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Evaluation of uncertainty in determination of benzo (a) pyrene in edible oil
by liquid chromatography
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ABSTRACT: Objective To evaluate the uncertainty of the determination of benzo (a) pyrene content in edible oil
by liquid chromatography. Methods The content of benzo (a) pyrene in edible oil was determined according to GB
5009.27-2016 "Determination of Benzo (a) pyrene in National Food Safety Standard Food". A mathematical model of
uncertainty for the determination of benzo (a) pyrene in edible oil by liquid chromatography-fluorescence detector
was established. By analyzing the determination process, the main component sources of uncertainty affecting the
determination results were determined, and the extended uncertainty was calculated. Results When the weighing
amount was about 1 g, the measurement result was 17.2 pg/kg, the extended uncertainty up was 1.3 pg/kg, the
synthetic uncertainty Ucq was 3.9x107 pg/kg, and the inclusion factor was k=2. Conclusion The uncertainty
evaluation method for the determination of benzo (a) pyrene in edible oil by liquid chromatography-fluorescence
detection is established.
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1 PR A S A A (8 Y 3l s v
i ERC N EOR S 7T N 1IN N = N 2 =X I €8 1
ZRRM . LR . BRI AR . BTSN A TR N ]
4y, A RN AE R o B R, R R R
WARA T FINE S EE R, UL, &R IR T A
X, ERAMPREZH T REMEY I, B
SHEA A A T & O . AT (a)eE & — 2l
TURE AP LTS Yt )0 i 45 R T AR TR
(BB I F AR B R KA PR I (a) B B AR B
YA B R G BAE AR LR, /5 2RI ()i
WA RBERHERIRSN ., BRTEAERIF@ENEYE,
A AR R F () SENEAF . ISR EERT, &
J S JEE (R S A S R 7 o A DU I
(@EE M &, PEE R R AT E RO, Rt
(@ B B Z R MW A @35 - 9% 0% & I 2% (liquid
chromatography-fluorescence detection) 15 AH i - Ji i B¢
1% (gas chromatography-mass spectrometer, GC-MS)ill &,
SAEBUE A R, FERHE, — BT AR R .
A €8 335 2 SRS T 6 2 A 0 £ P 2RI (a) 6 1 T R L
B J e

8 A A 3 BB % B L 1t T 451 e 00 1 199 -
P, SI0ERSE AR R B S A s R
FEAR TR G PR EEARYE, RV A A A
R EEERRUC L HAG, PRI SRR
€ BEATE AN S 42T, ASSCIRAE GB 5009.27-2016 € £ it %
SEFIRE BRI @B RIE ) TR TIF 1059-2012
Cl B ARH 2 B PEE 5 2R ) B RHEARMIE A 2RO,
XV €813 -2 S ARG 28 5 D  £ FE I v 2R I (a) 6 I 1
SE REUEAT AT LASYT R 2 P R 2 I (a) B A 25
H TR RS

2 MREREE

2.1 UERSA

LC-20A =30l AH (AR (H A 5 E A /l); Milli-Q
K ASC(RE T R v 5 BRI 20 7)), GVAS0A R M A (3 [
Organomation /A 7 ); Eppendorf 5810R 5 33 & 14 B .0 AL (2
[ 3 AE 2 N F]); BSA2202S-CW A4 K- (35 [E A 5
ACIDE

O WER (G e, fEE B A A, Al = 99.8%);
0.22 pum AYLRIEBECKHAEE A /), s E K Milli-Q
HBaliK; I (@B IRA AR FENBAE CEARR AT,

PRUEMIT: PR JF(a)i¥ (benzo[a] pyrene BaP)(99.0%, i
[¥ Dr.Ehrenstorfer /A ),

22 ELWHE
221 &iEEH

G5 SP-YX-48 Cyg #1(5.0 um, 150 mmx
4.6 mm); i 35 °C; JOLKNE: Wk 384 nm KA
406 nm; fE LG 20 /K(82: 18); Wii#: 1.0 mL/min; #F
FEdR: 10 uL,
222 FewpE

RESRALTE: BUHHR S 1.000 g HEFE, BT 10 mL
R, IAE CBE R, JPEREZE, TERik
4 0.5 min, FFE1k,

Fik: SRAZEIE (@) FENE AL, MR 5 mL —5
Hbe & 5 mL IECheibfbrt. EMRS AT b 5.00 mL
RS ALY, TR AR, ] 6 mL IE Cbeikiet: 1,
AU A 6 mL S eI S R B
BB 40 °CT A REZER I T, YEFIRE 1.0 mL &
G IEA T 0.5 min, 1HRLALUE LS BLm AR (it e
223 AREER G

AE B FREU B 99.0%L R 3 (a)t 9.899 mg % 50 mL
AR, 2N W% E A, BH Bk R
0.196 mg/mL Y5 MEAiff 45 VR, AE %5 B b3 b o A 45 W
50.0 pL, % 50 mL M, ACFEMIFELR, Bk
WEESN 0.196 pg/mL [ABRHERE A 40700 MR WO 52 oy
0.196 pg/mL ZRIF(a) 6 PR HEST FITR, FRIERC i ni vk B
J9:0.9800, 1.960, 5.880, 7.840. 9.800, 11.76. 15.68.
19.60 ng/mL 114 & 51 b5 5 T -

3 HER55H

3.1 NEEBRIHEEKIE
3.1 WEAER
x= CmZmloOoOO <

o X—RAFE PRI () B 1Y & 1, ne/kg;

C— M b 7 il 26 2 15 0 BF TR P R T (a) B 1 VR
ng/mL;

V—if A e AR, mL;

m—IAE i, g;

F—iRe A5
3.1.2 R JLRR

A 1 TR H R NS JIF1059.1-2014 € It AN
JEERE 5 R ) B 4 (a) EE B 5 AS W TR 261 TR,
FEORIA: FEMAIRR S . HEMAIETAL IR . B MDA
JbR e FRUEREERECH] . bRUERSE R . LA
i 1A il 2 24160,

32 H@MESIANEMRENHERE Uwra

(D2 —RFRHR R 0.1 mg, HFRFERAE 0~
5 g i, B RAVFIRZE H+0.5 mg, PIHAHHEREN:



4922 0 A R 2 R 1%
u = E =0.058 mg 34.2 ﬁzﬁ?iﬁi NN Py:
NE) 20 mL BIAE AR 2N 0.03 mL, RMIEZS /M,
05 WU HCAN 72 B
Uy =—==0.29 mg
v3 =29 017
(2) HHXMAFRFERZ 1 g, B g i, ERFREED N

10 K, #rifEfRZE4 0.13 mg,
D). FRE B AR AT E BN
V0.058% +0.29% +0.13% _3 5,10

Uwrel =
e 1x1000

33 HRESERVHEMIRERNREEITE Ura
33.1 MEETLMWIIANGIFETALE
PEBAVYGAL AR RS E AR A 9% 10 mL BFRZk
REN, WMIZABNEAZD 10K, @ HEEERE
PRUEM 22, I 2 i i e 25 B A 1, 19 2 LR o O 2
47 0.015mL,
332 SmLA REAFKASRE TN TH T
(iR R A AR E
YRR 22 N 40015 mL, K AR = A 0 A, N
0015
u= \/g
Q)RR 5| AT E
TR RS W3 FEAE (2043) °C 4R #EAT, A3k K
Ok & OB ok 2.x107eC, WA B E R
5x3x2.1x10™

= V3 =0.0018 mL
) E & ™ A= B AR X B HE A E
SHZBBAS BB 10 K, 53 HARER 2 N
0.0004 mL.
DR VA T VR R 2 2 5 | AR VAN 52 A
V0.00612 +0.0018% +0.00042
5
333 BAFIALGRAEE
M 2 0 2 IR B BEOR, B ARLE(2043) °CE AT i
11, BAZEIRE T KA K R ECh 2.1x107°C, N
ANHE R

=0.0061 mL

=1.27x107

UvS,re1:

100x3x2.1x107*
Upy=——mmF——
NE)
78 2577 A B AR AN = R
J0.0152 +(127x107)? +0.036>
Z'lV e =
Orel 100

34 NERHRZ VEMRERNREEITEE Uy, e
341 MEETLMWIIAGIFERHLE
PEBAVGAL AR RS I A 9% 20 mL HFRZk
MWEELM L 10 K, FFFReE 2R bR fEim 255k
e AR ENES S, HRIHARMEmZH 0.018 mL,

=0.036 mL

=0.39x107*

343 REFIARETHEE

R E S TE(20+3) CCHAF T #EAT, XA AEBUR K 7
BN 2.1x1077°C, AN 5 -
 20x3x2.1x1074
S
DU 5 FIRER VBRI AS T R JE

J0.018% +0.017% +0.00722
Uv,re1: 20

3.5 HINEYIRSIANMAHEE U

HFRHEDI BUCRIFE R A SIAMATRE B, AR
A B FRAR M T2 T 5 | AN S
3.5.1 RIF(EAFRIERTIANG T A

ZRIF (a) EE AR TV R 1) [ SR AR o o0 SR W,
1 99.0%, PRAEIEF L AP RASHE A 0.7%, 1
TR 2, WS A AR RN E B A
0.007

u2 =0.0072 mL

=1.3x10?

=0.0035

ug

3.5.2 BRIt () AR AR IR TN A
FRUEE R B R 2 50 mL A 205 HH, 10 mL A 2%
ZH, 1 mL A FURARAR A, HAHE e T
(1) 50 mL A 45 s AN B
o R R 25 £0.010 mL, % Mk AN = A 40, W
0.050

u =0.0205 mL
1 \/g
N . 10x3x2.1x107%
ﬁﬁﬂ@ﬂA%K%mew—i%ﬁi—j
0.0036 mL

M A BRI R ARME A E B SRS ER 10 K
IR E R, SR HARERZEY 0.012 mL,

DU M RS A8 2 5 5 | A AR AN A 8 -

0.0205% +0.00362 +0.0122
100

(2) 10 mL A A RIATERE

foF IR 22 10010 mL, R RN =M 0 m, N
0.010

=2.41x10"

Uy50,rel—

u =0.0041 mL
1 \/g
. -~ 10x3x2.1x107
ﬁﬁﬂ@ﬁA%K%%E:wxﬁﬁiggfz
0.0036 mL

T PE A R TR VEAS B R B K e T 10 YR
HFRE, 1SEHARERZ N 0.012 mL,
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DN A WOR A 2 5 | A BB ME AN R JEE R -

P 70.00417 +0.0036 +0.012
v10,rel 100

=1.39x10™

(3) 1 mL A HFRERFE M 51 A IS 2 B
VIR 2 R +0.008 mL, 2K = M5, N

0.008
u=—=2=0.0033 mL
N
N . 1x3x2.1x107%
L JEE A5 RE 1A 1 R W u2=%=
0.00036 mL

WA MR EANTERE: EEMRE 10 %,
132 HARMEN 224 0.0011 mL.
DU R 85 VRS B8 A8 25 5 ) A FRI R AN 8 0
~ 1/0.0033% +0.00036 + 0.001 12

Uyl rel=
’ 1

4 Wk TS ARATRE
PR A e B AT 10 mL 25600 11 1K, 1 mL
PO 12 W, 50 mL 754 2 U, ARG AN G A :

=3.50x10"

_ 2 2 2
Us rel™ \/ule,rel x11+12x Uy, rel +2x Uy50,rel

139x107)2 x11+12x(3.5x107)2 +
=\/( x 107y XN 0%

2x(2.41x1074)?
3.5.3 ARG ELE TN AT
Uye= \/ug 112, =1J0.0035% + (1.2x1073)% =0.37x102

x,rel
3.6 FREBZINESINNAHEE
AR 2 A5 5 1A ROARHE S 22 7T Hh R bR

C

=2
i R C D
B\p n S

XX

P Y(earsi

i=1

n

>[4~ (By + BIC)T
Horr: s=1[ =L

n-2
PR G 40 £ B 1
n---- U AVE N AR HE S0 EL, 7
Co---- B L e FE (19 °F- 2418, 8.647 ng/mL
PRl Ze: Y=56102X+0
PR 4 B S WETRIAR AN 3R 1

R1 OEHZKE

Table 1 Concentration of standard curve

b b b il P it il
H— HA H=A N EH IR RN FEADR LA
WS /(ug/mL) 0.9800 1.960 7.840 11.76 15.68 19.60
WA TR R 56189 102697 212179 430156 655413 876149 1111144
S4B/ (ug/mL) 8.820
SiTE:

55 1 N1 [56189-(56102%0.9800+0)]
552 AN [102697-(56102%1.960+0)
553 AN [212179-(56102%3.92+0)]2

3443927

8 A2 FH: 3443927 s=

s
Sxe-cu=(0.9800-8.820)’+(1.960-8.820)*+(3.920-8.820)*+
(7.840-8.820)*+(11.76-8.820)*+(15.68-8.820)*+(19.60-8.820)
’=305.4
RATHE:
s L1 (eq-2) _ 8299 \/1+1+(8.647—8.82)2
B\p n s, 56102\1 7 305.4
WU i 2 4005 5 | AN S
U, =t _0.017
1

rel— =€ =0.00099
TN 2

=829.9

U= =0.017

Bl A SRS, I PR AR A0
N

Uy _ 0.00099

Ue,rel™ \/; \/E
3.7 *iﬁ:@qiﬁgw\ﬁ'ﬂ;ﬁﬁﬁirﬁ u(rec), rel

A A R IBUR 58 4 38035 18] AH 26 Tt 2 1 A d 1)
V5 YL B B I AT R SR, ATHE 100% 00 L =,
25 1 B INFR B i 26y 88.5~94.1%, H4E JJF 1059.1-2012
CINBAR#E FEEE 5K ) u’(rec)=(b,+b.)*/12

b+=(100-94.1)%=5.9% ;  b-=(100-88.5)%=11.5%

2 2
— \/(b++b) _ \/(0‘059+o.115) 0037
12 12

=0.71x107>

3.8 E’Ei)”ﬂff 6 ?)’l’gu\ﬂ"];f;ﬁffrﬁ Ur.rel
TEE G, WAESEAT T 6 Yo, Wik
SERANFE 2 PR,
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Table 2 Results of repeatability test
5 E/ (ng/kg) B
A/ (ng/kg) FRE 2 S(C)/(uglkg)
1 2 3 4 5 6
16.7 16.6 16.1 16.3 17.5 16.7 17.2 0.48
u (C)_ N (C) 0.48 -0.196 [2] Wenzll T, Simon R, Kleiner J, et al. Analytical methods for polycyclic
\/g \/g ' aromatichydrocarbons (PAHs) in food and theenvironment needed for new
u(c) 0.196 0.011 food legislation in the European Union [J]. Trends Anal Chem, 2006, (25):
e T 716-725.

FEINE 6 B ARIAHIEE upe=1.1x1072,
39 ARAHBEE Ucra

2 2 2 2
_ Uy rel +uv0,rel +uv,rel tU e T _
UC-rel - -

2 2
Upel + U(rec),rel + Uy rel

(32x107)2 +(0.39x107)2 + (1.3x1073)? + (0.37x1072)% +

=0.039
(0.71x10)2 + B3.7x1072% + (1.1x1072)2
3.10 HRAWEE U,
_ CxVx1000
mx1000
m=1.024 g; m,=1.0010 g A_F AKX BT

¥IE N 17.2 pg/kg
Ue(uyX %t =17.2%0.039=0.67 pg/kg
PIRAHEFE Uk Uy, BAGIER N 95%, k=2
W U,=2x0.67=1.3 pg/kg
MELERMAHEE RS

FREEREZY 1 g B, TSSO 17.2 pgke, BEA
WEE U, » 1.3 pg/kg,

BBAWEE U B 3.9x107 pgkg, 5 HF
k=2,

4 &

FE AL 25 R A E R AR ZE, BUE RN A
[, X 45 2R B AN 2 VR A R TR A R . W
- DL I fe 0 E £ Il R I (), LR A E
JEE RGN At b i 8 2o 7 P A WG PR SR O AN R 2 L % oty
AR S| AR A E BE, e Wik, #
TR RO ZE IR, DR A B 2GS R, R,
P e, 2 ALy 25 LRI A
SE M
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