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Uncertainty evaluation for the determination of four mineral elements in
health food (Qisui granule) by inductively coupled plasma
mass spectrometry
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ABSTRACT: Objective To evaluate the uncertainty of determination of manganese, iron, zinc and selenium in health
food by inductively coupled plasma mass spectrometry (ICP-MS). Methods Based on the method of JJF1059.1-2012
National Technical Specification for Metrology-Evaluation and Expression of Uncertainty in Measurement, we
evaluated the influences of key factors on the quantitative results. The composite and extended uncertainty were
calculated. Results When P=95%, k=2, the concentration of manganese in health food was (23.8+1.8) mg/kg, iron
was (102.0+8.4) mg/kg, zinc was (21.0+1.8) mg/kg, selenium was (0.0936+£0.0092) mg/kg. Through the source
analysis of uncertainty and quantitative evaluation of each component, the uncertainty introduced by standard curve
fitting is higher than others. The second uncertainty was introduced by the recovery rate and constant volume.
Conclusion The results provide a reference for the laboratory to evaluate the quality of determination results of
manganese, iron, zinc and selenium in health food.

KEY WORDS: inductively coupled plasma source mass spectrometery; healthy food; mineral element; uncertainty

ERAEE: KNS, TR, LRI R 2SR . E-mail: aedaer@163.com
*Corresponding author: AN Yong-Peng, Engineer, National Food Quality and Safety Supervision and Inspection Center, No. 17, Fengde East
Road, Haidian District, Beijing 100094, China. E-mail: aedar@163.com



LERE Ul

LRGSR IR D A A £ S CRCRE vh R 4 Bl o0 R B A E B E 197

il

1 5

AR, KEWHTIEM R R S A S W
T ALY . PU . FEIlE . B BESS )y 1 2 A
BT, R, RS RGN G R T R Y
N TR A E SR I RPN A R . AR, TR
ME L FE R, AR R AL GRS . Bia . SRR W
J3E K A [T AT 3 55 X I 5 8 2R P9 oA J3E 4 2 7 R AN TR R
e e,

A E FE W E S5 R HOR ML ) A (fesa i
TR E BE R PEAE R R ) RSB A B AT T
T 3 g s e 4 SR AN A AT i )y 7 R
SR, [, AR AR LS R T T A T,
T4 85 J7 15 R TR

FUAG, TR bl Pk . 25 2 M SR AN 2
T EL A R AE >, SR DG T L IR A S B A S
(inductively coupled plasma source mass spectrometer,
ICP-MS) Il 5 A £ it vh ™40 0 3R 9 AN T A 4
1H o AWFFEN T ICP-MS M fREE R iR . Bk, BF Al
1, AT S B R OB E R, A A Y
B E BE, A3 BT A 20 B AN S XA U 45 R g s i, LA
SARAAG I L 72, Bl AG I 45 SR A R 2, DRUEAG I 45 SR Y
WEBE . ARBIFSER A AR R A ICP-MS Il
e B B IAERE R, RS P E SR
RIAFE TGS —E S . W, AU ST
B TP TR PRI G, AR ARSI 2 SR S5 P S I
AR A SE 00 % H) e ) R IS %

2 MHEREE

21 MUE5EHF

Agilent 8800 HLIEHE G55 TR (EE Agilent
/A v)); Mars6 S T fFY (38 E CEM 23 Hl); ME204 Rt
K- (B MR 7))

PR (K FE— T AT bR, IRE R R
8500-6940 (10 mg/L, WK CPA A F]); AEER(SrMrad, 7=
Merck Z2vH]); BUiEREIEHR: 21, 2. BIRAPHERE[2%
fi§f2, 1.0 ng/mL, “ZHERRHL (P ENARA AL Wb
W FUFRUEIR IR [S%ANER, 10 mg/L, ZEHEAERHL (FF E)A IR
A Milli-Q B 4lizK .

22 KWHE

FEb 477 5 18 BIS 201718 - b 9 Ry
BRoCE MM E ), R S MR S FREL 0.5 g i 51
0.0001 g), MIA 5 mL iR A S T A I 58 4 Ak,
RIS T 2B 2 25 mL AR, ©F
&5, ZH8 ICP-MS Kl S I 4G . . BE. iR

WE, TEARRS PN TR G ', AL TR .
B, B MR SRR
CyxV
@= m>(<)1000 w
AH: o HEESTPAITEN SR, mgke, m HEESIFREE
i, g; Co MR AR I E RIOC R IR, ng/L; V ke
ShTE R AR, mL,

3 HER5SH

3.1 PHRAEERIES

F SE B0 O AR NS E B A i, S E P BR AR A
ERFREE . ARSI AROE A AR T S A . B, RA
ICP-MS 5E AR AR . Bk B WA AN R IR
FEA LTIV rE: OFFER m ARERSTEE u(m);
QFF A EZRRT V BIFREEARTE R wu(V); QRS IR
R TCRIIE Co MPREATNE B u(Co); @RI R bR
WA E E u(R).

3.2 THREEITE
3.2.1 HSMRE T AMFREH T u(m)

FRBE RSB 2 B 32 ok A B i B A R MR AR AL
AR-A B R HE, REWERERET AR, 5
BRAREUREAS i 13 m (R AR 10 )R 0.5628 g,
bR ME B 22 0.0007 g, AR ME R B E BE 9 0.0007 g
/310 =0.000221 g, FF-HHER T B EAHE R, KT
K AHs, HAFA B ARk 22 H+0.0001 g, #5507
L M k=3, KT RO R MOR B E
H:1//3=0.000058 g, FREERIIFRIEATIE Rt Eik 2
TR B i A, #6203

u(m)=~0.000058% +0.0002212 =0.000228 g  (2)
322 HsbE AR AT AT EE u(V)

FEAR 58 2R 1V IARHEAS B 22 AL 3 A4

OF A H AR HEARTEBE: 286 JIG 196-2006 {
FHEEES BRI YU R 25 mL A RIAT S A &
sk, HASE 22 0+0.025 mL. % =50, HARHEAR
SEFE 4 0.025 mL//6 =0.010201 mL.,

@ 52 56 2 BE RN 51 AR R B MRE 1IG
196-2006 € % FHBEES B 20 IR ) e, 2 28 i BE
FRBEAE(2045) °CHEAT, KA RBUZNK R BN 2.1x107 °C,
Hy IR RN S B A O e KR X R R AR Ak
2.1x107*°C™" x25 mLx5 °C=0.02652 mL, #5040, Hkr
WA EE N 0.02652 mL/~/3 =0.0153 mL.

QERELMS ABIATERE: X 25 mL F 2T
10 WOE A IRE, S2BRMEATE RN 0.4x107° mL,

PRI, AR SRR A E 2BV 5 LA BAR AR BN

u(7=~0.010212 +0.015312 +0.00040> = 0.01841 mL
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WEEBI AMIBRUEATE BE u(Co) HATIE R R BLA P it
AHEE uer, WEER RN EIREARTIERE uo IRER
T EEFRVEASHE FE ues 3t 3 TR

OfE . Bk, BE. TARIERRZE LA AR IE AT E B (uer)

PIOC R 5 NRICRFE S ILEC AL bR, FF
TG E VR AR bR, PRz AR & e E & &
()3 1. HBIARIPREARHE BT G) M@, 4551
L3 2 FiR .

€)

(G, -C)
n _
3 (C,-0)
j=1
K, C—BhrEBIR B (ng/L); Ry—F AR VA A S b
FUARAE AR [0 051 Y 2 3150 0 BEAE LS Af; B—AEE
Sp—HFriE 4 R 25 R HE2E; n—FRUEVE W E B, n=6;
p—TREIRE S i 2 20 8 R, p=10; Co—TFr AR Sl v B 1)

ua—SfR l“‘ 1

Bn;

+ “4)

B (ug/l); € — A R & S W R
B (ng/L)o

O HARERR &S A TIFRAEA T E FE (1)

ERIRPR 8500-6940.L1 (119945)bRIER A LR UL
¥k 10 mg/L, WEAS F AR RATE K 0.001 mg/L,
WS AR, k=3, WIARHERE RS | A R BRIE A
EE u, 4 0.001/4/3 =0.000577 mg/L

(T 5 I 2 B AN 22 B (uaes)

X} [ — A WOEATINGE 10 Wk, HEHSEYE C Kb
Wz S, #it A 500 E BEITE, mEE T AN
ARG, 450 3 R:

S
U, = 7C0 T ®)

@ AR E ZR 91 B 5 | 7S (A A v AN 2

SEECR AR E L BRI AR HE I RS R, T R ZRE
RN, N E B 43S An v i 2 R BN 8 LR AR,
Al LA WA,

B, SIS AR D & e R R T A BIR AT 2 B
u(Co), H1 B3R 3 Mg nidseat(6)i &, BRI IE 4 FiR:

M(CO) = \/"‘Cl2 + usz + u032 (6)

®1 BRRITEHERESE (IR

Table 1 Standard curves of elements and the calculation of @
JLE T o T £k ESCRER) KPR/ (ng/L)  FREER mig EREB VimL  Cpg/L)  o/mglkg)
Mn ¥Y=0.0051X+0.0001761 1.0000 10~1000 0.5628 25 535.2 23.8
Fe Y=0.000203.X+0.00009839 0.9994 10~1000 0.5628 25 2298 102
Zn Y=0.0016X+0.00042 0.9999 10~1000 0.5628 25 472.9 21.0
Se ¥=0.000067X+0.0000259 1.0000 5~500 0.5628 25 2.107 0.0936
F2 HERESIASINRIRETHEE (a)
Table 2 The uncertainty () resulting from the fitting process of standard curve
JLH Mn Fe Zn Se
G Ra; 4 G Ra; G Ra; 4 G Ra; 4
0 0.0002 0.00018 0 0.0001  0.0001 0 0.0042 0.0042 0 0 0
10 0.0556 0.0512 10 0.005 0.0021 10 0.0228 0.0202 5 0.0004 0.0004
PRUERZ 50 0.2545 0.2552 50  0.0119 0.0102 50  0.0825  0.0842 25 0.0016 0.0017
100 0.5196 0.5102 100 0.023 0.0204 100 0.1699 0.1642 50 0.0031 0.0034
500 2.5596 2.5502 500 0.1075 0.1016 500 0.8056 0.8042 250 0.0167 0.0167
1000 5.0316 5.1002 1000 0.1999  0.2031 1000 1.5605 1.6042 500 0.0335 0.0335
Sk 0.0349 0.00400 0.0221 0.000160
B 0.00510 0.000203 0.00160 0.0000701
c 276.7 276.7 276.7 138.3
Co 535.2 2298 472.9 2.107
Ue 4.590 46.01 8.894 1.491
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3.2.4  ERE G ANGATERHZE u(R)

AR AH G SCHK, 38 [l 2R SR R AT i R v
A FE PP L [ At 3 4 Bl s 6, 32 A ICP-MS
W BIANFR ETSRTE 89%~105%2 ], T4 [ W AR i A
WERE uR):

b,=105%-100%=5%
b=100%-89%=11%

2 2
u(R) =1/% ~0.0349

33 ERAREERT BAHEEITE
33.1 ARAHZSE U

IR 5 BILERMEAHEJE m— B RIR, R
K EE R E R, SR ILE 6 Fin:

Uy = O J[u(m)T {u(V)T {mco)}z {u(R)T @)
m 4 G R
332 ¥RFRHEZEU

TEEEER 95%, AT =2 5, 4. %, F.
BILRY RATEEN: U =2xu,,, B 1CP-MS JilE

REEET AR . k. B IS OCR AT RN E B K E
SRR T R .
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AWPTEL AR . EREA A LRERE . E
AEENE . ARERE AR ARERRAANS . DR R Dk
AR BT RIPEAG, T R v S 5 A5 g AR B VR
SE PR ET b B3R 4 P Mo R B iR, ARER LS T
AR E R, YR ISR, E ARG AR 2
JEIM . DRI, O T i e F ORI 1 45 B A B (SN R e
Fah PR R BRI PIoT R A R AMERR I, B, Ay
P AR Ao P AR R T A5 T 1, AT USRI R 50 7%
A E R HU, PR AR & 25 i TR B AT
P REUE, € AT AR R IR TR, $R i S A SR AR K
S, PUARE S A DI E R R, M52 5 S A R B m] S
AR LU A B P B R BRI G 45 2R (9 S 0 28 T
PR R A S 2 ) AR I EAR 25

R3 EEMSINNTHEERE u)
Table 3 The uncertainty (u.;) resulting from the repeatability

LR Mn Fe Zn Se
Co 529.9 2269 466.1 2.111
S 4.983 46.44 9.334 0.0047
U3 0.00300 0.00650 0.00630 0.000700
F4 TERESINNTIHERE u(C)—iExR
Table 4 The list of uncertainty resulting from the concentrations of elements u(Cy)

JLR Mn Fe Zn Se
uei/(mg/L) 4.590 46.01 8.894 1.491
ue/(mg/L) 0.000577 0.000577 0.000577 0.000577
ug3/(mg/L) 0.00300 0.00650 0.00630 0.000700

u(Co)/(mg/L) 4.59 46.0 8.89 1.49
x5 BRARMETHEESE—NER
Table 5 The list of relative uncertainty components for elements
JLER
AN 5 Sy e
Mn Fe Zn Se

u(m) 0.000228 0.000228 0.000228 0.000228

u(¥V) 0.01841 0.01841 0.01841 0.01841

u(Cyp) 4.59 46.0 8.89 1.49

u(R) 0.0349 0.0349 0.0349 0.0349
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Table 6 Relative combined uncertainties of elements (u,.)
LR ARSI HREA E . 0/ (mg/kg)
Mn 0.9
Fe 42
Zn 0.9
Se 0.0046
R1 RENTRIHBEREO)RTEMNELR
Table 7 The expanded uncertainties (U) and determination results for elements
JLHE PR E B /(mg/kg) I 45 e/ (mg/kg)
Mn 1.8 23.8+1.8
Fe 8.4 102.0+8.4
Zn 1.8 21.0+1.8
Se 0.0092 0.0936+0.0092
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