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Evaluation of uncertainty in determination of aluminum in deep-fried dough
sticks by inductively coupled plasma-optical emission spectrometery
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ABSTRACT: Objective To evaluate the uncertainty for the determination of aluminum in deep-fried dough sticks
by inductively coupled plasma-optical emission spectrometery (ICP-OES). Methods According to the evaluation
principle and measurement method based on measurement uncertainty, the mathematical model of uncertainty in
measurement was established, component calculation was conducted, and then uncertainty was determined. The
uncertainty of measurement results was evaluated. Results The results of determination of aluminum in deep-fried
dough sticks were 12.65 mg/kg, The expanded uncertainty was 0.53 mg/kg(k=2, P=95%). Conclusion The
uncertainty of determination process mainly comes from the fitting of standard curve, repeatability test and the rate of
recovery.
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FOCE R AR C RS, e AN ERY
TR A Z R0 YIS PRV BT R T D RE, AR RS
HHAG , LR B RGSF EARIREE B R EAE
AP ZREEEARRA 3 AR, AR EYAKRS
BB, Lok R b B A S R SR, A A R s
il R 2R R T R

TESB AR AR, AR E T | AL AR B4 | 1) |
HARKFEBRZHR, TSRO EFEIRE, TElTT
ANHRAE LT o AN A S AR AE A R T 4 DU F Y
SIECPE, 5N G RN OGRS R, R A 1
PEFEBR, o2 D i 4 S v S AR B 0 B R, 2 bR
R 52 98 2 2 [0 AR P DU B A A1, R o
AN S BE A S0 2 A I 3 R ) 4t R S Y
HESHLR R, Bk, AWFEZ I IIF 1059.1—2012 (il
R e 530R ) PIEDR LS, 12 F US4 5
B T K & Bt 6 3% 5 (inductively coupled plasma-optical
emission spectrometer, ICP-OES){ il 45 H 48 & i, FFxF
FLGE RGO ANH 2 BE AT, LA SRy e o Rl o vk v AR
RS,

1 MR5ERZE

1.1 E5RF

Prodigy HLEHE & 55 8 T U & SR IE I (& H A2 A
ri]); ME204E J7 /32— HLF K- (32 E MR TR 24 |));
MARS T 74 (32 ] MARS 23 #l); DK-2 Al P80 B Vs
CH NI AR B 28 A BRAA FD

FRICEARIE IR [ 5 GBW(E)081594, (1000£0.5) mg/L,
P EHERAIIZERE ], MBR(BV-IIZR, Jtatib2asmia on);
AR . L ALE(AR %, BRI TR ).

1.2 LWIE

Kl 7 GB 5009.268—2016 { &l 4 EERbRE &
AR 2T I WOV Tk A A S AR R S

ERRE . RPN E ik GB/T 27404—2008  SL56
= TR A ) 1T,

AN E BEPEE T ¥ JIF 1059.1—2012 (I A g
PEEHFRR) 9, GB/T 27418—2017 (I AHE BEPEE
MR ) U8 CNAS-GL006—2019 ( fk240H7 Hh A H 22
MPEAE R ) 10
1.2.1  AFRAR R 64 B

P UE W 50 mg/L: W BRUER U K bR ME A R
2.50 mL F 50.00 mL &I, gikERmZZ0E, 15,
Il F Asf i 7
122 #Hdns

FRBUIH SRR 2930 g, B 85 °CIRIE T4 T4 4 h,
F IS R B i SR A it o FAREBUAS R I 5 . A 2880 B U

[ET R e 3 2R F RO TH AR RE R 190 °CIHf# 45 min;
BAZ AP ER DG BRI Aot 4, AR
B A 58 4 3 AN TR R T vy SRR AR S A IS A ok,
fifJe, F 2%0) HNO; KB #% % 25.00 mL A= e
BRI, RSN, WP E .
123 &WEE
BEFRHEVE BN 0 mg/L FFUR LA 20 mg/L R IEF TS
i, S AEE, EEARE LA RECKT 0.999 LI
FRUE s BE AR AR TT R Rk L
124 #dm
FERE S R T AR AR 3 20 AR 25 11, AL, L
S P AR 25 RS T I R R BT AR, # F (DHER
C.=3S,/b 1)
A CL — LRI, Sy —20 YRikFAS R AR D
22; b—J7 bR 2k 1 Rl
125 HEE
PRI 12 i &5hE 5, AR SN 2 0.4630 g. [n 3L
t6 G RESE TR BIIA 15.0 pg $RICZEARUEY) /R A
FERESL; A0 6 OXEERL RN 45.0 pg SRoT EAREY R AR
MR BERE S, Al ER R PR TR AR,
SR RER )
126 @ik
PRI 9 (it i, O RRIETR S 0.4630 g, 9 IAFES
FiedE 3 Iy —2H0 0 3 4o 145 1 41 3 MR &I 15.0 ug
FRTTRAREY B E AR BERE S s 2 4 3 RS
A 30.0 pg SROTREAREYITE P BERE S, 10055 3 4 3 A
ARSI 45.0 pg SETCEARHED TV E A Sk BERE S, 43510
AL, L BRSO R S R, AT EICE,
127 ik ¥v4a48F8
AR Q)
x=MN1=No) V' 1000 %)
1000 m
o X—HAP S, mgkg N—IHRARSE R, me/L;
No—ik77 %5 1, mg/L; V—E B, mL; m—EkEa, g,

2 HRED

21 FREMRERE
2.1.1 &MFEE. bR Bk

Tk RIEFRE N Y=644575.09X+3635.05(Y 4%
FINRSREE, X AR KE me/L), r7=0.9999; JrikLkik
JE L 0~100 mg/L, M4 TR AIET HFRJZ 0.6 mg/kg, &
FRJE 2 mg/kg.
212 HEE

GB/T 27404—2008{ SL 50 = Fi =il e & S bk
W) FH R AR YR I 7 A XA 8 i 25 5 T IR IR < 5.3% . 1=
WP <3.8% M E S5 REBVIE B ERF S bR, W 1.
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213 wiKE

GB/T 27404—2008 { 206 % e P il Ay &5 24k
R ) B AU EA . PR BDRCRAE 90%~110%, =
We B IR AE 95%~105%.0 A2 25 5L 3% B I SR AT A b
WERE, WL 2,
22 FAHEESENITE
221 THMEERR

) AR YR I A B ) B N R Ao 2R L
FEMPREL . FEMFIPRUED AR R 25 . FESL S MR AE |
FRuEd R, LR [EI AR R A B 25
222 AR KT

T BRI F AR i & LA, B B 2% LA 5| A W]
AT, AR/ N TRRIA k.

(c—¢)’

s (1 1
u:bJ+n+n2
D IR

u
W Upeyry = o
0

W s—IREARERZE, b—brEMZRRRR, p—IE Ry
W VR B 00 S A T AV ) S B co— B K
WL EWRE, mg/L; ¢ —ARBMERIR T30, A—
T Y 2R 470 A RS 0 i g A—32 MR B A [l UH
R THEAE .

Bl BB AN RG22 ME R 2E s=6213.28;
U(C)=0.00642; Co=0.469 mg/L; U, (1)=0.0137(% 3).
223 HSARF A EE

iR B AN R 8 DR VR L R P AR T HIE A3 AT HL - R
PR G RO AT E N 0.02 mg, 6% HT k=2,
Bl u=0.01 mg; HFRFHPERN 0.1 mg, BE NIHE
ﬁﬂgmums%%5=aw8mgﬂwwm= (Uge)? +(Ug)?

=+0.012 +0.058%  =0.0588 mg. FREEHRH 0.4630 g, MIFK

A¢:h/2%ﬁ;M2 %%ﬁﬁﬁ%%ﬁﬁ%ﬁk6i§§%ﬁdmmmh
*1 BEENEER
Table 1 Precision measurement results
FATHE 15 25 35 4% 55 65 AHCFE/ (mg/kg) AEXS AR AR 22 /%
IR B2 /(mg/kg) 46.5 42.7 43.4 45.7 44.0 42.7 44.1 3.3
R B /(mg/kg) 117.1 1179 1104 116.7 117.8 115.8 115.9 2.2
F2 BIRENEER
Table 2 Recovery determination results
W Z5 AR H/(mg/kg) SR /(mg/kg) MFS1E/(mg/kg) BN R /%
87353 32.40 44.14 97
ok B 12.65 64.79 80.55 105
e vk B 97.19 114.11 104
F3 rERZLESEMTHEE S
Table 3 Analysis of uncertainty caused by standard curve fitting
T AT FH ROV 2 32 4] /(mg/L) 0.00 0.10 0.50 1.00 2.00 4.00
6486 69845 342333 646436 1258567 2569756
ASCHR M ) (L 6594 69876 340567 635666 1269878 2546778
6663 68728 336101 624935 1308333 2654201
LRl Y=644575.09X+3635.05, r*=0.9999
FE SRR 48 JC R 5 B/ (mg/L) 0.471 0.457 0.478 M 0.469
A R OT R & A/ (mg/kg) 12.71 12.34 12.91 Y{H: 12.65
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224 HBEREHTAEE

PR AN S BRI TR B . 2R . R
FERERZE 25.00 mL F2EH, fREYEA 2.5 mL ZIEE
W AERRBEE 50.00 mL AR F.

TERGRMATEE: 132 2.5mL ZIEWREAREER
2% 0.01 mL), 25 mL A EH(A A E L2 0.03 mL), 1 X
50 mL 2 EHH(A FA R 22 0.05 mL), REBHEIA

u(2.5 mL ZI B 45)=0.01/~/3 =0.00577 mL; u(25 mL
75 )=0.03//3 =0.0173 mL;

u(50 mL 755 Hi)=0.05//3 =0.0289 mL.,

TR 5 AN E B R R SV L Sl (20+4) °C,
KK R BN 2.1x107/°C, JREEAE Ak 51 B AN E FE
2.5 mL ZIFEURAY 2.1x107x4%2.5/~/3 =0.000241 mL; 25 mL
2 2.1x10%x4x50/ /3 =0.0121 mL; 50 mL % i
2.1x107#x4x50/ /3 =0.0242 mL, l: U,y(3)=

0.00577)2 + (0.0173)2 “04 (0.0289 2

2.50 25.00 50.00 )
0.000241 , 0.0121, 0.0242 ,
+( 2.50 ) +(25.00) X9+(so.oo)
2.2.5 AREMR AL
FrUER) BT UE A5 26 5 W B 2 (1000+0.5) mg/L, (k=2), M
05
VD= 10002
2.2.6 EREF|I NG H T
R B R MR R R b A e, ER I E A
RS AT RA SR, FdE. . S 9 4
B S IS IR R R =102%, ARl 2 Sg=0.0356, -5

LB 02y u(R) =R =

(

=0.0012,

=0.00025,

=0.0118, [R5 AMIFXTFR

B

@mmﬁgw:wmazﬂﬁ:amf

R 1.0
X F LA B RO T B A B0 (A ) o AR A X
1-R
(R):l.69, MEGHE 95%, AHE RN 8 i, & JIF
u
1059. 1€ I & AN B 5 B2 1752 5 3 W3 B 45 th.05(8) = 2,31,
N t=1.69=2.31, 5EIE 100%Tc B EH 25, R
ARFHBIER T,
227 MEELMIIANYGRAZE
FEMEMGE 3 WSRO )ITHE, P A
A 12.65 mglkg, FrdEZE Sa A 0.236, FXIAHHEE N
S 0.236
6)=—=B_ =
Ut = A T ax1265

23 ARINERHEE
FrbrErh e . FEAMFRE . FBRER . tniEY R, [l
RIS R I 5 B AN E B R TS R

=0.0116 .

t=

=0.0108 .

B AR AN E L N

2 2 2
= \/(urell) ';' (urel 2) : (urel3) ) =0.0209.
+(urel 4) + (urel5) + (urel 6)

24 NMELERBREG

i OE K 95%, W& W F k=2, W
U=U,xCoxk=0.0209%12.65x2=0.53 mg/kg, Bl J& AW E
JE£ R 053 mgkg. MATHuTEME 4 LMEN
(12.65+0.53) mg/kg (k=2, P=95%).

3 & i

AR YR I 7 K 8 B R S R AF S GB/T 27404—2008
(B s RN & BRI ) bR e, FRA
YRS T S 3, SC00 1 rP S AR 0 AN
HIREIR Z, %R E R 5Tk AR AR5 SR,
FEMANH S PSS SR R R Z R &S . EE W
S IR, D R AR SRR R S B bR o) T
B bREY A S

B, 7esEPrigrEh, FUmss FEHEXWES, 1
55 VS YA T, o) A B PR o L L R R v S
BB AR TE b s R AT RE S A 40 A A G T Y e R
YO PRI P B2 O A A S AL B A AR
SO, SRR T T AR vk . Ak R A B
e, EIPATAE I Mt B R s S e AR D g A
AW E FEPH e AT RS VA TR, B vV TR A
UEL, s SRR R RE RGN, B A B A I B AR
K28 R NI B A AN A B, R T A 4G SR A
JE AT S

SE Mk
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