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Uncertainty evaluation for the determination of lead in food by inductively
coupled plasma-mass spectrometry
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ABSTRACT: Objective To evaluate the uncertainty of determination of lead in food by inductively coupled
plasma-mass spectrometry (ICP-MS). Methods Based on the method of GB 5009.12—2017 “National food safety
standard determination of lead in foods”, the lead in food was measured by ICP-MS. According to the evaluation
rules of uncertainty, the mathematical model of uncertainty evaluation was established, then the systematic evaluation
of uncertainty was evaluated in the whole measurement process. Results When the concentration of lead in food
was 0.333 mg/kg, the expanded uncertainty was 0.03 mg/kg and the result was expressed as (0.333+0.03) mg/kg.
Conclusion The uncertainty introduced by standard curve fitting is the main factor contributing to the uncertainty
of the measurement of lead in food.
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fi3E GB 5009.12—2017"4, 753 J& 5236 58 IR IR ¥ 4%
HRTE BT, (8 AR A 5 B IR B G T e . 1
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% GB 5009.12—2017 Hll & 25 R AT AU ST
VERE H & AN 8 B BT . AR TR TR
ERIEARXWT:

CxV
mx1000
o w—iAFE IR & i, mg/kg;
V—if b B AR, mL;
C—IE IR T R MR, pg/L;

W=

(M

m—iRFE T, g0

IRYEECAAET o3 Ar S /iR, FI48H ICP-MS A
TE B SR S RO E B BRI T (DA ETAL S R
FIAMATE R, QPP BTRCH 5 AR AT E B ()R
an B AE S AR E B (G PRl 45 AR A TR
FEPE

2 HER5HH

2.1 HRACEEIESIANTHEE
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A E LT 20T KPR 2 0.0001 @), %K
WK f222 9+0.0001 g, #3515, W k=3, #ERFR
B FR AT E BN

a  0.0001 _
u(m) _E _T 0.000058 g
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B 5 1 5 S AR R A A 22 B A
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Table 1 Experimental results of standard recovery

P55 AMEAmg/kg)  SEBRIUEME/(mg/kg)  EIRR/%
1 0 0.333 /
2 0.4 0.727 98.5
3 0.4 0.719 96.5
4 0.4 0.733 100.0
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Table 2 Uncertainty results of the standard recovery

WO frfedne MAR bR AR R A
WER S RWEEW®R)  EE . (R)
i 98.3 1.76 1.01 1.03%

it H

2.2 tREYIRECHISI AR FREE u(C)
22,1 WAREME R AR u(C))

B R T IR B GSB—1742—2004(19B027-3)4e J¥ 9
1000 pg/mL, UE 5 b #5702 09 H X5 8 A 1 2 R
U=0.7%(k=2), VIR HE At 25 1. 51 A 60 FE X AR oS 1 2 B
u(C1) = Ulk =0.7%/2=0.35%

222 MBEIEARTI A AFE R ZE u(C))

A 5E FF 1000 pg/mL AR HERE 55 R BC I B 50 pg/L bRt
R, R AR A 9% 5 mL B 100 mL 28
T3 X
2221 BEE u(Vs)

5 mL B S S AN AT E A 2 N

(WBRE ARG ROATERE u(Vs)

A 2% 5 mL BARBIRE AR RV 2 8+0.01 mL,
HeX) S A

u(Vs;) = al3 = 0.01/4/3=0.0058 mL.

QBB AR R AR EE u(Vs,)

W A AR M £5 °C, 20 °C I K Y I K &R Kk
a=2.1x107* °C, #3504, WA BRSO S BN RS
& R M SR AL K 2.1x10* °C'x5 mLx5 °C=
0.00525 mLU"\, $ie35 57404, HbRE AT 2 1

u(V3y) = a/Al3 = 0.00525/4/3 =0.0030 mL,
WO 4 7 R B VAN A
u(Vy) = Ju(V31)2 +u(Vyy)? = 0.0058 +0.0030°
=0.0065 mL.
AT AN 5 BE N -
1 (V) = 0.0065/5 =0.13%.

2222 i u(Vy)

100 mL 25 55 R E R B 2 4~rak:

(DFE A2 20 °CHF, A 2% 100 mL 25 &I A &
25 RH+0.10 mL, BUETE 4040, WA SRS A KA
FEFEN:

u(Vy;) = al3 = 0.1/4/3 =0.058 mL.,

() B AE L Ry £5 °C, 20 °C K i1 % ik Z %L
a=2.1x107"°C, #3557 43 4, W p IR 0N 5 B0 25 R
e KA PR BULAS 4o 2.1x107* °C'x100 mLx5 °C=
0.105 mLU), WUl 5 B LI FE 5 | A AR A 2 3

u(Vap) = alf3 =0.105/4/3 =0.061 mL.

D) 58 L A AR THEAS B
u(V4):\/u(V41)2 Fu(V4)? =v0.058% +0.061> =0.084 mL.

X AN 2 3

e (V) = 0.084/100 =0.084%..

AR R Ao AR 5 LA P A X AN A I 8 VR N 45 o
A AR U AN S B A
Ur(C2) = \Ju(3)? +u(Vy)? =0.13%2 +0.084%2 =0.15%.

TRE 3 UK, MRS A A 1

g (C2) =70.15%2 +0.15%2 +0.15%> =0.26%.

B Ja, BRAEY) BTG A AR T gAY AE XS ASE E B R
b UE Ak £ TR B T R 3 UM X R W B A R,
1t (C) :\/urel(Cl)z g (C2)% =V0.35% +0.26%2 =0.44%.
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Table 3 Repeated measurements for 10 times

Ml EH A /(mg/kg)

1 2 3 4 5 6 7 8 9 10

0.331 0.335 0.327 0.338 0.337 0.326 0.335 0.330 0.335 0.338

n

S

I 10 W& M Fy: X =-=1—=0.333 mg/ke,
n
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Table 4 Standard curves of lead and tis content calculation

JLE HE

o £ fx)=73733.2867x+7887.8645
HIEREUR) 0.9992
AL/ (ng/L) 0~50

FrifE /g 0.5000
TE AT mL 25.00

Co/(pg/L) 6.660

W/(mg/kg) 0.333

2.5 ARRENHEETE
2 F 0K 6 PR & WU E BE > BEEA TS 8, JUUAG:
INEE SR A B X AN E

\/“rcl(m)z +urcl(V)2 +“rcl(ﬁ)z +
Upel =

U1 (C)7 + 1ty (X)? + 1 (Cy)*
=4.46% .,
BRUEAE B 1 = W x u,yy =0.333%4.46%=0.015 mg/kg.
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Table 5 Uncertainty resulting from the fitting process of
standard curve

LR Hr
G Ra 4
0 7865 7888
1 78895 89216
PRk 5 318050 360702
10 670684 768963
30 1801298 2140697
50 3070410 3738792
S 37865
B 73733.2876
C 16
Co 6.660
u(Cy) 0.2865
Urel(Co) 4.30%
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Table 6 The list of relative uncertainty components for lead

N B G B
FESRFR B urea(m) 0.0012%
FE i E BTR wea(V) 0.084%
AR ua( R ) 1.02%
PRAEYIR tpa(C) 0.44%
BHEMZL ure(C) 4.3%
PR wra( X ) 0.42%
A AT AHE el 4.46%
G R HEAT E B u 0.015 mg/kg

2.6 T RABEENTE
IR 2 3 AT R IEAS A, 1R 95% EAR KT, A1
K k=2, WIS E R AN E i
U=uxk=0.015x2=0.03 mg/kg.
FEADE , H B A S5 B R I i R E |
i S R I A SR AT 2R O =0.333+0.03 mg/kg (k=2).

3 &

ABFFEAAE TIF 1059.1—2012 Fl GB 5009.12—2017,
REAHT T & P AT R B B AR E R, S5RE
BT rh v Er sl 0.333 mg/kg B, HA RBATIEE K
0.03 mg/kg (P=95%, k=2), ill&:4% 5 4(0.333+0.03) mg/kg,
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