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Determination of 16 kinds of rare earth elements in pig liver, milk powder
and tea by inductively coupled plasma mass spectrometry

ZENG Hai-Ying', WANG Jia-Lei, YU Ling, LV Gui-Fang

(Shandong Shijin Inspection Service Co., Ltd., Rongcheng 264309, China)

ABSTRACT: Objective To establish a method for the determination of rare earth elements in food samples by
inductively coupled plasma mass spectrometry (ICP-MS). Methods The sample was soaked in nitric acid and then
added with hydrogen peroxide. After microwave digestion, the sample solution was light yellow, clear and
transparent. Indium was used as the internal standard, and the content of 16 rare earth elements was simultaneously
determined by ICP-MS in helium mode. Results The linear correlation coefficients of the 16 rare earth elements
measured were above 0.999, and the limits of detection of the method were 0.00063~0.014 png/kg. At the same time,
taking milk powder and pig liver as the matrix background, and the precision and reproducibility of the method were
evaluated by standard recovery. The recovery rates were 80.7%—117%, and the relative standard deviations were
0.29%—-4.51%. The measured values of the national standard tea GBW10052 and GBW10016 were consistent with
the standard values. Conclusion This method is simple and fast, with high sensitivity, high accuracy and good
reproducibility, and is suitable for the detection of rare earth elements in many kinds of food samples.
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ML ICRTIZAAET AR R MAYEEZ b, B8
PR AR 4 A R S R R Ll e A 0, 4R
FAEY R R BT SRAE T O R A S
SCR E R AR AR R I L B VR 22 R A 1 R
PR . R R L BT BRI R, M TR AN ATk
Mo A TR AR EAIRSE . W EE SRR, s il
W e A R o R L e — RAE ng/kg ~ mg/kg Y.
R BTG LTRSS NS IR B R, B
SIS A HE -0 SR K IR S B, FEFE T B,
FEUT LS HRE A ZURAL . Ay . AR
SR AR TS AR R R R e B R, SRR EM
ZH AR AR R T 3 TR R £ A T
FEIT T

HH R A 45 1 TR 5 15 (inductively coupled plasma
mass spectrometry, ICP-MS)J& H B i A 34 IR EICE 1Y
W T B —, A R T LA £ 00 2 R 43 47,
Wt B, He— Bl A SR R TR R AR
(inductively coupled plasma optical emission spectrometry,
ICP-OES)I% 2 ~ 3 K 2, FIIcHz v e (G A 7T A il
AR, ORI . SRR, T BE
B ARMEIERITE . FIE . PUERIRRR, 1ER LT R AR
JrmiAFE) iz R e

M EEAR W LY. A R s R
HATMEN SR . PUsg e IR Thae, 2 AT &
i ERFEFRYIE R, BAFMTIIE | FRIML ., B IR R
SEME W AUE IR AT, T ELAR 2 I AR, RT DL
98 B VR AR G Ty FIRHT o L HAGHIN A b 70 3 b 5 7k LA
FeSCHRZ RO X R IR £ b, D& T s £ A
TR 8L, T ISR b2 . . )
A A TROBOH AT AL IS, LAk 1ICP- MS ALER I e 5%
7, HABR SE RS 5 588 SRR it S AR, i 52y,
SR ICP-MS Rl ISE £ dhh 16 FUCE La, Ce. Pry
Nd. Sm. Eu, Gd. Tb, Dy. Ho. Er. Tm. Yb. Lu. Sc.
Y U5k, SEBUNAN RIS A R R TR B TERRINE, A
FEIF . WIBFIZE AR B e R A IS 2%

2 MRERE

21 UEF. AFISHS
Angilent7700X HLEAR A 55 B TR TS (35 H 4
&2 Fl); MARS Xpress i iH ML CGERE CEM AH]);
GM-200 JJ 2 BS A3 (1 [ 3 5th /A &1 ); PR2242H 4317 K °F
(520 3% M AT BR 2 w]); BR6000 HL R KT 1 A
(3 Thermo 24 7); KQ-500B & 7 75 I 1 vk 4% (W 3E

A HED,

16 Fpfs LR M &M & La, Ce. Pr. Nd. Sm,
Eu. Gd. Tb. Dy. Ho. Er, Tm., Yb, Lu. Sc. Y(#
100 mg/L, EFKARMED R L), AARE & W: Rh, In,
Re (10 pg /mL, % E Agilent 2 Al); X &% 9 8
(1.0 ng/mL "Li. ¥y "°Ce and **°T1, 3 [ Agilent /A #]);
65% s 12 43 HT P (15 [ R 5 I 003 R 45 2 i) )5 30% AU /K
(T at, M A T ROSUE T A B ), e i iy AR 4l v
K CHE 77 ik e £ 55 JF & X M-10-1-13)

ZEMFRUEY) B GBW10052 5 GBW10016:  [F % bR
PR AF S s T SR S A A SR T 3R
22 MERTIFIE

RS PR W 16 MRS R Lo E 40
% La, Ce, Pr, Nd, Sm, Eu, Gd. Tb, Dy, Ho. Er,
Tm. Yb, Lu. Sc. Y(#JE 100 mg/L), FHRYERVE W 2
B2 MR 0.2 mg/L BIIC R IRA br v T

RAARE TR BUE TR IRA bl A,
JHRSBR IS MRS R EE ) 0. 1.00, 2.00, 5.00. 10.0.
20.0 pg/L MFRIE RS o AR ATARHERE & rp Al 1 ou WS 2
PHTARAE RGN MR G

BRI IR BGE B AR 40 (10 pg/mL), FIRSRRIE
W(5:95, V)R BE 10 1%, WREE M 1 pg/mL.,

23 HmBIaE

M T PR UEY T, EERRRE . B AR S = R
U, TEB— G AT & sy, Mk 2 6y, —
B EFE(> 100 g), o5 — Yl J5 FHAIFEES 430k fE 1R 5 41k 43
Fr(> 100 g), # T EMMIBEAS P, —18 °CLLFH~TF .
WA i, AP TR W 4330k (A i IR 4R - e s s Y- 11O -
R WA 25 28 S 2R 43 DY 45 Ay - BORT A 38 40 46 4 L 2
— Oy ERRE, S — Oy IR o FERE S Al R R R R
FEARSZ FT5 Y o WA X R T 24 h SR AT S $ T
Ve, AR bk )E, FIEERS I K ik 3 K.

TRy AEARIL 0.2~0.3 g(KE I 2 0.0001 g), & ATk
FEFREL 0.5 g(RE 1 = 0.0001 g) KR B TSR, H
RS B S mLASER, MBI MEE, B WRE A
SRR . w5 RINMRREN S, HEATEIETUNAE 1 b,
FEANA 2 mL AYBUAEK, 36 b 0 e BE A 35 o K 10 A B4R A
TR T AR AL 1) e B AR AP B vy, N T A8 20 26 T OB R A
o, AT R HLUE, E i o TAR 1R T S S R R R, E
PR F TR, AR 2 he TMETEEE, B I M EE R
PP P O R B AR AL T b A R XU
IR BRI, ZRITFIFINE, RN ARER
H, ERNEEHAEKERE S0 mL, WA,
W [ s a0 2 1
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TRy . REIFRIZS AR S, R TSR] AR R X
FETEA T A0 T A, AR LS 7 J R T S BB 42 1 EL e,
e R SR AR AR A, PRI ILZR 1. 7E 175 °CHl 180 °C
A V5 A J AR VR AS BE IS B T 1B AR, 185 °CHil 190 °CHE
0 e R, R T AE KT A E O A A, IRk
185 °C. 15 min A fRI T 4S80 0 T AT i) 2 1, 3
3k 2,

A1 ng/L BB L Y. 0Ce B 2OTHXHU AR
YEFT Autotune VIS, L XA ALE . BEE . BT
B RS SRR L RUH far AL 15 B 4G R
3= 3.

31

=1

3.2 ZMEFFEREHIR

16 FIRSEHG SRR, 16 R L JCEAE 0~20 pg/L
F10 ¢ B T PRI N 2k O 3R AP, MG R R T 0.9998,
REERE, BIES B E=30dKK—TAEMERER, o—
2 WL WO &0 R R 22 (E), R b R
0.00063~0.014 pg/kg, Uk 4.

3.3 [EIRERLER

FAAR R AE 3 4 405 3 RV SR AT, 1) R o 47 1Y
FE b R A S IR A AR R 0.1, 0.2, 1 pg/kg 3 K-
MIFEIMIOCER, #7 RERE 3R, B K EATIE 6 1K,
FBRAE S 2S AR SSE I R . #3173 OKOF
(49 16 B0 L+ o0 Z bR B 5 25 5 003 5, i 2 SEBR A
T,

T ELREH AR RH SR AL AR

Table 1 Comparison of solution digestion effects at different temperatures

175 °C 180 °C

185 °C 190 °C

SR e 0 T ) IR I e v T )

A R R A IH T T i

SR ik 0 T ) IR I e v T )

A VA SRR A AT T i

W i A L 5 TR T AR IRTR 8 £, Rk W R I A L V88 3 35 1 PR T A Y i 35 1
®2 WREBSEEH
Table 2 Reference conditions of microwave digestion
W B P T B ] /min il i EE /°C 6 Y B 1) /min
1 08:00 130 01:00
2 07:00 160 10:00
3 15:00 185 15:00
&3 ICP-MS {{EBE&EH
Table 3 ICP-MS instrument conditions
FHl Agilent 7700X  ICP-MS
R 1550 W SRR 7.0 mm
TR R 15 L/min SRARI He
CiVzR/€ 3 A = H 3l
HAHE 1.08 L/min TELR AR In=1.0 mg/L
AL RRH IR 1.0 ng/mL 1 "Li, ¥Y. '°Ce il 2TI TIESE REPE: ¥Co: 7978, ¥Y: 6940, *TI: 9730
A 156/140: 1.274% UL 70/140: 2.741%

TE: In(LISYYERBTTR AR TSRS, BAFIFTEN IR R
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Table 4 Standard Curve and detection limit

oDz H E e EEp¥ HASEHE R B r G HH PR/ (ng/kg)
#Sc Y=0.0064X+8.6299x10"* 0.9999 0.01406
8y Y=0.0151X+1.8252x10"* 0.9999 0.001405
La Y=0.0156X+2.4285x10"* 1.0000 0.001906
0ce Y=0.0146X+6.7209x10"* 1.0000 0.004057
4py Y=0.0179X+5.2337x107 1.0000 0.0006251
1Nd Y=0.0030X+3.0176x10° 1.0000 0.0007298
7S m Y=0.0026X+8.0245x10° 1.0000 0.001753
'SSEy Y=0.0091X+8.5894x10°° 1.0000 0.002255
¥7Gd Y=0.0036X+2.2540x10° 0.9998 0.003968
Th Y=0.0169%X+3.0374x10° 0.9999 0.0001283
19Dy Y=0.0041X+5.9481x10" 0.9999 0.0001271
'Ho Y=0.0159%X+3.9096x10° 1.0000 0.0002066
1Er Y=0.0053X+3.9209%10° 0.9999 0.0005765
19Tm Y=0.0161X+2.6036x10" 0.9999 0.0002151
2Yb Y=0.0036X+2.7866x10° 0.9999 0.0007829
Lu Y=0.0166X+2.1799x107° 1.0000 0.0003627

Fz 5 HAMEYWERIRERE(N=6)

Table 5 Addition recoveries and standard deviations(n=6)

BER PR (pg/kg)  FIIEICRAWIRD  FNARER2E Wik ISR % (B AT AR A i 22 /% CRE T

0.1 80.7 3.84 83.2 3.55
Sc 0.2 88.5 2.81 82.1 3.28
1.0 94.6 1.45 85.6 3.87
0.1 103 2.15 83.7 3.22
Y 0.2 90.2 0.42 82.4 1.07
1.0 103 0.62 90.5 2.15
0.1 102 2.75 105 2.15
La 0.2 104 1.37 104 1.97
1.0 104 0.36 98.2 1.46
0.1 107 2.05 107 2.35
Ce 0.2 109 1.59 101 1.03
1.0 104 0.78 104 1.86
0.1 106 1.98 103 2.89
Pr 0.2 105 1.97 105 2.35

1.0 104 0.99 98 0.82
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GRS
PR IR (ngkg) TR 6K HIXTARHERZE 26Uk PRI IR %R T HRS B i 22 /%6 (B )
0.1 104 3.26 109 1.66
Nd 0.2 99.6 1.97 105 1.02
1.0 101 0.29 97.1 0.98
0.1 108 451 104 2.11
Sm 0.2 110 3.19 99.3 1.97
1.0 105 0.94 102 0.94
0.1 99.5 1.31 103 3.15
Eu 0.2 107 1.69 104 2.67
1.0 104 1.06 98.7 2.19
0.1 99.5 1.36 101 1.24
Gd 0.2 107 1.75 102 1.99
1.0 104 1.27 106 0.45
0.1 103 1.84 107 3.21
Tb 0.2 107 0.62 109 2.46
1.0 105 0.59 101 1.55
0.1 108 2.95 106 2.99
Dy 0.2 110 2.06 110 2.05
1.0 105 0.92 103 113
0.1 105 1.79 104 2.56
Ho 0.2 108 1.31 116 2.43
1.0 106 1.17 108 2.01
0.1 104 2.80 112 3.14
Er 0.2 108 1.36 109 2.87
1.0 106 0.58 99.2 1.59
0.1 105 2.05 103 2.88
Tm 0.2 108 0.67 112 2.45
1.0 106 0.91 105 1.74
0.1 105 2.28 117 2.15
Yb 0.2 110 2.46 105 2.22
1.0 106 1.04 102 1.46
0.1 105 1.65 109 2.47
Lu 0.2 108 1.03 113 1.98
1.0 107 1.45 102 1.06
3.4 SEPREEmRASI TEAEIITERR EAETE R A, A D44 SR A ME R P I 205K . 3l

e R BT A ST (RS2 56 7320 I 2 T 36T . Wiy Fnas TR AR T B A T R B9AGI, AT LATEAE R 4 5 Y
FRUES Y R ZE GBW10052 5 GBW10016, 221 5l & 24t g5 6,
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Table 6 Comparison of standard material measured value and standard value
- I 6/ (ng/kg) PRIEME (ng/ke) 5 fH/(ng/kg) 5 fH/(ng/kg)
TR GBW10052 GBW10016 GBW10052 GBW10016 b= Wik
La 578 265 540+40 250£20 0.98 1.88
Ce 835 420 810+30 390+50 0.59 1.17
Pr 86 39 93+8 42+4 0.41 0.41
Nd 380 160 350+40 150£20 0.29 1.56
Sm 58 26 66+10 29+3 0.02 0.35
Eu 27 7.8 22+6 6.7+1.4 0.01 0.40
Gd 79 35 7611 31+5 0.07 0.28
Tb 12.5 3.9 11.4+1.9 4.5+0.7 0.007 0.036
Dy 71 30 65+7 25+6 0.005 0.61
Ho 15 6.5 13+2 5.4+1.2 0.055 0.05
Er 43 17 37+6 144 ARAG 0.27
Tm 6.5 32 5.9£1.1 2.6%1 0.002 0.01
Yb 42 19 38+5 18+4 AR 0.11
Lu 7 3.5 6.2+0.9 3.0+0.8 0.01 0.03
Y 540 255 520+30 230+30 0.44 4.2
Sc 68 21 70 23 8.3 102
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