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W E: BN B S E AR BTS2 (inductively coupled plasma mass spectrometry, ICP-MS)J*E £
FHAEY N o B A B U R YRR I S N E TSR e R, R A BRI, AN BT
BRI S XA NG E B A A TS ORI R, T R A A SRR E i A Fe. Mn
HIARHE BT ik R Y Fe & & 7(10.5+1.2) mg/kg, k=2; Mn 2 £ 7(5.81+0.99) mg/kg, k=2
i S R E B 0 EE R R R L S A AN B, LA AR E - SRSV B 5 I A BB
FEFEAr i, FLUR AR il (DS FII 1 7 5 7™ AR Y A0k, ARG Ry S 3 PN o e A AR TR
KRR BRSBTS, R E B TR B A

Uncertainty evaluation of determination of the heavy metals content in edible
vegetable oil by inductively coupled plasma-mass spectrometry
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ABSTRACT: Objective To evaluate the uncertainty for determination of iron and manganese in edible vegetable
oils by inductively coupled plasma mass spectrometry. Methods The determination process was analyzed, the
sources of uncertainty were found, and the mathematical model of uncertainty evaluation was established. The single
uncertainty component was synthesized and expanded to establish an uncertainty evaluation method for the
determination of Fe and Mn in edible vegetable oil by inductively coupled plasma mass spectrometry. Results The
content of iron in edible vegetable oil was (10.5+1.2) mg/kg, k=2, and the content of manganese was (5.81+
0.99) mg/kg, k=2. Conclusion The main factors that affect the uncertainty of the results are the uncertainty
introduced by the concentration of the sample solution, and the uncertainty introduced by sample concentration
obtained by fitting standard curve has the greatest influence, followed by the sample recovery test and measurement

repeatability. This study provides the basis for the internal quality control of the laboratory.
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[ & A0 A T2 B R T2 M
T2, EHAEYLEAE . I sk WA SR
TR Z B ES RIS . AR EAESE BN
Y, ST EZ AR Eit, & HEYm TR T
BRI 002 B A BT AR o AR ) S A, T A
Wi P AR ST B A BRI AN AN P i R
Sy EEH

FE B A 45 B IR T - (inductively coupled plasma
mass spectrometry, ICP-MS)ELH REEE . LM IuH vE .
FBRAS . Z o0 R Rl B 00, B2 N B & 4y
ricieh, dndess | k. B3R, KR, Hg b ES
JE ICER i I S B AR A A RN A Sy
BT LA RCVTA 7 18 S P, B S B AR 0 T 45 e A
55 M PR ST, F JH 5 46 B AR I o )
HROTE A N E S5 SR AN P A A, H R L E
ICP-MS £ FIAE i o 8 4 8 S0 2300 e 45 S 00 T A ffy
EPEER T,

U E B eI 45 SR A A o B A R, B
BISR, FHRCH A R O RE A T AR B A iR 22 BR Y i 2,
RGN 5 VA E R, P IS JO A )Xo ) e AN o A SR
8, AR AURT RS I 25 SR AT S A TR E . TP EG
M PEE B FIA AT 2 B2 KA, CNAS-CL01-G003: 2019 (3l
N B R ER ) U R S 2 A R T A — I
B LR A DU 2 SR AT I N E BTN, TR, R
TEAG K LM A5 IR AR B . R, ERSELE b
AN PP R FH A A ARG BESR, TR I R ) AN
JEVERE B

ABFFEAR R JIF 1059.1—2012 (IR & B e 5
FooR ) NHER M E i B . B E AN E R . T
AN P B AR R, ARE ST . AR AR
HERVNEI . R IR E . PifEfh &G . WEER
P AE 5 TR SR S AN B, A ICP-MS &
mmHHELSEILR SIS RN E IR ES% .

1 MR5ERE

1.1 FHiEbnE

Z | GB 5009.268—2016€ it % & F KR £
ZICFEMINE ) U — 1 RUBHE A S B T IR A
1.2 X5

ICAPRQ HLJEAH 5 55 2 TR BT AL (FEBR R /R BHEL

HIRAF]); AL204 HFRF-(H E METTLER TOLEDO A
7] ); CEM MARS6 Tl M if A (32 E CEM 22 wl); ZRbRUER
W 1000 pg/mL(GSB 04-1726-2004) . 4 #% fE ¥ W
1000 pg/mL(GSB  04-1736-2004) . 4% 4% #E i W&
1000 pg/mL(GSB 04-1728-2004) (| 543 (0,4 )@ I Ho, k4 %}
PTG, SRR (LA, TR B A w).

AR S50 FH 6 FHAE PR R 5 T BURT AR .
1.3 ITES#H

8 HE VR T R A S B A I AR E AT R
A AR | AR . R g Ry R 2 A TR Rk
FIP e R, EETAESEON: FHY 2K (radio frequency,
RF )1500 W, FZALZ=WE 2 °C, FRAETHHSE 0.3 /s,
ST 0.8 L/min, RALRE 8 mm, EHILY<1%,
HT<3%. 9340, 2Tk RIS T &, ISR TE R
MR
1.4 LWTE
1.4.1 Houilfg

FRECE R IRE S 0.2132 g, B TS0 01 fife P e
o AR 5 mL, JNEEACE 1 ho BRI, H ARG
R TR AR, TR RUT RN, BT KRR PR
35 min, FACKRFRIERIEA 25 mL 8T, 25 EZ
B, AR, e BR TR — 7 A8 180 .
1.4.2  ARBEERES

ARSI A B EL 1000 pg/mL 2k . Shr AR
F 50 mL 58, A 1 mL e, H—PoKkEREZE,
BC il B 20 pg/mL 8R4 R A VR IR . FH R A2 VRS 730 IR
B 0. 25, 125, 250, 500, 1000 pL #k4HIESFRUER R
(20 pg/mL)F 50 mL 50, A 1 mL 4R, FCHIAL 0.
10, 50, 100, 200, 400 pg/L #k4HIE-SFR R
143 H5A&R

FHVRVE B LA 3R AR A, MR 6 ASFATREAT
M5E, 250 1,

®1 HERUEER
Table 1 Results of sample measurement

JLE I A{E/(mg/kg) A

Bk 11.2685 10.0164 10.6985 10.0776 10.1208 10.9832 10.5275

B 5.6815 5.7453 5.5376 5.9936 6.0107 5.8823 5.8085

2 HREHR

21 THEETENHFER
AN E T PF R R R L 2 (1)
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X = CxV )
mx 1000

P XAk P RO 9, mg/kg; C OAFIERZS FAHE

st S Y R AR T R VR B, mg/Ls VO RE S E AR AR,

mL; m AR, g
22 THEERIES

R B 6 3 BSR4 i R R R
N FES RS | ABIANEE I | BERARRIS LA 2 B
B i s 2R ST | AN S B3 . BB 2 | A
WERTZR AU 5 I AR AR 2 B e R M | AR E T
22,1 HeuREIINGAAATRE R EJL U(M)

FRERERL IR, SR B 2B 3, %R 446
SE, BERAVFRE K405 mg, BERIGEI4, T k=13,
MIFREARBEE: u(m) = % =0.0002887 g.

HL T KT HER = AR AR E T uy(m), KA B
I, Hi/ My MR 0.1 mg, BERDAIIE], B
k=~/3 , JUBREAH 2 -
0y = 0.0001

23

ST LA 20 b7 R 77 A AR HEAS R 5 3

u(m) = fuy ()2 + Uy ()2 =4/0.000292 +0.00029°

=0.00041 g.
AN L PIRE A B RN m=0.2132 g, TUARE S FRE:
5 ABRIAR S A AN 78 T
(M) = u(m) _ 0.00041
m 02132
222 HRABIINGATIFE T U(V)

(AR = R AR E R uy(V)

FEMUE 4 2 25 mL 288, #4E JIG 196—2006 {F
PP ) U9 20 °C, 25 mL A BRIV AREN
+0.03 mL, HESRISE G, B k=~/3 , HARUEAH G A

0.003
UIN):T

()i B 5 R A E FE uy(V)

20 °CIHKHIEIK RECH 2.1x107, 22 5 °C, #%
95%1) B {55 ME% (k=1.96), JUIIR 5 S (A oA 22

25%2.1x107* x5
Uz(V):—1 o

FIT LA, BERARTR = A B AR AN R A
UV) = U ()2, (V) =v/0.0173% +0.01342 =0.02188 mL.

PRI, A AR AR S LA RS AR EAS B 5

u(v) 0.02188

urel(v) :T

=0.00029 g.

=0.00192 .

=0.01732 mL,

=0.0134 mL,

=0.000875 .

223 BHEIAFE R P E RTINS AR AT AR R R A
Urei(Cy)

(D% . AlAm VA T A AR X AR AN S

LN . BRFR IS W A BT 1000 pg/mL, WFEA545
AT EATERE U N 0.7%K=2), B8k, EARER R
(1000 pg/mL) A A A FR AEA T E BE -

Urel(co)z%z&zmzo.oms o

QFERIRA TR AZETI AT EE u(V)

R B ERE 50 mL &M, B JIG
196—2006"%, 20 °C, 50 mL A &MV R2E N+
0.05 mL, BERIYEISM G, W k=~/3 , FHARMEARHHEE N

0 V)=2% 002887 mL.

NE)
GRS A AT E FE uy(V)
20 °CHPKBIEIK ZBCH 2.1x107, 125 M+5 °C, %
95% 1) B HEZE (k=1.96), W BE 5 | A2 AR R 2 R

50x2.1x107% x5
Uz(V)=—1 Y

TR 1 (AR AEASHA 52
UV) = U (V)2 U (V)2 =4/0.0289% +0.02682 =0.03941 mL.
R, AR A AR TS | B A ST FR A E B 0
o (Vag) = uT(V) _0.03941
(4) R TR B HE R o AN it o
LW AR (100~1000 pL)Ud B 4545 A EL 100, 500,
1000 pL FCAHXFRUEAHE BTN 0.6%. 0.3%. 0.2%, FHA&
25 250 L BB AR X AR EAS T E JE, i 250 uL BB
St PR R AN 2 B B K AE 0.6% o
T RS WA (20~250 pL)ULBH B 45 B EL 20, 100,
200 pL HARXTAREARHEE R 0.6% . 0.3%. 0.2%, HKA
i 25, 125 pL B A AE XS AR AN 2 B, i 25, 125 pL
i OO MG B A 52 B K 0.6%, RIS AR B
N, WO 2 R T R o LA B A B A T R RS A AN
7 ARG G2 45 TR ), D45 % YA AR I 110 A o A v AS
SEREATT:
Ure1 (V25) = Upej (V25) = Upe1 (Vas50) = 0.6%
Upet (Vs00) = 0.3% 5 Uy (Vig00) = 0.2% o
ek | AR O S0 mL 28RN 7 K,
WA 6 UK, TR BRER AR MV TR S | A B AH XS Br AN 1
TE

2 2 2
U (Co)HT XU (V) +2 X U 1 (Vi oo )+
urel(cl)—

u2rcl(V25)+u2rcl(V125)+u2rcl(V250)+u2rcl(v500)
=0.01302 ,
224 AR EME GGG AR AT TR AL Urel(p)
PRICE FAEY A 6 0, BRRFERL PIMAER . ks

=0.0268 mL, fflL, brifEis

=0.000788 .
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WE (20 ng/mL)62.5 uL, 4% 1.4.1 AWRIEFTIEME, /s
B S B AR TR I A AR R R P R L VR, AR 6
AE, B X1 Xou Xsu Xgo Xso Xe, S5IRULER 2, MIAREEN
Ml ALK (2):

AR A 2 S

THEA:
ERIIFAXT BREAH E FE Urei(pre)=0.03199;

(Xi = X)
R="X. @ AR HXE BRI A B Ui (o) =0.02644.
T e e T T T A e 2.2.5 AU KA IS FIN B ABRT AT A L Urel(Co)
jI;)Tg'/L;X AR AR B X, R, TP/~ TV AL A b T R AR i
WERIY 54075, RES T ARE LA BFR A S B SIARIATERE u(cy), 3%t 6 MBI . Shbr AR
(b, +b)/2 HEAT 3 VCUSE, A BVMIR 3R Y, 3 i ek AR B iF
W)= Bk RRRORIEOE Y, xR F AR (R AR — TR
H: b.=R ,—100%, b =100%R ; &, SRR AR LRI 5 R Y=aC+b K HhiZkny
e CRMERE ZBL T, S 3,

ERHIBREANEE U(pre)=3.1004%;

XPREARHEAT 6 YR, Fh SR EEORAHRE A IR B L 4

E FIBRUEARTNEFE U(pwn)=2.5955%; W W 4,

®2 FERIVREBONELSR

Table 2 Results of sample spike recovery

mH P /(ng/L) A
BR(FE 90.148 80.1312 85.588 80.6208 80.9664 87.8656 84.220
TG 45.452 45.9624 44.3008 47.9488 48.0856 47.0584 46.4680
BROMABRFE ) 134.2236 130.2517 130.6375 132.3696 135.6218 132.9374 132.6736
B CIARAE ) 94.3747 98.3624 97.1526 95.3634 94.1825 93.8668 95.5504
R BISCR /% 100.0072 92.0634 92.835 96.2992 102.8036 97.4348 96.9072
AR DR % 95.8134 103.7888 101.3692 97.7908 95.4290 94.7976 98.1648
F=3 ERVIBREMERTSIE
Table 3 Linear regression equations of standard series solution
xR Yieps) PRAET R BE /(ng/L)
0 10 50 100 200 400
Y, 9353.6 17770.7 56142.2 104707.7 204801.4 403188.5
Ge 13827.7 14178.1 13685.6 13693.6 13695.6 13645.5
Y, 9095.3 18185.3 56505.9 104328.8 204489.0 404008.2
Ge 14744.8 13781.7 14208.1 14036.0 13783.7 14340.3
s Y, 9463.8 18369.2 57882.1 105304.1 205636.7 408634.2
Ge 13687.2 14465.5 13868.3 14268.6 14056.1 13562.7
FR-F-3{E 9304.2 18108.4 56843.4 104780.2 204975.7 405277.0
AR 41 14086.6 14141.8 13920.7 13999.4 13845.1 13849.5
4 Y=1024.01C+7385.20 r=0.9999
Y, 3038.4 257248 1265077.3 22032213 4340862.2 8611130.1
Ge 13827.7 14178.1 13685.6 13693.6 13695.6 13645.5
Y, 2944.4 259081.6 1253406 2167816.2 4271988.3 8464059.9
Ge 14744.8 13781.7 14208.1 14036.0 13783.7 14340.3
4 Y; 3025.6 260401.3 1276531.2 2258631.5 4376958.2 8680215.9
Ge 13687.2 14465.5 13868.3 14268.6 14056.1 13562.7
BRIV {E 3002.8 180790.3 1265004.8 2209889.7 4329936.2 8585135.3
IR 14086.6 14141.8 13920.7 13999.4 13845.1 13849.5

ZE R Y¥=22232.86C+3002.80 r=0.9997
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Table 4 Results of iron and manganese content in sample solution
llERVS 1 2 3 4 5 6 FHfEC
BRI BE/(ng/L) 90.148 80.1312 85.588 80.6208 80.9664 87.8656 84.2200
S /(ng/L) 45.452 45.9624 44.3008 47.9488 48.0856 47.0584 46.4680

M AR ORI AL Bk | Bl BE R A 5 | A AN 2 2

N 3):
o VT T 55 T 37 25 s M 25 -
i(vi -Y)?
Sy = o 3)
THEA:

BRIBRIE R 22 Sy=6538.14;
i IFRUEM 22 Sy=165767.9;
L n—bR eI O E B, n=18;
a—PRifE 2Rl
b—br i il 2 A
Y R v VS TR R DA
Ci— VA O A
T Y V) S Y5 R B
ici

=1 -126.6667 ug/L.
n

b
T M YRk 7% 2 1 Ty
S. = En: (C,-C)?=349000 .
1 AR 2R 158 AR YDA fh kL BRI B AR S T A
b v AT S B 2 2R (4):

S )2
]S\/lwcﬁcw
a p n S

U[Cyyy 4

A

BRAIFREATE BE u[Cy(Fe)]=3.0446 ug/L;

i BIAREAST E FE u[C,(Mn)]=3.6576 pg/L.

LA i 2 YRR p=6, b A TR S YR B n=18,

BE W B OF 45 Cp, =84.2200 pg/L; Cy, =
46.4680 ug/L.

FLAE X AR VAN 22 1 T (5):
u[Cyyy]

Cy

C

Uret[Cocvyl = ®)

paRCEEEE
BRAAHXI AR UEA I E BE U,[Co(Fe)]=0.03615;
i AT BR HEAR 0 2 U [C2(Mn)]=0.0787 1.
22.6 MEE LM A A ATE R Urel(S)
FREL 6 A TATRE S &, AR ELE R ISR 1, A%

A JEPEE, Bk AR BN R RO AR O 22 L3 (6):

i(xi —>_()2
S\ (6)
THEARE):

BR BN 5 A BR EAN 22 Sx=0.5320 mg/kg;
il B i B HE D 22 Sx=0.1866 mg/kg.
W] 6 i £ (b AN B 2 B2 DL (7):
us) =% ™)
n

Jn
JaR-REXR
Bk 6 PRI I FREAST 2 B u(S)=0.2172 mg/kg;
£ 6 Y& AR HEAI 2 B2 u(S)=0.07618 mg/kg.
6 VI R AR XA v AN A E LK (8):

Uy () = % ®)

TR H]:
B 6 Y 5t A AR AREAS B 2 B U,01(S)=0.02063;
6 YR HE I AE X AR HEAS B AE BE U,e(S)=0.01312,
23 HEXMERETHEE
22 MERHEE S RIL A S, &MY mek . &
8 DA bR AN 2 B L 2R(9):

2 2 2
m
urd(x)_\/urel( )+urel(p)+ure](cl)+

U1 (Cy) + Upy (8) + Uiy (V)

©

JAR- XS
BRI AHXT G AN A2 BE © Upe(X)=0.05411;
i AT B BRASTR 2E BE- U,ei(X)=0.08508 -
R R B S RS R AN WX (10):
U(X) = U (X)x X (10)
JaRC-XES
BRI AN E BE - Uge(X)=0.5697 mg/kg;
B R AN 8 2 Urer (X)=0.4942 mg/kg.
24 TRAHBEE
MEGMRN 95%, BEGHEF k=2, W AT
BE W (11):
U =kxu(X) (11
BRI B U=1.2 mg/kg;
P R T U=0.99 mg/kg.
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Table 5 List of the uncertainty

AR v AH XA X FAXT A R,
AN ANH 2 A TR AHEBE A EE
Urer(M) 5 T 0.00192
Urei(V) FEWR AT 0.000875
Ua(C))  BCHIFRUE R SR 0.01302
Fe: 0.03199 Fe: 0.05411
Uret(P) TN & R£3'602644 Mn: 0.08508
c PRAEMZERIE R Fe: 0.03615
Uret(C2) REWve 7 Mn: 0.07871
Uai(S) W T AT o on0e
3 4% ®

AW ST Rk E B A W P Bk A S
X=(10.5+1.2) mg/kg. FhMI& 5 H: X=(5.81£0.99) mg/kg.
SR ICP-MS 5 & MY P Fe. Mn B ASHA &2 B T
BN, S5REW: Fe &7 M (10.5£1.2) mg/kg, k=2; Mn
R (5.81£0.99) me/kg, k=2, & ANHE Rk, ke
ol O 5 LY N B R VAR FR 5L AN 0
Mol ER R /0N T i (RIS 52 | A o R 90 YR ) T o ek
Tt b 2 0 40U A v AT 2 R AT R e A RS Y
AN RE B S WA B, R S R e o o ot B A B AR
EERK, WTER B mAm BB R 2E R K, WE i
LR EBHEN,

HF LR /D TR VE A B e, AR SE I A A R

RIS v B FE M FR U TAE IR, DA T80/ R g I A
PIABAEFE o A7 ik ny s skl i xE LA Ak, TR S
AR oAt B2, ARME BRSO R #4717, AT BE A
EEH%%,%M%EM%ﬁﬁﬁxﬁEEOiﬁ%Mﬂ
GRS PR ERE IR . BB A A LIRS AR . AR
PEAEN G SR A 25 SR ) N

SE R
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