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Abstract: The uncertainty in determination of nickel in soy milk powder by ultra-wave digestion-
inductively coupled plasma mass spectrometry was evaluated and optimized. According to JJF1059.1—
2012 Evaluation and expression of uncertainty in measurement and CNAS—GL006: 2019 Guidance
on quantifying uncertainty in chemical analysis, the mathematical model of uncertainty evaluation was
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built. The main sources of uncertainty were analyzed and their uncertainty components were evaluated.

Then the relative standard uncertainty and the expanded uncertainty were computed. Finally, the

influence of different sources was analyzed and the possible optimization methods for reducing the

uncertainty were proposed. When the coverage probability was 95% (i.e., the coverage factor was k=2),

the expanded uncertainty of nickel is 0.222 mg/kg, which indicates the determination result of nickel in

soy milk powder was (3.825+0.222) mg/kg. The relative uncertainty was reduced from 0.029 0 to 0.023

8 by the optimization methods. Configuration of standard working solution and fitting of standard

curve were the main sources of the uncertainty in determination of nickel in soy milk powder by

ultra-wave digestion-inductively coupled plasma mass spectrometry, and the optimization could reduce

the determination uncertainty significantly.

K ey wor ds: uncertainty; optimization; inductively coupled plasma mass spectrometry; soy milk powder; nickel
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YRR ABRAF, A7 HE: 2022 4 2 A 21
H, Ap=Hif . YEHRIMN )y S0k b s Bt
( ZKQC5210 ): #t5 P25295, I B bn M) B F %
Hls,

WA PRI it &2 J8 2 ): & [ Fisher b0 H] 5
BARERE AW (1 000 pug/mL ): [ FANEAT R
WG ARG i (100 pg/mL): [H
FA L8 KA AR AT G PR
W gl G AR KL IRGW (3928 10 pg/mL ):
K [E Agilent 28 Al 5 256 H KA Milli-Q #B 4K .
12 UHF5EH

UltraWAVE A0 A4 . bt s 2= %t
ILES A A PR T 5 7700X F JBGHE A5 45 B8 TR I
A 3£ Agilent 4] ; BSA224S-CW ML TR
SF- . 5 [F] Sartorius 23 A ; Milli-Q #84li /Kb ¥E R 4¢ .
[ Millipore 225 100-1000 pL B A% . 0.5-
5mL sy : fEE Eppendorf 24 Al .

1.3 EWHE
1.3.1  HESHTAb B

HERAFREL 0.5 g FESL (S 0.001 g) T 15
mL SR, A 3 mL WASER, MNTEE 1 h
JE A B PG T A, i B AL i TR AR
JPo(WLER 1) EATTHAR . THR SRR R U,
JEH/D BB 4K Z WU TE AR, 5% 50 mL
A, HEBAKmRERZIE, RA%H, [
il A R 2

*:1 BRMEEBARER
Tablel Heating program of ultra-wave digestion

A FHEBE/min RRFEE/min \ESC R/W
1 8 / 120 1500
2 8 10 160 1500
3 15 30 210 1500

1.3.2 AR T ARG W i

AERAMCEL 0.1 mL BRARERE AR, H 5%
PR R EZS 2 100 mL, 58 TR 1000 pg/L
RV RR AR T f5T I o 2 01| 8% BBURR AR o £l T K 0.00
1.00, 2.00, 3.00, 4.00, 5.00 mL T 100 mL %=
i, SR e A B2, 53R Rk E N
0.0, 10.0, 20.0. 30.0. 40.0. 50.0 pg/L MFx#ET

YEW
133 FES I E

%% GB 5009.268—2016 ( &l %4 [H K bx
e A ZIUEMINE ) B — 5 X i A T
W, Hrp ICP-MS TAERMILE 2, HEHUERM
B % 60, SR /NG U2 S DU AT o 5
AT R AR L Y BSR4, 7E ICP-MS M sl
L (kinetic energy discrimination, KED ) (T
I Tl 42 / 5 It B AR B 2 22 I B i T, [
IR FHEE S N AR TR T BRAE B T30

x2 ICP-MSTI{E&H
Table2 Working conditionsof ICP-MS

1550 w 1550
15 L/min 15
1.01 L/min 1.01
0 L/min 0
5.0 mL/min 5.0
2 °C 2
0.10 1/s 0.10
R/ F O S LA /DS
R/ L/
10.0 mm 10.0
Bl B
F3) F3)
3 3
3 3
1.3.4 &R A
LA R RN E S5 AR LT AU

(P p)xVx T
mx1000

AP, X AR TERASE, mgke; p 5
Po 3 s TR FE T RS S TR R
PR E , ng/L; V ONFE S IH RO B R TR,
mL; f AFRAEG m R R R, 2o
2 HER5H5H
21 MELRRFEFWIE

I 8 A T it — FL S A B T O v
W GO B & i, e vk s e 2
Y=0.083 0X+0.0114 , 7E T 5K 0~50 pg/L i [F
INEPE R R R, AR 0.999 9, Tkt
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HER A 0.002 mg/kg, NNAREICE N 91.37%~
106.46%, FHXTHRHEM 224 1.19%~3.22%,

[FIE, 5 TR SRR 5k, X5
Wk P AR R RE (ZKQC5210 ) #EAT I e A &
JE AR S B9 E (o 2.23 mg/kg, IE 45 R AEAR
SEJEH (2.24+0.40) mg/kg Z N, FH 5 B AE
FERGE
22 AHEEFRBFIRANSEESZE

R 2T T it — L R 5 B B O 1
LR R AN A BB SR YRR BRI 2 o AR B AT
Gy 6 ANJriE, HARNLZR 3, HARYEAH @ K
PR, A3 BN [ ) PFE 4325, Ho A 26
A AR (=P 0 VA =R D B =D ES o ) WA i VTR
BT A E FE PEE , B 20 T8 e A
W 2 1Y AT RE (R IX. [R] 5 A0 38 A1 XA o 2 AT
PTE

#3 THEERESTES%

Table3 Sources and evaluation types of uncertainty

75 AN B SRR WE /2
1 FE PR E B
2 TH AT E 2 B
3 THfRAS T 51 A
4 o 9 T VR P T B
5 T ofi 8 (30 A
6 I A A

23 THEERENTEE
231 FEARE

DU o FH B RS- R e s e g, DA
UEAS A5 7% 1 45 SR AR TR (B0 s AN e

RV 25 A AR AN E B R B 20
Tk, UETRLE B R SR VIR 25 M+0.5 mg,
RIBHAHT, B A H T k=3, kR
B2 B R u(M,) =0.0005 /3 g

RVE G MG BB A E R A B 26
W vk, e R E A R R VFiR2540.1 mg
DA FETE 43 A 0 I B & TR T k=3, Ho kR
WEAHAE R uM,) =0.0001/~/3 g.

T TRAE S A AR A 22 BE R RE R B 26
W ki K AR 2 H+0.2 mg, W& HFH
k=3, WIARHERBERE N u(M3) =0.0002//3 g,

FEMPRE N 0.5 g, % 2 WHSIFRE (&
Bz SRR ), PR 5 FR B )R G B N B 2 Dy

ure,(M)=\/2><(u(Ml)2+u(M2)2+u(M3)2)/0.5

=0.000 89

232 HMBUESR

JIG196—2006 (& F P35 aE a ke IR ) #
FEFE 20 °CHY 50.0 mL #¥ 5 i /225 4+0.05 mL,
KR =000, B k=6 , W HMBURAEARH
JE UV, ) =0.05/+/6 mL. R, % i,
X HUR K BB IK 2251 8 = 0.000 208 °C™" 1)
PRI R4, Sem s iR AR b h+4 °C, If
KA, W k=3, WH 50 mL 25 &R
JEARUEAN 5 R U(Vsg0) = 50x Bx 4/4/3 mL.
PG, T A 80 25 5 LA RE A o AN 2 K

Ura (Vsg) = | U(Vsg)? +U(Vsg ) /50 =0.000 63
233 JHBAYISITE

R A A T Aot SO T A S TR 5 P A i 2
TR, AR BT | REE . iR R4 A
ECINT A E = ST R E L T A A AN N i
JE o AR S B g EE R LK 4, TR
Y S 36 Ok RO ], U O A O i 22 R s, =
(2.37% +1.19% +3.22%) / 3=2.26% , BLAFHRIER
A B W u(P) =S, /N6 =0.92%  Hi 3 4 B AT 5T
HIFE:

Xp = (94.52% +98.78% +100.61%) / 3=97.97%
PR G A s o AN 2 B

Ug (P)=u(P)/x, =0.009 4

F4 MEREKEEERSET (n=6)
Table4 Statisticsresults of standard addition
experiments(n=6)

P55 bRk (mg/kg) PRI/ % SR AR R 25/ %

| 2.0 94.52 2.37
E X 4.0 98.78 1.19
%34 8.0 100.61 3.22

2.3.4  bRifE TAEMR YL E

2341 BAREMAT  BPREAE SO 4 1
B BEE 59 RN B 5124 1000 pg/mL 5
10 pg/mL, Hrk=2, Wi EEPRAER SR
FAXTFR AN 2
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Uy (N;) =10/ (1000 k) = 0.005
23.42 BEARMERADE  BRARUEST IR0 A I 2
JE R B AR A A TR RO LS I TUE A
W EUE A 1 000 uL AW, 76 20 °CHYHL
B R FeVFiR 22 9£0.001 mL, #3% I8 46K 2 £
k=+3 iF 3 ik BLUAR R B2 E R ulYy) =
0.001/~/3 mL; [IAt%ERERE, 5% 222
THMBUEZETTAT, 1000 pL PRV 1 T B 1
ARHSEBEH U(Y, ) =0.1x Sx4/~3 mL, K AR X
PRAEASTE BN

U (V) = JU(Y; )% +U(Y; )% /0.1=0.005 8

TEWE RSB % 11G196—2006  H B I 28
R BURE ), HohBUELE 20 °CHF 100.0 mL % &
i Fo 25 M+0.1 mL, FIRER =504, Bl k =6 |
VU R BB M A B0 5 JEE O U(Vigp ) = 0.1/4/6 mL.,
[F I, 100 mL 728 5 ) 04 i B b A 1 E B2 R
UV g9,) =100x Bx4//3 mL. Rk, #HE AT
A AR BRAEAST 2

Urg Vigo) = \/U(VIOO,I)2 +UM 0,2 )2 /100

PR 25 A 3 = Dy T AT G AR s v (R A
X AR EAN G 2 L

Uyt (Ny) = Urgg (N + Uy ()2 + Uy (Vig)?

=0.007 7

2343 A[EWREERBPRETARR AR R
R AR VR R B T (R 2 o o 25 T 1)
B, PR R R R R AR O T L R
WO BN B LA SO e B S 5. Bbm
VR AR AR XS R oA S 8 2 2B AR S, TR
FERF M 100 mL 250, HAHX PR EA
S P E SRR VR fO VB A XS A o AS B 2 )
WEZIFERS, B Uy V) =0.00063, HILTF
T 2% B MW 5 I AR E

R 5 mL Bila, HERRGE
SE LI FAVFRZE N 5 PR, 5IARIAEE £
B2 SRR TR A ) AR bR A 2 B 55 0 B v AN
e, HAMERR AR, B k=3, &
T A BRI ik 2R H0E DR FH K B9 R BRI Jik 3= 4
£ =0.000208°C™", [l 5 4 3 T HE A5 Ak Ay 44 °C
BRI IR 5, 435045 1 T R WA A R ik

=0.000 63 JE RS U ARV | ARG BR HEAN B 2 2
*5 BRB[INANNBENIRELHEE
Table5 Relative standard uncertainty introduced by pipette
FRETAER BEUARL  20°CARVFRE  RBUREAHEE L VAR 8 5 A B e A B 52 122
/(pg/L) V/mL +AV/mL uv)=AV/k /mL UM =V x BxAT /K /mL Uy = m Rv;
0.0 0 0 0 0 Uy (Yy)=0
10.0 1.00 +0.01 0.005 8 0.000 5 U4 (Y,)=0.0058
20.0 2.00 +0.01 0.005 8 0.001 0 U (Y,)=0.0029
30.0 3.00 +0.01 0.005 8 0.001 4 Uy (%) =0.002 0
40.0 4.00 +0.02 0.0115 0.001 9 Uy () =0.0029
50.0 5.00 +0.02 0.0115 0.002 4 Ug (Y;)=0.0023

E: k=+3, £=0.000208°C", AT =4°C
Note: k=+/3, f=0.000208°C", AT =4°C

B MR bR AN 2 BE 5 A 5K, ANl vk
JE A B R T AV R RE R AR AN B 5 20531

Urg (N3 5) = \/urel (N2)2 +Upg (Y5 )’ + Urg (Vloo)2

=0.0083
U (N5 0) =\ Urg (N3)? + Ugg ()% + Upgg (Vi) _ 2 2 2
rd (N30 rel (N ra (Yo rad Vi0o Urg (N33) = fUrg (N3)? + Urg (Y5)7 + Urg Vig0)
=0.0077 =0.0080
N3.1) = U (N5)* + U (V)2 2 2 2 2
Uret (N3 1) = 4/Urg (N3)™ + Ui ()7 + Urg (Vigo) Urg (N3 4) = \/Urd (N2)”™ +urg (Yy)™ +Ug Vi)
=0.0097 =0.0083
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Ut (N 5) = /U (N5)? + U () + Urg (Vigo )?
=0.0081

WO, BRI AR5 | AR AR X AR AN B E
&

Ut (N3) = Uyt (N5 ) + U (N3 )%+ Uygg (N )% + Uy (N 3)? g (N ) + U (N3 5)* = 00205

235 bRuEh&mE

PiE LR AL B, 1SRRI R BE BB b o T
VEMEAT 3 YOPATINNE , JEiEFT p=64lilliz, it
Bt n=3x6=18 , i i/ G RIGLNE T 1
Y =0.0830X +0.0114, HHMHIEREEH 0.999
9o WA 25 SR L A B R g v T 25 5 W2 6, 4
UL AR i R A HLA TR A b 220

&S 2 _
%_\/EZZ(\GJ —(aX; +b))* =0.0128

i=1 j=l

A, X RE T ENE B | ASPATRIINE
S5O, XA T LI AR BAR AR E TAE R AR B
R R B A ) TSRV B T 3 7 I 2 R
5, BIX=38.25 pg/L, HERbRME TR ER
KN X =25.00 pg/L, HihrfEh LA 5IA
(BRI AT 2 By

1
- |
A v i A0 5 A B AR XA AN B 52 R
U (S)=U(S)/X=0.0167

2.3.6  AEANINE A PR

I 20 B0 T e — L BRI 5 5 B A B
BEENE GRS TR SR 6 K, W m=6,
MELE R 7, W R A Pk, Bkt
SRR R B BRI 2

1 & 2
= —S (¢ -©)* =0.0689
S \/m_lg(q c)

DR B i PO AR AN 2 Sy
u(C)=s,/~m=0.0281

PR A ot B R 1 5 | B R XA VAN 2 B R
U (C)=u(C)/T=0.007 4

*6 BINETERBRNESERRESEIT
Table6 Statisticsand determination results of nickel
standard working solution

e xff( r%L 5 He ) i)ﬂi%tt@ mém
/(hg/l) v, Yis Yis SMEY;  {H aXi+b
1A 0.0 0.004 0 0.0052 0.0089 0.0060 0.0114
2 10.0 0.8510 0.8423 0.8288 0.8407 0.8410
34 20.0 1.6577 1.6755 1.676 1 1.6697 1.6707
a4 30.0 2.508 1 2.5214 2.4992 2.5096 2.5003
HSsA 400 33461 33510 3.3294 33422 33299
%64 50.0 4.1539 4.1433 4.1365 4.1446 4.1595
xR7T EVMHEIENELER
Table7 Determination results of nickel content
in soy milk powder
75 W 5EHRE xi/(ng/L) & o/(mg/kg)
1 38.4 3.84
2 37.2 3.72
3 38.1 3.81
4 37.9 3.79
5 38.7 3.87
6 39.2 3.92
HE X =38.25 €=3.825

24 AHREABEENT RABEENITE
WA S BE 7 B BT, I D7 ik AR NS
PR AN 2 B

Urgt = /Ut (M)? + Urg (V)2 + Urgg (P)? + Uy (N3)? + Uy (S)* + Uy (C) =0.0290

N & i br A B E E N usugxC=
0.111 1 mg/kg, FJHHCEMEMERN 95%, RMT &+
Fk=2, PIRATEE MU =kxu=02222 mgkg.,
PR SH B TR T e — P SR 15 25 2 AR Bl 52

WIS RN . (3.825+0.222) mg/kg (k=2) .
25 FBEESMEMRK

BT B GV e B R A A B T A B
PN E G TR A RS TR R, A
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] AN 7 70 A AR O s AN Bl BE QP 1 i
71N, TR R AN R ) IR R 58 5 55
MU+ B T A I 1) P B> v T 2 A9 065>
T 8 AN 227 20 P> D0 G B > R >0
WER . A BRSS9 B s 1 LR iR 22 L
L AR TG 55 bR 55 RS R R D7 15 AN E
JERIARA A, (A B 5 T ikt T LS BN
TEFERIPEA . T TR AN R S0 A R B A 5 3]
MBI T, BT E B T iR 12

0.025;
i
1 0.020f
g
& 0.0151
&
% 0.010}
=<
Z 0.005}

0

A

F ol L
* & NS

SN *
xg;if& K
AR PR E BE K IR

1 FRAHEESENENITETHEE
Fig.1 Relative standard uncertainty of different
uncertainty components

2.5.1  ARABARAE TR FC B

Pt A R R ) T T AL PR AR TG A5 TR
B B bR AEAE RV, DA S b b oA P R A v T
VRV~ A8 o 8 2k 3 A AN B BE A i AT R,
RS U VA W P g | AR S JE 1 R BRI
SR SR I AR AN, BB E
FERER o PRI Ay ol b M A 6 VR TG 18 s 9 ol FH VR 2
XREICT 0.1 mL iAW, PRt 3= 25 ek th b
YA At B VR T s A T PR ) 2 R, BRI T TR AN T
EPE

P o o i 2 98T o o (1 P 90 %) Do A A
HEBRI IR 0.1 mL BRARVERS SR, T S%GHIR
BEEZE 100 mL, 152 BT E S 1000 pg/L /Y
BRRRE I . PEAL)E I BE B A MR R
1 mL FRUERE IR, T S%AHFRFR B 45 2 100
mL, £33 FEHE N 10 000 pg/L A bR A a7 ;
FRYERA I 10 mL ARifErE, T 5%AH R R
FEZASZE 100 mL, 153N FTiE kB R 1 000 pg/L 1R
RN

HWRAMRALE S AR AREE . E 1 mL 45
WERG A WAEH 1 000 pL (RS AR, 7E 20 °CHY
H R AR 4+0.001 mL; WH 10 mL FRifE
HE WA 10 mL By, 1820 CHH K
VFIR2EH+0.03 mL. ZiG 7% B E A5 A A
SE B, VT SRR o 0 VA AR X TS i
U (Ny) 1 0.007 7 FREZ 0.005 2, i — L5845
YE T AR A R AN 22 B2 U, (N5) 0 0.020 5
TR 0.0155,

252 RAEAREIL RIS

H B o i 2 AU I AN B BE TR A AT
FERRUE 2 SO A T RAREZE AT T,
S8R VR B R M AR VR A T I BT LA
RUFEAR e M 23U A 5 AR AR 2 B o ) a7
AT B ) 6 vk, WIFRHEM & MILETIA
(A E B U, (S) H1 0.016 7 FFEZ 0.0159,

AR AR ARV A v R A Lk B A (A
A BE A AR AT, X R AR bR o 2R LA AR
W B P AR B A, (R S5 A v T AR )
e G I AN B, PR 2 B AT DL S
B BUBR AN 2 B 1) R
253 RALTHAREASEI 511

Rz TS L AN RN (A Ed: 7 = R
L, B IR LR N TS B AT SR B, AE
P2 1T i3 5 34 S i 2 BE A AN AR AT BR R AT
DARRAR AN 2 BE o S P AT IR B 6 Y3 12
K, THARBAIES AR AEE B H 0.009 4
TR 0.006 7.

2.5.4  ARARHE SN E B R

PR 0 A 5 L AN 1B X
AIAL, TERR B B S AR e 22 FEAR RS (AT T
SR 0 0 BB AR N B B . 24
SEVBUN 6 WIEINE] 12 Yt , B & s 2 15|
ABIARHE R/ 0.007 4 FFEZE 0.005 2,

2.5.5  ANHhE B A SS

SRR BRI, AT
fifp— PR R 5 A S AR B 1 U ok R
S (A R AN B 2 5 H 0.029 0 TR % 0.023 8,
) e B B AR AR T S R T vk
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