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Determination of 16 Rare Earth Elements in Cistanche deserticola by Microwave Digestion-Inductively

Coupled Plasma Mass Spectrometry
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Abstract: A microwave digestion-inductively coupled plasma mass spectrometry (MD-ICP-MS) method was established
for the simultaneous determination of 16 rare earth elements in Cistanche deserticola (desert cistanche), and the sample
pretreatment conditions were systematically optimized. The digestion method was selected, and the dosage of digestion
solvent, type of auxiliary acid and volume ratio of mixed acid system were optimized, matrix effects were corrected with
the Rh, Re and In as internal standards, and the C. deserticola samples were determined under the optimized conditions. The
results showed that the optimal digestion conditions were determined as follows: aqua regia (HNO;HCI = 1:3) as digestion
solvent with a dosage of 5 mL, and digestion at 180 °C for 20 min. The 16 rare earth elements showed good linearity in the
range of 0-10 pg/L (R* > 0.999). The detection limits of method were 0.014 7-0.478 3 ug/kg, the quantification limits were
0.044-1.594 pg/kg, the spiked recovery rate was 90.6%—-104.8%, and the relative standard deviation of the precision tests
was 1.32%-5.54%. The C. deserticola samples from different production areas were determined by this method. The
results showed that the content and distribution of rare earth elements had obvious regional characteristics: the content
of light rare earth elements (Sc, Y, Ce) in the samples from Inner Mongolia production area was relatively high, the
samples from Xinjiang production area showed a trend of enrichment of medium rare earth elements (Sm, Dy), and the

samples from Guazhou, Gansu, showed a significant negative Eu anomaly. In conclusion, the established method was
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sensitive, accurate and easy to operate, which was suitable for the simultaneous determination of multiple rare earth elements

in C. deserticola and provided a reliable analytical tool for its quality control and safety assessment.
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Table1 Effects of different digestion methods on the determination
results of 16 rare earth elements in C. deserticola (n = 6)
mg/kg
TE W R R AR RERGE

B (Sc) 0.0258 £ 0.005 8° 0.0528 £ 0.013 6" 0.038 1 £ 0.0009°
’ () 0.028 1 % 0.004 2° 0.0655 £ 0.0192° 0.0354 % 0.000 6"
W (La) 0.0991 £ 0.0151° 0.2019 £ 0.0782" 0.0300 £ 0.000 7°
Hli (Ce) 01702 + 0.0254° 03868 £ 0.1647°  0.2248 +0.001 5"
B (Pr) 0.0197 £ 0.0027° 0.0443 £0.0175" 0.0212 £ 0.000 5°
B (Nd) 0.0735 £ 0.009 8" 0.1649 £ 0.060 4* 0.114 0 £ 0.000 8"
% (Sm) 0.0142 % 0.001 7° 0.0338 £ 0.0126" 0.0054 % 0.000 6"
i (Bw) 0.003 0 = 0.000 4" 0.0059 £ 0.0012" ND
i (Gd) 0.0347 £ 0.0537" 00293 £ 0.0105° 0.0102 £ 0.000 7
i (Tb) 0.0017 £ 0.0002° 0.004 0 £ 0.001 4" ND
# (Dy) 0.009 0 % 0.001 3° 0.020 4 £ 0.006 3" 0.0032 £ 0.000 4°
B (Ho) 0.001 6 = 0.0002" 0.0037 £ 0.001 0" ND
H (Er) 0.004 3 £ 0.001 0° 0.009 3 +0.0022° ND
% (Tm) 0.0005 £ 0.000 1° 0.0012 £ 0.000 3" ND
B (Yb) 0.0033 +0.000 5" 0.0077 £ 0.001 6 ND
# (Lu) 0.0005 =+ 0.000 1" 0.001 1 £ 0.0002" ND

T FATNE FRARRZE RN ER B (P<0.05) , #3F; ND.
K, 2.
22 BRI
22.1 HNO,HZEMiEEF

X277 %1, HNO,H & 43 mLiK, Eu. Tb. Ho.
Er. Tm. Yb. LuZ i &5 KK H; HNOH&ES. 6.
7mLif, S RMEEME. 2558, EESmLA
AFEHNOJH &
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Table 2  Effects of different nitric acid additions on determination
results of rare earth elements in C. deserticola
mg/kg

LR 3mL 5mL 6 mL 7 mL
BT (Sc) 0.021 0.063 0.038 0.068
B O(Y) 0.048 0.059 0.035 0.065
B (La) 0.071 0.185 0.128 0.166
i (Ce) 0.401 0.370 0.230 0.324
B (Pr) 0.025 0.042 0.027 0.037
B (Nd) 0.115 0.160 0.103 0.137
£ (Sm) 0.012 0.031 0.021 0.027
# (Ew) ND 0.006 0.004 0.005
L (Gd) 0.013 0.028 0.018 0.024
i (Tb) ND 0.004 0.002 0.003
i (Dy) 0.003 0.019 0.012 0.018
£ (Ho) ND 0.004 0.002 0.003
# (Er) ND 0.009 0.005 0.008
% (Tm) ND 0.001 0.001 0.001
B (Yb) ND 0.007 0.005 0.007
(Lu) ND 0.001 0.001 0.001

222 HBhERFRRAILE R

2 HNOH &5 mL, 4 %%5 2401 mL H,0,.
1 mL HE. 2 mL HCIO,. 1 mL HCUXxll 5& 45 S 1 s, &5
RIS,

A3 AW F A R BRI SRR (n=6)

Table 3  Effects of different auxiliary acid systems on determination
results of rare earth elements in C. deserticola (n = 6)
mg/kg
& 1 mL H,0, 1 mL HF 2 mL HCIO, 1 mL HCI

B (Se)  0.0425 £ 00018 0.0922 +0.0078 0.0295 +0.0006° 0.031 8 % 0.000 8°
BO(Y) 00479 £ 0.0013" 0.0386 % 0.001 5 0.0327 £ 0.0005° 0.044 8 + 0.0008
B (La) 01855 £ 0.0156" 0.1291 £ 0.0076" 0.0169 = 0.000 3° 0.1230 + 0.000 9"
i (Ce) 04194 £ 0.0518" 0.3625 % 0.0206" 0.098 7 + 0.000 5" 0.250 3 % 0.005 §°
B (Pr) 0,044 8 £ 0.0012° 0.0308 £ 0.0012° 0.0118 % 0.0003° 0.0300 + 0.001 0"
HO(ND 01704 £ 00095 0.1169 +0.0104° 0.0425 +0.0004° 0.1152 £ 0.001 5°
B (Sm) 00351 % 0.0014" 0.0200 % 0.0009° 0.0077 % 0.0003" 0.0243 % 0.0009"
B (Eu)  0.0054 £ 0.0003" 0.0044 % 0.0002° 0.0018 % 0.0003 0.0044 + 0.0002"
£ (Gd) 0.0300 £ 00017 0.0158 +0.0010° 0.0084 + 0.0003° 0.019 1 % 0.001 2°
 (Tb)  0.004 0 % 0.0003* 0.0023 % 0.0002° 0.0007 £ 0.0002" 0.0027 + 0.0002
i (Dy)  0.0196 £0.0009" 0.0134 £ 0.001 1° 0.0052 % 0.0002" 0.014 8 % 0.0009"
B (Ho)  0.0033 2 0.0002" 0.003 1 £ 0.000 1" 0.0009 % 0.0002° 0.0027 % 0.000 3"
(B 0.0078 £ 0.0002" 0.044 6 £ 0.0070" 0.0024 % 0.0002° 0.007 0 % 0.000 7
B (Tm)  0.001 1 £ 0.0000° 0.0015 % 0.000 1° 0.000 1 £ 0.0000° 0.0009 £ 0.000 1°
(YD) 0.0067 % 0.0003" 0.0099 % 0.0009* 0.0018 £ 0.0002° 0.0055 £ 0.0009°
# (Lu)  0.0011 % 0.0001° 0.0020 % 0.000 1 0.000 1 +0.0000" 0.0008 % 0.000 1°

B3, HEn/ERNTERERE— B, fEerik
SEIGTE B INARENSCE (90.6%~104.8%) 3 B 1%k &
MW 5. ik, EEEHNO,-HCIHA R 1E N 5 224046 1K)
R
223 HNO,5HCIH 1 1)k

4R, JHNO,SHCUAF L N1:31H), Ce.
Gd. Sm. Dy%5 70 3 I 52 8 35 89 Sk v T A B A3
HRRBIEEN, RPZWH MR NTS. BT
ZHH T &R EE S RN, ERERG. K
b, JEHFHNO, SHCHAR LK1 : 3/ T KA A &% £ #
W

#4  HNO,'THCUKBUELX P B/ 10 00w 45 JL i m)

Table4  Effects of different volume ratios of HNO; and HCI on
determination results of rare earth elements in C. deserticola
mg/kg
TLER 3:1 2:1 1:1 1:2 1:3

B3 A0, A [l B IR A4 58 %6 1600 L o 2 i Il
SELERIFAERER W (P<0.05) . H,0,/k & FLa.
Ce. PR LKW EE i m; HFAR FTm.
Yb. Lo &M Lo R MMEE i MHCHE R T $A4
JLE W e B AR e, H16F e RN e E T =
K, TR ARIE B, Bk I AR e .

LREHRE, HO Emi &Mt T 50, naeSEH
fRANTE 4, HES B HHICP-MS KA S RE R S8, Y
BYEAP A, TMHCHA R (ETHNO,-HCHA ) A &

1 (So) 0.052 6 0.054 0 0.0323 0.0529 0.060 4
5 () 0.078 9 0.0759 0.073 2 0.069 5 0.1117
#i (La) 0.3772 0.168 6 0.189 4 0.2121 0.408 6
fili (Ced 0.768 6 0.3353 03770 0.401 8 0.8159
% (P 0.0829 0.039 7 0.043 6 0.0479 0.095 4
B (N 0.286 6 0.149 6 0.162 6 0.1810 0.354 4
% (Sm) 0.044 3 0.0312 0.0311 0.034 3 0.065 2
#i (Ew) 0.006 5 0.006 3 0.006 4 0.006 1 0.008 5
L (G 0.0349 0.026 6 0.027 3 0.028 8 0.050 7
BL(Th) 0.004 4 0.003 8 0.003 8 0.003 8 0.006 8
i (Dy) 0.0230 0.0212 0.020 6 0.020 2 0.033 5
£k (Ho) 0.004 2 0.003 9 0.003 9 0.003 7 0.005 9
# (Er) 0.0102 0.009 7 0.010 1 0.009 8 0.0150
£ (Tm) 0.001 4 0.001 4 0.001 4 0.001 4 0.002 0
(YD) 0.008 3 0.008 5 0.008 5 0.007 8 0.0125
% (Lw) 0.001 1 0.001 3 0.001 2 0.001 1 0.001 8

2.3 HIEEIRAE
231 ZRMEVEREL. EHRE. R KR A E ER

#5  16FIR LoC K MZRPERD . MR, R, KB E R

Table 5  Linear ranges, regression equations, determination
coefficients, detection limits and quantification limits of 16 rare earth
elements

ik S R ﬁgﬁg ot
B (Se) y =996.131 6x + 75.706 0.998 3 04783 1.594
B (Y) y=6299.4176x + 573.347 09999 0.038 8 0.116
% (L) y=1253249167x + 607.798  0.996 1 0.428 4 1.428
Hi (Ce)  y=353353.0192x +19281.543 0.9999 0.1294 0.388
& (Pr) ¥ =129 648.00x + 88.944 0.999 9 0.0330 0.099
B (Nd) y = 83 130.045 5x + 330.004 5 0.9997 0.046 7 0.140
% (Sm) »=7T72481.960 7x + 83.3337  0.9999 0.044 6 0.134
B (Bu)  y=1253271.9728x + 176.6680 0.999 1 0.0334 0.100
i (Gd) y = 87473916 0x + 623.3504  0.999 9 0.1028 0.308
B (Tb) y = 53334.00x 1 53.334 1.0000 0.016 0 0.048
i (Dy) y=121520.223 0x + 86.667 1  1.000 0 0.0219 0.066
% (Ho) y = 53326.00x + 53.326 0.999 9 0.0147 0.044
] (Br)  y=160566.747 Tx + 706.6870 1.000 0 0.0317 0.095
% (Tm) y = 31100.00x + 31.100 0.9997 0.0155 0.046
i (Yb) y =111126.504 4x + 30.000 1~ 1.000 0 0.0258 0.077
i (Lu) ¥ =20036.00x + 20.036 0.9999 0.0214 0.064
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ST RN, 72 AR A R 0k Y e T A B K% S 5 2
ER, 16FH -0 RAE0~10 pg/L R &k v N 248
PR R R, R*>0.996 1, 168 L0 KM HE N
0.014 7~0.478 3 g/kg, EEFRN0.044~1.594 pg/kg, 584
T 2 K R B A Lo & A I EEK .

232  FEEESUEE

F A BT VRS UE SR S E N, X B A S B VR AT
MR R KR, RS L0, SR s
B W S 96 VA T VR B . 6T 4, l i Mo
TTRER ST RE R, 16FPH 10 2% IR % B SR SD
H1.32%~5.54%, Iks-F33EEN90.6%~104.8%, F
BIREHITERK,

#6  BHCEFENPI6RR Toe R bR RIECR SR (n=6)

Table 6  Spiked recovery rates and precision of 16 rare earth elements in
C. deserticola (n = 6)

BE i ey owens) it  RSDI%
BT (Sc) 0.0528 0.05 0.1023 98.9 5.54
i (Y) 0.065 5 0.06 0.1232 96.2 3.16
i (La) 0.2019 0.2 0.383 1 90.6 1.95
i (Ce) 0.386 8 0.4 0.781 6 98.7 3.18
e (Pr) 0.044 3 0.04 0.085 8 103.8 1.32
e (NdD 0.164 9 0.16 0.330 1 103.2 3.47
£ (Sm)  0.0338 0.03 0.061 0 90.8 423
# (Ew) 0.0059 0.006 0.0118 99.1 3.06
£ (G 0.029 3 0.03 0.060 5 104.1 5.02
il (Th) 0.004 0 0.004 0.008 1 103.6 4.05
i (Dy) 0.020 4 0.02 0.040 8 101.9 435
£k (Ho) 0.003 7 0.004 0.007 7 101.1 247
# (Er) 0.009 3 0.01 0.0189 95.7 5.38
£ (Tm)  0.0012 0.001 0.002 2 99.7 3.10
(YD) 0.007 7 0.008 0.0158 101.7 422
£ (Lu) 0.001 1 0.001 0.002 1 104.8 5.34

2.4 PANCERE S R 16R R Lon R e

HRTA A, AZE X2 R (14, 24) F
Sc. Y. CefBM Lt Rk FEMMNE R, RWHEW
TEAEM S HrEERES (44) PSm. Dyt TR
TEEGE, EUWRM TSR HARER G#) H
A EMEuRH, RS AN LR (Sm.
Gd) BEMmIK. SARIME, A F 7= PR 28 s 1o
R ATRRAEAAAE 35 25 5, 5 FF 7 1 1 b o 5 55t
FEYIM K.

HT AR KA1 L A R (n=3)
Table 7  Contents of 16 rare earth elements in C. deserticola from

different producing areas (n = 3)

mg/kg
JLE 1# 24 3# 44
BT (Sc) 0.040 1 0.0307 ND 0.017 3
¥o(Y) 0.091 5 0.056 1 0.000 1 0.0332
i (La) 0.203 9 0.1459 0.0158 0.078 1

23RT7
JCHR 1# 24 3# a4
i (Ce) 0.391 8 0.282 8 0.0194 0.150 0
HE (Pr) 0.046 7 0.0329 0.003 0 0.018 6
& (Nd) 0.1750 0.124 2 0.0118 0.0727
% (Sm) 0.034 0 0.023 6 0.002 6 0.014 8
#i (Euw) 0.006 6 0.004 5 0.000 4 0.003 0
£ (Gd) 0.030 6 0.0209 0.002 2 0.013 3
i (Tb) 0.004 2 0.002 8 0.000 3 0.001 8
i (Dy) 0.0232 0.0153 0.001 7 0.0101
£k (Ho) 0.004 3 0.002 8 0.000 3 0.001 8
£ (Er) 0.0113 0.007 3 0.000 5 0.004 6
£ (Tm) 0.0015 0.0010 0.000 1 0.000 6
B (Yb) 0.009 6 0.006 3 0.000 6 0.004 0
£ (Lu) 0.001 3 0.000 8 0.000 0 0.0005
3 & #

A FE S T AR R -TCP-MS [ i 0 52 PR AK 25 Ff
1650 H L e R T ik T8I R G H 2 A
%MK FsK (HNO:HCI=1:3) , HI&5 mL, Jf#iE
JE180 °C, ARFFITAI20 min. 16FF% T EIE0~10 pg/L
WHENELMEXRZRRBL (RP>0.999) , ik HiRN
0.014 7~0.478 3 pug/kg, EiE[RA0.044~1.594 pg/kg, N
FrIE % 90.6%~104.8%, ¥5%5 FERSDAN1.32%~5.54%,
JriE R WER . BRSSO AT T IE SR
BrEE . HOR3A T X AR R AR AT b, &5
FE R IR AN [ = MR P R e R B AR R IR AR B
e AEEHPEXERTEM LR (Sc. Y. Ce) F &
AR R, BB XEES 2P TR (Sm. Dy)
BEAEBEA, HIRE XA B R Bu R . 1%
VAT R K2 s 7 2 1R 43 A S 8 b TR AT
TR RENHEARFB . Fan it —D8 KR E
Hl, &&Zagqitatr, WA LT RIBSHER K
ZETE PR VA A BSR4
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