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certain province in Northwest China and assess the dietary exposure risk. Methods A total of 338 edible vegetable
oil samples were collected in a certain province in Northwest China from 2023 to 2024. The samples were tested
using high performance liquid chromatography as specified in GB 5009.27—2016 National food safety
standard-Determination of benzo(a)pyrene in foods, and the contamination index method was applied to analyze
benzo(a)pyrene contamination levels. Based on adult dietary consumption patterns, the exposure margin ratio
Among the 338 edible oil

samples, the overall detection rate of benzo(a)pyrene was 51.2%, with no samples exceeding the standard and an

(MOE) method was used to evaluate residents’ dietary exposure risk. Results

average content of 0.8 pg/kg. The single-factor pollution index of benzo(a)pyrene in 6 kinds of edible vegetable oils
was all less than 1, and the comprehensive pollution index was all less than 0.7, which indicated a clean pollution
level and a safe contamination grade. For adult residents in a certain province in Northwest China (aged 18-44,
45-60 and over 60), the average daily dietary exposure to edible oils and the exposure to foods with high
benzo(a)pyrene content (95th percentile, Pos) were 0.44, 0.53, 0.53 ng/(kg * d) and 1.73, 2.05, 2.06 ng/(kg * d)
respectively. The MOE and Pys for all age groups exceeded 10000, indicating a low dietary exposure risk of
benzo(a)pyrene from edible vegetable oils in this province. Conclusion The contamination of benzo(a)pyrene in
various kings of commercially available edible vegetable oils in a certain province in Northwest China is generally
mild, with a high level of safety in 2023—2024. The average dietary exposure and high-exposure dietary risks of
adult residents of all age groups are relatively low, all within the acceptable range. However, it is still necessary to

continuously pay attention to and monitor the food safety risks of edible vegetable oils, and take measures to further

prevent and reduce the dietary exposure risk of benzo(a)pyrene in edible vegetable oils.

KEY WORDS: edible vegetable oil; benzo(a)pyrene; dietary exposure; risk assessment

0 31 5

KI(@b B—F 2 A E TR K. HERE ST
1Y 2 155 & (polycyclic aromatic hydrocarbons, PAHs)ZS1k
Y, MRS R I () HA A R
P, B PREEF AN 1 KB, B 5ss
P MRZRERYE . AR . BRI RS ST, i S8
il . LA . SEBAdE . RRR SEEES T It @)
AR TG, T R R i PR R L IRER
A&7 2 AR, F ARG s, R g i A2
B iR,

R AR AT () B i A AR 2 B a4,
I, ZRIF e EE R R R K& 20, FHH
VAT 740 T A8 B XU E A B £ i 22 4 o PR AL 1) 4 G 3R
el SRR AR T AL L RS
W AFAEZE I ()BT Y10 P i TP 2R () B 15 Y Y
KR EER BMEMEYI AL | W T St
it L R i i A A R T R E AT GB 2762—2022( £
A ERARE PSR ) PR B b
HIF(a) i S AT 10 ng/kg, BRE(EU) 2023/915¢ 4T
B s Y b S i A AR ) e TR ORI (a) e
TR PRE R 2.0 pg/kg, H PAHs BIZEIF(a) it . KIF(a)Z .
SR (b) 2 B LA K i 22 R fe R BR A 10 pg/kg!'® ", JE4E
K, RZHFXTE M I (a) e MR TT T ARG

WFFE . T REAF A% R T 2019—2022 4F 3965 LK &
FH B ST BT, IR E 19.6%, F1
{4 0.43 pg/kg. BEHFEPORF I (25 & Fh FIHCE &
FHAE BB AT R, PRI )k 24 51 86.2%
100%. 25 & RAERXF RN 1T 158 Y HURE R S A A6,
Ryt R th 3R 83.5%. MR AR H#AEE N LTE
hh, SRR EERRS, HEL R REAL SRR
TR S o AR A S A e AR TR Sk
S5 I S A R 2 XS TE A KAt 1 PN S R A DG F
GERE R I o ASBIFFE R FH R RO A 2357 (high performance
liquid chromatography, HPLC)f; il 2023—2024 4 338 {57 [=
WPEIL A T & Y R I (e W B, X E N
PEALHB X 7= SRR Y, 25 A AR e R £ T 2
B, WY AR R . B A (margin of exposure,
MOE) i % FL 78 78 4 B UG E A 7948, AR ZA T B H
FEAI0 2R I () BE 15 Y KO R B 2 1 XU S5, LA
AT T 1 S AR MR it AR AT TR 0 2R I () EE TS
PRI S5 AR

1 #MRERFE
1.1 #RI5EF
F 2023—2024 4F DA PN PGIL R4 A b TR . R

Ritidy. AIMEY; . BIREE ARG P REHLIMI 338 HEik
BRI, FhOSEIEWRRAF . FEA . KA Ok



152 B il 2 A iR A I A 4

FH1TE

W SRR RIA R AL 6 R A A

RIF(ERER IR (B 1003 mg/L, IIAREIE
YRR R, Eoke. & H k. ZIE(Giga, %
]8R v 4 AT B )

1.2 UFE5E%

LC-20AD B St i (BL oo a2y, HAS
Hbk £ 4h); XS204 B FRECHEE 0.0001 g)
XPR225DU BUHLFFECRE B 0.00001 )G L AR LA
Z/vul); SPE1000 74> [ 5 [ AH 25 Bk B (bt s i 28
A B AT PR 7)), AT (a)BE ENIEHE (500 mg/6 mL, 111%%
EIEAEYRHA BRA R
1.3 REHE
1.3.1 H R tn 7 ik

# iR GB 5009.27—2016¢ & fh Z 2 FEERE
SR (a)EE I ) E AT AR Ak 2R A& R AR A I R
F()EFEIIME . Jrikk B BR(limit of detection, LOD)
0.2 pgkg, ERBEN 0.5 pg/ke, & T ERRM AT,
LR AR I AT | 28 USRI Ay kAT T
il
1.3.2 #thik

FE I GB 2762—2022 FlE AR, KH(a) i
KF 10 pg/kg #1158 H5
1.4 SHEEHS
141 FBFi5 480k

B TR -1 G 48 B DAIEAN 5005 e i 05 Y R
PR 5 YR B0 A (D FR

Ci
Pi:?i (1

K PR i AT RIS YRR GO TS Y
YIRYSEINE, me/kg; S K2R i AN15 Y B TEM Bk v o RILE FY
FRIEAE, mg/kg. Pi<1.0 AIEIH, 1.0<P;<2.0 AEI5YL, 2.0<
P<3.0 hi5gy, P>3.0 HETGYL, Hr p ik, RWZ
ZOCRE TG PR R
1.42 AT EF FBH0E

P 255 T e 8 B I 1 V5 Y 1 B 24 (8 A
EE, FTLAZE s s E IS e E L, AR BT
HLA A5 R i i A X QFR

2 2
Pu= \/(Cz‘ / Si)max ;’ (Ci / Si)ave (2)

K P o R G IS IR R (CYS)max TG YHIHI5 Y
BRI, (C/S)ave NGRS RASECT-BIE,; P s
0.7, TGPER N4, 0.7<P 5<1.0, TGP BRI ;
1.0<P 5<2.0, T5YSER NRT5YL, 2.0<P 5<3.0, T5YL555%
NG, P >3.0, ISHEGCNEIGY, P oK, KWIZ
PR TG PR R

1.5 BREBENXKITM

1.5.1 MBRREEFNITH
B R P AR H RS 28R w1 AR
CxDC 3)

o EXP M E R E 4B & MR A A E H 1Y
Fe % & (dietary exposure), ng/(kg * d); C &Y+
HI(a) e S ESCINE, ne/ke, RAEIMEEE 95 1404k
(Pos) 11555 DC 4 b & R4 H & Il T 2% & (daily
consumption), g/d, >R LA T BB FH 0 R 2 3 AR B
AR, 18~44 % K 35.8 g/d, 45~60 % K 42.3 g/d, 60 %
PR 41.1 g/d; BW KA (body weight), 18~59 % 1 60
2 UL ARSI LMK 62 kg A1 60 kg 12,
152 (@R EFFE—FELRILE

I (a) e B AL v M EUETE, 8T 0 B R
K20 DRI AS IS R FH R U £ i 28 4 Ry Bk 2 2 B 2 i
() MOE P03 P66 5548 J B o 85 13 A4 3 P 250 (a) e
T £ B 55 HEAT KUY . MOE 58 in=l(4) s o

. H: BMDL,, N8 F FR{H (benchmark dose
lower confidence limit, BMDL), 58 -5 iigk Fays%
Ao 2008 4F, R 4 42 R LAZE I (a) EE 1 sh W 08 A
KAEBEPERIN, #0087 285 (a) Bt R FEHER 1 10% 7] {5 X [H]
T BRAE(BMDL )4 70000 ng/(kg * d)(LMA )Y,

MOE 5 {gt B KUK 22 F A < o 24 MOE>10000 Hif, fdtfE
JRUBSARTAR, 36 A S B A%, 24 MOE<10000 [,
FEAE—E (AR RURS, T R B P RS T i
1.6 HUEAIE

fdiFH Excel 2010 XJEdE#EA 7481, Word 2010 iFf 7345
22, SR FH SPSS 22.0 X Huda A T i k22 40T, LA P<0.05
hEEMEES . EHIRIIEE S PR B R 5
KRR o AR FMFE S P & K
-2 5 U BER A Kruskal Wallis H A, XK LOD f%L
P, UHEI () SR T LOD I, SRR T AR 447 1
BRIEIEATALTE, A4 AR 1/200D (AT EHREY,
AWFEEFEIE . BB . POLEORT Pos 53 MW RRAT I
BRIt F i, IS5 E R ERR X H .
2 FRESH
21 FIEEETERBAEYRPEHFEALEN
155

2023—2024 AERHUE 338 PGt B & Y

TR, FIF () B BVARAS HR R 51.2% (173/338), &
FRFZEH 0%, FIFERMEIEN 0.8 ngke, HBKMEN

EXP=

MOE



557

WEREA, S PUARAA T B R AR I s R (a) BB 15 U DL A K £ 5 i XURS: DA

153

6.0 pg/kg, HOIECH 0.5 pg/kg, Pos M 3.0 pglkg. ERRFEM
I EE R RN 63.2%, TR 2RI ()R
RN 12.5% BRI A RIS A s
HEER IR =150.06, P<0.05, & HYmZEs 5
K ARG S AN RIS & R AR I (a) B P
I TG AT, fE7E B3 25 57 (H=29.84, P<0.05), H:
HROEIRRFEI « SRR . A AR R I () B 2 KO,
FORIN AR RIS L BT e L2 1.
22 AIERERETHERBAEYHFEH()ENITHRIE
Both

X} 2023—2024 4ERAER 338 MINIL A T EEH
0 R il v 2R T (a) B 2 o W D 3 R AT T Y AR By
Br, G5RUNEE 2 B, 3 2 WA, W RRATIMESE 6 R
MZEIF AN RIS RI/NT 0.7, BT IRAKEN
it 6 FREYIM AT () NS 25575 Yt B I35/
F 0.7, HeHEE ML ARSIy, W LTI
23 BALEETERAEYMHFYEHQENERS
FKFE

MRS 2023—2024 A FHI0 A T8 & R Y g
FIRMAEL AR Pos LA B 1248 AN TR AF % BE AR i R R
IH P A, TR R AR B TR BRI () tE 2
B hL . I (a)EE TR AT Pos LB T B 12 15 AR BR 11 2 5 1Y

I ()IE BB AKF BRI 3 PR, %A AR RS AR
WABE(18~44 % | 45~59 % | 60 % KDL F) AT H il i
R B Y M R T ()26 1124 287 55351 0 0.44
0.53. 0.53 ng/(kg * d), FFHEERABEERIH()E P
TR A BRI R TS SIS B R T T
3 ORI () BB 1 A P T X R T (a) BB 1) 2 8 ik 4371
9173, 2,05, 2.06 ng/(kg * d). A4 I BEE SR ER I 2 vt
I (a) BE 1 5 5 1 AT BEAE I R BT
24 FAIEEATERAEVMHPEHQENERSR
E XU IR

MM AT () tE 5% BMDL,, FIPH L 54 A [Fl4E
I AR ANBE A H R AR IE () e R A R A
KIFUEERZEREIITEHMEDIMPIEE R IR
BRSPS, 1M MOE, PEAGZE RN 4 iR, ik 41]
HI,18~44 % | 45~59 & | 60 & K U AR NBE 6 B & FAE
Py it 15 £ 2K I (a) 1 22 8 LI (E AN & K0T (a) e B A
IMABREI KT 10000, 15687 S UG AR EAIK, H17Em]
PZTEEN . ARER AR 6 RS S i e
FARL YR 25T ()t 5% MOE R T 2§, MOE £
U B 5 A1 P 1 I R AIG (B 34, X P RE R oM iR 45
& U B R AR R A s R, S EOLRE R
Ko T 18~44 % \TE,

Fz1 20232024 FARALCEATERAEYHPERH()ENITRKE

Table 1 Pollution level of benzo(a)pyrene in edible vegetable oil sold in a certain province of Northwest China in 2023—2024

£ K] T T R 2 BB T ¥ifE/ LR Pys/ WM BERR/
(ug/kg) (ng/kg) (ng/kg) (ngrke) (ng/kg) %
S JRRAT 166 63.2 0.9 0.8 3.0 5.0 0
K 31 41.9 0.4 0.1 1.0 2.0 0
B el 34 29.4 0.8 0.1 4.0 6.0 0
FE AP FIh =1 65 50.8 0.8 0.5 2.8 6.0 0
F oK 24 12.5 0.2 0.1 0.9 1.0 0
AEA 18 50.0 0.5 0.3 1.0 1.0 0
Hit 338 51.2 0.8 0.5 3.0 6.0 0

F2 20232024 FEARETERAEMRTEH (QIETRISRIEH

Table 2 Pollution index of benzo(a)pyrene in edible vegetable oil in a certain province of Northwest China in 2023—2024

GERTET P, TG YLIK - Py 15 YEFR
RIS AR 0.09 TH i 0.36 o
K 0.04 Tk 0.14 A
Sk 0.08 T 0.43 oy
FE R AR 0.08 TH 0.43 ey
FEoK 0.02 TH i 0.07 ey
AELETH 0.05 T 0.08 A
At 0.08 T 0.43 oy
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®3 20232024 FRIAREFFFRAFTFEAERTEMEEFQETEREE ng/(kg * d)]
Table 3 Estimated dietary exposure of benzo(a)pyrene in edible vegetable oil at different age groups in a certain province of Northwest
China 2023—2024 [ng/(kg * d)]

18~44 % EXP 45~60 % EXP 60 % L) I+ EXP

JegE S
¥E Pys ¥E Pos ¥IE Pos
MEIRRFFIN 0.54 1.73 0.64 2.05 0.64 2.06
K 0.24 0.58 0.29 0.68 0.29 0.69
Sk 0.47 2.31 0.55 2.73 0.55 2.74
FE PR A 0.44 1.62 0.52 1.91 0.52 1.92
F A 0.11 0.52 0.13 0.61 0.13 0.62
A6 0.27 0.58 0.32 0.68 0.32 0.69
a1t 0.44 1.73 0.53 2.05 0.53 2.06

F4 20232024 FRIAREFEFRAFHTEAERTEVEEF (QEETERE MOE
Table 4 MOE of dietary benzo(a)pyrene exposure in edible vegetable oil at different age groups in a certain province of Northwest China
in 2023—2024

18~44 % MOE 45~60 % MOE 60 % Ll I- MOE
jeE S
¥E Pys ¥E Pys ¥E Pos
ERRATI 128967 40410 109149 34200 108713 34063
K 288641 121229 244287 102600 243309 102190
Sk 149665 30307 126667 25650 126160 25547
TR A 159512 43296 135001 36643 134460 36496
FoKh 638048 134699 540002 114001 537841 113544
A 257934 121229 218299 102600 217425 102190
A1t 157440 40410 133247 34200 132714 34063
3 Hit5E4ie TR (a) it 2 58 A7 16 B A7 % 185 i KUBS: B ke sy, B
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A Yl B B O o T L it HCE PEAEIRE g0 sy e e PO a) 2 B £ 5258 MOE 34
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FEIUIED 0.8 p/kg, IANTIUAT GB 27622022 THUE gy gy s A [ 469 (o) 2258 MOE 1353620 ]
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