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o Ful8 % #4719 NS 915 AP 712ATEA bench-top ED-XRF % FT)§ XRFE o
ato] EF AR F2| Cr, As, Se, Hg, Pb, Cd 5 652] frallas ARES ¥l 248kl frallws:
LA2E 0~1500 mgkg 5 HAZ 29A7 BEG JASEFEZDS 79438 XRF #£49] T2 2AARI X-
A RE A% 2 24 A7 Bol 4 A4 BAZAL Fal, Aol 8] TR0 U ARAE
IR fokE % Al 2 5 ASTREL 91 789] B8 B AR 3 foka A
ol &A= empirical B % fundamental parameter HOZ HH@EAS 1 AFE ¥ B3
Abstract: As a basic research for development of the domestic field-portable XRF spectrometer, we discussed the
analytical results of bench-top ED-XRF and field-portable XRF method for polluted heavy metals such as Cr, As,
Se, Hg, Pb, Cd in soil samples. To obtain the best performance of the XRF spectrometer, the instrumental parameters
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of X-ray tube-voltage and measurement time were optimized for 6 heavy-metal elements in soil using certified
reference material. The quantitative analysis of Cr, As, Se, Hg, Pb, Cd concentration in certified reference materials
and soil samples were compared by empirical method and fundamental parameter method.
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"=+ Thermo AFY] ARL QUANT'X =4S A&
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£ Cr, As, Se, Hg, Pb, Cd 5 639 #3llv% H4E
0~1500 mg/kg B 5 M2 2FX T 629 AZHF

E 2 (JSAC-0461, 0462, 0463, 0464, 0465, 0466 polluted
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of ARgSIATh o2 7HA] F0] HE UE FEE
Z3E o] e EG AEEE S RTC AbllA 7<)
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T 54 AEE ARSI
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Table 1. The operating conditions of bench-top and portable
XRF

Bench-Top XRF Portable XRF

Model Thermo ARL Thermo NITON
QUANT'X XL3t
Voltage 4~50 kV 50 kV max.
Current 0.02~1.98 mA 40 nA max.
Collimator 8.8 mm
Detector High Performance High p.erforma.nce
Si(Li) semiconductor
Target Rh Au
— Vacancy
— Cellulose ~ main
Filter —Cu 0.35, 0.83 mm ~ low
— Al 0.13 mm ~ high
—Pd 0.025, 0.05,
0.125 mm
Atmosphere Air, He, Vacuum Air
Element Na~U 32 elements from S to U
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Table 2. Variation of bench-top XRF parameters for optimum measurement conditions of heavy metal analysis

Condition Voltage (kV) Filter Atmosphere Time (sec) Element
Low Za 11~13 Al Air 30~300 Cr
Mid Zc 26~35 Pd thick Air 30~300 As, Se, Hg, Pb
High Zb 45~50 Cu thin Air 30~300 Cd
X4 FFEAE AR P EF ASEEED Ao
(JSAC 0461~0466) = EF A EE 715 A9 ¥ 2 A50] AL bench-top ED-XRFE P o] %
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Fig. 1. The relation of concentration difference versus X-ray tube voltage for the analysis of heavy metals in soil CRMs by
bench-top XRF. (X: JSAC-0461, : JSAC-0462, *: JSAC-0463, @: JSAC-0464, A: JSAC-0465, l: JSAC-0466)
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Fig. 2. The relation of concentration difference versus measurement time for the analysis of heavy metals in soil CRMs by
bench-top XRF. (X: JSAC-0461, <: JSAC-0462, *: JSAC-0463, @: JSAC-0464, A: JSAC-0465, B: JSAC-0466)
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o|¢jofl FH, M, AF
g} 2Fso 2 4 Hr} Soil &
AA4E S, K, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu,
Zn, As, Se, Rb, Sr, Zr, Mo, Pd, Ag, Cd, Sn, Sb, Te,

Cs, Ba, W, Hg, Pb, Th, U] & 32 Y40t} Soil &

= 1=} (o)
5 2y

=4 Fse

=+ main, low, high 5 3719 HE 15% 7140 =
Table 3. Comparison of heavy metal analysis in soil samples
Certified value Empirical method FP method Portalbe XRF
Samples  Elements
(mg/kg) (mg/kg)  RSD(%) (mg/kg)  RSD(%) (mg/kg)  RSD(%)
Cr 97 100 33 98 5.7 127 11.7
As 22 23 16.7 22 7.0 27 19.2
JSAC Se 0.4 ND - ND - ND -
0461 Cd 0.3 ND - ND - ND -
Hg 0.1 ND - ND - ND -
Pb 24 24 13.3 26 11.0 32 16.0
Cr 150 156 3.8 154 43 205 8.9
As 72 74 1.5 60 8.0 84 9.2
JSAC Se 72 74 1.0 70 2.1 87 3.4
0462 Cd 74 70 2.8 48 20.9 41 16.4
Hg 7.3 6 324 6 14.6 ND -
Pb 74 75 3.0 87 6.1 89 9.6
Cr 244 253 1.1 228 4.6 289 9.4
As 138 143 1.6 114 8.1 156 4.1
JSAC Se 142 149 1.1 142 0.8 164 2.9
0463 Cd 147 145 2.0 102 16.9 99 9.6
Hg 15 15 15.1 13 23.2 16 14.2
Pb 152 149 1.7 180 7.5 162 9.3
Cr 499 503 1.3 463 3.2 576 2.0
As 271 285 1.2 217 9.6 300 6.4
JSAC Se 292 300 0.6 286 1.5 323 2.3
0464 Cd 301 290 1.1 210 16.6 214 2.8
Hg 29 26 5.7 28 6.3 17 139
Pb 303 298 1.8 370 8.0 320 5.1
Cr 738 754 0.8 670 4.1 819 5.2
As 550 560 0.8 425 11.5 606 1.6
JSAC Se 587 593 0.3 565 1.7 658 2.1
0465 Cd 607 581 0.8 430 15.9 463 1.6
Hg 58 56 6.4 54 11.8 29 13.1
Pb 612 590 1.4 737 7.1 656 1.4
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Table 3. Comparison of heavy metal analysis in soil samples

Certified value Empirical method FP method Portalbe XRF
Samples  Elements
(mg/kg) (mg/kg)  RSD(%) (mg/kg)  RSD(%) (mg/kg)  RSD(%)
Cr 1483 1449 0.8 1320 48 1640 39
As 1093 1113 12 848 112 1212 19
JSAC Se 1175 1161 0.4 1124 19 1304 0.6
0466 cd 1199 1166 0.8 895 13.1 980 1.7
Hg 114 105 33 107 82 56 8.5
Pb 1214 1141 1.5 1440 6.7 1270 1.6
Cr 9.0 7 64.2 16 23.1 81 179
As 2.0 2 64.7 4 37.0 ND -
Se 03 ND - ND - ND -
CLN-3 cd 0.5 ND - ND - 13 9.6
Hg 03 4 30.0 ND - ND -
Pb 17 20 6.3 21 12.4 21 19.4
Cr ND 198 1.8 193 13 479 52
As ND ND - ND - ND -
Se ND ND - ND ; ND -
CLN-3 cd ND ND - ND - ND -
Hg ND ND - ND - ND -
Pb ND 48 19 41 46 38 14.4
Cr 441 569 1.0 752 17.5 1214 44
As 339 244 5.6 179 36.5 387 7.1
. Se 518 600 0.1 568 9.2 538 1.1
Soil-025 cd 369 559 1.0 383 8.2 452 29
Hg 99 113 1.9 105 9.6 48 13.4
Pb 1447 1741 0.8 2051 14.0 1514 1.7
Cr 27 25 10.1 60 21.0 152 12.7
As 12 4 63.5 6 50.7 21 18.5
. Se 14 2 46 17 7.1 20 11.0
Soil-027 cd 12 24 44 14 59 29 13.7
Hg 3.8 7 293 ND - ND -
Pb 52 93 23 83 143 66 10.5
Cr 268 395 1.6 397 12.8 766 5.5
As 265 318 1.8 254 44 352 1.4
. Se 155 208 1.0 172 47 197 33
Soil-040 cd 281 455 1.1 267 25 349 1.8
Hg 14 8 26.4 75 31.5 50 7.7
Pb 182 286 1.1 285 14.5 249 5.6
Cr 84 2 100.2 118 10.9 107 13.6
As 57 78 345 116 35.8 55 14.5
. Se 81 54 13 76 3.1 69 23
Soil-044 cd 63 78 1.8 78 73 82 10.0
Hg 9.4 5 0.0 ND ; 18 0.2
Pb 68 79 1.7 126 18.6 7 8.4
Cr 246 430 0.9 379 13.4 796 33
As 23 9 56.1 16 21.0 32 19.1
. Se 165 241 0.6 167 0.8 184 33
Soil-051 cd 4 79 1.5 39 3.0 50 49
Hg 30 16 12.1 31 14.5 2 25.1
Pb 44 88 5.4 73 16.1 62 1.5
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Fig. 4. The relation of concentration difference versus measurement time for the analysis of heavy metals in soil CRMs by
field-portable XRF. (X: JSAC-0461, : JSAC-0462, x: ISAC-0463, @: JSAC-0464, A: JSAC-0465, l: ISAC-0466)
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