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Table 2 Detection limit of heavy metal elements in soil sample

IR PN -2 {H P A 22 fr th R EE S i el . U Rl
Element  Certified/(mg/kg)  Average/(mg/kg)  SD/(mg/kg) DL/(mg/kg)  Recovery/% Ratio of certified DL of reference
value to DL /(mg/kg)
Cr 26.4 25.1 2.0 5.7 95.1 4.6 5.4
Ni 9.30 10. 8 0.55 1.5 116 6.2 2.1
Cu 4. 90 5.10 0. 81 2.3 104 2.1 2.8
Zn 34. 2 35.6 0.70 2.0 104 17 1.6
As 2.90 3.8 0. 35 1.0 131 2.9 1.2
Pb 16. 3 18.3 0.43 1.2 112 14 1.6
Cdv 0.068 0.075 0.015 0.041 110 1.6 —
\ 34.7 40. 9 2.8 7.8 118 4.4 8.8
Mn 262 296 3.1 8.6 113 30 13
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Table 3 Detection limit of Cd in soil samples
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IR [A] 300/s Measurement time
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HEdh Content JERFE LR fES MORE® o i K BR ZERFE R 55 R G o Hh R

Exis Ratio of Gross intensity/ Net intensity DL Ratio of Gross intensity Net intensity DL

/(mg/kg)
dead time Count /Count /(mg/kg)  dead time /Count /Count /(mg/kg)

GSS-20 0.108 0.241 4 9 881 481 0.065 0.238 6 33 416 1689 0.010
GSS-13 0.13 0.253 6 10 641 553 0.071 0.2535 32 769 1 857 0.011
GSS-16 0. 25 0.296 0 13 326 924 0.090 0.238 0 42 727 3 504 0.013
GSS-27 0.52 0.238 7 19 755 1475 0.14 0.238 3 39 501 2513 0.036
GSS-28 0.59 0.289 0 11118 916 0. 20 0.287 5 41 350 2525 0. 041
0700052 1.97 0.296 5 14 138 2 550 0.25 0.294 9 39 929 6 637 0. 049
GSD-7a 5. 60 0.229 7 19 201 9 130 0.18 0.228 6 60 248 27 473 0.033
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Fig. 2 Schematic diagram of linear regression
between Cd content and standard deviation of

determination results of soil CRM
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Table 4 Summary of precision data

Cd Cr Ni Cu Zn As Pb \% Mn

H i A FHfi TH i THfi A Tl FH
D R RD RD RD RD RD RD RD

Sample  Average/ Average/ Average/ Average/ Average/ Average/ Average/ Average/ Average/
/% /% /% /% /% /% /% /% /%

(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
b3 0) 0.31 12 68.7 3.2 33.4 1.9 61.2 1.2 200 1.6 11.1 8.5 50. 4 1.9 77.1 1.6 772 0.6
KL 1.07 3.6 95.2 2.7 39.5 0.9 65.1 3.3 181 0.5 28.3 2.1 54.5 1.4 121 4.3 1066 1.8
/AN 0.24 10 57.5 3.0 26.7 5.5 27.8 2.5 109 2.3 8.8 7.0 41.0 2.1 67.4 4.0 781 2.1
K 0.17 15 76.0 2.4 29.0 2.3 21.2 1.7 67.5 1.9 7.2 11 20.0 3.0 79.1 1.6 560 3.9
T 0.17 18 60. 6 4.5 21.2 3.0 17.1 2.6 58.7 2.0 5.2 8.0 144 1.7 70.6 2.2 691 1.8
Hth 6.61 0.6 76.2 1.6 60. 8 1.0 141 0.3 214 0.2 62.6 0.5 67.0 0.4 155 0.9 373 0.4
iz 3.85 2.7 53.9 2.8 26.6 2.6 67.8 2.8 516 2.8 270 3.3 1057 2.7 99.2 3.3 2370 2.5
JL-HM-1 0.25 8.0 109 1.2 17.7 1.0 23.1 2.0 182 0.4 34.2 0.5 27.8 0.8 151 2.8 1900 0.1
TJ-PAHS-1 0.31 7.5 74.2 1.4 35.2 1.8 36.2 2.3 62.9 0.6 14.4 2.3 36.2 2.1 84.6 3.6 1182 0.4
S 0.85 3.5 78.0 3.2 53.1 1.0 61.1 1.3 79.5 0.8 33.4 0.8 43.3 0.7 159 0.9 1581 0.4
ESS-1 0.15 17 56.5 4.5 32.7 1.0 23.2 2.3 112 0.5 10.7 2.4 24.2 0.9 94.1 1.4 760 0.4
ESS-2 0.15 10 71.1 3.2 34.9 1.6 29.2 1.6 70.6 0.5 9.4 1.9 24.3 0.9 104 4.2 1143 0.4
ESS-3 0.14 14 113 1.3 35.2 0.7 32.0 2.6 98.4 0.7 17.3 1.4 33.6 0.9 113 1.7 889 0.4
ESS-4 0.27 10 78.9 3.4 34.9 1.2 28.4 1.4 76.0 0.3 11.1 2.0 25.2 0.7 91.3 1.7 748 0.5
GSD-13 16.9 3.7 3.6 5.5 10.1 4.5 16.9 1.5 1.1 16 11.8 2.6 19.3 3.8 196 0.5
- e 9.3 2.7 1.8 2.0 1.0 3.6 1.4 2.4 1.1
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Fig.3 Comparison of determination results with certified values and ICP-MS results for

heavy metals in soil and sediment CRMs
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Table 5 Pass rate of test results accuracy for heavy metal in soil and sediment samples %
TR AR A% Pass rate
Calculation basis Pb Cr Cu Zn Ni As A% Mn Cd~
ZA I R 1T 25 R A 2% 95.0 86.2 89.0 95.0 90.0 89.1 89. 3 91.8 79.6
WD-XRF Fr i[9 98.0 96. 8 97.0 99.0 94.0 90. 1 94. 7 100.0 69. 4

T Cd SR T 1 e M v 9 1R 22 BRAE T

HAE T H R, R WD-XRF fil ED-XRF X #
o 3 UURRY AR AR S+ 3T T H 2 A
(XCTOl %%1].JX-BLX-1,JX-BLX-2, HEB-HM-2,
JL-HM-1, XJ-W-1, TJ-PAHs-1, TJ-PAHs-2) tf
Pb.Cr.Cu.Zn . Ni,As.V . Mn #47 Tk, BRFRE
g, 6 {XFH T SW-ED-XRF 7 45 5 S AH X i
ZERADRBIAG . B R RE S 45 R A X 15 25 (RED L 42
FE K & ED-XRF,WD-XRF 1 ED-XRF i
Kot 349 R M58 UG i B N SRR AR R A E (E
5N ES S E S AT VAR

MR 6 e B w LU L BRAS BIRE Sl 45
CRIIOREL 7 PR 32 7 ) AH X 15 2 6 78 A0 o TR 22 B30k it A

SR 2E /N T £25% . S B SCHR B A g
T 25 8 R R TF 2225 %0) J5 B A T3 285 SR AR X iR 22
75 3 B B 21 CTRE]D L fe /MMl (min) | e K8
(max) | A 6., £ 6 b4 T SW-ED-XRF jil]
FHERE S Cd S5 S I AR 5T 4 B R B 1 BR
EDR A i 0 8 R v T T B A A X R 25 4 G
HEAT TR 55 o L5 B LA Tl 2 s Y (R 52 25
+£30%~E£3500)FR, SR KH, SW-ED-XRF il
A B HERE I A R Cd BB A F WD-XRF il ED-
XREF A 4 B A EAf B G A R 3 W] k20

BT ORGSO K. K 3 R AL &R
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Table 6 Summary of accuracy results for soil and sediment samples mg/kg
. Cd Pb Cr As Ni Cu Zn A% Mn
Sam":k WEM WEM IR WEE MEM WEH AEE WEM WEH W e WEH e WEE EE Wl e W
Certified Found Certified Found Certified Found Certified Found Certified Found Certified Found Certified Found Certified Found Certified Found
gl 1.05 0. 85 42.7 43.3 82.0 78.0 32.9 33.4 59.7 53.1 61.4 61.1 166 182 138 151 1734 1900
W 3.09 3.85 971 1057  63.6 53.9 297 270 29.7 26.6 71.8 67.8 523 516 89.3 99.2 2460 2370
TH 7.70 6.61 68. 6 67.0 106 76.2 64.1 62.6 56.0 60. 8 139 141 219 214 168 155 500 373
K 0.116 0.17 18.5 20.0 62.9 76.0 7.81 7.2 28.9 29.0 19.0 21.2 65.8 67.5 74.2 79.1 544 560
BT 0.210 0.24 40. 3 41.0 59.5 57.5 7.5 8.8 25.3 26.7 24.6 27.8 105 109 70.0 67.4 732 781
EAT) 0.352  0.31 54.0 50.4  68.3 68.7 12.2 11.1 34.8 33.4 58.2 61.2 200 200 76.6  77.1 755 772
Hia0) 0.138 0.17 142 144 60. 1 60. 6 7.21 5.2 21.5 21.2 15.2 17.1 59.3 58.7 70.4 70.6 700 691
KT 1.16 1.07 54.0 54.5 87.0 92.4 27.1 28.3 41.1 39.5 58.0 61.6 171 181 116 121 990 1 066
ESS-1 0.083 0.15 23.6 24.2 57.2 56.5 10.7 10.7 29.6 32.7 20.9 23.2 55.2 62.9 77.5 84.6 1097 1182
ESS-2 0.041 0.15 24.6 24.3 75.9 71.1 10.0 9.4 33.6 34.9 27.6 29.2 63.5 70.6 105 104 1063 1143
ESS-3 0.044 0.14 33.3 33.6 98.0 113 15.9 17.3 33.7 35.2 29.4 32.0 89.3 98.4 116 113 819 889
ESS-4 0.083 0.27 22.6 25.3 70.4 78.2 11.4 11.1 32.8 34.9 26.3 28.4 69.1 76.0 90.0 92.0 694 750
XCT01-214 0.552  0.35 49.7 48.3 92.3 90. 1 20.3 19.1 42.3 39.5 45.5 14.0 129 128 121 123 1008 1018
XCT01-649 0.552  0.42 49.7 46.1 92.3 88.0 20.3 17.1 42.3 40.1 15.5 50.0 129 128 120 123 999 1004
JX-BLX-1 0.168 0.26 27.9 27.8 52.2 52.1 4.23 4.0 17.8 16.7 23.5 23.9 71.8 73.2 75.1 73.5 335 337
JX-BLX-2 0.141 0.21 24.7 25.2 62.7 61.3 3.12 2.6 20.3 18.3 20.8 19.4 55.6 53.3 82.1 80.8 222 209
HEB-HM-2 14.0 14.7 186 190 63. 4 68.8 13.3 12.5 30.7 29.1 71.8 76.5 2272 2412 79.8 83.9 558 581
JL-HM-1 0.191 0.25 27.3 27.8 124 109 32.4 34.2 53.6 47.7 20.5 23.1 81.1 79.5 150 159 1614 1581
XJ-W-1 0.159 0.26 20.9 19.2 63.2 51.0 10.8 11.6 30.9 25.6 43.7 42.9 93.9 88.5 89.0 89.7 1133 1080
TJ-PAHs-1 0.240 0.31 35.2 27.8 78.0 74.2 13.3 14.3 36.7 35.2 35.95 36.2 110 112 95.5 94.1 740 760
TJ-PAHs-2 0.188 0.25 29.5 28.0 81.9 73.6 14.5 16.3 42.1 40.8 37.7 37.8 103 102 109 115 873 873
W/% 17 4.7 7.5 7.6 6.6 6.4 4.6 4.1 5.4
(min~max) (5.0~29) (0.4~21) (0.2~21) (0~17) (0.3~17) (0.3~13) (0~14) (0.3~11) (0~25)

T < AR 22 K T B SR A 45 R ML IR 278 s Cd & AR T 0. 2 me/keg IR TR 3 2%

F OB Cd) it 45 25 A X 158 25 57 35 {8 0 b o i 2
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Pl 6 7 1 2 T ol A [] 258 28 BB 35 AR - A
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Fig.5 Comparison of accuracy and precision of

heavy metals measurement results of three instruments
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Abstract: It is always a difficult task to accurately determine the low content cadmium (0. 3 mg/kg) in soil

samples by X-ray fluorescence spectrometer (XRF). The content of heavy metals such as cadmium in 129

standard samples of soil and sediment, and actual samples of soil from 4 series were determined by the sin-

gle-wavelength excitation energy dispersive X-ray fluorescence spectrometer (SW-ED-XRF) based on hy-

perboloid curved crystal (HF-DCC) full focusing technique and basic parameter method. The actual per-
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formance was systematically evaluated using the reference ratio method, the relative error/relative devia-
tion frequency distribution and the relative error/relative deviation (absolute value) distribution data in dif-
ferent content ranges. The results showed that the detection limit, precision and accuracy of heavy metals
such as As, V, Pb, Cr, Cu, Zn, Ni and Mn in soil samples determined by SW-ED-XRF were comparable
to those obtained by conventional wavelength dispersive X-ray fluorescence spectrometer (WD-XRF) and
energy dispersive X-ray fluorescence spectrometer (ED-XRF). The pass rate of accuracy was greater than
90% , which could meet the quality control requirements of testing laboratories. The content of cadmium in
soil sample was quantitatively analyzed by SW-ED-XRF. When the measuring time was 90 s and 300 s, the
detection limit was 0. 2 and 0. 05 mg/kg, respectively. The results of detection limit of cadmium were mu-
tually verified by repeated determination method, background counting method and calibration curve meth-
od. The rationality of detection limit of cadmium was confirmed by the lowest content corresponding to its
spectral peak which could be distinguished by human eyes. When the measuring time was 90 s, the accura-
¢y qualification rate of cadmium was 79. 6% , which was better than that of conventional WD-XRF and ED-
XRF. The rapid determination of low-content cadmium in soil samples had made significant progress.

Key words: soil; sediment; heavy metal; single-wavelength excitation energy dispersive X-ray fluorescence

spectrometer (SW-ED-XRF); full focusing technology by hyperboloid curved crystal



