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Uncertainty evaluation for the determination of titanium dioxide in food by
inductively coupled plasma-atomic emission spectrometry
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ABSTRACT: Objective To evaluate the uncertainty of the determination of titanium dioxide in food by
inductively coupled plasma-atomic emission spectrometry. Methods A mathematical evaluation model for the
determination of titanium dioxide in food by inductively coupled plasma-atomic emission spectrometry was
established. The main uncertainty of the measurement process was reasonably assessed, including sample weighing,
sample volume adjustment, sample liquid measurement, and measurement repeatability. Each uncertainty component
was synthesized to calculate synthetic standard uncertainty and extended uncertainty. Results Under the 95%
confidence interval, when the titanium dioxide content in the sample was 54.0 mg/kg, the measurement result was
(54.0+1.4) mg/kg, £~=2. Conclusion The main uncertainty comes from the measurement and repeatability of the
concentration of the sample solution. The weighing of the sample and the constant volume of the sample solution
have little effect. During the inspection process, relevant control measures can be used to reduce uncertainty.
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TEEL it 22 4 W B ARG, A v — AR A B & B TRAN
TR . ARG RS MR . TR AR TORLE |
SRR DAL AR e 7 PR TS ) Ay — I
BARbR . AE B SR T RE R, RO T 9 &
ZAELBA A3 BB A 2 8 R A B R 4 SR A
HKOF R IR o 208 25 R A L G AR, 0 AN
FE BE AT DAUERS HEWTIN S 50E T R . IERR R AT E R
B 5 J3E S XA I 2 50 2 [ Bl A 7 BT R, R — Ao
W R B A R . B AR AT IR R
BRI DRI, A B A T AN B I PEAE

Il S8k 45 3 3o A3 40 M B I 2 1 R R R
WIANER A FESRCUR, N B, 153 T2 AN B
B, I % A4 0 B T 8 U i i 3E R #EAT T iT M. GB
5009.246-2016 Bk HEALERIOIE ) A 2017 423 1
H OS2t Ao, 6T H IR & 45 B0 1 AR - i R O Dl i vk
(inductively coupled plasma-atomic emission spectrometry,
ICP-AES) AN BERIF SR (W AH DG I N SOk B 0 o

AHFFEZ IR GB 5009.246-2016 € 12 b o — S AL AL Y
S OOVE 3k USRS S AR R DS, LUtk
BAh R, X Er b AR BRI E BEA T BT, T
ICP-AES & £ i Hh S8 AL BR R ANH & BE AT RE T,
TR 5 P P AR R AR T

2 MRIEREE

2.1 #RISE

AT EE N

R (2, 45 Merck AR]); FRER(EHLE, FE2Zh
LML A R A A, AR ESBT(1000 pg/mL, EHK
A48 B AR TR L), SEIR K S R
FKo
22 NEEERE

Optima 8300 I 4} BL{Z 61X (32 [ Perkin-Elmer 23
Al); 24HVTS50 WG I fift 2 B (B A] Anton Paar 23 7]);
Milli-Q 8 4l /K HL(ZE [E Millipore 23] ); ME204 L, F K- (B
TR - R A IR A D).
23 ZTWHE
231 MBIAELM

HB G & B IR IR F R DU LR T/ES %
o FHARTHEE 1300 W, B FSR 15 L/min, %R0
0.2 L/min, ZZ4b#$%i & 0.55 L/min, #5317 1.5 L/min, %40
S G 2 15.0 mm, FRATEFE] 30s, = A iTBIE R,

OB T A ISR A S5 IR B KT 1500 W, I KRS
- FH# 3R 0.5 bar/s A HE—: JEFHHS] 10 min, A 120 °C,

PREEBIT] 5 min; ABE T JEFBFN] 10 min, FE 190 °C,
FRFEEFE] 25 min; 238 = 20 min ¥ E1E] 70 °C,
232  ARAREIRIR A BLH)

MR AR R 1.0 mL ZKAREN #4577 (1000 pg/mL)
F 100 mL 9 A BRI, F S%inRimf 220, 155
10 pg/mL BYERERAEE T, FRAERRS B — i i A ERAR v (i
FERCE T —4 100 mL 9 A BAEBIRH, Bk Bk E N
0. 0.05., 0.20, 0.50. 1.0, 2.0 pg/mL FIELFRUE TAEWR 251,
233 B4

FRBUBY R IR S5 0.5~1 gOR IR 0.0001 )ik
Fius R, in 2.5 mL AR 2.5 mL WilR, £8iE
PRI I8 T il 2 A T i, D R s R R LA e W T e A
50 mL ZHif, ARG 20 ERIEARE, R AT
i, FKEEZZ20E, RS, R A, Kb
TR G S B TR - S R OGO s A AR, D gk
FRUEFR I TR &S, FE7EBL A1 T I R
W2 A & SRR . DAEKVR B R Ak bR, X0 &
TR BRI AL BRI BR HE IR ZR,  FR A o 2 AR A R
14 2% S B SR AR RV R 48 LI P Bk v ) ik
FE R ARk 0 B e T R

x =Y 16681
m

o X—iRE b BRI 5 i, mg/kg; e— MRk
AR P AW, mg/L; m—iXEE R R, g
V—iR B W AR, mL; 1.6681—1 g HIEKAI Y T
1.6681 g i) — 4 fbEk,

3 HER5SH

3.1 THREEXRIR

ARSI B ORI A AR R RS A
PR E B . FRNRE IR S R TRE | A AN E . AR
BEM R R S | AR B . I M EE M S AN
FERE o Hrr BRI e BN R R 5 ) BN RE T A S AR
WO B 5 A BRI E B . AR TR i B B A B AN
E T LA B b i il R AP0 I 7= 2 AN s S
3.2 HEFER

W2 7 v AR AR BR A T B 2 DA 2 i 2
), WA T AR BEMLE 2 X R B RN, R
N 5| R B A% T T AL i () B 2 0 R B e FLBMESE
T APV, P RE AN B A B AR R 5 R R X

X:ch
m

x1.6681x fiop

A X—il B AR i, mg/kg; e—MARHETZE
2 AR PRI P BRI W, me/L; m—iARRBORE B, g
V—IREER W E AR, mL; 1.6681—1 g BYEKAM Y4 T
1.6681 g 1) 58 ALEK; frop—BEMLEZ MRl ) B 5 1 R0



806 B dn 2 4 R R I A 4R

81

33 HEMEIZEPFSIANTHEE Uu(m)
331 B H#

A S SR (AR i 2k R O, YRS 25 I R AL
R, AT AU RE AR5 H B AR ER, k)™ 2 R
i 2 JE T 22 AR
332 R &

% GB 5009.246-2016 ZLR AT RN 0.1 mg, LT
RZHKE A, TR AVFIRZER0.5 mg, B iEE,

mkag,mAmﬁ@m@%Eﬁ%%amm&ﬁﬁﬁ%ﬁ
EICHHRE, BRI R 2 0, — N,
W KT, BRI R R u(m) = 2x0297 =
0.41 mg, MEFFREFETZE 1.000 g, NIAHXTARAARE -
u(m) _041x107 _ 50041

urel(m) = 1.000
34 HNHEREREFASIANNAHEE Ua(V)
341 & &

AR EAE, FEA 50 mL A EER ., 50mL A K
KRR AL 2Z AR 1IG 196-2006 { % B IS 2% )
K e AR B E 2 11 +0.05 mL, AR IAE L
(ELBRHIT AR5 0K — 28, MOnT e = MAIB A PEE, B k=6
MﬁﬁA%ﬁ@Kﬁ%E:mwp%%:QMOmu
342 & K

P rs R FARUMETRLEE g 20 °C, T S2 ¥ 2 S s L
(20+5) °CYBfIN, HERAEMAKTF 1 °C/h, ZEmH5[E
VR AN 5 3 T 30 A 2 e S T DA 1 7K A AR B i A 7
IR ABIZICR I T3 . KAE 20 °CIFIREZIK RECH
2.1x107* o' i B A BEBEAE 20 °CH A I K R HCh
1.0x107° °C™', Fi& W WK TJE &, Wit 2% KRB
J SR o S A I B AR Bl SR I SO0 AT, R A A 1T
SE,OM k=B, Bl A M RRE MEOR B E B R

—4
(V) = 50><5><j.§1><10
343  ZBAMRERT| NG AT AR R L
M e 2 R BB AR M AR R B2 R

=0.030 mL.

()2 +u (V> 70.020% +0.0302
v 50
3.5 HRRENELREFSINWAHEE Ua©)
TiO, ¥ FE I it el A P 5 | A PR 58 3 A 55 s 1 VS TR
WEEGIA RIS E B . AR UETS WRC R B 5 A RSB 2
LS b R S A 6 5 LA A B s L
3.5.1  AFRIERIRE I RA T uy(c)
25 1000 pg/mL () Ti bR W bR AED) BUE 15 v] 0, Ti
PRI AR A E E N U=0.7%, & T k=2, HIxt

U (V) = \/ =0.00072 o

FREARHEE R wi(@)=_27%_ 3541076,
2x1000

3.52 ARBEEREE AT AR uyc)
3.5.2.1 il b o LA i 2R e R LA B LA B R E
u(cy)

AR S RS WO W 1 mL BK bR E I S T
(1000 ug/mL)TF 100 mL (4 A R4 B, F SY%imRmR
BRI, 135 10 pg/mL FERBRAERE IR, R8O,
0.5. 2. 5. 10, 20 mL AYERFRMHER IS T—4 100 mL
B A RS, BCRIBEE R 0. 0.05, 0.2, 0.5, 1.
2 pg/mL PBRFRE TV RS . i B b 75 2 F 3R R
R IBEESRLEL, 75 JIG 196- 2006¢ & FHBE RS R2E I, %)
MR AL, HEMEAMEE, B k=J6, AIAGEIHA
X AR UEAN G 2 A I3 1.

C T o AT i R e i LA 5 T B A T AN
E JE N :

(2.86x107%)? +(1.08x107>)2
+(4.08x107°)? +(2.04x107)2

uy(c,) = =5.7%x1073
+(1.22x1073)? +(8.16x107)?
+6.12x1074? .
3.5.2.2  Hc il b v AR 4 R R AR AR B A OR 1 E
uy(cy)

PRSI R IR 20 °C, T 52 % % 5 4 bl e
(20+5) “CHEFN . HEFIRIERBING, BT ATTE,
W k=3, TEKBIEIK RN @ =2.1x107 °C™!, BifilbriE
CAE M 2R B AR s | A AT BT ER 2 Fos,

R 7 M 48 25 115 A 2 A Y S
& i :

uy(c,) :\/(6.06><10_4)2 x6+(1.60x107)? =2.2x107 o
3.52.3  ARAEE LA LA T A A bR AN E S
o Y V5 YR ) A R R T A T AR T R B E
15(0) =z (e ) +u3(e)? =(5.7x107) +(2.2x107)?
=0.0061.
3.5.3 AREIAE B KA RAKSETINNTHELE us(c)
ARSI s I RIRRAE T AR ZEAE 334.941 nm Abift
73 RELWE, TIEMENESELE 3K x AprifE
VWO, y o R e R (.
FIFZR 3 rhUE A D RL A Lt R0 R, 15
#] y=531400x-23.0; LML R BN 0.999993 . it K
y=Ax+B, Hh 4=531400, B=-23.0. HirHEMLZLTI AR
PR E S

2
St (-9
AN P nm

-2
;zl(cj -0

uz(c) = .
0
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Table 1 Uncertainty introduced in measuring tool calibration when preparing standard working curve
Yloa e B (K Ziat fu 2 /mL BRI E B /mL AR VAN o
1 mL FFRZ RS A (1) £0.007 0.007 ~+/6 =0.00286 2.86x107°
100 mL BAPRZE A R A 24(7) £0.10 J7 %0.10+ /6 =0.108 1.08x107
0.5 mL 43} FEW A A (1) +0.005 0.005 = /6 =0.00204 4.08x107°
2 mL BRI A A (1) +0.010 0.010 + /6 =0.00408 2.04x107
5 mL FBRE I A (1) +0.015 0.015 + /6 =0.00612 1.22x107°
10 mL JpRZE =8 A 9(1) +0.020 0.020 + /6 =0.00816 8.16x10™*
20 mL AR EE A H(1) +0.030 0.030 + /6 =0.0122 6.12x107*

x2 EHAELEMEFNEETUSINNTIHERE

Table 2 Uncertainty introduced by temperature change when preparing standard working curve

BaE H (K AR FREAT E BE/mL AR B AT A i
1 mL BARZEIL LR A 2K(1) 1x5%a+ /3 6.06x10™* 6.06x10*
100 mL BARLR A HR A 2(7) 7 x100%5xa+ /3 0.160 1.60x107
0.5 mL 4} W A (1) 0.5x5%a+ /3 3.03x10™* 6.06x107*
2 mL BRI AT A 91(1) 2x5xa+ /3 1.21x107° 6.06x107*
5 mL HAREW A A (1) 5x5xa++[3 3.03x107° 6.06x107*
10 mL HUbRE IR HAE A (1) 10x5%0+ /3 6.06x107 6.06x107*
20 mL BRI R A 2 (1) 20x5%0+ /3 1.21x107? 6.06x107
R3 MEBRRKESRTFEHAERE
Table 3 Concentration of standard solution and atomic emission spectrum intensity
B TRV R M B2 K5 EE
x/(mg/L) Yi Y2 V3

0 -158.5 -229.6 -114.9

0.05 27435.4 27693.2 27368.7
0.2 108922.5 108273.6 108778.0

0.5 265074.0 265472.4 268437.3

1 523480.7 530220.1 531893.5
2 1053407.6 1075147.9 1063625.8

Hodr: 4 FFRAERI LR B RER, P OERNMRE S I 2 IR AR,
P=3, n JobRE M Gt 2R =6, m SRR i 5 S
BB, m=3, co WFES BRI T- R, mg/L, ¢ MR
HEFR R DT ME(nxm IR, mg/L); ¢ AAS[FRHEDRHE
W, mg/L, s APRIEVE L ST AR AR PR ifE2E,

JZ&Z
.o

m 2
== O I gy (S S TR, 7,

mn—2

R ETE 2 AT BAE . AR TA TR A S B A AR AR 22
SZ\/Z}”ZIZJ’"_I(Y}. -y)? \/2,'6:12,-_1[%—(14?‘[4'3)2] -

mn—2
4.6x10°, XFRAAFESRUEST 3 WISE, WREEAYHIM 0.658 .
0.661. 0.659 mg/L, co BCF-YHE 0.659 mg/L, A[FAZHERR

WE R WO WM E_(0+0.05+0.2+0.5+1+2)><3 -
18

0.62 mg/L. #rifE TAERNZRIUAKEL & B oI AT E

4.6x10° \/1+1+(0.659—0.62)2
531400 3" 18 2.95
0.659

3.5.4  ARRGREN Z 5N E RARST AT B X
P R YR A I o R PR B AP B A XS A v S A o
Uy (€)= \/lll(c)2 +1u5(0)* +uz(c)?

JE = \/(3.5 x107%)+0.0061% + 0.00822 =0.010.

3.6 MEMEEMSIANNTHEE u(fw)

PRI —HERAE b 9 By, LEARIR S5 T HE T 5 Ab 3,
FEAH ] A AR S A TSP 7100 5 7 25 I A AR (R R P Wk 2
KA AR B AN 539, 53.4, 534, 54.6, 52.8,
522, 53.5. 54.3. 54.0 mg/kg. W —AAALEKHY SRR

=0.0082,

uz(c) =
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n

X.
—=0 =54.0 mg/kg, WY FAHE LS AR E

fHh X = p
fw 2 # oo, & W OE K A X I B

SWPJZH@ X)QM6
n-1 o BFFEH S,

KM 3 W, IO, BT AR
MR OB S B0OH X R OME R B N
rcl(frcp) S(X) 0.746 — 0.0079

BxX Bx5
3.7 ARENINETNHEE

I 285 SR ) S0 S A A i T ARG o HE S 0 2 T
BT A I
Uyt (X) = X %t ()% 4 1,01 (V) 411501 (€ 4ty (fr)?
= 54x~/0.000412 +0.00072% +0.010% + 0.0079% =0.69  °
3.8 HRATHEENITE

K BEMER 95%K=2) ¥ BN E B
U =ku,g(X) =1.4 mg/kg,
39 AAEERE

218 GB 5009.246-2016 { £t ih —E ALk ) 46
— VN E BB R AR S, IS SR AN E B

FORA: MERSL T AR B 54.0 mg/kg B, HE
ZE RTINS AR & R N (54.0+1.4) mg/kg, k=2,

4 & 1

Ml Z M GB 5009.246-2016 { £ 5t ALk ry )
FE ) Bk REBHRG S E TR T R AR, g
AR R, XIS R T
FE BTSSR AR R B T LR
H, FESRR R R P S A PR B SN, R OE 2%
SIABIAHE R Z, WEER S AR EER K
FER e BE I s AR B | A BN A2 B Fe K o 1T 7R AR fif 4R BE T
SRR S AR i B A i AR LA LA SRR
TG E B KR, BRI TR 1 R 5 | AR A 2
JERZ, ARUEEBOR BE S A AN JE e/ . BRI AE S B
SIS b R A Ao 1 R o 2R AL AN
EE MR RE . BEAFERIE A R R, RS MR
i VR R I L AR B AR S B TR R R AT BB A T
KSR, (U EOR R R B A IO 2R, LA/ = A
B EU 11 AR YR 235 SR S 6 2 o A s ) A R
i P A BRI A i AR T SR S

SE

[1] JJF 1059.1-2012 AN B2 52R[S].

[10]

[13]

JJF 1059.1-2012 Evaluation and expression of uncertainty in measurement
[S].

JJF 1135-2005 A2 53 Bl st A i BETPE[S].

JJF 1135-2005 Evaluation of uncertainty in chemical analysis
measurement [S].

CNAS-GL 006:2019 fb22 70t A 1 JE T Ali 5 e (S

CNAS-GL 006:2019 Guidelines on quantifying uncertainty in chemical
analysis [S].

Tyt PERCH, SRR, . RS GS A5 B T MR SRR E LK
T A P 4 BRI A A E RO E [0 UMK T, 2014, 43(6):
1134-1136, 138.

Zhang XS, Ban CY, Zhang GF, et al. Uncertainty evaluation for the
determination of titanium dioxide in vanadium titanium magnetite by
ICP-AES [J]. Contemp Chem Ind, 2014, 43(6): 1134—-1136, 1138.

RSO, FAZAE. G EINE B b AR E BT E 7]
TRk, 2010, 31(4): 206-209.

Lu MB, Wang BJ. Evaluation of uncertainty in the determination of
titanium dioxide in food by spectrophotometry [J]. Food Sci, 2010, 31(4):
206-209.

GB 5009.246-2016 £ AR £ o BRI E [S].

GB 5009.246-2016 National food safety standard-Determination of
titanium dioxide in foods [S].

B, BIR. ek AR
T, 2013, 42(5): 939-943.

Jin B, Ma C. Uncertainty evaluation for the spectrophotometric

HEINE A A E BE A (J]. Ak

determination of titanium dioxide in cosmetics [J]. Appl Chem Ind, 2013,
42(5): 939-943.
BRES, WE. WS B 200 Y A AR i I AN o BE
E[] EHNR, 2007, 26(3): 225-229, 232.
Cai YM, Cao L. Measurement uncertainty evaluation for the determination
of titanium dioxide of rutile phase in eclogite [J]. Rock Mineral Anal,
2007, 26(3): 225-229, 232.
XK, JEESC, 2206, 4. ICP-AES WL & i BHG 4 h & AR I A
EREEED]. rkIRE, 2016, 35(3): 332-335.
Liu BX, Zang MW, Li N, et al. Uncertainty evaluation of Au and In
contents in dental alloys by inductively coupled plasma-atomic emission
spectrometry [J]. Chin J Anal Lab, 2016, 35(3): 332-335.
TR, SRR SRR RS 7 i v 85 e DU A A W o T
[7]. A EE SIS, 2017, (1): 188-191.
Wei FG, Mo XL. The evaluation of uncertainty in determination of
calcium in food additive calcium carbonate [J]. China Food Add, 2017, (1):
188-191.
JIG 196-2006 & FHBIHHEERS]
JIG 196-2006 Working glass container [S].
S, B, WL, SF. AR IOBOGIE N E KK R B
FEEEED]. BT 2 mi4, 2019, 10(17): 5848-5852.
Qi Y, Qi Z, Yang H, et al. Uncertainty evaluation of determination of
cadmium in rice by graphite furnace atomic absorption spectrometry [J]. J
Food Saf Qual, 2019, 10(17): 5848-5852.
BEY, Big, BE, % SREIRENE SRED N R A E T
[7]. 4&F=fnT, 2019, (20): 54-58.
Li HZ, Zhao T, Zhao X, et al.The uncertainty of the measurement for
determination of sodium cyclamate in ice cream by GC [J]. Farm Prod
Process, 2019, (20): 54-58.
A, AR, PAZEOR, AF SRR B BRI E S AR AE
& RN EITED]. i IR, 2019, (3): 62-64.
Li M, Li EC, Tao YY, et al. Evaluation of uncertainty in determination of



5534 OHE, SE R A TR IR T RS R A I RE P AR BRI A E BT 809

cadmium in honeysuckle by graphite furnace atomic absorption

spectrophotometry [J]. Food Eng, 2019, (3): 62-64. 115% I/‘rEA‘lr fl\
[15] A%, SR, TRIBEL, 5. WRORAH G- BT/ Sk &3

P AR R A E EITED]. BUCE N, 2018, (24): 76-82.

Huang WR, Zhang PJ, Zhang XC, et al. HPLC-MS/MS uncertainty A ) 3 5$, ﬁJﬁ:t, I*EUl—'ﬁ, FEMRFE
evaluation in determination of chloramphenicol residues in eggs [J]. Mod HERREMRSKM.
Food, 2018, (24): 76-82. E-mail: sophia‘linjin@l63.com

(e 35 $huvir)

SRY RY RY HRY RY RY RY HRY RY RY RY R Y R R 7Y #RY ARY ARY 7Y 7Y 7Y ARY ARY ARY ARY ARY ARY ARY RY ARY ARY RY HRY HRY HRY HRY HRY) HRY) Y Y Y Y Y R RY Y Ry Y RY R R R R R RY RY RY R R

“BYIZH SRR THRERE

BEE R L T KT, B et Z BB 2 ATEM, SV —glrEpmc s g RE
e IH 2R AR IR A e DG . R AR Y AR b g L O ERR, S e 1 i
FRU ETE, CRCh R AR UL IR 2 —

ST, ATIRIRR T B S S R ABEUE L, bR R S E R LR E S
EZIR L T4, ERFESEEYS BRI BBUR S S B0 | BUBUR KTl SHAIE |
BUUR BB LA BOBUR 5 XU PG 5 XU B BESE SURJE T8, THRITE 2019 4F 5 7 1R

YT ARSI U, R ERRK TR 5 N B B R R A SRR s EO A R S,
DU — 2P 3R FHZ R B AR BT FE R ) o £538 . SERedidly . RS SCHT], 3T 2019 4F 3 J] 23 HE
1 B E-mail 055, FATR PR B2 H R SISk K.

(] IR AT SR A () 5 2 [ 5 e — 1, S I 2 5 SRR |

ek Jr A (E W & )

% : www.chinafoodj.com

E-mail: jfoodsq@126.com

>

(B2 EARMFIRY) HiF3p



