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Levels of ethyl carbamate, a potential carcinogen produced naturally during fermentation, in major
Korean fermented foods and some selected alcoholic beverages were determined by GC/MS/SIM,
and their average daily intake and excess cancer risk of Korean people were estimated. In GC/MS/
SIM analysis average 1.41, 19.44, 3.00 and 170.88 pg/kg of ethyl carbamates were detected in Bae-
chu kimchi, Japanese soy sauces, Soju and fruit brandy, respectively. The average and maximum
daily exposures to ethyl carbamate through major Korean fermented foods and alcoholic beverage
consumption were 9.42 and 35.75 ng/kg bw/day for Korean female aged 20-64 years, and 12.73 and
48.87 ng/kg bw/day for Korean male respectively, which were mainly contributed by Baechu kim-
chi, Japanese soy sauces, Soju and fruit brandy. The average and maximum excess cancer risks
were 4.7x107 and 1.8 x 10 for Korean female, and 6.4 x 10”7 and 2.4 x 10° for Korean male.
Therefore, the industries related to fermented foods and alcoholic beverages need to make an effort
to reduce the amount of ethyl carbamate in their products.
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Ethyl carbamate(urethane, NH,COOCH,CH; CAS No. 51-79-
6)= carbamic acid®] ethyl ester= IARC(International Agency
for Research on CancerllXi= QI7HlA] 918 dod 71sAdo]
Ae EF Group 2Be] HMEAEZ EH3HL ATHD Ethyl
carbamate”’} WAME = Zolls F 7] oh& ZBE7F 5L 2A
9] 90% ©l’d& AA|sk= A2 microsomal esterase®} amidase
of] o]z ethyl carbamate?} ollghe, $ELo}, o|itstEAZ
£ Zeolth E o AR AEIE P450 2E1S 53K ethyl
carbamate”} 2-hydroxyethyl carbamate7} ¥ 3L ©]Z2 N-
hydroxyethyl carbamateS} vinyl carbamateZ 3= Zlo|t}.
o5 AFAIFE AA i A WS vepe A
o2 H7HEE vinyl carbamate epoxide® A2 WHEHTH?
228122 ethyl carbamate= FWell F55¢] vinyl carbamate=
A} RlEAL epoxide® A% DNA 2 RNA ZEA9} adduct
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& 45l ANEZE A de e #), A E 3
7 DNAd #hgste] EAulelE dodle o IR 2H&a)
7% 5, & 2AdMe TR FXAEE 285t
Ethyl carbamate®] 24 2 DNA adduct 34l Izt vAY
22 A7 =FolAM Sakano 52 ethyl carbamate®] thAME
A2 N-hydroxyurethane2 Cu(ll)-mediate DNA £/¢2 7F4
21 B3] Eopla} AEAl 7oA Fo] yebdtia 3kt

o]2]3t ethyl carbamate 2]FAJEL] UZL &g Fol A
Hhlsle o2 dEA At OughVsd Parkdtt Lee’= EE=F
oA urea, cyanate, A|EE%, carbamyl phosphate’} o&-23}
Hh3-3teq ethyl carbamateE A/dTIaL STt 1 5 arginase
o 9Jgt olZ7de] HAMNER] urear T8 APARE B
319 TE Tonon®t Lonvaud-Funel®e] A-fellM = gfelolA] -
A== Lactobacillus hilgardizt 941 F5-3HA =] 2l
£ o}=7|d& arginine deaminase(AD]) AEEZ Eg Haflsk=
o, Z 3 HA AN A EE-C] FAFHo AAHoR
ethanols} HFS3)A] ethyl carbamate’t FAET B EU)
3 o2 7)de] lactic acid bacteria®] 2]8] ADI A=) ulet
BaEm gryol, @ 2UEl, ATP, carbamyl phosphate, A|E
A2 FAslA Hed carbamyl’]|E 7FAS  carbamyl
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phosphate™ carbamate®] 77} € 4= Aok BAEACED
a#2g o] B AE Y54 Bolde AR 53] 84
T A 3R] 2aAHE AXEA vBE Akl <JsiA
Hslsle] Azivks Zlo] vl Rieln, F2 TEAFEU
W QFEE X2, I X8 HES 74 ¢, 283
o} g AFE] B Yol e ZeE welA
t}312 ojol] wld} California Proposition 65041+ ethyl carbamate
9] ‘NSRL(no significant risk level’S 0.7 pg/day= 1733+
dAPHZe] 2 o5y} H=F st Jrk

&, Eugelde BaEAE 2 FFY Avgo] ol
ethyl carbamatec] 2|3t FFo] & ZA0 2 S o] LFAF
A1) ethyl carbamate X743t =8 2 HFAFE YoM
ethyl carbamate ¥ 74 52 e} Tog Zoz A7ty
U 3R o] ethyl carbamatec] =ZEE o] e A== AA
oz meotrlo) A @ Agelth webA & AelMe
FR2ge] 91% oS ARk 1000 F thAH] 2F F,
FFHE ¥ A AE 9 ethyl carbamate TS 45}
ethyl carbamatecl] ThE+ LA QA =& AL ez
H7¥51] ethyl carbamatecl] Thet FAFH 712AEE AT
stz st

e %y

ABSFY. FNHGE 91% o1S ASk= 1000 7 ok
aH) AF F9 ethyl carbamateZt WASIA AS Aoz A
= AE@AA 57, AF 55, LERAFE 3T, R B 2
9] 100t) =Y thAM] AFolle EFFHA ROV ethyl
carbamate?] F&Fo] T& AoE HIHI Jle TR 455 A
et 7k FEA oM AR Hfrg 39 90% o1dE AR

Table 1. Collected samples and their daily intakes by adults (g/day)

she AES Y FFEsT AXFe 8] A Al
ot Frlshe 29 FF B 2 sigHlEe] tE7] b
Ag, A, tid, o7, F4 2] ol Bl Al
AN NBAEE R wiEAXe] Ay, AR '
2 gl AEF 7 NG AR U o] FES 2t
7} Y 81 F 4o AlEE BT FHE AE
FE Table 19 FEAEIITH

Alge] AAj2]el EFL9. GOMS A& A% Alge A4
#£ Mastudo &,'¥ Hasegawa 5,'® Canas 5,” Koh®} Kwon,”
Kim 59 wel] w2t 3488 sl TqsIich

FHE 54T ¥432 FHE AN fEl FREE ¢
& FFE S%E BHASITE 2 AlF 50gE 250mell 30g
9] NaCle 37iste] Zghgdo] H=g 83| &3] &
dichloromethane 75 mi& 718k 127 oAl EF3IEH. o]
£AE 2000xgolA AR F& FEskTh
DichloromethaneZ-S H¥lo 2 3t & FFINIEF 40 g8
A7}sle filter paper(whatman No.)E AHE-3te] 500 ml
evaporator flask ¢te 2 o315t} olefst FE2HHE 33 wt
235199t} Dichloromethane S50l ethyl acetate 3 miE 7t
L FFo]l 1mPt H=E 7 sl 28°ColM FEaHAT
o] IAojA dichloromethane® 3] A= FZHL ethyl
carbamate®] £418 F0)7] gl 3] AxRHA FA 5
A Zth o] £Ng 2ml vial§ell &7 EekIe] "ol e
E2NE 1mo) ethyl acetateE 370 & EF3, 2 WE
gas chromatographyll 93t #2815t

AAG AR A AE E4S 9 1 AR 20gE F
Fr2 #2435 3, T%9Y cthyl acetateZ 718l 187 2
Witk YR (2,000 x 9 F2 B8 &, ethyl acetate
L 3o FFEFAUEF 40gS H7HE filter paper

Number of collected

Daily consumption (min.-max. (mean))

Food items b
rands Female Male

Baechu kimchi 14 80.0-109.1 (102.7) 106.0-128.1 (120.0)
Kkakdugi 2 9.3-11.2 (10.3) 14.6-20.0 (17.3)
Chonggak kimchi 11 5.0-12.4 (9.8) 5.6-10.0 (8.1)
Nabak kimchi 1 6.4-12.4 (9.1) 3.9-11.0 (7.6)
Dongchimi 7 2.5-49(3.8) 1.5-6.4 (3.8)
Japanese soy sauce 7 5.8-15.4 (10.1) 7.3-16.1 (11.6)
Traditional soy sauce 4 4.1-5.0 (4.6) 5.3-6.4(5.9)
Doenjang 12 3.0-4.8 (4.0) 4.8-7.4 (6.5)
Ssamjang 4 1.3-1.8(1.5) 1.6-2.9(2.2)
Gochujang 7 1.2-1.8(1.6) 1.4-2.4(1.8)
Plain yoghurt 19 5.4-5.8(5.6) 3.4-6.7(5.1)
Liquid yoghurt 11 1.4-4.2 (2.6) 1.2-2.0(1.6)
Processed cheese 9 0.1-0.5(0.4) 0.2-0.5(04)
Beer 6 5.4-33.8 (22.7) 17.7-80.6 (54.0)
Soju 7 7.7-9.8 (8.5) 37.6-57.9 (50.1)
Takju 7 0.0-8.0(3.1) 6.6-20.6 (12.2)
Fruit brandy 7 0.0-0.1 (0.1) 0.3-0.9 (0.7)
Whisky 5 0.3-1.1 (0.5) 0.1-1.1 (0.5)
Cheongju 5 0.1-0.6 (0.4) 0.4-0.7 (0.6)
Wine 3 0.1-0.4 (0.3) 0.0-0.9(0.4)
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(whatman No. 1)Z AME-3}d 500 m/ evaporator flask QHO=
o3kt o)2lst FE2AS 33] wHEel ). Ethyl acetate
F29g 10mrt HES A stel 28°ColA  rotary
evaporatorZ F&% 3, celite 15g& #H718I T Ethyl
carbamate T B84 4F0, FESUERSR FX19
glass column(3 x 40 cm)S methylene chloride 150 miZ 24|
Ztt 282 29 celite AEE | mP} HEE 7Y SRIA]
FTE2AAL o] £AS 2m/ vial ol {71 EtATd ol
NE FEAYL ethyl acetate 1 miZ P70 2 3, 2 Ws
gas chromatographyoll F¢)st ¥A3dtt. 7=} 2E fA
o] 42 ethyl acetate FERHE AL A A5 &
Az FUsH AES HABIATE X|Z= Sep-Pak florisil
cartridge(Water Associate, Milford, MA, USA)Z. A|H-S A|A
g, A At FUs Wyog At

B o] AM-EE ¥FEA ethyl carbamate(Sigma, USAy=
ethyl acetateS 42 3lo] EFANL ZABT BA ethyl
carbamate 100 mg2 ethyl acetate®l] 831414 1,000 ppms] X
TN ZAG F o] SAHE WAME 43l 7} FEHE
FAE g scan mode’dell A ethyl carbamate A& 1 %,
Aol ARg-sisiTh

GC/MS/SIM #4. Ethyl carbamate £4-& Ma F'93}
Lachenmeier 5'72] #hel] w2} Agilent 6890 Gas Chromatography/
5973N Mass Spectrometer(Agilent Technologies, Palo Alto,
CA, USA)E ol&3dtd 7k Al 7 33] vk 3315tk GC
EHEAE o3 2o, 4 ZE DB-INNOWAX capillary
column(30 m x 0.25 mm LD., 0.25um film thickness)S A}-&
AL 2 7kaE ¥F 0.7 m/min® FECE EEFUTH
A7 2w 80°CAAM 187 fAIE Ty 5°C/mineE 523
o 120°CeIM 1587 FAIAZ 5, TRA] 20°C/minZE 250°C7F
2 £t 223 injectors 25°CHTH MSEAMR7AoE o]
3pkale 200°C, ©]23} oURe= 70 eVE A 3to]-23Heletron
impact)f-& ARl SIMEEER mAe 62, 74, 898 AH)5)
A, miz 62, 74, 8% EFH peaks: ethyl carbamateZ 7+
F3ltt. BE ke miz 62914 ol FARIT

dd =& A WUk 99 =2 E HEi Hoke
TH 2 UEAF9 HF7F 2o} ethyl carbamateo] T3 =&
HErl 58 202 o&HE 204 o) 644 olske] JuiE
ooz gt $3E AE-S 53 ethyl carbamate Y
d HFHFAFEEHS 4 A9 ethyl carbamate$raa =+
NAZGGZAA 9] 7 Al 5o dAAFoZRE e W
A& o] &3t Attt

Human exposure (ng/kg/ bw/day)= Z (Cix CRi/BW)
i=1

Ci= i 21E9) ethyl carbamate®3(pgkg), CRA= i A)E¢]
UA4 3 2 (g/day)el™], BWe IFREAATL 2001 73
W) EHE A2 204 o) 644 ol3 e HaEAF(d:
66kg, &: 54kgolth n2 BAME 2EAFO] Folr},

Ethyl carbamate= o] RFFEH2A] olm] EEo) thgh &
o 1840l ERIEe] Jerg sl Hrke EdeEis

(excess cacer risk)E Sk ZoZ P3Pt A7EA
ethyl carbamate®] 21X =Z3-E4XRM)= ok WalA A &
k. 28y 0.0001% 2R7FsdE 9vlshs VSD(virtually
safe dose)7} Schlatters} Luts?ell &JaiA] FAH =AU 159
rat, mice, rabbite ©]4-5Kq ethyl carbamate®] A2 B3l
R4 virtually safe dose(VSD)E 20-80 ngkg bw/dayZ 1+
ep3ict. olo)] wel B AFeM= ethyl carbamated] 7FF 91
748 522] VSD?! 20 ng/kg bw/days} HeFEAJol g HAagut
FAE 71EE 109092 o o] 2oxje} Zo] ety
(cancer potency, Q1¥)& AFE3Ision 1 Q1gks ol83ld o
£ Aoz Fyle] FIIRMIESE AEsIsith

10°%=Q1* x ¥SD (--)QI1*=5x 107 pg/kg bw/day
Excess cancer risk=Q1* x Human exposure

Za 5! nE

224 4F<] ethyl carbamate 3. GC/MSZE ethyl carbamate
g B3P Ssle Qo AARFAL EEEe] F=E A
Al R}gEel 0999 ©1’3& e ST Propyl carbamate S
internal standard2 3l Z+ A|59] 348 B4 A, FA
T 72%, B 82%, WERAE 5%, A= 83%, 21 84%,
I 92%Y I8 BT IAAE, 53] A Tk
e 3eES BHon olgjdt Ak B A7TP0A 9
ethyl carbamate ¥-41A3e} FARGE 2102 UERdT) A5 &
=l X ARFe AN AufEe AXFE A
2, 2471, 43R, A0, YR 55HE st o
Zoll grHo] e ethyl carbamate TS X3 A4S
Table 2] VeRNRich EA]0]e] 79, ethyl carbamate’} 73&

Table 2. Amounts of ethyl carbamate present in collected samples

Ethyl carbamate content (pug/kg)

Food items (min.-max. (mean £ SD))
Baechu kimchi 0.12-4.26 (141£1.51)
Kkakdugi 0.00-0.34 (0.17+£0.24)
Chonggak kimchi 0.00-2.17 (0.72+0.79)
Nabak kimchi trace trace
Dongchimi 0.00-0.06 (0.01 £0.02)
Japanese soy sauce 3.60-58.90 (19.44 £20.30)
Traditional soy sauce 1.40-49.20 (16.69+£21.91)
Doenjang 0.00-3.76 (1.06 + 1.22)
Ssamjang 0.00-1.00 (0.46+0.48)
Gochujang 0.00-1.10 (0.56 +£0.48)
Plain yoghurt 0.00-0.33 (0.10£0.12)
Liquid yoghurt 0.00-0.14 (0.02+0.04)
Processed cheese 0.00-0.18 (0.08 + 0.06)
Beer 0.51-0.77 (0.50+0.11)
Soju 0.83-10.10 (3.00+£3.27)
Takju 0.40-0.93 (0.60+0.17)
Fruit brandy 3.48-689.87 (170.88 % 245.84)
Whisky 13.85-30.00 (20.08 = 7.64)
Cheongju 8.42-30.30 (20.19£9.44)
Wine 1.67-11.70 (5.23+£5.61)
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B AERT ASER] &S A9 47 ¢ Bgken JEiA|
) 7%, ethyl carbamateS 79} TR 2> A= ekt
th, ¥iSAR e HE ethyl carbamate FF°] 141 pgkg 2
A 7FE e TS eI, AR Sl AU H (Table
el 7Hg ©7] wjigol] F=lo} tEh ethyl carbamate =&
o QoA HlZA EHL J|oEE HY ZoZ AT o
4 ethyl carbamate®] e Kim T AFjHtie thi
ko gholn} Kot Kwon'"9| Adehs fARE ZA3folh. 1
v EARIA S AR 7k} Zole F3lo] UEhA
ookl Koot Kwon'”9] AZH7te] w& F X ethyl
carbamate =X FAol|A, A7 vHTRESY] 739 EF 1 ugkg
o]3ke] ethyl carbamate S VFERA WFA 1-5 pgkg7tA 9
ethyl carbamate £XE YellE A BT AZS A7
Aoz yehd Aoz nysgch o] A#AE & A7 vl
3 & o, Azo] uxd go] o7t viFAX A e T/
o] XA EHT} HL& ethyl carbamate TFS VERR Z} 4
%% AFgty @ F Uk ol WEAFE Wl ethyl
carbamate’} BAE7) Y814 argininest 2 opn|=Ato]
Q3}7) o] Aol o]dt ojmielte] FE3] FHH
7ol Aog sdn B A4 AALTF ethyl
carbamate?] HE7t B AES BAth webA AAe Ay
ethyl carbamate®] Aol o HA7i=Ele A7 I =4 =
A 2 717ke] 23 Aol AztE.

N7t Q7o wWl$- =& ethyl carbamate’t ZHEH
o] 7H4Fol that ethyl carbamate #1748} A77F BAFHE Al
Areiginh. 53] 7089 744, AXde gy Lol AT
%7 Wi o FeAe g AT ez AgztErh
Matsudo $2& 7Hg9]l dAe Aol ®lEste  ethyl
carbamate®] o] Z71sicks B35t} Chungst Kwon™
& 7¥e] £4371700l W} ethyl carbamate®] 557t S7Fhs
e Uehlin] 95WFe] A & 9T wen o
Ay, o] AL Foulke?®?] EEF9] ethyl carbamate$Hd-S
By] QA Eerte] AAm|Fo AR-S dABlHol e
27t Segsa ok 2 8, 99 F%, pH, B8 AL 5
F 7re 7HAAZ 2L ethyl carbamates}e] AFTIAIE ot
B 5 gt snho 293, 2, 13 v B2 ethyl
carbamate IFS BT FFLEFEF=RHT)R A 28
G 2 xR Yo vh$ 2L ethyl carbamate TEFE LEH
oy Canas 579 Ao} AgHE 3.

F50 QoA ethyl carbamate®] T 2174-S AT At
WEAERT the 58 AT HATh B2 €32E Tl
ethyl carbamate 243 £ 2A& A|FsIAW Zo2 54
o}, AF9] A9 ethyl carbamate?] o] €F FEol Hl|s}
o] e HL oot AFe wet 2 2 AF el
NE the Hxpl 2 Holth dA| 7+ AN E F
Ast FAYAZIJAZSE FHL TRl gAY &FE 4
2Vl Itk o} 7o) FAUd FPo g JIFE AFES] ethyl
carbamate o] THE AL 2F7by 2 Al ot
ethyl carbamate A34Jo] G W AL onjstmz AzAle]
o) o8] &F9] ethyl carbamate o] ZAE U A

oz yzdng, "o gy FEY HE ethyl
carbamate”} FAYSHA] gk FoZ et B Aol £
¥ W3] cthyl carbamate 3 Canas $7°] BALgh 0.1-3.5
pgkest Dennis 5290] B23 0.1-1.1 pgkghth thh ¥ gt
< Bo} 7 wel] X HUF, 53] njAFoiME
Ads] =2 3R] ethyl carbamate(3.48-689.87 ugkgy’t A&
At 2y olof 7k HAFe] FLE ethyl carbamate TF
& gukAel Ao F Foulke®s FHAFNA 1,200 pgkgd)
ethyl carbamate 228 R7% ul= v} Boulton e 2]}
olZFE T3 7he e Hoto] FHUFo Az Ale &9
HA GEE Asl, o] EilE A9l ASlM I3
Q1 gshurgo= <ls) e B ethyl carbamate”} AJAJETHL
B3tk 9)27)9-E Canas 573 Dennis 5290 B35
50, 44 pg/kgth thh B2 a1 13.85-30.00 pg/kgel ethyl
carbamate”} ZHAEEATE. FFolA e YL Fgo] HlKT o
QA BT} Tha F& o] 842-30.30 pgke?’t HEHUL
U A2 A5 sake (300 pgkg)Rthe B W2 Tl
T} 9ile] ZA9olE 1.67-11.70 ugkee] ethyl carbamate 3
2o Bgow o] F, I oI FHage] PE W2 Ze=
ERTE. 9401 W9 ethyl carbamate TR 19873 13 ppb,
1991 10 ppb= AZPRIE] =FHo g A} HolAL Sl
Aol et

Ethyl carbamated] i@ 19 QA x=&F 717 - &
ZARS B8al] 24 HaAE 9 TR 4 1Y AT
S Table 191 UERAUTE Table 18] AFFFA3FTH A
23S Table 29 W ethyl carbamate Tt Ho) Fregel
Z¥zt Fate] zH 21Ed) o8l 19 =Z== ethyl carbamate 3
%3 AT Table 391 VERASIch 223 2zh HFe] 9
3] x=ZEE ethyl carbamate®] ¥ BF et & =ETF o
g Ao et e AT =E2HT A B 2 2
7, 49 A4 A, 19 HF 508.7ng/day, HH 1,930.5
ng/day ©|5t9] ethyl carbamateZ AF3k= A2 VERLT, 4
ol el ZALole 19 HF 840.0ng/day, ] 3,2253ng/
day ©]319] ethyl carbamate® AFHshs Zo= Yesdtt. o]
A& California proposition 6514 #|A]gk NSRL(no significant
risk levels)¥1 0.7 pg/day = 700 ng/days} ¥lmsl] B of, &
& k9] ethyl carbamate® 33 AFS Bl AFleke 4
A ethyl carbamateZ} A7Hde] EAE oW1d 7FsAel S
o1} PFH ethyl carbamateZ T3 AES HFH o= 4
3 oJAge] Bpolle AL FIFE VAR @ s B
AFct 2y @49 Agle oy A-edte] ol
3 ethyl carbamate TS AW 2ES FFAU Fo&2 A
3 73%-(840.0 ng/day)d A Bt HISHA] B2 A= UElk
th. 22} Schiatters} Luts?ol] 2Jsid 44 78 9zHe &
B9 VSD(virtually safe dose)=20 ng/kg bw/day®t H]L3I3-S
o= i 23], e %) ethyl carbamates T3 AES
2o] Q38 #-$(ed: 35.75 ngkg bw/day, & 48.87 ngkg bw/
day)ll & ethyl carbamate”} 777d<] ¥AE o718 7570l
Aot HFF| ethyl carbamateE FHSH 21ES HHHLoE
A8 79-(d: 942 ngkg bw/day, F: 12.73 ng/kg bw/day)°l]
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Table 3. Human exposure to ethyl carbamate by consumption of
collected samples (ng/day)

Exposure (min.-max. (mean))

Food items
Female Male
Baechu kimchi 9.6-464.8 (144.8) 12.7-545.7 (169.2)
Kkakdugi 0.0-3.8(1.8) 0.0-6.8 (2.9)
Chonggak kimchi 0.0-26.9 (7.1) 0.0-21.7 (5.8)
Nabak kimchi trace trace
Dongchimi 0.0-0.3 (0.0) 0.0-0.4 (0.0)

20.9-907.1 (196.3)
5.7-246.0 (76.8)

26.3-948.3 (225.5)
7.4-314.9 (98.5)

Japanese soy sauce
Traditional soy sauce

Doenjang 0.0-18.0 (4.2) 0.0-27.8 (6.9)
Ssamjang 0.0-1.8(0.7) 0.0-29(1.0)
Gochujang 0.0-2.0 (0.9) 0.0-2.6 (1.0)
Plain yoghurt 0.0-1.9 (0.6) 0.0-2.2 (0.5)
Liquid yoghurt 0.0-0.6 (0.1) 0.0-0.3 (0.0)
Processed cheese 0.0-0.1 (0.0) 0.0-0.1 (0.0)
Beer 2.8-26.0 (11.4) 9.0-62.1 (27.0)
Soju 6.4-99.0 (25.5) 31.2-584.8 (150.3)
Takju 0.0-7.4 (1.9) 2.64-19.2 (1.3)
Fruit brandy 0.0-69.0 (17.1) 1.0-620.9 (119.6)
Whisky 4.2-33.0 (10.0) 1.4-33.0 (10.0)
Cheongju 0.8-18.2 (8.1) 34-21.2 (12.1)
Wine 0.2-4.7 (1.6) 0.0-10.5 (2.1)
Total exposure 50.5-1,930.5 (508.7)  95.1-3,225.3 (840.0)
“fl’éﬁ?x;lfgeggv‘jgzy) 094-3575(9.42)  1.44-48.87 (12.73)

T QAT YIS VAR e ALE AU F, ZF 4
Zol| Yol HFE] ethyl carbamateZ 73 AEFSS =7
A7l g Y3lIA Pt HAFHET 953 B ethyl
carbamateZ FHTEF R AFE0] FUAR HE U s
o] Sdvke Aot} A7 3 ethyl carbamate FH-g A
ASHAE A9, 1 HA| ethyl carbamate AF 3] zHzt 386
I 26.8%Z xPA8H] ethyl carbamate =0 7P} B A3k
2 vlRle AFolt. 28y FHu] ethyl carbamate TS A€
B9E Zol= 9 AHA ethyl carbamate 432 zHzt
47.03 294%E A . olw Ha ] ethyl
carbamate T 19.44 pgkgelvt T2 AF2] Z-5ol= ethyl
carbamate @] 53] o} 58.90 pugkedll E51917] wiEolth
T8 B2g o]} 7ho] ethyl carbamate To] £ AJEo] 2|
2 ] 22 AR 8 BE HEQ] ethyl carbamate T
S A ¢ Avkd AA] I ethyl carbamated]] DI =

3 S 5L AT F JA Bk

W =2F0EA AU HA| =&F] F HHE &
Qe VA= AF2 v ot 20.1%, & 28.5%). Bl
F732)9] ethyl carbamate F3 Ha 141, A 4.26 ngke

2 A e e bt ABUAWCE: 120 gday, o
1027 giday)e] B7) mhzel] BA @) tha lEst B
Aoz welth. 223 Al 7o A 7HEsl Anleks
A7t o) wgel FAel 8 wEARC] T ethyl
carbamate =% %] AREE olelg AoZ W} B =
ST(1503 ng/day)O2 MGk T 42 PR A WA 2

FES v AEL 511 ZAoZ Vet Jeu Hd =
Z3(584.8 ng/day)o 2 FEABIH wiFAAEOE =Fgo] T
2 Aoz yepdth &5 =S A ek 7Ho] ethyl
carbamate®] FFo] = Ao} AT oz Hdf Tl =
by wEel AoE BEAMHC) H|E 4F9] ethyl carbamate
o] Hsd 432 g 7R B FR vk =3
oront Flel ol B AFo|nE 7] 7ot 7
o] ethyl carbamate®] ¥Fo] HFAHET} Y538 ¥ Lge
AEF2] ZAgolls AAAHA T Z2 FAE ethyl carbamate
HES X et e FeE Btk gy 94X AF
g nje} o] 439 ethyl carbamate TFFE 72 B A
] Fldel o3 Akt 7Fsd AolEE QAIY =Y
o] Adsitt. AAF] Aol 4l P Hdl HHTo
0.9 g/day= ml-§- 22 Hol} Hu| &0 HLS wole
7] olo] T HAZ HA =23 & FIL VA= 4
Folt}. ole B} A& v|3] Y53 =& ethyl carbamate T
2H(689.87 ngkey i Eel Aoz AzbET vt S| 4
o] =2 TFZ JolME AL ARe|EE diFnjRiol
AlFsit ol fsldAe Al AAHQ AZE} =ol ¢
2 =lojo} & Zo|t}.

2 Eof| 2% ethyl carbamate?] $I314 B7L 2 dtoA
39 =28 H7), Schlatters} Luts™®e] 5E4AY oJ4xlg9
9|3t ethyl carbamate®] W& T el H7h= ethyl
carbamate?] Y AHU 20491 64x74A S =21 A
<l IS TR o 2IRIIEIEE FAlghe gy 3]
4e Hristact 2 A, 49 $ue] HaseeEEs
k2t 6.4 x 1070 & 6470 A 4.7 x 107, Hdl22pUgt
A 24 % 105 1.8x 10°2 Yelstt). HaFz3paeres)
T ethyl carbamate®] 9JEl/d0] 4lzkek] e82 202 Hrts
v A zIpdersize] Afodle g 38 TS
(Lifetime Risk)$! 1048 233l ethyl carbamate2] $I3i/3e]
E2 Z10= Hrid tso] £ 93 HWrke 1000] thaH]
AEFF dF AgE AETE YR St E48 HAFolm
2 3 9 A7 9 @9 o FEyA] LT ethyl
carbamate®] AL & Fold Aoz FEHHr) EI
Table 19] 19 FHAFAFS 72 vIEFAS] BAUES
FAIEE Zlo7] wiizel] S52F] 7-9-ol= ethyl carbamate®] 3L
ARzl E3ohar & 5 ok 2y HeEg vieh ol f3)
ol v AdEHE AL AzAULHEo)|BE ethyl
carbamate®] o] T2 AFE AFPANN Ao &
2oz olzjd A&e I35 5 3ok

olu] X B 7HFFo|X9] ethyl carbamate A3} A=
olfolz] glow, n= FDA9 Foulke®= wl=32} 7 4=d
A2 ethyl carbamate X743} =8 S8t 2 Aot Vel
U J&S Bk o9k 2 Az 975 Edz 9
AollA 222 AF WY ethyl carbamate FHE ZolHE =
o] FeHHoZ Fasl Yoo uies 27| #do
= Zaslth 19859 AUTRAVIFE GEZESE ethyl
carbamate?} EA T GRS & FEELR MU &
220] AME-S FA|BEL ethyl carbamate FEE AR 71ol=
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UL FrEol 14% ©]8
9] table wineS ethyl carbamate F=E 30 ppb, Y& §H¥F

2=

-

150 ppb, 32} liquers 400 ppb, sakee 200 ppb ©|3H2 T
A em® ulZ California®XE 1Y ethyl carbamate 433
S 0.7 pg/day ol3k2 & AL ARSI AT T ER 97
AEAME A ethyl carbamate 7SS HsIaL HQof
webde FAXE Agste] 7MY &A1 BUEHYL
Z #E davt ok

ok

=2
=

U oad] AEF AYgE F:F7F W HE Foll AR
e W FsEAQ ethyl carbamate®] 33 dIHFAH, =
B EE GCOMS/SIMEE BA st} viFAl], oizk
A ade FAF) zizt Ha 141, 1944, 3.00, 170.88 pgke
o] il e Aoz BAEUCk 20-644 348 A, =
) thiH| AZ3} FF0) oa) ethyl carbamate =EFE A
942 ngkg, A 35.75 ngkgoZ VERET, B3 A¢, B
12.73 ng/kg, Al 48.87 ngkgl 2 UERRLH ole FE ujS
AR, W7, aF, AGF) 3t Aoz WAk = A4
o] PRI E Hit 4.7x 107 ] 1.8x 107, P4 H
T 64x 107 HU 24x 1092 YsiAlo] Y& Aoz Hri=o]
2 EA9] ethyl carbamate A7} o] WQAg o2 A
e}
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