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Uncertainty evaluation of determination of lead in candy by inductively
coupled plasma-mass spectrometry
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(Hainan Institute for Food Control, Haikou 570100, China)

ABSTRACT: Objective To evaluate the uncertainty of determination of lead in candy by inductively coupled
plasma-mass spectrometry(ICP-MS). Methods  According to CNAS-GL006-2019 Guidance on quantifying
uncertainty in chemical analysis and JJF 1059.1-2012 Evaluation and expression of uncertainty in measurement, the
factors of the uncertainty in the process of the whole experiment was systematically analyzed, the results of the
uncertainty and the expanded uncertainty were calculated. Results When the lead content in candy was 0.077 mg/kg
and the confidence probability was 95%, the combined standard uncertainty was 0.0054 mg/kg, and the expanded
uncertainty was 0.011 mg/kg (k=2). Conclusion The fitting linear regression equation for standard curve and
measurement repeatability are predominant sources of uncertainty of measurement results for lead in candy.
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AT, S LB G S B TR DN AR A S AN R 2235

IS Y NP EA S RS R B RP, Ak, B
T 1M MR SR P S E A R AR I B, AZRK
IR B A & AR OB S 5 5 R B R N B A,
BEm AT S AR . B WS RAE REiRD, W
Ko A A f R

FI RIRESR: s B A i 2 AT T MO 1 )
LB A S B PR T AT BB A S TR R S
PG DRI R ) e RO AR BRI,
SR S5 B IR R )2 P R R A I

AR, W& = A EEEIS R RN LR, WER
T R P A B HOR MR A S )12 Mz, Bl S 1 e i o
IR FR A B D SR e Ha ™, i o ) B
i o XA 2 35 400 0 %) 0 A B PP S 40
HRLA TN ZR, MOREZ R KA 5L A T A, WSk Atk
ZEPIXE ICP-M'S 0 22 F DU H 40 455 4 T e 3 e 4 SR A4 AR g
SEFEVEAT TIEE; BRI ICP-MS 3300 1 P A
) s SR AN R AT T PR . T EAT, X ICP-MS &
0 5 A SR v A £ 1A AN A A I

AWFFARYE JIF 1059.1-2012 (IS E P2 53R
7 ) M CNAS-GL006-2019 {Ak280 b7 HhAS#f 52 B (R TEA
B ) U2 RPRER A A R SR E B U T, XY
W0 2 SR 1) R R R AT T A8, AR mT {5 i
AR, IR RIZAG I A AN R R PR RS

2 MHEREE

2.1 MR
211 FERME

PE350X O BGEA S E TR (EE PerkinElmer
vHl); MARS OB AL (GEEIER A F]); XS204 HLF43
B RV Gi LA R -FER 220 H]) 5 HM100 ] XHHE AL L
TR B i SR A IR AT
2.1.2 KA 5

THRR (R4, FERE Merck 2AH]); HYAICRAMER
(45 GSB 04-1742-2004, 1000 pg/mL, FE%A 48 & H
FAPE TR L), F2seE T Milli-Q @B 4K .

WE S (BRSO R SR, W 18 1 FEAERE R TT);
22 KWHE

Fie I8 GB 5009.268-2016 B % EHFARE BT 2
JER AN E ) IR — ik i SRR A 45 B P IR A T A
221 ARRBERELH

KSR AR TR(1000 pg/mL)1.00 mL, BT 10 mL
i, FH 5%(V:V, TSR SRR WO B R 2 L, 153
100 pg/mL AYPRHEIRTR; FAHSIEL 100 pg/mL ARAERR
1.00 mL, &5 10 mL #&EMH, F S%iHRERE 2158
10 pg/mL FRAEFW; FRAES A 10 pe/mL I FR HEV IR

5.00 mL , Al S%IHRISIREA S 100 mL A, 155
500 pg/L FIBRAEST R o 435I BEEHRERE I 0.0.1.0.2,
04 .08, 1.0, 1.6, 2.0 mL #&F 50 mL &+, H 5%
HPRISE SRS « IWARE TAEWRIEZE R 0. 1.0, 2.0, 4.0, 8.0,
10.0, 16.0., 20.0 pg/L.

222 HonHl&

YISJHURE, SR L 5 . FREEERZY 0.5 (i
iz 0.1 mg), MA 8 mL fiffg, THEFRAF 100 °CTTHAF
0.5 hJF, WU, AR IRRGHE I f AU RS 2 T T
RHFBHHER, BEERSPERE 1 mL A, FAKER
% 25 mL, A4 ICP-MS M .

223 W &

AER S5 BN 1550 Wi 3R T 0.80 L/min;
MBS AL 0.40 L/min; 5B FRSRE: 15 L/min; W5E
B He 20 B WAL 31K,

Mg XL ELE, H4209 BifEHN MR
&, IKRUCKHARE AR S TR AR A B, DUVR BE R b Ak
br, DARRSCR A RS (55 5 NARIT R BTk (5 5 15
oA AR R, 22 B v 1A ) R RA DG R 48, ik
FRAR SRR i R A Y TR VR B
224 HERER

i e sk AN TTE (ol N WA N
X < CxVxf
mx1000
Arp:
X—BHR 50 & &, mg/kg;

C—— il P C R UK, pe/Ls
V——iUFE I A T 28 AR, mL;

fF—— IR BT 2L

m——REEFR BT, g;
1000— 5T 250

3 HER5HH

3.1 THRAEERIES

RS2 B Ty Tk A AR AR, S G ) AR
FEEROMER AR . AR TEIE . BEALTHMROE S . HoT
RARERZR LR . SR . BRI AR SEER A S 1)
A RE T EBA LT o OFEMER RS AR E
BE;, QO ES I AMATERE; ORFEHMRERTIA
B ASH 5 B, @R Tk B I 02 51 B S 58 B (B0 5 bR vfE
2R I0L A A AN B T IR VA I T 6 5 A A S
BE) o ASSEIANG E BE R F B B AN 1 R . BRIARSESG Fh A
WARZHRE, BN BB A BRI
32 BETHMEEREITE

32,1 BHRETANEIIAGIRAHLE
AN F—FEA AT 6 Y(n=6)EE A toph sk,
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AR 1, BRI A R X =
0.0761 mg/kg.J& A AR, RAMZEEN DR E B
S, 6 W IRERS, WEREN 2.53, BEHE
R=0.0813-0.0721=0.0092 mg/kg, #HEE S| ABFRUE

AHERH: u(r)=R/(2.53%/n)=0.00148 mg/kg; MIAHXIHR
WEARTE BE N U(N)= u(r) / X =0.00148/0.0761=0.0195, ¢
o B 0 S N G O B IE B AR e, Ik e
SR R,

Ry wEC  WUHEYR - LEE,
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BT A BRI AR A

Fig.l Causal diagram of the source of uncertainty

®1 ERPHEIE

Table1  Content of lead in candy
5 BRbERL/g WUASERVREE/(ng/L)  BER TP /(mg/kg)
1 0.5012 1.5379 0.0767
2 0.5034 1.4526 0.0721
3 0.5127 1.6227 0.0791
4 0.5073 1.5298 0.0754
3 0.4987 1.4374 0.0721
6 0.5066 1.6470 0.0813

322 HaMRE iR EE

TSR PRI S AR A R 2 SR R A HE = Y
AR o TR A IS B4k, 433 AR v
PRE MRS, RREMERANRTENE—G, BfE
JEREIAR/DS, R BB A B AT 2 AL

A RVUl AT, H4ME 8402 mg, xEE 2K
Fo& b SEBRE S RO e K2, JRREIE A0,
DRI, JFANA 5 BE (2R 4k 434 0.2 mg/ /3 =0.115 mg.
RO S PRSI ARIAREA T Z B u(m)=0.115 mg, MUAHXT
FRAEA G BE Up(M)=0.115 mgx107/0.5012 g=0.000229.,
323 RARHALRE R TING TA T

BRI R 25 mL Zmifi(A 2, VAT T 35
wEaEN A FOIITES

(1) FEHAZETIAMAHERE: 25 mL KA
A2 A£0.03 mL, EFE—AFH R A e ol FE P AR g (E
AR SR A i o e U2, O 8E = A T o A o T, )
RS A BIARIEATE BE u(V)) R 0.03 mL/+/6 =0.0122 mL.

(2) WETIABIAHERE: AT % R EE4~+4 °C
Z IRV Sl R TS A AR K B 2N T U A i AR
fik, HUIELAEZERTE . BIROIAFIZIK RECH KRR,
TR AR RBOR 2.1x107Y°C, BUi R iR ARk
2. 13107 %4x25)mL=+0.021 mL, JEFEI106, MRS
N IFREAER E BE u(V) 4 0.021 mL/+/3 =0.0121 mL.

2 B gyt A AT B 0E 25 A AR HEAS I 5 B2 :

u(V)= Juvp)? +u(v,)? =0.0172 mL
WIS 52 25 (A AR Ko AN 2 A

(V)= 0.21572
324 ABIREMF TN R L
ARSI AR VR FE DI 5 A B S B B bR
R AL FBRE ARV R G i I 7 A B PR RIS B 22 B A3
(1) bRUERRZRBIA B AR ERE: RASMrTEE &,
PR TR A R M s, T A VR o (5 PR ARV TR S
8 7 LA SRR HE T & 35
Mt 8 PRl LAV, AR5 31K, SR 2.
HR R/ kAT 214 26 Ra= 0.0257xC-0.0024,
Hpgl& B =0.0257, #lHE By =-0.0024, 52 RZ %L
r’=0.9999 . Xf C, #E4T 3 W FATIN &R, 138k E N
1.5379 pg/L. W Co M3LA th bR HEA I 3 T =T
TN - T S (&
" \/p n 3L -0y
AP udh)——AriEZAUA DS Co B 5 I ARSI E
p——FF SRV RN A A IREL, p=3;
N——HREE VR A 1Y SR BN, n=8x3=24;

=0.000688
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Co—HESM AW P A LR ISR E, C=1.5379 pg/L; BEH 1x4x2.1x107%/ /3 =4.85x107* mL.

C—— L& M & rh % 85 W ¥ AT B,
z;;cj
24

C= =7.625 pg/L(n KiiR);
B4 M A AU TE S O I, 200 gL
B—— G £ iR, Bi=0.0257.
®2 ELERRSRESHEEILE
Table 2 Ratios of standard working solution
e B SR B ( Ra )(EE E L) SERME
Cl(ug/L) 1 2 3 (Ra)
0.00 0.0004 0.0007 0.0007 0.0006
1.00 0.020 0.025 0.024 0.023
2.00 0.045 0.050 0.049 0.048
4.00 0.096 0.101 0.100 0.099
8.00 0.199 0.203 0.201 0.201
10.0 0.252 0.260 0.259 0.257
16.0 0.401 0.415 0.411 0.409
20.0 0.504 0.518 0.517 0.513

MR LR A0 Ra S AL Ry IARHE 2 22, 5 H
HOR R AR IEN 22 Seo

. _\/Z?zl[Ra,- ~(By +BC)T
n-2
A By——I A Lk A AREE, By= - 0.0024,

AR ik 2 MR, TSR A5 A
FRIBR AN 5 B2 A u(#8h)=0.104 pg/L;

AT FREASHE BE N U ()= u($81)/Cy=0.0676

(2) PRUEF TR A B G RS | A BIAHG 2 B bRy
R WHE IR GB 5009.268-2016 Y 55K HEA T8 24 Fi B LA b
VA PR, PO H AR v B 2R A TR B a5 A i B o 5 A 5 |
AR 2 A 5 b o 00 I S 45 A0 B A ) AN
o,

1) HFRUEDD BT I AR 8 B AR A AR T 1Y
FRUEY) FTIEA5 1550, JHARHE(E SN 1000 pg/mL, ¥ RAHE
R 1 pg/mL(E & TR 2), MOSFRIEY IR A& AR EAR
B2 B u(1000)=1/2=0.500 pg/mL, FAHXFRIHERHE B
Uet(1000)=0.500/1000=0.500x10>.,

2) FLE K 100 pg/mL H5HRIER RS A B ASHHE B :

D1.00 mL HARZF W E 5 A M A& B

1'% 1.00 mL PAREBRERKEREALZEN
+0.007 mL"Y, # = A o A0, 45 bR M R B N
0.007//6 =0.00286 mL.

2 EEWE S N4 °C, B, bRMEARTHE

=0.00420

W 1.00 mL B W 51 A B bR HE S B E E N

0.00286% + (4.85x10)2 =0.00290 mL, A B HE A 8
S 4 0.00290/1.00=0.00290.,

@10 mL B 5 AR E

1'fe25: 10 mL 2B KA & AL 22 H+0.02 mL, —
PRS0, WORRMEAI R 0.02/ /6 =0.00816 mL.

20 BE . R PR, RO A MR R AR
£(10x4x2.1x104=%0.0084 mL, HIE 10, SARAERHE
Ji£ 4 0.0084//3 =0.00485 mL.

10 mL % &= IR 5] A W AR A B E E R
0.008162 +0.004852 =0.00949 mL, HoAH X7 A 5
4 0.00949/10=0.000949.,

HO. @ulH, ECHM 100 pg/mL 45 FR VA BT AE X

BRI SE B Un(100)=~/0.002902 +0.000949% =0.00305
3) BEil A 10 pg/mL 5HRUER T | A B 2 B
i 2)a] %0, [RIERECHIR 10 pg/mL SRR vV A AR X

AHSE BE Upg(10)=~/0.001312 +0.0009492 =0.00305 .

4) Bl 0.5 pg/mL ARV TR 51 A RIAN E B2

D5.00 mL HAFRLR LIS 5| AT E BE

1'f22%: 500 mL FAREBRE N RKERAREN
+£0.015 mL, = M B 410, HH iR AR e EH
0.015/~/6 =0.00612 mL .,

2URBE: EIRWEE x4 °C, JRIEIE A, FRIEAHE
JiH 5x4x2.1x107%+/3 =0.00242 mL.

W 5.00 mL B WA 51 A M BR ME S B 2 BN

0.006122 +0.002422 =0.00658 mL, HAHXHHFHE A 52 i
>4 0.00658/5.00=0.00132.,

@100 mL ZRIHE A B A E

1225 100 mL £ K28 i A2 M+0.10 mL, 4%
SIS, BCHFREAHE B 0.10/4/6 =0.0408 mL.

P O R S 1 = B B N 52 S T A
+(100x4x2.1x107=+0.084 mL, HJE/r40, MFRAERH E
Fi 4 0.084/~/3 =0.0485 mL.

M 100 mL % & M 51 A B AR HEAS B BN
0.0408% +0.0485% =0.0634 mL, HAR AR AN 5 E B R
0.0634/100=0.000634.,

H@. @ul%l, B 10 ng/mL H5bR £ AL 0.5
wg/mL 5 AR V80 A0 X R v S B R B R Ua(0.5)=
J0.001322 +0.000634% =0.00146

5) B v B AR 1.00 pg/L A5 PREIR S I
P AN o

D100 pL Biar 51 A BT E
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1'fe2%: Ml Brand A mIRMLAB AR, A1
100 pL BBHEARAIARIEN£0.6 pL, M THE(CERT ZAHA,
SO A =AY, AERE R BE 0.6/4/6 =0.245 pL.

IR EIRBEE 4 °C, BIEEIIAN, FRERHE
JE A 0.1x4x2.1x1074/+/3 x1000=0.0485 pL.

Woo100 pL B WA 5 A B AR R B € BE R
V0.245% +0.0485% =0.250 L, A X b5 R B E R
0.250/100=0.00250.,

@50 mL %5 i B AN 2 BE

1222 50 mL % B AY R K4 B fe22 7+0.05 mL,
e = IR A, WIARMEART E 9 0.05/4/6 =0.0204 mL.

PO R S I I NI -2 B Y (5
£(50%4x2.1x107%)=+0.042 mL, J&4EIA, WFRMEARHE
J£ 4 0.042/~/3 =0.0242 mL.

W50 mL % a5 A B AR HE N B2 N
1/0.0204% +0.0242% =0.0317 mL, FHoAHX b7 HEA B 58 BE Ky
0.0317/50=0.000634.,

A @ @RI A1, Frbr o P E R 1.00 pg/L 85FRiE
VAT R AR X AN R JEE

Ura(1210°)=+/0.002502 + 0.000634 =0.00258..

25 b 1)~5)ATAL i 1000 pg/mL B v 5 B i
1.00 pg/L 5 TAERBR R A 5 | AR AE R AR EAS 0 22 B

u_;(1000)% +u_;(100)? + u, (10)*
Urcl(Stdl)\/ rel( ) rel( ) rel( )

R

R

+U(0.5)% + U (1x1073)?

(0.500x107>)2 +0.00305>
= =0.00526.

+0.003052 + 0.00146% +0.00258>
[ BESR 45 Ho 2 2R DA M TR 1 45 AR R BR v AN 1 2
gER LR 3. 1A B KR AR EAS B (R, BIEC

4.00 pg/L H5HR I S 51 AR AT BR HEASTRE BE: 0.00619,

RISy b o T VR IE R ok AR SO AR X R B E BE, il
u(std3).

®3 ELERRARTBEMTENHEE

Table 3 Relative standard uncertainty of standard working

solution
G He P /(ng/L) AR R A o L
Std0 0.00 0.00000
Std1 1.00 0.00526
Std2 2.00 0.00526
Std3 4.00 0.00619
Std4 8.00 0.00526
Std5 10.0 0.00526
Std6 16.0 0.00568
Std7 20.0 0.00568

Zr (D). QW BRI TP EICRWE C 5k
BB S bR MEARH 5E BE

Urel(C)= /U g ()2 + U (8103)? =1/0.06767 +0.00619
=0.0679

DA U 2R 300 B DA B 7 VBT T 3o 2 B A A A X o
AN RE BER/INEEBCRT AL, VR AT R 5 | AT 28 B 4
A DL AREATT
33 ARMRERHERE

Hrgg ERTR: ICP-MS i BiR rp %5 L A& AR
DO 7 (D N D - Uret(X)=
\/urel(r)2 + urel(m)2 + urel(v)2 + urel(c)2 =0.0706.

SEIGIN SRR R BRSO 0.0767 mg/kg, TR A
oo o=/ M oW R M E N L ue
Ure(X)xX=0.0706x0.0767=0.0054 mg/kg.

34 FRAHEE

BUEIEKTA 95%, PRETF k=2, HEE2Y RAH
FEJE U= uxk=0.0054x2=0.0108 mg/kg, 15294 0.011 mgkg.
35 MEFHEERSE

A S B0 W AR M R b Ay ' 45 R N (0,077
£0.011) mg/kg, BUEFKF P=95%, ¥ EHF k=2,

3.6 ETHMEENEHEXER
MR LR ah R, H & AN E S E AL F R, Wk 4,

R4 BTHEESEEXER

Table 4 The correlation results of each uncertainty component

o B i S OPSY N e
ae o AR e
s KW PREL R Uy JF £ LB IR )

| u(y.x) | (mg/kg)

pkSs

I ES 0.0195 0.00150
m AR B2 0.000229 0.0000176
v REEEA B 0.000688 0.0000528
c iAFekE B2 0.0679 0.00520

| u(yx) | K/ S B CNAS-GL006-2019 b4 4347
TR BE A 6

M 4 T, X AN S B 4 2R R W B K B R IR
TOC RN E ST AR EE, B2 ARifE el
FUA AR E BE 5 FLU R O I E A2 1R 5 1A AN E
RS T PP AE TCP-MS 10 P il it v 2 LR
B E FESSIE AL Hh LA, TCP-MS 300 5 Wi v A 5
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AT, A LB S B TR D AR A S AN 2239

N E BE 2 ORI AL AR R I AR R 2R AU
S, TR PR | IR R A LA B bR PR A R e A
FIABIAHREFE Al 20 ATE i, 7245 il R,
IO A S e s v AU LR I AR MR R,
PRUEHIZR LM R A v (B L 0.995 LA I, vk B

S VEAE AR PP )RR AT, ARF b T 00 I T T L 98 4 i D 4,

FEARWFE TGN D B EAE K SRR, LA I/
LSRR E R, DRENEEE R A AT

SE

(1

[2]

(4]

(5]

(6]

(7

WAL, B RELHHRTE IR HEFD]. AT S
B=2%, 2014, 25(6): 77-79.

Cao XZ, Zeng J. The pollution situation and harm of lead in food in China
[J]. J Publ Health Prev Med, 2014, 25(6): 77-79.

WISE, X2, ER S AR R R IR R[], Bt
i, 2018, (19): 9-12.

Gu ML, Liu XB, Wang J, et al. Development status and countermeasure of
candy industry in Sichuan province [J]. Mod Food, 2018, (19): 9-12.
A, EIVEAR. BT - L o A S5 R R G v s e
R T4 B 00 & R[] &R EHE, 2012, (11): 315-318.

Li T, Hou XD. Inductively coupled plasma-atomic emissions
spectrometric(ICP-AES) determination of chromium in chewing gum with
microwave digestion [J]. Food Sci Technol, 2012, (11): 315-318.

W58, ok, 4R X M Is g R AEE ] R, 2007, ()
102-103.

You Y, Ju R. The pollution and harm of food by heavy metals [J]. Environ,
2007, (2): 102-103.

BREL, PR, BRA AL ORI R | R R T IO R
TRINE SR I, 2Rk 27T AR, 2006, 12(1): 23-24.

Zhao ZK, Yang YP, Han J. Application of chemical improvers in the
determination of lead copper and arsenic in chewing gum by atomic
absorption spectroscopy [J]. Anhui Agric Sci Bull, 2006, 12(1): 23-24.
B, ARARE, XURME, SF. IR A T AR B R R
PR AR B BT[] BRI, 2017, (7): 252-253.
Huang L, Deng SJ, Liu TP, et al. Determination of lead, arsenic, aluminum,
chromium and cadmium in packing hard candy by inductively coupled
plasma mass spectrometry [J]. Mod Agric Sci Technol, 2017, (7):
252-253.

X, R, e, 45 [Ei ICP-AES W& MR A G5k iy i
B4 EIGEI). TMET, 2011, (9): 136-138.

Wang YH, Song XC, Mu XW, et al. Determination of trace metal elements
in candy and soy milk powder by domestic ICP-AES [J]. Guangzhou
Chem Ind, 2011, (9): 136-138.

FRRE, AT, Z. ICP-MS JEIERZ P, Bl 5. ok, it
I S8 BEATSET]. SR 25, 2012, 31(3): 136-140.

Wang XM, Wang K, Ji S. Evaluation of uncertainty for the determination
of Cu, As, Cd, Hg, Pb in TCM by ICP-MS [J]. Qilu Pharm Aff, 2012,
31(3): 136-140.

[9] kAl SEaril, FOF, A5 PSR E A TR T DI E i DL |

AR R BETE )], BRI AEA, 2019, 10(17):
5884-5888.
Zhang MC, Mu JY, Wang Y, et al. Uncertainty evaluation for
determination of lead, arsenic and cadmium in scallop by inductively
coupled plasma-mass spectrometry [J]. J Food Saf Qual, 2019, 10(17):
5884-5888.

[10] BRI, BRRL, ARSI, 5. RS A5 B T VR B D0 E P R Al

BRI A EPEAE [J]. £ Ah A AT AR A, 2018, 9(12): 2986-2992.
Chen XM, Chen K, Xiong HH, et al. Evaluation of uncertainty for
determination of total arsenic in meat products by inductively coupled

plasma mass spectrometry [J]. J Food Saf Qual, 2018, 9(12): 2986-2992.

[11] JIF 1059.1-2012 P A 2 B (PP 5 R AR[S].

JJF 1059.1-2012 Evaluation and expression of uncertainty in measurement

[S].

[12] CNAS-GL 006-2019 fb2#43HT AN & B A PPALHE RS-

CNAS-GL 006-2019 Guidance on quantifying uncertainty in chemical
analysis [S].

[13] GB 5009.268-2016 X fh %4 FEZbRE B HZI0RINES].

GB 5009.268-2016 National food safety standard-Determination of

multiple elements in food [S].

[14] JIF 196-2006 ¥ FHBEES R AR[S).

JJF 196-2006 Working glass container [S].

[15] Bfot, ARar. ICP-MS W P it A & B AN BEVERE D). FL i

50U, 2010, 26(1): 57-60.
Chen G, Lin L. Evaluation on uncertainty of measurement result for lead
in meat products by inductively coupled plasma mass spectrometry [J].

Food Mach, 2010, 26(1): 57-60.

(e TR
fEE®EN

AHBE, L, PRTRRF, TEZMR
FEARBEEEM.
E-mail: gumantunde163@163.com

BAER, fit, SRIEM, ETEHR
HEARMEEEN.
E-mail: 823801169@qq.com



