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Zetium X SFERZENCICIEAL (far 2 WAGNBL A H])
i B AL X GFERAT (R TR 4kW) . FE AL
(MAEKAWA TESTING MACHINE MFG A /]) , fig K
JE 5% 480MPa, it 36mm FEAEAL ., HL S EREEHL (1E
[ Retsch 23 F]) , R 4% 30Hz( 5% 30 IK/s) .

AT WA R I 1 5 [ Fluxana A 7, 45
BM -0002 -1,

K bR ME Y R AR U B bR ) R
GBW07303 , GBW07305 - GBW07307 , GBW07303a
GBWO07304a .GBW07319 .GBWO07347 ; + HeAT i )
GBW07404a — GBW07407 . GBW07429 . GBW07430 .

GBW07449 .GBW07456 . GBW07457 ; £ 4 J@ i 45 ifE
Y i GBWO07163 . GBW07166 . GBW07167 . GBW07268 .
GBW07277 .GBW07278 .GBW07280,
1.2 PRI

B i I R A BRI BT 200 H L FE
R it BR AR, W AR IO S A (BURE & > 7. 0000g)
TR A T, BT AR T 105°C IR BT EAE
2h 5, TR P ORAE

FE A 7 1 R PR B AR i 7. 0000g A B
KA 1.5750g F 25mL % 35, FH 3 38 4 78 53 4
FEE A ZhEREEHLIR &) 2min, IR AT BYRE M ELA
JEFEREE 7 20 W R J7 R il B AR 36mm
R R BRI S g T R RET T
PR IR
1.3 284501

A 3 M B E T ROk, D AR T AR
3600W M E TR E AN, B HIEIELES T
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A HICR MG S5 ILER 1o 5005 s 5 ek
SrBrfE 511, Se J6 R AU I | % A A
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K L1 T PURY) 58 2 & m i bR BT
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Table 1 Measurement conditions of elements by WD — ED X - ray fluorescence spectrometer
W B O A
x| oma | MR DR e [pwa | IR gy | RIS I
(kV) (mA) (pm) fIRBR i BR W GRS
Na Koy 30 120 None PX1 700 Flow 25 75 27.7034 1.8196
Mg Ko, 30 120 None PX1 700 Flow 28 72 22.9178 1.8228
Al Kay, 30 120 None PE 300 Flow 27 73 144.8636 —-1.8032
Si Koy, 30 120 None PE 300 Flow 34 66 109.0776 1.5716
P Kay, 30 120 None Ge 300 Flow 30 67 140.9834 -1.1014
K Kay, 30 120 None LiF200 300 Flow 33 66 136. 6882 -2.7074
Ca Koy, 30 120 None LiF200 300 Flow 33 66 113. 1246 2.0476
Ti Koy, 60 60 Al1/200 LiF200 300 Flow 37 62 86.1620 -1.3728
Mn Kayy 60 60 Al/200 LiF220 150 Flow 39 59 95.1696 1.5694
Fe Koy, 60 60 Al1200 LiF220 150 Scint 31 69 85.6652 —-1.0046
Vv Kayy 60 60 Al1200 LiF220 300 Flow 26 69 123. 1436 -0.6186
Cr Koy 60 60 Al/200 LiF200 150 Flow 35 60 69.3302 0.8222
Se Kayp 60 60 None LiF200 300 Scint 19 78 31.8598 0.7874
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(kD)
A 6 BOW L
by KW,
or | omao | |meoew | 051 PR D | sonm | pews | e RO
As KBy3 11.72 ED -R 60 60 A1/200 D=0.6 SDD Yes 11.47 11.83
Ba Koy, 32.06 ED -R 60 60 Brass/400 | D =3.0 SDD Yes 31.57 32.58
Br Kayy 11.91 ED-R 60 60 A1/200 D=0.6 SDD Yes 11.88 12.00
Cu Koy, 8.04 ED-R 60 60 Al/200 D=0.6 SDD Yes 7.91 8.25
Ga Koy, 9.24 ED -R 60 60 A1/200 D=0.6 SDD Yes 9.01 9.43
Ge Koy, 9.87 ED -R 60 60 A1/200 D=0.6 SDD Yes 9.80 10. 04
Ni Koy 7.47 ED-R 60 60 Al/200 D=0.6 SDD Yes 7.33 7.63
Pb LB, 12.61 ED-R 60 60 Al/200 D=0.6 SDD Yes 12.36 12.87
Rb Koy 13.37 ED -R 60 60 A1/200 D=0.6 SDD Yes 13.16 13.60
Se Kay, 11.21 ED -R 60 60 A1/200 D=0.6 SDD Yes 10.90 11.48
Sr Koy, 14.14 ED-R 60 60 A1/200 D=0.6 SDD Yes 13.87 14.41
Ti Ko, 4.51 ED -R 60 60 A1/200 D=0.6 SDD Yes 4.28 4.67
Y Koy 14.93 ED -R 60 60 Al/200 D=0.6 SDD Yes 14.95 15.24
Zn Ko, 8.63 ED -R 60 60 A1/200 D=0.6 SDD Yes 8.45 8.81
Zr Koy, 15.75 ED-R 60 60 Al/200 D=0.6 SDD Yes 15.40 16.07
Rh Koy, 19.18 ED -R 60 60 A1/200 D=0.6 SDD Yes 18.32 19.83

U, AR IR A AR MERE fh 28 T AR R
i Se FREY) BN L B R, FH A AR HEY) B S
el 22 R AT AR E ) JBR A E B RS AR AL, R
i Se IARMEYI IR IV ECE , A RUEREIRE T2 &8
O AR ZE BRI S M 1R 22 . 3 2 AICE IR &
PRUERE A B HAD BN - TR R — 2 B Y
SEARED) M 2 4 T 0 bR vE ) IO T 3 B TR R
AP B Z S AR 10min LA, K5 T 105C
B 20, 4 1.2 R R SRR

2 RCEMRA AR

Table 2 Information of mixed reference materials
TR ARUERE it KR HEY) 5T FREERTE  Se GHE
%5 %5 (g) (ng/g)
GBW07280 4. 0000
HE - Sel GBW07407 6. 0000 7219
o GBWO07166 4.0017
HC =Se GBW07449 6.008 >
GBW07268 4.0042
HE = Se3 GBW07406 5.8799 20.36
L GBWO07283 4.0002
HE = Sed GBW07401 5.5382 1224
GBWO07278 4.0003
HE = Se5 GBWO07403 6.0002 5.8

2 RS
2.1 JiikAimR

R B IR HE AR EAE & Sl (S AP, 45 T
SR A TR IR R (LOD) P i+

ZERILF 3. T AR T RO H RO AL Oy
101. 6 g/, BRI R R HBR A Ba 3.75 pe/g,
RS I AL AL SRR i o AT 2R

Vi
LOD = M b
m Al t,

sy 3 U (B0 1, 8 S
S0, UL S0 BRI

23 Jiikkhm

Table 3  Detection limit of the methods

. J5 IR H R B J5 K H R
L JLR
(ne/g) (ne/g)

Na, 0 33.03 As 0.41
MgO 17.33 Cu 1.25
Al 0, 101.6 Rb 0.83
Si0, 79.02 Sr 1.00
P,05 5.93 Zr 0.97
K,0 6.17 Ba 3.75
Ti0, 26.46 Se( i) 0.45
MnO 6.39 Se( Ji) 0.91
Fe, 0, 6.28 Ni 1.69

H13% 3 n UL, Se HYRETG AR tH FR 0. 45pg/g, €
TR ER 0. 91 we/go WNIET 1 7R, BARTERETE K]
i Se Ka 5 Pb La(fEiEH Pb La 5 As Ka 582
B) As KB n[ 73 JF 025 As B I H T Se Ka
£ As Ko 55 As KB Z[8], fif il 2 XHIE & & Se 197047
T AR ZE , T Al L5840 i 4k T4 IT
XS T 5 B Se, U 3 MR A T RE 35 4R 1k
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Fig. 1 ED - XRF spectra of selenium
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PR R 3 AT A fE 5 it A3 T e 1 A AT oK o
2.2 JjikMiEE

SEAT 4 GBWO07347 Fl GBW07277 4 10 4~H¢
R SRR T R, T iEAE 5 e S e B L3R 4.
ATLUE B, DU P bR kE GBWO7347 i Se Frifi{E A
dpg/g, BT R 3. T9ue/g, RSD /NF 10% ,
THRUEAE DA 2 BE R 1. Opg/ g, E W% T VL e %
Wi /2 Se FTE 4. 00pg/g DL Bk BE Y i 7t o B 2
SRR 3 AR R (0. 91 ne/g, 4 3) M B T RR
2.3 JjikdEnnE
2.3.1 bRUMEYI T

B~ A1 bR HEY) it GBWO7277 H Se trfE{E H
28 g/ g, 4% A M T 25 0 5E /Y Se & = H N
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Comparison of wavelength dispersive and energy

dispersive calibration curve of selenium

Table 4  Precision and accuracy tests of the method

GBW07347 (n =10)

GBWO07277(n =10)

TR | P ARMEM RSD | EMMH  FRME(H RSD
(%) (%) (%) | (%) (%) (%)

Na, O 1.6 2.46  2.90 | 0.47 0.32 3.72
MgO 1.57 1.6 1.75 | 8.22 8.5  3.01
AL O, 13.14  15.95 1.77 | 2.48 2.66  6.00
Sio, 49.65 51.24 0.74 | 15.43 13.74 1.64
P, 0s 0.17  0.18 1.61 | 0.03 0.05 6.29
K,0 2.44 2.6 7.83 | 0.58  0.51  3.17
Ti0, 0.76  0.75 2.95 | 0.23 0.1 7.88
MnO 0.09 0.09 1.8 | 0.06 0.06 1.8l
Fe,0, 12.57 13.05  0.65 1.75 1.24  1.84
GBW07347(n =10) GBWO07277(n =10)

JLE | P FRMEME RSD | PHMH  ARMEM RSD
(pg/g) (pg/g) (%) | (ng'e) (ng’g) (%)

As 15.43  24.2  8.17 | 94051 93300  0.31
Cu 6086 5000  1.06 249 140 1.53
Rb 77.69  52.7 1.35 | 20.68 JoiEfH 5.88
Sr 429 399 0.66 477 JoEfE 0.92
Zr 136 134 2.04 - T -
Ba 553 576 0.61 143 JTCEH 1.45
Se 3.79 4 9.44 | 26.05 28 0.61
Ni 2400 2390  1.11 - 33.6 -
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H 2.9 g/ g, EBAAR ST 7 2 %) /55 F i Se AT LASE
PR 0 o3 5340, AT LA A 16 A~ 321k
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T FEML LG SRR T 2 1Y IR0 ZE (P,g) i
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Determination of Selenium, Major and Minor Elements in Selenium - rich
Soil Samples by X - ray Fluorescence Spectrometry with Powder Pellet
Preparation

LI Ying — chun, ZHANG Lei, SHANG Wen — yu
( National Research Center for Geoanalysis, Beijing 100037, China)

HIGHLIGHTS

(1) A wavelength dispersive and energy dispersive X — ray fluorescence (WD — ED XRF) spectrometry method was
established to determine the major and minor elements in selenium — rich soil.

(2) The technical difficulties in the determination of Se by XRF were investigated, and the analytical conditions
were optimized reasonably.

(3) The method can be used to determine the high content of Se, and can also provide quantitative or approximate

quantitative results of 16 major and minor elements.

ABSTRACT

BACKGROUND:; At present, the content of Se in soil is mainly determined by atomic fluorescence spectrometry,
which has disadvantages such as large usage of acid and relatively complex pretreatment. Determination of high
content of Se requires high dilution, which expands the analysis error.

OBJECTIVES: To establish a method for the determination of Se and other elements in Se — rich soil samples by
wavelength dispersive and energy dispersive X —ray fluorescence (WD — ED XRF).

METHODS: WD - ED XRF was used to determine 17 major and minor elements such as Se in Hubei selenium —
rich soil samples with powder pellet. While 10 elements were analyzed by WD — XRF, As, Cu, Rb, Sr, Zr, Ba,
Ni were analyzed by ED — XRF, which significantly reduced the measurement time.

RESULTS: By mixing different certified reference materials in proportion to configure mixed certified reference
materials, the problem of insufficient content of the existing Se reference materials in the range of 5 - 72ug/g was
solved. For the determination of high content Se, the relative standard deviation was less than 10% , and the RSD
of high content Se sample was less than 0.70% , through the precision and accuracy assessment.
CONCLUSIONS: The proposed method satisfies the quantitative analysis of soil samples with Se content greater
than 3.00pwg/g, and provides the quantitative or approximate quantitative analysis results of 16 major and minor

elements.

KEY WORDS: selenium — rich soil samples; selenium; major and minor elements; powder pellet; X — ray

fluorescence spectrometry ; mixed certified reference materials
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