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Table 1 Mixed standard solution of boron, iodine, tin, germanium
FrfEFR S (ng/ml)
SO S1 S2 S3 S4 S5 S6 S7
0.0 20.0 40.0 100.0 200.0 400.0 600.0 2000.0
I 0.0 2.0 4.0 10.0 20.0 40.0 60.0 200.0

Sn 0.0 4.0 8.0 20.0 40.0 80.0 120.0 400.0
Ge 0.0 2.0 4.0 10.0 20.0 40.0 60.0 100.0
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Fig.1  Effect of complexant and liquid separation method on

recovery
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Fig.2 Effect of the quantity of resin addition on pH
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Table 2 Effect of different ways of internal standard addition in
reference material GBW07401

. PARRIA . FRXT R
: W E 2 .
JLE it ME SR (ne/g) F25(%)
47.1 49.3 50.4 46.1 52.4
FELNE 546 48.1 51.1 53.3 55.8 6.65
46.3 47.1
B
50.1 49.8 51.6 52.1 49.3
WEMmA  50.6 51.3 48.9 49.3 52.3 2.29
50.8 49.6
1.65 2.14 1.86 1.71 1.98
FELAME 165 1.74 1.85 1.93 2.02 9.01
1.96 1.64
! 1.74 1.88 1.91 1.83 1.69
BEmA 174 1.89 1.86 1.72 1.77 4.04
1.81 1.78
5.56 5.76 6.98 6.93 5.62
FEZLNE 5.84 6.45 6.71 6.87 6.82 9.75
5.65 5.57
Sn 5.71 5.86 6.41 5.69 5.94
BdmA  6.11 6.34 5.87 6.03 5.98 4.01
6.17 6.34
1.26 1.44 1.37 1.18 1.19
FELAGE 143 1.41 1.45 1.48 1.15 9.19
1.21 1.39
Ge 136 1.29 1.31 1.39 1.26
WEmA 129 1.35 1.24 1.37 1.25 4.16

1.28 1.39

B SrEIRIE S B 5, BV e 546 XN FRT R
PREEREAAE TR ZRNFrh . BZE Mok
WEA T, AR =@ i 7 =0, B T2k s
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0.10pg/g.0. 29pg/g.0. 09pg/g, W B B K i FR 5
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S A R NS

VIAS 25 43t B 8 — S0 b HE A 5 GBW07401 |
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Table 3  Precision tests of the method

- 12 Yol
EThes - (ng/g)

A MR
(pg/g) M2(%)

52.6  48.9 48.49 49.07
B 51.08 48.99 50.17 49.09 49.39 2.59
43 49.04 49.59 47.69

1.805 1.808 1.729 1.963
I 1.856 1.868 1.772 1.999 1.850 4.29
1.767 1.917 1.847 1.868
GBW07401

6.112 6.320 6.375 6.458
Sn 6.033 6.521 6.179 6.220 6.212 2.74
6.094 6.058 6.007 6.161

1.342 1.377 1.314 1.327
Ge  1.374 1.345 1.405 1.303 1.345 2.27
1.311 1.353 1.326 1.358

97.88 95.67 96.61 97.44
B 97.42 95.8 97.77 98.53 96. 64 1.49
93.82 95.25 95.01 98.46

8.819 9.473 9.014 10.27
I 9.369 9.392 8.865 8.758 9.122 4.88
8.487 9.36 8.749 8.908

GBW07404
5.722 5.558 5.549 5.689

Sn 5.701 5.980 5.793 5.500 5.759 3.15
5.701 5.884 5.976 6.051

1.914 1.889 1.911 1.860
Ge  1.958 1.836 2.083 1.846 1.903 3.66
1.861 1.869 1.957 1.856

53.78 51.41 51.7 53.1
B 53.6  53.05 51.59 52.37 52.43 1.80
53.31 53.01 50.58 51.71

1.45 1.548 1.542 1.646
I 1.647 1.741 1.61 1.505 1.59 4.94
1.641 1.62 1.556 1.563
GBWO07454

2.931 2.862 2.911 2.835
Sn 2.904 2.843 2.950 2.833 2.882 1.52
2.941 2.857 2.884 2.835

1.316 1.427 1.415 1.340
Ge 1.476 1.320 1.307 1.311 1.371 4.38
1.366 1.444 1.319 1.405

2.7 JjikdERE
R UETT R B HER | T RE 5 BEAR SR 9k X
PRUEW) BT GBWO7401 ~ GBWO07408 , GBW07454 ~
GBWO7457 & 12 A~HE i AT TN 2 , I R Ty ik ) #E Ay
JEAERINGZ 4 FroRs . TRk R RIR iR ZE A 15% ,
KoY/ 10% , HER L 2 22 H BRI 2 225K
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Table 4  Accuracy tests of the method

B I Sn Ge
tiR7/ i
Gy PEME E(E AR | e el B WEE WEE xRS | AEE . WEE AXHRZE
(ng/e)  (pg/g) (%) | (ng/e) (ng/s) (%) | (ng/e) (pg/e) (%) | (pg/e) (pg’e) (%)
GBW07401 50 49.4 -1.2 1.34 1.32 -1.49 6.1 6.9 8.2 1.8 1.85 2.78
GBW07402 36 35.8 -0.56 1.2 1.23 2.5 3 3.14 4.67 1.8 1.95 8.33
GBWO07403 23 24 4.35 1.16 1.1 -5.17 2.5 2.71 8.4 1.3 1.32 1.54
GBW07404 97 99.6 2.68 1.9 1.88 -1.05 5.7 5.75 0.88 9.4 8.83 -6.06
GBWO07405 53 51.9 -2.08 2.6 2.65 1.92 18 16.4 -8.89 3.8 3.87 1.84
GBWO07406 57 56.1 -1.58 3.2 3.16 1.25 72 67.5 -6.25 19.4 19.4 0
GBWO07407 10 11.5 15 1.6 1.73 8.12 3.6 3.36 -6.67 19 18.3 -3.68
GBW07408 54 54.7 1.3 1.27 1.19 -6.3 2.8 2.64 -5.71 1.7 1.84 8.24
GBW07454 54 54.5 0.93 1.31 1.23 -6.11 2.9 3 3.45 1.5 1.6 6.67
GBWO07455 52 51 -1.92 1.3 1.4 7.69 2.8 2.64 -5.71 1.1 1.12 1.82
GBW07456 64 64.5 0.78 1.47 1.42 -3.4 4 3.92 -2 1 1.1 10
GBW07457 80 74.5 —-6.88 1.83 1.92 4.92 8.7 9.21 5.86 1.2 1.3 8.33
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Determination of Boron, lIodine, Tin and Germanium in Geochemical
Samples by Inductively Coupled Plasma — Mass Spectrometry

YANG Guo — yun, TANG Pei — ying, ZHANG Jie, ZHAN Da — chuan, QIN Sheng, HE Yu — shan
( Guangxi Geological and Mineral Testing Research Center, Nanning 530023, China)

HIGHLIGHTS

(1) Abundant cations were absorbed by cation exchange resin.

(2) The experimental conditions were optimized to improve the detection efficiency and accuracy.

(3) A simple, rapid and sensitive method for determination of boron, iodine, tin and germanium in geochemical

samples by Inductively Coupled Plasma — Mass Spectrometry (ICP — MS) was investigated.

ABSTRACT

BACKGROUND: In the multi — objective method, the analysis of four elements of boron, iodine, tin and
germanium involves three supporting methods. Boron and tin were determined by Emission Spectrometry,
germanium was determined by Atomic Fluorescence Spectrometry, and iodine was determined by Spectrophotometry
or Inductively Coupled Plasma — Mass Spectrometry. The analysis cost is high and the detection efficiency is low.
OBJECTIVES: To establish an easy, highly efficient and precise, low — cost method for determination of boron,
iodine, tin and germanium in geochemical samples by Inductively Coupled Plasma — Mass Spectrometry.
METHODS: The sample is fused with sodium peroxide to completely decompose the refractory element tin. The
molten salt is extracted by water and the internal standard is added, and then the cation exchange resin is used to
separate a large amount of sodium salt and most of the cations, ensuring that the salt meets the requirements of mass
spectrometry analysis.

RESULTS: The element detection limits were 0. 92pg/g, 0. 10pg/g, 0.29ug/g, 0. 09ug/g for boron, iodine,
tin and germanium, respectively. The relative standard deviation ( RSD, n =12) was smaller than 5% . The
method was verified by certified reference materials, and the measured values were consistent with the certified
values.

CONCLUSIONS: The method is suitable for the determination of boron, iodine, tin and germanium in batch

geochemical samples.

KEY WORDS:: alkali fusion; cation resin separation; Inductively Coupled Plasma — Mass Spectrometry; boron;

iodine; tin; germanium
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