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Determination of 16 kinds of rare earth elements in rice by inductively
coupled plasma mass spectrometry
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ABSTRACT: Objective To establish a method for determination of 16 rare earth elements content in rice produced
in Jiangsu province. Methods About 0.2 g of rice was weighed, and 7 mL nitric acid was added, and pre-digestion
was carried out at 120 °C. After the pre-digestion, microwave digestion was carried out, and the constant volume was
shaken for testing. Toally 16 kinds of rare earth elements in rice were determined by inductively coupled plasma mass
spectrometry (ICP-MS). The linear regression equation, detection limit, precision and recovery were investigated.
Results Toally 16 kinds of rare earth elements had a good linear relationship within a certain concentration range,
and the correlation coefficients were all greater than 0.995. The limits of detection were obtained between
0.002—0.440 pg/kg, and the limits of quantification were 0.006—1.480 pg/kg. The recovery rates were 85.7%—107.9%,
with the relative standard deviations (RSDs) of 1.8%-4.5%. Conclusion The method is simple, rapid, good
selectivity, high sensitivity and recovery, and suitable for the determination of rare earth elements in rice.
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i £ J0 K (rare earth element) /2§41 & JLE £ (Sm) .
Hfi(Ce). 5(Pr). #Z(Nd). #(La). Bk(Ho). #fi(Eu). %k
(Tb). £L(Gd). #(Dy). £ (Yb). &(Er). £:(Tm). £ (Lu).
B (Pm) A4 JBTAH T (9 50 (Se) RS2 (Y), HorPdii (Pm)st A
e R W e R RE AR R ST, K R
BF, Ar DR SR EY R SR, RS AR, fig
e A A KR, A A K R R A I 5RO
EILVER, AWA MR ERA, AMERBASZH#E TR,
EERNEBRG S TR RE DR, X, X
O EE RS T ARV R R U Rk, A e
B R R o0 FR R B R R E S O AR R Rk B A7
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HAr, AXM LT RN E ik FE8EA 000
L U A S TR R Sk U R e B A s
IR JF %k (inductively coupled plasma mass spectrometry,
ICP-MS)!'> ) M55 50 e M6 B 1 BRARAGI AR 5241, (H R
W E, ARESCEZ I E FBHE . IR S5 Tk
RAGTE T ARSI 2 00 R R, E A R A
RS oo R, HAS AR B & 55 B IR Sk
RO L MR DE . P Bl . RS . Rl BRAK .
REME S, BRCE AT, B2, L5,
A, B e R MR kO A
SCHkAT A, BETEA ICP-MS M FokHh 2 M#E oo R 1
AH SR B D, A5 SR 008 30 ik i A 30y s, i
ICP-MS [FIFHE L4 13 IRk Y, La, Ce,
Pr. Nd. Sm., Eu, Gd. Tb. Dy. Ho. Er. Tm. Yb. Lu,
Scle B LIoR G, IEXILHIT A FIITMN, S R
WA R RS
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TOPEX i iR . G-400 & e iR s s (1
WG SEAL R R R R A RN FD); iCAP Q HUERHE A% 5
TS (3& [E Thermo 23 H)); Milli-Q 4K &R 4 (3%
E Millipore A #); fife (R gk 2, E24E A=A
FRATD; fi £OC BB A AR HER KR E N 100 mg/L).
WHRIJCEK: In. Re. Rh(¥ A 1000 mg/L)(E K ArHEY)
JErp) .
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2019 4EXTVTHE 13 DX EER . M. FM L 95
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F3E 130 #LR ORI T A, B XT3 B A 10 4
HEW
23 XWHE
23.1 HmEraE

FREL 0.2 g(HH1 22 0.001 @) JOK TR I i, A
7 mL AR, HCE RS | 120 °CTRWM 1 h, AT
THRQEIRSRIES IR 1) MRS, KO if & T
TR b 140 °CiERR, HEIE T, FEKS: 3 IKRPEHEE,
PRSI T 10 mL It e s 2218, RA%H, [
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Table 1 Microwave digestion procedure

BB IR/ C FHR B ] /min

IR ] /min

1 80 5 5
2 120 5 10
3 140 5 10
4 180 15 10

232 ICP-MS TH4&4

KMERSES B ERAERAR UK ESSHIER 5,
RS, R )G, A 1.0 pg/L VBRI T8
A, HR SR 2. IER)E, il =E i, %
WER SR 1:1(V:VRERE, BEATAR S 20 H

F2 ICP-MS WIS
Table 2 Instrument parameters of ICP-MS

e 2 ¥

SR /W 1350
4 B SR/ (L/min) 0.8
LB RS A /(L/min) 15
FAEWREC 2
/T H/(L/min) 1.0
P S Bk

SRR AR A LA

FAba [HENeZ A

233 AREE ARG B

B—E RS S 100 me/L 7 L Io KRS ARMEA W,
1% IR G R R, BUEWEEN 0.05, 0.1, 0.5, 1. 2,
5 ng/L BIbRUE RS -
234 RFAERFES QAT R L)

PRI E N RS RN T E RO r, B
In. Re. Rh o & LA —FifE A ARG LT R M NARTE.
H—E BRI 1000 mg/L WARTCERBREL, H 1%
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3 HER57H

3.1 HBHARRE

b E A B ik — M TR AR L TR T AT B
e k0T TR A e A B AL AT, ELRE AL B B iS e
FGAe, WICRAR ., BRI N AR £, AR
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ICP-MS Tt FBA TRk T AR BE THe, b T
TREER I MER T, DAUS /NI, b TR RS 1 R
TR, B SeE STD B KED B R, 1 A VA Bt 1 ik
W, RIESSERFGIEZR . X T T, FERFANT
TOE S TR IE RS & 0 TR . AR TR —
JREE P 1R 0 R T BRI Y, HARE h e sk & it
BARASC NARTT R . MERS, ABFFE RN R ICE 515
MTCE R ELR WM, K IEALER 015 5 i, /e
BT, TGS, AR TR AR, W

AN R F &R . FHRMICER, RN
aror e, BEHURIMA 2R A PR TR .
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FE 2.3.2 BAUERSE FIEARHERR R, 155 16 FhfG +
JCRELRMEIA R, RIS A R r* # KT 0.995. 3%
SN SE 23 FUATR 11 IR, DARRUE 229 3 5 A ik
G BR, ARERZEAY 10 5B gt e B IR, &Y
4 GB 5009.94-2012 (b4 HEbniE P&l
i e R A ) VS Bl 45 R L3 3. Bukal W
ICP-MS ) R4 -
34 [EWEFIEEE

TERESRIRI R, B 3 ik BE B BE AR HETR B TR
FERME 6 W, HEINbREMCR ARG %, o Tb, Ho 1
Tm JCEBIIFRE K 0.15, 0.3 F10.6 pg/kg, La, Pr. Lu,
Gd il Sc JLEMANbRE M 0.5, 1.0 F1 2.0 pg/kg, Y. Dy.
Er.Yb.Eu fil Ce JLRMANFRE N 2.5.5.0 F1 10.0 pug/kg, Sm
FINATTEWMARE R 5. 10 F1 20 pg/kg. 45RaFE 4 fr
N, LI R 16 B R ot F M 0 Ax ok R A
85.7%~107.9% Z [8] , #H XI 4% #E fit 2% (relative standard
deviation, RSD)#E 1.8%~4.5%2 [0], &BH% 7 i i R 1
FIRE 26 1 R A7, 35 RE T A 200K
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Table 3 Linear regression equations, correlations coefficient, detection limits and quantification limits of 16 rare earth elements

TLR AR LR [ ) 72 HHRRE o R/ (ug/kg) R /(ng/kg)
Y Y=291841.7037X-28264.9520 0.9982 0.002 0.006
La Y=407816.6691X-8783.5497 0.9979 0.010 0.035
Ce Y=505822.3865X-11274.2089 0.9956 0.021 0.069
Pr Y=549337.6581X-13912.5150 0.9957 0.006 0.021
Nd Y=17884.9212X-3002.6669 0.9957 0.039 0.130
Sm Y=16187.4207X-3316.5032 0.9954 0.025 0.082
Eu Y=654100.0418X-33039.9120 0.9992 0.005 0.018
Gd Y=241331.3943X-2509.6886 0.9991 0.009 0.031
Tb Y=1483365.8515X-6076.5471 0.9958 0.026 0.086
Dy Y=370168.7145X-25195.9959 0.9996 0.003 0.011
Ho Y=1510764.6891X-7451.1602 0.9965 0.030 0.100
Er Y¥=503990.8137X-33683.9820 0.9995 0.003 0.010
Tm Y=1675021.7828X+10740.8865 0.9960 0.023 0.076
Yb Y=381823.7640X-21463.5482 0.9998 0.003 0.011
Lu Y=407816.6691X-8783.5497 0.9979 0.011 0.036
Sc Y=1389.5994X+150.3564 0.9992 0.440 1.480
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Table 4 Recoveries and precision of the method (n=6)

3.5 H&NE
130 3Kk 16 A 0 R AIE 25 R a0k 5 B,

TLRAFF 5 /% RSD/%
’ ’ MR 5 ALAEL, SRR &G 2 1OTR, HE
Y 90.3~100.7 1.8-3.8 AL, HA Sm A1 Nd SUEMI R, HKE Y. Dy.
La 85.7~103.6 2.0~3.2 EI\ Yb Ell\ Ce E? La Pr Lll\ Gd SC Tb HO)_E
R T AR, Tm TR EICTR IR, R
Ce 94.6~105.5 1.9~3.1 '
AN, SR BHETT A LR S B . RN, I
Pr 97.5~100.4 1.8-3.2 S KOK R Z 80 oo R O R T A 8 A HIX,
Nd 86.5~99.3 2.1~35 REFR T LA IX IR KT, FREm R AL 8 -
- S ant00t s A%, MKHETR, LU, FEOCK LR
F IR IR . ARIE GB 2762-2017 { £ hh &4 E F b
E 89.4~102.5 1.9~3.2
! WA S Y R L ) UV R X 0 K AT BR A
Gd 90.6~107.4 18-35 T, R
Tb 91.9~105.5 2.1~3.9 .
4 %
Dy 87.4~104.2 1.9~3.1
Ho £6.8-97.9 9339 AT FE 0 R B S5 B PR TS R 2 TIL A A
FTH XK 16 Fifs oK & E. B LnidERH,
E 90.7~107. 2.1~3.6 = %2 3 3
! 71079 T R L TR AR S A, REBIE HOE EOk
Tm 87.7~105.9 1.9~2.4 16 FiE o0 S Hrill R R HIZO I E 130 K
v $78-01 7 2130 RBE R AT R0 £ T2, HLAER A X B B A
. 0361032 D54 20, (HS R, HAMEA I E JOK i #s oK At
u O~ . Ielat N
AT LAEE £06 Sm ol Nd JER R BT, HRJ2 Y. Dy,
Sc 87.5-98.9 2.0~3.4 Er. Yb, Eu. Ce JCEK, IR EMMTEZ S,
Fz5 KKHERPTENNELR(ng/ke)
Table 5 Determination results of elements in rice samples (pg/kg)

IR £ R g Bl T M BT [Eapi] M &M R I e WM EnW Ed
Y 4.975 4.963 4.834 4.865 4.521 3.562 4.065 3.356 3.854 3.213 3.315 3.764 3.012
La 1.269 1.134 1.209 1.312 1.076 1.007 1.021 1.014 1.005 1.112 1.045 1.032 1.001
Ce 1.915 1.876 1.765 1.937 1.765 1.342 1.423 1.387 1.323 1.409 1.293 1.252 1.289
Pr 1.368 1.320 1.290 1.421 1.253 1.309 1.300 1.287 1.274 1.297 1.204 1.267 1.278
Nd 9.329 9.345 9.235 9.290 9.083 8.876 8.998 9.067 8.987 8.763 8.953 9.043 8.964
Sm 11.145  11.097 10.986 11.109 11.029 10.956 10.896 10.064 10.962 10.723 10.847 10.932 10.974
Eu 2.612 2.609 2.599 2.611 2.653 2.609 2.598 2.576 2.609 2.591 2.586 2.604 2.591
Gd 0.672 0.654 0.665 0.691 0.653 0.657 0.637 0.630 0.647 0.623 0.633 0.621 0.632
Tb 0.323 0.234 0.213 0.254 0.332 0.205 0.193 0.203 0.195 0.187 0.190 0.184 0.186
Dy 3.507 3.512 3.506 3.476 3.487 3.321 3.330 3.287 3.298 3.214 3.354 3.386 3.251
Ho 0.348 0.351 0.346 0.341 0.354 0.335 0.340 0.339 0.324 0.331 0.337 0.341 0.325
Er 3.483 3.508 3.453 3.467 3.502 3.432 3.441 3.451 3.442 3.437 3.430 3.421 3413
Tm <0.023 <0.023 <0.023 <0.023 <0.023 <0.023 <0.023 <0.023 <0.023 <0.023 <0.023 <0.023 <0.023
Yb 2.935 2.914 2.928 2.942 2.938 2.899 2.901 2913 2.879 2.911 2.879 2.807 2.834
Lu 1.094 1.076 1.108 1.083 1.089 1.067 1.054 1.068 1.077 1.073 1.064 1.075 1.061
Sc 0.995 0.989 0.990 0.984 0.994 0.987 0.964 0.943 0.962 0.976 0.974 0.984 0.969
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