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ABSTRACT: Objective To develop for the determination of 16 kinds of rare earth elements in plant agricultural
products by micro-open graphite digestion coupled with inductively coupled plasma mass spectrometry. Methods Using
the micro-open graphite digestion as the pretreatment method, the effects of acid digestion system, digestion time and
matrix elements (K*, Na*, Ca*, Mgz*, Fe*, Cu*, Zn™, an*) on rare earth elements were investigated. Results The
results showed that adding HF to the HNOs+HClOs mixed acid system facilitated complete digestion of samples and
significantly improved the recovery of rare earth elements. When the concentration ratio of matrix elements to rare earth
elements reached 4 orders of magnitude, there was no significant interference in the determination of rare earth
elements. Under optimal conditions, the standard curves exhibited good linear relationships (r =0.999) in the range of
0-50 pg/L, with the limits of detection was 0.001-0.006 mg/kg. The method was validated using national standard
reference materials, and the determination results of each rare earth element were generally consistent with the
reference values. The recoveries of spiked samples were 83.2%—-110.3% and the relative standard deviations were
1.0%-10.4%. Conclusion The method features simple operation, strong anti-interference capability, and high
accuracy, making it suitable for rapid determination of rare earth elements in batch plant agricultural products.

KEY WORDS: micro-open; inductively coupled plasma mass spectrometry; rare earth elements; matrix

interference; plant agricultural products
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HLAE [ 2R 5 Millipore 23 wl); TLE104 J 23 2 —H, 1K
- (3 B Mettler Toledo 24 H]); FRilTH AR (%5 10 cm, EHZ
3cm, M EHFFFT 14027 0.8 mm FEARBEFL, HESE
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1.2 ICP-MS X TESH
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FESR A 3 WK, RAEHE S BB . 200K
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Table 1 Detection of mass quality for rare earth elements

LR BEM iR P iR BEH iR RER
Sc 45 Pr 141 Gd 157  Er 166
Y 89 Nd 146 Tb 159 Tm 169
La 139 Sm 147 Dy 163 Yb 72
Ce 140  Eu 153 Ho 165 Lu 175

1.3 ARECH

i C RIR AR R ECH]: W 500 uL A9HE 1T
ZIRSFRUEVR R (100 mg/L), Bkl EWE R 1 mg/L
(2% HNO; A FOFRHERG &R, AR5 TR AR R A HE T
EMZRIRW, TR/ h: 0, 0.1, 0.5, 1.0, 2.0, 5.0,
10.0. 50.0 pg/L.

PARERFEC T 43 BIFSHL 500 uL 'Rh, 500 pL '"¥Re
(1000 mg/L)IMFRIE T 500 mL 2B, Bk smRE
WM 1 png/mL (2% HNO; 41 ) IRA AR -

1.4 HEATHIE

FREL 0.25 g FEFHCGRE A ZE 0.1 mg) T B VU 2 s Ik s v,
SPHIMA 8 mL HCIO,-HNO; I8 &72(4:1, V:V) 5 | mL HF, &
JE NS5 LA 2 A BRI RAR o SRTVRR BE TR TH MR e T
FES: BIHRBY B 15 min NEIRTFE 120 °C, J5lEELER:
0.5 h; #RJ5H 15 min FF = 150 °C, FF4EH; 0.5 h; FJaHirE
FHZ 210 °C, FFIEIRAREF 135 min, WSS o5 BRI g4
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Fig.1 Effects of HF on determination of rare earth elements
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Fig.2 Effects of time on determination of rare earth elements
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Fig.3 Effects of matrix ions on determination of rare earth elements
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R 7™ it R R T R R T R .
25 FAEEMESHEERE

R RE RS, R 3 M E R AR
JF GSB-6a(i#3%) . GSB-7a(Z5M). GSB-30a(ZEN), #HEH1L
HISEIR A TN AR, AR PRERI I E S 3 IR, I
SRS A 3. IR 3 AT, Bk GSB-6a ' Tm.
Yb JCEMEERPREER2ZEN 32.7%. 32.3%, GSB-30a
Eu ot 2 E (AR E M 22 0 32.0%58 KA, 3 Fibrifed 5 b
YB3 TR I E 25 R SR A — 2, XA
i Z (relative standard deviation, RSD)ZE 1.4%~11.6%2 [f], &

WA A AT, el R SERRAE AT S A R
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il — 20 PP A T Rl R, SR ST N R
INZE. BIBESE . IR, Bk 4 FARRIEYIAR S 16
P U RS TIE ST FBSI0EIREE N 1.0 pg/L
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WE 3, SRR 40 NI 4 0TA1, 4 PR R ™ 5
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&, TN AN A A & R 2o R AT
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Table 2 Limits of detection and limit of quantitation of the method

JLE G R /(mg/kg) € 5 R /(mg/kg) MR JLE G FR /(mg/kg) &7 FR/(mg/kg) FRRE
Sc 0.003 0.009 0.9999 Gd 0.001 0.005 1.0000
Y 0.001 0.004 1.0000 Tb 0.002 0.006 1.0000
La 0.004 0.013 0.9999 Dy 0.003 0.009 1.0000
Ce 0.006 0.018 1.0000 Ho 0.001 0.004 1.0000
Pr 0.002 0.007 1.0000 Er 0.002 0.006 1.0000
Nd 0.002 0.006 1.0000 Tm 0.002 0.007 1.0000
Sm 0.003 0.008 1.0000 Yb 0.001 0.004 1.0000
Eu 0.001 0.004 1.0000 Lu 0.001 0.003 0.9999
R3 EYERITEYRP 16 B LTRNESR
Table 3 Analytical results of 16 kinds of rare earth elements in plant standard materials
GSB-6a(i3%) GSB-7a(%47%) GSB-30a(4t4%)
R g W MM Rsps 4R WEfE MR RsDe R W A% RsDs
/(mg/kg) [(mglkg) RE% % /(mg/kg) [(mglkg) RE/% % /(mg/kg) Nmg/kg) TRE/% 1%
Sc 0.180+0.040  0.214 21.1 102 0.089+0.017  0.072  -19.2 9.5 0.054+0.010 0.047 -13.0 11.6
Y 0.70+0.10 0.83 18.5 2.1 2.00+0.20 1.86 -8.4 3.6 0.51+0.05 0.50 2.2 42
La 0.80+0.10 0.83 3.8 4.1 1.01+0.08 0.94 6.0 2.1 0.34+0.04 0.35 22 6.6
Ce 1.5+0.2 1.6 6.6 4.5 1.30+0.20 1.28 -1.3 22 0.51+0.07 0.53 44 7.5
Pr 0.170+0.030  0.183 7.6 4.1 0.16 0.15 -6.4 2.6 0.064+0.007 0.061 4.7 7.2
Nd 0.65+0.09 0.70 7.7 5.5 0.66+0.08 0.61 7.6 3.8 0.250+0.040 0.237 53 6.8
Sm 0.13+0.02 0.13 1.1 5.0 0.12+0.02 0.11 7.8 1.4 0.054+0.006 0.052 -2.9 5.9
Eu  0.026+0.003  0.027 45 39 0.027+£0.002  0.021 -23.2 1.6 0.020+0.004 0.0136 -32 3.6
Gd  0.120£0.010  0.115 —4.2 3.0 0.140+0.020  0.127 -9.8 3.2 0.058+0.007 0.054 —6.9 3.0
Tb  0.017+0.003  0.018 -3.0 7.5 0.021+0.02 0.019 -9.6 2.1 0.009+0.001 0.008 -11.2 1.6
Dy  0.085+0.010  0.098 15.2 4.5 0.13+0.02 0.12 -8.5 35 0.054+0.008 0.051 -7.5 23
Ho  0.016+£0.003  0.019 19.3 4.0 0.028+0.004  0.024  -15.8 2.2 0.011+0.002 0.010 -9.1 3.6
Er 0.042+0.006  0.054 28.5 3.4 0.08+0.01 0.08 -0.2 2.8 0.033+0.005 0.031 —6.1 5.0
Tm 0.0055+0.0014 0.0073 327 5.3 0.0140+0.0020 0.0123 —12.8 1.8 0.054+0.009 0.051 -71.5 1.7
Yb  0.036+0.005  0.048 323 22 0.100+0.020  0.093 7.0 1.4 0.036+0.050 0.034 -5.6 4.0
Lu 0.0054+0.0012  0.0068 259 7.1 0.0160+0.0030 0.0135 —15.7 3.8 0.006+0.001 0.005 -16.7 8.2
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Table 4 Detection results of rare earth elements in samples
LIV S FRILRIR I ERS

T AR s iﬂﬂ? Fg RSDs ﬁifré JJijTi W Sy S AN mbE - WE P  RSDs ﬁifré Jugs - WE P RSD

fii M PR e 0 FMeR . M BeR . ff 6 FEMgE .,

Mug/l) Augl) Augll) /% Aug/L) Aug/l) Angll) /% Aug/L) Apg/l) Angll) /% Aug/l) Apg/l) Augll) /%

Sc 0.26 1 109 832 55 018 1 1.04 862 52 0.19 1 1.11 921 69 0.16 1 1.02 86.5 7.1
Y 1.85 1 291 106.1 104 043 1 141 979 56 032 1 129 965 92 026 1 129 1034 81
La 134 1 235 1014 67 141 1 233 922 59 077 1 172 954 82 0.69 1 1.61 22 59
Ce 341 1 431 900 88 2.00 1 289 894 91 140 1 237 916 93 159 1 247 883 66
Pr 0.32 1 138 1063 3.6 024 1 127 1024 33 0.14 1 .12 980 51 0.09 1 1.08 99.5 43
Nd 122 1 229 1064 36 089 1 186 968 42 048 1 147 987 53 028 1 1.33 1047 5.8
Sm 0.28 1 135 1073 32 016 1 120 104.1 35 010 1 112 1019 56 0.04 1 1.07 1038 6.3
Eu  0.04 1 1.13 1088 22 0.03 1 1.09 1055 1.8 0.02 1 1.03 1014 28 001 1 1.03 1020 47
Gd 025 1 133 1086 47 0.3 1 120 1069 10 0.08 1 1.13 1051 53  0.05 1 .12 1075 3.0
T 004 1 1.14 1103 24 001 1 1.09 1073 1.8 0.1 1 098 968 65 001 1 099 980 37
Dy 0.30 1 1.34 1047 59 0.09 1 1.14 1054 28 0.06 1 1.10 1045 38 0.05 1 1.13 108.2 35
Ho 0.07 1 105 986 42 002 1 1.03 1009 25 0.01 1 1.04 1023 41 0.01 1 1.07 1059 6.1
Er 0.26 1 126 995 25 0.06 1 1.08 1020 22 0.03 1 1.09 1056 29 0.03 1 1.04 1014 2.8
Tm 005 1 1.12 1062 1.5 001 1 1.06 1047 14 ND 1 1.04 1042 36 0.02 1 1.05 1033 26
Yb 042 1 141 989 32 007 1 1.09 1020 1.8 0.02 1 1.05 1025 3.6 0.03 1 1.06 1036 3.5
Lu 007 1 1.09 1021 12 001 1 1.02 101.6 25 ND 1 1.03 1033 34 ND 1 1.04 1042 42
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- IC R IO A 2 - 41 35T A PR B S 55 B AT . I
FERIRE S ITAL BRI 8 mL (HNOs+HCIO4)+1 mL HE,
TR 4.0 ho 207 LA SRR T 2 . T4
A, W E S5 SR TSRO R, T R AR A AT
s TR AR
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