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W OE: B g BAHA SO o A 56 B I R 2 SR rh SR R SR T R AT, JEXS AR
X BRI TE ARG TR . ik BRI AR 3L H R T (ethyl carbamate, EC)ifi i 2.2 Z g H2 AL
Ja, B & N- N B 2 Tk BE AT R BT I OA A A L, SR ROM @ - R R T G 7R (gas
chromatography-mass/mass spectrometry, GC-MS/MS)# 17 &, Wik E® . &R & bk EI R
95.01%~99.88%, HIXFREL r* 2 0.9999, B 1.1 pgkg, ERM 3.7 pgkg, FFRBWH EC & RAE
52.28~433.82 pg/kg Z[A), PN 157.12 pelkg. il B R KM PR EC & & EIF, fE58 AR M
LT, W EC /b2 40%. 458 %071kl DA R & IR EC BRI K o Sl ok KU PPAG & B, M
18 % LU 2T AFET-BIK - RE, KM EC MRS, F K 2 A 5 10 L 19 2% B2 B {4 (margin of
exposure, MOE)43 5l 4 450 il 143, FEFER A T AR XU .
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Determination of ethyl carbamate in Hakkaniang wine in Meizhou region by
solid phase extraction-gas chromatography tandem mass spectrometry
and its edible risk assessment
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(Meizhou Institute for Food and Drug Control, Meizhou 514071, China)

ABSTRACT: Objective To establish a method for the determination of ethyl carcarate in Hakka wine by solid
phase extraction-gas chromatography-tandem mass spectrometry, and evaluate the edible risk of Hakka wine in
Meizhou areca. Methods The ethyl carbamate (EC) in Hakka wine was extracted by ethyl acetate, and the extract
was purified by matrix solid phase extraction (SPE) with N-propylenediamine, determined by gas
chromatography-mass/mass spectrometry (GC-MS/MS) and quantified by internal standard method. Results The
recovery rates of this method were 95.01%—-99.88%, the correlation coefficient r? was 0.9999, and the limit of
detection was 1.1 pg/kg, the limit of quantitation was 3.7 ng/kg. The content of EC in Hakka liquor was between
52.28 and 433.82 pg/kg, with an average value of 157.12 ng/kg. The EC content in Hakka wine would increase in
high-temperature cooking. When cooked with chicken, the EC content in the wine would be reduced by about 40%.
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Conclusion This method can meet the detection requirements of EC in Hakka wine. The risk assessment finds that

from the average level of all people over the age of 18, the risk of EC in Hakka wine is low, but the margin of

exposure (MOE) for drinkers and puerperium women are 450 and 143, respectively, and there is a greater public

health risk.
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B, SRIREE. EFE. RMET K, O SR EER .
ORICE | diE R AR . M. 2R E RS, IR
ZIEEN, RHRERE R AL e, JUHER
R X PR SR AR, BT LAAE A N 4 Hb & 5B R RR
“Hrmei,

HHEH B2 2Tk (ethyl carbamate, EC)JE—Fh £ 155
W, BENS SRR . RELE . PR R B IR AR . 2017 4R
10 A 27 H, 7R DA 20 FE bR AR5 HLF A A B0
Yo s, EC #H 8 2A K80EYP7 EC RABERR
T TE N ) %2 e ORHRN & T 20 Hh A PR Bt 410, 9 FLTS RS
YORHR EC 99 B i T . RS S A R AU
BRRE R M, A EC %, RIS A ARG, BC & ft
SR, 3 A E B, LB EC RSO EA ke
RN S R OB A EC X AR o n] B
HoAthig 1% .

2002 AFECA EHAR 412U S S R TR 81 N T A
FEWIT, I E T R BRARE, JLAEPORHE i & A
13 20 /LM IR AR RS A EC Bl
PR A 5 AR 30 ug/L. NS4 100 pg/L.
ZELR 150 pg/L ., FUPETAIK SR 11 22 H 400 /LU, R
P ARG KSR 22 HU EC EBRILE 231 1000, 800
H1 1000 pg/L; 38 [0 RIZL il A5 2y R S 4404 4 2 T
K < 14%, V:V)H EC & it AR I 15 /L 7 25 10 (T
T EE = 14%, V:V)EC i ANRBMIL 60 ng/L; 5 1 4458 1
EC IR 30 pg/L; HATEW M E & B Al
100 pg/LM,

ARTEAREOR R EC St k220, i
WFE R, 78R 2 B0l 2 2R 0k EC JLF- R AT,
TSR 2% 4 T P2 5 A7 1073x107° pg/L, il K
R BEORHER R 11 22 b BC & ik, P I P
EC S EHMEERmr 2 &0 S824%
20x107°~300x107° pg/L, Z¥E - 2 EC KRN
50x107°~200x107" pg/L, 4tk # %5 W h 41 7x107°~12x
107 pg/LM,

P R, EC & KT 30 pg/L 19il, AT G A £
TR AT REVEL S H AR T SRR (1 — T 55 A,

7 EC BBEARETH 0.7 pg/d, WEERKFILES FE
1x10° £ ] 0L 03 R IR 2L TR 2 1 3 AN 2R e RS T 2290
MR,

HRT, T i X % 5 AR 28 2 AT 45 7 18 0
T4 KA R T EC 54 A W R XUBS:
b gE e b Sk, AR EE T T A R - S
TR I 2 B U R BC 753, SHEMN X % %
TRV B2 X HEA TR, FRUEAT IR PEA, X T A AR
b DX SRR v B2 B FH TR CUTBR 11 5 19 0 B VS A 1 IS
H—EMNSHRE L,

1 RS

1.1 #MR5iRF

AT R ZIH99%, IS ms AR A F); Ds-
IR CBR(94.12%, &K TRC iRFAAF);, LMRZEE
(i ali, KHETTRBHMER A BRA A; S (o drat,
I AR ), N-PAIHZ — ¢ (primary secondary amine,
PSA)(40~63 pum, 60A, KHAIHEI AR H]).

FORUE: I A DX BRI W URAS NN : TR
1.2 UFE5E%

GCMS-TQ80SONX < AH (AL 13%- — 5 U A H3 B o 11X
(H A 5 H 0 7]); HP-INNOWAX £ 4145 4 3% 41 (30 mx
0.25 mm, 0.25 um, 3 EZHIEAA]); TG16-WS 52 Bk
B ML VD 2 IR BRI 250 B RS T ); XW-80A f AL IR
FERAAL I FEHTLER ), MVS 4 [ Sk bt
FEANZERHMURE AN AT B2 H]); HP131560-33 AL B (35 [ 9%
RO R B BRA R .
1.3 XA
1.3.1 #Hsara®

FREC 2 g FESLF B0, A 100 pL WERTE IR S5
0.3 g AL4h, RAI, MA 5 mL ZRRZEE, WHERE 1 min,
5000 t/min B.0> 5 min, WH L, FEABEEN S mL
TR CPRE I 2 IR, BT 3 AR BV, =i
THWKRZE 05 mL Af, ACROBRIERZ 1 mL, MA
0.1 g PSA, WHERAIJE 5000 r/min #.0> Smin, B FI586E
0.22 pm FAFLIE AL EALA BT .
1.3.2 BT iE" 44 &

FREL 100 g Y1 A HOIR 93 iy A F 250 mL H.2E =
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A, A 150 mL %KM O B0 KU ZE = M,
Ho—FURIMAM A, (A 150 mL FRIBW; H—
HonA 100 g KA 5 150 mL Ak, 752 [
R K =AM E TR L, 158 206 s 55 AR
IRREJAH 185 °CH IR, 29 F5 30, 45, 60,
75. 90 min W BCE W MK 4 mL T .0E D, R4
J& 5000 r/min &.0> 5 min, B _E WA 1.3.1 20 BRE
A3 Ak B3R A
133 MELH

ok 5 ik HP-INNOWAX(30 mx0.25 mm,
0.25 pm), FEFEVRRE 220 °C, #EAERE 1 ul, RO IERE,

Wk 1 mL/min, ZR50A S 4E5050(99.999%)  F URTEE 50 °C,

P45 1 min, P 8 °C/min FHE % 180 °C, FFLL 40 °C/min T+
M2 240 °C, 1##F 5 min,

JRREAAE: B TR T35 o B T (electron impact,
El), B TR 230 °C, #: 1R 230 °C, MifE<{A NS
4l G K (99.999%), £ & i W W A% = (multiple  reaction
monitoring, MRM), Wil & 7 X} A filf 4 58 & o0 : & IEH iR
e E R B TXF 62>44(CE 24 eV), EMEEFXF 62>45(CE
24 eV); Ds-24 2L R TR 2E it B F 4] 64>44(CE 25 eV), &
PR X 64>46(CE 25 V), WHIZER 11 min,

14 XGPS
1.4.1 ABEC ZAEEMHT

K FRISA PG i, FIAHRIE S+ EC ST
B, AR 2 E B A AR ST S AN H AT
KR BC BRI,

LR i ng/ (kg - BW)]
 EFININ S (g/d) x FEAEH EC PR i (ng/kg)
- FRERA KT (60 ke)

1.42 AF¥ EC A FeipfE

K FH 8 2[R {77 ¥ (margin of exposure, MOE), Elf5
TR MERL 5 B EC fETHRARM LI . APPAR
FH AT A ) = S8 T v g 1 S WL 2 s 3y R =
K BR1E (benchmark dose lower confidence limit, BMDL), RfI
HX 0.3 mg/(kg'BW), i@ H AN MOE=10000 HATHAKH
AL SN,

2 FER5HH

2.1 FMHRL

BRUIE RGN S5, B0 € - R
(gas chromatography-tandem mass spectrometry, GC-MS/MS)
SR BC 20 b v . H s a0 e g
GB 5009.223—2014 (EibZEFEEARME i P E R R
SBRAGINZE ) FH B0 [T AR A R, SN/T 0285—2012 (i
1 v 22 5L R TRk B A 0 Jr 12 SO i - i v ) v
et P A0 RE o AR A IO 45, AR 2R U R iUAS B e, JF B
BRI RS 2, BRI AR A BT P VA R A T HE U
P PSA FEATHALRITT o S5 PSR IO B O A< G,
W AERUARA —E Bt . LR FRET 0 A gExt
T R BUS ik EAL . 2 B2 CTRERBUS ¥k EHLK
[E5] A 2 JBCAT: ¥ 19 s [ e 56 K AR X A Y i 22 (relative
standard deviations, RSD), SZEGZ5R IR 1,

HIZR 1 ATRUA Y, i 3 FhoAS R A4 i Ak B 5 vk Ak PR
—FEah I, TR B SR IO MR W, RSD KR,
ANl TR EC RY4RIBANE o Z58 75 IR S I A S 7
LRI G AREE, AR LR < BRHR B —JE 5T R AH 22 B .

I TREFKIRE S AR . ZRE SRR ST,
5 FH — B A T I B SR T, A AR
ok = AR RS AR R D o aE A B
SmartDatabase X {X# A< AT, B BLPERTE AN
1.3.3 Fisn. EC K Ds-EC B2 i (total ion chromat
ogram, TIC) 5 MRM 3% &I ULIZ 1, fil&l 1 ] WA IR X 43
IR
2.2 FEFWIE
221 &MGAE. MXEAHK BERETEMR

H5 TC T T 1 B Y IR W e i 2 AR VA MR B L
Br, LABEEHTR SRR R AL R, S Ak BT TR £ T U ThI AR
5 WNbR Ds- 2 R Sl R T AR L AR R, 2l b v
£k .EC 7£ 50~1000 pg/L IFEE A L2 RIFIILIECR, H
FRUEIEIE DR R Y=0.0034X+0.032, HIEZEL r7=0.9999.
MU 2 g W, KHBRATAE] 1.1 pgkg, ERRN
3.7 nglkg, Jrik R

R1 3 METRIE A SRR AR YR R AR AR AR 2 (n=3)

Table 1 Recoveries and relative standard deviations of 3 pretreatment methods(n=3)

AL IR 5 R BTV S (ng/kg) FEELINERH BE /(ng/kg) Il /% RSD/%
[P AR 2 R 12 132.25 100 108.41 3.22
R LR IOs L 142.28 100 135.78 18.60
IR BRI L 135.13 100 100.59 6.20
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TIC@U/TIC@2
8293
S EC A
D, EC
i
4,441 64.00 > 44.00@1*3.11
D,-EC 5
\
= A
E (491 64.00 > 46.00@1°8.33
= D,-EC /k C
™~

Ay

4.441 62.00 > 44.00@2
’ .
EC D
4,441 62.00 > 45.00@2*1.08
~ EC e
12.0 13.0 14.0 14.9

4 87 1 ] /min

A BT B, C:Ds-EC Y MRM (3% &]; D, E: EC ) MRM 455,
1 EC J Ds-EC M5B T K S MRM 3% 4]
Fig.l1 Total ion flow diagrams and MRM chromatograms of EC and D5-EC

222 EREEMEE R
BELIHBCR—AE 5, MR EC M RVEmIsE 3 4
BRI INPRREE, FAIPRREERL 6 K, IHTHERES
B IIE, 5B 2. MR A 95.01%~99.88%, #
Xt Bx ME fW 2 (relative standard deviation, RSD) N
2.68%~11.18%, BT BEC &RH S, SRR
FEREIERR, BT LASRAR AR MR B 1Y) RSD fi i o {H &AL
SORA T L B S B LA, W] DL R S R -

®2 MAREYER RAEX IR E RZE(n=6)

Table 2 Recoveries and relative standard deviations (n=6)

TR B /(ng/kg) BN &I RSD/%
10 95.01 11.18
30 97.12 5.66
60 99.88 2.68

2.3 SEPREESRASI
L 30 AR RASFHIR A IR RE S, 435

ik 1~30 5, @ 1.3 TR IEX A EC ST
M, BFRIBWEH EC AYH ST 52.28~433.82 png/kg Z ],
SEHME R 15712 pg/kg, HAIECH 118.36 pglkg. BRTHEIZ
WG EC it i BR AR, (RS2 4% [ X A 25 19 2
HASXHEE o EC & i B MUE KB, &R Pl EC
TR TR

KRR H A EC 3252 il o A4 IR 2 I 2B AR AR,
FARB KGR . VAR . SER S CRE RO A —
E U RS R I R EC A AR B
B i B A R R T S LUK K R i Sk SRR,
FLrh PRZE &t R e, SRR % ik 5 AR OB L
TR R SR o B & = 397E 100 g/L DL
b, AR B S R RS 279.06 g/L, XEH AR
RFTARRELL LN, I B & R e 2 1k & B 2 AR
JE I, PR SR R, RS S K S R R
JBE R it ) 357 ok HA P 28 B RTG T2, XA R BRI
W EC & TR OB A T4 KPR A

BT 19 ST E FECHE W, fEEK, 28 SR
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5 AU EC S LR B (B BT, AW 19
51508 BEFIR, HI 13,2 FHFA R T,
FEATICRHY EC MEATIIAE, WA A 5 B T
i EC Sk Hxd H L 2,

160 -
150 +
140 +
130 -
120

| —_— ——

19578
90 | bt 28 TG T
80 -

70

HIFR OB/ (ug/kg)

30 45 60 75 90
SRAE)/min

K2 EC&EMAM=3)
Fig.2 Changes in EC content(n=3)

HIE 2 ATE S, ESSARER, RIEHM EC &
AL T2 40%, 135K WA XA AT LM EC AYIE 1)
IR, HAESZZENREY, 18 30~45 min Z A H A9 EC
RIS/ T, 45 min ZJ5 EC & RZEE EFF, ATRER
B T P R 4> EC WM R 22U B, DA T 5 B0 A
B EC & it 55 BB o R A EE AT TR
24 RFaPFE

2% 2002 4 E R RE IR SR RROUAE g, W
T LA ARBERIT 28 048 T A B0 T e B, 16 4
NBE 7.4 g/d, TRIPEH 254.8 g/d B 18 2 Fr DL b A BERRI
A2 H g 2R T

ARWFFEXT 34 44 22~40 5 Z [0, il AE LMLk
HEAT R0 A, E R IR A Y R T g R
500~1667 g ZIn], TAh =R Lo A AR IRIE 45 H ST 35931 2%
N 1000 g, HKIEFH 100%.

ZWE NS PR A A R BEC SRR, B 40%
YE SRR rh EC YRR . 25 IR0 9 01 10 2 fE B XS
T, — MBS AR e o, A9 A B RS A E

e, RS RARR EC JEB0 PI, B 50%fE
RSB, WA NS T AR EC
T E RN BE RN EC P& RN 80%. T HAA
[FABE& IR EC #8558 5 MOE fifiit L3 3,

MR 3ATLLEH, 18 B LI L2 AR MOE (KT
10000, BEEHMARERFHIKTERE, HFEWTH EC X
BrpEEAR . (B2 18 % LI R # 1) MOE fH{L Nl 450, 1™
P04 MOE {HH 2R E 143, KT 10000, FAKAY
MOE fHEME & sh P i BUE = 5 A0l B i K352
BRZIE AR, A F IR EC XA S, TH
TFERRIIA L AT TE B R, 2T 8,

TrEPI I, AT 18 % DL 4l R Aims ARt
HITFAL RS IR T 2002 4E%F AT 108 Jo R X BT 7 2 i
R, R4l R s e R AR 033k oy T
WK Ttk 45~59 2 AT 22 FNEDRS T4 2 0 s
FICA A BEAKE, AU E0CHE 7o AR P 2t DX AT — 2 AN e
ZHMFIN A IR 2T AR5, % SR AR T B e R A HE N
PRI R AL AL, otk SR S R, F
PEAG 25 AP FE— E WASHR A 1, 245 3 5 v 0 109 A 5000
o AL AN Hb DX A 7 8 Y Bl A PR AR AR

3 &

AWFFEHEN T — R B U EC 1A (3 -
ERIBC TS, 127 R DR 95.01%~99.88%, G FR AL
r2 9 0.9999, ¥ BN 1.1 pg/kg, FEHEBR N 3.7 pg/kg AT LA
T AU P EC AN TT SR o A P2y i 6 A . [X
IEPTAERY 30 O RTEERE S EA T IXUBS W, 2 & SR AR o
EC 0 & &= 7F 52.28~433.82 pg/kg = ], F ¥ E N
157.12 pg/kge [RIAS X IGFIH 1K) BEC JEF5 I8, KA
AR, ME R ER, RPN EC SEA
FE BTt ARSI RSB R, Wi EC 184 40%.

ARG IR S R s, X 18 2 LU R4 ARE
18 % L ARG K= R Lo A T XU PPA, M43 AT
SRR T, BRI EC 1 XU AR, AikmE, It
HRZ R Z ) MOE fHAIRT 1000, FAEARAY AT
Az KU

®3 TREABERREECREES MOE
Table 3 Hakka wine EC dietary exposure and MOE of different groups

N BRI Bt A(g/d) EC V¥ & /(ng/kg) EC ##E & /[ng/(kg:BW)] MOE

18 25 L) b 43 A 7.4 157.12 19.38 15482
18 % LU kil # 254.8 157.12 667.23 450
TR IR 1000 125.70 2094.90 143
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