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WE RN B BAEE B FHRMEE (ICP-MS) 02 & A MY i 745 (Pb). & A (As) A&, shi| 52 45 R 64 R4 T
BT, A B ICP-MS, KR ARME AN ki 2 2 AL il 7 P, As 4%, oAl £ i A2 P Rk & B ROR , LA
AR R AL R T Pb Ae As RE E AWM FF NG R, SRR EE ., EREAW, Pb AT
4 (0.0228+0.013) mg / kg, k=2 ; As &% 4 (0.00785+0.0045) mg/kg, k=2, #EH kA RHEE T ERRTHBE
&P 6 Pb, As IR 7R T AT F) 09 R A T T A B A RN T 45 RARAEA FIRIE

KR AL BRARET B TRk R 45 B
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Uncertainty evaluation in determination of lead and arsenic in edible vegetable oil
by inductively coupled plasma mass spectrometry
LI Zhaoping
(Kaifeng Center for Food and Drug Control, Kaifeng 475000, China)

Abstract The content of lead (Pb) and arsenic (As) in edible vegetable oil was determined by inductively coupled
plasma mass spectrometry (ICP—MS). The uncertainty of the determination results was evaluated. The content of Pb
and As in edible vegetable oil was determined by ICP-MS using standard addition method, The sources of uncertainty
in the determination process were analyzed, including the uncertainty introduced by sample weighing, constant
volume, pretreatment, concentration of Pb and As in solution, repeatability measurement, etc. the synthetic uncertainty
was calculated. The results showed that the Pb content was (0.022 8 + 0.013) mg / kg, k=2, and the As content was
(0.007 85 + 0.004 5) mg / kg, k=2. The uncertainty of the method is mainly the concentration of Pb and As in the sample
solution. The uncertainty obtained by the evaluation can provide a scientific basis for the correct evaluation of the
measurement results.
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1 IERS
1.1 FENEL5XA

FL R A 45 B TR 1A% 7900 Y, 55 [ 42 4
AR

O W R4 . CEM Mars 6 %, 26 [ CEM /A1 5

EEfR A : BHW-09C 7Y, I i1 AR 47 A R
NGIF

SHTRF-: CP225D A J&a 4 0.01 mg, f& [ 2%
Z R ;

HEM: A 9%,25,50 mL, REER BB I AE
FRAFE]

WM : 25,50,200 p L, fEEFELF WAL ;

Y PRICRIERAMEYI T : 1000 wg/mL, 45 A
1890484, [E XA .4 J@ S FL TR B il il rfocs ;

AT R IF AR EY BT : 1000 g/ mL, i’
i GBW 08611, H [E it Fl2= a5 b ;

65% THFRI R : /A4l , F5 = BR T A 7 5

A A, KT R R 2 A
B2

AR YN 99.999% , JF B2k T
FBRAF]

BRI T

SEE K —oK 4546 GB/ T 6682-2008 #i
i
12 BBIAEEH

SRR 1550 W S5ALETRE : 29C; JTTR AP
BTS2 . Rl 8 52 1 b 5 lE R AR UL TR 4.3
mL /min ; %5 5 FIKS . @A, fE N 15 L/ min ;
R WL TR 1.05 L/ min ; BB WAL R
R 1L/ min ; BESEEFHEERE . 031 /s 2,
1.3 B
1.3.1 ARt &5

e ff 2 LT A T R AR A 0.05 mL, 43
HIE T 50 mL ZEH D, FH 5% MRV T E 75 B hn
S FES) BL R R R 1 wg/mL
AIBRIERR 2V
132 ZFRAARETERR

43 512 B 0.000,0.025,0.050,0.100,0.150,0.200,
0.250 mL 4% AR MERG BT BT 7 H 25 mL 4
SR, AGHOE TH fs HORE SIS TR B, B &
BRek, B4, e i A AT A A SRR B 4k 0,1,
2,4,6,8,10 ng/mL [ RINRAPRIE TAER I

1.4 Afmaz
FREL0.3 gCRERA 2 0.1 me) e, B T 1M,
T 8 mL 65% i M2 % , 2 mL i & fb &, 76 R
% LT AR, BUR AR AR - R 100°C, £R9F 40 min,
SRIE AT T A, THIRARTY « 5 min THELZE 120°C,
{345 5 min, 5 min FHEZE 150°C , {45 10 min, 5 min
THEZE 190°C , 745 20 min. Hf#5E4L)5 , HRR 2=
LR 1 mL, WU T AR , v A0 2 B U P AT
R % 25 mL A, ADoK RN i 3~4
W URB I — IR & 25 mL A&, HIKER
FARLE, FEAT, RIAR IR S R Es A
1.5 HPHER R AT ERR
FES TR RRIN TR B & 24 (1) TR
X= 1000‘(/)m (1)
K X—FE R PR C R S, mg/ ke
p——FIBRZS FARE S T AR T 2 119 o
W, ng/mL ;
V——HE S AR E 2 SRR, mL
M— &, g0
HR PRI R AN A 2 (1), & AR i TR A L
i 0 235 SR ) A SR TR
(1) FEFRE G AR EE uy(m) ;
(2) BE BRI ARIARHEE uu(V) ;
(3) FRAATANHLS | AT E E u,o(R)
(4) FESR IR D Pb, As Y 51 AR AN E
U(€)
(5) kM M E S A ATEE ua(f)o
2 HREITE
2.1 BRAREIING R T uy(m)
KAVFR R G A R 8 B 32 2R I T R AL
WL TR R EE M 3 D, b EE AT A
FRANEf R oy i O A B ZERE S A
2,11 RPARETI N A X ATE R E ug(my)
FERFRRER N 03042 g, KK EIE 4 T
(B K ALVFIR 24 0.0005 g, #3450 4 (k= /3 )
T, HAXAREATNE JE 1,4(m;)=0.0009.
2,12 RPN TN A AT VE A SE uy(my)
RN 0.1 mg, %1 5) 3 A8, HAH
X BREANTAE BE 14,4(,)=0.000 1,
R b PR ik B A 25 K IR , 2 IRk i A B
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Thsr R R T A BRI ARV S T
e (1) = s (m) = /2 X [s(m) + 12 (m2) ]
=0.0013
22 HmEBININGRHZIE u (V)

FEMRAOER S 25 mL AT, 51 AR
S B R IR 28 SR R o AR A T AR
LSRR T TR

(1)K, 25 mL A BBE R AERAREN
+0.03 mL, #3450 0 A A BEHES | IR A
SEPE 1y5,,(1)=0.017 3 mL.

(2) (RBEE M, AKX 25 mL &5 & ffE T
10 K8 Ak i, TR AR AR ME IR 224 0.0124 mL,
Pl A JORHE BEVT A, AR E B RS ARAsifE
A5 BE 145,(2)=0.003 9 mL.

(3)MREE AR R R 20°C , SE e & rh
FIAH £ 5°C, KRR R 5N 2.1 x 107
C S AT IR AR AR I AR RR AN
B 15,0 (3)=0.0152 mL,,

P RE e 25 AR S LA BRI XA AT E S

szl + 225ml. + szl
%MWZMMWZWSH)uVm s (3)

=0.0006
23 HBATAE TN R EE uy(R)

SR T 2 A TR A A A B, 7 A ik
FERAFE U RIS BRI YL, 5] A—E /Y
AN B, P I DSOS R PPAS AN 2 B
FENNFR TSI A I 9 WK, 155 Pb, As Pl
45 B 5 SF- ¥ {E 43 314 104.908 8,109.613 1 ng/mL,
FRUED 2273 510 1.8314,2.449 4 ng / mL, W fyRE 5,
HTAREL G| A B A BREATR A JE upy, o(R)=0.005 8,
Uy, (R)=0.007 4,

24 HRIERP Pb, As REFINGRHZIE u(c)

LIV A2 B T2 R IR A B, BIVRR VA TR
P e A | A AN o2 B AR I R0 5 R B A
FAH S JEE
241 FROREBRMBETEI NGNS TEE uy(l)

(1) bRUER TS | R AR I R RE FE ,(a)
bR VEY) B 1 A7 45, Pb, As ik M4 K 1000
pg/mL, HH Pb (ARXT 3 AN N 0.7%, 3™
BHT =2 s As Y RAHERE I 1 pg/mL,§"
J& Rl k=2, U} R A 10 40 Jo 5 | R R G A o AN
JE ttpy 1(2)=0.003 5, 1, ,(2)=0.0005.,

(2) bR TAE L il A5 LA B AR bR A
TE B () o RIS E BE IR T 45 5 A RS WA
SIABIAHG S B, SR AR E G (S
SR )RR RS 3 5T ARSI AE AR T
VERRBC AR el T 50,25 mL 258 200,
50,25 WL it

BRI AT BR A 5 -

50,25 mL A AR 2225008 +0.05,
+0.03 mL, #3555, BER | A BREA T 2
JE 115,,0(1)=0.028 9 mL, 145, (1)=0.0173 mL.,

FH 7K %5 50,25 mL 2§ 55 Jff 43 0l i#E 17 10 IE
APk, AR AR R 22 53 510 0.0131,0.012 4
mL, $ I8 A N2 FE P, R E B 5] AW
FRUEABA A BE 115, ,,(2)=0.004 1 mL, 1,5, (2)=0.003 9
mL,

ZEBRAS TR EE Ry 20°C , S0 i i s IR AR
b +5°C, KMEBIZIK R ECH 2.1 x 107°C
Fe 851 Ay A v AR TR AR AR G ) A AR AN 1t 2 B
Usy 1 (3)=0.0303 mL, 1,5, (3)=0.0152 mL.

50,25 mL Z5Efis | A AR AR A 2 R

_ \/I/{SzOmL(l) + MSZOmL(z) + H520mL(3)
uSOmL,rel - V

= 0.0008

oo = V(1) F s (D) + s (3)

* %

WA T AR RUEAHRA E S

R JIG 646-2006 4 1 #% f6 & FLFE , 7E 20°C
MR RN 25 WL B IRIETE 25 wL it
R RVFREN +4.0%, AR N 50 wL 1)
FAETE 50 WL B E ARVFIRZEN £3.0 %, 15
FRZS 0 200 wL B AR TE 100,200 w L B H
REAVFREDINHN £2.0%, *1.5%, 45504
I, B UE ST AR HEAS 0 22 BE uy5 ,1(1)=0.577 4
WL, usy . (1)=0.866 1 WL, g, (1)=1.155 pL,
Uy i (1)=1.732 w Lo

WAE TIG 646-2006 B A for i AR  ARPR A B
925 WL BIRIRAETE 25 w L B 85 42 MR K
T 2.0%, bR AN 50 w L IR IRARTE 50 wL i}
R AR T 1.5%, ARFRAHE N 200 wL )
FEWARTE 100,200 w L B (490 & & PESR K+
1.0%, #3151 3 A 15, i 5 2 PR 5 I A bR AN
WHEJE uy5 ,1(2)=0.2887 wL, us,1(2)=0.4330 pL,
Uiog w1(2)=0.5774 WL, thy 1 (2)=1.155 w L.

= 0.0006
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FE WA R Y IR 5 ol 20°C, 520 1o 4 v 25 Yl AR
bR +5°C, KRB IK RSN 2.1x10°C
F X 5] A R AR T B AR EAS B B
s ,1(3)=0.0152 WL, us, (3)=0.0303 w L, ,.(3)
=0.0606 L, tty,(3)=0.1212 nL.

(R G R RS WEAE 5 | A P AR X A v AN e

ViR (D) +u2. () + ul.(3)
UdsyLrel — 1%

=0.0258

Yk (D) +u2.(2) + ul.(3)

uSOuL,rcl - V = 00194

121
lZ(NJ ul + 1200 ul + 1200 ul

oot = Vubea(D) F 0 V(z) en3) _ 60129
72[10\” + 220(7M + 1200‘\1

Uz00pL,rel — x/I/L (1) u V(2) u (3) =0.0104

Bt TAE ML AR 5 A AN o

P T ARG RC Hil i FE i T 50 mL 450
1K, 25 mL A8 6 1,200 w L B AR5 5 #
bR UEA R 200 w L2 K100 L2 ¥K,50 L B
3 UK,25 L BSTRAHE 1 Uk. DU v T 1A e il
TR A BRI BR A 5 -

Up et (D) = tnsra (D) = VI X 12 + 6 X 12 + 2 X s + 2 X Ul + 3 XU + 1 X142 = 0.048 4

25 LR bR oM B R R | B AR BR
WA R -
Unora (1) = 2o (a) + ul.(b) = 0.0485
Uror (1) = Ytk (2) + ukea(b) = 0.0484
*1

242 FREIE#HEIETINNLHEE uy2)

FE L2 AUES TAESM T, X 1.3.2 Bl ) 2510
AR e TAER WA T , R B S R I A 3
WA IR 1,

TR B IS SN A E B

PR TOCRIR RS

BB RS SRRy

TR BRI PR (5 SR E Y0y

Ji C}/(ng : mLil) %H@MEVE\‘{E ) ME@ qzﬂjﬁ %ﬂrﬂﬁﬁ%ﬁa{a Yias) UWJ'E{E Brzigﬁ
0 161067 125538.94,124 585.87,123 051.87 124392.23 15255 1356.22,1403.73,1327.71 1362.55
1 402 540 391971.51,388790.93,397091.50 392617.98 13573.5 13530.99,13527.98,13 802.29 13620.42
2 644013 684 111.33,691 769.66, 687 543.84 987808.28 25621.5 25429.73,25571.48,26 174.66 25725.29
4 1126959 1142925.88,1122472.16,1124968.27 1130122.10 49717.5 50308.51,50067.58,49209.48 49861.86
6 1609905 1655585.64,1667749.97,1 640 652.56 1654662.72 73813.5 72722.36,74627.97,73 449.16 73599.83
8 20923851 2060668.24,2052089.43,2027258.40  2046672.02 97909.5 98 871.83,98580.18,96 850.41 98100.81
10 2575797 2572596.49,2567842.01,2590103.05  2576847.18 122005.5 122321.09,120948.48,122436.19  121901.92

PAAF I o6 2 09 BT i Wk B (o) S A A8 R, LAY
N A5 i A (v) ok RS i E AT e LA, 19
F| Pb, As $l 2k M 7 B R M OC R B (r) 43 ok
y=241473¢+161067, r=0.9992 ; y=12 048c+1525.5,
r=1.0000. HFRAEMZLINE 51 A BFHXIPRAEA TR &
R (2) T SR 2,

s L 1 7}“ — C): (2)

urel(z) =

NS s
;(}’j - )’L)z
SEN =2
A s——brRifEd 2% ;
b——HhrifE TAERNZR R
o,—FERh FPRRIIC R IR A2, ng/mL ;
n—— AR I B, n=21 5

p— SRR R, p=6 ;
¢ —HRIER AL AP EIE, ng/ mL ;

c— PRI TR BT, ng /mL

y— PRI E S I NAE (CPS) ;

y—— AR T AR 2t 3 A bR R W
(55 m 1 HHE . (CPS).o
F 2R AMA SN RRERE

i H Pb As
FRUEA O S 8L n 21 21
FE TS T £ KB p 6 6
PR RER b 241 473 120 48
FRUEERVR I I ¢ / (ng - mL™) 4.429 4.429
R EP%‘IM%%??&E{ lﬁw—i’a{ﬁ ¢/ 0277 0.096
(ng - mL™)
FrifElw2s s/ (ng - mL™) 35605.450 611.326
AR FREATN E FE 1,4(2) 0.283 1 0.284 1

W5 BE SR P, As MR EES A WA ST 7
NHEE «
Uenre (¢) = Vuit.(1) + ul..(2) = 0.2872
Unore (€©) = Vitkora (1) + 2o (2) = 0.2882
T M F TN RS uy(f)
XoF— O3 Bf VA R A A 6 UK, T ¢
KARUERZE s, A4 A A0 BETTE , SO0 R 5 A

2.5
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AR B E AN 2 BEFE K (3) T, 2R L R 6 3.

Ry
Urel = (3)
D= Jse,
*2 BEEUSINMNAHEE
- W EAE/ FHIE ¢,/ s/ FHXTHR AT
E% . -1 . -1 . -1 P e
(ng - mL") (ng-mL") (ng-mL")  EE uu)
0.279,0.273,0.272,
Pb 77 02830278 0.277 0.0040 0.0059
As 2097,0095,0.093, 0.096 0.0015 0.006 4

0.096,0.096,0.097

2.6 E R EE A e R
DA b A AR AN 2 B i AN AR DG, A L |
AR AT E B 53 5275 Pb, As f & B X A
AT E
Upbrr =  Unt (M) + Ut (V) F et (R) F o (€) F tdora ()
=0.2873

Unsrt = Y U2(m) + 1. (V) + 120 (R) + ul.(c) + ul(f)
=0.2884

¢ 2.5 #F it PR Y P 3 i x,,=0.022 8 mg / kg
TR U Pb (A BRE AT RE B tpy=ttpy ops=0.006 55
mg/kg. HUfL & B F k=2, W] Pb (Y 4 & AN ff o JiE
Up=kup,=2 % 0.006 55=0.013 1 mg /kg.

2 2.5 FEGL BR824 55 B x,,=0.007 85 mg / kg
TR As 19 G BPRTE AT E BE up =t %4=0.002 26
mg/kg. BUEL & B T k=2, W As (9 9 J& A o JiE
U, =ku, =2 x 0.002 26=0.004 52 mg / kg,

2.7 RHEEIRE

Pb & & 4 (0.0228 +0.013) mg/kg, k=2 ; As
M (0.007 85 +0.004 5)mg / kg, k=2,

3 Hig

FIF ICP-MS, SR FARE A 7 £ FH AR i
H Pb, As i, 25 LKW Pb 5 & (0.022 8 £ 0.013)
mg/kg, k=2 ; As & fit 7 (0.007 85  0.004 5) mg / kg,
k=2, YR IUER B BN, I A5 R AN
JE ORI TAE S R AR TR R B (AR
HE T AE M £ LA 52 AR ), FE S FR & 25 VT
AR A e SR T AN T PRI A AR
HEBFE s as AN A S PSS s e u)
N 3 BRI 1 vk B R R 2 il A oA T AR
o A, SRR TR OT R F R GB2762-2017( &
i ERERE BTSRRI PR

0.1 mg/ kg W, AR AR B B2 5 | A RS

JESZ AT, T ATE G R o AR WSS 7] BRI

D RECER ] s 3 JBOKS 85 185 R it 82 vy 1) B B

5 MRS A AR 2 2 25 R A MERA

S % 3k
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