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Scanning electron microscopy / energy dispersive X-ray analyzer(SEM/EDX) has played an important role for
evaluation the source of atmospheric particle because it is a powerful tool for characterizing individual particles.
The SEM/EDX system provides various physical parameters like optical diameter, as well as chemical infor-

mation for a particle-by-particle basis.

The purpose of the study was to classify individual particle emitted from the point sources based on
clustering analysis and physico-chemical analysis by SEM/EDX. The total of 490 individual particle were
analyzed at 8 point sources including coal-fired power plant, incinerator, B-C oil boiler, and metal manufacturing

industry.

The main components were Si and Al in the coal-fired power plant, Cl and Na in the domestic waste
Incinerator, S in the B-C oil boiler and S and Fe in the metal manufactory industry, respectively.
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Table 1. Description of point sources sampling for this study
Sample Source t Number of

1D ype analysis particles

A-1 . o 78

A2 Coal-fired power plant (bituminous coal) %

B-1 Domestic waste Incinerator 49 -

B-2 B-1 site : 50t/d, B-2 : 100t/d 118

c-1 B-C ail boiler 51

c2 C-1 : combined heat and power plant(S 4.0%) %

C-2 : industrial boiler(S 0.3%)
D-1 Metal manufactory industry 65
D-2 D-1, D-2 : electric arc furnaces 57
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Fig. 2. SEM image and EDX spectra at coal-fired power plant.

Table 2. Statistics of individual particle at coal-fired power plant

(a) A-1 site
A-1 Size Density C 0 Na Mg Al Si P S Ca Ti Fe
(n=78) (gm) | (g/cm’) (9)
Num. - - 256 987 38 14.1 92.3 92.3 16.7 64 564 90 410
Min. 0.5 1.55 12.69 1066 112 0.68 1.24 1.60 150 093 059 070 0.73
Max. 12.0 250 8934 7682 1.69 3% 5068 4932 925 463 2817 636 3029
SD 2.7 0.19 2194 1438 0.31 1.08 6.70 6.60 212 159 529 202 662
GM 3.8 171 2821  62.04 145 1.95 961 11.09 251 143 286 133 270
(b) A-2 site
A-2 Size Density C 0 Na Mg Al Si P S Ca Ti Fe
(n=36) (pm) | (g/em’) (%)
Num. - - 972 972 56 139 889 91.7 8.3 56 278 167 36.1
Min 0.5 1.60 928 1310 109 0.79 251 131 449 102 046 047 068
Max 2.0 263 9219 7506 139 940 1212 1282 460 370 615 344 244
SD 0.5 0.16 1329 1031 021 407 178 252 006 19 200 1.14 058
GM 1.0 178 2580 5448 123 3.50 639 693 454 194 214 087 134
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Fig. 3. SEM image and EDX spectra at incinerator.

Table 3. Statistics of individual particle at incinerator
(a) B-1 site

B-1 Size Density C 0 Na Mg Al Si P N Cl K Ca  Fe
(n=49) (gem) (g/cm’) (%)
Num - - %9 918 327 61 102 347 82 612 653 82 612 82
Min 08 131 621 151 284 124 163 08 076 087 113 058 053 257
Max 11.8 257 90.79 7359 1907 394 740 1535 189 2855 2381 10.08 14.08 29.10
SD 3.0 0.43 2477 2085 525 137 220 476 051 721 562 450 360 11.87
GM 3.2 1.79 4030 2603 798 221 377 337 117 506 768 179 522 833
(b) B-2 site
B-2 Size Density _ C 0O Na Mg Al Si P S Cl K Ca Fe
(n=118) (pm) (g/cm’) (%)
Num - - 508 80 398 34 42 119 68 51 669 229 220 42
Min 06 1.49 1056 015 239 158 28 130 111 098 076 066 062 109
Max 136 8.89 8992 7804 4967 389 649 1718 677 9726 9985 3938 1298 9.10
SD 1.7 116 2274 2239 1166 127 135 484 174 4480 3131 1069 372 322
GM 2.2 2.23 4263 2514 1373 249 460 451 252 808 2031 602 514 377
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Fig. 4. SEM image and EDX spectra at B-C oil boiler.
Table 4. Statistics of individual particle at B-C oil boiler
(a) C-1 site
c-1 Size Density C 0 Al Si S \ Ni
(n=51) (¢m) (g/cm®) (%)
Num - - 100 100 59 11.8 96.1 412 39
Min 09 154 23.39 34 2.14 420 1.32 0.24 0.37
Max 134 2.50 9245  62.01 4.66 9.93 7.66 1.87 16.86
SD 3.3 021 1577 1287 1.28 2.57 1.40 0.34 11.66
GM 45 2.25 7741 12.73 3.35 6.30 254 0.58 2.50
(b) C-2 site
C-2 Size Density C 0 Na S Fe Ni
(n=36) (pm) (g/cm’) (%)
Num - - 100 100 13.9 306 56 83
Min 05 1.64 18.69 2.51 2.36 0.21 2.33 0.61
Max 20.0 2.56 97.39 67.28 4.20 732 287 - 1.80
SD 43 0.25 19.29 1543 0.70 2.83 0.38 063
GM 30 2.32 79.00 10.63 2.99 0.87 259 0.98
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Fig. 5. SEM image and EDX spectra at metal manufactory industry.

Table 5. Statistics of individual particle at metal manufactory industry

(a) D-1 site
D-1 Size Density C 0 Al Si S Cl Ca Cr Mn Fe Ni
(n=65) (gm) | (g/em) (%)
Num - - 831 892 62 169 523 308 169 323 31 369 215
Min 0.7 1.55 1360 215 119 08 062 09 079 09 048 040 063
Max 20.0 3.08 90.02 8003 1846 2908 5778 21.05 1391 563 159 3151 282
SD 38 0.34 2355 2173 777 897 1252 492 355 132 078 686 062
GM 2.9 1.96 4230 3994 777 867 562 234 712 192 087 844 118
(b) D-2 site
D-2 |Size|Densityl € O Na Mg Al &i S Cl Ca Ti Cr Fe Cu Zn Au
(n=57) | (um) | (g/cm®) (%)
Num | - - |614 930 35 105 175 246 368 88 351 53 35 140 35 35 70
Min | 08| 148 |21.19 640 190 058 052 066 026 123 022 035 052 035 826 574 422
Max (150 295 (8793 7933 7.03 150 1897 3712 8786 1564 1044 193 186 1053 19.07 12.26 51.02
SD 28| 036 2419 1974 363 040 721 1164 3340 730 336 084 095 401 764 461 2008
GM | 28| 192 (4384 3901 365 086 520 608 2175 390 337 077 098 141 1255 839 219
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Table 6. Classifications of individual particle by point sources
Site A-1 A-2 B-1 B-2 C-1 C-2 D-1 D-2
CO 0.038 0.074 ' 0.139 0.046 0.105
Al 0.028 0.031 0.053
ALSi-Cl 0.038 0.028 0.018
Si 0.020 0.092 0.070
Si,Al 0.295 0.389 0.020 0.035
Si,5-Al 0.059
Si,Cl-Al,Mg,CaFe 0.019 0.015
Si-Ca-ALSCLTi 0.013 0.061
Si,Al-Na,Mg,Ca,Fe 0.449 0.361 0.041 0.009 0.039 0.015 0.035
S 0.224 0.019 0.471 0.639 0.308 0.316
SNa-K,CaFe
S-CI-Al
S,Ca-ClFe 0.009
S-V-Ni 0.412 0.028
Cl 0.041 0.148 0.031 0.035
CiNa-Si,S K Ca 0.224 0.343
Cl-Ca-Na,ALSi,S 0.122 0.009
Ca 0.046 0.138 0.175
Ca-Na,Mg
Ca-AlP-SiCaFe 0.064 0.056 0.019
Ca-51,5-Mg,ALSi,Mg 0.013 0.184 0.023 0.035
CaFe-Mg,ALSICl 0.026 0.020 0.009
Fe 0.026 0.139 0.046
Fe-Na,AlSi,Ca 0.013 0.019
Fe-S,Cl1-Ca,CrNi 0.020 0.028 0.077 0018
Fe-Cr-CINi 0.185
Fe-Zn 0.037
Other 0.026 0.139 0.020 0.037 0.020 0.056 0.015 0.088
Cluster number 10 5 11 16 4 3 11 11
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