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Abstract

This study identified physical characteristics and aerosol particle sources of PMo and PM, s in the industrial complex of Busan
Metropolitan City, Korea. Samples of PM;o, PM, s and also soil, were collected in several areas during the year of 2012 to
investigate elemental composition. A URG cyclone sampler was used for collection. The samples were collected according to
each experimental condition, and the analysis method of SEM-EDX was used to determine the concentration of each metallic
element. The comparative analysis indicated that their mass concentration ranged from 1% to 3%. The elements in the industrial
region that were above 10% were Si, Al, Fe, and Ca. Those below 5% were Na, Mg, and S. The remaining elements (1% of total
mass) consisted of elements such as Ni, Co, Br and Pb. Finally, a statistical tool was applied to the elemental results to identify
each source for the industrial region. From a principal components analysis (SPSS, Ver 20.0) performed to analyze the
possible sources of PMj in the industrial region, five main factors were determined. Factor 1 (Si, Al), which accounted for 15.8%
of the total variance, was mostly affected by soil and dust from manufacturing facilities nearby, Factors 2 (Cu, Ni), 3 (Zn, Pb), and
4 (Mn, Fe), which also accounted for some of variance, were mainly related to iron, non-ferrous metals, and other industrial
manufacturing sources. Also, five factors determined to access possible sources of PM» s Factor 1 (Na, S), accounted for 13.5%
of the total variance and was affected by sea-salt particles and fuel incineration sources, and Factors 2 (Ti, Mn), 3 (Pb, Cl), 4 (K,
Al) also explained significant proportions of the variance. Theses factors mean that the PM, s emission sources may be
considered as sources of incineration, and metals, and non-ferrous manufacturing industries.
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Fig. 1. Schematic diagram of the aerosol sampling.

Table 1. Specifications of sampling methods and conditions
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Table 2. Analytical conditions for SEM-EDX

Sample number

Filter 10 X 20(points) X 2(air, soil) = 400

Oxford Model (INCA Energy, England)

Electro multiplier (dual mode)

FE-SEM JSM-6700F (JEOL, JAPAN)
EDX

Working distance > 15 mm

Accelerating voltage 15 keV

EDX magnification x 3,000

Thickness of coating 20 nm, Pt coating

Detector

Analysis element (19)

Na, Mg, Al, Si, P, S, Cl, K, Ca, Ti, Cr, Mn, Fe, Ni, Co, Zn, Br, Pb, Cu

K, Ca, Ti, Cr, Mn, Fe, Ni, Co, Zn, Br, Pb 4 Cu 5 &
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Fig. 2. Typical SEM-EDX image and spectra for this
experiment (Sample No. 20120724-0017).
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Fig. 3. Elemental analysis results at S industrial region.
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Fig. 4. Comparison of elemental concentration(%) distribution of soil originated elements in PM;o and PM: s (S industrial

region).
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Fig. 5. Comparison of elemental concentration(%) distribution of non-ferrous metal industry originated elements in PMo
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Table 3. Result of principal component analysis of metallic elements in S industrial region for PM;o

Factor
PMuo 1 2 3 4 5 6 7
Na -.808 -.148 -.200 -.138 -249 -.036 -.168
Mg 186 -.038 -131 126 735 -.079 -175
Al 789 -.145 -164 -.085 -.004 -.155 -018
Si 876 -.040 -128 -113 -070 -115 -.083
P -.006 101 068 070 647 -101 498
S -228 044 115 -409 -.039 699 -.056
cl -.686 -111 227 -156 352 278 129
K -022 -071 -052 -.042 -115 -051 858
Ca 059 -.069 004 -401 617 222 -150
Ti -.024 -.156 415 469 -015 092 085
Cr 028 -.055 -.081 175 018 715 -.023
Mn -057 142 049 717 018 -.026 -.089
Fe 196 528 000 475 037 104 008
Ni -074 694 -.006 029 044 059 029
Co 025 247 587 056 133 -181 293
Zn -.055 -.090 729 323 -125 -132 -124
Br -022 689 014 -142 -.036 -071 005
Pb 008 096 720 -.185 -.060 203 210
Cu 034 734 109 218 -.037 -.066 -123
EV 2.999 2.455 1.616 1.587 1.279 1210 1.028
Cu(%) 15.8 28.7 37.2 45.6 523 587 64.1

Table 4. Result of principal component analysis of metallic elements in S industrial region for PM, s

PMas Factor
1 2 3 4 5 6 7 8

Na 750 -.041 .051 -.116 -.291 -224 -.036 -.009
Mg -.025 -.152 .044 -.015 -.020 -.037 812 .028
Al -.442 -.142 -.261 440 -.220 -.162 137 -.174
Si -.591 -.134 -.223 .388 -.308 -.047 -279 -.056
P -.025 187 -.068 -.145 -.047 -.017 .580 =231
S 729 -.086 .077 .205 163 253 -.082 -114
Cl .360 -.075 706 -.116 -.106 .070 -.044 .005
K .004 .072 119 .681 -.022 -223 -.165 -.013
Ca 124 -.146 -.055 -.150 -.151 .806 -.027 -.076
Ti .012 732 -.041 114 195 .029 139 .035
Cr -.048 .017 -.024 -.109 .010 -.043 -.098 .860
Mn .025 672 .004 .073 -.107 -.067 -.046 .505
Fe -.061 167 -.113 -455 .651 -212 -.164 154
Ni .083 .309 .077 .051 .086 441 .376 204
Co -.133 671 .010 -.348 -.061 -.043 -.154 -.255
Zn .095 .012 301 -476 -.149 -.409 .078 .095
Br -.296 143 295 -.135 .016 402 -.136 -.055
Pb -.023 .003 .845 110 .071 -.059 .050 -.024
Cu .045 .006 .032 .080 817 .007 .017 -.066
EV 2.570 2.100 1.525 1.368 1.331 1.210 1.153 1.015

Cu(%) 13.5 24.6 32.6 39.8 46.8 53.2 59.3 64.6
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