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This study was performed to compare the uncertainty of elemental analysis methods and the species of ele-
ments that can be analyzed using ICP (Inductively Coupled Plasma spectrometry), PIXE (Proton Induced X-
ray Emission), and XRF (X-Ray Fluorescence) for the PM, 5 (dp <2.5 pm) filter samples. From this study, the
XRF method has been proved to be the best way of elemental analysis for PM, 5. The XRF method has rel-
atively detected very low uncertainty values compared to the PIXE except for Na and Mg. The number of ele-
ments measured above the limits of detection for ICP, PIXE, and XRF were 10, 12, and 23, respectively. Using
the ICP method, Si, S, Zn, and Cu elements were not detected. In the case of PIXE method, the important indi-
cator elements for the CMB (chemical mass balance) receptor model, such as Na, Mg, Cl, Cu, Br, and Ni, were
not detected. However, all of these elements were detected using the XRF method.
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Fig. 1. Sampling train for ICP, PIXE and XRE.
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Table 3~50] vepdl niel 2Fo] ICPE ol8-af] #
A3t Ay, HEE AES Na, Mg, Al K, Ti, Mn,
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Table 1. Uncertainty of PIXE method with particulate matter on filter media

Uncertainty (ng/filter)

Element

No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 Mean
Na - - 0.902 0.949 - 0.827 0.893
Mg - - - 0.552 - 0.487 0.519
Al 0.623 0.353 0.413 0.487 0.586 0.390 0.475
Si 0.720 0.359 0.424 0.557 0.686 0.411 0.526
S 0.863 0.643 0.913 1.341 0.954 0.589 0.884
Cl - - 0.401 0.484 - 0.370 0.418
K 0.814 0.514 0.715 0.905 1.005 0.555 0.751
Ca 0.888 0.472 0.625 0.788 1.046 0.524 0.724
Mn - 0.089 0.110 0.114 - 0.099 0.103
Fe 0.225 0.170 0.335 0.257 0.248 0.216 0.242
Cu - - - 0.086 - 0.078 0.082
Zn 0.119 0.114 0.198 0.168 0.163 0.180 0.157
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Table 2. Uncertainty of XRF method with particulate matter on filter media

Uncertainty (ug/filter)

Element
No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 Mean
Na 1.393 1.338 1.435 1.518 1.357 1.374 1.402
Mg 0.703 0.693 0.698 0.702 0.690 0.697 0.697
Al 0.146 0.125 0.130 0.145 0.128 0.126 0.133
Si 0.205 0.149 0.160 0.200 0.158 0.154 0.171
P 0.041 0.042 0.047 0.053 0.041 0.041 0.044
S 0.224 0.271 0.405 0.691 0.220 0.232 0.341
Cl 0.031 0.029 0.038 0.034 0.033 0.037 0.033
K 0.032 0.034 0.051 0.064 0.035 0.036 0.042
Ca 0.040 0.034 0.038 0.051 0.034 0.034 0.038
Ti 0.018 0.018 0.018 0.019 0.018 0.018 0.018
Vv 0.002 0.002 0.002 0.002 0.002 0.002 0.002
Cr 0.016 0.016 0.016 0.016 0.016 0.016 0.016
Mn 0.034 0.034 0.034 0.034 0.034 0.034 0.034
Fe 0.056 0.052 0.080 0.064 0.053 0.056 0.060
Ni 0.008 0.008 0.008 0.008 0.008 0.008 0.008
Cu 0.014 0.014 0.015 0.015 0.014 0.015 0.014
Zn 0.016 0.017 0.023 0.020 0.017 0.020 0.019
As 0.002 0.002 0.002 0.002 0.002 0.002 0.002
Se 0.033 0.033 0.033 0.033 0.033 0.033 0.033
Br 0.024 0.024 0.024 0.024 0.024 0.024 0.024
Rb 0.017 0.017 0.017 0.017 0.017 0.017 0.017
Zr 0.055 0.056 0.055 0.056 0.055 0.055 0.055
Pb 0.041 0.042 0.043 0.045 0.042 0.042 0.043
7F AEA olskE: WERIAL, Nast Clo] Aol 5 237K Aol EA=HH. XRF 5—“/‘13 < Set
Z}z} 33]9] AlE7F AETA olskE UEMIITE XRF - Rb o] A& olstE Ueplle 97t By
S ol&st] E4F A AEA oldeE vehd ¢ Table 3~50 <5} Na| B+ FE& ICPE 4
2AES Na, Mg, AL Si, B S, Cl, K, Ca, Tj, 3 9ol 7HE =S 0254 pgmolen tgow
Cr, Mn, Fe, Ni, Cu, Zn, As, Se, Br, Rb, Zr, Pb  XRF7} 0.229 pg/m®, PIXE7} 7P & 0205 pg/m?®
Table 3. Airborne elemental concentrations obtained using ICP technique in PM, 5
. Concentration (ug/m>)
Species
No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 Mean S.D.
Na 0.247 0.203 0.288 0.330 0.226 0.227 0.254 0.043
Mg 0.098 0.026 0.070 0.089 0.034 0.080 0.066 0.027
Al 0.267 0.068 0.127 0.209 0.078 0.110 0.143 0.072
K 0.110 0.099 0.431 0.636 0.097 0.085 0.243 0.214
Ti 0.035 0.030 0.033 0.043 0.031 0.036 0.035 0.004
Mn b.d. b.d. 0.010 0.010 b.d. 0.007 0.009 0.001
Fe 0.563 0.209 0.771 0.489 0.203 0.333 0.428 0.203
As 0.014 0.019 0.018 0.018 0.004 0.026 0.017 0.007
Se 0.014 0.015 0.031 0.017 b.d. 0.006 0.017 0.008
Pb b.d. b.d. b.d. 0.038 0.009 0.004 0.017 0.015

b.d. = below detection
S.D. = standard deviation
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Table 4. Airborne elemental concentrations obtained using PIXE technique in PM, 5
. Concentration (ug/m®)
Species
No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 Mean S.D.
Na b.d. b.d. 0.300 0.178 b.d. 0.138 0.205 0.069
Mg b.d. b.d. b.d. 0.113 b.d. 0.088 0.101 0.013
Al 0.175 0.080 0.109 0.274 0.095 0.126 0.143 0.066
Si 0.600 0.204 0.341 0.693 0.262 0.281 0.397 0.183
S 0.818 0.998 2.038 4.275 0.529 0.703 1.560 1.308
Cl b.d. b.d. 0.108 0.079 b.d. 0.072 0.086 0.016
K 0.153 0.210 0.532 0.718 0.136 0.193 0.324 0.221
Ca 0.233 0.106 0.182 0.364 0.176 0.137 0.200 0.083
Mn b.d. 0.012 0.034 0.035 b.d. 0.023 0.026 0.009
Fe 0.223 0.149 0.669 0.367 0.179 0.203 0.298 0.180
Cu b.d. b.d. b.d. 0.020 b.d. 0.010 0.015 0.005
Zn 0.026 0.031 0.031 0.113 0.034 0.096 0.055 0.035
b.d. = below detection
S.D. = standard deviation
Table 5. Airborne elemental concentrations obtained using XRF technique in PM, 5
. Concentration (pg/m®)
Species
No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 Mean S.D.
Na 0.262 0.088 0.291 0.454 0.123 0.156 0.229 0.124
Mg 0.143 0.049 0.080 0.105 0.026 0.067 0.078 0.038
Al 0.339 0.090 0.136 0.253 0.114 0.098 0.172 0.092
Si 0.804 0.194 0.287 0.589 0.255 0.233 0.394 0.225
P 0.026 0.037 0.089 0.156 0.017 0.027 0.059 0.049
S 0.879 1.040 2.069 4.148 0.616 0.712 1.577 1.245
Cl 0.135 0.076 0.205 0.150 0.117 0.176 0.143 0.041
K 0.240 0.216 0.543 0.768 0.232 0.254 0.376 0.209
Ca 0.354 0.126 0.234 0.528 0.121 0.113 0.246 0.152
Ti 0.035 0.012 0.015 0.034 0.012 0.013 0.020 0.010
\% 0.001 0.001 0.006 0.004 0.001 0.002 0.003 0.002
Cr b.d. 0.001 0.003 0.001 b.d. b.d. 0.002 0.001
Mn 0.015 0.013 0.038 0.038 0.011 0.020 0.023 0.011
Fe 0.350 0.184 0.807 0.461 0.195 0.257 0.376 0.215
Ni 0.002 0.001 0.003 0.002 0.001 0.001 0.002 0.001
Cu 0.007 0.005 0.010 0.016 0.006 0.008 0.009 0.004
Zn 0.032 0.044 0.177 0.123 0.048 0.110 0.089 0.052
As b.d. b.d. 0.003 0.005 0.002 0.005 0.004 0.001
Se b.d. b.d. 0.006 b.d. b.d. b.d. 0.006 0.000
Br 0.002 0.001 0.007 0.013 0.003 0.005 0.005 0.004
Rb b.d. b.d. 0.002 0.004 b.d. b.d. 0.003 0.001
Zr 0.004 0.006 0.003 0.008 0.004 b.d. 0.005 0.002
Pb 0.016 0.019 0.039 0.062 0.021 0.019 0.029 0.016

b.d. = below detection
S.D. = standard deviation
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Table 6. Emission sources and their marker elements

Source Elements
Soil Si, Al, Ca, Fe, Mn, Ti, Sc
Motor vehicles OC, EC, S, Sb, Br, Zn
Coal-fired power plants S, OC, EC, As, Se

Oil-fired power plants V, Ni, Mo

Refuse incineration 0OC, Cl, Zn, Cu, V, Mn, Sn, Ag, In
Steel-making Fe, Mn

Refineries La, Ce, Na

Marine Na, CI

Limestone/concrete Ca, Mg

Wood burning K, OC, EC

Sulfide smelters In
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Fig. 2. Correlation between elemental concentrations determined by PIXE and XRE



[

£

r

CMBRE 482 )

T AA S8AETT AEA oo R BAE AL S
_]

AP 43E Vs 94 3 S0 S K Fe 5
o) P F ¥ 3

2)9] 71&717} A YRl o= PIXEZ 2413 2
ZHh XRFZ 48 A3t A4 Jeldths 23S
olujgit}, Ale] B4 ZA3H= PIXEXT} XRF/F & &
S5 BN, 7 7 A4 Afelrt A vERA
AAG7E BA JEREOH (R?=0.510), ©l&= AEAF
Aol fEHEe] AX T 9 & SHE ¥
olg}al & 4= Sl Zn®] 7d-5ol= 3A A8e] po]
7t A vept AAH R ARAG Fhel WA e
o (R?=-0.19), TF2 9453 rRIIRE HA12 e
2 PIXERU XRF7} £& 525 eIt

HIARA (M, 9] QAiAge] S9ustes) ¥
M7k dael FRE vastel WEYlelE A
o Ay o8 vk Askel ICR PIXE 2

AE fg4= ICPe A9 10714, PIXES] A 127}
A z2]al XRF7F 23714 Yavdito] 415 ICP
o] A% Si, S, Zn, Cu 5 83 AFYL7t AEH
A gkokom, PIXES] 7% Na, Mg, Cl, Cu, Br, Ni
T T8 ARLLTE AEIH olstolAY AEEHA &
oA HEY Ve ATE A WP R Algs)
71ell HAIE 7= Aoz YER

A A dnE vwst A3 dAF R
HlwA & dXx|sle A3E Jelision == PIXE

Foi7] PARA] (PMy ) & 22l 9k vl A 205

o olg EnTh XRES oJs) #AE FEsh 2A)
Ehte 592 ngh

o EEE 2007d% FREEIE AUo @
SfebAete] A9 wol SE AT ROL-2007-
000-20313-0).

1. K.L. Magliano, VM. Hughes, L.R. Chinkin, D.L. Coe,
T.L. Haste, N. Kumar and EW. Lurmann “Spatial and
temporal variations in PM10 and PM2.5 source con-
tributions and comparison to emissions during the
1995 integrated monitoring study”, Atmos. Environ.,
1999, 33, 4757-4773.

2. AW, o8, WY GEUL g FFA )
AYZHPM2.5)0] 7= 787, gt 7|73 5],
2000, 16(5), 477-485.

3. J.J. Schauer and G.R. Cass “Source apportionment of
wintertime Gas-phase and particle-phase air pollut-
ants using organic compounds as tracers”, Environ.
Sci. Technol., 2000, 34, 1821-1832.

4. E. Vega, V. Mugica, E. Reyes, G. Snchez, J.C. Chow
and J.G. Watson “Chemical composition of fugitive
dust emitters in Mexico City”, Atmos. Environ., 2001,
35, 4033-4039.

5. S.S. Park, M.S. Bae and YJ. Kim “Chemical Com-
position and source apportionment of PM2.5 particles
in the Sihwa area, Korea”, J. Air & Waste Manage.
Assoc., 2001, 51(3), 393-405.

6. o|3d, AEH, S, ol FERIS o8 A
A9 AR PM el FES VA= viEY B4
of &g A, IF7187 3 A, 2005, 2103),
329-341.

7. TJ. Ward, L.R. Rinehart and T. Lange “The 2003/2004
Libby, Montana PM, ; source apportionment research
study”, Aerosol Science and Technology, 2006, 40,
166-177.

8. J.C. Chow “Measurement methods to determine com-
pliance with ambient air quality standards for sus-
pended particles”, J. Air & Waste Manage. Assoc.,
1995, 45, 320-382.

9. X. Huang, I. Olmez, N.K. Aras, and G.E. Gorden,
“Emissions of trace elements from motor vehicles :
potential marker elements and source composition
profile”, Atmos. Environ., 1994, 28(8), 1385-1391.



