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Abstract In order to meet the requirements of accurate and efficient detection of primary,secondary and
trace elements in soil and sediment, a simultaneous determination method of 22 elements in soil and
sediment was developed based on pressed powder pellet-wavelength dispersive X-ray fluorescence
spectrometry,using 42 soil and sediment certified reference materials as calibration standards. This paper
focuses on the mineral effect and particle size effect of tablet sample preparation technology,investigates
the influence of determination times on the detection results of chlorine content, optimizes the test
conditions of each element composition, and discusses the matrix correction and spectral line overlap
interference correction. The calibration curve of each element was established by using the multiple linear
regression analysis model provided by the instrument software. Based on the standard deviation of three
times the background signal fluctuation, the detection limit range of each element was calculated to be
0.3—433.4 mg/kg. The accuracy test results showed that the test results of soil (GBW07403a and
GBW07450) and stream sediment (GBWO07384) were basically consistent with the certified values. The
precision test (RSD,n=12) for three soil samples with different content levels showed that the relative
standard deviations of each element were 0.13%—9.1%, 0—9.3% and 0.18%—8. 3%, respectively.
Therefore, the key conditions for the determination of soil and sediment by X-ray fluorescence spectrometry
were further clarified in this study. The detection limit,accuracy and repeatability of the method met the
requirements of daily analysis and detection well, which has guiding significance for laboratory soil testing.

Keywords pressed powder pellet; X-ray fluorescence spectrometry(XRF) ;soil; sediment;micro elements
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Table 1 The measurement conditions of elements by XRF
0 T —
RE WA B O WAV i/ mA A O s PHAY TR
Al Kal XS-CEM 34.725 30 100 0. 46 FC 50~150 15
Ca Kal LiF200 113. 115 50 60 0. 46 FC 40~250 10
Cl Kal PET 65. 434 67.295 30 100 0. 46 FC 50~150 30 10
Cr Kal LiF200 69. 370 70. 813 60 50 0. 46 SC 50~150 15 6
Cu Kal LiF200 45. 037 46. 443 60 50 0. 46 SC 50~150 15 6
Fe Kal LiF200 57.527 40 16 0.23 SC 40~250 10
K Kal LiF200 136. 678 30 100 0. 46 FC 50~150 10
Mg Keal XS-55 20.766 30 100 0. 46 FC 50~150 10
Mn Kal LiF200 62. 988 60 50 0. 46 SC 50~150 15
Na Kal XS-55 25.018 30 100 0. 46 FC 50~150 10
Ni Kal LiF200 48. 692 49. 778 60 50 0. 46 SC 50~150 15 6
P Kal XS-Ge-C 140. 969 30 100 0. 46 FC 50~150 15
Pb Lpl LiF200 28.273 27585 60 50 0. 46 SC 50~150 15 6
29.198 6
Rb Kal LiF200 26. 636 27.438 60 50 0. 46 SC 50~150 10 6
S Kal XS-Ge-C 110. 637 30 100 0. 46 FC 50~150 15
Si Kal XS-CEM 29.590 30 100 0.23 FC 40~250 15
Sr Keal LiF200 25. 149 25. 946 60 50 0. 46 SC 50~150 10 6
Ti Keal LiF200 86. 181 50 60 0. 46 FC 50~150 10
\% Kal LiF200 79.979 50 60 0. 46 FC 50~150 10
Y Kal LiF200 23.780 24. 374 60 50 0. 46 SC 50~150 10 6
Zn Keal LiF200 41. 811 60 50 0. 46 SC 50~150 15
Zr Kal LiF200 22.563 23.265 60 50 0. 46 SC 50~150 10 6

1.2 AEHE
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JIF ] 20 s, F il A7 B4R R B BE B ALY &, B0E
TR AR RS B R A ) RN A DU A
K A [) B A o i) 8 7 i
1.3 tRAEMRIIERE

T IEFPORRY & TR MY & AR AR
AT R HE 42 ASBRUEY) BT ST bR UE 2R A 25 A4
+ e FR U 4 T (GBWO07404 ~ GBW07405 , GBW07407 ~
GBW07408,GBW07423,GBW07425 ~GBW07426,
GBW07428 ~GBW07429 . GBW07447 , GBW07449 ,
GBWO07451 ~ GBW07456 , GBW07385 ~ GBW07389
GBWO07391 .GBW07418 , GBW (E)070011) #1 17 4~
K Z TR A5 ME W) B (GBWO07301a, GBW07307a,
GBWO07309 ~ GBW07312, GBW07318, GBW07362 ~
GBW07363,GBW07376~GBWO07383) , M\ T #4 5, —
EHAA BB RV E A — S R R ER
Sl & TR M SR E LR 2, LIEREY R
(GBW07403a,GBW07450) F1 /K Z 3T F ¥ br Uk ) ot

(GBWO07384) F T30 Uk J7 1k HERf & .
X2 BAVRPETESELEE

Table 2 The content range of elements in

certified reference materials

=N / A~ B
. &/ . N/
Y " s "
(mg kg™ 1) (mg » kg™ )
Na, OV 0.11~8.89 Cr 11.5~1 090
MgOV 0.12~8.82 Mn 322~9 630
Al O3V 2.84~29. 26 Fe, O3 1.46~18. 8
SiO, P 32.69~88. 89 Ni 2.3~349
P 224~1 520 Cu 2.8~1 305
S 61~7 000 Zn 25~2 600
Cl 24~7 800 Rb 9.2~408
K,OV 0.12~3.96 Sr 17.9~3 430
CaOV 0.10~8. 27 Y 8.14~52.8
Ti 1 280~17 100 Zr 70~524
A% 19. 8~332 Pb 10.2~2 690
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Table 3 Detection limits of the method

o KﬁH".[SE/: o *ﬁH‘H‘Ef
(mg*» kg™ D) (mg kg™ 1)
Na, O 24.5 Cr 2.5
MgO 15.9 Mn 1.7
Al O3 94. 8 Fe, Oy 45.9
SiO, 433. 4 Ni 1.4
P 0.3 Cu 1.4
S 0.8 Zn 2.0
Cl 2.6 Rb 1.1
K, O 14.0 Sr 1.0
CaO 6.8 Y 1.0
Ti 5.4 Zr 1.0
Vv 4.2 Pb 2.8

2.6 HEKBE

KRS 5K LA A 1 1 (GBW07403a,
GBWO07450) Fl 7K 2 U B4 (GBWO07384) Fr #f 47 Jit
X7 B MER B UEAT B IE . pr 3 4 R UL B o g T U
AR 5INEMEAY A .
2.7 HEREE

TR S50 2 1 28 1 2% T R O3 B B KA [ ) =
A T SBRE  TER T R  TE SC I BEAS EAE )
HAE ] 12 ADFE R 45 03 D 45 A AR AR O 22 43
WITE 0.13%~9.1%.0~9. 3% F1 0. 18 % ~8. 3%, J5 1=
i %5 BT - R SR B AR SR L S5 R LR 5.
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Table 4 Determination results of elements in

certified reference materials /(mg + kg™')
44 GBWO07403a GBWO07450 GBWO07384
o WK AR WKE FeonE K
K, OV 2.91 2.85 2.43 2.42 3. 94 3. 89
CaOV 0. 84 0. 85 7. 40 7.53 0.6 0. 56
MgOV 0.61 0.6 2.04 2.20 0. 83 0. 86
SiO, P 72.97 73.92 60. 30 59.99 59.79 61.44
Fe, O 2.63 2.58 4. 07 4.19 5. 26 5.32
Al, Oz P 12.97 12. 47 11. 96 11.77 18.85 18.33
Mn 330 388 700 789 1 440 1563
Na, OV 2. 54 2.43 2.02 1.93 0. 96 0.9
P 400 393 612 614 787 761
Ni 15 16. 6 28 34. 84 16 17.62
Zn 39 40. 8 66 84. 4 189 219.1
Cr 35 34.7 55 64.7 36.5 44.1
Pb 28 33 17 23.3 85 85.9
Cu 13.4 15. 34 24 27. 86 22.3 25.5
Cl 73 74.54 152 153. 2 55 60.73
S 146 154 167 192 229 247
Ti 2 280 2 225 3 700 3751 4610 4 537
\% 45 46 75 88 74.1 89
Sr 325 337 205 223 138 146
Zr 247 237 190 202 449 473
Y 16 17 27 29 52.8 57
Rb 85 90 85 93 264 286
RS FAEMRBEEXLRER
Table 5 Results of precision test
FE1 k2 ¥ 3
AHXS AHXF AHXT
JLH B (= WA /A (o (= WA/ 0 S (= WA 735
(mg+ kg ) fii2e/ (mg+ kg H 2/ (mg- kgD W2/
% % %
K,OV 3. 63 0.22 1.63 0.33 2.95 0.18
CaOP 0. 26 1.2 0. 43 0 0.59 0.8
MgOV 0.7 0.92 0. 32 1.6 0.33 0.91
SiO, 56.43 0.13 77.69 0.21 69.19 0. 34
Fe, O3V 5. 15 0. 27 2.83 0. 29 2.6 0. 26
Al O3V 24. 11 0. 46 10. 6 0. 85 15.05 0. 64
Mn 1765.82 0.46 271. 82 0.43 365. 45 0.5
Na, OV 0.52 0. 48 0. 34 0.91 0.48 0. 81
P 314. 27 0.96 1 853.55 1.2 2218.91 0.91
Ni 6.6 9. 06 8. 35 8.5 9.12 8.3
Zn 385.94 0.52 115. 88 0.8 92.55 1.3
Cr 17. 28 7.2 16. 06 9.3 19. 14 6.3
Pb 136. 11 1.2 44. 24 3.6 62. 44 3.2
Cu 11.52 5.6 48. 31 1.5 19. 66 3.6
Cl 57.89 6.6 461. 65 1.0 174. 63 4.7
S 118. 82 2.0 568. 09 0.89 1110.18 1.3
Ti 3 503.55 0.64 2871 1.1 2249.36 1.07
\% 69. 27 3.5 48. 36 4.7 39. 45 5.7
Sr 113.09 0.48 56. 18 1. 07 82.91 0. 65
Zr 297.91 1.5 331. 73 0. 88 289. 36 1.5
Y 43. 45 1.6 26. 36 2.6 34.55 1.5
Rb 261.27 0. 35 89. 64 0.75 175.09 0.4

3 &g

Ry R T R Al A B AR 4R A T B ) R AR g LA
PR R Ak O BR R L R) I B 3 i T R e o) 1 R
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3 F [a] Bp R RE B AR o WFSE T A R B R AE B
KAOEL X B A6 3% 70 M b A7 18 1 B ) 8500 A
KL RN, » %5 581 0 RE UK S A 0 4 2R Y 5
Wi AR T 2% T0 3R o3 8 I 2 1 SR T B AR AN
Ll 2T B T PR IE A (R o — 22 WA T A
DURR PN 7E 1 3 5C B B2 3% O 0k R Y PR L oty 1
DTSSR AL FR 20 B ARG I R X - S B B M
A B A A ) AR D A R AR SR
SC AT Sy H A AU X5 2R O 1 2 A I
S E A
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