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Uncertainty analysis of determination of polydimethylsiloxane in vegetable
oil by inductively coupled plasma atomic emission spectrometry
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ABSTRACT: Objective To evaluate the uncertainty of determination of polydimethylsiloxane in vegetable oil by
inductively coupled plasma atomic emission spectrometry. Methods The polydimethylsiloxane in vegetable oil was
determined according to GB 5009.254-2016. According to JJF 1135-2015, JJF 1059.1-2012 and other standards, the
sources of uncertainty in the determination of polydimethylsiloxane in vegetable oil were analyzed, and the
uncertainty components were quantified and synthesized. Results When the detection result in vegetable oil was
10.1 mg/kg, the expanded uncertainty was 0.111 mg/kg (k=2). Conclusion The main factors affecting the
uncertainty of the test results are the concentration and recovery of the substance to be measured. The uncertainty
introduced by sample weighing, sample volume determination and repeatability determination can be neglected. The
measurement uncertainty can be reduced by measuring the marking points for several times, adjusting the curve
range, mastering the experimental steps, adding parallel samples, and maintaining the stability of the instrument.

KEY WORDS: inductively coupled plasma atomic emission spectrometry; vegetable oil; polydimethylsiloxane; uncertainty

BEEWBR: Tz 3315781 F A (2018B-18-C)
Fund: Supported by Fan-3315 Innovation Team of Ningbo (2018B-18-C)
SRWAES: kB2, M-, SFTREIM, FEMR T E LK., E-mail: shufenzhang1128@163.com

*Corresponding author: ZHANG Shu-Fen, Master, Senior Engineer, Ningbo Institute for Food Control, Building C, No.66 Qingyi Road,
Yinzhou District, Ningbo 315048, China. E-mail: shufenzhang1128@163.com



%5 16 3]

AT, S RLIEOHE A S B U R S DN s A SR R R AU ) AN R E S 5487

il

1 5

IR H L hE A e (polydimethylsiloxane, PDMS) X 44 —
FILEESN, H—RFIL = IR A bR 1, & AT 5
ANBU —H SRR R AL OC IR A AL, B T ARG
Pt ERTVEA TG AR L BRI R T
AL AT R T AR [ A R e
FhifE GB2760-2014P i fil i T HAE A 213 i 1 Hp A
KAG FHEIEFE A 0.009~0.3 g/kg,2010 4« AP
T ZZ R G R S A AR AT, T A R IR U gk
SR, YRR T T PDMS (19 SAIARE . 2016 4F:
GB 5009.254-2016 { ZAE 1y 3R — F BERE U il E ) B
[ & AN T 3 [ 7E PDMS A IR oE )y T A2 11, S i
A PDMS 5 B R 4E T ik . H il PDMS A4
FARAG BB A % B R R SDEIE | JOEIE IR
ik R K (HX T PDMS i A A
FE VAR A 41

M A TR AT e 3 -6 = (1) 23 B
50 2 SRR 2R A 2 Y, e B XA I R R 7 5 UL L
SCRITTAY, 2 A 2 A R AR R, RGN S A 1 1%
e HBUGINIG U . % A R R TR DU, A7 R8I x4
I 23 SR A AN RE BT A REAR UL R I T S AN
i 5 EE ) BT 5 X o 2 6 2 00 e 235 SR A oA 5
SRR TR S AR GB5009.254-2016
B — ik BB A 5 TR R T R S 6T i X R 4 3 P
PDMS JEATINRE, Xtk 28 S5 i A JE WA T A TR R R
PR, O vt ANH G B SRR R RN R, DI SL R
RO AT AR AT CE, o S0 o B T 4R ] S dls

2 MRIEREE

2.1 4. KSR

Avio200 HiJEHE A B F R & 51635 { (PerkinElmer
A B2 ), ME204E HL K- [ -6 R 2 {8 (R A
(FZNEINE

B OF L RE AU bR ME W T (4B >99.0%, £
SIGMA-ALDRICH A wl); iz (1#, 3£E CONOSTAN
2wl ERRR(IE kA, 255 BRI A R HD); SRk
M(—2, THIITHRIMA R A,
22 KWHE
221 AR R B

HERFREL 100.0 mg PDMS T 50 mL 58pRH, FfL2s i
VA RERS 2 100 mL Z540firh, BCHilBeHk > 1000 me/L 1)
FRUERE AW TR S g 25 IR (AN & PDMS [ TiT B9
) F 100 mL 25 R0, 458 EL 0, 0.4, 1.2, 3, SmL
PDMS Frififig i, FIALASE 1HE LY, BLHlaK 0. 4. 10,

20, 30. 50 mg/L Fhs e T 2Rk B k.
222 HSETAE

Fi I8 GB 5009.254-2016 PYef— vk it JSoRl & 25 s 1A
JE T 22 B i G A P S R e EA T S . AR
s gORE#A%) 0.01 @)ikAETF 25 mL 2505, A 15 mL
Wiz B 11, MRS, BF 70 cCKB A (300 W)iE
B2 h, FARZSHE 1#E R B 2108 AR5 255 R % 50 mL
RO T, T 15 mL, 1.37 mol/L hERFE/MES,
FEZE, B 10 mL T 15 mL #R .08 &/, [
IR 2 S
223 BELEH

FRII R RS 1S KW, Sl )y = AR
17 L/min; %855 0.6 L/min; ZMHHiGi K 251.611 nm,
224 HFAHR
CXV
m
AP X O R SRR AU & i, mg/kg; ¢ A
PRIUR P 3 B SR UG (0 T VR B, mg/L; v R islRR 4
L, mL; m AR &, go
23 PRAEERRIERDH

M IIF1135-2015 (A2 Hril A e e ) 1,
JJF1059.1-2012 M AHf i BEpF 2 5 %ok ) . GB/T
27411-201 2 KIS 56 28 vh i FHASH S BE P ik 5 s )Y
M GB/T 27418-2017 A2 BEVEE MR R ) AT
AW BEERE o MR AL A M O S i TR 38 R iy, 3R
R R A ot U A SR AN T A ) R YR Dy I R
B FRRCEZY . FESLRRE . RE S EE A I A A EOR
(1) R DU Y0 VA 2 1 A 0 2 R D R A 2R 97 Y T T R e
HEH RIS PR3 o (2) TR E 258 P AN 2 R IR S
PRI RO fe s . IR AR LR R B A, (3) AR
PRIt AN S R UE R KT 1 25 (4) AR b J 52 I 6 114
ANH S B LIAE S S B R TR E . (S) BNBCRAH
JE DA IR ORI .

3 HER5SH

31 THEEMFE
3.1 FrRPRIREFIN THEE Uy (C)

TN A 32 9 AN 2 JEE SR IR AR AR 0, ()
FIARHE M ERAUAT U,y () TR IY, oA bR E 2 1) 98 e
AN R T2 A D A A E f 25 TR 04, (g ) VTS 2 T 2K
HBE ST 10 (€122)

(1) ARAERE SR EC 5L A I E L 1, (1)

PRIEIT AT | ARIANBRAERE: e iiE, R —H
SERERUARER AR T 99.0%, Ht5153, bRfEpITial

X =




5488

B dn 2 4 R R I A 4R

F10 &

&mA%xmﬁgwwpplj?9:mmm7Jm@%ﬁﬂ

BRI ARIAE 1, (p) = 20977 _ 000583

0.99
FREY) AR BB R E B B BURR ME ) R
100.0 mg, RVAAEUETA A 2R 0.1 mg, k=2, R

%ﬁﬁ,%%ﬁﬁﬁ%ﬁﬁ%A%K%iEuww:%
=0.0577 . A i 4 B ik 31 A 9 A X R W S FE

ty () :% —0.000577 -

PRUEYI R E ARSI AT ERE: FeAZEs AN
R 100 mL A&, #KHE 1IG 196-200627, 2462 N
A%, HAVFRE 0.1, HHEA0, Hol AR EE
iﬂu(vﬁl)z%zo.osw mL.

BB AR E B L8 == R I e+ °CAR 1k,
I A A, WA BEh BRI R 50k 9.6x107Y/°C, N

A B R W T ()= OO

=0.222 mL,
OB AR ERE: #F 100 mL K5,
VB 1 %M EEEOR 22, 57 =MorAm, WA RIEEE]A A
PR 0.01x100
ZEEj‘ju(VﬁS):%ZOAOZZ mL.
FRUEYI BT RE 255 | A RIAR R ASH E BE

g 3 O+ ) 05’

e\ 100
_ V0.0577% +0.2222 +0.408>
- 100

fift A WRIRC T 5 | A AN AN 2 JBE

=0.00468 ;

Uy (Cl—l) = \/urel (p)2 + Uy (mﬁ: )2 + Uy (Vﬂ\ )2

=+/0.005832 +0.0005772 +0.004682 = 0.00750 .

(2) ARIERRZRBCH S LA BT E FE u,, (c)

o o R 2R TR L AR R, T 2R 400 o VS VA E 2 i
JH 100 mL &), B 3.1.1 55(1)%:4% 100 mL HFEMES
Bl RAIXT A E B R 0.00468, i 6 ¥k 100 mL 2l

FIAH R A E FE 0.004682 x 6 =0.0115 .

PR m I 1.0, 2.0, 5.0 mL. Z&KEN A %
BFRERFEIR S . MM J1G196-200627, 1.0, 2.0, 5.0 mL
W& ARFRZE /5] H£0.007, £0.010, £0.015 mL, LK%
TRFEIC S TEx4 °CAR L, FFETEAYAT, ftas i 1#a9 R
KR BCH 9.6x1074°C, M 1.0, 2.0, 5.0 mL BEETI AR
AN WL 1,

v P2 T T 25 A PR R X AS i

Uy (€1-2) =40.0115%+0.00847% =0.0143 ;
v 2R 8 R T ) 5 | A A0 o AN 2 A

U (1) = \/ Uyt (€11 )2 +t (€12 )2
=+/0.007502 +0.0143% =0.0161 -

(3) FrERMZA ST IABIARIEE v, (c,)

FRUE RPN RS S EE M 3K, G EIFRHE R A5
YRS 10 (counts per second, CPS) X8, LA rifE <k
g Y= 23985X-7267.2, @i bR M2y eI A% W T
M CPS H K S AnifE S B R ME CPS M FHE LR 2,

PR R BN 7 2B AN 22 A

2

+ (CO_ZI') .

Z(Ci —5)2

i=1

S
u(e2)= 53965

1,1
p n

n 2
> [Yi —(23985X — 7267.5)]

‘tl:':l :\/i—l

* Sk n—2

SR IREL P=11; HRuEZ 50 WO A kB n=18;
€0=2.020 mg/L H BHYERE &V B 1 ci=19

=5999.085; FEihE

®1 BRESINNIHEE
Table 1 Uncertainty introduced by pipette

it { 1 mL B 2 mL B 5 mL BIRE
FEVFIR2E/mL +0.007 +0.010 +0.015
A AEBIAM 0.007 0.010 0.015
2227 = 0.00404 2 2 0.00577 2222 2 0.00866

T 2 FE CHEA T 4371 /L B Ng] B

RESIAM 1x4x9.6x107 2x4x9.6x107 5x4x9.6x107

ZEIOXT ~0.00222 XTXT 20.00443 X =0.0111
AN 2 B (R IR 43 4 )/mL NE) 3 V3
2 2 2 2 2 2
o A A 40.00404 l+0.00222 —0.00461 40.00577 2+o.00443 —0.00364 «/0.00866;0‘01 1T _ 0 00282
R EL 2 1 2

B g5 AL

ARXS AN E BE

0.00461% x 2 +0.003642 x 1+ 0.002822 x 2 = 0.00847




2 16 1 ARk, S5 BRSSO i P SR R R AR N R B AT 5489
+=2 FERZRE CPS A
Table 2 CPS values of standard curve concentration
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CPS I1R1H -7267.2 88672.8 232582.8 473432.8 712282.8 1191982.8
eV 1 () = 22085 WL 1A RS 0 I (R) = 0T
2 =0.0103,
ﬁ+%+288'33 ~0.1042 . umz(cz):”(ch—oz'lg);oz
1750 i : 32 HEERAHEERT BIHEE

=0.0516 ; F¢ W W W& B2 51 A B9 R OX R B E

Uy (€) = \ter (1) + 1ty (€3)F =V0.0161% +0.0516
=0.0541.
312 HRMRZEFINGRATE u (V)
R AZEGIARATEE: 25 mL #6HH, K60
A %, K5 G 196-20061%, M fpi/pift 22 4+0.03, FHE

441, E%l/\ﬁgmﬁﬁsrﬁ%u(v,)z%zo.om mL.

TG I ARIAIERE: SRR R4 *C2fl, HH
A, A HABUIKREC) 9.6x107°C, WREJES|
Aﬁ@ﬂﬁawm(vz):%ﬁwwzo.ossat L.

N RBEG I ARAH € BE AT 25 mL 255000, fif
A 1% R 2E, % =M, WA BLSER0T | A AN
FEH u(v,y) = 0'%225 ~0.102 mL.

B DU W 25 51 NI AR X R B8 BE R . (V)=

\/u(vl)2+u(v2)2+u(v3)2 ~4J0.0173% +0.05542 +0.1022
25 B 25

=0.00468 .

3.1.3 HEARZF TN R U, (m)

FREGREE 5 g, B 3.1.1 55 (1) 545 KOEAERE M B BT 5
AWIARHERE u(m)=0.0577 mg FESFREES A BIAX A
~0.0577
" 5x1000

314 HEELMTIING AL U, (X)
TR AEAT 11 B A, Hds L3k 3.

B T SRR 51OA B R B u(X) = %

L u,,, (m) =0.0000115 -

=0.00902 mg/L;
DN A 5 S 5 A A R B E B, (X)) =
0.00902
2.020
3.1.5 EREFIANGIHZE u(R)
2 PR aRI 15 me/ke B W ILRE A ebniE
W, AT 11 R, ENSCREE RIS 3,

RS | AR B u(R)z%zOQW%;

=0.00447 .

A3 AN E A R U SRR U S A R X R

FEPE U,y (‘é‘)

2 2 2
N u c) tu v) +u,.,\m
Uy ()é\) _ \/ rel( ) rel( ) iel( )

+urel (X)2 + Uper (R)2

=0.0555
+0.00447% +0.0103>

PR I A RO TR LA SRR, R
H R R B i X :cmﬂ =10.1 mg/ke, 7E 95%

BT, k=2, U=uk=0.111, At B — RS e i
fiE X=(10.120.111) mg/kg.

33 R-HERSKESENETHEEEERE
Roth

SAE B RE R (1) TR BE i AN B
0.0541, (2) FRMEEAMATEE A 0.00468. (3) Fdh
FREEATRE A 0.0000115, (4) #5520 5L A AR HiE
FEH 0.00447, (5) MIUREMAHHE RN 0.0103, HLL L4
Ay P 25 0T, A5 I A v R [ SR 7 A A
FEMEZIHE, 245 ANHERER 90%, H AR E
MR E FEN 311 APFE R RN ZE I AT A1, A ifi fh e 40
EEIPNGEN e s o NRLINVS i EUE 2/ e/l =¢ 7l E3]
VTR R EE o . DA ARHEAE f vl B VA S o 2R B VR B 1Y
KNI IR HE R LG 77 A AT R

4 &

A SO R SR 5 858 1 MR A S O i 0 0 E A
P PDMS &4, FHR A AN 45 o AT 0 Hr o
3 73 HT A B W 5 RN R R 1 TR 2R vl T 0 ok JEE
[ g R 7 AR M R, o Pk B ANk 1 45 734 o
HIARHEH AU S IR E B R oK. REER AR
TR A 7 . F AR E 5T AR A E RN, W] L2
AT DRI AT DLE i 22 U AR R PRt 2
PRI IR HOMPFATRE | DRI AR E TEAF AN
I A o

_ \/0.05412 +0.00468% +0.0000115>



5490 B ah % 4 B R I A i F10 &
=3 PAMHSNEBEERHERNREWELE R @=11)
Table 3 Measurement data of positive samples and results of recovery rate of sample added standard (n=11)
WH FMRRTE cimginy KBTI R o o, ek R e SRR 2%
c /(mg/L) /(mg/L)

1 2.009 92.5
2 2.021 93.8
3 1.988 91.2
4 2.037 94.4
5 2.047 98.4
6 1.972 2.020 0.0299 97.1 94.8 3.24
7 2.079 98.2
8 2.034 90.2
9 2.029 95.7
10 2.012 99.8
11 1.994 91.8
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