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Uncertainty evaluation of determination of trace elements in milk powder by
inductively coupled plasma atomic emission spectrometry
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ABSTRACT: Objective To evaluate the uncertainty of determination of trace elements in milk powder by
inductively coupled plasma emission spectrometry. Methods The various sources of uncertainty that may be
introduced in the entire experimental process of determining the eight trace elements of zinc, iron, manganese,
copper, calcium, magnesium, sodium, and potassium in milk powder by inductively coupled plasma emission
spectrometry were analyzed. The mathematical model of uncertainty was established, and the uncertainty components
and extended uncertainty were calculated. Results Within the confidence interval of 95%, the extended
uncertainties of calcium, magnesium, sodium, potassium, zinc, iron, manganese and copper in milk powder were
0.07330, 0.1136, 0.07380, 0.07340, 0.05598, 0.05272, 0.08542 and 0.05190, respectively. Conclusion The
uncertainty brought by the preparation of the standard solution has the largest contribution rate to calcium, sodium,
potassium, zinc, iron, and copper. The uncertainty brought by the standard curve fitting has the largest contribution
rate to the magnesium element. The uncertainty caused by repeatability of measurement results contributed the most

to manganese.
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BLFRL, IAGE B4R 2 0 SR LA R T Al
(1, HELCE RS L& Y, e R LR A R
e, XA WA T A ek, IR KRR B A i B FL, A
AL SOR S F T 2P A B 52 [ B 2 A LR
(Food and Drug Administration, FDA)KLE, 22 JLEC i)
JIAT By, WA R R 2 B ALy, BRI VE S B R
T, A eV e S LB 7 FUky R4, B4l LB 7 Wk R
PR ITRE N AMAE — M EE R, HERYIILLE
VITRERN BRI, BARARGIREAFTAR, S0
AR, TR R R R R A P R, HRR
W, DRI SRR P R G R B R oy
FEL SR A 55 0 A R BT (Y (inductively coupled plasma
optical emission spectrometer, ICP-OES) B4 43 b3 & Bt |
KA . RS SUEVamse . MRS . 2551
EV AT A = WA 0 I o ST 2
PEZETFB, PR TR TR AT E N
VERE, TASH A DA A 0 235 5 1) ] 5 4 AR S 56 2 3
e 1 iy B E AR AR X T IR . AR GB
5009.268—2016 (£ fh 2 4 [ Z b B i P 22 70 3 )
) UUES Touk ol O A TR R SR
JIF1059.1—2012 IR AN 52 8 D5 AlbsR ) U2VH CNAS
GLO006—2019 { A2 43 b7 Hh AN 2 JEE A 1A i g ) U2 e
TR 55 B U R SO T I AR TP B L Bk LA
BLOBEL AL BF 8 FMME TR AN E TR E,
R AN 2 B A S e Bt SR e A Y, i o
SEILA AT S, AR ST E R I SRS

1 MR5ERZE

1.1 MR5LEE

By L Wk (8 FRIEE SR EFDL A BRA ), MR
(B, bR A AR, BE. 2. 4. M. 45,
B BN, BEOCRRERE A I(1000 pg/mL, FEEA OE)E
R B F AR AT IR L)

Avio 200 HLBHRA B TR SN (FI AR RER
£ FR/NH]); ME 204E A5 %5 704 K F-(F -1 METTLER 2\ A]);
Mars 6 (I I AL (35 CEM 2 Hl); EHD-40 A #8002
AR MBS A R A D .

1.2 LWHE
PRI R RS 0.5 gCREAE 0.001 ) Tk i i M

FEH, A 6 mL AMER, JNIECE 1 h 8L R, B R,
i BRI T Ao (SUA 454 20 BRI AT T A o W A S U,
AR FTIFHE RS HER, ARk s e Y 36, 8 T e BE e
Al GRS , F 150 °Chny 90 min FERER, ZE I i HE
4R 1~2 mL, FIKEBERZE 25 mL 5 50 mL &
s, WA, e ass. M. 6. 8. &
FH 25 mL TR B LALRI, [RE e s R, S
BE BRI 25 mL R P, HERIIRI 1.00 mL £ 25 mL
HEMT, FAWBER(5:95 V:NELS, R EEL
2 .

1.3 UEE&FMH

O AL S FHE 6 min = 120 °C, {44F 2 min;
FHE 5 min 2 150 °C, {#£F 10 min; FE 6 min & 190 °C
134 25 min.

Al AE: 150 °CIEFS 90 min,

FL B 55 B AR OGS A AR A R Wiy =
BLBRR R R E 5 2, AR OT F R Ky =
T 1100 W; 453 F & 12 L/min; 4§ By < &
03 L/min; F L XA WM = 0.55 L/min; 4 #7 4 if
1.00 r/min,

1.4 AR R TEdhEECH

(L) o o ] Y P )

i % . BEFRAEA AL (10.0 mg/L): 43 B AE AR 1 X
B SR SERRMEVAWR 0.25 mL, FIRYRRIE R (5:95, V.4
AR 25 mL AR, B 205 B W E R 10.0 mg/L
FOET . 4. BERRUETRIRIR . VI 2~8 °CIRAE, AU
11 Hs

Q. . B B BAARED I (100 mg/L): 435
WERRWCIBES | Bk, BE. BT BNFRIEVS TR 2.50 mL, FANERIE
W (5:95, VYDA REARZ 25 mL &8MP, IS5 Rk
B 100 mg/L (945, Bk, B BR . BARRUEP EIVR . IR
2~8 °CIRTE, i 6 1

G)bRE ARl 2R e il

i 0 W B0 o BT R AR R, R FR VA (5195,
VIR BUR SRR RS, S oCR Btk Wk 1.
1.5 HEFER

B R T X = (L=po)XVXS 5 _ (p=po)XVXSf
Al XBEAT S E 2 A, mekgs iR B
JCEWRIE, mg/L; po- i FFE2ZS (1 P gl o Z R E, mg/L;
VAR AL E AR, mL; fARAER B A EG m-aREFR
W, go
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&1 ICP-OES FEF L RMITHERRARTIRE
Table 1 Standard solution series concentrations of elements in ICP-OES method
5 H bl 22 5 e B2
75 LR L 51 F51 2 #5513 5 4 #5515 #5416
1 i mg/L 0 2.00 4.00 6.00 8.00 10.00
2 BE mg/L 0 0.20 0.40 0.60 0.80 1.00
3 B mg/L 0 2.00 4.00 6.00 8.00 10.00
4 Gl mg/L 0 1.00 2.00 3.00 4.00 5.00
5 B mg/L 0 0.250 1.00 2.50 4.00 5.00
6 B mg/L 0 0.250 1.00 2.50 4.00 5.00
7 il mg/L 0 0.100 0.200 0.300 0.400 0.500
8 Hh mg/L 0 0.100 0.200 0.300 0.400 0.500
) ERESHE 222 EEMRR R T

21 MEAHEESERIESHT
211 AREH R EF KGR R U (M)
Tl 1 7 2 OF I B AF XA 0.1 mg, IRMHETE
Gy, T E AT SR AN B RE B A uy(m) = % = % =
0.05774 mg.
212 RPRE
Tl 15 7 2 OF I B F XA 0.1 mg, IRMFETE
Gy, JU)E AT SR BB E A o uy(m) = % = % =
0.05774 mg.
213 HELHHE
R MFAT, FEH—KF EFREC 0.5 g iatkE, Xf
[ —FE AT 10 IREEFRE, 10 FREEE 4. 0.5031,
0.5073. 0.5067. 0.5039. 0.5047. 0.5028. 0.5073. 0.5050,
0.5012 . 0.5063, W] ¢ ik &2 28 g M 47 R 0 A 0 2 B

wy(m) = S, = /an‘ff) = 0.002083 mg.

214 IFETHZE

MFRFHRT 2 0, WS, URET, B
PLil R FE 5 R B RS E E N
V2{lu, (M)T? + [uz ()17} = 0.08171 mg

SzHy Fp FRIBCRE AL 0.5 g, T RS R B9AH
RPFRIERTEIEN: e (m) = 2 = 0.0001634.
22 HRERFNTHREAHEEu )
221 FEEHF RIS

FEMEA R 25 mL A R, 11G196—19901°14
E, 20 °CHY 25 mL A HA A AR 22 9+0.03 mL, ik
MEERV AT, W 25 mL 2y Sk B AR X AN B 2 1

a 0.03

Upe1(V2s) = Nl 0.01732 mL,

u(m) =

TS, BEL B BRI 1 mL BWURRRE, 1
HASH 5 BE 025 Ferer (V1) = 0.009670 mL.

BEOBEL M. EIERR R A 25 mL AR 2
Yo, DS . BE LGB ARG S A PR B AT X R B
FE R - e (V) = 2[ure (Vas)]? + [urel (V)] = 0.02633 ;
BEBRLHE . SR A RRD, T 25 mL A 1K, )
BELOBkR B HR R E A OB SR B R OB B BE R
Urel(V) = Upe(Va5) = 0.01732,

23 tRERREHIE RN HEE U (co)
2.3.1  AEEAR A K6 T e (f)
2311 SRR PRR AN A B R

(R HE

B R BERRIE D R A A ) 1 mL 2 B
W, 5B CRE B ARSIV P ERRC R 2 R R E) S mL
Oy BEWR AL, RS I 45 E 43 12 +0.008 . +£0.025 mL,
MM A 5041, BRI H A B K wy (V) = 5 = 2o
=0.01021 mL.

= 0.003266 mL; u; (Vs) = 5 = &é‘“

Qe 2 s
U AL 5T e R FE B VA 4678 ) o2 22
SV, ORI A, FURTEIE W wy (V) = 2

V3
_ 0.005x1mL _ _ 0.005V _ 0.005x5mL _
=—_p5 = 0002887 mL, u,(Vs) = 5 =5 =
0.01443 mL.

(3)iR B 5 IE IR B AN (] 5 /e ) AN o

ARSI R AR N AT AR, SR AR
Hil7E 20 °C+5 °C, MRMAEIE A0 A 157K B I ik 2 5L
A 2.1x107* °C, 1 mL 43 B W R (1 R RS AR IX i) Ay s
WO O K R OB AT =£(1.00x2.1x10 *x5)=
+0.00105 mL, 5 mL 43 B W 4t 45 A AR BB AR X R] Ay 1<
T 19 18 ik 2 B0 <A T=+(5.00%2.1x10*x5)=+0.00525 mL,
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A B 5 K w (V) = S = 0.0006062 mL,
u3(Vs) = § = 2227 = 0.003031 mL,
(4))\*&%&

1 mL 23 B B e /NZE N 0.01 mL, S mL 23R
EER/NZE RN 0.05 mL, WN=MAF04, HAWE

R ug(Vy) = § = 252 = 0.004082 mL, u,(Vg) = § =

S = 0.02041 Lo W 1 mL SRR R B

2E oL . _ [u; (V12 + [u(V1)]? _

B R u() = J+[u3(V1)]Z Ty (V2 = 0006206 mL,

5 mL gy JE W RO OR BOA B2 B N
_ | W) + [up (Vs)]? _

v 5) = J Hug V)2 + fug (V)2 ~ 02717 e

AT, 1 ml 7338 MR 0 SR A AN 7 2 A

g (V) = 20 = DX092OML _ 006206, 5 mL 4} RN L
WOk B A AR EE N ue(Vs) = u(Vs) 00257;17LmL _
0.005434.

2.3.1.2 e AR v A T R A S
AR ECHIAR TR, 5.2k 8F B0 BRI S mL

BB R A R R R A X AN E N wee () =
J[urel(vs)]2+[urel(st)]Z=001815 .M. BERRRRE
WOk MM XA EE N walh)=
J [urel(Vl)]2 + [ure1(V25)]* = 0.01840.
232 AREMR LB A E e (0)
BECBEL BN BRLOBE. R HL. BAARER R E R
A 048 Bl TR TR Fr oD R AL, FRUEIE R, 8
PR ICR T B EE U=0.7%, =2, N 8 FiifEic

EE (U 7/ B0 T S NS 7 S U R IO N A 72 [ S A/
urel(p)=%= 07% _0.0035 .

HIDA BRI, 85, BE. 40, S el bR TR i Sk 1Y
FAXS AR EBE N uper(cor) = [urel(fl)]z + [ure(p)]? =
1/0.01815% + 0.00352 = 0.01848, 4. #k. 4% . i hibndE
VWG R AR X R e B jj Ure(Coz) =
VTttre1 (£2)12 + [tre1 (p)12V/0.018402 + 0.00352 = 0.01873.

2.4 FRERZINA TSRO THEE Upe (€)
8 PR ICER BRI 6 MUK AR IER L, HTH

BRI 1k, 25 mL AR Lk, B L B R EE TR AR SR, kD ek
1 mL MR RS 1K, 25 mL A0 10k, TAS | &k 4% VEATIE, bR RO B S (L3 2.
Fx2 ESnRREMAEMEXATE
Table 2 Linear equation and correlation coefficient table of each element
. Yz BE Yz BF Yz BE Yz RE Yz BE vk BE N .
% WM W1 W 2 W 3 W 4 W5 W 6 I 6 28
/(mg/L) /(mg/L) /(mg/L) /(mg/L) /(mg/L) /(mg/L)
e g 0.00 2.00 4.00 6.00 8.00 10.00
4 Y=672500X+22349.2 0.9999
SR 14184.0  1405005.5 2724403.8 40443973 5354650.0 6781718.7
e 0.00 0.20 0.40 0.60 0.80 1.00
B Y=1857000X-5206.1 0.9994
SR 41727 3856725 726955.8 1084101.1 1457376.4 1885077.9
W 0.00 1.00 2.00 3.00 4.00 5.00
i Y=241500X+3555.7 0.9997
SR 7759.1 253120.8 4849493 715786.6 983938.3 1205669.2
e s 0.00 2.00 4.00 6.00 8.00 10.00
Al Y=58120X-4397.5 0.9998
SEEE(EH 87428 110779.7  225203.7 338548.4 462838.4 579715.2
o WE 0.00 0.50 1.00 1.50 2.00 2.50
23 3 Y=86920X-1159.0 0.9998
SR 799.3 421513 85060.7 128769.6 170504.4 218472.0
e 0.00 0.50 1.00 1.50 2.00 2.50
B Y=594200X+2647.1 0.9999
SRIE(E 12749 3043705  601894.7 888136.3 1181785.4 1495833.8
e 0.00 0.01 0.02 0.03 0.04 0.05
5 Y=5943000X+640.3 0.9999
SEEE(E 9206.6 61164.1 119885.4 178149.6 237547.6 298511.2
e 0.00 0.02 0.04 0.06 0.08 0.10
Bl 3 Y=880800.X-205.2 0.9999
SR 2377 17251.5 35144.9 52508.9 69771.0 88323.2
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EE
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SR, IS P57 2 B 06 {38 A S 1 0 B E AT
PEzlo)
27 HENERENTRENREE

A AR X bR R B B IR K ue(x)=

\/I:”rel Jr|:"‘rel )]2 +[u rel (CO)j|2 + I:urel (c):lz + [urel (;):|2 >
8 At TC B A A PR EAN B 2 BE L2 5
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Table 3 Relative uncertainty of each element brought by the standard curve

BIvE 3 Sp/(mg/L) Co/(mg/L) C/(mg/L) u(C)/(mg/L) Uper (€)

5 36242.9604 5.00 3.5015 0.05335 0.01529

B 63927.3329 0.50 0.383 0.01732 0.04522

kil 10859.3198 2.50 1.4045 0.02299 0.01637

Gl 7567.8314 5.00 4.153 0.06533 0.01573

B 1918.5072 1.250 1.024 0.01108 0.01082

B 7539.3446 1.250 1.233 0.005180 0.004201

$if 4373.6674 0.025 0.022 0.0003686 0.01676

il 416.0604 0.050 0.066 0.0002223 0.003368

R4 SHHERTNELREENNTHEE
Table 4 Uncertainty of repeatability of measurement results of 8 kinds of trace elements

WiH 25 /(mg/kg) x Sy RSD Uper ()
5 3577, 3398, 3511, 3453, 3430, 3384 3459 73.2816 0.02119 0.008651
BE 462.1,434.9,457.5,437.4,436.4,431.3 443.8 13.0542 0.02945 0.01202
i 1688, 1689, 1633, 1619,1627,1642 1650 31.0097 0.01879 0.007671
Gl 4568, 4647, 4416, 4461, 4442, 4466 4500 88.6905 0.01971 0.008047
B 42.64,42.35,41.88,42.99, 42.14, 42.06 42.34 0.4105 0.009695 0.003958
B 59.88, 60.49, 58.74, 59.05, 58.60, 58.87 59.27 0.7482 0.01262 0.005152
B 1.044, 0.9940, 0.9972, 1.044, 1.037, 1.040 1.026 0.07508 0.07318 0.02988
il 3.429, 3.380, 3.440, 3.380, 3.391, 3.431 3.408 0.02775 0.008143 0.003324
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Table 5 Relative combined standard uncertainty of 8 kinds of trace elements

TTE 5 BE il il BE % h il

B R X AR A R 0.03665 0.05678 0.03690 0.03670 0.02799 0.02636 0.04271 0.02595
#z6 SMUETENT RAHEE
Table 6 Expanded uncertainty of 8 kinds of trace elements
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