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Uncertainty evaluation for determination of aluminium and titanium
content in sweet potato vermicelli by inductively coupled plasma
mass spectrometry

XIA Yong-Hui, LUO Cheng"

(Zhuzhou Institute for Food and Drug Control, Zhuzhou 412000, China)

ABSTRACT: Objective To evaluate the uncertainty for determination of aluminium (Al) and titanium (Ti) in
sweet potato vermicelli by inductively coupled plasma mass spectrometry (ICP-MS). Methods The content of Al
and Ti in sweet potato vermicelli was determined by ICP-MS firstly. Then the extended uncertainty was calculated by
systematically analysing the sources of uncertainty and quantifying the uncertainty components. Results The
content of aluminum in sweet potato powder was (3.079+0.50) mg/kg, and the content of titanium was (0.566+0.022)
mg/kg. The main sources of uncertainty for the determination of Al and Ti by ICP-MS were dilution of standard
solutions, followed by the repeatability and the recovery tests. The influences of weigh and constant volume of
samples were negligible. Conclusion This method is objective and reliable, which will provide valuable technical
supporting for the uncertainty evaluation of determination of Al and Ti in various foodstuffs by ICP-MS.
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MEZT SN EERER, AMIHZXFEENES
B . 0 A S TIN50 B Y 8 A S B AL L XU R A B, T
AT RSN LT, R B A = L s, h
TREARLTZEVEMAGEE, $RE SR, SR A " T2
SRS, — AL RR, N T E LS, RO
FOAE, EEATRINE @R AR SR AR AR HS AN
MNEFFHR LT ITR, KEEEENKR, 20 S ik
HEE AR, GB 2760-2014 (£ ShdS IR AR ) ©)
PHRLE, B2, AR AR T 200 mgkg, —
SAAERTERS 2200 S5 PO AR LY, AR

HiL SR A 45 B TR B 5 (inductively coupled plasma
mass spectrometry, ICP-MS){E -}y &E [R] B & £ Jo & i —F
JeibRAR, BASHTEEETR . RESL ISR il FRAK
AR R 8 1 FR R P e iz i P SO o AR S — R
BAPTHAR, SLH A — A BRAER VT AR S X I e 25 5 e A
SO R AN S T LA IR TR M S 45 R (1 S
2, HAR/NGE B R M &5 SR T St . X &b
5 AT P B E KR ARG P e, W
JEXTIN A SRR A B RE

H A ¢ ICP-MS YA E £ il SR FIBR &5 B i AN 2
FEVTAE MR WARIE, ABF5E S W BICP-MS il i
CLE R 26 P ATRIBR Y S2 38 Sk, K4S JJF 1059.1-2012
COMEAH 2 BE Ve 5 %R ) VIR CNAS-GLO6 (1242
HORHf E BE I PEAG R B ) PR Bk, S ekl Y,
RGP AR KRR, AR e E o, 1TETR
AHAE R, T E L2 S B R R, g —EF
EEHENAE BN L, b ICP-MS il & 5 i
AR S IR R .

2 UBEEFHE

21 UES5EHF

ICAP Q HLBGG 558 F R (GEE B KA H]);
XSE205DV HL TR 0.0001 g, 3 E M ),
MARS-6 Tz 15 fif A S 3 DU 6L 2 07 B2 £ 4 40 A T A e
(3E CEM 7aw)); 09C20 R L g (b EGE A A);
165500 FR4ALALAL(ZEE CEM 22 F]); GM 200 JJ = AFEEAYL (£
[E Retsch A#]); BN 10~100, 20~200. 100~1000.
500~5000 pL MRS A (GEETEER KA F]); 25, 50, 100,
200 mL ZEN(A 9, RET KRB RLERHE A BRAF).

FRITERRUEVS (1000 pg/mL, EZEA 648 M E
TR B AR, 5 GSR 04-1713-2004 158021-2);
BKBIT EARMEV W (1000 pg/mL, [E A 64 )8 & o4
BB A, #E5 GSR 04-1757-2004 16A038); 4170

il

RAREE (1000 pg/mL, A (5 8 K& oL 7 # R
MR A, 5 GSR 04-1750-2004 158104); fislR (P22l
EEFEICAF]); b AR R, 25 Al 2
HRRAHED; S FKGERK, EEK).

Z M SRR N R R T B 24 A 6 T S 3 T R
B R RVER I BHPERE A
22 MEHE

ZLE R 25 TP AR RIER & S R ISR A ICP-MS 3k, HLAAR
BHEB NSO, Ll R

RS 0 - FRAE ST I i — R — e 2

Bt A MR C il — A v 2 2 — R S E - 2528

o bR o i R ] R 2 OB BT 3R AR HETR TR
(1000 pg/mL)FIELHICHEARMER K (1000 pg/mL)4% 0.1 mL &
100 mL &, H 2% HNO; i BIA e A Z 215, ik
FRPREGE (1000 ng/mL)FIERFRESE (1000 ng/mL).
SRIG A NG B R B R M A0S 1, F 2% HNO; ISR R
FEZE, R 739k 1.00, 500, 20.0, 40.0., 80.0 ng/mL,
RS> 3124 0.50, 1.00, 5.00, 20.0. 50.0 ng/mL HIIRA
R I B BEAREVE T [RIBSC ) 20 ng/mL HUbR v AR A
BRI

3 THEETE

301 HEFRBIEN
:CXDXI():

Horbr X REAE 5 qz"fﬁ*ﬂ%i?ﬂ"ljoﬁﬁ(mg/kg); C P AriEh
26 S A 48 FNAK AU B (ng/mL); D MIRBE AR F (mL);
m RRE i U (g)
3.2 PHRAEEXRRESH

HAE CNAS-GL06:2006 { fb2F 438 Hh A1 22 i B P
TR )P, S5 A SCI BRI, AR Rk S A B
FKIEF RN P TR IREN AT EE . €5 EAHE
B AR SRR OB E B L ik DR G R S
AR . o, JCER AR B AN 2 AT AR
PIsi . AR R L ARG 3 Ay TN AT B
33 THEESEEN
3.3.1 AR AR T 4E A AR OR 69 A8 3T AT R 2R 690
Z trel(C)

(1) FRUED R AEXIAR AR E trea(P)

A 48 o 7 420 0 () 45 R 0 R AR A E VA TR B B TR AN
Wik B 0.7%, TR T k2, Wi uu(Pa)-22
000350,um(PT9=9%i=0003500

(2) b MV VR B L FR BN RE X bR o AS A R
(V)

FENA BB LS 2 71T LAt . kel f2
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FIE) T 200.100.50.25 mL A K455, 2% 11G196-2006
o PR LRI E MURR ) VOB, Bt R = 1 4,
kB, (Y ), e RAF IR BB HESC, K
M RAL @=2.1x107", FHISIAATTHST, M u(v=—g, I
X A B S urel(VﬁF—M, B R R
BRI AR B E B LR 1.

BRHIR 1IG646-2006 (B RUER ) A HILER,
HE AR HE L 3 2.

HAP R R EIE T V6, u(Vy )=, LI B
WYSTOMAE, (V)= R W B A B

[u )2 +u(vry?

Urel(Veg ) =————"
Al JTUEAMER AR B B P A T 200 mL 75 5
2%, 100 mL 80 2 1R, 50 mL 258 2 Ik, Bles =
AF 0.1 mL 1%, 02mL 1%, 1.0mL 1 ¥, 2.0 mL 2 ¥X, 4.0
mL 1 %Ko AlARER RS AR AR EARTE B wa(Va))=
jzurel(vzoo)z + 2Upe1 (V100)? + 2upe1(Vs0)? + tre1(Vo.1)?
Furel(Vo2)? + tret(V1.0)? + 2Ure1(V20)? + Ure1(Vao)?

=0.0118.

Ti JCEARMER B R A P LI T 200 mL A&
2 Y%, 100 mL 25480 2 ¥R, 50 mL 25500 2 I, Bligeid i
FL0.1 mL 27K, 02 mL 1Y%, 0.5 mL 17K, 1.0 mL 2 ¥, 2.5 mL
1 Ko Ti WEER RS ABAST R MEANTGEBE wea (V)=

jzurel(Vzoo)z + 2Upe1(V100)? + 2Uret (Vs0)? + 2Urer (Vo.1)?

(3) FrRUEMZIUE T AR AR MEATA E S uyei(std)

FHELHI ) R VARUEVS W, DTV B2 3] &g ok J32 43 ol
FE 3 RDIE, TEsRBTns Rl DA G B0 B Xk B A 74k
PEEH, BB PR HEM 2y Y=187.9672X+1266.8738,
#=0.9993, %k 1Y br #E # £ 8 1=190.1744X+61.7216,
=1.0000. HibrifEHZIA T A BRI E B AR

—-0)2
u(std);sbr X %+ % + %

R, 5 AR, 5- (B g
MR ELSEmA N, 4 HERHERN 2R RS IE; b ARl
M RIBER, by = 187.9672; byy = 190.1744; n: FrifEliZk
SAE VB, n=5x 3 = 15; p: HIZHZRFESH I E RIREL, p=6;
Co: i U iy 26 45 S50V 3 19 F- ¥ 1H, Co(AD=29.2 ng/mL,
Cy(Ti)=15.3 ng/mL; C: #5hH9FIME, C(A1)=30.79 ng/mL,
C(Ti)=5.66 ng/mL; S,,: hrifE RN W BE A 5% 22 15 1,
S=XTL1(C = Co)?; Cit PRk RIS M AR m: brififh 2k
B m=5. FXASHLE B R A urcl(std)Lsctd)o i
WEM R PLE B AR E BTSSR 3R 3.
] 4,1 C) =y tret (P)? + tpe1 (V)? + Uper (std)?,
1e1(Ca1)=V0.003502 + 0.01182 + 0.008032=0.0812;
1r(Cri)=v/0.003502 + 0.01452 + 0.007252=0.0166.
3.3.2 M du L AR H AR X AT AL ue(D)
FEAH IR €A E 50 mL AR, 50 mL A 4%
AR L2 040.05 mL, =40, S22 IR i 5
+5°C, KK R a=2.1x107* ¥59 50415, N
\_\/(0.05/\/3)2+(50x5x2.1x10—4/J3_)2

Furel (Vo2)? + tret(Vo.5)? + Ure1 (V1.0)? + tre1 (V25)? trei(D aD)=ttrei(D1i) = =0.000731,
=0.0145,
x1 BEMSIANNTHEE
Table 1 Uncertainty introduced by volumetric flask
PrIE S E(A ) 200 mL il 100 mL ZHH 50 mL 20 25 mL 25 )
FoZETE ] /mL 0.15 0.10 0.05 0.03
PRUEATEBE u(V),) 0.0612 0.0408 0.0204 0.0122
TREE W Bh/°C 5 5 5 5
PRUEATRE BE u(Vr) 0.1212 0.0606 0.0303 0.0152
HRSAREARHE (Vo) 0.000679 0.000731 0.000731 0.000779
*2 BRHBSIANTHEE
Table 2 Uncertainty introduced by pipettes
W A bR PR 2 100 uL 200 uL 1000 pL 1000 pL 5000 pL 5000 pL 5000 pL
B /mL 0.1 0.2 0.5 1.0 2.0 2.5 4.0
5 SRVFIR 254/ % 2.0 1.5 1.0 1.0 0.5 0.5 0.6
KRREAIE I u(Vig) 0.000816 0.001225 0.002041 0.004082 0.004082 0.005103 0.009798
REE W Bh/°C 5 5 5 5 5 5 5
FRUEATHE I u(Vr) 0.000061 0.000121 0.000303 0.000606 0.001212 0.001516 0.002425
A FREARTIE (Vi) 0.008187 0.006154 0.004127 0.004127 0.002129 0.002129 0.002523
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3.3.3  AFSRARIRFI B ARSAR A A Z w4y (m)

WP 0.5000 g £T3K AkEdh, - Hh K 45 0 0177
Gy 22— RV HERAVFRER 0.1 mg, L1534 (k=V/3),
RAHGAFR R, RHE R 2 0k, AR
FEBE w(man)=u(ny)= 2% = 0081649, HIAFRHEAH 2

0.081649
E urcl(mAl):urcl(mTi):m:o-000 163 o

334 FiEEIKE A AT AR R A ua(R)
AT S, TRBREIG YR, HRTRER,
TN AP R AER R AREE 100%30E A FERIEA T %, 7T
38 2 [ SRR TR R i T A S A R v 7 A RN E . A
WIS SEEG AT 6 4y, LT B MR R AR fE R 22 SD
{1, u(R)=2, u(R=52, HAER WL F 4.
3.3.5  FAMMEFI AR IR RS ur(X)
FREMHIRER AN G RN T RS, HAE
RS ER SRS B, PRSP DRy

H A VRN R 53 S B A 53 o ORI W4 (9 PRI i 6 6,
HREVEAMT, HA-FIE . THRHS R C fifR

@ﬁ%ﬂmﬂ%%ﬁﬁﬁig%ﬁ%%ﬂﬁ&

34 HEAMIFETHERE
BRI E BE R iR L 6.

mosmoM X R o A o oE
Z"relz\/urel(c)z + urel(D)2 + urel(‘rn)2 + urel(R)Z + urel(X)2
Urel A1

\/0.0812Z + 0.0007312 + 0.000163Z + 0.00669 + 0.008332
=0.0819;
A O bR OME R B E
1A =0.0819%3.079=0.2522 mg/kg.
[, BRI B A B R L3R 7,

; A=J001662+-&00073124—00001632200190
vel,Ti +0.004502 + 0.008042 R

u=ug XX , M

®3 EHEUESINNTIHER
Table 3 Uncertainty introduced by standard curve fitting

JLHR B /(ng/mL) Ay 4 (Ao=4;) (C—Co)? u(std) tr(std)
1 1498.72 1454.84 1925.37 795.24
5 1987.05 2206.71 48250.43 585.64
big 20 5062.52 5026.22 1317.85 84.64 0.247202 0.00803
40 9021.33 8785.56 55539.50 116.64
80 16190.47 16304.25 12945.84 2580.64
0.5 172.28 156.81 239.31 219.04
1 237.04 251.90 220.79 204.49
7N 5 1041.89 1012.61 857.40 106.09 0.041051 0.00725
20 3829.03 3865.27 1313.31 22.09
50 9582.3 9570.59 137.09 1204.09
R4 ERESINBTTHEE(N=6)
Table 4 Uncertainty introduced by recovery (n=6)

JLR EN 78 EIE % SD u(R) te1(R)
s 90.2 923 93.0 91.2 94.5 91.5 92.12 0.01509 0.00616 0.00669
28 88.5 89.9 90.3 90.6 90.6 88.5 89.73 0.00989 0.00404 0.00450

x5 EEMSIANNTHEE(=6)
Table 5 Uncertainty introduced by repeatability (n=6)

JLE Fht/(mg/kg) SH{H/(me/kg) SD u(X) tra(X)
s} 3.177 3.025 3.098 3.000 3.102 3.070 3.079 0.0628 0.0256 0.00833
7N 0.565 0.566 0.575 0.579 0.547 0.563 0.566 0.0111 0.0045 0.00804
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Table 6 Summary of uncertainty components of aluminum

R T;JEEJE *Ex#j;g%% Iﬂiﬁfff&
ua(C)  0.0812 e 5T 0.00350 5
s 0.0118 1
VR R
bl 0.00803 4
HHEEE1E<s
wa(D)  0.00731  AEUER 0.000731 6
wa(m) 0.000163  FEAHFRIX 0.000163 7
ua(R)  0.00669  JrikEIE 0.00669 3
ua(X) 0.00883 HILEEM 0.00883 2

®7T KNI HEESBILEX

Table 7 Summary of uncertainty components of titanium

) AWEE  HATEE  EEEEE
KA 7 .
AEXT A 2 S S s HEE
ua(C)  0.0166 B UEY) 5T 0.00350 5
FrifE
e 0.0145 1
FRifE
TN 0.00725 4
wa(D)  0.00731  AFUEZR 0.000731 6
ua(m) 0.000163  FESHFREL 0.000163 7
ua(R)  0.00450  JrikBliR 0.00450 3
ua(X) 0.00804 ILEEVE 0.00804 2

£ BURRHE A B2 ur=0.0190X0.566=0.0108 mg/kg.

35 ZRRE

ICP-MS 5 21 by 2% rh AR FNER 9 & ik, AR ED N
0.5000 g A, JMEEAE LT EH; AR Y & h(3.079+0.50) me/kg,
k=2; £kB5E M (0.566+0.022) mg/kg, k=2,

4 4

AWFFIFE T ICP-MS LA L1 8 25 P ALY &5
AT E R, HAHE I 2RI T IR e R B A
MR IR L, AN BB o DR AR T RC 1
IO IS ol I R VR RS, T R ey R A R RS Y A )
MEREH, EHZAOER R A SAERA R R RIS o
FLUOk A FE R TR PR ERAE RN VR IR, S2e i A v n] 3
IR TREE R R, SRR IR A SRR IR, DI
NSRRI o [ ARESR PR T e 5 T R, AT
FRRERY, BCEE G RO EE, BRI . AR
T FERVERGIARATE WD, JLF ] 20 A T
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