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Identifying Ambient PM,; Sources and Estimating
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and Diesel Automobile Sources by Analyzing ECs and OCs
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Abstract

The purpose of this study was to identify PM, 5 sources and to estimate their contributions to the border of Yongin-
Suwon area, based on the analysis of the PM, 5 mass concentration and the associated inorganic elements, ions and
carbon components. The contribution of PM, 5 sources were estimated by using a positive matrix factorization (PMF)
model to identify air emission sources. For this study, PM, 5 samples were collected from May, 2007 to April, 2008.
The inorganic elements were analyzed by an ICP-AES. The ionic components in PM, 5 were analyzed by an IC.
The carbon components were also analyzed by DRIVOGC analyzer. After performing PMF modeling, a total of 12
sources were identified and their contributions were quantitatively estimated. The contributions from each emission
source were as follows : 11.3% from oil combustion source, 3.4% from bus/highway source, 5.8% from diesel
vehicle source, 4.7% from gasoline vehicle source, 8.8% from biomass burning source, 15.1% from secondary sul-
fate, 5.2% from secondary nitrate source, 13.4% from industrial related source, 4.1% from Cl-rich source, 19.6%
from soil related source, 1.0% from aged sea salt, and 7.4% from coal combustion source, respectively. This study
provides basic information on the major sources affecting air quality, and then it will help to effectively control
PM, 5 in this study area.
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Fig. 1. Location of the study area and the sampling site.
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Table 1. Analytical uncertainty of ICP-AES, IC and DRIVOGC analyzer.

ICP-AES 1C DRI/OGC anaiyzer
Species RE (%) CV (%) Species RE (%) CV (%) Species CV (%)
Ba 2.25 1.26 Na* -1.69 1.07 OCl1 6.78
Mn —-0.43 1.06 NH,* 9.55 0.23 0C2 4.19
Cr 2.25 1.26 K+ 1.20 1.98 0C3 5.83
Cd 1.25 1.90 Mg?* 2.42 0.89 oc4 14.74
Zn 1.50 1.23 Ca?* 3.29 2.72 opP 7.53
Fe 0.30 1.12 Cr —-4.99 2.57 EC1 10.12
Ni 0.43 3.09 NO;~ -1.69 12.54 EC2 14.26
Cu —2.00 3.07 S0 —4.46 5.48 EC3 23.18
Al -1.00 2.13 - — - - -
\Y% 1.00 0.75 - - - - -
Si 17.63 11.08 — - - - -
Pb 0.50 6.15 — - - - -
Ag -3.67 3.87 - - — - -
Ti —10.00 1.94 - - - - -
Z(true value)ell A& AZEE VeplE Aol A & 4 gl 400 ARSIk (factor loading)o] FF

W pAe Bayd A A WE o)z W)
g}, il g x= A 2 2} (RE, relative error) 2
JrhEm, Ad == 2ARES] AHEFHXHRSD,
relative standard deviation)$} wWHE-& Zkel wWEA
Z=(CV, coefficient of variation)2 v}epfit}.

IC @ ICP-AES S7}2 $]5}o], A| 2] w2z}
MEt wEpaE FURT Gl AAoRE
Al om, Al HEEA (n=3) 235 Ed=
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Table 2. Summary of PM, ; and 29 species mass concentrations obtained by PMF analysis.

Concentration (ug/m®)

Number of Number of
Species Mir® Percentile” Max® BDLY missing
m 25 50 75 ax values (%) values (%)
PM, 5 6.641 30.908 46.139 63.164 166.858 0(0.0) 0(0.0)
0C1 0.004 0.134 0.412 0.786 2.277 0(0.0) 0(0.0)
0oC2 0.270 0.900 1.200 1.520 3.724 0(0.0) 0(0.0)
0C3 0.463 1.067 1.578 2.033 3.639 0(0.0) 0(0.0)
oc4 0.282 0.838 1.278 1.736 2.930 0(0.0) 0(0.0)
oP 0.001 0.654 1.256 2.265 12.377 3(2.9) 0(0.0)
EC1 0.634 1.631 2.138 3.256 8.727 0(0.0) 0(0.0)
EC2 0.017 0.171 0.231 0.318 0.954 0(0.0) 0(0.0)
EC3 0.005 0.027 0.039 0.048 0.285 0(0.0) 0(0.0)
Na* 0.007 0.369 0.784 2.102 4.452 0(0.0) 0(0.0)
NH,* 0.036 1.101 27782 4.600 17.643 2(1.9) 1(1.0)
K* 0.023 0.177 0.395 0.665 2.076 0(0.0) 4(3.8)
Mg** 0.011 0.098 0.206 0.344 0.819 2(1.9) 0(0.0)
Ca>* 0.035 0.394 0.894 2.053 4.763 1(1.0) 4(3.8)
cr 0.001 0.154 0.571 1.878 4.858 0(0.0) 0(0.0)
NO;~ 0.119 1.555 4.352 8.994 40.458 1(1.0) 7(6.7)
S0 0.411 3.864 6.695 11.783 42.593 0(0.0) 0(0.0)
Ba 0.001 0.011 0.020 0.030 0.068 1(1.0) 0(0.0)
Mn 0.000 0.009 0.018 0.033 0.080 0(0.0) 0(0.0)
Cr 0.000 0.009 0.015 0.021 0.047 0(0.0) 1(1.0)
Cd 0.000 0.002 0.004 0.005 0.010 0(0.0) 0(0.0)
Zn 0.007 0.064 0.109 0.153 0.372 0(0.0) 0(0.0)
Fe 0.010 0.244 0.539 0.815 2.581 0(0.0) 0(0.0)
Ni 0.001 0.006 0.011 0.019 0.041 16(15.4) 0(0.0)
Al 0.021 0.069 0.234 0.402 6.251 1(1.0) 0(0.0)
\'% 0.000 0.002 0.005 0.008 0.020 14 (13.5) 0(0.0)
Si 0.002 0.111 0.223 0.367 3.036 10(9.6) 0(0.0)
Pb 0.002 0.019 0.034 0.059 0.220 20(19.2) 0(0.0)
Ag 0.000 0.010 0.019 0.026 0.083 61(58.7) 0(0.0)
Ti 0.000 0.003 0.003 0.004 0.007 10(19.2) 0(0.0)

“Min : minimum value; Percentile : % concentration distribution; “Max : maximum value; ®BDL : below detection limit
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Fig. 3. Source profiles of the vehicles resolved from PM, in the study area.
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Table 3. Relative contributions of each individual identi-
fied source to the PM, ;.

Contribution

Sources

Average (%) Standard deviation

Oil combustion 11.3 4.6
Bus/Highway 3.4 1.4
Diesel vehicie 5.8 2.4
Gasoline vehicle 4.7 1.8
Biomass burning 8.8 5.2
Secondary sulfate 15.1 8.2
Secondary nitrate 5.2 2.5
Industrial related 134 8.1
Cl-rich 4.1 2.4
Soil related 19.6 114
Aged sea salt 1.0 0.6
Coal combustion 74 4.5
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