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# E: B AAEEEMAENRT 3-5 B (3-monochloropropanediol esters, 3-MCPDE)AI4E 7K H i g
(glycidyl esters, GE)WT5 YK, FFIPAG SR SRR A . 753E 700114 5 M DCORAE 20 i is A |
20 3 R 20 (3 BIKEARE S, SR FH 1 C TR 387 - UM €335 - FR B 3% 150 22 3-MCPDE il GE ¥ 75 i, R
P o AR R R B S A H I B B R A AT A e A H A it (chronic daily intake, CDI), Jf&&+ &
B[ "P(LEL(Pso) il 1 f& 3 i (hazard quotient, HQ)FN % #211 F (margin of exposure, MOE)43 %} 3-MCPDE Fl1 GE
B R P R £ B R XU HEA TR 5 R 60 1 FE AL 3-MCPDE H1 GE HOA6 H #5318 73.3%F1 75.0%, Pso 15 1
T4 1A 29.3 pg/kg Ml 60.4 pg/kg 5% FIKERIEE B A 1 3-MCPDE A H 25514 85.0% .95.0% 71 40.0%,
Pso S /K435 93.3 nug/kg. 31.6 pug/kg FIARKEH (not detected, ND); GE B H 43514 90.0% . 85.0%F
50.0%, Pso & H KA BI04 1236.2., 25.3 F1 6.9 ug/kgo LIAEH 1 RITE TR, M Risdmrg . sirEm
B YA 3-MCPDE 1) Psy CDI 433124 0.155, 0.053 F1 0 pg « kg™' » d™', SR EY HQ 43514 0.078. 0.026 F
0(3/NT 1); GE [y Psy CDI 43514 2.060. 0.101 F10.011 pg « kg™ » d”!, XFRE MOE {843 %14 1165, 23762
210111, $R KR T GE FEFE—E IS PERE £ 22 AR . X Ak IRE AL GE I & 28 58 XU iE— 2517
s, DVEFAIE 2 3 k. BRI 2 1 IR R 28 1 AT, AR Pso MOE {43720 2718, 8155
M 16310; Bl ERX BN GE MRTRAYTIHRHIE 45%. 858 Bk FIpik: Py b %58 7746 3-MCPDE Al
GE {5%¢, GE [ it/K V- i35 = T 3-MCPDE (P<0.05); %k %% A 3-MCPDE Fl GE (1% it /K - i 35 i T RE A
FIHLEE A (P<0.05); 2B TR A 3-MCPDE F18 1 3 £ 52 75 IXURS RN 28 s s B KE AR GE i 8 PR
R R AL T 32K, (RERERBEA GE MM PERE & R X5 R, SRR e, &
FATU e 22 FEAL T B AR P 2 0 XL
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Contamination status and chronic dietary exposure assessment of
3-monochloropropanediol esters and glycidyl esters in grilled and fried meat
in Sichuan Province

YANG Chang-Xiao'", ZHOU Yong-Yang’

(1. Sichuan Center for Disease Control and Prevention, Chengdu 610041, China,
2. Dazhou Center for Disease Control and Prevention, Dazhou 635002, China)

ABSTRACT: Objective To investigate the contamination levels of 3-monochloropropanediol esters (3-MCPDE)
The 20

electric grilled meat samples, 20 charcoal grilled meat samples and 20 fried meat samples were collected from 5

and glycidyl esters (GE) in grilled and fried meat, and assess their chronic dietary exposure risks. Methods

regions in Sichuan Province. The content of 3-MCPDE and GE was determined by '*C; isotope dilution-gas
chromatography-tandem mass spectrometry. The chronic daily intake (CDI) was calculated by point estimation
method based on the daily meat consumption data of Chinese adult residents. The chronic dietary exposure risks of
3-MCPDE and GE were separately evaluated by hazard quotient (HQ) and margin of exposure (MOE) based on the
median contents (Psg) of the contaminants. Results Among the 60 samples, the detection rates of 3-MCPDE and GE
were 73.3% and 75.0%, with Ps, content levels of 29.3 pg/kg and 60.4 pg/kg, respectively. Among charcoal grilled
meat samples, fried meat samples and electric grilled meat samples, the detection rates of 3-MCPDE were 85.0%,
95.0% and 40.0%, with Ps, content levels of 93.3 pg/kg, 31.6 ng/kg and not detected (ND), respectively; the
detection rates of GE were 90.0%, 85.0% and 50.0%, with Ps, content levels of 1236.2, 25.3 and 6.9 pg/kg,
respectively. For adult residents, calculated based on a consumption frequency of once per day for charcoal grilled
meat, fried meat and electric grilled meat, the Psy CDI of 3-MCPDE intake were 0.155, 0.053 and 0 pg * kg7l . dﬁl,
with HQ values of 0.078, 0.026 and 0 (all less than 1), respectively; the Psy CDI of GE intake were 2.060, 0.101 and
0.011 pg < kg™' + d”', with MOE values of 1165, 23762 and 210111, respectively, indicating charcoal grilled meat
posed a certain risk of chronic dietary exposure to GE. Further assessment of the dietary exposure risk of GE in
charcoal grilled meat samples showed that, calculated based on a consumption frequency of 3 times per week, once
per week and twice every two weeks, the Pso MOE values were 2718, 8155 and 16310, respectively; charcoal grilled
lamb contributed to 45% of the total exposure of GE in charcoal grilled meat. Conclusion Grilled and fried meat is
commonly contaminated with 3-MCPDE and GE, with GE levels significantly higher than 3-MCPDE levels
(P<0.05); the levels of 3-MCPDE and GE in charcoal grilled meat are significantly higher than those in fried meat and
electric grilled meat (P<0.05); the chronic dietary exposure risk of 3-MCPDE ingested through grilled and fried meat,
and the chronic dietary exposure risk of GE ingested through electric grilled meat and fried meat are acceptable, but the
chronic dietary exposure risk of GE ingested through charcoal grilled meat requires attention. Reasonable control of
consumption frequency and diversified selection of food types can reduce the risk of chronic dietary exposure.

KEY WORDS: grilled and fried meat; 3-monochloropropanediol esters; glycidyl esters; chronic dietary exposure

assessment; gas chromatography-tandem mass spectrometry
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3- & W B BE (3-monochloropropanediol esters,
3-MCPDE) 145 /K H il (glycidyl esters, GE)J& AN T3
T o 7 A g LR g e U3, T A flt R A R i B
T BB R B B 2 4 403 A i 9 A RS TR AR N
3-MCPDE # GE #f AMAIEALIE G, fERRNIGIE T nl K i

Ak hy 3-ZINEE(3-monochloropropanediol, 3-MCPD)#145
JKH A (glycidol, Gly)*®, 3-MCPD 7 sh ) ] i S 5
A LA R B, SR AR TR A AR, e
B T35 1), Gly 7eshiisciih R BT £ 48 B 8um b,
A L2 B & 2R U0 3-MCPDE
5 GE fEifE s SO IAr R - IE, HAERRE 2544 T 7T A
AR IR SR R S50 R B 3-MCPD il Gly 7E 4 AE F 4l
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B Oy 1 E A B PR UYL B R E B 5T P A
(International Agency for Research on Cancer, IARC)¥f
3-MCPD Ml Gly 43I0 2B 25(Al figxd ASKEUE HIHIIR)
1 2A AR AT fext AU i D Bom T,

TEET 2 AR, MOCHE 2 BTt k%
H R KE AU BRI L RO A, X ekE A
RUYEPH 3-MCPDE 1 GE (1475 YL AV A 1l  be)s 5 R A
MIECR Z Syl . AR AR B, LN I T S
AbF, HOHN T R rh 2 g IR, X SEP R BT g
FRTHERHA T R AP AR, KiEkgin 3-MCPDE
Y5 GE MA BRI 2, A5Eds GB 5009.191—2024 (&
air AR GEERE B SN B HRIVTRIR | oK TR
W2 ) #ESL T Cy [ 3R R - € 3 - HS KT 335 (gas
chormatography-tandem mass spectrometry, GC-MS/MS)#%,
XPR AP 5 AHIXE 60 135 5 FlRUKE PYAE b AP
3-MCPDE Ml GE (& SHEATIE, JF45& M IR E &
P H A A, 2000 PRI e A 1 P i £ 2 8 XU A 7
VPG, DL Be ks FIRTKE A h 3-MCPDE #1 GE (94 4 I8
Fs R & PG RS 5

1 MR5ERZE

1.1 HmKIE

A ST RN B FIE A A ik 3589 S 3 30085 e e R K TR
FAfrhh, F2025 4 6 AEMIET o AT . A 5T
IR T BRI AT AR T TG« AR B T S AL St X/
WEREREHLRAE . 5 NHLIX —HRAE 60 MFEA (AN HLIX 12
By), Forfre s | s FIRKERE S 45 20 1, PRGBS BT 24
500 go ATy SO 20 M FE A EEIEA 4 0 . 4
WSOy, FERS B, SRS RITSPY 1 0. FTA RS 7E
FAESERU 30 min PSR, SRR IS 37 RS i 2 900
=, FERIB IO SRR . SRR R L I AR
eSS
1.2 UFE5RA

7890A/7000B S AH (3% - R FTiE4L . DB-5 MS UL &
g 45 0, 3 K (30 mx025 mm, 025 pm)( FE [ Agilent
Technologies 23 ]); MSA225P-100-DA B FFRF-(REE 0.01 mg,
% Sartorius Weighing Technology GmbH /A &]); H2100R
o T R B0 ML (Y R AR O ML RS A B S D );
MXO07R-20-HD2E #4I/KFEEF . Multi Reax WAEHR G &
(7% ¥ Heidolph 2% #); Milli-Q #8 4fi /K #L (2 E Merck
Millipore 23 w]); HM100 J1 A BE A8 (It T 4 B il 28 AN 7 5%
AR F]); DHG-9140A Ht B I 56X T 40 (A 5
STUS P A A BR A ), N-EVAP™112 & W AR (3
Organomation Associates. Jnc 23 7]); Flex-MVP 4= H g EL.%5
AT AL (AL 5 AN BB AR BARAT B2 H] ) o

25 [V T G M S0 A0S 26 0 H AR BRA WD), & A
3G T TR R 4 7K T T T s (bt 2 AR A R
B HD); 3-8-1,2-9 AR AR AR g . P Cy-3-5-1,2-H %
PR G | A K TR AR R TR |« Ds-4 /K T iR e W2 e (4l
[ =96%, INERKZ LA ), WEE. N, H
A HIGRCT S EE(EaS L, TEE Sigma A H]); FoEbi(f
Al KA REPHERHE A BRA FD); Bk . A ALK
afi, EHRNAL TEERABRA A, A A, 2
TEEO AT, RS TR RE AL A S BR A D TC K B R A
(oAl e 25 45 B Ak 40 A BR 2N D) 00 e (4
99.5%, i MR AR B A R 2 D
1.3 LWHE
13.1 A

FESR IR 5, Rk . beks &5 R n] &
4y, YIRALALTE S, FREX 10.0 g & 50 mL 8K &0 4,
50 mL A1 ifEES> PR IUIR VG, R R R 25 mL, i LA
120 r/min M FEIRT 2 h, A IFRIOR EWEMH, B
B BRBIRANL G, FHDRAIMEREIENI 5% 15 mL
PR T, AR ERBAZEE, BT 100 CCHFMIA 1 h,
RHEZREHRE, HHE S E. WL 0.1 g i
IEWIE 15 mL BLOE N, #EFINA N TAER)S, ##%
GB 5009.191—2024 "5 8 — ik b el i 1) 25 SR kA7
KA B FEBGA R AT AE AL, SR GC-MS/MSS k177
PR HTFIE S AE i FR A SR S IR D S B R 46 b B
132 BELH

ik DB-5 MS Ul BAIAE %430 mx0.25 mm,
0.25 um); HEFER: 1 uL, AAriaEeE; B 2R
5 min; MR HF K5 (electron impact, EI)E T ;
HERERE: 70 eV, BFIREE: 250 °C; fGHIZIRE:
300 °C; Wi oBE = £ & W WS I (multiple reaction
monitoring, MRM); #F4F H F-RFET: 80 °CR¥F 0 min, D)
300 °C/min FHEZE 165 °C, £%F 10 min, F-LL 300 °C/min
FHRZ 320 °C, {7458 min; CREHFHEFET: 70 °CIR4F2 min,
121 20 °C/min FHi % 200 °C, FELA 40 °C/min FHE % 300 °C, 14
¥ 4 min, 3-MCPD . Gly ¥4k ™= ¥ 3- R N B
(3-monobromopropanediol, 3-MBPD) J A0 PFRH MRM il
SRR 1.
133 =4

SERGHTE SO AT A TR oSS A ad B S
& 1 S A R i, AR 2 PRI (FELIR) |« 20% P-4 TAEAG:
WL iR T S 56 R ST f A2
14 BUERFRETME

AHF o T S Y A K 3-MCPDE il GE 43 51|58
427K MM 3-MCPD Fl Gly 3 100%85 W I ) Fe SRR % HE
5 1 2R R XU A TIEAY o R AU TR e A (1)
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#&1 3-MCPD. 3-MBPD KAHFAFRH] MRM 5505 %
Table 1 MRM monitoring parameters for 3-MCPD, 3-MBPD
and corresponding internal standards

e [EGCER YT il 48 HL PR
(m/z) (m/z) /eV
196 147%* 8
3-MCPD 198 147 8
198 104 14
240 147% 8
3-MBPD
242 147 8
199 149% 8
13C;-3-MCPD 201 149 8
203 107 14
245 150% 8
Ds-3-MBPD
247 150 8
13C,-3-MBPD 243 149%* 8

TE: B X

1142 3-MCPDE # GE M8 %5 H % A fi (chronic daily
intake, CDI),
cXm

DI=—— 1
wx1000 M

e CDI AR H T e Uk 338 10 e s A i
YERHEA 3-MCPDE B GE [, pg » kg '+ d'; ¢ IR
3-MCPDE &, GE B4k, pg/kg; m heks & pike N gy H 83
A, g/d; w BRI, kg; 1000 SAHE R 5L

U5 T BRI & i 22 42 JR) (European Food Safety Authority,
EFSA)T. il T 3-MCPD (¥4 H Tif 32 £8& A i (tolerated daily
intake, TDI) (2 pg * kg' « d™)%, 3-MCPDE {418 i £ 2
2 X% 1 3 5 % 7 (hazard quotient, HQ)P T HEAT1EAL . HQ>1
BF, VAR AR, FAERRR, WIS, HQ<1 %
WYX A F A 4552 K. HQ #= A (Q2)iH 5 -

CDI
HQ= oI (2)

H i i AR 257 GE 1Y TDI, GE ()18 1 i £ 2 5 XU
Mot B 82 5 A (margin of origin, MOEYE S 471744 .
MOE = 10000 &7~ {gt 5 XU &b F 1l #2532, MOE<10000 7R~
fa R 75 E 5 56 . MOE #A3)iTHH.

_BMDLy,
CDI

MOE *x1000 A3)

3 BMDL o 4 2016 4Rk 5 [RDRAR 42U/ HE A T4 20
L SIS IS4 K 2 5t 2 (Joint Food and Agriculture
Organization/World Health Organization Expert Committee
on Food and Additives, JECFA) il 7E i) Gly (567 &t vl {5
X [&] T BR{E (benchmark dose lower confidence limit 10%),
B 2.4 mg » kg™ + d7'%,

1.5 IEAIE

A% WPS Office 2024 A7, %
SPSS 28.0 B 4% 4E it 3-MCPDE H1 GE By IAE #4758
M. FEEH 3-MCPDE Al GE fI& 405 L 3-MCPD
1 Gly i1, [FHAK:H (not detected, ND) 3-MCPDE Hl GE #)
B SR B 5 BRSO P EL BTN T 60%, AR IS TR
# 21(World Health Organization, WHO) ) %% & 4b PR 5],
ND $di LIAS: H4 B (limit of detection, LOD)i 1/2 fCA Gt it
M, SR Shapiro-Wilk #6536 255 AG I B 1) 40 A
TFVEM; R Sperman 658 %o 1% Gt 7K AR &L HEA 4307
KR RN} 3-MCPDE il GE [ H Rl F 7 Lu g, (HXF
FHISHE/NT 5 (S, R Fisher KoKy 50 HEA T HLHK;
K Mann-Whitney U #5054 BAA h B RIS G 19
KPR [0 1y 2CRF i i R RS e 1 2 KO T
LE, LA P<0.05 hESHEAZGI#E L,

2 HREHR

2.1 SR EREIIE
1 5.00~400 ng JEHN, 3-MCPDE #I GE f i 5 H

B VR IS PR 2 k25— 0 1A RRL ) BU(E 4 S B IR A7 g 2
KR, WEMAHKEREAHBHIRT 0.9998. AWFFELL 0.1 g 1Y
e Wi BBORE St S o, 3ok i) B A S b, 43 501 LA W L
(signal-to-noise ratio, S/N)=3 Hl S/N=10 FI¥Ah )5k
LOD #il%E & [R (limit of quantitation, LOQ). %5If B /K,
3-MCPDE #l GE [ LOD ¥ 0.01 mg/kg i8/li, LOQ 3%
0.03 mg/kg AENi. [IBAMERES T InEs . o I3 AKOF
B B, KT 6 Or, THEE DR FAR X R
IR 2 (relative standard deviations, RSDs)PATFA 772 Ak
B EE FIKS %6 2 . 3-MCPDE 7£ 0.20. 1.00 1 3.00 mg/kg Jinkr
KR B R g 94.6%~102%, RSDs Jy 0.8%~2.7%; GE 7
0.20.2.00 #14.00 mg/kg MIAR/KF-T (1 B 95.3%~103%,
RSDs K 0.7%~2.8%, 2&HIZ 1 HAT R AT AR B ARG 2%
BE. EARY BARR PRI AR ERNE MRM G35 R LK 1,

2.2 BRIEFRIEAS 3-MCPDE #1 GE H /K54
R

AU SEAG N 60 17358 FIFIKE ARE 5L o BR AR BRI &
HL Y 3.5~45.7 g/100 g, “F34{E 7(19.0+11.8) g/100 g, Pso
9 15.6 g/100 g; 3-MCPDE 5 K K 73.3%, & 5[
A ND~319.9 ug/kg, FIIMEH K (57.6£75.8) pg/kg, Psy A
29.3 pg/kg; GE A i F ol 75.0%, & & R
ND~7213.5 pg/kg, “F-HME N (767.1£1710.3) pg/kg, Pso N
60.4 ng/kg., #EAhH 3-MCPDE 1 GE (4 2 T B 2% 5
(1*=0.04, P>0.05), {4 GE MK V-2 &R T 3-MCPDE
(U=1027.5, P<0.05), ¥4 3-MCPDE #l GE &2 [i] 2
5 I AH SEE (2=0.63, P<0.001), {H% H SR & &2~
ERCZEERTAISY PSS
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7:: 1. ®C3-3-MCPDE; 2. 3-MCPDE; 3. Ds-2-MCPDE; 4. 2-MCPDE; 5.
Ds-GE; 6. GE; 7. *C3-3-MBPD. 2-MCPDE Jy 2-5 N B
(2-monochloropropanediol esters), FEARFSTH A, {5 EHFEM:
XN A A R ER HOCH P S B A TR0, it
TEABFIE ARV T34 . Ds-2-MCPDE & 2-MCPDE [ FR4)
1 EAn SR AFR I MRM &% &

Fig.l1 Representative MRM chromatogram of analytes and
corresponding internal standards

23 ARMIAREEFMRBIMEARF 3-MCPDE 70
GE iS5

A YR A A I FLEE PALRE il | 0 68 PRLRE it R P PR
B4 20 {5 ANFEDN T bk MR 4E I H 3-MCPDE
GE MM S5 R I3 2. )% . RIKEFIHLRE A 3-MCPDE
BYA: H 2R 4350 R 85.0% . 95.0%711 40.0%, Pso o /K F-43 71
J9 933 pg/kg. 31.6 pgikg Fl ND; GE [ 34051k
90.0% . 85.0%FN 50.0%, Psy &K F-4r%14 1236.2, 25.3
1 6.9 nglkg. M5 PRIFIRILE RIFE L H 3-MCPDE #1 GE (1)
Ko R 25, BB E ST aE RSP E
PRI H R (3-MCPDE: %K% vs HilKE: 4*=0.89, P>0.05;
FKE vs HLHE: *=11.97, P<0.05; GE: 5¢#% vs Bl 1*=0.29,

P>0.05; FI4E vs H#%: Fisher dEHAH I, P<0.05); pefEpth
3-MCPDE ¥ & i & & T RIFE R (U=115, P<0.05), 1 BIKE
W 3-MCPDE Ay & i 2 & T HLIE N (U=102, P<0.05);
BN GE 1Y & 1 i 3 & T HLE A (U=60, P<0.05)FHIATAE
KI(U=55, P<0.05), T keI AL S A h GE & it 22 5%k
G4 5 X (U=135, P>0.05),

24 AEMXEEMFIEARS 3-MCPDE #1 GE i5
FARR

AR S RE S SRR T DU 148 9 S TR) o7 B AR 35 1
X, £ HIX Heks FFTLE N H 3-MCPDE 1 GE 9K 25 5 Ul
3. PURTFML X I REAC A B, FLA i XRE i 1 2 4
REREK, AN 3-MCPDE Fil GE BRI 5 4617
R, BARIFEZE RGN, REMR T 2K
FEACR AR, J3 1 0 Ak R 5w AR FH B i 1R etk
5w, R S B A [5) # X 5 % BT AR A
3-MCPDE #l GE & /K P ELER
2.5 3-MCPDE # GE 181 E & & B X TS

2 R E P Js IR A BT 2 AR NRE, AT
FEAUKT A B BB A 3-MCPDE 1 GE (98P i 5% K
B EAT AR, I AR IR 60 kgo (PERER
JEETE99(2022) ) HEFE I & & 9 HAEAR ) 40~75 gP (R
Hh ] R R SRS R TR 0 W 4 2 SR s IR T R AR
B &N 23k 98.0 g/d F1 81.1 g/dB T LA 3K
i, ARBFFELEIEAL 3-MCPDE 5 GE 18 M R 1 2 52 KU s
e A TG BB H & S AT SR ity 100 g, HYYRIReRE
RERTE SR . Gl iss R 8/~ 3-MCPDE 1 GE
FRE Y AR A IEA 016, IR 3-MCPDE #1 GE £
T B LB (Pso) PEAR A8 1 1 £ B2 88 KU . ASTRD i 1 =X
Beks MIBUE N o 3-MCPDE 1 GE [ Ps, CDI KX} A HQ
8¢ MOE 545 R L3k 4 713k 5,

*2 FREMISREEFAEAS 3-MCPDE M GE ML R
Table 2 Determination results of 3-MCPDE and GE in grilled and fried meat processed using different techniques
T _ 3-MCPDE i} GE
FR paiyy N Eaalll Pso/(ugkg)  KathE/% B e/ P Pso/(ng/kg)
(neg/ke) (ng/kg) (ng/ke) (ng’kg)
wHE 85.0 3199 108.5+97.7 933 90.0 7213.5 2116.14+2441.3 1236.2
FikE 95.0 255.9 50.9£56.9 31.6 85.0 1204.0 130.5+275.4 253
HL K5 40.0 51.0 13.5£18.5 ND 50.0 493.7 54.7£111.2 6.9
#3 TRERIMXEEEMAIIERF 3-MCPDE 1 GE #I#&M45R
Table 3 Determination results of 3-MCPDE and GE in grilled and fried meat from different regions
W 3-MCPDE GE
o /% I KA/ (ng/kg) M/ (ng/kg) G 2R/ % e KAE/ (ng/kg) SEH{E/ (ng/kg)
B 80.0 94.9 33.3435.1 75.0 1364.8 330.0+£530.5
J7ot 90.0 3199 81.1491.4 95.0 4132.4 845.8+1387.6
P 7T 90.0 296.6 64.1£102.0 100.0 7213.1 1204.0£2693.3
Il 75.0 255.9 54.9+75.3 75.0 1777.4 292.4+531.6
JAl 85.0 180.0 54.9+63.1 85.0 6943.2 1164.4+2225.3
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Table 4 Chronic dietary exposure assessment results of 3-MCPDE in grilled and fried meat processed using different techniques

Jn T B CDI/(ug * kg = d™) HQ HQ=1
R K BRI Ps PN Pso B 5 E /%
V3 20 0.533 0.155 0.267 0.078 0
HiKE 20 0.427 0.053 0.213 0.026 0

HL % 20 0.085 0 0.042 0 0

x5 FRMIFAREMFLERT GE HIEMHERREITEER

Table 5 Chronic dietary exposure assessment results of GE in grilled and fried meat processed using different techniques

nT READ CDl/(ug * kg ' = d") MOE MOE < 10000

I Bt ISoN] Pso 5/ Mi Ps, FE 5 /%

Vo3 20 12.022 2.060 200 1165 80.0

HIpE 20 2.007 0.101 1196 23762 25.0

ks 20 0.823 0.011 2917 210111 10.0

P4 v, DIEEH 1R, BIK 100 g FITH SRARFITH (polycyclic aromatic hydrocarbons, PAHs) . Z% ¥ JiF

AT, WA R R | FIAEFIHLE P4 A 3-MCPDE (1)
Pso CDI 43511209 0.155, 0.053 F10 pg = kg™ « d', XF A HQ
439k 0.078.,0.026 F1 0; FrA #£ i 3-MCPDE X i [
HQ E¥I/NF 1, AR LPE o FIMEN A 3-MCPDE
KO F 2 aBE RN, Aaxt M@l e E., m
S ATHL, RAE R R e B | RLKE RIS 4B GE 1)
Pso CDI 435124 2.060, 0.101 1 0.011 pg « kg™ = d™', X
R MOE {B43 504 1165, 23762 1 210111, K. R
YEFN IR B TP A R LIRS GE 19 MOE B/ T
10000, $/RBERE S FIXER S A9 GE 1] REHA VA (3 AU ;
B FIRTHE N 7 GE 19 Psy MOE {H KT 10000, 2HIZH,
FEFRIIE B A GE A8 PERE £ 28 88 KUK AL T 7T #3278,
s HE AR GE B9 Psy MOE {EIE/NF 10000, FBH %
il rh GE T A £ 3 XU SR (B A5 001 o

WKFRIR AT CDI I EEEE T H 1 KA
100 g BeksMATYE R IR SR, S5ERE BT PSR A7
E—E w2, ARemEfhiE A GE X — Bl 2 AT fi
BRI, ABFGTHE— T8 T BRARTH B3R T k)% AR
H GE 1 Ps, CDI M HX) A MOE, LIMATH 3 B A S2bs
THIEM S, SRE R RERNET 3k, BRAETR
YRR % 1 IR AR T, Bcks PAAE i Hh GE XA Y Pso
MOE {E435% 2718, 8155 il 16310, & HE I 244
RO YRGS A H GE Mg MG & R BN

Jihbh, AW R AT AR RS R R
MEAEARE GE ZREREMNTIH. TR BN, REFER
X GE HJEZ s it TRk K (45%), HUCHHEN(Q23%) .,
W(17%) . XA (12%)FI0S N (3%), FBIBEFER e T
T RV A IR

3 e
e K AN ALK B R 0T 3 A R RE AR 2 3R 05

(heterocyclic amines, HCAs), 3-MCPDE £l GE &£ #p HAa
SRR Y. XS FIRIAE A T PAHs 5 HCAs &
A BN B F5E 223 (HXS T 3-MCPDE Ml GE 75 2tk
B R B R KSR 5D . AR ST 4% IR 2 4 [ b
WEHEN. T GC-MS/MS WEXRA PG 5 MUK
60 155k B AUNE AL S 7R 3-MCPDE 1 GE (15 f /K F-iF
TR, I PEAl T M P I 2 R R KUK

or I 25 S R, BE RS R R AR & B b ol AL
3-MCPDE # GE j54¢, H. 3-MCPDE F1 GE f# Hi K41 24,
PR WIRhG Y i RIS AEAE, X S5 IheE R AL & dh B
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Wb Z 2R HA G E L RERT GE &
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