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# E: BN &£ HEGHEEA%SE FIAR % (inductively coupled plasma-mass spectrometry, ICP-MS)[a]Hf
M E/NEH Pb, Cd, Cr, Ni, Cu, Zn 6 FIOLREEHM NIk, FE  NERMNT Zu)}:ﬂtﬁuﬂ PR
wfrskit, LURSEAKESS, I ICP-MS HEATINE, JEXT T ik 4Ryt . A i B ORG28 FE A ORI T T % %%
ZR 6 FTRIE—EMEINAME SR RAF, HXREIIKRT 0.999, Jrikk iR 0.04~0.4 ng/L. %fﬁ?ﬁﬂﬁ
ISR TE 84.5%~123.8%2 [8], U 5E 455 5 A AH X BR HE A 22 (relative standard deviation, RSD)FE 1.3%~4.5% 2 [f]
2 okt e REUES, @R T/NE SR TRMREIENE .
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Determination of 6 kinds of metal elements in wheat by microwave ashing
and inductively coupled plasma-mass spectrometry

LI Xu', WU Wei-Ji', LIU Jia"", LI Xing-Yuan?, LI Feng-Xu', LI Bei-Bei'

(1. China Tianjin Grain & Oil Wholesale Trade Market, Tianjin 300171, China; 2. Tianjin Grain & Oil Quality Inspection
Center, Tianjin 300171, China)

ABSTRACT: Objective To establish a method for determination of 6 kinds of metal elements including Pb, Cd, Cr
Ni, Cu and Zn in wheat by inductively coupled plasma-mass spectrometry (ICP-MS). Methods The wheat samples
were ashed by microwave ashing system. The residue was resolved with HNOj; followed by dilution with ultrapure
water and detected by ICP-MS. The linear relation, accuracy, precision and limits of detection of this method were
investigated. Results The 6 kinds of elements had good linear relationships in the certain range, and the correlation
coefficients were all greater than 0.999. The limits of detection were 0.04-0.4 pg/L. The recovery rates were
84.5%-123.8%, with the relative standard deviations (RSDs) of 1.3%-4.5%. Conclusion This method is rapid,
accurate and sensitive, which is suitable for the determination of the metal elements in wheat.
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WorEe e . IRt L RS S A A
J% 9 9635 1= (inductively coupled plasma atomic emission
spectrometry, ICP-AES) fil B, & #5 & 55 & F Kk Ji 3% 1
(inductively coupled plasma-mass spectrometry, ICP-MS)%
B0 e ICP-MS Jy i AT G 1 BRI | 2Rt 58 . S
BER LA, ATHERT ZFOC R A R AR I . A B A
MRIRIAR . TIRT . Bl Y R 2
— PR R AR ER, TEALIN TR N REAE /N2 Ry KA, FE L
PR, LTI ASCR RER AL X /N2 EA T A 2,
i ICP-MS %} Pb, Cd. Cr. Ni. Cu. Zn 6 s Fli}
Kl 5 AL GE R T AR L, 1207 R b, A i
BREEPR, AR, T OHEAR A i 22 00 R A I
DU AR v 14 22 R o0 3R (]I I 5 32 AR

2 MHERE

2.1 UE5EHH

NexION300X HLEHE G 55 B TR BT (e H PE 2
H]); Phoenix ff( ALY (5 E CEM A Fl); P300 I 3 b (1l
[E] Nabertherm /A ]); Multiwave PRO Ui 114 ff X (B3 A1)
Anton Paar /A ]); LWFS31101T i#R4li/K 24 (35 E PALL 2
); 3100 JiE KU (B dL Perten 24 F]); 4R, 20%2 014 7%,
EEFRPET S

HER(MOS g, KHRAT LA RABLE A BRA F); 45
Pb. % Cd. 4% Cr. £ Ni. 4 Cu Fl¥F Zn BT E AR HEA T
(100 pg/mL, EZEFREYIFIHL); TIEERER Li. 9 Be.
B Mg %k Fe . # In. %1 Ce . H} Pb. 4l U RS, 1 ng/mL,
[ PE 2w, /N UEARHED) B (1 FAR D T 0

INFERESD, SRR T A A
22 KWHE
22.1 ICP-MS %%

1 ng/mL PSR ICP-MS #EATIEE AL, i1k
JESSHLE 1,
222 HemaTdE

FREL 0.5 g FEARBA BRI T IKAb . T A i
SETRE K 550 °C, 174% 60 min, KALSEMJGBUN N, ¥

MERWEFRE | mL HBRE R, FBAUKERE 50 mL,
AT E

223 AR K a9 HE

A3 IS TCR R UEE TR, FH 2% PRFR R, BC Al
RYGFHEIR AW . Hih Pb, Cd. Cr. Ni FIED 51
0.5, 1, 2. 5, 10, 50 pug/L, Cu. Zn HIHEESTHIHN 5. 10,
20, 50, 100, 500 pg/L. LA 2%AHER My as 1, LEDLAbEIAL
AT M EARHES W R B Sz A, HIVERRIERRZR, [RIES
W A LIRS

£ 1 ICP-MS HILESH
Table 1 Instrument parameters of ICP-MS

WS B
SR /W 1100
8B PR i /(L/min) 18
SR B /(L/min) 12
il B S i /(L/min) 0.93
A3 S He
Fll 4 S it /(mL/min) 45
FARIFEE O AR/ TR =
SR/ B A B/
RAEEM Bk
GiV-2/€11 3
3 GRS

3.1 AIRCEBEHRITRE

TN B IRATRLIEE © DR ] LA R B 2 5 i)
TRARZE SR 3 A EEH R . AR 8 3 Tl g 3
W T RFERBI, MEsRARAL ALK ] 21 52
BRRFR], SRR, AR IA] R 4 o I (IR T ek
BRI TE 4 . BUBRRI/ N RESD 0.5 g, T ILRORTH )
RACRRF?, FE LHLIE, HER TR EeR, 4558 a0
2 R o B IRABIIRE S 550 °CLA I, FR¥FIEILE 60
min DA b, FESATR S, Y RARIR BB E Sl 650 °C
KUk EEE, P, Cd. Zn W RISCREAR . 25 T REATT 2 1
EIAH R, RAEPERRT 3 WATAbEEAR Y
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Table 2 Programme of microwave ashing

)
FHRFRT B E Ik /°C P45 BF [A]/min g5 W g > lel WE&?M SCu 6671
1 550 20 NEL 74.9 77.3 78.8 73.1 70.6 81.5
2 550 40 ANTE4 80.0 82.5 84.1 84.6 83.7 90.2
3 550 60 TEAE 104.1 96.0 91.5 97.2 103.0 101.4
4 550 90 E4 98.2 95.4 90.8 96.5 100.6 92.0
5 650 60 BrE 81.6 88.3 91.3 94.8 96.7 80.9
6 750 60 T4 69.5 72.7 82.6 88.6 82.1 75.1
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HIALBREFRAE R S /D, B Z AU, 45 R i e 22
PREER SR, ATRES P EURMASE 2, IR ALITE] .
TWFFERRRE X RABCRAFENA, 73 5FRH 0.1, 0.2, 0.5,
1.0, 2.0 g Bl $ACALR IR AR FPtE AT B, JF ERLIE,
FURR AR R [T, S5 R ANE% 3 R . IR 1.0
g f1 2.0 g i, BACJFFRME MAHRRICIE S8 i . 5 B R
FEAMTER R BRI, BAHERRFEE R 0.5 g.
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Table 3 Recoveries of the method for different sample weighing

[T /%

it 45K

208Pb lllCd SZCr GONi 63Cu éézn

0.1 SE4 1087 97.1 942 1046 954 963
0.2 S64 1053 924 96.8 1023 97.6  99.0
0.5 SE4 1041 96.0 91.5 972 103.0 101.4

1.0 A5E4 803 81.0 79.6 804 799 882

2.0 A5E4 702 719 69.8 732 650 741

3.2 FRIEEHRIHE

SR ICP-MS (2% RABE 1) F ESHE REEIRE . 5
IR AW RS . R RO R TR,
D E 25 1 R AR e, EUB RIS P e i (I . TR
TGRS HOLE 1,

FE I, FEIN 0 R AR AEAS [A] Y TR0 3] ik i
Beo IMES0R . T/ MR 8, B2 il o R 07
Z 7y 2%pb, cd, 2Cr. Ni. ®Cu. *Zn. 7E STD K=
T E N A AR YR, BR ©Cu 4h, Hfh 5 FOCE M
W5 45 S50 BT Ay, PCu MINESE RAW K. 7
KED #FME, vk HASMRTES, 6 FhocERmrie
I S5IEEAHRE, FiEs: KED BT &,

SRR ERE N 1.5.2.5.3.5.4.5. 5.5 mL/min,
WL [l B A5 e LL, IR R AR, 45 R EREAR
TN 4.5 mL/min BHERE R . IZBEARRERE N
4.5 mL/min,

3.3 FHIRIE

[ IRHI 2 R 28 IR 12 WK, RUEBELL(SINY R 3 3
SR PR bR v 2R AT A g AR IR LR 4. S5 REE
B 6 FICHELMEXRR RAF, M RAE 0.04~0.4 pg/L Z[A],
[0 A

TURE S 6 4 AR SO L EA T AR BRI 2, 1SR
AR 22 (relative standard deviation, RSD), #5913 5, £
T AR R %
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Table 4 Linear ranges, equations, correlation coefficients and
limits of detection

TR bk

28 =] TE 2 & 1
S Fk fug/L) LR HCREr KHBR/(ug/L)

28pp 0.5~50  Y=234412X  0.9995 0.04
"cd 0.5~50  Y=10072.7X  0.9998 0.08
2Cr 0.5~50 Y=3096.7X  0.9996 0.18
Ni 0.5~50 Y=5812.5X  0.9998 0.21
$cu 5~500 Y=10150.9X  0.9997 0.08
7Zn 5~500 Y=2155.6X  0.9996 0.4

RS5 FHHEMBEEE (n=6)
Table 5 Precision of the method (n=6)

JCR A SEH{E/ (mg/kg) RSD/%
208pp 0.035 4.5
"cd 0.025 1.8
2Cr 0.331 3.2
Ni 0.302 1.7
®Cu 2.77 2.4
Zn 12.61 1.3

BORERD 6 33 B 3 ASHBRE AR IR, 14T IRl
HME . HRIIR 6, FWIITEABLFH IR

Fz6 FHEREUWE (n=6)
Table 6 Recoveries of the method (n=6)

JLE AR TR/ (mg/kg) [l /%
2%pp 0.02, 0.05, 0.1 97.1~123.8
"ed 0.02, 0.05, 0.1 89.3~112.0
2Cr 0.1,0.2,0.5 84.5~92.7
SONii 0.1,0.2,0.5 95.7~101.2
$Cu 1,2,5 97.5~109.1
Zn 1,2,5 96.7~104.8
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RT WORRWESERERLE. HURERENLE (n=6)

Table 7 Comparison of microwave ashing, conventional ashing

and microwave digestion (n=6)

HIALE L RSD/%  ATARIEAT[E]/min AHER A &/mL
W KA 1.3~45 120 1
g liAbsE 4.7~9.8 420 /
MO IERE 3.2~7.6 210 5
4 % g

ARICHEST. T ICP-MS [R B E /N2 Pb, Cd.

Cr. Ni, Cufl Zn 6 FCZE M. FERBBTRE FRE K
A HEATHTALBE, SR)5 0 ICP-MS WE ., JrikiiEfE . o
B2 55 6 A G R (W 4R [ENBCRAE 84.5%~123.8% 22 [H],
AH X A5 D 25 1E 1.3%~4.5% 22 8], 75 B B9 A B
0.04~0.4 pg/L, REGETE /N H 6 Fhon 2 WA 2Bl a2 1)

g*o
SE 300k
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