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Evaluation of Uncertainty in Determination of Iron
in Pitaya Fruit by Microwave Digestion—Flame
Atomic Absorption Spectrometry

HU Xin—hua
( Department of Environmental Engineering ,Minxi Vocational and Technical College ,

Longyan 364021, Fujian China)

Abstract: The uncertainty of the determination of iron in pitaya fruit was evaluated by the microwave digestion—flame
atomic absorption spectrometry. The corresponding uncertainty mathematical model was established. According to the
analysis of uncertainty sources in the test process, there were 7 aspects. The uncertainty components were calculated. The
result of the determination of iron content in Pitaya was X=(1.308+0.281) mg/100 g(k=2). It was found that the main
sources of uncertainty in the measurement process were the measurement of sample solution, the blank of sample and the
constant volume of sample solution. Among them, the uncertainty caused by standard curve making and working curve
fitting was the largest. Uncertainty assessment results can provide references for the detection of nutrients, avoid or reduce
some unnecessary detection errors, and make the test results more accurate.
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KO FE ANNEERL, B R RB Y, XFR e
Te eI A5 R ARt £, ke
BRI, M H &6 2 SRR AN
JCER. KRR R B 100 g L0 KRS
B RAN 1.4 mg, HR KRR KA H 0.6 mg/
100 g, i F— MoK R, L AR 4552
21 IR KRR AT DIAE 9 ARk T R 1Y 8 2 4b 5 ok .
K SRR R B B AR TR H A T B IR

A SCHAR JIF1059.1-2012 I A 5 5 B BF
FEGRIRY R I R R TR & B A5 R R
2 BE AR AT, R D B IR S A E B I R 5
AN R 2 R, S e e N 2 SR 1 A R
BPE. B UL 4 AT 7 2 34Ok FH L B G A S T IR
KIS (1ICP-OES) # 22 5@ 2 Fp & 5 b i 4
JEICE , GnER BE S Bk CBE VAL AR SOl KM
J W B it ik e R O Hofh 4y B A BB
FH Ty 2 0 $2 4 225 | s G ol sk 20 ) 3k 2o i o
() — S AN OB AN o B T 0 45 S T v

1 KEEH

1.1 {UsB5iH

TAS-990 AFG BUJ Mo BT (At 5t
Brim AL 8 A R 5848 2 |, 0 B 280 b K
248.3 nm JEREHFGE 0.2 nm, ATHLUE 4.0 mA | JEIR £
$00.6, FUETH 3 s, ABEER = E 8 mm. ) ; TrumpA
5 A AR BRI T AN (TR AR A BR A FD ) 5
FA2004N HLF K (_EIAERER LA A R A A .

HNO,(GR),30% H,0, (GR),Fe ¥ ( GBW01402,
ARG, R A R A AD)
1.2 HmETahE

FE AT B SRR L0 KO e S vk
T RGBT KB, T RE ML S BROIR. T
PREL 1.000 g 2% W& A% &b in AT i i oh, 75 A
15.00 mL & HNO, 1 25.00 mL (30% ) H, 0, #£ 17 1H
fife, 2 AN 1 T A, TR RS K TS AR A
B HEIEH Y ST INAABR R , 10 24 2 IR
R BA 50 mL T [ 1% HNO,EZE, R
LRI R R RS =il
1.3 WE

SR B F WM 3 66 BE T I 22 T SR A it VT
H Fe JGER MY IO REE (FEZ W E 9 W), I Ax e
LR O SRR G A e [A] ISFE BA AR B 1.000 ¢

LB T ORIEAE A RAE AR RE AT AR B R i 22
JEFATIEZS H 6 K.

R1 NERERBBAEBREY

Table 1 Microwave digestion conditions of pitaya samples

AR it ]/ min IR/ C JE 11/MPa
1 3 120 1x10°
2 6 160 2x10°
3 5 200 3x10°

1.4 FRAEMZLH

i FH s Aok BE A 1 000 mg/ L Y 4 b vhE i
B, B R B 10 me/L 14 4% A 1 1 K.
2 mL ZI B WA 4 0,0.25,0.50,1.00,1.50
2.00 mLAJARAEST PV B R 5. SR F I
PIEERE TN S . I AS IO FE X Fe TT
EQION Rz AR S

2 BFRBKAFHEENRIE
2.1 HFRR

BRI (1) .
(C-C,) xV/1000
X = x 100 (1)
m X R

o X— KSR P i, mg/100 g; C— K JE R3¢
W Fe MBI, mg/L; C,—25 FIR R P Fe 15
IR, mg/L; V- kOB SR e 5K FH, 50 mL;m—
KIERFE G IRE BT | g R—THARBCT Fe 1 DI,
2.2 AHEEHERFKIE
T HE AR J A AT A R B e s R
S AN B A SR IR AN . (1) I T R
AWIAHERE. (2) FE SR AT E . (3)
FEf A B ABIARTE . (4) FEMIRIOE 2=
AT AE BE . (5) B i J0T Bk i ol A 7™ A ) AN I
JE. (6) MRS AMRIE . (7)1 e
PEST AR 22 B AN B a2 B 43 o ) ] Gn 1l 1
.
3 AHAEESENITE
3.1 MNEEESUSINWHESIRERREE U, (1)
FREX 1.000 g K Je I, H#IE , # A 50 mL

R, M 1% HNO, &€ %, B & & Hrh koo
K9 IR, g5 RN 2 g,
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Fig. 1 Fishbone diagram of uncertainty components
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Table 2 Results of repeated determination of
iron content

Uk SR/ (mg/ 1)

Fe &/ (mg/100 g)

1 0.276 1.361
2 0.274 1.306
3 0.280 1.337
4 0.267 1.270
5 0.271 1.291
6 0.278 1.327
7 0.269 1.281
8 0.282 1.347
9 0.272 1.296

F-HE 0.274 1.308
s 0.025 973

A PP I A A A AN 2 T 9
Y45 SR B3R -4 A s 4 B 22K 7 S
=s(x) :0.025 973

u =0.008 658 mg/100 g (2)
RN Y
I 7 A2 MR AR X B AN S B h
u; 0.008 658 3
1)=—=———"=6.619%10"
Uml( ) c 1.308 66 9X 0 (3>

3.2 #HEmZEASIANNEXMNIRERHEE U,,(2)

B 1.000 g 2 B /K ¥ i R AR VR i AR A
AbEE JE R E R EFEATINE 6 W, TR SR nE 3
%),

3 FABBNEER
Table 3 Determination results of blank solution

WHL W SR FUE e/ (mg/L)

1 0.001 0.016

2 0.002 0.025

3 0.000 0.008

4 0.001 0.016

5 0.000 0.008

6 0.003 0.033
F-HME 0.018

s 0.009 811 6

W T 4 P VA ARG T S 118 42K YR s o D 2
ER FE 25 A B0 A B AR HE AN B 8, uw, =
0.009 8 mg/L.

SEATIE 9 R SRR Fe & AT N
0.274 mg/L. PAAE 5 25 115 A B AR A E S 1 2
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BER (m). BFUEBZE R Y RBATEE R 0.2 mg,
K1 /51 4 _
U,,e](2)=ﬁ=0‘0098=0.035 81 (4) BB k=3
0.274
¢ . 0.000 2

3.3 HSRESINNEMIRERHEE U,,(3)
PEFH FA2004N L7 RS- HEATRR 8, 20 3F% 0.1
mg, AISIER 4 E T R A 2N 0.2 mg, #&15)
434, B
u(my) =0.000 2//3=1.15x10" g (5)
FEFREE 2 WOPR B 58 1, B 25 0 5 2 O+
i, PR HL 7 PR BB A AN A2 0
u(m) =+2u(m,) = 1.63x10™ g (6)
TFR R 1.000 g FF & J5E 8 51 A B A X B R 1)
FEFER -
u, 1.63x107*
V3= 1000 1.000
3.4 HESBRRERSINREMTERHREE U,,(4)
BE SRS AR 50 mL 25 S 25, A ik
A
(1)50 mL A %5 il fe K AP 25 0 £0.05

. e 0.05
mlL, % =040, k=6 3% B 275 W u,, :f?

=1.63x10*  (7)

=0.02 mL.

(2) TR 22 M +3 °C, KA 20 °C BHAY I ik
RECH 2.1x107* C, P A B IR RS fE o + (50% 3 x
2.1x107*)=0.031 5 mL,#% B 28¥F5E , IR JEAS L M 4
o, k=3 IREZNE ARSI EE N

0.0315 1 e e
wy = 5 =0.018 mL, P AR S A RO 255 R Y
AR AN 2 B H

U, (4)=+/0.022+0.018% =2.734x102 (8)
3.5 HEBRRNES|I NWEMRERREE U,,(5)
3.5 1 ERICA W BC I 5 B AE X A o N B A

U,.(5A)

FAEERAY (GBW01402g) , 411 (99.99+0.01) %.
FREL 1.000 g = 46858, il HNO, ¥ i Jf % 45 2
1 000 mL.

(1) ZHEE P 5 I ABIAHXARMEARTRERE U, (P). &

st b= /3 (P = 2001
A

=0.000 058 g, ] .

up _0.000 058
P 0.9999

(2) KPRt 51 A B AH X AR A 8 FE U,

U in = =0.000 058 (9)

u, =— =1.15"¢ (10)
J3

1.15x107*
©1.000

(3) BRIRWE A 1 000 mL 5| AR FIXHRAEAR
WHIEE U, (V). 1 000 mL %5 & fo i i 2%

0.4 mL, 53515040 k=43 ,u( V1)=g=0.23 ml..

=1.15x107* (11)

rel(m) =

FEIMAE 20 °C AL, REEIE B (20+3) °C, K
MR LR I Rl 2.1 x 107 ¢, H ik AV =
+(1000x2.1x107*x3)= 0.63 mL, % B 25175, 46K
AR, k= 3 R AR S R AR BN E B
a 063

A % W E B WA EE w(V) =
+/0.23°+0.36> =0.43 mL, W 5E & 5158 AN A E

0.43
1 000
(R ASATHEIY 35V PR A X B AN 2 A

U, (5A)=+/0.000 058>+(1.15x10™*)*+(4.3x10™)*

=4.498x10™* (13)
3.5.2  RARUETSMRTCH 1A AR AR HEAS BE B 18
U,.(5B)

it 10 mL 5045 B8 W8 U i W BOOE A8
10.00 mLF 100 mL &I (A %) ', FH 0.1 mol/L
FRRS IR E 25, 153 100 me/L &k br o o 8] 9. 5 1
10 mLEFRAL W8 HE A 5 B 10.00 mL 2k A1 T
100 mL 250 (A 20) o, H 0.1 mol/L FRNIRE 45,
22110 mg/ LAYERbR A FH.

(1) 10 mL FRARFE WA 51 A B FH R FR HEAS 1
JE U, (5B1). 10 mL HARFE W E B LIFRE R
+0.02 mL, ¥ B 1P, 5040, k= /3, WAH
ey, 0.02
EREN u = G =0.012 mL.

T EEXT 10 mL BAFRES M AE AR SZ 00 5 | A AN
FERE IRBEIRE (20+3) °C, KRR Ik = 40
21107 C, Wt AV =+ (10%x2.1x10*%x3) =
0.006 3 mL, &L /340, k=3 0.
~0.006 3
A

KU (V)= =4.3x107*, B LABE ] 1 000 mg/L

=0.003 6 mL (14)

u
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IS ) SR JARX :
N Jﬂﬁﬁ {A@FFJ 10 mL BPR B WA 51 A AR T . 0 063=0.036 . (16)
FRUEARTERE N 3
_/2x(0.012°+0.003 6°) R A 2 YK 100 mL 25505 1A B9 AR X b v
U (5B1)= o =0.001 71 R
(15) 2x(0.0582+0.036%)

(2) 100 mL ZE IR 5| A B AH X B3R MEAS B 22
U,,(5B2). 100 mL & ARFIR 2401 mL,#% B
HePs, 540 k=3, MR 5 JE u=3'3f=
0.058 mL.

TEEEXT 100 mLL 25 5 AR B 0 5 1A B9 AS B
JERBEIRBE (20£3) °C KRR R ECh 2.1x
10 C,H M AV = + (100 x2.1x10* x3) =
0.063 mL, I 4310, k= /3 0,

U, (5B2)= =9.646x10™*

100
(17)
BCARAR R TR E 11 7 ) A B AT v AN 38
M
U,,(5B)=1/0.001 71°+(9.646x10*)>
=1.963x107 (18)
BRARE I W C 1 1Y AN B 2 B O A AR Ak 4
Jir ).

x4 BIERBESNAHEE

Table 4 Uncertainty of preparation of iron standard solution

e i H (LN pINAE RG] A BEGIAL AT
o OB B /ml TH B /mLL 5 /L, R
10 mL HbRFE VA 2 +0.02 0.012 0.003 6 0.001 71
100 mL 25 2 £0.1 0.058 0.036 9.646x10™

3.5.3  FbrAEMMZSIELFES A B AR bR AEA T
E Urel(sc)

(1) 4 HWUbm o % W R BR8] A B K B 58 2
U, (5C1). ffiH] 2 mL ZIBEWAE (A ) 0 IR HLO
0.25.0.50,1.00.1.50.2.00 mL %k #n i FH % T
50 mLZs .

R4 GB/T12806, H: & 3% 2 7 il 4 0,
+0.012.,+0.012,+0.012 . +0.012 ,+0.012 mL, #%#)%)
S, k=3 BRI E HE u =O'gz=o.006 9
mL. FREEIREE (2023) °C KRR IK R Ak 2.1x
107" °C, I AV =£(0.25%2.1x107*x3) = 1.575%
107 mL, & EHAEIE 010, k=3 JIREERE v =
1.575x107*

J3

UL 0.25 mL (AR E R .

u =+/0.006 9°+(9.09x107°)* =6.93x107* (19)

FEH0.25 mL YA AN B2

6.93x107°
“= 0.5

=9.09x107° mL.

=0.027 7 (20)

AR AR AN 22 BE 43512 0,0.027 7.0.013 9
0.006 93.0.004 62.0.003 46. [HIt, 43 BUbR i 75 W A4
522 5 | RS AR X AR EAS I 2 O

U.,(5C1)=/0+0.027 7°+0.013 97+0.006 94>

+0.004 63%+0.003 48> =0.032 3
(21)

PRt 2R B S | A BT 2 FE e A i R gk 5
JIr 5.

(2)50 mL AR E R BN ERE U,
(5C2). 50 mL A0 AR VF IR 22 0.05 mL, #35) 53

Wi k=3 URHREE o =0'f05=o.029 mL. R
3

JE(20+3) °C, KRB Ik RO 2.1x107* €,
I, AV = +£(50%x2.1x107#x3) = 0.031 5 mL, JfJF

@%ﬁﬁ/;ﬁj\%ﬁ, k = ﬁ ’I)_IIJZ:EE%E " :O?/:;l 5:

0.018 mL.
PR, 7 A HE 255 LA RIAH XS AN 5 B A
U ..(5C2)=+/7%x(0.029°+0.018%) = 0.090 4
(22)
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Table 5 Uncertainty introduced by moving of standard curve

Sy BUARF R WHEIAR REEGIAR Wi GIPNGE R
/mL 22/ mlL N 5E B/ mL AN B/ mL AN BE
0 0 0 0 0
0.25 +0.012 0.006 93 9.09x107° 0.027 7
0.50 +0.012 0.006 93 1.818x107* 0.013 9
1.00 +0.012 0.006 93 3.636x107 0.006 94
1.50 +0.012 0.006 93 5.454x107 0.004 63
2.00 +0.012 0.006 93 7.272x10™* 0.003 48

JIt A v H 2R AR 51 A 18 A X6 B o A i 0
-

U .(5C)=+/0.032 3°+0.090 4 =0.096  (23)
3.5. 4 TAEMMGILE PIFXAREATERE U,,(5D)

PRl £ i D1 2R =X F

n

>

i=1

v = (a+bx) |’

a5 (y) — e IR A bR e 22 ; P— K T SR

WIMEREL, P=9;b—F3,5=0.121 1;a- b, 0=

=0.001 5 n—R BN OB n = 6x3 =18, C, - ifE

BN AR EAE  me/ Ly C —bRE 291 5 ik vie -

ﬁ]ﬁ, C=0.175 mg/L;Co_#tﬁ'ﬁﬁ?@i Fe Iﬁ%ﬂ&f;’z,

C,=0.274 mg/L. FrifEdh L 25 8wk 6 fr5il.
BOR AR T

s(y) = (24) (0.05+0.1+0.2+0.3+0.4) X3
n-2 ¢ =(0:05+0.1+0.2+0.3+0.4) =0.175 mg/L
(C, -0 -
1 1 -
S(xp)_s(y) = ==y —" (26)
b P n i c - 6)2 18 B
R Y (€, -C)* = (0-0.175)> x 3 + - +
i=1
(25) (0.4 -0.175)% x 3 = 0.356 2 (27)
Fx6 REHENESER
Table 6 Determination results of standard curve
. W EE
5 Bk C/ (mg/L) W S S X 4
1 2 3
1 0 0.000 0.000 0.000 0.000
2 0.05 0.005 0.004 0.006 0.005
3 0.10 0.009 0.010 0.010 0.010
4 0.20 0.023 0.022 0.024 0.023
5 0.30 0.036 0.035 0.035 0.035
6 0.40 0.047 0.049 0.048 0.048
PrL s(y) |1 1 (00—6)2
13 s(xp)= ) P+n+18
Z yi_<a+bx5)‘2 ;(Cl’_c>2
s = [

18 -2
=1.051 x 107 (28)

~ 1.051><10'3J1 1 (0.274-0.175)"
T 01211 A9 18 03562
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=3.824x107 (29) A
BN B 4 i
PRI, A 2R 405 5 A B AR R o o AN i 2
N #5538 SE SRR X R/ an TR 2
PR,
U_(5D) (@) 3.824 x 107 _ 0.014 (30) 7
Xp 0.274 0.12
TR S VA VB £ 5 A AR X AR EAN T R L 010}
U,(5)= /U, (5A)7+U,,(5B)"+U,,(5C)*+U,, (5D)’ g oo
= 0.06F
=/ (4498x10*)7+(1.963x107)*+0.096'+0.014" £ |
=0.097 (31) . I
3.6 HREIRZERS|INHEIRERHEE U,,(6) 0.00L = I _—

M FARE AN 5E 4, LS fftad B P Fe 0%
B 2R B T5 e Al Kk e SRR T Fe STTERANRE 100%
B .

FEHL Fe ARUMEIR K (10 mg/L) 1.00 mL #F47TH
fift, HAHRAE R O SRR, e 3y, Bl sy
149 96.8% 98.2% 99.1% ,F-117R 98.0%.

HRAE JIF1059.1-2012 I & ANBf 72 1 5 3%
7)), I R RE A X R A 2 588 (99.19%-96.8% ) /
2=1.15% F&HI53 4, k=3

1.15%

U,(6)= =6.64 x 107} (32)

3.7 UEEREMSINMEXNIRERHEE U, ,(7)
ASCRRAGLE TE 5 27 Y A A2 AN B 2 Ty 1.28%
R, k=3 I, A AR AR E T AR AR

o 1.2
MR ERE R U, (T) = 8% _ 7.39 x 107 .

3.8 NERPRIBENZEMIFERHEE
KR PR I S R AN 2

U= /2 (U, (D)

=./(6.619x107)*+0.035 817+
(1.63x107*)2+(2.734x1072)

+0.097°+(6.64x107°)*+(7.39x107*)?
=0.107 6 (33)

3.9 RERUSETRIABEE

BEEHER P N 95%0T A& H T kb 2, Y e
AHEE U=U(X)xXx2=0.107 6x1.308%x2 =
0.281 mg/100 g.
3.10 AERPHSENELER

K SR AR I E 25 R X = (1.308+0.281)
mg/100 g(k=2).

U U2 Uu3) U@ U Ua®6)  Uu(D
AN o
B2 HEXtrERHEESEE
Fig. 2 Diagram of component of relative

standard uncertainty

MIE 2 TRt R0 K 2R B o ) AN
SE BE R/ IVHRUCR: R ol RN > 25 1 S i 7
TBURE 725 > AU AR > T A IS5 > 0 o B e > Ao
A PR RIRCR I X SRk 5 1 0 S AN R
FORVITHE RN RN B e A 25 B SRR R VR BUE A
3T (1) AEAE I Hp =5 205 e A 2 s ofE
e AR 2Bl 5 5 DR R AR E iR, X —
77 TR A AR I A B ) SE AR SR, T —
7 THT S ANALLE p 2 16 a5 800 A ] 9/ N AN
(2) FERPRER S RIS 55 G 4R gl >k
ARSI, P a0 FH K, Y a3 4 I, 345 3 1 A
v, (3) MPRERDEF, B U O T2 A 5 M O A
i, PERNAIR PR BT L. HAl 4 07 R RN, H
R i PR i | RS ) AN T E R R R /0N, BT DL 22
it

it L a3, AT LT i ke R BT R T i
M A T, S MR AN B B ) TR TR, el N IX LR
UETINTITE & =1 ) 1] TN E T 5 G

SE
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