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ST ks R A Ry
(1. A HREF & F8, ) K& 610041
2. BT ARE R EHmFHEH PO, )] REH  610100)

O E.HN AR LBRABEEETRREE(ICP-MS) nl A 16 ##H L1 E, Hik
RALSL B BBV, ZRT AARAER T RS e istc, BR

HE o R R BN R
METREER @BHEREF 16

I T, AR EBE(n=6)£0.2% ~2.1% Z 17, niFE K F AL 90.5% ~ 109.0% Z Jq, # & R T
0.007 ng/ml, i EIehoMr ik o ik B2, FEREALETINTEER,

K b B4R S F BT AR R LA E
RE 4 %S R155.5;X835 X EkERIAAD ;B
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Determination of 16 rare earth elements in grains by inductively

coupled plasma mass spectrometry

Gao Ge, Zhang Qinlong, Huang Zhi, Huang Jinjing
( Chengdu Centre for Disease Control and Prevention, Sichuan Chengdu 610041, China)

Abstract; Objective

To establish an ICP-MS method for the determination of 16 rare earth elements in grains.

Methods Samples were digested by microwave oven. The operation parameters of the instrument were optimized. Kinds

and dosages of internal standard elements were tested and analytical performances were estimated. Results The contents

of 16 rare earth elements in grains were determined. Relative standard deviations were in the range of 0.2% —2. 1% . The

recoveries were in the range of 90.5% - 109.0% . Detection limits were less than 0.007 ng/ml. Conclusion The

method is accurate, sensitive, rapid and simple, and accorded with the demands of trace analyzing.

Key words: ICP-MS; grain; rare earth elements
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OES) " ALK& %5 B IR T I (1CP-MS) 7 4
Herpopot ek HEE M T tooR Bl e, B
YRS B ICP-OES 35063 TP ™ 5 5 1fif ICP-MS 3%
HATRG H BRAR 2V B 58 TR o A
by MER P e B PR AR A SR TR b
M s ARSCHESE TRHE R 16 B LT R Y
ICP-MS 5 2 , SR IR T4 Ak EAT A b AT AR B, 2
M In JEERAENFRICER  IE T ROK (HRY  F KB 2
HREAE AR 16 Fhi LT IS, Ik & T Hr
PERESR b , CLF0NE 4 5 | VA B2 A ) PR IR
IIHTEER

1 #BE5FE
L1 s At

Agilent 7500cx HUBE A% 85 U T 40 5
[l 25 A # Scott Z5 L% (Pehier 2 R T 2 +
0.1 °C) AFAEESF, MARS G A (36 H %
£:/\7]) s PURELAB PULSE #fi7k/PURELAB ULTRA
LK RS (9 LEGA A7) ; MR z= W 4lifk R 40
(¥£B ANALAB AH]) .

JIFAE BRI FH 30% (14l BR V= 0 1 72, 0 )
FH H K ZERK R 2K st 25 H

10 e/ ml 8 476 ZBRUEIL 4530 : 40 B0 Lol
La.Ce.Pr.Nd,Sm Eu,Gd . Tb Dy Ho Er ,Tm, Yb,
Lu Sc .Y FRUEEH (1 000 pg/ml) F 100 ml 2
5% MRERZZE . IGHATFREZEL 0 ng/ml,

10 wg/ml In P A5 8 W B In AR HE 35 WK
(1000 wg/ml)1.0 ml F 100 ml =M+, 5% AR
ERBZE, IGRIMEER 1.0 pg/ml,

TS .1 wg/ml () Li Mg.Y Ce Tl Co IR 5%
(2% WA ) ( Agilent 22 RIBCH]) o

P/A Factor {5 : 77 3 Bl In. Rh Re . Ge. Bi
(PR W1 000 wg/ml) 1 ml - 100 ml £,
5% FHRRERY o m FHI , B A0 B A FE 25 ng/ml
HTRAR I -

fiS PR - L2t , 2R A A ZliAb 5 ff o

30% it AL A AR A
1.2 fUERTAESH

SR EEAEHRE R RS BOLR 1,
1.3 57k
13,1 AT

PRECE B REBORERL 0.5 g T 3R DU 96 £ 05 i fie e
A 6 ml R AN 2 ml 3 AL A, ##E 30 min
J& , TR A 4% T R e ( D3R 2) AT TR A o
TH AR SE 5 Vo 20 I P9 A8 T P AT A 2 v L TR
i T, WRNRERIRGH 2% MR T 25 ml

F 1 ICP-MS U R HlE A1 B4

Table 1  Operating conditions and parameters for [CP-MS
PEE =5 ZHE &2~ ZHUH
Eap RS 1450 W RAEHE NI, fL42 1.0 mm
RFEGREE 8 mm TR NI, L% 0.4 mm
KR 0.8 L/min Tt R] 0.3 sec
IR 0.37 L/min FERE  2+0.1C
SRR spectrum FALMAE 0.1 ps

K2 PR

Table 2 Program for microwave digestion

o pIES Rk s ] i PRFR A]
iSO % (min) (C) (min)
1 800 W 100 12 120 5
2 800 W 100 10 180 20

AR RN FIRAEHEE .
1.3.2 brifERFIBCH]

100 ml A5 5 A, 0 BIIA 1.0 pg/ml #
IR AFRER 4 0.0.5.1.0.3.0.5. 0 ml, 2% fi§/i%
SEZY. T Mk BE :0.5.0,10.0,30.0,50.0
ng/mlKARAEZR )

2 HR
2.1 ZRPEE FoAs i R

16 Ffffi 1 JCR WL AE O ~ 50 ng/ml JE N IIA
RAFLMICR MR r >0.999 8, IR TAE
FAF T S E T AL 2 10 U0, 2 3 AR 1 fig
2019 3 45 R B BR , 7£0. 000 2 ~ 0. 006 9 ng/ml
ZIa], ZR I 3,

3K R E SR

Table 3 Results of detection limits

Ny RS
e mex S0 ek w2
Sc 45 0. 0069 Gd 157 0. 0006
Y 89 0. 0005 Th 159 0. 0003
La 139 0. 0003 Dy 163 0. 0006
Ce 140 0. 0009 Ho 165 0. 0003
Pr 141 0. 0002 Er 166 0. 0003
Nd 146 0. 0006 Tm 169 0. 0002
Sm 147 0. 0009 Yb 172 0. 0004
Eu 153 0. 0003 Lu 175 0. 0002

2.2 KR AMER

Fie iR R ST T, I T RO B K
TR AR i A I il S TR 4% B, S SR WLk 4
e I R RE B A Tl R A3 Bl 94.6%  ~
105.0% 91.5% ~109.0% H190.5% ~108.2% , i&
S2 6 Y AR AR DR 25 7E 0. 2% ~2. 1% Z i),
IE AR X TR AN/ INZE b Py o3 64T T 0, 45 58 L
25, I RORE R AT AR T R
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Table 4  Precision and recovery of rice samples (n=6)

RS ARUER BN E SR

Table 5 Analytical results of certified reference material

g PRROMEGL RS NEREMER DGR RSD JL% (R CBW10010 Jok GBW10011 /hZe
o (agml) o (ng/ml)  (ng/mD) (%) (%) HARO giem ke WMl TR
2 2.265 98.7 1.4 Se(107%) 3.6 (2.5) 5 (3)
Se 0.2917 10 10.76 1047 0.9 Y(10-) 0.044 0.052+0.009 0.018  0.023 £0.005
40 39.95 9.2 0.7 La(10~°) 0.006 0.008 +0.003 0.007  0.006 0. 002
2 1. 966 97.7 1.1 Ce(107°) 0.010 0.011+0.002 0.011  0.009 0. 002
Y 0.0118 10 10.25 102.4 0.9 Pr(1077) 0.8 1.1+0.3 1.4 1.1+0.4
40 39, 44 086 0.6 Nd(10-6)  0.003  (0.004) 0.0052  0.0046 +0.0014
2 1. 940 94. 4 0.8 Sm(1077) 0.3 (0.9) 0.72 0.95 +0.28
La 0. 0520 10 9.894 98.4 0.6 Eu(107%) 0.2 (0.3) 0.8 (0.8)
40 37,88 94.6 0.5 Gd(107°)  0.56 (0.75) 0.72 (0.91)
5 2 068 9.5 1.1 Th(10-2) 0. 09 (0.10) 0.12 (0.10)
Ce 0.2583 10 9.973 97.2 0.2 Dy(107%) 0.4 (0-8) 0.4 (0.8)
2 38,20 9.9 0.6 Ho(10°°) 0.10 (0.12) 0. 08 (0.12)
) 1939 9.3 0.8 Er(1077) 0.15 (0.32) 0.17 (0.31)
. 0.0131 0 9 820 081 0.8 Tm(10-°)  0.02 (0.05) 0.02 (0.04)
-9
20 3796 09 0.9 Yb(10 9) 0.2 (0.3) 0.14 (0.34)
- 0.02 0. 04 0.02 0. 04
2 1.926 95.0 0.6 Lu(10°7) (0.04) (0.04)
Nd 0. 0253 10 9.391 93.7 0.6 H:OWERSE,
40 38. 41 9.0 0.8
2.3 FEADNESS
2 1.940 9.8 0.4 .
A Y ’T‘_’ /N “ AY AY Mz
40 38.79 97.0 0.5 FES Y 16 Fpfs LocE AT TIE 5 Rk 6,
2 1.998 99.7 0.6 s
F 6 FELINEL
E 0. 0035 10 10. 21 102.1 0.7
! Table 6  Analytical results of grain samples( wg/kg)
40 38.54 9.3 0.9 — -
2 1.970 98.1 0.7 LR K K HH)
Se 14. 58 21.6 21.2
Gd 0. 0073 10 9. 644 9.4 0.7
Y 0.59 0. 84 4.81
40 39.21 8.0 0.8 La 2. 60 0.75 13.78
2 2011 100.5 0.6 Ce 12.92 3.01 34.46
Th 0. 0017 10 10. 05 100.5 0.7 Pr 0. 65 ND 2 99
40 38.76 9.9 0.7 Nd 1.26 0.36 10.33
2 2.005 100. 2 0.6 Sm 0.18 ND 1.96
Dy 0. 0021 10 9.833 98.3 0.7 Eu 0.17 0.21 0.84
Gd 0.36 0.21 1.9
40 39.12 97.8 0.8
Th 0. 08 0. 67 0.33
2 2.032 1015 0.6 Dy 0.10 0.09 1. 00
Ho 0. 0015 10 10. 10 100 1.1 Ho 0.07 0.14 0.2
40 38.94 97.4 0.6 Er 0.37 ND 0.54
2 2,026 100.9 0.6 Tm ND 0. 04 0. 06
Er 0. 0074 10 10. 30 102.9 0.3 Yb 0.07 0. 06 0.40
20 39,19 08.0 0.8 Lu 0.02 0. 04 0. 06
2 2.020 101.0 0.5 T :ND R F R R .
Tm ND 10 10. 01 100.1 0.7
40 38.72 9.8 1.2 3 itig
2 2.011 100.5 0.6 s
Yb 0. 0014 10 10. 05 100.5 0 3.1 TR
- - - - 7 e N NN 24 VN 24 3 NN 24 Nt
0 38,76 %60 0.7 Tl TE i A TH A B R TR W &
) 2043 1001 0.6 ELARCRN A I 21 49 458 9 /0 S5 416 s, i SR FH 5 B0
Lu 0. 0004 10 10. 06 100.6 0.7 fift, B FH B KT 20ml, FURS %% B A ] e 28 35 1 T g
40 38. 80 97.0 0.8 P TE A WA SIS BE PR T A 7 SUAL BRAE 5, I

TE:ND R TG H R

X i A e AT T, 4R T AR
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Table 7 The determined isotopes for 16 rare earth elements

JLE I7l {32 3 JLER GlES JLER [HEVES JLE S
Se 45 Pr 141 Gd 157 Er 166
Y 89 Nd 146 Th 159 Tm 169
La 139 Sm 147 Dy 163 Yb 172
Ce 140 Eu 153 Ho 165 Lu 175

3.3 WARICER MWL A

£ 1CP - MS & o #r v, R FH NS AL IE %
PR SR T I RS TE AR 5 A4 3 IR AR A Y
EERS MOHE— PR SEAAEON, o 3 T B AL BR JC R AN I
32 [A) i S AR T w2 I A L, O
TLER R ZR 7 A T, B A b 2 B AR
TR, I HILT 100% BB, A S0 5%
257 In Rh Re WARTCE " In A BRI, 750
JLER A E 52 80 BE MIOHS o B8 P B0 . TRl I e A
TR In AR (0.5 ~5.0 pg/ml) X
R LA R2 R, A B BEAE 1.0 ~ 5.0 wg/ml Z [,
JITAT U AR R G 2 B P B R, O R N AR T R
In (YN 1.0 pg/ml,
3.4 (URSHEIAL

IR S D) A CRAR IR B G B R
SRHAEALAS I B S RO T T A SRR 1 AR
BEZEAETR i R A 31 (RE + ) 1942 fx
R RE A o, At R, T 48T R rE A

T AR AR, FEA T BR TSRO A Al
A0 R 9 SR A TS

S 3tk
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