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Determination of Sixteen Rare Elements in Lycium barbarum L.
by Microwave Digestion Inductively Coupled Plasma Mass Spectrometry
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(1.Chinese Academy of Inspection and Quarantine, Beijing 100176, China;
2.College of Food Science and Engineering,Shandong Agricultural University, Taian 271018 , China)

Abstract: To establish a method for the determination of sixteen rare elements(La,Ce,Pr,Nd,Sm,Eu,Gd,Tb,Dy,Ho,Er,Tm,
Yb,Lu,Y and Sc)in Lycium barbarum L., microwave digestion was used for pretreatment and ICP-MS for determination. Rh was
used as internal standard to correct the quantitative results.The results showed that the linear correlation was more than 0.9999
the detection limit was between 0.009~0.821 pg/kg,and the limit of quantitation was between 0.030~2.736 pg/kg. The recovery
(n =6)was ranged from 86.0% to 108.6% and the relative standard deviation ranged 1.25% ~9.14% .The national standard
substance carrot( GSBW10047 ) was selected to verify the reliability of the method.The measured values of the rare elements were
basically within the allowable range of the standard values.The method was simple,rapid,sensitive ,wide linear range.
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Table 1  Conditions for microwave digestion
of Lycium barbarum L.
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Table 2 The operating conditions of ICP—MS
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Table 3 Determination results of relevant parameters in analytical method
JLER LHEMITTHR LB K R (pe/kg) HR (pgke)
La y =0.0128x +1.6648 x 10 ~° 1.0000 0.267 0.889
Ce y =0.0014x +4.2272 x 10 ~° 1.0000 0.745 2.484
Pr y =0.0159x +6.1669 x 10 ~° 1.0000 0.090 0.299
Nd y =0.0030x +3.0327 x 10 ~° 1.0000 0.405 1.350
Sm y =0.0026x +4.6237 x 10’ 1.0000 0.093 0.311
Eu y =0.0099x +2.7754 x 10 ~° 1.0000 0.025 0.084
Gd y =0.0038x +2.4299 x 10 ° 1.0000 0.821 2.736
Th y =0.0217x +2.5820 x 10 ~° 1.0000 0.022 0.075
Dy y =0.0055x + 18540 x 10 ~° 1.0000 0.060 0.201
Ho y =0.0218x +4.0039 x 10 ° 1.0000 0.014 0.046
Er y =0.0075x +1.7967 x 10 ~° 1.0000 0.039 0.131
Tm y =0.0232x +5.2231 x 10 ~° 1.0000 0.009 0.030
Yb y =0.0054x +1.1719 x 10 ~° 1.0000 0.037 0.124
Lu y =0.0181x +2.0028 x 10 ~* 0.9999 0.010 0.034
Y y =0.0054x +3.8510 x 10 ° 1.0000 0.314 1.047
Se y =0.0010x +1.5695 x 10 ~° 1.0000 0.575 1.917
WAE3. M3 AL 16 R TR MRS 2.4 IREMIRTIEEER
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Table 4 Recovery and precision of samples

= AR AH 5 {8 & RSD
T (nke) (pg/'kg) (%) (%)
La 4.16 4.63 93.7 9.14
Ce 8.00 8.49 98.2 6.36
Pr 0.85 1.34 98.1 9.03
Nd 3.10 3.64 108.6 8.34
Sm 0.61 1.14 105.4 4.65
Eu 0.29 0.77 95.8 7.15
Gd 2.04 2.53 97.2 1.25
Th <LOQ 0.51 96.1 6.82
Dy 0.37 0.88 102.3 8.35
Ho < LOQ 0.53 100.3 1.27
Er 0.16 0.66 101.4 2.69
Tm <L0Q 0.45 86.0 6.28
Yb 0.17 0.62 91.1 5.13
Lu <10Q 0.46 86.0 6.41
Y 2.84 3.38 107.6 8.22
Se 2.29 2.78 98.2 4.25
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Table 5 Analysis of certified reference materials

and the results of determination precision(n =6)

SiE B (peke)  WEM(peke)  RSD(%)
La 114 24 92.37 +0.38 0.18
Ce 177 +38 153.68 +0.7 3.54
Pr 21 +3 22.72 +0.09 3.25
Nd 79 £9 37.69 =0.63 0.39
Sm 143 £2.3 14.32 £0.18 8.14
Eu 7.6 +2.3 9.87 +0.36 242
Gd 145 +2.8 14.39 +0.26 0.65
Tb 2.1£0.5 1.50 £0.15 0.20
Dy 11.0+14 11.09 +0.45 3.30
Ho 2.0 £0.2 2.00 +0.08 0.97
Er 5606 5.25+0.17 2.37
Tm 0.83 £0.14 0.85 £0.12 6.58
Yb 5508 225 +0.17 6.84
Lu (0.8) 0.84 +0.21 1.61
Y 90 +20 74.39 £2.50 0.97
Se (32.0) 39.01 = 1.20 1.97
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Table 6  Actual determination of samples( wg/kg)
e 1 2 3 4 5 6

La 4445 1125 1091 941 6.80 6.63
Ce 9492 2326 2178 2015 14.05 13.66
Pr 10.07  2.76 2.65 2.64 1.74 1.51
Nd 3341 1066  9.50 9.22 6.10 5.76
Sm 5.60 2.24 2.00 1.93 1.28 1.17
Eu 0.56 0.50 0.73 0.69 0.44 0.33
Gd 5.03 2.32 4.60 3.90 4.14 0.98
Th 0.50 0.38 0.60 0.70 0.31 0.19
Dy 1.89 1.27 1.28 1.40 0.90 0.75
Ho 0.29 0.26 0.44 0.49 0.25 0.13
Er 0.74 0.60 0.75 0.81 0.47 0.36
Tm 0.10 0.13 0.31 0.37 0.14 0.06
Yb 0.46 0.48 0.64 0.66 0.38 0.32
Lu 0.09 0.15 0.45 0.50 0.20 0.09
Y 6.92 5.77 5.69 5.83 4.50 4.36
Se 421 3.56 4.50 3.16 272 21.01
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