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Uncertainty evaluation for the determination of iron in grape wine by
atomic absorption spectrometry
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ABSTRACT: Objective To evaluate the uncertainty for the determination of iron in grape wine by atomic absorption
spectrometry. Methods According to GB/T 15038-2006 General Analysis Method for Wine and Fruit Wine, a uncertainty

mathematical model for of the determination of iron content in wine was established. Results When the iron content in

grape wine was 3.806 mg/L, the expanded uncertainty of iron content in grape wine was 0.376 mg/L. Conclusion The

main sources of uncertainty are caused by preparing standard solution and drawing the working curve.
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SR FE BP0 ); BRARTEVA (1000 mg/L, ERA
4R Ko TR R AT IEA L), R (LS4, 65%, 1
= 2R TS ), AA—6800 HY LTI WG HEAR [ 25 U AR AT,
B A R EDA FRA .

2.2 {UEEFEH

WK 248.3 nm, BR4% 0.2 nm, ATHLVR 12 mA, kG
Rz 5Bk, BRX 2.2 L/min, FUAMEHE] 5 s,

23 KWHE
2.3.1 ARG B

FH 10 mL KRS 10 mL ZRARTEA(1000 mg/L),
FEZZE 100 mL 2R, AL 100 mg/L AYEARHE P A1
THH 2 mL B9 0.20, 0.40, 0.60, 1.00. 1.50.
2.00 mL ZARMEH RN E R 100 mL 2850, Bl E b
02, 04, 0.6, 1.0, 1.5, 2.0 mg/L RINFRUEETR -
232 FHEBEHETHSITHENT E

FH0.5% 1 fil§ R Vs WORE 45 T AE LR RE 5 435,
FEHRYCRE, bR p LR AR A PR B i
24 BEMHBEFERR

TAERMZRIRIH 5 #E: Y=atbX.
e Y AR AT A BRI T OB (Abs); b Ay 1) )5
HIREE, X O iE s bR v 2R 1T R VR BE (me/L); a Ryl
I 5 AR

MR PRI AR: Cppy =5 KT X
SRy 2o A o 2T HE R (R (mg/L); VSR T
FE AT (mL); N R RS EG M 45 T U R R (mL)
25 THEEXRESH

AR G R AT B T, AN R ke I
(COBURE P A AN BE 5 (2)2 AR T 2R ik BE X B e il
T VRV VR 2 9 (B 00 J5 ) 7 A AR AN G B (3) Tl o Ei AL
PP AT B BE

3 HBR50H

3 AHMEESETE
3.1 BAEE AR EE UQ)
2 mL FEEERS RS WBCHT AT, FH 0.5% RS MR VA W

EAL

A& 10mL.

(1)2 mL W BT AR E B

TESEE R AR P A B S 2R L34 Oy A 25, R4l 1IG
196-2006 { % B EA ) e, A % 2 mL FEEBRE
FEALE N UNV)=£0.010 mL, BT B HARHE TS, %
SR, K=V3o WA E S N UW,) = % =
0.006 mL, JUAXHER A HE Sk U sy = 202 = 2520 =
0.003.

(2)10 mL 5T I ARG E L

10 mL A A EARE REN U(V)=£0.020 mL, J&T
B RARHE IR, =M, K=v3. WIHAHE /&
K UVio)=U(Vy) = % = 0.012 mL, AR bR EAH &

NES
=% _ U(Vi) _ 0.012 _
Efﬁg;U(lb) - T:O = T = 0.00120

g E L BURE A AR X AR R B B = Uy =

/U(Zla) + Ud,)=v0.003% + 0.00122=0.00323 ..
3.1.2 MR IR R
(D2 TlBRIE 2R e BE X 7= 2R AN BE U(2)
HRE [l 9 7 F Y=a+bX p 4 b A5 2 S0 B e
S AR X=(Y-a)b, R Y FEGIRE(A),
a TAERRZRARIE; b T/EMZALER, X =i o2k vk i
(mg/L). FCHIWEE R 0.2, 0.4, 0.6, 1.0, 1.5, 2.0 mg/L
FrAER I, R IE 1,
/N3l b AT, 455 1l 9 75 B A AH 56 R 2.
Y=0.0004+0.0575X; Z\H: a=0.0004, b=0.0575, 12=0.9996.
CA/E i & 2 3 v 0 b W W 2

S(Y) = /72‘"“”‘;?’;‘*“”2 = 0.0018.

ﬁ@%wmgmwﬁ:a=§%ﬂ=uamgu
FRUER BB E T EM: S =YL, (C - 0)? =317,
BT A B A A A AR R e

S0 (11, Gm07
U=, 5 + 5 + 5 —0.02029,

HY AT i ARG 5B A X AR AN B 5 BE Uy =

U
M _ 002029 _ ) 42666.
X 0.7612

XONBES SRS 4553, X=0.7612 mg/L.
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Table 1 Working curve and corresponding absorbance of iron

FRUETE AR BE Xi(mg/L) WOGIE Y, Yi-(at+bX) [Y:-(at+bX)]?

0.0 0.0000 0.0004 -0.0004 1.6x107
0.2 0.0119 0.0119 0 0

0.4 0.0231 0.0234 -0.0003 9x10°®
0.6 0.0343 0.0349 -0.0006 3.6x107
1.0 0.0588 0.0579 0.0009 8.1x107
1.5 0.0885 0.0866 0.0019 3.61x10°
2.0 0.1141 0.1154 -0.0013 1.69x10°
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P=10, MR EE G B n=7, s dEvE il e
UOBRG Y1 AR VAN L A R AR CL AR HEVE T

FRHEE TR AN E 435 UQ)

o YV VAL 1) A 8 o 2 i 2 E AR VROV 2 R
JE U(3a)FH 43 BB V8 T 1) PR B B v s R AR R I N o
JE UGb)I K

FRUEVE RN B Tt U Ga) AR TS W, ot ok
71000 mg/L, HARMEDFIE [ 45 A9 bR e 7 T A AR
S BT E I U%=0.7%(k=2), I, Zbris i i
FRUEATE B U (3a)=0.7%/2=0.35%,

P o VHE VS VBN 00 A B T G R 7 A ST B 40
U@3b), F 10 mL A 2R IERE WA (75 & 225 U (V)=+0.020
mL)HL 10 mL BRARER TR, 45 %2 100 mL AR A=A R
F22%K U(V)=£0.10 mL), FifEhl 100 mg/L AgEkFRAEH 17
FH B P Y R R B8 P A s Y DR PR R A AN 2

_ [ o020, 0.10
Ugsbry = J(\/Exw) + (\/§x1oo

0.00133,

FH 2 mL A HERRE (a2 R U(V)=+0.012
mL)Z#H 0.20, 0.40, 0.60. 1.00, 1.50, 2.00 mL E&E X
100 mL A FAERM(E R AZERUN)=+£0.10 mL), %=

)2 = +0.00122 + 0.000582 =

GhA5 K=VBHEAT AR ME R S R U (V) = 2 =
0.0069 mL, 6 YF% HUbR 1 Ho 1] 8 ) RE A AR vE A B8 5 BE D -
U Coz )2+ o+ o + 0.04123
(3b2) = 0.0069 0.0069 0.0069,, " °
€ 1.0 )2+ ( 1.5 )2+ ( 2.0 ’

100 mL 255 1A B AR X AR E A3 € BE U 3p3) =
0.10
T3x100 — 0.00058,
25 I, RS AR AR AN i B 43
Uspy = JU(23b1) + Uy + Udpsy =
v/0.001332 + 0.041232 + 0.000582 = 0.04126,

Ugy = ’Uéa) + U(23b)=\/0.00352 +0.04126% =

0.04141.
MEETLHRHEENE U@
AR A UEFT 10 IRE R M2, 450K 2.
FEM I E Y A X = 0.7612mg/L.
XFPRESL EAT 10 WWEE W E, W HmfEXEs =

3.13

P _%)2
2B — 0,007055.
1 i) 5 b = S _ 0.007055
FEaR TS MENE PR EA T E LU (S) = 5= 003% _
0.00223.
B T 5 AR 6 S 5 T Uy = 2
0.00223 _ ) 00293
0.7612
B2 e SRR AR C#DL.’] _ XXAI;XNO

Cpey =X X7 = 0.7612 X = = 3.806 mg/L.
Forf: P=10, R T AT I YOS, X A o b 2 15
SR B S (mg/L); Vg 2 T I 2 E AR 10 mL; Ny
T B 15 MO 25 BOREAA L 2 mL.
3.2 ERNERNREEITE

B E 5 L3 3,

A BE Ay wn A B sy, BRI, R PR A ke
025 5 R A AR VAN R

0.003232 + 0.026662 +°

2 2
v = [P U+ J
2 2 2
| Uz, + U3, 0.041412 + 0.00293

= 0.04944
T WAREAHE LU = Ugy X Cppy = 0.04944 X
3.806 = 0.18817 mg/L.
33 VRAREEITE
YEFEXRAMEEAN 95%0), EHF k=2, Bty
JEANHE
Uy =k XU =2x0.18817 = 0.37634 mg/L
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Table 2 Results of wine repeatability test
5iA B
1 2 3 4 5 6 7 8 9 10
W EAE Y, 0.0443 0.0446 0.0449 0.0446 0.0441 0.0442 0.0440 0.0437 0.0436 0.0438
HePE Xi(mg/L) 0.7623 0.7673 0.7740 0.7681 0.7599 0.7612 0.7588 0.7533 0.7520 0.7546
=3 THEENE
Table 3 Uncertainty components
AN B O AT SR YA WERE i FRIEAH & AN BRI AN o
u(1) IR B % / 0.00323
u@) TAEME G A% 0.02029 0.02666
U(3a) FRUE IR B / 0.0035
U(@3b) FrEVE e B R A R B / 0.04126
U(4) R i DN e o A A% 0.00223 0.00293
u(s) G RN E B G 0.18817 0.04944
u(6) PR AW E B EiNs 0.37634 /
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