju Seoul(shinchon) Seoul(Bulgwang) Kyung Gi(Yongin) Seoul (Kun Ja)
Study period 1997-1999 1990-1991 1991-1995 1986 1987-1988 1993 2001
Land use type industrial urban residential commercial residential commercial residential

Reference 1 2 3 4 5 6 7

Al 2490
Fe 1633 1071 1969 1374 873 2321
Ca 2336
Na 7750 699
K 1539 1038
Mg 806
Ti 326 130
Mn 50.3 S50 45 32 61 94.2
Ba 276 58.4
Sr 17.8
Zn 240 976 351 540.7 302
v 13.1 174 169 17.6
Cr 25.1 8 25 58 18.8 18.8
Pb 243 134 149 271 174 3712 124
Cu 41.1 16 469 46 133 50.1
Ni 379 19 75 38 47.8
Co 1.53 4.32
Mo 6.50
Cd 324 2 4 9.5 8.7 7.66
S 1867

References: (1) Kim et al. (2002); (2) Baek et al. (1997); (3) Kim ez al. (1997); (4) Chung et al. (1987); (5) Lim et al. (1989);
(6) Lee et al. (1996, and (7) This study.
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Study area Pusan Tae Jon Seoul(Heukseok) Present
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Reference 1 2 3
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\' 2.1 11.1
n 131 113 175 184
Cr 0.8 254
Pb 283 718 484 294
Cu 32 30.6 94.7
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References: (1) Yang et al. (1999); (2) Kim et al. (2002); (3) Son et al. (1993).
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