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ABSTRACT: Objective To understand the pollution situation of new risk factors such as 3-chloropropanol ester
(3-MCPDE), glycidyl ester (GE), dibutyl phthalate (DBP) and bis(2-ethylhexyl) phthalate (DEHP) in Camellia
oleifera seed oil of Jiangxi Province, and make risk assessment. Methods The content of 3-MCPDE, GE, DBP and
DEHP in 29 batches of Camellia oleifera seed oil were determined by gas chromatography-mass spectrometry, and
the exposure risk was analyzed by dietary exposure assessment method. Results The content of 3-MCPDE in
Camellia oleifera seed oil ranged from 0.11 mg/kg to 4.52 mg/kg, the detection rate was 75.86%, and the problem
rate was 10.34%. GE content ranged from 0.13 mg/kg to 11.76 mg/kg, the detection rate was 72.41%, and the
problem rate was 44.83%. The content of DBP ranged from 0.43 mg/kg to 12.90 mg/kg, and the problem rate was
34.48%. The range of DEHP content was 0.57-9.69 mg/kg, the detection rate was 55.17%, and the problem rate was
20.69%. The average exposure of residents to DBP, DEHP, 3-MCPDE and GE through edible oil tea seed oil ranged
from 0.56 ng/(kg * BW) to 0.75 pg/(kg * BW), and the exposure risk of DBP, DEHP and 3-MCPDE ranged from 1.12%
to 37.37%. The exposure risk of margin of exposure (MOE) of GE was 3948.94 for men and 3347.52 for women,
with both MOE values being below 10000. Conclusion

contamination with 3-MCPDE, GE, DBP and DEHP. The likelihood of human health hazards from DBP, DEHP, and

Camellia oleifera seed oil poses a certain risk of

3-MCPDE intake through Camellia seed oil is very low for residents. However, greater attention shall be paid to the
health risks associated with GE exposure.
KEY WORDS: Camellia oleifera seed oil; 3-chloropropanol ester; glycidyl ester; dibutyl phthalate; bis(2-ethylhexyl)

phthalate; dietary exposure assessment

41.2%. CUI "I98 & Bk B R (3 1343 HLR A
A A 3-MCPDE 5 238 15534 78.7%, FLr 259 AR
Rl 87.8%. HUILEI, AFFEMMYI AT Y
T B AFAE R 2R, WAk AT RE R A S 2 F
3-MCPDE i 4, HE, AITMNHEKXKE I A
3-MCPDE Fl GE BFASR IR FH3R HAE ALY, ik 6l
FEY Tz N T & Tk, Ak, 3-MCPDE # GE 1E
SRS N Lt R e A s Y, BT AAETH
WK

PAEs J&—FIgiatEY o, ORI TR i f
H SR i A5 el AR 7R B i 1ok 5 YRR A B

0 3| =

TR T2 DATH 255 0 6 51 52 P BT A 1) O R £t
AAKYIY, @ EgER E, AEE. AR 2SN
Yoy, RAREIG . 0. SR MRS IRIT R
PR S5 CRAPE 0 S AR 2 A B, 48]
A CAREEGIH ) a2y RIS, sk bz 1) = A A e
Bz RN, WOk A2 BT 2 H IR, IR
R B ORI — .

W il A 7 B A R, T S BB AT KR 2 Y
&I, TR S 4 AL O AT SR TE A R A

AT RSB TR LB Pk i . A, JhASKRTE
FOAE . N A A At B o i] RE S PR RE = A 8 B AR AR Y
A EY) TN 3-5 A B E (3-chloropropanol ester, 3-MCPDE) ,
45 7K H B (glycidyl ester, GE). 4P7& — FH 2 [is (phthalate
acid esters, PAEs)., £¥ 3. ISR LD, Hip,
3-MCPDE. GE #l PAEs JEITAEAIMAKF A Tl 72 560
(T 5 Yl . BF5E 4, 3-MCPDE, GE = 2216 i
MR L B B A R U™, A AR K Ak 3-5N
RERGEK T, BA AR M WIS Madsk .

L B S VR AE B BB PED O T 3% B [ B g
SERFFR MRS R 2B REUEY), FK MBS R 2A 930
a1 FAN SRS R BT T T B 241 R I
3-MCPDE HJPEH &l 0.8 mg/kg, Horh A5 i-p-45 & it
I, K HHERIR 100%, MRS A T38 & AL, A2l

BENmMAFm R, B —a Rt . & F St 8os
PEUSOL BRI, T A ASREH PAEs AR R
FERIAE SRR % —1F T HiK(dibutyl phthalate, DBP).

B OR — H R — (2- & %) O B [bis(2-ethylhexyl) phthalate,
DEHPIH 545 20, Jo R IO H: T 20 A /IMED ik AR
PRI AT . EMBERE R A, 3-MCPDE #1 GE
WS —RAATE, BT RO IR PR
¥, Uil 3-MCPDE., GE Hl PAEs 7EIZS AT HF 5 4L
P o AT, SR AR 7 Al R B AR R R rhE
. ®E 2R PAEs, (HEIR %55 "4 3-MCPDE #1
GE. #HFEAURE, Al —ERE#% 3-MCPDE 1 GE 7/
{HTCH: L BR PAEs, PHRMEAF VM. 2Mut, —Jy T
FHFMZE FK LT 3-MCPDE. GE FI PAEs (9 XU Bt
FIRB, R0 561 3-MCPDE . GE Fll PAEs (& 55—
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75 1B AL WX 3 SRR bR 2078 TR T A A,
K Tt 4 FRAEEARIE, QnSRAN TR WEA, KX AR fat R
PR B KRB ER, B, AR e RS . B
Pl S RN BRI A A M AN RR A . 2 A Ml . WM. Ak
I P IR 201 oK 25 Ty T AR N B B 22, T A O TR S 4
LSS SEE | AR SRR RO Y T R G i

AR5 38 2o 0 5 T S R R Y L KU TR T DBP
DEHP. 3-MCPDE Fl GE #5%5, XHlZAF s s XU A,
SEXT B ISR AR A MR PR — b T, A
R o ) SRR, il AR I Y B 2 4 D RN
TR S Bl TR R R

1 MR5ERE

1.1 5

29 HEWK AL KF IR SR ORI N, F
2023—2024 FREHCREFVLITE NFETT . FERRAE
P R KRR IR CO, A IS T2 BHS R S T

3-54-1.2-TH AR R —NH(CAS: 51930-97-3, 4lifiE =
98%) . 13Cy-3-%4-1,2- T4 — A% A 8 — 1% ("*C5-3-chloro-1,2-
propylene glycol palmitate diester, *C5-3-MCPDE, i} =
96%). 47K HIMAE IR NG (CAS: 7501-44-2, 4HFF =98%).
Ds- 47 7K H 3 A% B B2 5 (CAS:  1794941-80-2, Ds-glycidyl
palmitate, Ds-GE, 4fiJ¥ =98%), 16 Fh4BKE I REEIRA
WMAFRUE S (B 1000 pg/mL) (R HERT /R 5 B £ 47 R
), ONE. W, IEC K. WK N (e, 35
BRI R B RA R, BT P B (kal) . R
(Ll =97%) . BALER(ZIEE =99.5%)( 135 2 sa kA (bRl
HBRAFD; SR AN TOKBRREN . BilR . B (5 P4,
VYR 0 BR A 7)o
1.2 UE5EE

TRACE 1300-1SQ 7000 “SAH (A 13% 5 i 15 FH A (36 = FE 2R
KRB BRAF); 8890-7000 D 4x [ BhTHAs S AH (0
JEFERR A . DB-5 MS 354 (30 mx0.25 mm, 0.25 pm)(3E
[ 2 FEAS B A BR 2N Fl); PSA/Silica &4 BB B 38 AT
(1000 mg, 6 mL, R EAIRBIEAT RA A
1.3 3-MCPDE #1 GE B4

Z M GB 5009.191—2024 ( &5 %L EFAME &5
SN I X H R DT BRTE . 4K HIMER A0 E ) ik, A
SCHR[22]F3R, FREC 0.1 g iBAET 4 mL BRI, HEmf
JIA 100 pL JBA PR TAER, 1R5EA 100 pL FRA
200 pL HISEERUT LR, 1SS F 10 °C+1 °CTF¥A#H 6 min,
ZJEHIA 200 pL 7 10 °CF HisE4 41 2 h 5 0.35 mol/L S5
AbAN-F AT, SEENRHES T 10 °C+1 °CTCE 7 min, #&
JEIMA 600 uL FRALIEAL A (600 g/L), #aliE. 1 bk K it

WA 600 pL Bkt IRBEMTIR-RZET, FESZE
FRERFLE, EEWR, FEKEBRPIA 100 uL H35E
IRV, WBEE A 1.0 mL S3eks, FFET2E, R
A 100 pL 1% —FEEW, RTE, #aEn2, B EZERs
JCK B R B K 2 B A ML o
75 3-MCPDE . GE K NARATA Yy e IR AR, F 068 1]
AR L 38 3 A 7 o i 26 115545 31 3-MCPDE #1 GE AYJ5
i, 1t 3-MCPDE #1 GE M iy & it e A= ()it
x= My , 1000 (1)
m " 1000
R X ML 3-MCPDE 1 GE S i & 5 (UL SN A
FAKH ), pe/ke; My MARMEIIZEH 5 A9 3-MCPDE #
GE M aE, ng; m AIAFERY AL, g; 1000 S5 R 5L
£ 3-MCPDE 4% # & 4 tf, LI 3-MCPDE 5
C3-3-MCPDE (1 U T B G O B AR A, 3-8 -1,2- T4 %
(3-bromo-1,2-propanediol, 3-MBPD) 5 *C5-3-MBPD I i
B P e br, HFIL M5 . 3-MCPDE #% 1k 1fij i
3-MBPD g i A X (2) 353

Ar=( A
S2

R A IR 3-MCPDE #4L i, 3-MBPD Ky U4 i
T, A JgilEEdh 3-MCPDE [IETEFR; A, MilAEh AR
13C3-3-MCPDE TR, a A (81 )07 R i 42 b g [ )57
FREBRIE; A JitEE P IFR °C3-3-MCPDE 344k 5
13C4-3-MBPD HY 4RI FH

R GE mbrik M2, hilre o m AR b A 3155075 2
GE My E&, FhAXQFit+E 3-MCPDE #; 1k 15 %
3-MBPD(LAZE/K T i) i, BY M g, F1IER 3-MCPDE
A 53] 3-MBPD 1=, REMET GE &% AX3)
A

xath) x Ag; (2

By 000 ()
m 1000

K G AIEAFEH GE B& i, pne/ke; G oA GE MR,

pg/kg; M it GE B9RiEM 23143 3-MCPDE #1b15%

F| 3-MBPD [, ng; m A iFER BT, g; 1000 RifiE

1.4 DBP #1 DEHP BY#&

Z: 8 GB 5009.271—2016¢ & i & A FEZR AR & dh
A5 — R ER RO E ) 5 ik, WERRFRBOMZS kA 0.5 ¢ F
20 mL BEES THZS P, A 2 mL IE © ke F i) 205 5 0,
RIEFE /IR A )G 5 42 HL 20 min, #RJ5 4000 r/min & .0
5 min, FIFREBES —4 20 mL BEEETZS i, sk
TR 2 mL IE CBEHURT G4 2 Ik, A7 3 I BIEW)
2 SPE ¥+fbJ5 T 40 )CAMKEIL T, A 2 mL IE & beE 27 F
AL,

G[ZG Bm
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1.5 ZBIHEFE
SR FA I 13 2 B PEAS 7 6 25 A9+ 3-MCPDE \GE .
DBP il DEHP {975 Ye/KF- b4 TiE > #2 #8 3-MCPDE ,
GE. DBP FI DEHP Wil 255 i) o 7 ZU0PAl AR N i) 2 21
o Ha @A
EDIyyerage=Caverage* Faverage/ BW ©)
1 EDlyyerage N5 H -3 2% 5% 5t (estimated daily intake),
[ng/(kg * BW)]; Cuverage A THIASKFIHIHIG Y & 1, mg/kg;
Faverage N5 H & AMYIIEA R, DL g/d; BW S AREFE
R, kg
3-MCPDE. DBP Fl DEHP # i XU #2420 (5) A
72 X /%=(EDI/TDI)x100% 3)
AH: TDI Ji%F H e K ifit 5% % A dif (tolerable daily intake,
TDI), pg/(kg *BW); LIFEHI i 45 Y2 W i) & H S35 52 55 i
550 H S K 52 58 B 1 OB DA B2 S5 O, 5 8 XU
HZ MR IEMX B R ESA RENK, L
3-MCPDE . DBP #1 DEHP %) TDI 437l 2.0 ug/(kg BW),
0.01 mg/(kg * BW). 0.05 mg/(kg * BW)?*2" FR[=J& [ A
Y H B T B S AR s R B R R AR AR
BR 30 g A, MRS b ETE RE IR S8R R
(2020 4F) ) Hicdls, b = BB 55 MR L M- S R 4y
M 69.6 kg Fl 59.0 kg.
o1 TR B E £ % GE 4 TDI 8 S48, AWFFY R 82
1 5 (margin of exposure, MOE){H K ¥FAl GE )G & 2552 X
W, SR FHIBCA R AR 20 20/t B D0 A 2l 408 S TR ISR B
LR T 5ol 2 W7 10% IR & AR R 3 o )
(benchmark dose, BMD){E ¥ 95% & {5 X[ T FR{E(BMDL ;)
4 2.4 mg/(kg * BW)Ri144 GE ) MOE {H, 4 MOE<10000
B, FORAAAE—E MR XU, 4 MOE>10000 B, #/R%2
RN I E 20 & S W /NN ()Y X
MOE=BMDL,, x 10*/EDI 6)

1.6 HIENIE
SR Excel 2019 S 75RAN L, I LISEYI(EEbR HE
2(n=3)IE R /R, Origin Pro 2022 V£ KB T H.,

2 EREHR

2.1 HBZESFFHE 3-MCPDE 1 GE KI5 57T
AHIFGT 2R FH RIS 33 5 A8 K A ) -0 2 P Ak 5400,
TEKfFL R, /DERS> 3-MCPDE /K i 7= 9 Rl 74k M 46
K, RABE RS GE S —7 3-1%-1,2-7
[ (3-bromopropane-1,2-diol, 3-MBPD). K iIt, 7E315
e GE G pf, F5ZF1BRH 3-MCPDE JKfft 4% {5 i,
AT SRAGAER B 45 3R o TE28 A BT TP I AR ER W, it
BT EREE DL 1, DL 3 A5 M LB ek B SR R PR, 3 A
Tt R E IR, AR AN, DAEMTEEN 0.1 g

i, KR 3-MCPDE Il GE S H FRANE 5 FR 4> 51
N 4 nglkg 12 pg/kg.

J T RUE B 8 R AR M, RS SRR A
at PR IR L 3 AN BRI, SRR L, W
Rl Ak A W3 B R 83.81%~98.93%, AN FR il 22
A 2.19%~7.63%, FMiZ 7 ILERME BRI, W% E R,
PP ER . MeAh, ARWFFER A FAPAS Jit 45 K i
(T2679QC) AT H s HEGH P ik, W 25 5L W% 2, PRI
ARG DU 25 SR AE R R PR AR VG R P, 0192 T vk 0 AT S,
AT FH R B A I 4347

140 - 3-MCPDE
1C,-3-MBPD
120 - 3-MBPD
D_-3-MIBPD
100 - *C,-MCPDE 3
Ea 80 -
‘]21
= 60
40 |-
it
20F [
I )
0 ¢
1 1 1 1 ]
7.0 7.2 7.4 7.6 7.8 8.0
£ B8 B[] /min

F: 3-MCPDE A4 B I} [8]=7.385 min; *C;-3-MCPDE fY {4 3
5 [11=7.384 min; 3-MBPD {414 & i} [1]=7.740 min; '°C;-3-MBPD
FA 5 B4 5] 7] =7.739 min; Ds-3-MBPD (1 ¥ i} [i]=7.723 min.,
B 1 Al 3-MCPDE #l GE K LN FRATAE S B HEEK
Bk
Fig.l1 Extraction ion chromatograms of 3-MCPDE and GE and their
internal standard derivatives in Camellia oleifera seed oil

%1 3-MCPDE 71 GE HEE S ZE (n=6)
Table 1 Recoveries and precisions of 3-MCPDE and GE (n=6)
3-MCPDE GE

HkT A VA 3-ENEE ) VhgroK Hrmit)
/ng Ty AEXT AR T FHXFhR e
ECR/% W% ECR%  W2E%
10 83.81 3.02 95.49 4.03
20 92.39 7.63 89.42 5.44
100 98.93 2.19 94.75 3.89

< 2 FAPAS EY)ilRIZH# M+ 3-MCPDE #1 GE
M E 45 R (mg/kg)
Table 2 Determination results of 3-MCPDE and GE in FAPAS
vegetable oil quality control samples (mg/kg)

Ffitt WD Gt

EERERE] 0.22 0.30

SEE 0.20 0.22
VA DX [E) 0.13~0.30 0.19~0.41
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2.2 HZFFHT 3-MCPDE 1 GE #5045

3-MCPDE Hl GE EZ&AE AR 4 m T fe v
AR, PR, SRMERAR G, BR T
S, O B T O T g T R, [ S SR 5k
PR ARG 5] T & 4 58 3-MCPDE &k
R o AN, RS HRE R 2 A o B A I L
R TR A Tk, [Hitk, 3-MCPDE 1 GE #£ & b
195 G L TR 1138 3

H T, [N 3%TCE%T 3-MCPDE #1 GE IR EE b5 UE, 11
T ] %A i 4 4 AU Wl rp o T kPR 3-MCPDE. 1
GE PR35 2.50 mg/kg F1 1.0 mg/kg, ABFFERF 29 vk
IMZAFM P 9 3-MCPDE Ml GE & S TR, 255 03 3,
Hod A 22 #ER R ARG Y 3-MCPDE, 3 Stk EE AR I, &k

10.34%. ItAh, A 21 #RAE S GE, 13 LU AR A,
SETEEN 0.13~11.76 mg/kg, K¥iHiFik 72.41%, MEF N
44.83%. WA= LZMEERE, KERERES . BIGR CO.
2] BEFFRIVERFIM AT R 3-MCPDE 1 GE (£ H
IR, FRRE— RN — GO AR A 2563850 e s,
BIFEL GE it fL St R ELE LAY, Uiz A 1
M T A RIS G o] R T T WIS, THASKFI
(A5 2 XU PT BB SCIR L o i SE RS R B, S5 IR
KRB, 3-MCPDE Hl GE (975 e XU s o AT 5
[ P9 EL A& H [ F i UAIE(China metrology accreditation, CMA)
B IR BAG B AG I S2 3 25 41X GB 5009.191—2024(55—4% 4
THRHT T SR A A ik X, S5 4, M ELX S ST
PIFEH, A0 EMEME S GB 5009.191—2024 227 R B3,

LA 0.11~4.52 mg/kg, RNy 75.86%, 0K Ny

TERRELRZEIE BN, D BIZ 7 e AT 5E

#3 A REAZEIFE4ESTS DBP. DEHP, 3-MCPDE #1 GE K& £
Table 3 Content of DBP, DEHP, 3-MCPDE and GE in different Camellia oleifera seed oil samples

B sy iR /(mg/kg) ‘ _
DBP DEHP 3-MCPDE(LA 3-MCPD i) GE(W4i /K H it

FEah 1 NGRS 12.90+0.34 4.71+0.09 ND 0.13+0.03
Kb 2 AR 9.04+0.42 9.69+0.24 ND ND

FEih 3 VIR 0.66%0.16 4.81+0.30 ND ND

FEdh 4 ARG A COAEHL—2 ND 1.97+0.12 ND ND

FEdh S B IR 0.460.04 0.75+0.06 ND ND

FEdh 6 JERE—2 0.43+0.02 ND 1.35+0.27 2.67+0.40
Kb 7 FEtE—H 12.17+0.14 ND 1.85+0.07 11.76+0.35
FE b 8 JEHE—2% 1.06+0.04 ND 0.29+0.05 0.17+0.06
FEh 9 JERE—2% 3.7740.07 ND 0.34+0.05 0.17+0.03
FEh 10 FEME—2% ND 0.91+0.04 4.5240.14 1.69+0.34
i 11 FEE—H ND 0.58+0.03 2.41£0.30 3.60+0.41
K 12 JEME—E 1.39+0.39 ND 0.89+0.12 1.17+0.11
FEdh 13 JEME—%% ND 1.30+0.03 2.40+0.16 1.39+0.07
Feih 14 JERE—2% 1.49+0.04 1.02+0.06 0.16+0.05 0.20+0.01
P 15 FEME—2% ND 0.59+0.02 3.37+0.15 0.75+0.14
FEi 16 FERE—G ND 0.57+0.05 2.66+0.20 0.50£0.20
FEdh 17 JEME—2% ND 9.29+0.10 1.58+0.06 3.11+0.08
FEih 18 JEME—2% ND 1.37+0.04 ND ND

FE&L 19 JEME— ND 1.30+0.08 ND ND

FE 5 20 FEME—2% ND ND 1.28+0.12 1.41£0.28
FEdh 21 FERE—G ND ND 2.07+0.19 1.69+0.12
FEifh 22 JEME—2% ND ND 0.30:£0.03 ND

FEdh 23 JEME— ND ND 0.51+0.02 0.74+0.03
FEih 24 JEME— ND ND 0.11+0.01 ND

FEbh 25 =i —9% ND 0.82+0.05 2.17£0.20 2.44+0.27
FEdh 26 Bih—4 ND 9.44+0.12 1.66+0.19 2.9240.40
FEdh 27 JEME—2% ND ND 1.34+0.16 0.77+0.13
FEdih 28 JERE 2% ND ND 1.23+0.16 2.45+0.41
FEdh 29 2H—% ND ND 2.3240.16 2.09+0.60

TE: ND F5 R T e =R
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%16 &

F 4 RNEFHENEBFITFHERD 3-MCPDE # GE 2 2 (mg/kg)
Table 4 Determination of 3-MCPDE and GE in Camellia oleifera seed oil samples by different methods (mg/kg)

e 3-MCPDE(LA 3-MCPD i) GE(LLZR/KH i)
“HA
¥ NyIRVN GB 5009.191—2024° ENyIRIN GB 5009.191—2024°

FEdh 7 1.85+0.07 1.59 11.76+0.35 12.42

KL 15 3.37+0.15 3.01 0.75+0.14 0.76

Kb 17 1.58+0.06 1.45 3.11+0.08 3.22

Feih 23 0.51+0.02 0.48 0.7440.03 0.72

Kb 26 1.66+0.19 1.46 2.92+0.40 3.29

O P H A CMA B 5T G S G0 2 35 2 W 5 2

2.3 SHZ#FHT DBP 1 DEHP #5045 R

THASFFIH ' PAEs 15 42 222U F B AR 7= o AR 2 Rt
i A, DR TS Y LR TS Y L WDRHE S A
V)42 fi 2 SRR _E B P 2 0 TR (495 e f g
P Bl 1 ORM S PO TE L AR, AL i, E
Kb MRk, MR IS Yy, R TS IABR 9
LS EEAE IR . BEAh, BRI, RN BE RS A L
TEFE, PABs (1 s TR (19 T i i 23 TR, BRI AT RE
JEE 2 35X PAEs 19430,

IR E R WS R TR e b5
L XU B R S 2 L ) g igZS &4 DBP F1 DEHP
e KERER &30 0.3 mg/kg F1 1.5 mg/kg, AHFFRR A
R BHBE BT (QC-CO-705) A TR HER 147047, DBP Al
DEHP SZ{# 43514 2.65 mg/kg F1 1.64 mg/kg, H:rh DBP (¥
FEPE(E R 2.73 mg/kg, FRPEMEIXH]2H 2.64~3.00 mg/kg, DEHP
FEME(ER 1.65 mg/kg, FRMEEXEY 1.33~1.98 mg/kg, itk
IR A 3K 97.07%F1 99.39%, F2BHZ 7 VL MERA Tl 4, W]
I A il (R ARG 504

ABFF M MAL R () DBP #il DEHP 45 5% [/ W3
3, HiA A 10 HLUKE i DBP MR, R A 34.48%, &
VG 0.43~12.90 mg/kg, 16 HLUCKE S DEHP & kT
0.5 mg/kg, KR A 55.17 %, FRIEEA 0.57~9.69 mg/ke,
HAPf 6 Sy, [IEERR 20.69%. WA L2
FEKF, KEERH . BIRA COZEM—g . BEFFRIERE
ZMZSATH DBP Al DEHP £ 34w &, 4545 DBP #

PR L A%, MR — AR R 8AE, HILE S, mat
FEImEBAR A 75 G AR 5 ) . SRk Bz i . i T
ELA R EME, T ILAERIMATF M+ DBP fil DEHP 15
Yl — HBA S B E NN, X5 H A3k E 3248
DBP Fl DEHP 1 2 £ i S B 2 A 184 58 70) () SR A 455
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TS FF I s ey i B BRI ZE R LR S, W
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0.66~0.75 pg/(kg * BW), H¥EH 0.56~0.63 ng/(kg * BW),
¥4 B #2K F ik T TDI {4, % {: DBP. DEHP #i
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#* 5 hZ¥FFd+ DBP. DEHP, 3-MCPDE #1 GE HERZREER
Table 5 Dietary exposure situation of DBP, DEHP, 3-MCPDE and GE in Camellia oleifera seed oil

Hir Hi L/ (mg/kg) s , HH .
EDI/[pg/(kg * BW)] T8 A /% EDI/[ug/(kg * BW)] 7 KB/ %
DBP 1.44 0.62 6.21 0.73 7.32
DEHP 1.30 0.56 1.12 0.66 1.32
3-MCPDE 1.47 0.63 31.68 0.75 37.37
GE 1.41 0.61 3948.94" 0.72 3347.52°

1: *5 MOE fH.



1030 BRERFS, S VOV MR IR 3-SR A K H TR IR AT A R I S e M B XU A 95

3 & i

AFFER LN 29 HER VG4 T B M A M5 424
T & B, A 23 #EURFE G A7 AE A [ B2 1) 3-MCPDE 1 GE
wih, A 21 KA AETER R R B B DBP Al DEHP £ i,
H b 3-MCPDE # i} % i = ik 75.86%, & & i [l
0.11~4.52 mg/kg, GE 1) [n] 3 fix 1= 35 44.83%, & myu iy
0.13~11.76 mg/kg, DBP [ ZN 34.48%, & &N
0.43~12.90 mg/kg, DEHP #iH A 55.17%, & aiuflny
0.57~9.69 mg/kg. HULHT WL, TG EIRMAKFIMAEE —&
TREFAY 3-MCPDE., GE K PAEs 5L XU, (HAIGE Rk
R L AR RO | RIS, 458
A RETEFERZE, JE e ot il A2 7= T2 JauF, DI
W2 LTS Y

BEAN, R AU VA 2 BH, T 2 3 0 2 T A A A
R YRR — R VR LE RS, 75 LA £ 1 2
TR AR, SRR R XU AT RE R . ANFR RGEME SRR T
VLA M ZSAF 7R DBP. DEHP, 3-MCPDE #il GE HYi5 4%
T, B 22 AT S, 2D R T R AU T A 5
W, NG St — P KREAR B LU ST 4 [ 5 Y B B
17 B SRR S, AR AR HE R 1B
ITHEAUIRAE, il T2 b B b 5, b it W S it
B

SE 3k

[11 222, NER, D4, 5 LT3 FITBISEAR SIS R B
Ab PG A A LSS XU B 200 [J/OL). Hh EAE, 1-13. [2025-03-14].
https://doi.org/10.19902/j.cnki.zgyz.1003-7969.230619
PENG SL, LIU SS, YI YJ, et al. Analysis of effect of different
pretreatment technology on the flavor of pressed oil-tea Camellia seed oil
based on gas chromatography-ion mobility spectroscopy [J/OL]. China
Oils and Fats, 1-13. [2024-09-23]. https://doi.org/10.19902/j.cnki.zgyz.
1003-7969.230619

[2] LUAN F, ZENG J, YANG Y, et al. Recent advances in Camellia oleifera
abel: A review of nutritional constituents, biofunctional properties, and
potential industrial applications [J]. Journal of Functional Foods, 2020,
75(9): 104242.

[3] Haifidy, FE3CO05, RN, S AR S TR BT R[], R
24, 2024, 39(8): 210-223.

YANG HY, GONG WF, CUI KP, et al. Progress of research on quality
characteristics of Camellia oleifera seed oil [J]. Journal of the Chinese
Cereals and Oils Association, 2024, 39(8): 210-223.

[4] GAO L, JIN LH, LIU QN, et al. Recent advances in the extraction,
composition analysis and bioactivity of Camellia (Camellia oleifera Abel.)
oil [J]. Trends in Food Science & Technology, 2023, 143: 104211.

[5] 23, #4E, FIES, &, iR Hon L eb 2R W me s i &
A KT il e KU (R B 5 B R i RF S (7], AR, 2023, 29(1):
183-187.

LI WP, DONG H, YAN JJ, et al. Study on prevention and control of risk

factors of trans fatty acid, chloropropyl alcohol ester and glycidyl ester in

[10]

(1]

[12]

[13]

[14]

[15]

[16]

oil refining [J]. Modern Food, 2023, 29(1): 183-187.

LRI, FIEE, X K22, 55 BRI b i 322 XU R T R I R
RE[T]. ARED SR, 2019, 32(8): 4-8.

JI JM, GE ZF, LIU YL, et al. The main risk factor and regulations in
edible oil [J]. Cereals & Oils, 2019, 32(8): 4-8.

T, 2P, Tk, SAREIS-BHEE R b 2-40N
e | 3-SR EEEE AIZE K MBS [/OL). FR AR, 1-11. [2025-03-14].
https://doi.org/10.19902/j.cnki.zgyz.1003-7969.240143

HAO Y, MA YY, YU LT. Determination of 2-chloropropanol ester, 3-
chloropropanol ester and glycidyl esters in vegetable oil by gas
chromatography-mass spectrometry [J/OL]. China Oils and Fats, 1-11
[2024-09-24]. https://doi.org/10.19902/j.cnki.zgyz.1003-7969.240143
MAYAYO C, OEY SB, FELS-KLERX HJVD, et al. Mitigation methods
during physical refining for the reduction of 2- and 3-MCPD esters and
glycidyl esters in (organic) high oleic sunflower and rapeseed oils [J].
Food Control, 2024, 162: 110480.

IRTE, JRMEE, AT, EEARALER LR R i ool — R A
R AR 3-SR R AN K FHMBREBITSE[J/OL]. RIEhAR, 1-18.
[2025-03-14]. https://doi.org/10.19902/j.cnki.zgyz.1003-7969.240061.
FENG ZH, ZHOU YX, SUN SD. Study on reducing monoglyceride and
diglyceride of model oil by enzyme esterification to control
3-monochloropropane-1,2-diol esters and glycidyl esters [JJOL]. China
Oils and Fats, 1-18. [2024-09-24]. https://doi.org/10.19902/j.cnki.zgyz.
1003-7969.240061

LANNO A, STEFANO S, GHIRONI S, et al. Health risk assessment for
dietary exposure to 3-monochloropropane -1,2-diol, 2-monochloropropane-
1,2-diol, and glycidol for Italian consumers [J]. Chemosphere, 2024, 365:
143339.

YUNG YL, LAKSHMANAN S, KUMARESAN S, et al. Mitigation of
3-monochloropropane 1,2 diol ester and glycidyl ester in refined oil-A
review [J]. Food Chemistry, 2023, 429: 136913.

fptemm, AR, WARDY, 55, BRI Wik s S R REmR A K H b
Fis TG PRI S R B KSR (0], TAERFSE, 2025, 54(1): 136-140.

HE HL, FAN JC, WANG DF, et al. Contamination status and exposure
risk assessment of chloropropanol ester and glycidyl ester in infant
formula milk powder [J]. Journal of Health Research, 2025, 54(1):
136-140.

FAN J, HE H, REN R, et al. Monochloropropanediol in edible vegetable
oils from Hangzhou market in China: Occurrence and eyposure risk
assessment [J]. Food Additives & Contaminants, Part A, Chemistry,
Analysis, Control, Eyposure & Risk Assessment, 2021, 11(38):
1867-1874.

CUI X, ZHANG L, ZHOU P, et al. Dietary eyposure of general Chinese
population to fatty acid esters of 3-monochloropropane-1, 2-diol (3-MCPD)
from edible oils and oil-containing foods [J]. Food Additives &
Contaminants, Part A, Chemistry, Analysis, Control, Eyposure & Risk
Assessment, 2021, 1(38): 60—69.

OEY SB, FELS-KLERX HJ, FOGLIANO V, et al. Chemical refining
methods effectively mitigate 2-MCPD esters, 3-MCPD esters, and
glycidyl esters formation in reffned vegetable oils [J]. Food Research
International, 2022, 156: 111137.

BURFRE, SRR, B, S APl AR T IR AL AR I B AR
WEFEBLR[I/OL]. H g, 1-12. [2025-03-14]. https:/doi.org/10.19902/



96

B dn 2 4 R R I A 4R

%16 &

(17

(18

[19

[20

[21

[22

[23]

j.cnki.zgyz.1003-7969.230534

HE SY, ZHANG R, ZHOU MH, et al. Current atatus of research on
detection techniques for phthalate esters (PAEs) plasticizer in vegetable oil
[J/OL]. China Oils and Fats, 1-12. [2024-09-26]. https://doi.org/10.19902/
j.cnki.zgyz.1003-7969.230534

T, HOR, F5RRE, %. QuEChERS 254 AR (- il sk
W2 HIY) i DBP, DEHP. DINP #I{k5I5EFA[T]. AR 5AE, 2024,
37(7): 159-162.

XIN RZ, SHA JH, GUO ZJ, et al. Rapid determination of DBP, DEHP and
DINP plasticizer residues in vegetable oils by QUEChERS combined with
GC-MS method [J]. Cereals & Oils, 2024, 37(7): 159-162.

] fCHS, X, JREDERE, S, £ AR R T e R
HARFN ST B EMEHEY SR, 2024, 46(5): 1140-1147.
XIANG CY, LIU PP, TANG XQ, et al. Establishment and application of a

highly sensitive detection technique for di-butyl phthalate in edible oils [J].

Chinese Journal of Oil Crop Sciences, 2024, 46(5): 1140-1147.

TREAR, SRR, BEAERS, AF. AR T AR I RER S ML RIS Y
R K 4y B [J/OL). H [ b E, 1-9. [2025-03-14].  https://doi.org/
10.19902/j.cnki.zgyz.1003-7969.230319

ZHANG JY, ZHANG YF, XUE CL, et al. Contamination status and
analysis of phthalate plasticizers in zanthoxylum bungeanum oil [J/OL].
China Oils and Fats, 1-9. [2024-09-30]. https://doi.org/10.19902/j.cnki.
zgyz.1003-7969.230319

AR, BL, Sk, SF. RPEROGTIZORR I T AR R R R 5
W[I]. AP ERHAEAR, 2017, 32(3): 48-53.

LI KX, LUO F, FEI XQ, et al. Effect of refining on content of phthalic
acid esters in oil-tea camellia seed oil [J]. Journal of the Chinese Cereals
and Oils Association, 2017, 32(3): 48-53.

X, XU, B HBL, SE ARG R T K R 3-SR
BT I S B BT SEHE R[], #P L, 2023, 48(3): 64-70.

LIU Z, LIU X, LUO RM, et al. Research progress on formation and
removal of glycidyl esters and 3-monochloropropane fatty acid esters in
vegetable oil refining [J]. China Oils and Fats, 2023, 48(3): 64-70.

s, pERIG, JRIbERE, SF. BRI SRR AR K TR TS g
HKFRFELI). H RN, 2024, 49(9): 85-91.

HOU J, LU YP, ZHOU XT, et al. Study on the pollution level of
chloropropanediol esters and glycidyl ester in vegetable oil on the market [J].
China Oils and Fats, 2024, 49(9): 85-91.

FREAF, AIRAr, SN T A A I o SRR 1 7
BBl Fn Z #&OPE & [J/OL]. A [ i AR, 1-10. [2025-03-17].
https://doi.org/10.19902/j.cnki.zgyz.1003-7969.240342

YU SH, LI YQ, PENG SJ. Contamination status and exposure assessment

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

of chloropropanol esters in edible vegetable oils marketed in Shanghai [J/OL].
China Oils and 1-10.  [2025-03-17].
19902/j.cnki.zgyz.1003-7969.240342

TR, AIRAr, RERE, &5 BT LEC T FLR o S R
NG KCE T TR 10 0 R B R R PPAN [J]. b R AR Ak, 2023,
35(11): 1605-1611.

YU SH, LI YQ, ZHANG LJ, et al. Monitoring and dietary exposure

Fats, https://doi.org/10.

assessment of chloropropanol esters and glycidyl esters in infant formula
sold in Shanghai City [J]. Chinese Journal of Food Hygiene, 2023, 35(11):
1605-1611.

HE HL, FAN JC, WANG DF, et al. Detection and exposure risk
assessment of chloropropanol ester and glycidyl ester in infant formula
milk powder [J]. Journal of Hygiene Research, 2025, 54(1): 136-140.
LIAO ZY, GAO ZB, YANG QW, et al. Occurrence and exposure
evaluation of 2- and 3-monochloropropanediol (MCPD) esters and
glycidyl esters in refined vegetable oils marketed in Tianjin of China [J].
Journal of Food Composition and Analysis, 2024, 130: 106150.

WEI HL, YANG XL, CHENG L, et al. Simultaneous analysis of PAEs in
edible oil and dietary exposure assessment in Hubei [J]. Food Chemistry,
2025, 468: 142389.

FRAF, A, R E R AR b 4Kl B S KPR
JE R ITAL[I/OL). B2 & R A 41, 2025, 16(6): 52-58.

YU SH, PENG SJ. Dietary exposure assessment of dibutyl phthalate in
edible vegetable oil in Shanghai [J]. Journal of Food Safety & Quality,
2025, 16(6): 52-58.

Joint FAO/WHO Expert Committee on Food Additives. Evaluation of certain
contaminants in food: Eighty-third report of the Joint FAO/WHO Expert
Committee on Food Additives (WHO Technical Report Series 1002) [M].
Rome: WHO, 2017.

RIRE, BIgW, 1Ky, &5 TE Rk EmR | ik HlmR AR
ZHRERTS YK KRS ATI]. R E bR, 2024, 49(11): 106-111.
ZHU ZB, DUAN YF, ZHANG F, et al. Analysis of pollution levels of
chloropropanol esters glycidyl esters and phthalates in commercial walnut
oil [J]. China Oils and Fats, 2024, 49(11): 106—111.

KA, T, RAERE, SE OO R R I A £ SRR R
8 AR R I S )], AR, 2012, 33(20): 184-188.
ZHANG L, WU Q, LIANG JH, et al. Simultaneous determination of 8
kinds of phthalic acid esters in plastic food packaging materials by high
performance liquid chromatography [J]. Food Science, 2012, 33(20):

184-188.

(%4 s FTH%9)



