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Uncertainty Evaluation of Benzopyrene Deter mination in Foods by HPLC

WANG Qiu, LIU De-qun, ZHOU Ming-lin, JIANG Qi, HE Hai-tong
(Guangdong Testing Institue of Product Quality Supervision, Foshan, Guangdong 528000, China)

Abstract: To assess the precision and accuracy of the benzopyrene detection method, uncertainty evaluation
model was established by High Performance Liquid Chromatography (HPLC). Uncertainties in each
components were analyzed in this paper, and the composed and expanded uncertainties of three different food
samples (rice samples,smoked meat samples and edible vegetable oil samples) were measured. The results of
the expanded uncertainties of rice samples, smoked meat samples and edible vegetable oil samples were all
0.5 ng/kg. The assessing results showed that calibration solution preparation had the most impact on all these
three different food samples, and the relative composite uncertainty was 0.02326. Meanwhile, the uncertainty
from electronic balance for edible vegetable oil samples was the highest among the three samples and the
relative composite uncertainty was 0.010 21.

Key words: uncertainty; benzopyrene; high performance liquid chromatography (HPLC)
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TE A P SEAR P T — A )  &
DGR IA R — I R
TR RN o 5 R A B RO R R D SR ) 2
Ay g B

AWFFEHAE TIF 1059—1999 I 5 A 7 FE
PP 525 ) BRI TIF 1135—2005 ( Ak 4317
BAEREITE) M) %K GB 5009.27—2016
(B EFREE 2RI (a) B ) 1Y
X RIS [ B R ( ROKAARE 0 PR R
BARYEE ) TR, 43 B AN [ v
ORIE LG A i I 2 AR P AN S B R A A A e
IV, A MY BATCE, UMdr—&4
HL O SERMTEE TR, AT DME R EGE & ORI
BE O B 0 AR, B v LN M FORG
8 S T THD () PR AR
1 #MRlER=*E
1.1 #Rl5iKF

A9 (a) EARMES (HE5°4 H419128AL,
W 10.00 mg/L ): 82 DR Al KKK
g AR (D) A RRAF] ;AR R
s L T LA DX AR T s B8 A BRN B & FHAE A it
e RESHERMARAR; 39 (a) AT
EN AR 525 50610020, $i4% 9 200 mg,3 mL ):
BRI IEC B, A b (B g ).
2% [# honeywell A Fl; ZE( 434k ). 5 [F TEDIA
YNGR
12 XFE5EE

R RO AR LAY, T E ORI R (S
4 LC30-AD, T fEui’ly LabSolution ): H 7
SHIMADZU A #); HFRF (B&EHN 1 mg, 0g<
ms<>50 g i}, e RKAFIRER 0.005g): | ARKEH
B DA RR A F
1.3 FHik
1.3.1  FRUEE I IO

W 1.0 mL FRUEFAICT 100 mL 2,
HONEEE, 153 100 ng/mL K3 (a) EhRIHERE
W RIRME TAE LK L% 1, Ha

ERCHIAL 0.5, 1. 2. 5. 10, 20 ng/mL 6 ¥k
AL BN REERE PR SR, ARG 0 A
W BE 2Z ) I 2 M 06 3R DA AR HE T 00 & g LA
AN 2

x 1 bREIERREEH

Tablel Preparation of standard working solution

PR WU SRR R (IR & Atk

J&# /(ng/mL) RF/UL R /uL iRV & /mL
0.5 50 0~100 1 10

1 100 20~200 1 10

2 200 20~200 1 10

5 500 100~1 000 1 10

10 1 000 100~1 000 1 10
20 2 000 100~1 000 2 10

1.3.2 FEMATE IR TS %

1.3.2.1 ROKiEE BRI 1 g CR§f%E] 0.001 g) ik
FECEANRFERR 2 K, IO IR FR 45 R 10 P 2418 ),
A S mL IEC e, BERIES 0.5 min, 40 CH
7 HEEL 10 min, 4 000 r/min 5.0 5 min, ¥4
W A 5 mL IEChEREERR—K. &IF
FVEW, R EWSEC S SR T
WA H (R 5 mL & H ke &% 5 mL IE 2 bETs
RAET ), KRR b e A A v, TR TR A
JRES, F 6 mL 1ECGEkietE T, 325 i, A 6 mL
TRV BT R AR B . R
140 CTFRSKT, HEFIRI 1 mL ZHERERE
%5 0.5 min, 3L RS BEIBORE (A3 I A .
1.3.2.2 MAEREFE  $EBOCREHE T 2 R OK IR
FE—HL,

1.3.2.3  HEYmAkE  BRPREE 0.4 gORERAHE] 0.001 )
FlR )G H 0.4 mL SHEEAHL, HARAL Y 5ok

ke —F
1.3.2.4 25 HiRFE ks a1k 5 52 56 1 Ab B

5 SRR _E AR AT AL B9 1 =P AS ] R
(2 R AR C B oR R Y ), 7R 25 FROKR A |
25 PR AR L 2= AR AR 10 ng
AIPRAERR I, EEMIRERS A 6 P AT, FHE L
IRATALBETT IR A TR, A L R DL R R R
AR IR EAL
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1.3.2.5  fbpidee  EEHS - IbridrE RS
EHLIAE 6 WA 58 i O AR 1A R 5 i
AR X o v AT 2
133 @ikt

fBiEH: . Cis A (250 mmx4.6 mm, 4 pm);
WEhH . ZIE-7K (88 1 12, v/v) ZEEEVEIR s Wik .
1.0 mL/min; # & K 384 nm, & 5T K 406 nm;
FRiR: Fil; JEFEE: 20 ul,

2 HRE5HW

21 BUEERBR RHE KRS

G X=CxV xFx1 000/(mx1 000)

Hrb: Xe PRI () EBEE (ugkg) s
C: MR #E T AE il 2815 20 4 00 20 4 1) o &2 9K
(ng/mL) ; m: FEMFRFER (g) 5 V: ERAEM
(mL) ; F: #BRT, PRI L F=1;
1000: H ng/g ¥ ne/kg MR

SEIRAR R B NS SR 1

B BRI SE PR SL g i B R, s oR
IEEE B 5 I AN o B R R T I MR AT
Hil . PRAERNAUG . PR ETAL I AR | SRR
A (HEWE ) FI5m,
22 TAHREESEMITE
22,1 FRUEVEIRBCH] S AS A B

2.2.1.1  BRUEY) Al BE 51 A B A X BR S 1 RE
Uretiy SR AIF (a) SEARUHESIES, PRifER IR

W B2 10.00 mg/L, HA JRAH & EN 0.31 mg/L
(k=2), LA AT AL BRI DU v S (0 AR XA

0.31
2x10.00

22.1.2 PR TR R T B ARG AM
FHXIHREATAE FE Urese FIES TRAC T | AP AF XS s
AN E FE Uresey B fE TAF VA WL 1 3 72 v 25 1
ot AR 150 LA B AN [) 255 R4 X Ao T A i o 32 DL
2, FFRZL 10 mL A HAIRARZE 100 mL 25
ZHRE N A G, RN =R AR A
RRSCVFRZE
\/ng
W, ARE ARV WROC ok A rp A RS | AR SR
X bR AEANT E N

Uret () =+/0.002 000 0 + 0.000 408 2% = 0.002 041

WEANT 2 B Uref (7) = =0.0155,

2
BT AR Ut :\/nx[ ) e

2 HREIERREHSEPFIEMINNIBREE
Table2 Uncertainties of volumetric flasks form calibration
solution preparation

HRE A R AV i ] ARXS AR AT
A V/mL 1R 2E/mL WE N FEBE Urescas i
10 +0.020 6 0.002 000 0
100 +0.100 1 0.000 408 2

A HE AR R A o R v A% AR o P L L
LSRRG WA B AR bR AN S BE L 3.
SETE o3 A v BN, R A o A A 2R

= v o N2
Wm%mm>=J”XG?Z%§§;§§JO P A o T
e PG i o A RS TROAR 5 LA 8 A A A A
E B

Uret (1, =/0.009 2382 +0.006 9282 +0.003 4642 + 0.006 928° +0.006 000> =0.015 14

®3 HREILERREAIEPBERCHIHEE
Table3 Uncertainties of pipettesform
calibration solution preparation

M2 B A B mRAr i AR ARUEA
A v/uL ERAL  REML O WEn HEE Uemae
50 10~100 +0.8 1 0.009 238
100 20~200 +1.2 1 0.006 928
200 20~200 +1.2 1 0.003 464
500 100~1 000 +6.0 1 0.006 928

1 000 100~1 000 +6.0 3 0.006 000

2.2.1.3  FRUETS AT R b R A A G L A
FARFR AR 5 | A A XIS MEATE B Uresgamy S5

IR (20£3) CIEFINNE SN, BEwAZE
FEW B R AN, AT 2SR T, (AR ST
AV AT AR 5 2 B o AR AR At 45 TR AR
HE T ARSI R OB, 20 °CHE ZIE IR
JEZE (a) g 1.37x107° °C U8 AE X AR E A
AT xa
NG)
R PRI o A o T YRR TAC 71 ) 43 o R ) o 7 i
IR AR SE L, PREEIR B AR5 A 25 R AN

2
FEBERAN e, ) = nx[ J L AT=3 C, n
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Pt iR AR S AR AR E B W3R 4.

PRI, PR3 3 P88 28 A 5 1A BRI AR X A AN 5 J3E A

uUd%N)::JODOSSIZZ4—000237324—&00237324—000237324—00041002::0008215

x4 REBETNUSINNAHEE
Table4 Uncertainties form temperature changes
in the experimental environment

AR EL 0 AHXIFRAEA T E SE Uretsin)

10 mL & & 6 0.005 812
100 mL 25 5t 1 0.002 373
10~100 pL BB AR 1 0.002 373
20~200 pL AL 1 0.002 373
100~1 000 pL % 3 0.004 100
2.2.1.4 BRI o B A S U R AR MEAS B

FEFE Urer (1) ARHERFC T S B G A AN
J 32 AR R A R S L T
ST E BE . BC ] i WA 5 | A B AT E
i LA K IR IR B AR A B 2 IR AR 51 A AN
FE BE X LS 3 2k

Ug D= \/ufdam) + Ll?d(ﬁ) + lfd(ffﬁ) + Ufzé(iﬁf’ﬂb =
J0.0155% +0.002 041> +0.015 14> +0.008 215> =0.02326

222 FEAATAS PRI RS IR E

2221 FRELFER RFGIARATIEE Uerxr
FE AT AL BRARAE B A 2 T 2 —ROF, Hi
RAVFEZE H£0.005 g, JESI A1, HAES
FRFE B2 B R I PR RRRE BT AR, = FhoR TR
R I KPR R AR EAS I o FE L3R 5 6
FRHHEIE s X, HARR AR EA I & B A R

0.005 Y’
Uref (o) =4/ M% Bxm) ©

x5 ZMARKREREMNRESIANNIHEE
Table5 Uncertainties form weighing of electronic
balance of three different samples

BB T i KPR e B MRRERR AR AR

FE 5 Mg  VRR%EE  BREN EE Uaern
JORREE 10 £0.005 2 toson
WEMEE L0 s000s 2 e
EFMEIREE 04 £0.005 2 e

2222 m%&%%mA%K%%EUMW)#
an FT AL B R A A R, SR PR . B

Hg e . BIRSEAL IR, MELIXTREAS IR 1 8 —ilE AT
VA, RTS8 A XA it B S5 s 0 2 JHE e 26 11
T 2 i i Ak BT R AT R A VT E . AN
BES AR ECREE R IL R 60 IR BICR A SF-2

%%(gmwﬁ@ﬁ

AN E

{5 REGFTHER B B Uy =

ﬂ“i’aﬁ‘j> 1)
Tt K

u7
% ), Uref(Em&) :@ o<<2|j|\lj
$%k&£%ﬁ%%%m% PRIt 17

100% —

(A Nt= )u%m¥ﬁEW$R%

Ur)
100%Z [B] ) 22 5 2 B 2
HAS

LA, R ES
B (t=t955=2.57 ), M EH MR
BIEHRF f (f=1/R ) AZIEZER, BIHA SRR 5 R
OB, BAALITRIE . =R
B R b [T g3 (0 AR X AR N B o BE R ¢ R
WA R IR 7,

6 =MAREBRIKHE 6 X TFITIRE A0 IR E YR
Table6 Recoveriesof three different samplesat six

parallel experiments %
FERIAREIGCR T FE2 FE3 RE4 FES Ff6
KA 80 82 83 82 83 84
08 B PR A 82 83 80 81 83 83

YRR 87 86 87 88 87 89

2223 BEFTHTAL L BT A BB R X oA
ﬁﬁ/ﬁg Uref(z) # E'LJAALIEJ\_*% I/\E]/‘JZ:HEXHEE
2 g B B SR 5 AR S B
(S S50 5 | AR AN 22 BE P B A3 28 . U (2) =
Wt + U, o PR ORISR R

P RE T LA RS AR XS AR AN 2 A
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Table7 Uncertaintiesand t test results of recoveries of three different samples
FE BRI R /% IR ZE Sg) FRIEARTEE JE u g, HIXTFREABNE Uy g, t Ko R
KK 83 0.013 46 0.005 578 Uref((iie-any=0.006 775 29.4
S0 2 PR R 82 0.012 65 0.005 164 Uref((ite-r)=0.006 298 34.9
B Y R 87 0.010 33 0.004 216 Uref(miey)y=0.004 828 30.8
u (Z—M):\/u2 +ul _ st 1 (c,-Cy> N
ref o T ) bletrteT Hrp S Ry r i th 2 i bs
p n

/0.004 0822 +0.005 578 =0.006 912 ;

3 2 _
Uer (2—R) = \/ufefu*:rrf-m ey gy =

/0.004 0827 +0.006 298 = 0.007 496 ;

— |2 2 -
Uy (2=Y) = \/ureﬁ%ﬂﬁ—v) e vy =

J0.010 217 +0.004 828” =0.01129 °

233 /b
HiE L Urer(3)

TS AR I Z I A B

I i 2 AU AN B 5 58 v b o 28 90 P Tt

A7 153

WA Y S LG R 8

R 8 MMERKHRE-ERRX R

Table8 Concentration peak area of standard solutions

W, Xi/(ng/mL) 0.5 1.0

2.0 5.0 10 20

Y1 3171 6929

g Y2 3236 7025

PLY  v3 o 3261 679

FHE 3223 6917

13739 33943 69967 138 182
13527 33 643 69 444 138 869
13 524 33 447 69 640 138 658

13597 33678 69 684 138 570

2 [ml 15 7 y = bx+a, R,=0.9999
R b A 6947.7
I ah -303.16
DL =B AS ) 52 5T 149 25 I A o 49 0 T AR 28

JURZ 3 lﬁlﬂﬂﬁﬁﬁ%ﬁﬁ%ﬂ 4 e C il

W9,

x99 ZHARERNZAMGERHIELER
Table9 Determineresultsof three different spiked samples

ng/mL

Cz C3 C4 C5 Cﬁ

[T ge71358 C
Tk 8.0
J0H 2 PR 8.2

& Y AR 8.7

82 83 82 83 84
83 80 81 83 83
86 87 88 87 89

Fraf 20 A e AR 2 B A 2PN

Ui =

3(C -CY

i=1

Iy - (@a+bx))
W2, Ak Ss=11=2

=455.888 ,
n-2

b WEEIIATT AR, b=6 947.7, p kLM
SEATINSE BB, p=6; n ARt 2 BTk B A5
T 5E B KB, n=18; Co NFEMEIME; C
S BT bV R O VR BT B, C =6.4
ng/mL; . = Al AS ] 32 S5 SaURE A AH X6 s v AN o B

u
Ug ) =—2L | 1L 10,
G
£10 SHARERLEONGHASETHENRRER

Table 10 Uncertainties of average content results
of three different spiked samples

IbRRE AR AR

s IETRE R f;’%gﬁi
Cy/(ng/mL) FE u(cy) %
KoK 8.3 0.041 52 Urer(3-M)=0.005 002

AR 2 P R 8.2
& AR iR 8.7

0.040 88  Ure(3-R)=0.004 985
0.040 66  Ug(3—Y)=0.004 674

2.2.4  ERORAR TSR ERE S B AR XS AR E
Z:EEXEJ# Uref(4)
JNFRFE SR 6 WHEFEIS R R I 28 & il

i
1, SRV C=—=83, % s(d)=

n
N
/ﬁz C —-C)? =0.030 47; HixXfFr#%= 5(70')=

03047 _ 0.003 671 , BRI LTI AR

8.3
S AL 0 T AR B2 L P ARG A vHE A Wl S JEE e
0.003 671

Uref (4) = \/g

=0.001499 .
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Table11l Six concentrations of each injection
of the spiked sample

C C, G (o7 Cs Ce
8.3 8.4 8.4 8.3 8.4 8.3

23 AEMNIRERHEEE U

g R, SRR AR E I E B (ROK
XK. OMERLE. GHEYMEE) hAIE SRR
AR AREASTA & BE AR TS WAC T R A&
AR BRUEATAE BE Urer(1) . AR AT AL B 5|
A BYE B XS FREARTE T uer(2) . eI 240
BB IR XS BR AN 5 B Urer(3) 1 55 50U AH
B B RS A B FHRTAR HEAS T E B Urer(4)
P F BRI R R, AN [F) B 1 A R X
AN RE BE 5390 A
Urg (M) =

B (00 (2~ M) + By (3 M)+ U (4) =0.02482

Ure‘ (R)=

U (D + U 2~ R+ U B R+ Uy (4) = 0024995

Uref (Y) =
\/ U (D + U (2=Y) +Uig (3=Y) + Uy (4) =0.026 320

25 KilZERFRIA

—MAEHT, KA R S T k=2, &
{5 IXTH] 95%, FBARN & 1R LY 95%HEH ] 22
& FUILX A, W RAHE B U=UaxkxCo (Co 2y
BLDUAE 5t 5 5 (0 P 4E , AR RS ), PRI

ROKAXHE Y B A A E B Un=U (M) x kx
Comy=0.024 82x2x8.3=0.5 pg/kg, K4k FFk N
FOKIRFE S B Xyu=(8.3£0.4) ng/kg, k=2;

F IR EE Y R A EJE Ur= U, er(R)x kx
Cor=0.024 99x2x8.2=0.5 ug/kg, K4k fFR N
KR ZE AR 5 B Xr=(8.2+0.4) ng/kg, k=2;

B Y A E B Un=Ure(M)X
kx Coy=0.026 32x2x8.7=0.5 pg/kg, il 45 5 Lk
B AL I RRE S Xy=(8.7+0.5) ng/kg, k=2;

3 WIS

A 3o R SR AH T 3 X B iy R B R

FE AN E BE A5 B AOTTE , AT DL d A &5
(AN 5 S8 52 A A VR C il ik P L A i AT AL
U AR A SARET 2 G 5T, O R 2GR
OIEEEMETIA . Wik, SChrifEid e, af
0 e A 0 R o B AN o R N
W BRI T K B AR L A
AR B FRAR R L DI AR R Ak BR 5 95 42 R A i
RSP A T i 0 RS T ORI A
W R TIA, PASE i 45 R i v
BEAE , AU IR | A0 A R AR
YRR AT AT AT 2 BEVEE , 4Rk
TRV AR I X B IR B8 AN B 7 S TR
PIFPAAER, ATRES SRR A AR EE /N 0.4 g,
HEMR N 1.0 g0 181 54 = FlA [ 3 JTORE il A
AR IR, e B HTAR A it BRI ] e 5
freey LGV ARANEE BE de /)y, DI i 5 o e
[l SO PR M i /1 o DI 2 A6 DM 45 2R 1) 3 adk ]
VAR H = A [R] 22 o A 9™ JR AN 5 J5E 22 AN K o
Sk
(11 fLZE5E, BBk, WEH, % B hEUEY BRI PRI T
BTG, fi S ETRREE, 2018, 7(4): 251-256
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