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Determination of Six Trace Elements in
Agricultural Samples by ICP-MS
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Abstract A method of inductively coupled plasma mass spectrometry (ICP-MS) was established to
determine the trace elements in plant samples, such as vegetables, fruit and rice. After digested by the
method of microwave digestion with HNO,-H, O, , six trace elements of Cd,Pb,Cr,Cu,Ni and Zn in the
samples were analyzed,and the matrix interference were eliminated by Rh. The results indicated: the limits
of detection (LOD) were in the range of 0.002—0.5 pg/g with RSD of 0.84%—7.4%. The established
method was used to determine the ten certified referenoe materials of rice flour (GBW10010), wheat
(GBW10011), celery (GBW10048), scallion (GBW10049), and the analysis results were all in material
reference range. The method was simple, rapid and accurate, and was suitable for the determination of
multi-elements in agricultural samples simultaneously.
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Table 1 Working conditions of plasma mass spectrometer
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Table 2 Conditions of microwave digestion instrument

PR e/ C i 4] /min
1 100 3
2 130 3
3 160 3
4 190 20
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SRR /W 1300 B X1
B HIS (A / T Al 2 (A
BHA A/ 13 ZAER R (A / 0. 8—0. 95
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o BICHE (ND /mm) 0.7 PAASJL R B30 ] /ms 20
EREL PN kg
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F [ Milli-Q 7Y 4l Kk 4b #1 R 45 5 15 [ 3¢ 2 Al
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Table 3  Analysis results /(pg-g")

JLER Fk— BRI = PRUE(E

Cd 0.18 0.18 0.17 0.194+0.02

Pb 0.113 0.083 0. 061 0.07040.023

Cr 0. 16 0. 14 0.16 0. 14

Cu 1.7 2.2 2.3 2.440.2

Ni 0.28 0. 30 0. 34 0.3140.04

Zn 10. 8 13.7 13.5 14.440.8
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B L AR HINO, XA AL 1 S8 Ak 808 KR B AIG, BT
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Table 4 The influence of different weighing samples

on the measurement results of the elements to be tested

/(ng-g™")

_ REER m/g
TR
0.100 0 0.200 0 0.300 0 0.400 0 0.500 0
Cd  0.007 0.009 0.010 0.008 0.007 0.012-0.003
Pb 0. 046 0. 057 0. 068 0. 050 0.045 0.075+0.025

PR (d

Cr 0.15 0.13 0.15 0.14 0.12 0.1440. 05
Cu 1. 64 1.6 1.5 1.4 1.3 1.7£0.1

Ni 0.16 0.12 0. 15 0.12 0.13 0.1640.04
Zn 11.4 12.8 12.9 11.8 11.5 13.0+0.6

2.3 HMBAFERNEE

Uy A T HNO, (7 mL)-H, O, (1 mL),
HNO, (6 mL)-H,O, (1 mL)# HNO, (5 mL)-H,O,
(1 mL) = B4 B0 0 A 7 700 0F B K bs e 9
GBW10043 (L7 KK Cd.Pb,Cr,Cu,Ni,Zn JC
R AR . £ 5 453 Y] HNO, (7 mL)-H, 0,
(1 mL) \HNO, (6 mL)-H,O, (1 mL) 7 Ft {4 F2 14
fiff v TR A 45 2R S AR E W) & . EBEE Y IR ] i
F N 0 B TRl S G . Dk $ R U T R R
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Table 5 Effect of digestion solvents (HNO;-H, 0, )

with different volume ratios on the results

/(pg-g")
T 1 1R 2 0 2 {1
JL# HNO; (7 mL)+ HNO; (6 mL)+ HNO; (5 mL)+  #RHEMH
H,0,(1mL)  H0,(1 mL)  H,O.(1 mL)
Cd 0.011 0.011 0.01 0.0120. 003
Pb 0. 067 0. 085 0.058 0.07540. 025
Cr 0.14 0.14 0.15 0.14-0. 05
Cu 1.7 1.7 1.5 1.7+0.1
Ni 0. 14 0.16 0. 14 0.16-£0. 04
Zn 12.9 13.2 12.2 13.0£0.6
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Table 6 The selected mass of the analytical element Table 7 Method detection limits /(pg - g ')
GBS i GBS i g BT 3 Cd Pb Cr Cu Ni Zn
cd 114 Cu 63 Bl 0.002  0.02  0.04  0.05  0.012 0.05
Pb 208 Ni 60
Cr 52 Zn 66
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Table 8 Method accuracy and precision /%
FE i 5 H Cd Cr Cu Ni Pb Zn
S/ (mg « kg 1) 0. 092 0.117 1.93 0.313 0. 092 22.1
P / . -1 . 087 .09 4.9 .27 . 23.
GBWO10010(GSB 1 K ) TT(EEE{(nxg kg™1) 0.08 0. 090 0 0. 270 0. 080 3.0
AR AR UER 22 (RE) / % 5.36 9. 00 0. 64 8. 00 9. 00 3. 84
AH X A7 HE A 2% (RSD) / %6 7.1 1.6 3.9 2.0 1.2 7.4
S/ (mg « kg™ D) 0.017 0.097 2.67 0.062 0. 081 11.0
— . —1 D 1~
GBWOL0011(GSB-2 /M) Tfﬁ/ﬁfﬁ‘/(mg kg™ 1) 0.018 0. 096 2.70 0. 060 0. 065 11.6
ARG B R 22 (RE) / % 3.70 0. 64 1. 30 3.15 9. 00 4. 87
AH T 7 HE A 2% (RSD) / %% 4.3 3.0 0. 84 6.2 2.1 3.1
SEXE/ (mg » kg™ 1) 0. 100 1.12 8.63 2.23 2.58 26. 2
R VE L/ . -1 0.092 1. 35 8.2 1.8 2.70 26. (
GBWO010048(GSB-26 1£3%) PRI/ (me - ke™) -0 ’ 0 0 ( :
AU AR R 22 (RE) / % 8. 83 8. 00 5.21 9. 00 4.30 0. 64
AT AR HER 22 (RSD) / % 1.5 2.8 3.1 4.3 6.3 2.4
SEE/ (mg « kg™ D) 0.231 2.33 5.55 2.939 1. 31 26.9
R E {H/ e kg™! .1 2.6 5.5 2. ¢ 1.: 25.
GBWO010049(GSB-27 K Z) TT@E, ng kg™ 0-190 0 0 00 %0 o -0
ARG AR R 25 (RE) / % 9. 00 10. 40 0. 84 1. 00 1. 89 7.48
A A HE A 22 (RSD) / % 0.97 4.8 0. 84 2.6 1.8 0.99
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