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Uncertainty Evaluation of Calcium Determination in Fruits by Microwave Digestion-Flame
Atomic Absorption Spectrometry
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China Supervision and Testing Center of Fruits and Nursery Stocks Quality (Xingcheng), Ministry of Agriculture, Institute of
Pomology, Chinese Academy of Agricultural Sciences, Xingcheng 125100, China)

Abstract: A mathematic model for evaluating the uncertainty in the determination procedure for calcium content in fruits by
microwave digestion-flame atomic absorption spectrometry (FAAS) was established. The uncertainty sources for each param-
eter in the model were analyzed. The uncertainties of type A (based on the calculation of the statistical distribution of the
determination results) type B (based on the estimation by experience and the probability distribution of other information) were
evaluated. According to JJF 1059-1999, the component uncertainties were synthesized and extended. An expanded uncertainty
of 1.18 mg/kg was obtained at the confidence probability of 95% and coverage factor of k=2. Based on the analysis of uncertainty,
the preparation of standard solutions and the fitting of standard curves were the major sources of uncertainty, while sample
weighing and the preparation of digestion solution revealed little effect on the final uncertainty. Meanwhile, some strategies for
improving quality control were proposed.
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Table 1 Microwave digestion conditions

IR pojE FE P FHEES [ /min WEEIC AREFISA]/min
1 1200W(100%) 10 140 5

2 1200W(100%) 6 200 10

2 SREHW

21 HeEpER

AR S0 Je R, 43 D R I e i SR v 4 1
B FE, e 45 50 L mglkg Ros i, e 45 SR
HRSHE W FRBEAR:

(C: — Co) X V X 1000

X= 1)
m X 1000

A XOGWBEP 517 i /(mg/kg): Ca A FE S
WP B BEHCIE J(ngimL)s Co WA 4 T 5
JRECHRIE [(ug/mL): Vg RE S E AR ImL s m g RE S
JiE /g
22 DA E BRI T

PRI e FE, X AT RE P AR B & R AN 8 B 4y ek
T3, WU EBCEB I LU, 52 m i 0 rp 4575
S8 I AN A 8 5 ) B AL HE I = AR R R A S
AN B RS RS A RIS E R . R
TE R ARB A B 8 B RF AR = I8 A A TS .

TR A o VR, B B AN R S S S p v A TR T
JREWE . WL LA B2k U7 F2 SR 45 B 5 10 AN A o2 B
5 o Y 5 8 R TR T A T T A N ) A S R
RT3 VR R A5 2 2 () AN 2 R U 0 A
R B AN A G R B AR AN
JE 5 A BRI . E ARSI B A
SEJE . AR SR IR AN R 5 | R AR RS B () AN 8
B OK. FERPRE TR A € L SR AR K
SOVF 26 MU SRR 22 K
23 ASHIERE SR
231 WU FH R T S e M A A SR
u(Cy)

2311 ESERUE IR SO P R SRR
R S B AN A 22 S PE 2 u(Caa)

B FRAERTB(1000 ng/mL),  C i AR 1 (K R v R 51
W, ST RFIPRER AT 3 IRE N e, e 45 3
=2,
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Table 2 Determination results of standard solutions

FrAER TR L I g/mL) WO T
0.000 0.0004 0.0011 0.0014 0.0010
1.000 0.0711 0.0709 0.0709 0.0710
2.000 0.1427 0.1444 0.1437 0.1436
3.000 0.2097 0.2079 0.2076 0.2084
4.000 0.2745 0.2743 0.2726 0.2738
5.000 0.3392 0.3406 0.3389 0.3396

ISR 3 P& )~F- YWt BE 1 B4 & 4T R
'y =0.0676x + 0.0039, [F[J1F%r =0.9995.

X RE B S EAT 10 Ykl e, I E S5 R4y
Wk 2.117. 2.127. 2.133. 2.115., 2.133. 2.124,
2.120. 2.135. 2.124. 2.154 ug/mL, #{f 2.128 ug/mL.

U(Cua) IR HEA & FE H 1 SR A3 04

U(Cu)=(s/)[IN + 1n +(p: — x)2 izjl(xi — X)?]¥2

Arbe s ={[1/(n — I[Z(y: — y)}2 = 0.0087, H
1N =10, a=0.0676, X= 2.5ug/mL (bR
(P24 R ), p1=2.128ug/mL, n = 18(hx¥fE &K
GRS U B HEAT 3 i, JE3 X 6 =18).

B u(C11)=(0.0087/0.0676)[1/10 + 1/18 +(2.128 —
2.5)%/52.5]42 = 0.052 ug/mL
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2312  EHERAEER LU ECHIES bR UE R BT R 1Y 233 FEANE B RIANH B u(V)

AN 78 £V E u(Caz)

55 1R S bR ARV 1000 ug/mL(GSB G 62012 — 90)KE s
UES BSR4 ng/mL, AU EAE X H,
B EAS KTl 95%, k=2, $%HIEAMiA u(Ci)=
0.4%/2 = 0.002 ug/mL.

F1 1000 p g/mL Fr #E 7 75 B i Rbs #E 3R 20 2 R 3R
3 i

R3 IR H

Table 3 Preparation of standard solutions

PRIREORE gl el

WE/(ng/mL) J J(ng/mL)
1000 10.00 100 100.00
100 0.50 50 1.00
100 1.00 50 2.00
100 1.50 50 3.00
100 2.00 50 4.00
100 2.50 50 5.00

FH 100 pg/mL ARvEfif £ AL A% 1.004 2.00. 3.00.
4.00. 5.00 pg/mL FrEFR S AT K I AN T B AT BLZ,
ANV, AR 2 AT, AN 1000 wg/mL 45 BR AE R WG
il 100 pg/mL FrfEfig &l s, FF2 1 2 100mL &
(A 2%, (100 £ 0.10)mL), 1 3% 10.00mL & (A
2%, (10 £ 0.02)mL). 10mL FE A 100mL 2 =) Il
AN 5 4% 3850 43 A 4 S BObR HEAR 72 43 3k = 0.02//3 =
0.012mL, 0.1//3 =0.058mL. [K:

u(C12) =[(0.012/10)2 +(0.002/1000)? +(0.058/100)%*2 =
0.0013 ug/mL

T u(Cua)~ u(Cr)HE ST, FITLL u(Ci)=[(0.05)2 +
(0.13)2]42=0.05 p g/mL .

232 A TS B S AN T BEVEE u(Co)
2321 EHBRUEE AR S WO LA B 2k T R SRR
2 AN 2 PF 2 u(Con)

U(Con) T 57 ¥E A u(Cua), 1HFFEDK Co )l Co,
F)‘T‘ U» H

u(Co.)=(0.0087/0.0676)[1/10 + 1/18 +(0.061 — 2.5)%
52.5]42=0.067 ug/mL
2322 EERUEEI LR HIES hR v 2R AT R
AN R BEVE 52 u(Co)

U(Co2)= u(C12)= 0.0013 ug/mL

H T u(Cox)~ U(Cox)HIL AL, JrLh u(Co)=[(0.067)? +
(0.0013)2]*2 = 0.067 ug/mL.

2331  FEMAABEIE WA E B

P S AR 25 11 V8 4 e 2% HH 50.00mL 25 1)l 2 4
(A %,(50.00 + 0.05)mL), JB¥IE/0AR, L FEAT KK
AN 5 i 4(0.05 X 2)//3=0.058mL.

2332  EAREEMAEE

F 58 5 (AR 5 RS R AN e P8 T ek 12 7 o 1)
AR G ) PRSI R PG . JE S n) 50mL AR A
WAiK 10 WFF e, FRSERR &R e 255 1) 4l 7K
H, ATURSCH 10 a8 R IR E W 22 0.062mL . IXT]
L AR bR e A1 8 JE
2333 AHEDHRI WO E S AR M R AN
[Fi) 75 | 6 AR AR By R AN o

FRPE I BRI f5 B, SR I O 25 CRLTE,
I S50 = R FEAE + 4 CZ MAR S . %M 5] AR
SE JEE RT3 3 A B 2 e Y B R AR AR K R Ok JEAT UE
B WA PR R K B S OK T A R AU K, A
I R ERTE R KA RECh 2.1 X 104C,
R 7 A AR FR AR AL &y (£ 50 X 4 X 2.1 X 10%) =
+ 0.042mL, #4fpihrvE w2 4 0.021//3 = 0.024mL.,

Rlk: u(V)=(0.0582 + 2 X 0.0622 + 2 X 0.0242)12 =
0.088mL.

234 FERVRREBUR AN E B u(m)

RV de R A vF iR 22 M VDR 2293 73 24 0.7mg Al
0.2mg(R-T R E uE 1424ty , w8 TR0, ik
i %4 0.7 X 10°%)[3 = 0.40mg; J# i FHEsEfs TAEHH
FRE—IK, HbrEm 28 0.2 X 108 = 0.20mg. FrLl u(m)=
(0.402 + 0.20%)¥2 = 0.45mg.

24 HRAE L RV E

AR (L) ) H R T S A 3R R A R

C(C1)= &X/OC: =V/m =50/5 = 10mL/g

C(Co)=0X[/0Co =— V/m =— 50/5 = — 10mL/g

C(V)=0X/8V =(c: — Co)/m =(2.128 — 0.061)/5 =
0.4134mg/(kg * mL)

C(m)=X/ém =—(c1 — co)V/m? = —(2.128 — 0.061) X
50/52 = — 4.134mg/(kg * g)

I

U(X)= | C(Cy) | X u(Cs)= 10 X 0.05 = 0.5mg/Kkg

U(X2)= | C(Co) | X u(Co)= 10 X 0.067 = 0.67mg/kg

U(Xs)= | C(V) | X u(V)=0.4134 X 0.088 = 0.036mg/kg

U(Xs)= | C(m) | X u(m)=4.134 X 0.00045 =0.002mg/kg

B ANl 52

U(X) =[U(X1)? + U(X2)? + U(Xs)?2 + U(X4)?]¥2 =
0.84mg/kg
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Table 4 Summary of uncertainties for calcium determination

iRl eV B R
BB R IR IR B 5 O A 0.052

UG U0 T2 5 PSR A (R AN o ‘
" I ERUE R (0 AT 5 B 0.002
TRC SHRR TR A VAT PR AN o B 0.0013

BRI I B S RO B UL B 4k

H(C) T RS E 15 A B e A 0067
P AR IEAN 5 B 0.058
uv) RRBUE I E R MR 2 A 0.062
WSR2 B 0.088
u(m) RVAH 2 B 0.0002
R R A 0.0004

25 YRAHERE RN

R S 56 = A8 HOE AT I I FR o, — MR SR AR
WPCAEATINE, A U(X)= U(X)= 0.84/,/2 = 0.59mg/kg,
ICEAEKTH 95%, WEF k=2, Froly Ae
¥4 0.59 X 2 = 1.18mg/kg.
26 4iRER

X =(2.128 — 0.061) X 50/5 = 20.67mg/kg, & RFER
H: (20.67 £+ 1.18)mg/kg.

3 i #®

#£ 1SO/NEC17025 {5z RIS I S 56 =5 fE ) (16 308 ) 52
KN b, RIS E RN UE R, A
KA HE BN R &5 A 2 FE VT U0 o ARSI 56 DLKT
SR R s LA (i, ORI 4 RIS
T FEEATHR . IR AT U h: #is GB/T 5009.92 —
2003 (177 V200 5 5 S (S i, D 4 R AN e T
WETT A% IR T A B AN e BV BT 5 v R R
T8 FH T DA 1 [V bR o 2 9 3R A5 D e &5 SR AN 52 JE 1)
VAL .

53 BT DU A 5 S R SR YR — B AN B FREG
ik WAL B BRI E . HORE TR FEAR B L
P 8 AN U7 TH 25 FE AN i B SRR 1218 e R — ik, TR AE
IBEAAE T, ANH 2 5 10 3 R U5l A2 40 B DU 11 2ok
it o LA Sk Y5 1R AN R 82 DRI SIS v n D47 ol T 2

WS G ERAE R R MR BE A WG O T ik &
FE b S 2 PEA5 o AN E B2 1K) 3 PP 58 R B P R] DL
HY S e 28 AN R JRE A SR KD 3 B v VA A K P ) A
Pt sth 2 A M AR, TR R R VY R ) A R e ¢
ANE BESE RGO A K . BTl i 5 Rl
TN RE K R PR RV TR, i 2R (K 4 A
il Wi LI N ARG B2 A iR P U P WA i e i B2 =
HERMIANEASE L, IFRFE S 34T 2 R AT I E 55 . I
SRR T it S (30 (K DRI, DRFFRSE (RPIRZS s ISk
FEAHRE Lo /NI ARAE 5, i S 56 3 5 1) 42 761 LA
LM FEAR AR« e AR IR, LD N B3R
o YV Y0 14 TG 1 A o4 A 26 A 7R T R 1) 52
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