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10 pg/L TSN EA RIEFIEIESE R, KEMHSEREr > 0.999, £ICE MK HR N 0.045~1.282 pg/kg, & &
FRA 0.150~4.272 pg/kg, A EISE Sy 89.7%~107.5%, HAXIHRHENN 22 (relative standard deviations, RSD)H
0.2%~4.7% B/J\#Eﬁ&éﬁﬁ FORRW], JEHUP 16 AR LOCR AR, & EE Y 0.178~2058 ng/kg 45 %
Dk R . RS, AR T AER PR LT R pE .
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Determination of rare earth elements in Zanthoxylum bungeanum Maxim.
by microwave digestion with inductively coupled plasma mass spectrometry
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(Greentown Agricultural Testing Technology Co., Ltd., Hangzhou 310052, China)

ABSTRACT: Objective To establish a method for the determination of 16 kinds of rare earth elements of Sc, Y,
La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu in Zanthoxylum bungeanum Maxim. by microwave digestion
with inductively coupled plasma mass spectrometry (ICP-MS). Methods The sample was pretreated by microwave
digestion combined with nitric acid hydrogen peroxide system. The matrix interference was corrected by adding Rh
and Re internal standard elements online. The possible multi atom ionization interference was eliminated by kinetic
energy discrimination (KED) of ICP-MS. The accuracy of the method was verified by national standard material
green tea (GBW 10052). Results The linear relationship of the 16 kinds of rare earth elements was good in the
range of 0.05-10 pg/L, the correlation coefficients (r?) were greater than 0.999, the limits of detection were 0.045—
1.282 ng/kg, the limits of quantification were 0.150-4.272 pg/kg, the average recoveries were 89.7%-107.5%, and
the relative standard deviations (RSD) were 0.2%—4.7%. The results of actual samples analysis showed that 16 kinds
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of rare earth elements were detected in Zanthoxylum bungeanum Maxim., and the contents were 0.178-2058 pg/kg.

Conclusion The method is accurate and sensitive and can be used for the determination of rare earth elements in

Zanthoxylum bungeanum Maxim..

KEY WORDS: Zanthoxylum bungeanum Maxim.; rare earth elements; microwave digestion; inductively coupled

plasma mass spectrometry
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RO S ETEWHOR T B, AT LIAEHU R 43 Hrxt 42,
PRV T AR i Ak 38 7 A 285 SR 52, >R T AR A T
FIRIE A3k S 0 A S B T, S AR A 0 Bl e e -
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1.1 4. A SR

iCAP Qc ICP-MS HLJBAH A 25 5 TR BTk () (32 E 38 2R
A SR BB 2 |l ); ETHOS UP 3 ik 1 #7 41X (B R )
Milestone A l); Milli-Q #4E/KIL(ZERE Millipore 23 Fl);
BSA224S HLFRK-(18 1 58 Z F11/A F]); DEENA 114 A 3
£ B (3E E Thomas Cain 24 )),

iR . Ehm2 | wlR . AL E R, NS R
AR FD); La, Ce, Pry Nd, Sm, Eu, Gd. Tb, Dy. Ho,
Er, Tm., Yb, Lu. Y ZIoEIMMEA(100 png/mL), Sc #In
ZAREAS (1000 ug/mL) . Rh Re JLE NFRI(1000 pg/mL)([H
FA 4R BRI H0); Lis Co, In, U, Ce
P pg/L, FEETEERCHRBHE 2 F]) .

TEARE S, B, F MBS . =mE . S I
TH , GEARUEY) T (GBW10052), W [ v [ b TR B b
BRI R Y 2 A T
1.2 XWHE
1.2.1 A7 TAR R B

TR PRERE 2 W TERFSEL 1 mL1000 pg/mL /Y Sc
TLEPRERET 100 mL @i, H S%MmRE %, i
A% 100 pg/mL Sc JCER H M A R - 40 BIMERE B EL 1 mL
100 pg/mL Sc JTCE H MG A A1 1 mL 100 pg/mL (¥ La.
Ce. Pr. Nd. Sm. Eu. Gd. Tb, Dy. Ho. Er. Tm. Yb.
Lu. Y ZCEMERRT 100 mL FEHF, F 5%89H8 R
EAS, TR 1 pg/mL IR AR HERS A VAT

IRGPRE TAER R ERRFEC 1 mL1 pg/mL IR G PRk
VT 100 mL 28 firh, F S% MR E 2, Boil
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100 pg/L WREITTE T NHEER. /M HEREEEL 0.05.
0.25. 0.5 mL 100 pg/L RAICE MG ERAN 0.1, 0.2,
0.5, 1 mL 1 pg/mL IS FRUEREA VIR T 100 mL &0,
FH S%IRTSIR E 2S, Bidl 0.05,0.25.0.5.1.2,5,10 ug/L
B TAER W . RIS LL SORS R AT ] 23 TR MR
122 #omara
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K H—Hr By 110 °CHFF 8 min; S Bl 140 °CLRAR:
15 min; 25 =FrBR 180 °CLH4F 25 min, T MR LT R-
AL EE R TER R, 4 5II0A S mL iERRA | mL 444k
R, IR AR AR SR — BN 120 °CRRA%F
5 min; 55 B 150 °CHR-4F 10 min; 28 =M 180 °C
PREE 20 min, FRHEMLHRIE, BORHEMEE, &R,
T 150 °CIFGEERE E 0.5 mL 247, FB4AiKER S 50 mL
ZEmh, MEEREZE . R A (10
123 MBI LM

K 1 pg/L B Li, Co. In, U, Ce XS ICP-MS
IEPRA A TR AR, ARERAL. B mESCT
EE S BN Li=50000 cps, Co=100000 cps, In=
200000 cps, U=300000 cps, XXHL (' **Ba*™/'*"Ba*)<3.0%,

AALYI(CeO/Ce)<1.9%. MALIGILER SRR ST,
1500W; ZEALS A, 1.10 L/min; B HIS &, 13.5 L/min;
KB, 0.78 L/min,

2 HRE5HMR
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TF i P T A9 — PR P T IR A 3 32 90 AR i 0
7 AT, I B RCR XA I 5 ) e M H A Y
SEM . Sk T B TR i Ak R O ARG I AR AR ) B e, AT
U4 I RE TR A SR A . T R 2 RO 2R kA T
BIALRE, [FIB RS TR0 20 pe/kg 7 1 TC EARUE BN
THAERCR A TIIE . AR AT AR B 20 4 0 2 AG-F 2 [l
RULE 1, SRR, P A B 16 FlocE F iR
M 65.0%~82.5%, IR IRAL, HIH o 72 535 #M i g,
#£ ICP-MS #2351 A CURI SO T3, HRERAISIA
VRN SRR AR I s B b > it 16 RO R
SEH RN 90.0%~100%, [A1U 4 R, HH AR IR 22
e R Vs B, B G i i b, 28 BB,
TE ICP-MS Kl B R 25 B T4t A A EA 2%
TROHERYE, WA 1 AR P B B T, AR ST R R
-1 A S AR R A TRE S AT AL FE

®1 FRIERIRHLTEFHEREn-6)

Table 1 Recoveries of rare earth elements in different digestion systems (n=6)

- He 77 B R
T A A (ug/kg) WM (gke)  FHEEY% AR gk WM gke) TR
Sc 147 162 75.0 147 165 90.0
Y 282 296 70.0 282 301 95.0
La 536 550 70.0 536 556 100
Ce 977 990 65.0 977 995 90.0
Pr 119 134 75.0 119 137 90.0
Nd 465 481 80.0 465 483 90.0
Sm 90.5 107 82.5 90.5 109 92.5
Eu 25.2 40.6 77.0 25.2 44.1 94.5
Gd 88.4 103 73.0 88.4 107 93.0
Tb 11.2 25.4 71.0 11.2 30.3 95.5
Dy 56.4 71.7 76.5 56.4 74.8 92.0
Ho 9.89 23.4 67.6 9.89 28.6 93.6
Er 26.9 41.3 72.0 26.9 46.5 98.0
Tm 3.23 18.6 76.9 3.23 223 95.4
Yb 21 37.1 80.5 21 40.2 96.0

Lu 2.89 17.6 73.6 2.89 22.6 98.6
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WISHOAr S 57Gd 1T . OSn A 1T . 1235b0 AL
A 1CDy BT . ST A SHo BT . TP Ar %
166B (T4 12X Ar S O Tm BT 22X Ar 3 2Yb
T P BaAr Xt PLu TR N BRIE ST
PR T4, AP R YSc. Y. PLa, *°Ce. *'Pr,
HONd . WSm. 'PEu. 'Gd. "¥Tb. '®Dy. 'Ho. '*Er.
Tm, "Yb, L BFEMIRAIE; BAE Rh Al Re AR
K%ﬁﬁﬁixﬁl SLEMESEBHFTRE; RAZREEA
#& 3 (kinetic energy discrimination, KED), LA He S AHiffE
R, HBRATREAAEEM Z R T
2.3 toERZ SRR
KA IT R RS 555, X 16 Fhfs - on R iR R
IR BEFEAT AT E, B & U R ARMETE . ARuEl 2k
I8 1 5 PR RN R P AH OC R A ¥ 2s I IBGE S0 11 1k, LA
3 Y ZS EIARER 25 H SRR A I BR, LA 10 A5 1928 bR

WM EAERE R R . MIEFREEE . E R, 15y
BRI . R, TR MM bR 2R R
JFE . RMEMICRE. MR, ERRILEE 2. & 2 W]
H, 16 FhHE 1 ICELE 0.05~10 pg/L JEENLMEX R R,
LA RE > 0999, £ ILR K L BRIE 0.045~
1.282 pg/kg Z IR, ik REUEH S, R HTEsR .
24 MirEIRERSEEZE
ﬁ%mﬁ%%@%ﬁﬁﬁ%§,$ﬂﬁﬁﬁlmm%
MRS, MREEFES PO E SR REIR, T 3 K 6 FAT
m%&%i%,E*&xY\m\®\mmmmmeﬁ
B4 20, 40, 80 pg/kg; Sm. Eu. Gd. Tb. Dy. Ho. Er,
Tm. Yb. Lu MIARWEE4T500 5. 10, 20 pg/kg, 45K MR
3. MR 3 ATHL, AEHURE S R T3 nbR EDCE Ry
89.7%~107.5%, HHX}HR 22 (relative standard deviation,
RSD)N 0.2%~4.7%, J7ikUHERA B SR B R AT, P 24
PR TR MR

2.5 HEWE

A 5T PR LR AR E DY) B (GBW10052), ZEAH [ Ay i
WP KFULER AT, PATIE 6 WK, #F— Rk ik
PIMERREE, S5 R 4. G50LRWL, BAPBR Sc AT E
(ETCEHER A Ab, AR Ko R & RS EY FUAE ([E
WEZH, KBEEN 0.8%~5.5%, ek, J5ki
I

F2 16 MHELTENKMTEE, HXAH. RERMESR

Table 2 Linear range, correlation coefficients, detection limits and quantification limits of 16 kinds of rare earth elements

LR LMV (ne/L) A A £ T 1 5 7 LIPS () K R/ (ng/kg) SE PR/ (ng/kg)
Sc 0.05~10 Y=23997.2768X+12892.5587 0.9996 1.282 4.272
Y 0.05~10 Y¥=29850.9735X+52.0896 0.9998 0.177 0.589
La 0.05~10 Y=32701.1331X+20.9947 1.0000 0.172 0.571
Ce 0.05~10 Y=30574.6124X+22.9152 0.9996 0.299 0.997
Pr 0.05~10 Y=36337.0343X+19.3230 1.0000 0.122 0.407
Nd 0.05~10 Y=6517.8846X+8.9740 1.0000 0.435 1.450
Sm 0.05~10 Y=5624.1855X+9.2228 0.9999 0.197 0.655
Eu 0.05~10 Y=23129.7734X+4.1705 0.9996 0.130 0.432
Gd 0.05~10 Y=8165.9945X+6.0920 0.9993 0.167 0.556
Tb 0.05~10 Y=49200.3223X+3.0460 0.9998 0.061 0.203
Dy 0.05~10 Y=11646.2948X+3.1279 0.9997 0.126 0.419
Ho 0.05~10 Y=45383.9055X+4.9674 0.9999 0.054 0.179
Er 0.05~10 Y=14830.2385X+3.0460 0.9998 0.074 0.248
Tm 0.05~10 Y=42328.9349X+3.9248 0.9999 0.053 0.178
Yb 0.05~10 Y=8651.2797X+3.0460 0.9999 0.159 0.530
Lu 0.05~10 Y=34799.4782X+2.0034 0.9997 0.045 0.150
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Table 3 Recoveries and relative standard deviations of Zanthoxylum bungeanum Maxim. (n=6)
- AR A s 1 Bl RSD ks Bl RSD ks e RSD
(ug/kg) (ug/kg) 1% 1% 2/(ug/kg) 1% 1% 3/(ng/kg) 1% 1%
Sc 147 20 92.1 1.5 40 101.2 0.2 80 94.7 1.3
Y 282 20 90.7 1.7 40 99.8 3.0 80 93.6 0.9
La 536 20 98.5 0.3 40 93.5 0.5 80 102.0 0.4
Ce 977 20 97.6 2.1 40 102.3 0.7 80 92.2 0.8
Pr 119 20 101.2 3.8 40 97.6 0.6 80 96.7 0.3
Nd 465 20 95.4 0.9 40 93.5 2.8 80 92.1 2.1
Sm 90.5 5 91.3 2.0 10 97.9 1.9 20 97.1 1.8
Eu 25.2 5 94.5 0.4 10 91.7 0.7 20 104.8 0.5
Gd 88.4 5 93.9 1.7 10 90.4 0.7 20 99.0 1.7
Tb 11.2 5 89.7 0.8 10 95.1 1.3 20 92.3 4.7
Dy 56.4 5 106.1 1.1 10 98.6 2.0 20 97.1 0.6
Ho 9.89 5 94.0 0.6 10 107.5 0.9 20 92.6 1.2
Er 26.9 5 103.8 0.9 10 98.8 1.4 20 98.5 0.5
Tm 3.23 5 99.5 32 10 93.9 0.8 20 103.7 2.3
Yb 21 5 98.2 0.6 10 99.0 0.2 20 98.0 0.7
Lu 2.89 5 101.1 43 10 98.6 3.1 20 102.5 0.7

£ 4 BFEFEYRGBWI0052) E L R (n=6)

Table 4 Results of green tea standard reference material
(GBW10052) (n=6)

JLHE M/ (pg/kg) AR/ (ng/ke) RSD/%
Sc 79.2 (70) 3.1
Y 496 520430 12
La 521 540+40 3.4
Ce 810 810430 1.7
Pr 90.8 93+8 1.9
Nd 340 350440 0.8
Sm 68.5 66=10 1.7
Eu 26.9 2246 52
Gd 72.3 76+11 2.0
Tb 102 11.441.9 2.1
Dy 64.9 65+7 2.5
Ho 11.8 1342 4.9
Er 33.9 3746 4.0
Tm 5.05 5.9+1.1 2.7
Yb 34.6 3845 5.1
Lu 6.52 6.6+0.9 5.5

2.6 EPRMEmOHT
KRS 5 1, WS IR X 12 R B A8 ABURE b i
T, WER T E SR, SRLE 5. HREYW, K
[Fi) s DX AEABURE & P U RAFTE R K25, W RE S
FRZEH | AL R ﬁi&%ﬁ%ﬂﬁwﬁtﬁ%ﬁ%ﬁ%mo
MU 16 MG o0 R K1, o Ce La & it AHX 4L
w5, Lu. Tm. Ho & EAMINEA. MMFREIEE, 11k
WL TR SRR THAMN, SEEFEKNN La.
Ce. Dy. Tm. Yb L, ff & it 5N ik 2 (8] 43 5 AH
22204 %, 207 fF . 13.7 f%. 18.1 ff5F1 14.0 £, Sc LR
LSRR, RmesESIEEZMEE 1.7 f5. A=
FONKF, A X AL P Hoc R 2RI, B
RO RS o0 2 M m T A X, 0O )1 AE MR s 4 oC
F 0 AR T A X, FLABE P IEA D Pr. Nd. Sm. Gd.
Tb. Dy. Ho. Er. Tm. Yb, Lu ME T B, THL
M Sc, La, Ce METREKR, MM Y. Eu
LR G B SN BT o0 R & s LT Y
JIEFEAR, DU FEMR Sc Fl Lu o3& & AN, HR
TR EFRM,
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Table 5 Results of rare earth elements in different regions of Zanthoxylum bungeanum Maxim. (ng/kg)

BESL L RESY 2 BRSO RENN 4 RESYS KRN 6
JLE P )i )i )i e p TH
LIAEML HAEM EHAEML M afEM 4B

FESh 7 FEAR S BRSO BESN 10 BESY 11 BRAL 12
TH il Pl =M e p B
M HHEM AR Bl Al HIEW

Sc 147 122 121 164 179 169
Y 282 38.2 52.7 51.8 81.1 66.1
La 536 155 144 148 173.0 1217
Ce 977 238 150 276 316 2058
Pr 119 15.8 20.4 22.6 37.7 36.5
Nd 465 59.7 75.2 88.2 148 141
Sm 90.5 10.6 11.8 16.0 27.1 26.9
Eu 25.2 7.55 10.2 6.30 8.61 7.82
Gd 88.4 12.1 13.2 16.2 26.0 34.0
Tb 11.2 1.36 1.57 2.07 3.39 3.24
Dy 56.4 6.19 6.85 9.53 15.1 13.0
Ho 9.89 1.03 1.16 1.57 2.73 2.16
Er 26.9 2.93 3.05 4.89 7.45 6.32

Tm 3.23 0.289 0.330 0.497 0.828 0.694
Yb 21.0 1.90 1.82 3.73 5.63 4.84

Lu 2.89 0.247 0.248 0.580 0.828 0.607

208 127 162 148 183 151

145 54.9 50.0 331 79.5 28.7
281 150 142 806 157 59.6
537 159 262 442 283 99.6
63.5 21.6 21.5 104 33.9 10.7
243 79.0 84.0 381 131 395
46.1 12.6 15.1 53.1 24.5 6.97
14.0 10.3 6.31 28.0 8.74 3.38
46.4 13.7 15.7 66.6 239 7.37
5.94 1.61 2.02 7.79 3.11 1.07
28.2 7.35 8.99 35.8 14.4 4.12
5.00 1.28 1.53 6.97 2.53 0.755
13.6 3.30 4.70 18.1 7.00 2.30
1.64 0.330 0.454 1.72 0.746 0.178
10.4 1.90 3.63 8.74 5.39 1.50
1.48 0.289 0.495 1.27 0.787 0.268

3 4 1

AT ST T A T i - Eh B A 4 B R T
SEACRUPAR FoC R i, ik RRAR, MERE R, RES
s LR RN 89.7%~107.5%, X5 i 22
K 0.2%~4.7% FEBRAE S ATEE SRR, AR 16 FE +

JLEWAKH, SEIEEA 0.178~2058 ug/kg. Al L)
HAEMUR R LR iR e & %

EE P
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