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Determination of 20 kinds of Elements in Rice by ICP-MS
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(1. Kuitun Center for Disease Control and Prevention, Kuitun 833200, China;2. Aksu Center for Disease Control

and Prevention, Aksu 843000, China)

Abstract : [Objective] The study aimed to develop a method of closed high—pressure tank digestion pre-
treatment and simultaneously determining multiple elements in rice by ICP-MS, providing a monitoring ba-
sis for the food safety supervision industry. [Method] With the high-temperature and high—pressure closed
digestion tank, the method of inductively coupled plasma mass spectrometry (ICP-MS) was used to rapidly
determine the contents of 20 kinds of elements in rice, which included vanadium, chromium, cobalt, nickel,
tin, antimony, cadmium, selenium, arsenic, barium, molybdenum, lead, strontium, boron, aluminum, manga-
nese, iron, copper, rubidium and lithium. The dosage and digestion temperature of pressure—sealed digestion
acid were optimized, and Rh was used as the internal standard element dynamic correction sample to effec-
tively monitor the drift of correction analysis signals. [Result] It was showed that 0. 5 g of sample, after add-
ing 6 mL nitric acid, were digested at 120 °C for 4 h,and then 150 °C for 4 h, followed by fixing the volume to
25 mL. The linear range of 20 elements was good (R>>0. 999 1), and the detection limit of the method was
at 0. 000 2~0. 2 pg/L. The relative standard deviation RSD of samples were 1. 3% ~6.7%. [Conclusion]

The method of ICP-MS is simple, fast and accurate, which is suitable for the determination of multi—
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element contents in rice.

Key words: rice; inductively coupled plasma mass spectrometry (ICP-MS); multielement; digestion

method optimization
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Table 1 Mass concentration of multielement standard solution series

e TE AL Frifi 29 i Standard series mass concentration
Serial number Element Unit g, S, S, S, S, S, S, S, S,
1 V.Cr.CoNi.Sn.Sb pg/LL 0 0.10 0.20 0. 30 0.40 0.50 0. 80
2 Cd.Se.As.Ba pg/L 0 0.50 0.70 1. 00 3.00 5.00 7.00
3 Mo .Pb.Sr.B pg/L 0 0.50 1.00 3.00 5. 00 7.00 10.00 15.0  20.0
4 Al .Mn.Fe .Cu,Rb.Li pg/LL 0 3.00 5.00 10.00 30.00 50.00 70.00 100.0 150.0
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Table 2 Parameter conditions of inductively coupled plasma mass spectrometer

SR T 2%l SRR ZHAE
Parameter name Reference value Parameter name Reference value
s 1550 W FiLs Rtk /U 5
e NS Wi 15 L./min SRAFAE /B B4
£ Wi 0.80 L./min RAFRE 8~10 mm
RN 0.3 1/min TR Il
A 4~51/min Ao 77 =X FI 3
A E IR EE 2°C BN 2 R B 3
FE A T R 0.31/s HEWE 3
1.2.4 ERE&pmakie
L2401 WERERKRMEL ARgRmEms 2 o A
TR X AT FER IO ) | saen e s cn gy
TLMHE A R R PRI P T KR RIS 6 0 1 1 g mmikAressedt SIIIA 2.4 .6 mL Y

Hu X FORFEA U B HLIE R A B J5 2 . LA
AR EY) T GBW10010a(GSB-1a) A 46 460 %6
% FRHL0.5 g BEA ORI 22 0.001 ) TR VU £ M e
LA 2.4 .6 mL A9 HNO,, A TE 5 T84
F 150 CTFHM S8 h, FFR A G K HMKERE
25 mL, [AlE A28 et

1.2.4.2 JHMEREERDLAL  AE b B A i I iR
B AR S0 38 o 3 A [ AR A0 i A & ke T i
GSB-la IR FR 4 HEBRFRIL GSB-la i
290.5 gOK5 1 22 0.001 @) , I A S5e A3 114 T fit P AR AR
6 L i 72 T iff i€ S T A T o T A L
PP THEE 120 CIHM AR 8 he THARTRLEE B 2. 72
FP IR 2 120 CAAFF 4 h, F— B P FHR 2 150 °C
TFE4 ho TH IR B BE I 3. B TR 2 120 O FF
4 h, F— R THEE 170 CE-F 4 h, UL | 3FhRF
TH R4 52 T (50 WPIR B e €, 7% A 25 mL K
Tk, &H .
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Figure 1  Optimization of volume of digestion acid
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Figure 2 Optimization of digestion temperature
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Table 3 Linear equation,linear range, correlation coefficient and detection limit of 20 elements n="7
% GHOTR/ (ng L) R (ugeL ) M RHR R/ (ug 1)
Element Linear equation Linear range Correlation coefficient Method detection limit

\Y% y=27407x-171 0~0. 80 0.999 3 0.0137

Cr y=24 0422147 0~0. 80 0.999 3 0.0725

Co y=214 233x+319 0~0. 80 0.999 6 0.000 4

Ni y=48 1562-68 0~0. 80 0.999 6 0.0101

Sn y=19 721x+57 0~0. 80 0.999 6 0.080 6

Sb y=151 460x-74 0~0. 80 0.999 8 0.000 2

Cd y=4 3922-453 0~7.00 0.9999 0.0050

Se y=379x-54 0~7.00 0.999 6 0.022 3

As y=3 368x-573 0~7.00 0.9999 0.007 8

Ba y=69 1742-2 001 0~7.00 0.999 7 0.1567

Mo y=6 1712-649 0~20. 00 0.9999 0.006 4

Pb y=33 678x-3 120 0~20. 00 0.998 8 0.0127

Sr y=37 020x+1 491 0~20. 00 0.9999 0.016 4

B y=49772-270 0~20. 00 0.9999 0.000 4

Al y=30407x+43 710 0~150.0 0.999 7 0.090 2

Mn y=27 062x+7 265 0~150.0 0.999 8 0.246 7

Fe y=494x-1 597 0~150.0 0.999 5 0.2418

Cu y=104062-1 108 0~150.0 0.9999 0.0212

Rb y=26 9562116 254 0~150.0 0.9991 0.001 1

Li y=32 753x-27 159 0~150.0 0.999 6 0.0007
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Table 4 The content and precision of 20 elements in the standard materials were determined (7=5)

Ti% 3 PR/ (mg-keg) WM/ (mg-ke™) GSB-la/(mg-kg ")

Element Standard value Measured value 1 2 3 4 RSD/%
\% 0.02 0.0240.003 0.0189 0.0190 0.0185 0.0192  0.189 1.3
Cr 0.08 0.0840. 001 0.0820  0.0794 0.0812 0.0799  0.0805 1.3
Co 0.006+0. 002 0.005=+0. 001 0.0051  0.0048  0.0053  0.0052  0.0049 4.1
Ni 0.21+0.02 0.1940.01 0.183 0.195 0.201 0.189 0.196 3.6
Sn 0.0840.03 0.09+0.02 0.092 0. 089 0.091 0. 088 0. 090 1.8
Sb 0.009-+0. 003 0.008=+0. 004 0.0078 0.0072 0.0082 0.0077 0.0074 5.0
Cd 0.0053=0. 0004 0.0053£0. 0003 0.0052 0.0054 0.0053 0.0056 0.0049 4.9
Se 0.03640. 008 0.03540. 002 0.0322 0.0372 0.0340 0.0360 0.0334 6.4
As 0.08+0.01 0.08+0.02 0.078 0.076 0. 085 0. 081 0. 080 4.2
Ba 0.15+0.03 0.16+0.01 0.164 0.152 0. 156 0.158 0. 160 2.8
Mo 0.42+0.04 0.414+0.02 0. 385 0.402 0.431 0.422 0.406 4.4
Pb 0.10+0.02 0.11+0.01 0.115 0.106 0.108 0.112 0.098 6.0
Sr 0.15+0.03 0.15+0.01 0.154 0.165 0. 145 0.152 0.155 4.7
B 0.740.2 0.640.1 0.68 0.65 0.59 0.59 0.62 6.2
Al 15+1 15+1 15.5 14.9 14.2 14.3 15.2 3.8
Mn 11.1£0.7 10.940.4 11.5 11.0 10.6 10.5 10.9 3.6
Fe 4.040.8 4.2+0.3 4.6 4.3 4.0 3.9 4.2 6.5
Cu 3.0+0.2 3.0+0.1 2.95 3.05 3.01 2.85 2.98 2.5
Rb 1.8+0.2 1.9+0.1 1.89 1. 87 1. 88 1.95 1.99 2.7
Li 0.01640. 004 0.01840.001 0.0185 0.0189 0.0159 0.0185 0.0182 6.7

2.4 KAKBHEAMRER

WCHE BT 8 6 11X 6 0y FORFEAS KRR REAR
20 FPoC R HEA TR, SR R Ab IS I e AR A A5 1, LA
R 1.2.3 LSRRG A5 B AR BT AL (ICP-MS) TAES
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Table 5 Results of 6 rice samples n=3
TiE AL B BT 35 el S T4
Element Yili State Changji State Akesu Kashi Tacheng Aletai
\% 0.001 1 0.001 4 0.002 8 0.000 8 0.000 1 0.001 3
Cr 0.007 1 0.0017 0.0175 0.002 6 0.003 2 0. 006 6
Co 0.000 3 0.000 3 0. 000 6 0. 000 2 0.000 3 0. 000 4
Ni 0.009 0 0.005 7 0.016 1 0.004 0 0.007 3 0.009 7
Sn 0.003 9 - 0. 000 6 0.004 2 - 0.002 1
Sb 0. 000 04 0.000 02 0.000 03 0.000 02 0. 000 01 0.000 02
Cd 0.002 0 0.0031 0.002 2 0.002 6 0.002 5 0.002 1
Se 0.036 0 0.044 5 0. 0277 0.027 6 0.0259 0.0431
As 0.083 0.098 0. 084 0.069 0.068 0.081
Ba 0.032 0.020 0.146 0.052 0. 045 0.048
Mo 0.264 0.370 0.335 0.240 0.228 0.229
Pb 0.0312 0.003 3 0.0345 0.026 0 0.0135 0.060 1
Sr 0.403 0.387 0.559 0.256 0.161 0.453
B 0.745 0.969 0.858 0.463 0. 505 0.542
Al 1.136 1.397 1. 630 1.108 0.476 1.213
Mn 6. 856 6.949 15.573 4.604 5.293 5.088
Fe 3.115 2.354 8.872 2.305 2.008 2.793
Cu 2.024 2.380 1.663 1.435 1. 560 1.771
Rb 1.176 1.099 1.064 1. 640 1.832 0.266
Li 0.120 0.132 0.127 0.049 0.027 0.124

“C=TRARKEH O — is not detected.

TR NG R 107 TR AT AL BT B R
IO T Z IR UER M B S IRE . ARBEFE N
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