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4.0 kW 66 kV 160 mA
SuperQ5.0A 68 o
YAW -3000D
3300 MPa.
Fe 6.3 ~14503 pg/g Na

0.001% ~2.17% s

1 o
1 XRF
Table 1  Working conditions of elements by XRF instrument
2 PHA
( pm) (V) (ma) (?) () oL

Cl Ka Gelll-C 550 Flow 30 120 92.7540 1.8174 27 73
S Ka Gelll-C 550 Flow 30 120 110.6194 1.9288 27 73
P Ka Gelll-C 550 Flow 30 120 140.9836 1.8828 27 72
Al Ka PE002-C 550 Flow 30 120 144.9720 2.2774 26 74
Si Ka PE002-C 550 Flow 30 120 109.1146 2.2478 26 75
Mg Ka PX1 550 Flow 30 120 22.4154 2.1348 26 74
Na Ka PX1 550 Flow 30 120 27.0702 2.3548 25 74
K Ka PX10 150 Flow 30 120 136.6580 3.1826 31 69
Ca Ka PX10 150 Flow 30 120 113.1406 1.7688 32 69
Ti  Ka PX10 150 Flow 40 90 86.1630 1.9130 36 66
Ba La PX10 150 Flow 40 90 87.1962 1.4600 33 64
Cr Ka PX10 150  Duplex 60 60 69.3442 1.4420 12 67
V. Ka PX10 150 Duplex 60 60 76.9348 1.3334 11 66
Co  Ka PX10 150 Duplex 60 60 52.8008 1.2536 16 66
Cu  Ka PX10 150 Duplex 60 60 45.0272 0.4804 19 66
Fe Ka PX10 150  Duplex 60 60 57.5218 1.4472 15 68
Mn Ka PX10 150 Duplex 60 60 62.9972 1.5536 14 68
Ni  Ka PX10 150 Duplex 60 60 48.6372 -0.6842 19 62
Rb  Ka PX10 150 Hiper Scint 60 60 26.5814 0.4576 20 78
Pb LBl PX10 150 Hiper Scint 60 60 28.2408 0.5944 22 75
Zn  Ka PX10 150 Hiper Scint 60 60 41.7896 0.7828 21 78
Br  Ka PX10 150 Hiper Scint 60 60 29.9456 -0.4110 21 75
St Ka PX10 150 Hiper Scint 60 60 25.1414 0.5098 21 78

Rh Ka -C  PX10 150 Hiper Scint 60 60 18.4798 - 26 73
:PHA LL UL .
1.2
o 105°C
6.0 g 6.0 g
o (
201310125722. 5) 1760 MPa
30 s 32 mm 40 mm
1.3
GBW

10010 ~ GBW 10028( GSB -1 ~ GSB -30)

2.

2
Table 2 Concentration range of elements in standard materials
(ne/e) (%)
Ba 0.24 ~98 Al 0.003 ~2.00
Br 0.27 ~92 Ca 0.022 ~4.20
Co 0.01 ~0.63 Cl 0.018 ~3.54
Cr 0.13~2.6 K 0.002 ~3.36
Cu 0.51 ~52 Mg 0.014 ~0.552
Fe 7.8 ~1450 Na 0.0077 ~2.17
Mn 0.51 ~1170 0.11 ~4.19
Ni 0.10~5.4 si 0.013 ~1.10
Pb 0.07 ~11.1 P 0.014 ~1.17
Rb 0.06 ~89
Sr 0.51 ~213
Ti 3.3~102
v 0.06 ~4.2
Zn 11.1~211
2
2.1
XRF N
o XRF
0.05% -
0.05% 10%
o XRF
XRF °
1760 MPa N
B GBW
10020( GSB - 11 ) GBW
10020 (440 MPa)
o 3
(440 MPa) (1760 MPa)
5 0.1% ~2.6%;
1% ~
3% .
2.2
C.H.O.N
X
4,
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3 o Ca-Cl.Cu.Ti.V
Table 3~ Comparison of reproducibility using high pressure . Mg.Na.S
(1760 MPa) and low pressure (440 MPa) i
1760 MPa( ) 440 MPa( ) o
1760 MPa
RSD RSD Lso wipa
(keps) (%) (cps) (%)
Al 7.766 0.6 7.635 .5 102 SuperQ
Ba 0.339 0.8 0.337 0.9 1.01 .
Br 9.364 0.3 9.260 0.4 1.01 N
Ca 194. 450 0.1 193. 085 0.2 1.01 C,=D,-3L, xZ, +ER(1+ 'Elaij X Z; +
cl 3.467 0.5 3.464 1.2 1.00 B 8 . ”
Co 0.288 0.7 0.281 1.4 1.03 ij X
Cr 0.556 0.4 0.548 0.9  1.02 2 1+5, xC, xZ +.f§1k§1y”" X2, x2,)
Cu 0.837 0.4 0.825 0.7 1.01 . C. ; (
Fe 5.597 0.2 5.486 0.2 1.02 i
K 31.300 0.1 31.140 0.3 1.01 l )5 D,
Mg 14.424 0.2 14.167 0.3 1.02 i L m
Mn 0.379 0.5 0.374 1.3 1.01
Na 0.559 1.8 0.555 2.8 1.01 ! L,
Ni 0.327 0.8 0.321 1.0 1.02 K, i . R,
P 28.754 0.2 28.251 0.4 1.02
Ph 12.081 0.5 11910 0.8 1.0l ¢ ( )i 22,
Rb 13.935 2.6 14.164 6.2 0.98 N y O~
S 76.236 0.2 75.245 0.2 1.01 .
i B~y 6 ) m
Si 20.906 0.3 20.765 1.1 1.01
Sr 69.957 0.5 69.433 0.5 1.01 Jo ok o
Ti 0. 409 0.9 0. 404 1.1 1.01 2.3
v 0.350 0.5 0.341 0.8 1.03
Zn 3.038 0.5 3.009 0.7 101 ( LOD)
( 95% )
N ]
Table 4 Effects of internal standard 1.OD = M b
RMS RMS " !
m A it
Rh Ka Rh Ka
(s)o
Al 0.01605  0.00741 0.02321 ||Cr 0.00004  0.00002 0.00002
Ca 0.09714  0.04875 0.02054 ||Cu 0.00019  0.00005 0. 00003
€1 0.02930  0.04319  0.01777 ||Fe 0.00571  0.00231  0.00343
K 0.26352  0.04592  0.22314 |Mn 0.00072  0.00014  0.00034 o
Mg 0.01100  0.02270  0.04761 |[Ni 0.00002  0.00001  0.00002 12
Na 0.03162  0.06373 0.06579 |[Pb 0.00014  0.00003 0.00003
P 0.03754  0.02680 0.04040 |Rb 0.00019  0.00006 0. 00006 1
S 0.02710  0.06146  0.22249 ||Sr 0.00067  0.00016  0.00016 12 o
Si 0.02050  0.01638  0.03431||Ti 0.00029  0.00029  0.00026
Ba 0.00052  0.00021  0.00023 ||V 0.00002  0.00001  0.00001 3
Br 0.00007  0.00002  0.00002 ||[Zn 0.00047  0.00014  0.00017 .
Co 0.00001  0.00001 0.00001 5 ( 1760 MPa)
(440 MPa)
4  RMS RMS
- RMS 2 4
RMS = \/ Ls(c,.-c.) 12 !
n — k 12
n k Copem . 6 Al Ca. Cl.
cale ° K.Mg.Na.S.Si.P.Cu.Fe.Mn.Rb.Sr.Ti.Br.Ba.Zn.
4 Rh Ko \' 0.4% ~11.3%; Co~Cr-Ni.Pb

Ba.Br.Co.Cr-Mn.Ni.Rb.Zn

K.AlL.P.Si.Fe
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5 7
Table 5 Detection limits of the method Table 7 Accuracy tests of the method
1760 MPa 440 MPa 1760 MPa 440 MPa GBW 10023( ) GBW 10052( )
(nsls) (nsle) (ne/s) (nely) (%) (%) (%) (%) (%) (%)
Al 12.99 14.56 Cr 0.26 0.26 Al 0487 0.49 TGRS -
ta 829 10.29° ) Cu 0,21 0.21 Ca  0.142 0.155  7.19 1.13 1.21 6.6l
o 2.78 2.3 Fe 0.53 0.55 c 2.709 2.8 3.25  0.053 0.056 5.36
K 8.29 1.2 Mn 0.52 0.55 K 3.295 3.36 1.93  1.573 1.55 -1.48
Mg 12.99 1512 Ijl 0.23 0.22 Mg  0.404 0.4  -1.00 0.221 0.22  -0.45
Tf‘ ?g;g ?;fé ”; 8‘14 g'iz Na  1.485 1.55 4.19  0.01 0.01 0.00
S 7o 1S l; 0‘12 o8 P 0.564 0.585 3.59  0.272 0.28 2.86
, o : ' : : S 2.219  2.26 1.81  0.416 0.42 0.95
Si 140. 96 145.52 1 081 0.88 Si  0.848 0.83 -2.17  0.281 0.26  -8.08
Ba 1.37 1.45 v 0.08 0.08
Br 0.28 0.32 n 0.43 0.42
Co 0.10 o011 (ng/g) (ngle) (%) (mg/g) (ng/e) (%)
Ba  11.251 10.4  -8.18  40.368 41 1.54
Br  92.058 92 -0.06  3.169 2.9 -9.28
6 Co  0.572 0.63 9.21  0.284 0.3 5.33
Table 6  Precision tests of the method Cr 2.068 2.4 13.83 1.191 0.92  -29.46
GBW 10015 GBW 10020 GBW 10021 Cu 11.278 12.2 7.56  23.997 24 0.01
() ( ) () Fe  1440.285 1450 0.67 330.146 322 -2.53
p— p— p— Mn  63.514 68 6.60 1167.48 1170 0.22
Ni 2,492 2.25 -10.76 5.528 5.4 -2.37
(%) (%) (%) (%) (%) (%) Pli 1,952 2.05 4.78  2.026 1.6  -26.63
é' 8'2?; 3'2 2"1‘2 (])i 3'2:; 3'2 Rb  11.107 10.4  -6.80 89.105 89 -0.12
CT L o4 0.03 s o 0.9 St 22.442 24 6.49  36.552 36 -1.53
K s o4 077 0.2 a2 05 i 90.812 92 1.29  20.743 21 1.22
" 0559 04 025 04 0336 053 v 4.009 4.2 4.55  0.671 0.6 -11.83
& : : : : : : Zn_ 26.388 28 5.76  35.139 35 -0.40
Na  1.485 0.7 0.018 6.4 0.067 3.0
P 0.326 0.3 0.146 0.4 0.365 0.4
S 0.473 0.4 0.398 0.3 0.174 0.4 3
Si 0.216 2.0 0.416 2.4 0.227 3.0
RSD RSD RSD
(ng/e) (%)  (wgly) (%)  (pg/e) (%) XRF
Ba 8.56  11.1  100.82 2.0 10.37  11.3 :
Br 9.82 0.7 3.11 3.3 0.64 7.0 ’
Co 0.18  14.8 0.26  19.1 0.21  26.0
Cr 1.45  15.3 1.18 22,6 0.69  26.2 . .
Cu 8.22 1.3 6. 64 1.1 9.22 1.1
Fe  545.81 2.0  469.31 1.5 325.69 2.4 XRF
Mn  40.52 0.8 29.33 1.4 29.6 1.3 23 . .
Ni 0.92  10.4 1.0 15.3 4.22 2.2
Ph 10.19 5.8 9.17 4.6 0.9 15.5 °
Rb  28.97 0.3 3.5 4.5 9.45 0.8
St 83.55 0.2 170.11 0.2 55.61 0.5
Ti 0 29.96 2.1 37.3 1.6 16.45 5.7
v 0.8 7.3 .23 3.2 0.45  10.7 ( > )
Zn  34.37 0.9 18.45 2.2 31,42 2.8 XRF i
2.5 4
2 1 _
2 1 2 13 T
i ( ) 2009 45(4) :406 —409.
7 Cr.Pb 2 ( |
J
12%
2007 43(1):11 - 14.
° 3
J . 2001 29
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infusions by XRF and ICP techniques J . X-Ray

Determination of 23 Elements in Biological Samples by Wavelength
Dispersion X-ray Fluorescence Spectrometry with High Pressure Powder
Pelleting Preparation

YU Zhao-shui' ZHANG Qin' LI Xiao4i® FAN Shou-shong' PAN Yan-shan' LI Guo-hui'
(1. Institute of Geophysical and Geochemical Exploration Chinese Academy of Geological Sciences
Langfang 065000 China;
2. Tianjin Institute of Geology and Mineral Resources Tianjin 300170 China)

Abstract: In the determination of biological samples by X-ray Fluorescence Spectrometry ( XRF) sample powder
pellets pressed by traditional sample preparation technique at 220 — 440 MPa are not compact and smooth so the
sample room of XRF instrument becomes contaminated by dropped sample powder which can then influence long—
term stability. Biological sample powder can be pressed into smooth and compact pellets using high pressure of
1760 MPa therefore the sample preparation reproducibility is improved to 0. 1% - 2. 6% ( RSD n=5).
A method for direct determination of 23 major and minor elements (Al Ca Cl K Mg Na P S Si Ba Br
Co Cr Cu Fe Mn Ni Pb Rb Sr Ti V and Zn) in biological samples by Wavelength Dispersion X-ray
Fluorescence Spectrometry was established on this sample preparation basis. The matrix effects can be corrected by
using RhKa ( from the X-ray tube target) Compton-scattered radiation and by using the background as the internal
standard. The precision of the method is 0.4% —11.3% ( RSD) for most elements and the detection limits is 0. 08
—-140.96 pg/g. The feasibility of the proposed method was tested by analyzing several national biological standard
materials; the results obtained were consistent with the certified values.

Key words: biological sample; major and minor elements; high pressure powder pelleting preparation; Wavelength
Dispersion X—ray Fluorescence Spectrometry; matrix effect
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