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Table 1 ~ Working parameters of the ICP-MS instrument
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Table 2 Procedure of microwave digestion
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Table 3 Accuracy and precision tests of the method
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\Y 296 267 1.0 0.04 V 24 22 1.9 0.04
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(%BW 07‘105 Ni 117 97 1.1 0.08 CBWL87103 Ni 2.3 2.9 2.3 0.10
(RHCHIAE) (FER#) .
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Table 4 Comparison of analytical results of the elements in actual samples by ICP-MS and ICP-AES/AFS methods

R RRTEGR) ceows i A e EREM (ne/e) P - MSHEBE  AHH
Hir 7 ICP-MS ICP - AES/AFSRSD(%) (n=3) B2 || %' ICP - MS ICP - AES/AFS RSD(%) (n=3) 22
A% 10.6 9.5 1.6 0.05 A% 51.4 56 1.2 0.04
Cr 50.9 46.5 1.6 0.04 S-6 Cr 10 12 1.8 0.09
(S%_El) Ni 68 68 1.2 0.00 || (KFRVT Ni 19 23 1.2 0.09
Ge 0.9 1.2 3.0 0.12 || B¥) Ge 0.6 0.7 3.1 0.07
As 0.7 0.7 1.5 0.02 As 100 117 1.8 0.07
AY 30 30 1.4 0.00 A% 19.3 19.5 1.3 0.01
. Cr 13.3 14.4 2.3 0.04 . Cr 82 97 1.3 0.07
(;_/;) Ni 14 18 1.2 0.10 (Si_i;;) Ni 62 64 1.0 0.01
Ge 0.81 0.87 3.0 0.03 Ge 1.0 1.3 3.0 0.10
As 14 18 1.2 0.10 As 62 64 1.0 0.01
v 9.9 11.2 1.4 0.05 \4 47.0 49 1.2 0.02
Cr 51 52 1.9 0.01 Cr 23.0 24.8 1.0 0.03
53N 2 2.7 1.5 o] 5% N 68 68 1.2 0.00
(B546) Ge 0.84 0.97 3.2 0.11 (£5) Ge 0.7 0.7 1.5 0.02
As 2.1 2.7 1.5 0.11 As 19 22 2.1 0.06
\Y 123.8 131 1.2 0.02 \Y 40 32 1.2 0.09
S_4 G 28 3.4 2.3 0.08 e 125 14.0 1.0 0.05
OKRVL  Ni 41 40 1.2 0.01 (;;) Ni 14 18 1.2 0.10
) Ge 1.81 1.65 3.0 0.04 Ge 5.2 5.1 0.8 0.01
As 41 40 1.2 0.01 As 1.7 1.8 3.0 0.03
AY 69 71 1.1 0.01 A% 76 84 1.0 0.04
S -5 Cr 8.2 8.5 1.8 0.02 Cr 15.5 17.2 0.9 0.05
(KFRDC Ni 23 25 1.2 0.03 (Si_i;‘; Ni 2.1 2.7 1.5 0.11
B Ge 0.96 1.13 3.0 0.07 Ge 2.3 1.8 1.2 0.10
As 23 25 1.2 0.03 As 38 37 2.0 0.02
5 g%irﬁk [J]. Analytical Chemistry, 2009, 81(12) :4898 —4905.
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Simultaneous Determination of V, Cr, Ni, Ge and As in Geochemical
Samples by ICP-MS Combined with Microwave Digestion Sample
Preparation

SHEN Yu, ZHANG Ni, GAO Xiao-hong, LI Hao, MA Yi-fei
( Northwest Geological Research Institute for Nonferrous Metals, Xi’ an 710054, China)

Abstract; A microwave digestion method to simultaneously determine V, Cr, Ni, Ge and As in geochemical
samples by Inductively Coupled Plasma-Mass Spectrometry ( ICP-MS) is proposed. There are two main factors to
influence the method accuracy: Cr and Ni released from stainless bomb could contaminate the samples by high press
digestion and volatile elements, such as Ge and As, lost during pretreatment, and polyatomic molecular ions have
mass influence on the determination by ICP-MS. In order to eliminate these two kinds of influences, four kinds of
digestion methods were compared, including microwave digestion with nitric acid/aqua regia extraction and high
pressure digestion with nitric acid/aqua regia extraction. The method by microwave digestion instead of high
pressure digestion avoids the problem of contamination of Cr and Ni and loss of Ge and As with short digestion
times. The nitric acid extraction, avoiding the addition of C1~ , has better analysis effect when compared with aqua
regia extraction. A helium dilution technique based on the octopole reaction system ICP-MS was applied to decrease
the interference of polyatomic molecular ions, such as *' C1"N interference on >'V, *CI'°OH interference on **Cr,
#CI7Cl interference on *Ge and **Ar”Cl interference on > As. Based on the study of rock, stream sediments and
soil national standard material by ICP-MS combined with nitric acid extraction, the results showed that the detection
limits of V, Cr, Ni, Ge, and As by the proposed method were 1.09 pg/g, 0.19 pg/g, 0.55 pwg/g, 0.02 pg/g
and 0.50 pg/g, respectively. The RSDs were less than 4% . The detection limits of V, Cr and Ni by high pressure
digestion were 3.48 pwg/g, 13.09 wg/g and 21.67 pg/g, respectively. The proposed method was simple, time-
saving (from 48 h to 2 h) and has the capability of simultaneous determination of multielements with low detection
limits.

Key words: geochemical sample; V; Cr; Ni; Ge; As; microwave digestion; Inductively Coupled Plasma-Mass

Spectrometry ; polyatomic molecular ion interferences
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