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Interference and Its Elimination in Determination of Germanium
and Cadmium in Geological Samples by Inductively Coupled
Plasma-Mass Spectrometry
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Abstract The samples were decomposed by mixed acid of HF-HCIO,-HNO,. Germanium and cadmium in sample
solutions were determined by inductively coupled plasma-mass spectrometry with external calibration method. ™ Ge
and "*Cd were chosen as determining isotopes and '”Rh as internal standard. The instrument operating parameters
were optimized and the interference from coexistent elements of Zn Zr Sn Ce Nd Sm to the determination of
Ge and Cd was studied. Interference from Nd°* and Sm’" to Ge and from Sn isobars to Cd were calibrated by the
mathematical method. The detection limits 10SD  of method for Ge and Cd are 30 ng/L and 15 ng/L
respectively. The method has been verified by the determination of Cd and Ge in geological standard reference
materials and the results are in agreement with certified values with precision of 1.35% RSD for Ge and 1.47% RSD
for Cd. The method is suitable for the determination of trace Ge and Cd in geological samples.
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5 mL HCIO, — HNO, 1:1
ICP - MS
0.5 mL 2 mL 8 mol/L
! ICP - MS HNO, 10 mL
31-14 ICP = MS 1 ~2 min 25 mL
HF - HCIO, — HNO, HNO, 2~3
74 Ge 114 Cd
ICP - MS In Zr
Sn Ce Nd Sm Ge Cd 2.1
Nd Sm Ge Sn Cd
ICP - MS 1
¥ Ba <3%
<0.3%
1
1.1 !
Table 1 ~ Operating parameters of the instrument
X Series"
Thermo Scientific
1200 W 50
p Ge =10 mg/LL 0.9 Ar 13. 0 L/min 18 s
mol/L. HZSO4 p Ge =50 Ing/L Ar 0.70 L/min 30 s
Ar 0.85 L/min Ni 1.1 mm
0.8 mol/L HNO, Ni 0.9 mm
P Cd =10 rng/L 1.5 3 1.0 mL/min
mol/L. HNO, p Cd =50 pg/L 55
0.8 mol/L. HNO, '
p Sn =50 mg/L 1.8 mol/L
H,S0,
p Sm =10 mg/L 0.8
mol/L. HNO,
p Nd =10 mg/L 1.2 HF - HNO,
mol/L. HNO, HF - HNO, - HCIO, HNO,
B Co In Ba U 10 Ge  Cd 2
pe/L 0.8 mol/L HNO, .
HNO, MOS HF 2 , o
Table 2 Effect of different sample decomposion systems
HCIO, on determination of Ge and Cd
>18 MQ- cm w Ge / pg g! w Cd / pg g!
HF — HNO HF - HNO
1.2 HF -HNO; HEO, P HF-HNO; HQWO, 3
2.50 mL HNO, HNO, HNO; HNO,
25 mL 5.85 2.03 5.41 3.15 040 0.39 0.38 0.36
2 mL HNO Nd Sm Sn 2,12 1.63 2.18 1.52 0.43 0.45 0.47 0.46
’ 3.94 1.89 3.98 2.28 0.098 0.096 0.092 0.092
ICP - MS 1.25 0.89 1.26 0.69 0.086 0.092 0.088 0.083
cps 1.44 0.98 1.45 1.00 0.080 0.081 0.085 0.083
1.51 0.84 1.54 0.88 0.12 0.13 0.13 0.13
0.05 ¢ 0.0002 ¢ ©) HNO, 8 mol/L, HNO,
25 mL 5 ml. HF 1:1 2 mL
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3 27
2 HF - HNO,  HF - HNO, - *7Zr'°0 "cd *7zr°0'H Med *7Z°0 ' cd
HCIO,
Ge
HCI Ge Cd 2.3.1
HCIO,
HF - HNO, - HCIO, Ge "7n
8 mol/L HNO3 7OG€ 140 C62+ 70 Ge 144 Sm2+ 144 Nd2+ 72 Ce
2. 3 14SSm2+ 148Nd2+ 74(;e
ICP - MS Sm Nd <107’
"“Nd 5.7% "*Sm 11.3%
74 Ge
! " Ge Cd  Zr Sn
Ge Cd Sm Ce Nd Sn Sn
Zr 7n 3 Zr Sn Cd S0
Ge Cd 112Cd 1]4Sn 114cd Zr
7r cd
3 Ge Cd 2.3.2
Table 3 Interference from main interferents on
determination of Cd and Ge
/ /cps
) T—l Nd Sm Sn
ner m MGe  7Ge  ™Ge M0cd  'cd M4 M4cd
0 650 163 42 24 16 3 27 Nd Sm
s 20 666 426 298 20 11 2 27 Sn 0.0072 0.0063 0.015
"™ 2000 635 6663 25158 I8 15 9 26 Ce
10000 572 32377 126037 13 13 18 23
20 4325 160 48 17 17 21 25 Cug, =Cug, —0.0072 x Crgyy —0.0063Cssg,, 1
Ce 2000 393737 180 45 16 12 20 26
10000 1715528 160 42 20 12 16 28 1 Crug. Ge Corug, Ge
100 493 8687 2241 15 12 17 16 Cusygy Nd Cusg, Sm
Nd 400 491 32463 8361 18 11 28 26 cd
1000 772 80810 20992 28 2 20 27
100 59 147 29 13 1l 9100 6366 Ciagg =Ciugg  —0.015 x Ciuyg, 2
Sn 400 693 173 38 24 16 37725 26275
1000 533 18 38 27 11 100666 69450 2 Criseq Cd Chiag Cd
100 607 158 35 3266 81 864 26 Cis, Sn
Zr 400 673 148 38 12907 366 2374 23 2 4
1200 508 148 57 39528 1156 7205 26 :
40 1365 187 33 18 18 20 28 Ge Cd
Zn 100 3420 165 44 19 15 2 27
1000 36649 192 57 14 10 13 2 0~150 pg/L 0.9994 12
10
3 Sm Nd "Ge ™Ge Ce Ge 30 ng/L Cd 15 ng/L
Zn  "Ge Sn "Ccd '™cd Zr  GBW 07401 15 4
cd Med  Mad RSD Ge 1.35% Cd 1.47%
2.5
Zn ™Ge "*Sn  '"*Cd ™Sn  ™cCd GBW 07401 ~
et TGe ™M Sm’T "M NI P Ge GBW 07408 GBW 07425 ~ GBW 07428

U8q 2+ 148312 74
Sm™* Nd™T Ge
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07309 ~GBW 07311 5 Ge Cd
Li Be Bi Co Cu 21

4

. 1 LiGang Li Wenli Zhong Guanping et al. L-cysteined
Table 4  Precision test of the method

enhanced hydride generation for atomic fluorescence
1

v - g” . . . . .
Uy K88 RSD/% spectrometric determination of germanium in geological
samples J . Speciroscopy Letters 2003 36 4 275 -
1.36 1.34 1.36 1.33 1.34 285.
Ge 1.34+0.20 1.341.36 1.351.351.34 1.35 1.48 o)
1.331.401.391.34 1.35
J . 1993 29 2 104
4.294.224.204.324.25 ~105.
Cd 4.3+0.4 4.334.284.434.374.36 4.31 1.48 3
4.264.304.404.314.31
M . 2004 110 119.
4
5
Table 5 Analytical results of Ge and Cd I 2004
in National Standard Reference Materials 23 4 295 -299.
wGe / pg g7t wCd/ pg g7} 5
J . 2004 23 3 231 -
GBW 07401 1.34£0.20 1.57 1.35 0.003 4.320.4 4.36 4.27 —0.003 234.
GBW 07402 1.2+0.2 2.73 1.13 -0.026 0.071 +£0.014 0.12 0.080 0.058 6 . -
GBW 07403 1.16 £0.13  1.25 1.09 -0.031 0.060 +0.009 0.10 0.060  0.000 J .
GBW 07404 1.9+0.3 1.96 1.75 -0.038 0.35+0.06 0.44 0.37 0.022
, * * ’ 2007 3 42 -43.
GBW 07405 2.6+0.4 2.64 2.45 -0.026 0.45+0.06 0.75 0.50  0.046
GBW 07406 3.2+0.4 2.88 2.72 -0.071 0.13+0.03 1.18 0.13 0.000 7
GBW 07407 1.6+0.3 1.92 1.54 -0.017 0.08+0.02 0.13 0.080 0.000 M .3 . 1991 446 776.
GBW 07408 1.27 £0.20 1.55 1.30  0.010 0.13+0.02 0.16 0.12 -0.035 8
GBW 07425 1.3+£0.1 1.56 1.30 -0.003 0.125+0.012 0.17 0.12  0.000
: : J. 2004 27
GBW 07426 1.3+0.1 1.54 1.30 -0.007 0.15+0.02 0.20 0.16  0.000
GBW 07427 1.27£0.07 1.44 1.21 -0.018 0.13+0.01 0.17 0.12 -0.067 1 20-22.
GBW 07428 1.42£0.11 1.65 1.36 -0.019 0.20+£0.02 0.22 0.18 -0.058 9 .
GBW 07301 1.3+0.4 1.73 1.42  0.038 0.088 +0.014 0.13 0.080 -0.051 v J . 2005 25
GBW 07302 1.7+0.3 1.92 1.42 -0.078 0.065+0.011 0.47 0.060 -0.067 1 11-14
GBW 07303 1.3+£0.3 1.76 1.52 0.068 0.10+0.02 0.14 0.090 -0.046 ’
GBW 07304 1.4+0.3 1.54 1.27 -0.042 0.19+0.02 0.27 0.21 0.043 10 . -
GBW 07309 1.3+0.2 1.64 1.36  0.020 0.26+0.04 0.31 0.28 0.032 J . 2002 22 3 22 -25.
GBW 07310 0.40 £0.06 0.49 0.40  0.000 1.12+0.08 1.01 0.99 -0.054 11
GBW 07311 1.81£0.21 1.81 1.58 -0.059 2.3x0.2 7.405 1.96 -0.069 M . 2005 1 —40.
12
3 J . 2005
24 1 36-39.
13
Ge  (Cd J. 2007 13 4 63 -64.
14 -
J .

2005 24 9 20 -25.
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