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kg Al Eo] ety
Ethyl carbamateZ7%

MEtistn MESLstnt

Ethyl carbamate(urethan[e]:NHLOOCH,CH; EC)
= dadye Bd=Es FAEEA, ¢3E& 28
o} WFAFY FTHEA de LEELR A
k. 1940 ddio Algte] WA (1g/day) =, A
FEE AR AFEEHJLY, FEO diE T
433} Z3}be] (Drosophila melanogaster) ol &3
o]/do] ¥ (Vogt, 1948) F, Alge] A=
AHE-EE Aol FXEI AFFES miFHA =T o]
£5 31 9t} (Zimmerli and Schlatter, 1991).

oM LaAF EAsHE ECol ojgk
T7F [P e ¥, S| YFaAFo it
AF7F AR3H, U €3 E S5} LaAE9
AT doAE AHEAT. uEA AF7A] 9
AT £8S EdE ECo A3, AFW 7%,
A A=, AWM dAERE, 59| AR
st ZHesiAl AwE o Holh
I

ECE 84 (2g/m0)olAA 2 ggolH, +3F7]
Qo] lmmHg(at 30-40C)o 2 & ZA|st=
EAE o loss7t dojubr] 4o
EC & &vue tS2Z=249g, od olAg9]

uEE

, S2E2XE, JHZE, oNIE Fo] ol&==d
2 HZ22Y g o|fdrt. 1HY FEHo=
L43E FEE 5% °|F2 3442l wineZ}
whiskyE Extrelut tubed] &2HAZ1 & tE2=2
Heg o83ty LEAIIZIE M, FEES
florisilell F3AIZ0 ¥ 7% W& /tEZZ=HES
olg3ld &&FA7]7]= FH(Dennis T, 1986).
Canas 5(1988)2 ¥¢3& S8E celited} 43
Ao FAAZ F tE=2vdo s £E3AI7|E
skt 28]a clean-up©@HA|e} W&t n-pen-
tane .2 B]ZF4] coextractivesE A A 5 Uk
ECe % &2 dWtzyoz ECY =9 F
& Yo wet g2 R EFEEEE o83
¥ AE, ECo 588 A9 60%0delH, tiF
80% oot =22 S8 thdted BiE
24E 4 = ~1—~100ng/ml*H % o]

rr N m

32 A
T

Methyl, n-propyl, n-butyl Z2]3 tert-butyl
carbamatez} tjH2 GC/NPDe} GC/MS<] &
EFE E22 o]§HAk 28l N, N-dimethyl, N-
trifluoracetyl, N, N-dimethyl aminomethylene ethyl car-
bamateZ =3} A17]171% st

ECE AFstAY 2T wo 713 1eisteok
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g EAIH LS A olth. Wined] 734 uread ¥
3t7] W&ol 7tEsd ECE=E7F F713HH, stone-
fruit brandies= Yol =&=Ue o ECF=7} 34
=2 Z7HE AR 7M1l daiMe E2 4%
2 skt =8 ECE ZgZedA F&3d o
F&o] Badr= B1x 9l

AEL FE 7t Z20EIHYE o83l
capillary Z#&(d; 44, polyethylene gly-
cols)& 21, AZ7]= flame ionization detector
(FID), thermionic detector(NPD), electrolytic
conductivity detector(Hall), thermal energy an-
alyzer(TEA), mass spectrometer(MS, EI-MS,
CI-MS, MS-MS, ITD)¢] o]&=x lt. FID=
distilled A& B4 A9 o] &= A} 3FA % wineg]
7<% diethyl succinate9} -2 uhsj Ezo] 472
% gJomz Ey}AQ clean-up(alumina)o] Lo 3}
o1 233t om(Pece &, 1988), sakee] 7Z-¢-
florisil clean-up & &2k EC ZA& A1t o2 270
o] ¥=7} YJeht= 2 N, N-dimethylaminomet-
hylene ethyl carbamate® =32 Aok gt
H 1 (Kobayasi %, 1987)7} <t. gz
Zimmerli and Schlatter(1991)+= FID+= non-dis-
tilled AlBdl& EAGslttn B st NPD=
Hall, MS ®+= TEA¢ 22 tt57] 53 3o
& 7gud] w3t v]go] HA E AME3Y] H
shAgh, HAZ FEyo] WAHA Feobd dis-
tilled spirits ©]9]9] A|RoA = A=A A= 2
£ dg F glddn B1sigich Hall == NPDE
o8& we wiAT FEE Cl™ & AlAs &
t}(Dennis 5, 1986). MSE ¢ B AT
A o]4E3 =5, electron impact ionization
mode(El)E= m/z 44(NH,CO - J*, 45(C,H;07)
a8z 62(M-CHs- )%, 74(M-CH;- )™ I8z
m/z 89(M])* fragmentE YehH=t], m/z 627}
V3 =7t 1 o2 v3e FEE7] i
selected ion monitoring mode(SIM) & m/z 629
A ECE A=3s9tH(Brumoey 5, 1988; Has-
egawa 5 1990; Matsudo %, 1993). 281

chemical Ionization mode(CI)+ isobutane®}
methaneo| ©o]&%+=d 32 methane CI7} F+%
Ho= ougle fragmento} Ex}eko] the Fx
& F7] W& o Bo] A5Hr}.

2. 7t A Eol A i

E 1, 29 Yepd 7+ A FoAe] EC =& B
L3E S8 A fruit brandies(plums, apricots, cher-
ries)7} 7+ ¥, vodka, apple wine, W F& Wto
H, daAEY] FA¢ FLe =41 M=, g7=
E, 2= v|Fo|h. ERE HFF A Fo] AFE
Al71A e HFETS EC &3] o E%eod
(Diachenko &, 1990), AF 2Al5@dA F24¢l
we F&5E EC/F 32 Fl3tn skt
(Canas %, 1989). BHlE 1% = (310-375ppb)
o] ECE &3tz otz &34 Jth(Schmeltz
5, 1978).

Zimmerli and Schlatter(1991) A72] 2|4
& ™A 49 3F HF ECHIAZFS AF
kg 10-20ngeo]™, wrefF mjd HulE 207074
g ZASols EC gFFel 282 F7ishd,
table wine2 200-300m¢(10ng/ml)E w}A|H 3|
2 Z7}8l3, stone-fruit randy-g 359 30ml 4
Al 2 AdFHFo] 608y Stk skl

Hasegawa5-(1990)0] d&2] Wi 2FA EC ¥
£ AT AT 239, miso(14; AIZFE YE
¥)E n.d.-5ppb, natto(9)= n.d.-5ppb, moromi
(5)+= n.d.-10ppb, mirin(2, a sweet kind of sake
used for cooking)< n.d.-5ppb, sake(9)= 5-
100ppb, soy sauce(10)= <50ppb7} EA43}A ).

3. AP A=

1971d FHdF2o) AFAZ o]&=E diethyl
dicarbonate( (CH,CH,0C0),0, DEDC)7} &¢=x4
ole} ¥hg-sley ECE ¥Asttn ¥3 = (Lofroth
& Gejvall, 1971; Ough, 1976a)% n|Zd A=
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Table 1. EC Levels Found in Selected Alcoholic Beverages (ng/g)

Beverage Range Median References
Stone-fruit brandies 100-20000 2000 Baumann, Zimmerli, 1986
(cherry, plum, apricot, etc) Battaglia et al., 1990
Sake, rice wine 10-900 130 Battaglia et al., 1990

<10-116 Hasegawa et al., 1990
2655 Diachenko et al., 1988
Bourbon wiskies < 30-350 90 Battaglia et al., 1990
Other whiskies <10-170 40 Battaglia et al., 1990
19-90 44 Dennis et al., 1989
Other distilled spirits
(e. g., apple, grape) <10-200 20 Battaglia et al., 1990
and liqueurs <30 Battaglia et al., 1990
9-439 129 Dennis et al., 1989
Gin, vodka <1-10 <1 Battaglia et al., 1990
<5 2.5 Dennis et. al., 1989
Table wines 10-110 10-15 Battaglia et al., 1990
Sweet wines
(malaga, port, sherry) 10-250 50 Battaglia et al., 1990
Beer 0.3-18 i® Battaglia et al., 1990
<1-1.8 0.1-1.1 Dennis et al., 1989
Apple wines <1-3 18 Canas et al., 1989

* The actual concentration may be less as a result of changes in the production process

b Mean

DEDCAM-0] F2] = th(Canas 5, 1989). L2ji}
yeast % ¥E O 2 ammonium phosphate X sulfate
£ o]&3= A9 22 stone-fruit brandieso| A=
EC ¥%7} =9row(Zimmerli and Schlatter,
1991), d&9] HFe= DEDCrl EA5tA] &d=
4l 3= EC7F A&" A& v|Fo] £ 1 (Ough
%, 1988a)E T2 Az} UL-L Hol Fr).

ECe tfg x7] dFele & 4FdAA<e EC
TE S3Y I /a0l U FELAES F=
st ovt, FA 7 AFoA ECE ABAsh= A+
A& 93]7] $J35le] gk, urea, cyanic acid, o}
2714, L2UHE, A EEY T A7 T3y
ECs=ete] AoAAIE Zolr7] 98 AF(Mat-

sudo &, 1993; Ough &, 1976, 1988, 1990; Sol-
ymosy %, 1978; Hasegawa %, 1990; Fauhl 5,
1993)¢}, =3 EC Ao 48 F+= AZ =24
T 717, 54 2%, 719 g EC A% ¥
slol] tjst A7F B Aok (Matsudo &, 1993;
Tegmo-Larsson and Spittler, 1988; Ough %,
1988; Canas %, 1989; Fauhl %, 1993).

23714 e ECe A4 Az the3t 2ok

O(COLH;)e+NH;  weeeee ) H.NCO.C,H;
H.,NCO,POH,+C,H;0H  ------ ) H.NCO.C.H;
H.NCONHR+C,H,OH  -eeee > H.NCO,C,H;

HOCN+C,HOH e ) H.NCO,C.H;
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Table 2. EC Levels Found in Non-Alcoholic Foodstuff(ng/g)

Commodity samplet Mean Range Reference

Bread 10 T 3-15 Zimmerli et al., 1986

4 1.3 0.7-1.6 Ough, 1976a

30® 10-61 Ough, 1976a

30 1.8 n.d'—8 Canas et al., 1989

9 <b Dennis et al., 1989
Milk, pasteurized 1 0.3 Zimmerli et al., 1986
Milk, UHT 1 0.3 Zimmerli et al., 1986
Milk, homogenized 1 0.0 Ough, 1976a
Milk, skimmed 1 2.8 Ough, 1976a
Yoghurt 1 1.0 Ough, 1976a

1 <0.3 Zimmerli et al., 1986

12 n.d. n.d.-3 Canas et al., 1989

9 <1 Dennis et al., 1989
Cheese 15 n.d. n.d. Canas et al., 1989

19 <5 <5-6 Dennis et al., 1989
Apple-vinegar 1 3.3 Zimmerli et al., 1986
Wine vingar 6 8.8 4-26 Diackento et al., 1988
Cider 8 n.d. n.d.-3 Canas et al., 1989
Olives 1 1l Ough, 1976a
Sauerkraut 1 0.3 Zimmerli et al., 1986
Soy sause 1 4.4 Ough, 1976a

6 14 n.d.-46 Canas et al., 1989

20 7.2 n.d.-35.2¢ Matsudo et al., 1993

6 6.1 n.d.-14.8¢ Matsudo et al., 1993
Orange juice 1| 1.6 1.5 Ough, 1976
Tea 6 n.d. n.d. Canas et al., 1989

* Extraction under acidic(1N hydrochloric acid) condition.

b n.d., not detected.
¢ Collected from market in Japan
¢ Collected from market in U. S. A

1985'd o]Fo] EC BAol| t& thakdt d+ 2
H7h BT b e g5g SRV BEAF
AqMe] BY A2= EFAIt. Mackenzie T
(1990)& scotch whiskeyol|A] cyanide, copper
cyanide, complex anions, lactonitrile, cyanate &
o] ATt Bt on], Ough(1986)= =
ZFo| A urea, cyanate, A|EE#, carbamyl phos-
phate7} &g} ¥g3te ECE AT &
13Tk 2F arginased] 4% of27]de] 3

AHEQl ureas FRE AFA OB, S bayanus7}
S. cerevisiae BT} A& o] EC AFAE AT
otz H 3t th(Ough, 1988b). Wine, sake, bread=
e Aee Fol BCAFl 24 F7HeTn B
23+ = (Ough 5, 1988a).

139 A% R ofz27)de ECHAd
2l Qe FA Fton, ureat ¢ A(3.
5-7.8ppm) EH5l0] Slo] ECHAS lvigle
e FAs SUAT A EEUL ECo T A
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[A (r=0.933)8 24gon 719 Atz ECAA
Fo] =& ABTAA (r=0.998)8 HPch LFEA
717 @& 7HAs LaAR e 42 107, 5
A XS W 2aAZ] e EC#3Fol 9
=/ Jveitzn stgch(Fauhl %, 1993).

g EC¥A A= F shve BEAZ F7t
He dEgEFE 490 3t (Hasega-
wa 3, 1990), o|¢} dX|3e A=A 7139 of
Be 558 5% 2 ©E F 40T, AFE o A
A5t e o EC BA4Fo| Frbdrct Fr1sidch
(Fauhl %5, 1993).

4. AL A=

EC:= 433 AWdA vinyl carbamate® thA}
= & epoxidation® A3 DNA, RNA adductZ
Y Ast=d, DNA adducts S olde e
otz Woixich A2 mouse, rato] ECE FY3}
9<¢ v DNA adductq]l 7-(2-oxoethyl)-gua-
nineo] HAEAUTkm dt¥EcH(Miller and Miller
1983).

ECe Fg target7]®& H, 7+, 54 (Mirvish,
1968; Schmahl et al., 1977) o], 2}tAYxZ=E, 3
254, %S, 298 3Y = €27 “mul
tipotential” @}t o]t} (Mirvish, 1968).

T F, 71, A% SAld "= 2 fEjAdol
tt2th(Mirvish, 1968). 7t elojd F oA <&
oz HZFkgd 100mg ECE FU3t9 S o 80
-100%7} #HF o] LAsHen, AAg FHAA
£ "o ECE FU3E « A7 100% 7} 6
Mo #ge] fFEEActn sFcH(Mirvish,
1968). ECEZ A 9 moused! A/J, C3H,
C57BLAIAl #HFkeF 100mg ECE E7} o] FA}
e W 24FF A DA E&o] 42 94 %, 6%,
13% 2t 223l ch(Allen &, 1986). Ejolt]
1F4= 5%9] mouse A, C, C3, AC3, CC39A|
A% kg? 300mg ECE F3ld] & ¥ F4%

male 403, female2 653 Fo| A¥3 Z},
&% dAYEo] maled] BF$ Ae 74% Ce 40
%, C3, AC3, CC3= =5 100% ¥ o9, female
o AL AE 25%, C= 22%, C3, AC3, CC3=
2% 100% 2 F3 4] g} 2 f4do] o=
A Yyelgttn & (Dragani §, 1991).

olg} & tFd Fol T A7tAl ¥, &
A Fge AY A2 ECE AT 2¢EA
2 24 5 Uty 5T £ Ut

5.4 Al A

19723 Ferdral Food, Drug and Cosmetic Act
£ gruo}e} whgstel ECE 44sHs DEDCY
A& FA153HH(Canas &, 1989).

1985 7yt BA7|FE yeast YYEOE Q
A2E A7t HaAIE EEFY FFF 1F
=9 EC7h EA@tn 2E® ¥ %3¢ 280
Bheke 220 A4 FASL, 2L &Rl
@ ECE=& TFASNT 2 yéd ¢=2e §
o]l  14%0°]3}] table _wines2 ECHEE
30ppb, ¢=-& §teFo| 14% o]A4tel dessert wines
(port, sherry)+= 100ppb, distilled spirits=
150ppb, fruits brandies®} liqueurs= 400ppb,
sake 200ppboldtz A&+ cH(Conacher %,
1987).

FDA+ 19873 Distilled Spirits Council of the
United States(DISCUS) 7} 1989 o] 3 o] AALE]
= 92719 ECEEE 125ppbE ZAA]7|Ate
AHSTFAIFS wolEHon, 1988 d Wine Insti-
tute and American Association of Vintners7} #|
Udet AETFAR”E ol EQCE I WES BH
1988 A FEH= ¢IE FEIF 14% ©|3
table winese] ECEHXE 15ppbojstz WFF1,
19899 FEAFEHE ¢2E FE7F U% o8
dessert wines®] ECEE=E 60ppb2 W59, 1995
FEIFE L table wines®] 1%%o] ECHEE7G
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25ppbold T3 Y= 72AA7)1L, dessert wines
o] 1%%to] Pppbol e FF=F ZAA 71 AT
1 83 tH(Diachenko 5, 1992).

Califonia’s Proposition 65= 2 $&o] gie
(no significant risk) EC9] 3% AdHZFE 0.7ug
o2t & th(Zimmerli and Schlatter, 1991).

Schlatter(1990)+= = E7t#] ECd| thd FE4
de F3ste ECo F3 7]# FoldE 7|22
ato] QA A3 100%HE F o] Fgo] &
HE & e Az 4, F 4dFoz 4AE
(virtually safe dose)3tF A FE AFkeT 20
-80ngolgtn B3 3t

6. % & 2

ECo) Bz, A4 A=, T8, A} 2=, 7
Ao dated ZreFaiA AWETh ECAAE o
Agts WMo gE= g AR F A (urease)E o]
so] 48 Fole W, BY Faol HArlss
DEDCs| AHg-g A8t ECE AA4se] &
B9 AstetEe 21e Hahe Wy, AR ¢
& ERE olgs: W So ATHL AT,
o}z A4 71Zro] BAE B @ton] A
X 24 8o 443 wAd ol2x Ram 3
t}.

FulgepzAld osta B2le) 8% A F
SR ERANR, 2, 2, 1323, ALH, @
Z)o] z}pA|3t= v]Lo| 13.7%(87d), 15.1%(90
), 12.8%(91d), 13.8%(92d)olch(HAA}
5%, 1987, 90, 91, 92). X274 LEAES 5t
HE Z wuae) BajaEq olzrde] g
LEYHEQ oerge] e BnE It B
W, 2ue TEYEE EC7t 2AT 4 Aoz
#3284 do gy FYIAE $29 283
o tEste $2Zd B ECHAE Fsz, 5
AEd| g ECE TFAI817] Ysked ECol that o
we A3 A77) Ay sjojol & Aolth

FaEd

B AARS R (1987, 1990, 1991, 1992). =g F

ZAF BaA.
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