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ABSTRACT : 3-Monochloro-1,2-propanediol(3-MCPD) is currently being a matter of concern because of its
toxicity. 3-MCPD produced during the acid hydrolysis of soybean products has been reported to be
mutagenic, neurotoxic, nephrotoxic and spermatotoxic. Howeuver, the carcinogenicity of 3-MCPD is a contro-
versial issue over the past several decades. 3-MCPD characteristically showed a variety of toxicities in
reproductive system such as, decrease in sperm number and sperm motility, infertility, loss of sperm_func-
tion, and weight decrease in ovary. Due to the toxicity of 3-MCPD, exposure to 3-MCPD has been proposed
to be reduced to as low a level as technologically feastble. 3-MCPD can be detected in soy sauce or non-soy
sauce products. The legal limit for 3-MCPD this year has been suggested to be 20 ppb ( ug/kg) in the Euro-
pean Community. In Korea, the permissible level of 3-MCPD is expected to be 0.3 ppm. In this study, 3-
MCPD was toxicologically evaluated in terms of risk assessment in humans.
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3-Monochloro-1,2-propanediol(3-MCPD)> &F 3 X"
THE-F(choropropanolsyel] &3k HEHEARA A+
(18-S " F, defatted soy beans)® GAk(hydrochloric
acid) o2 7[pialste] 7HS v A oA A=
AREsl] A1 EA] s A (acid-hydrolysed vegetable protein,
acid HVP)?] dAlEAZ abelgvh(Velisek 5, 1978).

3-MCPD: =fjollA] 1985 89 2 19963 2%dof] whAY
g A9 HATHEe] AAEAERA A il ==
Yo o] FFE oA & duixl EAeld). &
3-MCPD7} AR Zha, Azpe] 715 7, #4154
U 55 FRAAIEE A7 LR dlEel] fele
o] Bl gt 7HAIE 3tsle] 7153t 71E el 3-
MCPDE gt £ & U373} TH0.02 mg/kg)(Euro-
pean Commission, 2001).

3-MCPDel| #J8F 7Hbg o) 2 =) 2 A= Ak
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3 ZBAIE HA A A== 3-MCPDY] AAE $
g 713 xHE 71-&e|AY, 3-MCPD7} A9 EirEe]
WA e k7 AlxMAlE Adshe Az}
SouiaL gl FAlolvt. S wel AmlEl= vehe o}
Ao} F7} Fel M= JE F=t 2= diut 52 FE 5
Ut dE M= AR 7] 3-MCPD Wizl o
(97%) 7P R AL e AAew, HRle oF
27 (80%) 152 7S Alxsta vk 23y, -+
Uk & k2713 (19%), SR 24T} ARE-3)
-5 £, 78%) 2813 A A A (3%)S] EEE
71 9le

FW2] 3-MCPD9] 3471FX1%= &4 1 ppm(1 mg/l)ll
A 0.3 ppm(0.3 mg/HO-2. 73 Ao 7 AmE T gIx|qk
g4 A4 He) QA B31%(0.02 mgkg) b= of
1507} & g5 "t dFolrAs 3-MCPD9] 12X
E 0.0l mgkgE FA37|= IEHFAC, 2000). ©] A%
e} Pax)e} vl o, 300 A=A zpe7) E 42
it

3-MCPDel| w8t A =23 TEA 22 WA 3sle




B, AVRS) 7] AZIES dRe) ASAH Y= A

= g Hilo] 2 Aoloh B QT oAl 84 =

& Qo7 k=l 3-MCPDS] FiAel A3t A A
QA $isig Bepieke AESTA B

jed

p o

IL 3-MCPD 2| 2t3{H 5S4, 442ty
H} b
=

3-MCPD(C,H,0,Cl, M.W. = 110.5, bp = 115~120°C, CAS
N0=96-24-02y= 9= DL-alpha-chlorohydrin =¥ chlo-
rohydrin® 2 B2]1r 9) 21}, chlorodeoxyglycerol, 3-chloro-
1,2-dihydroxypropane, 3-chloropropane-1,2-diol, 3-chloro-
propylene glycol, 1-chloro-2,3-propanediol, 1-chloro-2,3-
dihydroxy propane, 2,3-dihydroxy propyl chloride, epibloc,
glycerin-alpha-monochlorohydrin,  glycerol-alpha-mono-
chlorohydrin, glycerol chlorohydring- ©}eF3t o] 58 zkat

ARES 7 Al oA A== 3-MCPDE w59
715 A4l triglyceride®] glycerol(propanetriol) backbone
off B2 3742 AWl F 1~2709] APl GAke] 4
717} g o] Bhgell(Fig. 1). B3PHL2 110°ColAM
z2AE Sl FeM| Bl dAbkag) HREA171E (R,S)-
3-MCPD7} de{#1cH(Conant and Quayle, 1941). &1},
3-MCPD®] AAE- glycerols ZAK} W27 F G4k
I HRgAI7IHE, GA 2R HRSAIZS dKe 34 7}
& o}, =3}, glycerol 2o} trioleine] 3-MCPD A3Ade]]
oF 4] A= &7} EHCollier 5, 1991).

ARRs] 73 Alx2A] BE 3-MCPD@} 1.3-dichloropro-
pane-2-0l(1.3-DCPy} ¥4 AMAE 4= lvhFig. 1). 18
1}, 1.3-DCPS] AJA-& 3-MCPD7} @o] A2 o) 755}
o} ivshs, 3-MCPD7F Al o] 23t 1.3-DCP2] A+
E3lo)7] ot}

AR A M A== 540984 chloropro-
panobol| 431 3-MCPD % dichloropronoliol] 4-3h=
1.3-DCP, 28] chloropropanedioti7} 35 ez &
A}, AHLS HAA A hEelA e S22 T2 REFo
YAE-2 3-MCPD7} Al %29 2-chloro-1.3-propanediol,
1.3-dichloro-2-propanol(1.3-DCP) & 2.3-dichloro-1-proranol
59 A= ghEo)#th(Van Bergen 5, 1992). 3-MCPD
E M) AsiME HA 71899 ethylacetater} di-

CH2—O—FA CH2—Cl CH2—Cl!
| HCI ] |
—
CH—O0O—FA CH—OH (3—MCPD) + CH—OH(1.3—DCP)
| | |
CH2—0—FA CH2— OH CH2—C!

Fig. 1. Triglyceride2%-€] 3-MCPD ¥ 1.3-DCP2] A4} .

ethylether2. A]|82-E- %3 ¥ boronate =4S 1HSo]
GC/MSE FAsP, ZAE3H= 3T 0.005 ugkg =7t
A 7l vH(Crew and Brereton, 2001; Hamlet, 1998).
F| T QAT Mol 98k 3-MCPDE AREE 713 2ol =
Az} WS 92 7}935Pd (grilling, toasting) 0.1~0.3 pg/
kg7 AAE7= gk (Crew 5, 2001).

3-MCPD:= 1 9 Bdol S71] Hekst AEelA 4
ZET) odelA AlTEE 4009F2) 4 2 BHAE
< ¥A3 A3 3-MCPD7}F 3L 30 pg/kge] A&
=, 1 ugkgel 9A HAEHE AFEE ) A8H23%) 5
$ch(Macarthur, 2000). ©] 479 w72 24 {5=7}
o4 3-MCPD7} 12 mg/kgZHA &% AlE7F 9lgi7] o
TR g FFellA AlgtEE 2 9 = g
AE 307 & ) ABelM(16.7%) 1 mgkge) HE 3-
MCPD7} A& 9 ckJin 5, 2001). Y2 = AR 7}
Aol A A Fx3e] FF o] F7] wFel 3-MCPD
7} A9l AEHA 43 et 2l ] A Eel e
obA = AREs o] el AAMEE T gl AAYE
a2E o] HR] k2 9] 3-MCPD7} A& 4 Y& 7
L2 oAF3kaL it

III. 3-MCPD 2| CHAl X SMEE

3-MCPD9] WAl & dlAFd 2= Fig. 29} Zc}(Jones,
1975, 1978; Jones and O'Brien, 1980). 3-MCPD2] t)A}A|
% glycidol(2.3-epoxypropanol>- Ames testl]A] Ho]E
dogl= Aoz dEF o Zeiger 5, 1988), TEA1F
o] B-chloroactic acidel] &j8] SA-& L% 7oz
AFH L Sl

3-MCPD7} kAl e] 733t glycidol WA 2 A 3ts=
AL dtelg] ool €]s) A=+ halohydrin dehydrogenase
(HD)Z. <13}l carbon-halogen ZA3le] #olA|:= &4 (de-
halogenation)?H3 Follx dofrde}. o] HiAl H 2ol e
3l= vlel]z]o}= Arthrobacter % Corynebacterium® &
ZH(Slater, 1994). o] Fe], ZH-5EorME AL 73
27} B-chlorolactaldehydeol] 2]} B-chlorolactic acid 43
2 oxalic acidZ o]ei%1e}. FEA A =9 3-MCPD
o 213t 414 W J13ke] Aolli= welele]] oJs] A
2] ¢F= oxalic acidel] 2]3F 712 2|3 H(Olsen, 1993).
=3k, B-chlorolactaldehyde:™ glyceraldehyde-3-phosphate
dehydrogenase(G3PDH) & glycolysisol] el §4E
A= =}8-o] Qlck(Jones and Porter, 1995). W2br], E
e =X 3-MCPD7} ¥olE do7)1A] 4 4= ot
I E o olvt e, Tkl ZR-5E] A7) dleE]ele
ZAdse] debd glycidols 3433t S Yo
T olemg o] 7FEAE A wiAlg = glvh HT A
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HC ~_ cH”
| /O |
HC HC=0
Epichiorohydrin Glycidaldehyde
EH
CR2—Cl ADH | NAD+ CH2—-S—-G
Hi GST |
CH-OH ————————— ClI\ ——— CH—-OH
| GSH |
CH2— OH C]H - CH2—OH
3- CH2—OH S- (2. 3-dihydroxypropyl)
glutathione
ADH | AND+ Glycidol l
C2—Cl EH
NH2
CH—OH |
| CHz— SCH2CHCOOH
HC=0 CH2— OH
| CH-OH
B -Chlorotactaldehyde CH-OH |
CH2—-OH
CH2—OH
$-(2.3 dihydroxypropy!)
CH2—Cl CH3 Glycerol — Glycerol cysteine
| 3-phosphate
CH—OH —f—»CIiI—OH l NAT
O0=C-0H CH2—- OH CHO
| Mercaptur ic acid
B-Mlorolactic 1. 2-Propanediol CH—OH N-acetyi-S-(1, 2-dihydroxypropy|)
i systeine
CH2—OH 4
Glyceraidehyde Didydroxyacetone
O0=C—0OH phosphate
i + O l I s
O0=C—-0OH
Glyceraldehyde .. . I

Oxalic acid 3-phosphate

[S1-3-Chlorolactal dehyde,
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Fig. 2. 3-MCPD2| WiARd e} WA E. HD: Halohydrin dehydro-
genase, EH: Epoxide hydrolase, GST: Glutathione-S-transferase, NAT:
N-acetyltransferase, ADH: Alcohol dehydrogenase.

TFollA 3-MCPDE 5B (50 mgkg, A7)
G3PDHe] #43-& AxMRl ohah(85% 714, A1AH(31%
ZA), F-I8H35% A 2 2PHE9% el E Y
A 72 71= A2 FEE A Jelks and Miller, 2001).

E5EEA AAEE 3-MCPDS] 7+ A 5 B-
chlorolactone> B-chlorolactate® HAEE A A Ths
x| msle] AlZ ZI. w3t FHF AR
oxalate™ epididymal lumens S|jA]A AAFE d27]
7)% 8c}(Jones, 1983). 3-MCPDE (R,S)-3-MCPDS] &
AR R EA8P R)-A 2 (S)-A7F 50: 5022 FAIE
THFig. 3). F o|AAlE 7] o A EAS #

CF‘IZOH CIl:l'ZOH
C -~y C -y
H v l l/ OH HO v ‘ Il/ H
CH2CI CH2CI
(R)—3—MCPD (S)—3—-MCPD

Fig. 3. 3-MCPD®] 3leb4 7%,

I gle]l R)-oAE AFEAEE doF(Porter and
Jones, 1982), (S)-°1AdAl= 45 AR El= AR o
AvH(Jackson 5, 1977).

Tkl (R)-o)A3A] R (S)-o| A Eelste] Al AR
317] 93l (R,S)-3-MCPD EXAE ARS-3}ed AAEA o]
AP, ol (R)-o A 7] & 5 9w F
o} gafol] wet HAdo] vl2A viehd, AEFelAE ojx
zhgo] | fako] ZrE|m A AHAH SR Qe wikI|h
3} APl o]2A ®k(Poter and Jones, 1982).

3-MCPD% blood-brain barrier(BBB) ¥ blood-testis
barrier(BTB)YZ- £33t 4= 9).2v (Edwards -, 1975) A
o] Aol de] F2d 5 glet. 28+, 3-MCPDY L o
AR A E2Ael S Ak AT At gl
o}z] A3}t AE2E He}7|E o]Hoh(Crabo and Appelgren,
1972; Jones &5, 1978).

wjAdel] #A3 ATl 3-MCPDE A= E7hl F
o] 24417} Foll 30%7F CO, HANZ # WIoE wiEHI
8.5%+= 3-MCPD3 e} Z (Jones, 1978), 23%+= B-chlorolactate
FeE w3 Z3 v Dt Jones 5, 1978).

IV. 3-MCPD2| SMEE

3-MCPD2] ¥ubd A48 FAFA, £ite] Hx
e A, AAEAEY, 9AIG9A, 2391E H =3
), AREA, 2D AHFSA So] 3ok (Tables 1-3). AA]
FollA FASAC 23 AT LDy Wl 26~152 mg/
kg2 dejHH(Ericsson and Baker, 1970; Jones and
Fakhouri, 1979).

1. RHEY % Eetd

SHEA-L Ames test(in vitro)A dlF-2 oFAURS-S
2ot in viveellMe S438R-E vehich(Table 2).
o= ute|g|o}E o] 83t Ao FHFAS Ve iA
7 ZR5EME A5l veliAl gaS &lmlgie
g, kel Al 2 Ef-5Ee] lelg]olel] 2
Qe S FRAFAES 4o e 7L viAE 5
At

3-MCPD9] 315432 wle|zlole] oJ&) 3-MCPD2| &4
2k F AAEE glycidolell 71915PH, A& A (phase
1Y 0 &35S 238 9 S-9 mixe] &9} T3]
A WolPdAS e ALVHTA1535, TA100), S-9 mix &
sl Aat WHoldAdS ellE (TARKIETT 5ol
<& RofFS g 3-MCPDS} ARGl glycidol- TA100
2 TA1535 F5A1EeA 3-MCPDS] Ho] 539
of 1.5u o]Ate] E|= 7 2F FH7I=glvh(Stolzenberg and




Table 1. 3-MCPDS] 434

ki g Foea
1 mg/kg AR5 20%(albino rat, 10-12 days F<7) Helal(1982)
(oral) ZA| 73 bl 25t 2k
2.5 mg/kg =458 A 5} (rat, continuous FoJ) Erickson and Bennett(1971)
(oral)
5 mg/kg A5 H 2] 8 (rat, 14 days F9) Coppola(1969)
(oral)
5 mg/kg A Z8-5-AM (Han Wistar rat, 5 days $5]) Woods and Garside(1996)
(oral) A5}
5 mg/kg 35223 (boar, 15 days Fol) Crabo 5-(1979)
(oral)
5 mg/kg PR SFAFHT5% A Paz and Homonnai(1982)
(sc) (Wistar rat, 16 days §o7)
25 mg/kg 3 B3t g 3ol ~E=al &3} Lohika and Arya (1979)
(sc) (female rat, 30 days(d ) -5F1)
s, z}% FAZA, Sialic acid 7H4
90 mg/kg 3k “‘ 11819 acid phosphatase A3}, Sood and Majid(1987)
(ip) alkalme phosphatase A
(albino mice, single *r°‘] )
15 mg/kg X754 (AChE 9 A)) Kakaria and Sood(1985)
(ip) (male albino mice, 20-30 days $9)
50 mg/kg A173=2 (34 energy deprivation syndrome) Cavanagh and Nolan(1993)
(male Balb C mice, female Wistar rat, 5 days Fo9)
2 mg/mouse 1) =) H-E9F(): 3 times/wk, 580 days 3 Van Duuren $-(1974)
(skin) 501(0.1 m/ acetone), 100f(untreated), 50f(treated),
ICR/HA Swiss mice(6-8 wk old),
median survival time = 542 days
1 mg/mouse 2) I3-FF(-): Img/wk, 580 days F Van Duuren $(1974)
(sc) 50f(0.05 m/ vehicle tricaprylin), 100f(untreated),
ICR/HA Swiss mice,
median survival time = 487 days,
the local site-of-injection
sarcoma from (vehicle control)
30,60 mg/kg rat 3) T3 3} 9= 2 times/wk, 10555, Weisburger -(1981)
(gavage) 35, 70 mg/kg=- <3, 504 days 7o,

26m, 26f, 20 vehicle controls of each sex,
2yr I, Z9F(-) Charles River Sprague-Dawley rats

Table 2. 3-MCPD 2| £ E4]

A A 7} (+89/-S9) Bl
In vitro +/+ (TA1535, TA100) Stolzenberg and Hine(1979, 1980)
Ames test +/+ (TA1535) Silhankova 5- (1982)
+/+ (TA1535, TA100) Zeiger 5 (1988)
-/+ (TA98)
++ (TA100) Ohkubo 5 (1995)
-/+ (TA98)
Cell transformation nd/+ Piasecki 5 (1990)

(M2 fibroblasts})

In vivo

Dominant lethal assay
Mice(male)
ICR/Ha Swiss mice
(male)

Wistar rate (male)
Drosophila
(Somatic mutation
and recombination
test (SMART))

— (5~20 mg/kg, oral)

Jones 5 (1969)
Epstein 5 (1972)

Jones and Jackson(1976)
Frei and Wurgler(1997)

* S9 is the mixture of phase I and II enzymes used for metabolic activation of chemicals.



Table 3. Fischer 344 ratf| A} S-8-5F 0431 3-MCPD2] A A)
3 A

484 o2k (mg 3-MCPD/))
20 100 500
Fo37]7}: 104wk, 50f, 50m, 5-6wk old F344 rat
FoJgk : 4271. 0, 1.1, 5.2, 28 mg 3-MCPD/kg
3171- 0, 1.4, 7.0, 35 mg 3-MCPD/kg
HEF- 2.7 ppm (0.148 mg/kg: 77, 0.189 mg/kg: 33)

B¢

)

AN xR E 0/50 0/50 1/50 5/50
A 8] 3 3/50 6/50 15/50° 34/50°
&)

A =RAE 0/50 1/50 0/50 9/50°
AN = 3pa) F 2/50 4/50 20/50° 31/50°
&)

Leydig-cell £ 0/50 0/50 0/50 3/50
Leydig-cell 1% 38/50 43/50 50/50°  47/50°
HAEF 0/45 0/48 1/47 1/49
EGES 0/45 0/48 1/47 1/49
AFAE 0/4 0/48 2/47 10/49°
HAdu)F- 4/45 13/48 24/47° 43/49°
Fu| A Fop 0/5 0/13 /16 2/11
ZaAlF 1/5 2/13 6/16 5/11

*Data source(Sunahara 5, 1993).

Statistically significant at P < 0.01%, < 0.001°, 0.05".

IStatistical analysis of the tumor incidence couldn’t be conducted
because this organ (preputial gland) was not examined in all animals.

Hine, 1979). 3-MCPD5= yeast(Schizosaccharomyces pombe,
Pl strain)g o]-8-3t Wl PAAHANE ofapAw Weld
A€ HehisieH(Rossi &, 1983).

W2 A7 1] A= Aldde] eEgle. 1
% A A g9Ask AdRAS 2] ] dE
ol 2 Azl AAIYel BES WH7F ot B
ol Fkg USR] dadth(Table 1). Zeiut, WA
ZAE 25 A FEHAE, adenoma)e] A1
2] AlMa, 318k Leydig-cell ¥ -f-4(mammary gland)
oA =9l (Sunahara 5, 1993)(Table 3). 2|2 u]
F(hyperplasia)= 22 7)ol FA15H] FA=| Qo oA
Z9k(carcinoma, adenocarcinoma)2- Leydig-cell, mammary
gland W E3) M (preputial gland)oll*] 100 ppm(mg/}) X
500 ppm FoiFol| M #AAF e} BAAH FAA2 AN
o, e, dE2Fel A o Eeke] ARFA] oAl T
oA Al Feke] AAP S-S M E < Aeloh &
3], E3| A2 500 ppmell Al oF 20%(2/11)7}17k0] HdF
oFol WARRE AL FLT u|E FARHT B 5
ek, tsld, F344 A=A Adx o2 A sh= 23]
Asto] 7)Ao 1~4%(1/10~2/48)e) E-3}3}2 2 (Thurman
5. 1994), 3-MCPDE 78 §F & 20%%] ZI|A%
WSS Rl o fA 2pel7} Q)] wEelwt. = o
2 AFH M ME, F344 HEM Leydig-cell %2

Ahd A Eol oF 10% 7] A 3ked AR 3/1,000,000~
1/10,000,000 RE2] AP HE Bt WA wgier EE
ot o}(Bir, 1992; Gilliland and Key, 1995).

FAH ENATE FEST Sl 0T YR
%] (National Institute of Environmental Health Sciences,
NIEHS)Y] =7} SAe+ =213 (National Toxicology
Program, NTP)AL8.0]| €314 F344 rat®] ojZollA] st
Al 717} % A (mammary gland)l|A] AFdd o2 @A)}
= ARAEE 0-12%, AF(adenoma) Y $FF(carcinoma)
2 0~2%2] W92 48 ¢JoH(Haseman 5, 1990).

of Wk AdeA S84 FoI7F 0= 2.7ppm F, T
712] 7% 0.148 mg/kg®] 3-MCPD & 73} g
. o] TGl M AlAANE T (36/50) D AR 24/
S09lA 22t 72% 2 48%4 Yoot ol e’ 4
© g WA FoiT AE, W) TEF(T5 my
kgFoleld BT BYPYE WA 5 e o) S
9] zlo|= oF 507#H(75 mg/kg +— 0.148 mg/kg)el] o] 2},

2 WA=y

3-MCPDE A EERL ohqe}, 7149, 49 (ram), F2F]
Y fAge] el 25 45 AAIZTH(Jones, 1983). 3-
MCPDE A3 o] 743k A3 Bt ar 44
JAZ sl= 542 2t glk(Coppola, 1969; Gunn 5,
1969; Ericsson and Youngdale, 1970; Erickson and
Bennett, 1971; Samojlik and Chang, 1970; Turner, 1971).
3-MCPDS] +A A #A2 I3 £Akew st st
o Atadges Axpe] Aol AMAEHY WEeE
751 91

£3], (S)-3-MCPD+= (S)-3-chlorolactaldehyde® HAF=
o] ATPAAo] Tedshs 47} Bold EAT ojAlale] 4
A8 $EA8E A7 ge 3-MCPD A
glycidol> 44E-53+= FH3}ek(Brown-Woodman 5,
1979).

A 84 AAME AR cysteines FA s
(Kalla and Bansal, 1977; Kalla and Singh, 1981), A X}2]
3|32l A= BAE A3l fFE-E JAIst
T(Jones, 1983), 318} vl B3l FEAAITAMEL E4AS
AAlsle FFEE AATE AR PGl
and Guraya, 1980; Jones, 1998). Sprague-Dawley Z =el|
3-MCPD 3 mg/kg/days Fo33pd oF 20%2] AA} 54
A2 FEAZ 4 S5k (Ban 5, 1999). AR 54
TAEHH AFHOE Ao 7] wlEel F/AIEL
gk (Homonnai &, 1975; Slott 5, 1995; Yamada &,
1995). Wistar =0l 5 mg/kg/day(se, 164 Fof)S Foi
3t 7Felle ATl 24 dAEZ A ETod)el v



3 oF 5~10% A= vl s st FAHES 75%
7HA] 2348171 % g oh(Paz and Homonnai, 1982). & ©}&
AT e Wistar =] TdeX Felgt SAE
(interstitial cells, I cells)*l] 3-MCPDE 54 (10 nug/7-8.3X
10° cells)alS ®f, Ab4 & glucose ©]-4-53} testosterone
FH]FFe] "A8] FdtlH(Paz 5, 1985). PEESlE
2z 9 Fasgke] AdE Sl #Rie] Iok(Caflisch
and DuBose, 1990).

Albino F=F o83t A7} v|EE AF-lAE 3-MCPD
£ 10~12% &= AT FAT 8705, 1.0, 2.0, 4.0, 6.0
mg/kglll wel AAF vjEEo] 2.5%, 20%, 45%, 85% %
100%e]l o] 21, o)== PAE-5(Sterility)>-2. sjHE = 3l
ch(Helal, 1982). we}A, 1 mgkg®] 3-MCPD §3°2%
20%9] FHESS FPAA & 9182 SAnleEk Table 1),

Al #F dFelME 3-MCPDE 7|zt 53t
TR dFY FoIuke Wistar T3 =2 S 3ug/
kg/day BlRblAE 5 2 dale] QoA o o
& FA) X3k e, 3 pgkg/days Fo e 7
A9} wufEt GA A=A iz ZBFe] EAES 72
s E7BdE. olEd A7REE V1R Sk, no
observed effect level(NOEL), 2 pg/kg/dayS 94 = ioh
£3], dAIGA] 2] 9l 3-MCPD: female 3 =oA]
BHAE FH3R7) A el 2Bzl EIE Zhe F(Lohika
and Arya, 1979), W¥ulo| 33& F7|= FH(Morris
and Jackson, 1978).

3-MCPDel| &Jgt AA-54 Ashe AR &3 ol
H a3 ATP AAo] dA18 7oz d#gH(Ford and
Harrison, 1981; Jelks 5, 2001). °]& glyceraldehyde-3-
phosphate dehydrogenase, triose phosphate isomerase X
fructose-bisphosphate aldolase$} 22 &3] 2 223
BAE oAlste] ATPAAC] 23t AAks} 285 A3
A)717] wF-o]ch(Mohri, 1975; Jones and Ford, 1984). &
3], 3-MCPD2] ATPA&}&3= glucose S| slollA] &#]
A RG], ATP -4 31=fructose-1,6-bisphosphate
52 vl 2 ARSAZIC) ©ebA, fructose-1,6-bisphosphate
7} 3-MCPD2] ATP AJAd Aol 83 247102 3
slohat B 4> gJo)(Ford and Harrison, 1985, 1986, 1987).
Fructose 23] Al= 3-MCPD EAA|F (S)-3-MCPDW| &
o7 o2z vH(Reid 5, 1986; Jones 5, 1986).

3-MCPD¥= glycerol kinaseol] 2]3] 3-MCPD-1-phosphate
2 H3E I A A ELE AR A e
H(Jones &, 1978). 3-MCPD: & AM A7|&EA
2]ol| = B-galactosidase, isocitrate-, succinate-, malate-, and
glutamate-dehydrogenase, DPN diaphorase, TPN diapho-
rase % monoamine oxidaseS HA|s}e] H-r3le] AlujA|
ZollM TCA cycle ¥ on|xxAl tfalel] Aol & 7 thE

“}(Kemp and Killian, 1978; Kaur and Guraya, 1981,
1982). =3k, 3-MCPD: 318+ 9l AJA7]3ellA RNA, o
WA A sialic acid®] S AAIF]= SaL(Dixit and
Agrawal, 1980), =3 -5 WAI7)7| = 8k} (Sasidha
and Prabha, 2000). 3-MCPD2] AA15A 7l 4591
o ookt A771HE-E 2 F AASA B7H] parameter®
o]- 457 = s}l vk(Hoyt 5, 1994).

AR 2 AMEHIY 1,2-dibromo-3-chloropropane(DBCP)
£ A=elA 3-MCPDE HAks o] AA7])5 Aol 2 £
< =& 7 7] wiel, ul= 3 B3 X (USEPA)
&) ARg-o] FA|=H A (Campt, 1977; Jones &, 1979a).
Az} oz 3-MCPDx WEalabAoA] fructose, lactate,
pyruvate2] AFEF tALE- AAl|3le] o] FF-E GA|3}e]
AA-54S A3}A|7]A FvHHutton 5, 1980; Stevenson
and Jones, 1984; Jones and Toit, 1985).

3. MEEY J ME=Y

3-MCPD®| 417 el A 5 B-chlorolactateo]] 2]
8} lactate dehydrogenase®] A2} ool w2 FE3)] G|
28l 71913 Aoz AdHE 4 dv(Jones 5, 1979b;
Jones and Chantrill, 1989). Oxalate®] A1ZAHY] AT
glucoses} lactate®] AP HHALES HA|8te] A1M| w3kl
£ oo 4 9JvH(Hodgkinson, 1977). v}l oxalate2]
AL AM| =] AAA calcium oxalate®] F2HE o
oA AR E 2871 = gt (Jones 5, 1981; Kluwe
. 1983),

AA =l H3F AFARE v 2A Mok 7 albino
miceel] 15 mg/kg/day(i.p., 20~30 day F1)& FAHL o
A73E5AE Fisle] AChEES A2 27 (Kakaria and
Sood, 1985), (S)-3-MCPD(50 mg/kg/day)E 531 CD-1 =}
$20]) TR F{FS 9 hind limbol] PH|EAE 25
d v (Ford and Waites, 1982). 3-MCPDS] 173 FAdel|
gt 27| AL W RA] gkt ¥ o wAME 9 A
A EL] CUAAPG S GA = 2 FRe] it
(Canavagh and Nolan, 1993; Canavagh 5, 1993).

V. 5187|FEX| 4™ A oA flaiy "ot

3-MCPD®| 318713 AdAL T AAFA (kidney
hyperplasia, 217453 Fste] 2001d olefe] Zrlel]
A1 g3 A 572 Joint FAO/WHO Expert Committee on
Food AdditivesJECFA)3]2]ollA}  lowest-observed-effect
leve(LOEL)S- 1.1 mg/kg b.w./day® A3l1-2w], 3-MCPD
o] A odd 38X (provisional maximum tolerable
daily intake, PMTDDZE 2 pgkg b.w./day® A3}t



(JECFA, 2001). ©] $3%]%= NOEL H4] LOELE AR&3)o
22 oEAS 100(10X 10)] 55 F71=2 2Rkl 5008
ARSI Aoizlet ) (1.1 mg/kg b.w./day) + 500 = 2
ng/kg b.w/dayol| Al @elzl x]elct, stete] Z-93= <t
AA 1,000 =338l A4 HE71EXE 11 pgke
b.w./day2 AFBATHFAC, 2000). 22, =7te] HL
NE EA Y A EAC] B3 A 7)EE Sl 7]
FAE A $19] 4| R 5 @ 27} A)
AlE 4% )t} 3-MCPDE coppers} A5218-0] glo] &
A543 BAE] A= Bl Qe Aoz o4
ZvH(Kalla and Singh, 1981). ¥1} ol g}, 714Gl &9
g 4 9lE 3-MCPDS] EA &) WfEAA 98-S &
T e 93] FHET ~15%)0) vt AeAe-S 7Y
g o= Qo gEiA, dA el 29e] 7Fsdt 3-
MCPD?] kA 9 Q1A $1siAd 7H= 3-MCPDs}e] A}
25 4o 4 3l A Flat Asakgo) 93
257t Bd o & o AEE & 4 oS Aol 3,
WebAdel B3t w1tel] M= 3-MCPDS] S &
A T8 GA 7P ol 383 e B3 5 ¢l
t}. 3-MCPD®] 7% $1%+¢] 2tEA14] (promoter) S
= & e 28 WA Ak AR ANE 2
< 2 sof & Aol

347152 AA A QA Y8l =3te] 9= 3-MCPD
o] AEE T8l A 32 4 UE SAEA U
A R ABE ] IE 7| AT YA
o|AL, HEIIEXE AY A o] $17 FAA=
o S| Behs, 7Fesk dAlE 4 e AlzdbEe
Edste] AR S FGEAS] A xE S atslE A
o] 7k wigREea £ 4= qlot. &3, 2BRe) Al
o] i} A B H2= EEHE feuselr:
e 71825 a2 ©2r] B 7)EXE o 47439
ZdEhe Aol eigsida Bot A Sedele] 4
71%41(0.3 ppm 1A, 20027} FHRTH0.02 ppm AA,
2002) oF 159 7FF =& o2 oAAFE T gl FAL A
ZAES o of & Zlelth v volrl, 3-MCPDS] A F2E
3, AT, DT, A 84 o 5o %
Al A7} 3-MCPD] A1§Ade] %8 FuolA Alehd
H7HA] S7 BA1A SweA A, QA 2 A7 A
HEAAE A AE5223 $3s)ofst Aol
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