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Uncertainty evaluation of determination of ethylenediaminetetraacetic acid
disodium in flour by high performance liquid chromatography

LI Shuo, LI Li, CAO Jin"

(National Institutes for Food and Drug Control, Beijing 100050, China)

ABSTRACT: Objective To evaluate the uncertainty of determination of ethylenediaminetetraacetic acid disodium
(EDTA-2Na) in flour by high performance liquid chromatography (HPLC). Methods HPLC was used to determine
EDTA-2Na in flour. A calculation formula was established to identify the source of uncertainty. The uncertainty
components and the synthetic uncertainties of each measurement were evaluated. Results Uncertainty of fitting
standard operating curve of EDTA-2Na mainly caused the uncertainty of determination of the content of EDTA-2Na
in flour. Through the analysis of the uncertainty of each component, the main reason of higher uncertainty caused by
standard curve fitting was that the concentration range of the standard solution was too wide, and the measured value
of the sample was far from the average concentration of the standard solution. The synthetic uncertainty in
determination of EDTA-2Na was 2.37% and the expanded uncertainty was 4.74%. The EDTA-2Na content in flour
was (760.98+36.07) mg/kg, k=2. Conclusion This study provides a reference for the uncertainty analysis on
EDTA-2Na content in flour by HPLC.
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SR V) SE TR £ VA IR WA A ) (A& (2011 20
SN CEMh R A EFARME &SI bR ) (GB
2760-2014) PR RHLE T &S A AR RO L i fl
FH B SV I Rl .68 RS B R e K fof P e B30 P
£ BV 2R — 4 (ethylenediaminetetraacetic acid disodium,
EDTA-2Na)fE R & s infl i e, Ja B R T34 . i
SRR | BB SR . BSRVE(H) . BRRHESk | 2k |
WG . AT ORI E A, AN
9 B L S o SR, A W ARG R e T ARG A IR W T
VB v R RS 43 A Y 6 o ot P A A R S R (4 F EDTA-2Na 55
eIl [EOR Rl A

BT, FRE AL & B XL EDTA-2Na /R £
ARAS IO B A E AR E. &k EDTA-2Na A
74 A SN/T 3855-2014%H1 GB/T 21234-200714%: 5
TlVERA T ARAE . EREARUE, SE TR B BnREsk
TR A6 Tt A5 AR ARSI, 35 P 90 P oA T 5 T A9 B T
ARSI AR T AR AT LS 4, Sy T i
B, fRA . PUEAYIE T DR EDTA-2Na R E i msk
WM ), IR I TR EDTA-2Na 2

05 AN 2 A AT R M R H R AG I T P Y T
HARGUSG Sy, % T B A 5 T AR
(A4 ST B O PEAS A ) U2 i A e
PR R ) U 3 e o i3 £ 7 B RORE i 0 T
#iH EDTA-2Na 5 i i I 5 o R A 4 SR AEA 7oA ff e B 1A
GYHT, EREST AN BEVEAE DI, AT LG Hh ) S A R
M AN A BE TRV, LA RLE | IR A I A0 A6 36 45 SR F 3t
Wetls, FEah i e R IR AR

2 MHERE

21 #RI5EH

0 ZRE W 2R AN bR E G (4B >99.0%, 3
Sigma-Aldrich A H)); BEER . VKESER . SALSR . SAbBk. i
MRk . PUORIMAR . DU T IR B (o prali, 254171 k2Eik
FIFBR AT

0.05 mol/L ZR#N%ZE M (pH=4.0), 0.006 mol/L & fk
HE W, 0.006 mol/L SAALERIE WY, 0.006 mol/L filMREAA T
BB

TR R T B T
22 WESMNE

Agilent 1260 WA I, e A FE 51 (56

HE N E]); Mettler AL204 LT~ KO G- A48 7);
FE20K %! pH (i -EARE A F)
23 RWHE
2.3.1 ARG B

FREU EDTA-2Na FrfEfh 0.1 g, FEHHZE 0.0001 g, T
10 mL a0, BoASTaEHR AN 1.000 mg/mL AARIERE
VI DIERT AT BIRETREZEL 0.10. 0.20. 0.50, 0.75. 1.0
mL FRUERG IR E 25 mL RS, 020 mL 7K, J0A 3
mL FEALH N 20 mg HUIRIMAR, FH 0.05 mol/L 1Y Z R
ZWEREAZE 25 mL, JEA 1 min, 28 0.45 um ML IE,
182 e 2.1 —AhbR e TR
232 HamiE

FREURE S 2.5 g, KEHIE 0.0001 g, BT 25 mL &2
W, A 20 mL K, EBA RIS min, BOREHIE BRI
A 3 mL E AL W 20 mg HUdR IR, FH 0.05 mol/L 92
TR N2 WA TROE 2 2 25 mL, J5EA 1 min, 5000 r/min &0 3
min, BEFRZ 0.45 pm JEBLE SRR (i E
232 &Lt

34 Dikma Cig #5(250 mm=4.6 mm, 5 pm); FEif:
30 C; JizhHl: HEEK(EA 0.02 mol/L PU T 3L AbE,
0.05 mol/L Z.FRMZE v, pH=4.0)=20:80 (V:V); #iik: 1.0
mL/min; G 254 nm; #EAER: 20 pl.
24 HEFER

T EDTA-2Na & 8545 1 0
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32 THREESENTE
32,1 AFRBER AP AT NG T

(DARAER) BT 4

EDTA-2Na FRifE Sl 2EEE R TFAETF 99.0%, ARbrmnil
AHXTAN 2 B o AR AR M 5 A 213 FRAE a+=100%, a-=99%,
bG5B a=[(at)-(a-)]/2=(1-0.990)/2=0.005 , F& ¥ =] 43 4ii
(k=3)il%, W13 EDTA-2Na 7 7 5 09 R B B
u(c)=0.005+/3 =0.00288., EDTA-2Na H X A8 it 40 3 AR Xof
AT FE R

U1 (€)=0.00288+99.0%=0.00291

()b SRR R P A AN S

PRI il B RT3 5 T 20 1 B A W], R o B 0 TR
o ArBTRTVAEETE A L PR LR 25 1+0.0002 g, filk
MIEI A3, Hi B B9 A0 (=V3) VB, A o 5 1k g AN
iff 5 S

u(m)=0.0002 g+V3=0.000115 g

FERBRFER R 0.1 g, WIFREE DI A BRI AR HEA T &

BEA:
Uy (M)=0.000115+0.1000=0.00115

(3) FRUEMTE R BT A BAERE AT 2 B

B b A B AR 5 A B AN 5 B S e T B B
L ) 25 £ e 25 AN R B U0 B 5 | J2 R AR B AR Ak L) R vl A X
TRAS Y F 225 L P AT 21K 25 mL 0, fi
AT 1% 100~1000 uL ATEX WA . 4% 8 11G196-2006
CH BB ERAG R W e, % = M i % 8,
k=6, v v TR T gk A A AR M T A 0 R S
T A

MPE\/E(V) 7

Upe(V) = u(V)/V
Hrp, MPE i K 14 1R 2% (maximum permissible error,
MPE); n R FIREG w(V) brdE iR #25 ABAE T
AHRE L, upe) (V) AR HE S AR B AR 5 LA AR X R HEAS 1
ENE
25 mL (A )RR A5 L2 4+0.030 mL, M=
FATE A3 A1 (=N 6 )T B bR v S A B e R 5 | AR R o v A
e (V)R-
Uy (V)=0.03+V6+25% +/2=0.000693
T AR TE (20£3) C LA, H % A v b i i AR
Ak, HEIIAMAFEEA ., KWKk REE o A
2.1x10™* mL/C, FERMFEE R R, HiREAEI AR
e B A
u(T) =V X AT X a x Vn
Horb, Vo R AT NIRRT o 2
FHWEL w(T) iR A s | AP BE U] 25 mL (A 2%)
AR DR I BE AR AR5 | AR AN 2 B w(T)
u(T)=25%3x2.1x10"x v/2=0.0223 mL

u(V) =

S AE (k=N3) TEEE, VRO R IR 22
5 [ W AR FEAH X AN S oy (T) R
Uye1 (T)=0.0223+/3+25=0.000515
25 T B R BEIR B AR AT D B S BE R A T i, 1593
St 7 R 2oL AR R AR AN 2 B ey (G)
Uyt (G) = ity (V)2 + 1y (T)?
= 10.0006932 + 0.0005152=0.000863
SEES ARSI A 100~1000 pL #i4%, HZHEEH .
B XA A B UE A3 W] VRS VR B T TR A A 43 ) R
0.3%, k=2 W fy AT 3 28 U A 51 A B RE X R i
urel(P)%]:

Uye; (P)=0.3%+2=0.0015
H bR i R R . AR B A A BN 6 5
urel(D)y‘jZ
urel(D) =
Vitre1(6)? + 1, (P)2=V0.00152 + 0.0008632=0.00173
D) A o A TR ) A A R B AR AR ) OR W R
Upe (StA. )R

Upe (Std.) =
Ve (€)2 + 1,6, (D)2=v0.002912 + 0.001732=0.00339

322 HoeATABIEAZ 5] A0 A AL

(LR SR o AR G AN 52 3

PR AR b i RV 5 g S A RV, AR B T
W . A Hr KT IR B AR E AR 25 N +0.0002 g,
i BRI 51 53 A (k=/3) AR, AR HEB [ B AN A2 FEu (s) A

u(s)=0.0002 g+v3=0.000115 g

FERMPREER A 2.5000 g, HIFRE S A RIARNTBR AN

E ey (8) N
Uy (5)=0.000115+2.5000=0.0000460

()R S AL RS AP AR X A A

R AR B Ao R AN 2 T R TR B B LAY A 2
FIREE IR 5 R AR L 2 AN iE . SER R R T 1
25 mL A HH, 508 J1G196-2006( 3 FHE I8 {0 2ok i HLRE )
WSl HLE, 25 mL (A ) A2 7222 7+0.03 mL,
e B AR M (=VB) AR H B E, 25 mL (A )& i
5B BRAE AT E B ey (V) N

Upe (V)=0.03+V6+25=0.000490

L AR AE(20£3) CLAY, H 25 [EAE S MR LS
1k, TSI A EFERIAT K BB R 5L o hy 2.1x107
mL/C, FEMTEE RSP, 25 mL (A SRR IR
JEAART | A AT 5 FEw(T) A :

u(T)=25%3x2.1x10=0.0158 mL

S AE (k=N3) TEEE, VRO R IR 22

5 S A K AR R 2 P ey (T)
Uy (T)=0.0158+/3+25=0.000364

B 25 mL (A Z%) 4t FIPREE IR A8 1 45 2 1 A o
SEJE A R, PTASAE AR SRR R D R B A R R B
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Uper(G) = \/urel(V)z + Uper (T)?
=+/0.0004902 + 0.0003642=0.000367
PR] MR i 7 ) 2 3 R 5 LA BB AN B 5 S ey (S)
Urer(S) = Vure1 ()2 + ey (G)? =
v0.00004602 + 0.0003672=0.000370
(3) TSR AN 22 S
TR S AR A BN 2 SR R S s 3 A A [e]
JT R BE A RR I 200 6 W FL IR HEA T PEE, s
ig . AR E (R 22 (relative standard deviation, RSD) & [F]Hk
I 1.
3.2.3 ARSI A
3 RS [) e B K F BOBR TR P WA 2 3 UK, 1531 AH
N EREE AR, L3R 2, DiR/N 3Rk G, fSRI4n
FRAIARSC R AL, MIHREN Y =0.9945X-2.0534, AHCFREK
(r)H 0.9997,
AR D1 FE IR 24
NYE

AR U it 2 00 5k 22 04 oE i 22

Sg = 211[3"71#2 82

ARSI AT T 6 e, FESEWRP 2 g
LRI E& 8 x=76.678 ng/mL. AR¥E D1 ZE/R 5 AR AR
ykigﬁa@m&@zﬁmﬁirgs@m

1 (c—x)?
+ Z + Z?=1(Ci—c)2
A, p jﬂinnﬁi{ﬁl' FER B (p=6); n NARE R T ) KL

=1

T8 WAL (n=18); x ket FIZ UG M2l 2 6 YR vk B
YIMH (x=76.678 ng/mL); ¢ A x i F 30 %5 W 1) - 35 0
(c=176.67 pg/mL); c; FARMEIT LS 55 RO ; b A HIA 2k
FIRER . ARAEITZRALA T AR AAXT R E e (Q) A
Urer(Q) = 22 =2.05%

324 HaRMaKI|I NG R EE

ASZIIIAEM AT T 6 W, 4Gl 745.06
773.83. 764.56. 770.28. 767.37. 744.76 mg/kg, FIHIE A
x=760.98 mg/kg.

BAYR I BRIV AST 2 S () A

S(x) = /— B0 15 82
BB Y E PR HEAT A u(x) M
u(0)=2

ﬁuuﬂ”'lﬁt%l/\B’J*HXﬂT{ET@%xﬁfurel(X)ﬁ
Urer(X) = =2 =0.688%
33 ARMAHERE
AR Y 2 DU 2 B8 — 0 s 0 2 1) 45 0 B N
FEICER IR 4. MRIBAHHE BE B SRIFXT & N8 5 i 40 1
HEATA BT, WA YR S5 A BAH X AR AN

Urea(x) = \/urel(Std-)z + U1 (S)? + U1 (Q)2 + Uy (X)? =
1v0.353%2 + 0.570%2 + 2.05%?2 + 0.688%2=2.37%

—5 234

= AE M SR T EDTA-2Na fnAxE YR #93 ZE (n=6)

Tablel Recoveriesof EDTA-2Nain blank flour samples (n=6)

B SR (%)
JidR it (ug/mL) RSD(%)
1 2 3 4 5 6 -2 [BIKCR (%)
50 94.2 93.8 96.2 94.8 96.4 99.6
100 98.4 97.6 94.2 96.1 98.7 95.8 97.5 0.554
200 100.6 98.3 99.1 98.9 100.5 101.1
Fz 2 FRERRREMIEER
Table2 Concentration and peak area of standards
0 T L
e (mg/L) TR
1 2 3

20 16.8068 16.3517 17.3028 16.8205

40 37.6550 38.9900 38.6777 38.4409

100 95.1008 97.8222 95.7712 96.2314

200 196.3442 199.1450 195.2306 196.9066

300 301.2234 302.1998 299.4298 300.9510

400 392.1180 391.5625 393.7887 392.4897
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Table3 Uncertainty of each component

AN 72 BE SR TR Syt RR AR HR AEA T E FE (%) B AR AT E FE (%)
FrRufEY) 2l 0.291
FrRuEY) AR 0.115
o 0 S ) AN 6 R 0.353
HNEAE 0.159
R 0.0364
FE S PR 0.00460
KERE 0.0367
T i 1 A PO AN 2 0.570
i B 0.0364
ENjE 0.568
o i T 264005 AN 2 B / / 2.05
o il R ) ) AN 6 o R / / 0.688
B HPRUEAIRE U () R 5%t

U(x) = x X Uy (x)=760.98 mg/kgx2.37%=18.04 mg/kg
34 HRIAMEESER
e E bR AR BT RAR S, MESHET =2, BFEX
[8]5 95%, M ASHAXS I RAH E R A
U =k x U(x)=2x18.04 mg/kg =36.07 mg/kg
PRI, SR R v 0 A o 35 0 2 TRk v & el 2,
TR AN A A5 RN (760.98+36.07) mg/kg, k=2,

4 wgSiie

A 52 36 3 T A rh ST A S OB € 1 D E
TS HH 2 R DU R — 4 e 1 5 VR B D TR, R
PREESEOURL . %07 R i R A2 2R A 7 AN o P
bG8, FRSL T ANHRE BEVERE Tk, W 2 AN E
LA Y, SRS R AN S 2 £ e LR
PRAE TAE H LU A0 LIS 1R, LU R S s A
FE i 5 A R AL . PRl UG BT 200 A
PR g A2 R R T A AR VA VR S Rl B, R
S AR WO TP Y E AN 22 T . AR AE TC EEAR T
L AR, BRI e — s L F AT BB 2 A )
JEERE b PR, D/ i Y JRE AR o 1949 22 UK s TR 3 RGP AN
JE, DAL G AR BE R i ik 4 1 e b ™ AR R E JE, L
5T, P S BT I A o oA £ ) AR
BRMABIERE . Wik, E5PR TAES, (el E bR T AR
AR, I3 T PR v Rk R DX 1), R T A o
D (LA AR v R IR ELRR T . b, AT LA i LS 5
SR PR AT, R R B A A AR L, AR o 2k
R T A N A R 7 SR AR B A B S, AT 3
[ Al A R 2 e T T
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