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AEEHEABEREERRZENHRTERKEITRE
K, B, A
(BERBTUADERE SR TR A £ TRY RS I S AT 32 T K6 ,214122)

W OE FEAMAEEL G N AL TR L (ethyl carbamate, EC)  BH T, B HKF HF KF X
5 XHREBE RS LETF REFPEFLEBEFRSE(n=342), RALERER, B F ECHEEY
100% , EBESEC PHABEGN A REREB(822.23 no/L); E K RAF R B (339.34 pg/L); ¥ ZR K
FAEHE(298.21 pe/L) L FEBHEE P EC PHLERM(80.32 py/l), REBEBFECFHEERFHRLR
FA G B (21413 pg/L) ; EARKER B (191.89 wg/L); B R REA & #(168.24 pg/L) EEF R 0l ¥
EC ¥4 B HI5(46.23 pg/L), ECA EAH AW R R, FFRMNAGRHE T 48.7% WHEETECAERALT i
$X PH. HEASLERAYEME ECREA%(150 pg/L). RA BB Rtk (Margin of Exposure, MOE) 3¢
BB Y EC#AT MG MOE L% 6289, A A HBA R, WAXMEZARERBZAF TR IRANEF

ECHREBHRERBARNEL,

(@A AXZFRIE;HE;FE;ALUEFMEFELRL

%35 B Bk 2.5 (ethyl carbamate, fi F% EC, X R R
k)  BEEEETEMBUEE, AR R A EERE
BERUE T . 2007 4E B PR GE B 97 & (International A-
gency for Research on Cancer, IARC) ¥ EC 12y 24
KEEY RS . EC M T A BA &K
Frep g Y B AES R
mE", ECTE g R EBA R — REBMUIFS
T RESZBRM AR EC" ™ REL ALY E
B EERLEESZEBR 4 EC, Ry EE
MYy PHESBEL - HRRRASF>™
AU 1985 AEMERME T AP R BHB LB
d EC (R BIRMER 150 pe/L BEE X E G E X
SLHE B EASEGHE TR SR EEG EC
BORRBARE IR ERE S e AR, EEEEMRX
125 pg/LIP 70, TiRE MR EHEE S EC MR
BiriE,

EHXFHBES ECHMERERPVAFESR
SR I v BT A Ak BB A B B B R
B ( liquid-liquid extraction, LLE) % J& % [& A8 % B
(solid phase extraction, SPE) J Z & 8 7y f iy [ AB 4
FE L ( solid phase micro extraction, SPME) ; 4 Jll 2%
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chromatography-mass spectrometer, GC/MS) J3 £ R
FE RORE % B R B 0 AOME - R B — R (GC-MS/
MS), AEHEERRER KEDE ERMIKE
o R BET R, b AR 1 A R A A AT AR
FR, HEELEERRE ",

AR AR R R S AR SRR A
1 GC-MS/MS B FIH AR #0447 T 2 % 7 20 [ 3 An
REFEH ECHEE" R SGE D ECEFESH
& T %1 % 5 i+ F % 58 54 57 Ak (Margin of Exposure,
MOE) KU i, Mt — SRR E QB+ EC B
BT, LA B A KT E (8 P EC A IR B AR 8
"E%,

AR

1.1 MES5E

WRE . LA 342 AR, JBTE 225 1, BT 117
A AIETR T R E S (59. 8% ~ 74.8% vol) | AL i T
(38% ~56% vol) ; % 75 % JEIH (52% ~ 57% vol) \ i
BB (39% ~53% vol) ; 15 % %I JEIH (64. 4% ~T4.8%
vol) i 18 (45% ~ 53% vol ) ; B 7 B4 JiL 7K (28% ~
45% vol ) . B S 1 (29% ~ 53% vol) ; R\ & B4 JR 1
(62% ~67% vol) B F ¥ (45% ~52% vol) s 2R
% JE T (33.3% ~ 65.8% vol) . B i (45% ~ 52%
vol) s 2 T 7% R JE I (58. 7% ~ 68. 1% vol) Al fh i
(43% ~67% vol) ; ¥ & BV I (39% ~ 62% vol) \
BB (42% ~45% vol) ; 7RI JFAIE (54.2% ~67.8%



vol) R il (46% ~50% vol) ; 25 & BRI JF T (54.2%
~61.4% vol) . j fH i8] (46% ~ 54% vol) , X 6 H £ 1Y
H AE LA BB Ak 4R A

i 7 ; NaCl, KOH, CH,COCH, , NaHCO, , K, CO,,
C,H,OH,HCl, ZBR Z BR, i /K Na, SO, : M ¥4l I ¥
HARE , BAEFROEE(EC,4E >99% ) , &EH
BR Z WE-d, (EC-d, ,98% , N ¥5) ,9-M S B2 (99% ) , iE
Bkt il , % H Sigma-Aldrich A 7],

{X£% : TSQ 8000 E! = T I %% A% K AH 35 i 1% B¢
FA4X ( Triplus RSH GC1310 TSQ 8000) , & 3% & TG-
5MS(30 m x 0.25 mm x 0.25 pm) ;3% [F Thermo
Scientific 7> &) ; Milli-Q #&4li7K ¥ (536 F K ¥ A &
HBHEZRMBAK) 5 E Milipore 247,

1.2 LWAHE
1.2.1 HfaTas

22U B I ik, B2 mL £ I EE R 80
WL 4 0. 1 mol/L 9-Iii & ¥ ¥, 200 pL 2.0 mol/L
HC1,20 L EC-dg (20 mg/L) P47 %1 5.0 mL 4 1
NaCl A % ,25 C B i 10 min, F§ 1.0 mol/L
KOH ##1,0.2 g NaHCO,/K,CO, (2: 1, /R &) A
pHO9.5, FI5 mL ZMR LRI 2 K, AHAHEE , H
ForK Na,SO, EK, WEFIM, RIKTE, BHELE
100 pL IES 5, REFERER I .

1.2.2 GC-MS/MS £ & & iF ¥ EC

GC &M : AN He, Wi 1 mL/min, 2 3 #
B AL . TGSMS(30 m x 0.25 mm x 0.25 pm,
Thermo Scientific) , R & 250 €, BB F:
150 CR ¥ 1 min, L) 20 C/min F+ & 180 C, F LU
3.5 °C/min F+ 3 205 °C, L) 20 °C/min 7% 280 C {5

#% 10 min,

MS %44 :El B IR, T RER 70 oV, B FIH A
& 300 C, H T E m/z45 -600,EC BB F m/z
152,181,240 #1269 ,EC-d5 E B F m/z 152,181,
240 1274, RAIZ RN (T-SRM ) #E X, 1% I 4%
IEBFXF m/z 269 > 240 F1274 > 240 4+ 5T EC
MECd, WEER, BIMNEHEEENE 3 K, XH
NIST 2011 FE#E4T 3% 501 o
1.2.3 KAHZL

F 46% vol Z.BE/K WA EC BB BER — R 5
R B BB M T R, 4 BE ST R M TR Y AL BE O R R AT
GC-MS 434, L EC 5 AR EC-d, WA Z th A
br, RBREZ AP AR, SRR ERIZR
1.2.4 MOE #3+ E AR

EHUEFIE T R ( benchmark dose limit, BMDL) &
YLK R B R E R BT BRE KR A KA
B 2 ARG A B R 118 H MOE {H, B MOE
= BMDL/ ARG HHRAR

2 HREW®

2.1 AEHRECEEBAZE

B2 SRR B RE O i, B R & AR IE I
EC-d;iE EEH BT B8 (BC)VEN IR, AR IE B FXF
m/z 269 > 240 F1274 > 240 4> 5| F EC #1 EC-d,
RER., ZFEN ECRIE B IRHLEEE, LM
XEBRIF(R =0.990 7), % M FR (limit of detection,
LOD) 84k . 1] B B A din P 5 0 3R B D SE 3 Y EC
PRUE S, W75 ERCRTE 81% ~99% , 48 X b HE 1R 2 78
2.53% ~5.34% ,RI LB R E SR RN

#1 AEPECERFENKE QNUR DUEREEE(n=3)

Table 1 Linearity, LOD, recovery, and precision of the quantification of EC in Chinese liquors (n =3)

St . LoD/ Xt Bl /% RSD/%
> " (ng-L7")  (ug-L°") %&EH WEH RER KkEEN HEE BN
y=0.930 6x +0.024 5 10 0.990 7 2.46 4.25 ~1 088.28 81 90 99 2.53 3.21 5.34 .

2.2 AAFNFEEHPEC SR

MRS RE (F2), REAREHFE S EC
K2 100% , H & & m A, FHEEAE 80.32 ~
822.23 pg/L 2. REMEES ECFHEEES
(822.23 pg/L) ,FF&BREIR Z (339.34 pg/L) , H
WR A B (298. 21 pg/L) , Z RRE & (269.76
wg/L) ,EF/E(246.17 pg/L) , ZEHTHH(181.25

we/L) , 3 &R (180. 81 pg/L) ,iFEHRI(158.42 pg/L
), B ERI(111. 34 ug/L) , 25 B F1 7 (80. 32 pg/L)
EC FH¥ & B8, MEMERRKRES B/DMEE
OE,AER ERFMMEERENMEREKR,
AYHEBED EC FEHRBEFRB D EFBT
ZHBEYRNELYESRE T (HE THHKE
FIMEATERERLEES 28I M AR .
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REAEBREFENSSRE-FESERARETNEY
22— IR TRIE T P A TR R O [ 4 T B R B
BRABEF ECKFHER. BT EC MR AR
K HERE, FUASYERBEPMLITHES
80% M EC RARMIBRAME 48 h W™ &

gy, R T B R EC B A R T Lk A A
BHESBLONMBEFBRERACYHTE, &BH
o BIY A EC W EEE R, 1T LUE & SRR
R SR I L B R A 5 R T R
A8 R 9 B ALY SO B L R R EC 897 4

®2 AEAERFEERECIR
Table 2 The levels of EC in different arom type Chinese based liquors

&1 H R4 FiE/ (ug- L) PRI/ (pg- L) PO/ (pg L) R/ (pg- L")
WER 70 298. 21 516. 15 1391.25 64.23 ~1577. 01
BER 24 158. 42 165.32 232.71 24,32 ~305. 12
BER 21 246. 17 383.37 1279. 63 61.10 ~ 1676. 64
BER 10 339, 34 265.72 632. 74 165. 38 ~708. 85
R R 12 822.23 997. 61 1825.72 94,37 ~2522. 57
HER 7 80. 32 86. 19 100. 53 46. 58 ~ 106. 96

EHTHE 12 181.25 259. 51 286. 38 56. 52 ~350.27
WER 19 111.34 100. 09 159.18 17.16 ~199. 28
T HREH 30 269. 76 387. 81 595. 39 98. 61 ~680. 73
HER 20 180. 81 251.38 289. 61 45.62 ~364.71
AR 225 268.79 341. 32 679. 31 17. 16 ~2522. 57

P95 RIS 95 HA KA.

2.3 FRABEABREFECEE

REAFREL AT EC WL RINES B
ALECEHZEEBNEZRER G, N 214.13
ng/Li HRBWHEA A E,EC &K 191.89
pe/LiSE = RRFR A, EC P T &% 168.24
pe/Lo X=FEFUOE ECFHIRBYTETMEKR.
DR HASEREAZBES EC WRERME(1S0
peg/L) 0 EEHEBMAW EC P T REMK, N

46.23 pg/L, it EC F3& 8 N @ 2MRHEF & Z R
FE ORER RNEFR FFEEFA(123.36 we/l) BEF
B (108.72 mg/L) . Hr A (93.43 ug/L) . % F Y
(72.81 ng/L) (25 F B (65.09 pg/L)  ZHTHFA
(60.41 pg/L) FVER R, Fra il § s 4~E#Eh, EC
TEESWEKREROW, 5 547.82 pg/L;EC 5 &
BEMEFFRAE, R 14.35 pg/L,

R3 TEERAREREC AR
Table 3 The levels of EC in different arom type Chinese finished liquors

FH B A FHE/ (ng L7 BB/ (pg LT P95°/(ug- L") MHE/ (pg L7
WER 43 191.89 122.57 472,82 27.12 ~547.82
HER 11 46.23 43. 01 93.33 14.35 ~ 120. 21
EER 8 72.81 52.24 82. 12 52.21 ~91.25
HEY 5 93. 43 80.17 138. 47 26. 82 ~ 189. 01
RER 16 168.24 122. 39 286. 81 50. 39 ~469. 81
AR 5 65. 09 59. 14 61.53 54.23 ~75. 21

ZATHE 7 60. 41 54,25 76.74 34, 64 ~108. 81
BKER 11 108. 72 98. 01 129, 49 32.37 ~189.71
ERRER 6 214. 13 222. 84 297.72 92,32 ~449. 39
FEH 5 123. 36 123.91 139. 39 98. 75 ~147.29
Gt/ 117 114. 43 97. 85 177. 84 14.35 ~547. 82

" P95 R 95 B o BT RIE

SEAZEEML, REREA 2 (1 400 wg/
L) " e EC & BER b, RE SR AT Bk EC Py
HFE(14.43 w/L)RE, BT BE(64.0 pg/
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L) & E B (3.30 ng/L) Mg & (40.0 pg/
L™, BRAXH PR LY FHERE 1755 ~
1 780pg/kg Z 18], T & T H Mt 22 B E ALY &



(319 ~334 pg/kg) RSB EC TEREHERER
U B AR B RS, A
RBZEE BEEFREURERFAE 7S5 NA %
KT ECHRER"",
2.4 R eEH EC 28450 MOE BT M
RAPRETRERDES ECEEBVWHHELR,
ERBR48.7% W HER G EC & &&8: T
ERMEMZEETE P EC By R E AR (150 pg/L),
5. 1% AT F EC FBME T g XM KR
H 22 EC 1 PR EARE (400 pg/L) . EC By ZE 5]
B TR (BMDL) 5 X% 0.3 mg/kg BWP! | 2014 45
BREEGEATE(1257. 13 A TH) 5B AH (136
782 TN LLEHAB B AMIRKIBE R 0.025 L/ K, A
il SR EC P K (114.43 pe/L) 5, R E R H
i EC BARE, ABMITIRABE RN 47.7 ng/kg
BW ,MOE {3} 6 289, R F 3% L% B4E, X4 MOE
{EART 10 000 B, A B KM BUEXE: , B MOE #/]N,
BUBERAR A . FEEE R EC XA R # %
ERENATRERE, ALERMAES EC K E
B, HHEREBRHE,

#4 AWESHECERAE ,
Table 4 The distribution of EC in Chinese finished liquors
EC/(pg L") A H*/%
<150 60 51.3
150 ~ 400 51 43.6
> 400 6 5.1
3 £

BrR4RER, SEMRBEMLL, REABES
ECHBEREE. FRAFERES ECH YT E
WUF g : RER > Re &8 > WER > ZRER >BF
B>2OTHEE>HBFUS>HEEE >HEFE>HE
Mo ARFRR&BES EC 1P & BT 9. 2 5K
FRS>WER > NER >HER>HER>FER
SEFMS>HERS>ZEATEE >HEEE, EF
48.7% KRB HER T ECHFH T BETERE
BT (150 pe/L), RERHBEH EC 1Y
MOE {6 6 289, B4 B A BUE Xk, H it K B
e EC M3 B B e 47, B EYORHE | EC R
B,

2 % X B
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Research and risk assessment of ethyl carbamate in
different aroma types of Chinese liquors

ZHANG Shun-rong, FAN Wen-lai”, XU Yan

(Key Laboratory of Industrial Biotechnology, Ministry of Education, Laboratory of Brewing Microbiology
and Applied Enzymology, School of Biotechnology, Jiangnan University, Wuxi 214122, China)

ABSTRACT Research on ethyl carbamate (EC) was conducted using different aroma types of Chinese liquors, in-
cluding strong, soy sauce, light, complex, roasted-sesame-like, herbaceous, Fengxiang, Laobaigan, Chixiang, and
texiang aroma type based and finished liquors (n = 342). Results showed that EC detection rate was 100% . Among
these based liquors, fengxiang type liquors contained the highest average level (822.23 pg/L) of EC, followed by
texiang type (339.34 pg/L) and strong aroma type liquors (298.21 pg/L), and herbaceous type liquors contained
the lowest average level (80.32 pg/L) of EC. In finished liquors, roasted-sesame-like type liquors contained the
highest average level (214.13 pug/L) of EC, followed by strong type liquors (191.89 pg/L) and fengxiang type liq-
uors (168.24 wg/L), and light aroma type liquors contained the lowest average level (46.23 wg/L) of EC. The dis-
tribution of EC in finished liquors showed that 48.7% of the samples exceeded the distilled spirits limit (150 p.g/L)
established by Canada, Brazil, Japan and so on. The risk of EC was assessed from the margin of exposure (MOE)
and related MOE was 6289, which suggested the risk of cancer. This study aims to provide effective reference for food
safety authorities to establish EC limits for alcoholic beverages.

Key words ethyl carbamate ; Chinese liquor, aroma type;risk assessment;margin of exposure
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