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Uncertainty Evaluation for the Determination of Cadmium in Peanuts by ICP-MS

LIU Tong-ying, WU Shan-feng*, ZHANG Li-dong
(Linyi Entry-Exit Inspection and Quarantine Bureau, Linyi 276034, China)

Abstract: Objective: To establish a determination method of cadmium in peanuts by inductively coupled plasma-mass
spectroscopy (ICP-MS) and evaluate the uncertainty of determination results. Methods: A mathematic model was established
by analyzing the uncertainty sources from different parts. The final uncertainty degree was calculated by standard uncertainty
and extended uncertainty during measurements. Results: The cadmium content in peanuts was determined to be (162 +-5) u g/
kg with a k value of 2, which met the national standard. The major uncertainty was attributed to four sources such as repeatability
of measurement, calibration of standard solution, volume and sampling. Conclusion: This method is applicable to the evaluation
of uncertainty during component determination in foods by ICP-MS.
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Table 1 Program of microwave digestion
IR 1 2 3 4
W IC 150 170 190 100
FHELET ) /min 3 3 3 3
PRAFI ] /min 4 10 15 10
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WO . SIS IR 3 5 1 PR R TR R, T
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FURE /(ugimL). (08 T AR B B v %
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ICP-MS I A 52 e Mo I ANAR S 1 K () AN o 8 2 il o
1 FRER ] ICP-MS ALl S it i 5T i 08 FH s 1 e
HEATACHE, PR HERE 5 S A0 i B AN AR 2 M s SR AN
At BEAR /N, AT DA —JF 75 5 T R BE L8, 5 1 1 AN
BE kg
311 bR A A VTR B S N AN o B

B bR A A8 T AR UE L, TR IE N
(1000 £ 2)mg/mL, WA IEZR A, ekl £ 550

VR PE (1 HE S i S R R AH X A fE AN 18 8 4 S0 A
U(CStock):2/1.96:1.02mg/m|_ ’ U(CSIock)/CStock:1.02/1000:
0.0010.
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PRUERREC S RE:  F mbL B s R 2000mg/mL
ARG 409 1.00mL %= 100mL 7, i 5% iR
ERBZE, B 10mg/mL FRAET . FH 1mL #
VR W B A v TP R) R 1.00mL £ 100mL AR, M
5% MR & A 2 %%, B & 100 wg/mL HIARAE .
100 ug/mL FrdE b (Al — P il 1.00. 2.00. 3.00.
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Table 2 Recipes of a series of standard solutions

FRREVR TR R EUARY - ERARL
BHE R TE R
J& pl(ug/mL) mL mL
1.00 1.00 ImL KRA-BWE
2.00 200 2mL KAHBWE
3.00 3.00  SmL ZIEWmA 100 100mL 5l
4.00 400  SmL ZIEWRAE
5.00 5.00  5mL KA
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Table 3 Standard uncertainty introduced by glass container

calibration
PR KNS ZE ImL ARAEANH E BE ImL AR AR HEAS T 2 P

ImL KB 0.007 0.0041 0.0041
2mL KA R 0.010 0.0058 0.0029
5mL KB 0.015 0.0087 0.0017

5mL %I 0.025 0.0144 /

100mL & Sl 0.10 0.058 0.00058
3121 bR S N R RN

fic s 120mg/mL AT 100 w g/mL 4 vt b B 5 1N AR
BUAHI € E, & ImL B 8 f1 100mL 251N .
ImL A HRWE I ik e iR 22 5 0.007mL, 43494
O)AT . BUk= A3, DU AARBURR v A H 52 ol 0.007/ /3=
0.0041mL; AHXFARHEAHE &4 0.0041/1=0.0041. HT
S A i B R, B A AN + 3°C, KAE20TC
IR 280 2.1 X 10mL/°C,  Hi 8 A8 4k 5 D i 44
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FURRHR A E K 3 X 2.1 X 104//3=0.00036, L
AU b 7R AN iff o 15 Ok < //(0.0041)% +(0.00036)%=
0.0041, ®J WL, XJ-F/MEBIRER, B DL 2 5]k
FIARRAR L. [FIEE, 100mL 2% S A vE S N IR EANF 2
J% 9 0.10// 3=0.058mL, AHXS bRUEAH & Hy 0.00058;

LR R RIEA 2 B0 o/ (0.00058)2 +(0.00036)2 =
0.00068. JirLL, £ MR & 25 IC il % 100 wg/mL %
s HE T TRD IR 51 ON TR A B A 6 b HE RS i -

(S HERE A A W N (R R SE, d TREAN E RE Y
Sk, A R BEAT AN 2 S5 VP S B0 IR A o X AR U
B AEIERE 1 26 A T R 6 K, 1S & R S hr o i
72 AR o o i 22 55 LK 5 o
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Table 5 Repeatability of determination results
g &t EIME 1 bRUE
W5E 253 (1 g/kg) SPRME T bR 2 | RSD/%
1 2 3 4 5 6 (ughkg) (nglkg)

i H

UiV #0)=v/ (0.0041)7 - (0.00068)2 1 (0.0041)7 T (0.00068)2=
0.0059.
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FiC ) 28 H AR M W5 ) N AR RS Hf s B, KRR F
1. 2. 5mL BARB WA . SmL WA R 100mL A5 .
SmL WA (1 5 K A VF iR 22 4 0.025mL, ML hRHEAS )
FE 4 0.025/,/3=0.0144mL . X R AR HEE AR AT o2 FE
15y M W& 4 .
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Table 4 Uncertainty of a series of calibration solutions

i 158 161 163 155 169 165 162 5.0 3.1

PRAEAN 8 FE R V3B bR w22, W7 vk
M B B AL 288 I 5 | N P o M A i P38 AT AR G A E AN A 2
439 : U(Xrep)=Srep/ / N=5.0//6=2.04, Urei(Xrep)=U(Xrep)/
X=2.04/162=0.0126.
35 ikl ER B R e

75 A1 R T 150 wglml 7K1 6 YORE S s IRl i
AHOCHCHE VAo oS I SR s 45 R LR 6. ¥ [l
#99.7%, 5100% LEFMZER, UWHALKH fe &

— N
g{zgﬁ(‘fﬁ’if HIRHRA A2 (VY E&R

1.00 J{0.0041)7 +(0.00068) + (0.0059)7=0.0072

2.00 /{0.0029)7 T (0.00068)7 F (0.0059)7=0.0066 ®6 HEEMCEIRER

3.00 J(0.014473)7 ¥ (0.00068)”  (0.0050)%=0.0076 Table 6 Recovery rates for cadmium

4.00 J(0.014474Y ¥ (0.00068)? + (0.0058)%=0.0069 VR IR / E ) T PRER

5.00 J(0.0017) (0.00068)7  (0.0058)=0.0062 (wgkg) 1 2 3 4 5 6 (ugks) /%

150 148 151 153 146 150 149 1495  99.7 16

VSIS U AN E A, B 3.00 ug/mL S br ik
BUIFIAE R AR HE AN 5 FE(E 0.0076, A by bV H A4
G AR S AR HE AN 52 S

BT A, AR S R 5 1N PR AR RS A A A 1 5 3

u (Cstock) u (Vcal)
Uri(cal)= + = [ 0.0010% + 0.0076?=0.0077
Cslock Vcal

32 ARSI G NIANH E B

LT R BIASE E UE P H IR K A Vi 224 £ 0.0004g,
Fed 21y A7, k=43, kRvEAH 2 E h 0.0004//3 =
0.00023g. I8 5 {4 FH R PR EURF: il o) 75 28 W 2007 1
(R LS, —WiE ), B TPRHE b HEAS 2
J40.000232 X 2 = 0.00033g. F}HL 0.5000g k5 (A %T
FRUEAH E FE A ue(m) = 0.00033/0.5000 = 0.00066
33 EAMIGINIIAH E FE

SERRARIE 25mL 7R, A Y K St %4 0.03mL,
k=A3, WIBRIHEAHEE N 0.03/4/ 3=0.018mL, A HruE
ANHEFE N ue(V)= A/ (0.018//25)?+(0.00036)2=0.00080.
34 BENLRUN SN A E BE

FLFERE SIS BREE . BBV R R e A

4 N RE B AR

W FIRETUANH & BE oy AT A 8, A& SR &
FRAHAT AN RE A X e(Cal) F Uel(m) - UeP(V) F Ue?(Keer) =
A0.0077% 4 0.0017% + 0.0008% + 0.01262=0.0149.

A R UEARH E TE A ue(X)= X X ue(X)=162 X
0.0149=2.4pg/kg. BUEE/AKTh 95%, WA KF k=2,
W AN E B : U=k X ue(X)=2 X 2.4 =~ 5ug/kg.

5 ME4gR

A RE PR 5 B (LR IETT) . X=(162 + 5)
ug/kg, k=2. BIFE95% (&5 XN, %64 RE M
R G FR I AL 157 ng/kg A2 167 ng/kg Z 1Al %A%
45 R B FAR1E GB 2762 — 2005 (& 5 g B bR
FE0.5mg/kg IR 2K, A RIS 2R AT ML bR A
NY/T420 — 2000 {&rtafrahfe (R, 12))100.1mg/kg
MIARHE, AR R AN e G
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