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(OPE)

n OPE,
OPE OPEy OPE4
OPE 2002 1,256 2002
PRTR OPE 1 59 158
129
OPE
OPE
(BCF) 31 (OPEy)
OPE
1996 1999
13.9p g/L
(EEC) 1996 1999
AA C OPE 95
0.61y g/L
OPE
OPE
(0.61p g/L: ) (1.6p g/kg: ) 1 kg 1
0.028u g/kg/ ( )
OPE
OPEy
96 ECs 0.21mg/L EEC 0.61p g/L
(MOE) MOE 340
1,000 OPE
NOAEL

OPEy 2 700 mg/kg/



OPEy

NOAEL 6 16 OPE,
NOAEL 70 mgkg/ ( )
6 16 OPE, NOAEL 530
mg/kg/  ( )
OPE in vitro DNA
DNA invivo
OPE DNA OPE
OPE
MOE MOE
25,000,000 (OPE,) ( ) 2,500,000 (OPEy) ( )
100
OPE

1,000
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9.13
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921
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924
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14 CAS
15

16

17

OPEN

2- 3-
( )
OPE OPE

( )
7-172
1-308
9036-19-5

CgH17

\ / O—CH,CH,Oj)zH

9 10
40
( , 2004)

C14 2nH22 4nol n

Cs2Hs010 (OPEy)

Co4H 152041 (OPE4)

602.8 (OPEy)

1,968 (OPE,)



2.2

2.3

24

25

99%

( )

0.02mglL Y
2)

1: 510 nm

0.02 mg/L

2: 42 )

(OPE,
-5 (OPE,

296  (OPE,

1.039 (OPEg

1.105 (OPE
20.8 (OPE,

OPE,o)
)

)

20 /4 )

20 /4 )
1)

1

( , 2004)

( , 2004)

( , 2004)
( , 2004)
( , 2004)
( , 2004)
( , 2004)
( , 2004)



(OPE; OPE) ( , 2004)
132mg/L (205  OPE,) 18.4mg/L (205  OPEx)

245mg/L (205  OPE,) (Ahel and Giger, 1993)
(OPEs OPEy)
(OPEy) ( , 2004)
( 20 )1lppm 251mg/m® 1mg/m® 0.040 ppm (OPEs)
pH 4 6 (OPE,5% ) ( , 2004)
(CMC): 2x 10* M (OPEys) (Liu, 1992)
4
4.1
( ) (OPE) 2001 100
1,000 ( , 2003)
2001 2002 41
( , 2004)
4-1 ( ) « )
2001 2002
3,172 1,446
0 0
347 190
2,825 1,256
( , 2004)
4.2
OPE
( , 2004) ( )
(OPE )
( )
(2000
OPE (
, 1994; , 2004)



43

43.1
14
( , , 2004a) ( 2002 PRTR )
OPE 1 2 4
107 278 kg
195 133
14
a.
2002 PRTR OPE 4-2
( ) , 2004a,b)
OPE
4-2 )
(2002 ) ( /)
2)
( ) (%)
0.5 1 0 0.5 0.5 82 83 41
35 35 17
19 19 10
15 15 7
0 3 0 0 0 11 14 7
0 0 0 2 0 13 13 6
7 7 4
6 6 3
4 4 2
1 0.5 0 3 0 0 1 1
&) 0.5 0.5 0 101 0.5 3 3 2
2 2 4 0 107 0.5 195 200 100
( , 2004a,b)
1)
2)
0.5

0.5




OPE

4.3.2

4.4

2005)

129

14

4-3

2002

OPE
( : , 2004b)
124
( : , 2004b)
9 8
: , 2004b)
(2002 (1)
C )
124
9
5
8
146
, 2004b)
2001 PRTR 2002 PRTR
OPE 4-4 ( ,
PRTR
OPE 59 158



a4 )

(2002 YO )
2 4 0
& 57 138 0
0 0 124
? 0 9 0
0 9 124
0 0 5
2 0 8 0
0 8 5
59 158 129
( , 2005)
1
2)
4
3 ( , 2004)
157
4.5
2002 OPE 1,446 ( 41
, 2003) OPE
, 2005)
OPE
2002 PRTR
51
( ) (OPE)
( ) (NPE)
OPE
52
521
OPE

0(



522

OPE ; 11 100 mg/L
30 mg/L 4 (BOD)
22% (TOC)
28% (HPLC) 74% OPE
p-
OPE ( , 2002)
OPE 1 36.8%
6 55.3% 14 96.7% (Booman et al., 1965)
OPE 10 20 mg/L 20 5
95% 5
20 mg/L 2 100% (Baleux
and Caumette, 1974)
OPE (EO) ( )
(OPE;) ( ) (OPEy)
EO (
, 1998)
OPE
523
OPE ( 8) NPE ( 9)
1998 1999 2000
NPE 99% (
2001) NPE OPE
5.3
OPE
OPE OPE
NPE (Mihaich et al., 2001) OPE 1
5.4
OPE NPE (Jonkers et al., 2001)
(EO)
EO ( )



(OPEy) EO

(522 )

OPE NPE OPE

NPEg
OPE, OPE,
OPE
€ )
5.2 OPE

5.5

OPE; 1 4

(HPLC) OPE 4
(BCF) 0.2 mg/L 0.02 mg/L 3

17 30 OPE 1 BCF 0.2

mg/L 0.02 mg/L 3 18 30 OPE
BCF 0.2 mg/L 0.02 mg/L 3
18 31 ( , 2002)
6
PRTR
(EEC)
6.1
6.1.1
a.
( ) (OPE)

b.

OPE



OPE (
, 2000) 6-1 ( , 1998; , 1999,2000) 1996
1997 1983
5 5 5 9
1998 5 5
36 1999 1998
4 1998 4
1998
( , 2000) 1998
4 6-1
6-1 (
/ / %
/L /L /L
(el (b giL) W gl) (M glL)
1996 AA-C 4/8 5/30 nd-2.0 0.38 0.61 0.1-1
D,E, 3/4 5/11 nd-2.5 0.74 21 0.1-1
1997 AA-C 2/8 3/30 nd-0.8 0.085 0.20 0.1
D,E, 2/4 4/11 nd-1.9 0.48 1.8 0.1
1998 AA-C 10/26 10/26 nd-1.0 0.16 0.50 0.1
D,E, 8/10 9/11 nd-2.3 0.66 1.9 0.1
1999 AA-C U1 U3 nd-0.1 0.067 0.10 0.1
D,E, 5/7 9/16 nd-13.9 1.9 9.5 0.1
( , 1998; , 1999,2000)
nd:
12 95
2002 ( , 2004)
1996 1999 139
Mgl
1996 1999 OPE 95 AA C
0.61y g/L 0.20u g/L 0.50up g/L 0.10p g/L
D E
95 21p g/lL 1.8p g/L 1.9u g/lL 9.5u g/L
1/2 95
6-1 1996 1999 OPE
OPE 1996 1998 5 5



6-1 ( . 1998; . 1999)
25
2 p—
| —
> 15 01996
- 1997
1 D1998
05
0
( ,1998; , 1099)
6-1 ( )
1996 1998 OPE
( C )
( 61 1999
C 1 OPE
1996 1998 6-1 5
OPE
3
( AA C
95 1996
95 0.61u g/L
1998 32 OPE
32 1 OPE 0.1p g/L , 1999)
olu gL 12 95 0.054 g/L
5 5

10

AA



OPE 6-2 ( , 1998; , 1999

6-2 ( )
/ /
(b g/g-dry) | (U g/g-dry)
1996 5/5 5/5 0.2-0.9 0.1
1997 1/5 1/5 nd-0.1 0.1
1998 2/5 2/5 nd-1.5 0.1
( , 1998; , 1999)
nd:
C.
OPE
d.
OPE
6.1.2
a.
OPE 2002 PRTR 14/
( )
( :3.2x 10 OPE
(51 53 ) OPE
b.
OPE
C.
OPE
(BCF) 1998
95 0.05
Mg/l

11



:0.05 (u g/L)
:31(L/kg) (5.5 )
:0.05(u g/L)x 31(L/kg) 1.6 (u g/kg)

1.6p g/kg
6.2
EEC
0.61p g/L (6.1.1.b 6.1.2b )
6.3

6.3.1
OPE

6.3.2
OPE (
, 1994; , 2004)
OPE
6.4

2L/ |
1209/ /

OPE OPE
OPE

0.61y g/L (6.1.1

1.6p g/kg (6.1.2c¢c )
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OPE

061 (ug/L)x2(L/ /) 12(mg [ )
©1.6 (u glkg)x 0.12(kg/ / ) 019(u g / )

50 kg
(2.2 019 (o [/ )I50(kg/ ) 0.028 (u gkg/ )

7
7.1
7.11
OPE
7.1.2
OPE 7-1
OPEyo
96 ECs 0.21 mg/L 7.4 mg/L
(Lewis and Hamm, 1986) OPEjo 3 ECsy 100 500 mg/L
(Nyberg, 1988) 25 15
5 100% 25 mg/L
15 mg/L (Nyberg, 1976)
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7-1 ( )
OPE /
() (mg/L)
Selenastrum OPEyg 25 3 ECi00 100-500 | Nyberg, 1988
capricornutum ¥ 3 ECs, 100-500
( ) (n)
OPE,, ASTM? | 24+ 2 | 96 ECso 021 |Lewis&
(n) Hamm, 1986
Chlorella fusca OPE,q 19 3 ECs 200 Wong, 1985
( ) (n)
Porphyridium OPEg 5 ND 5 5-10 Nyberg, 1985
purpureum (n)
( )
Poteriochromonas OPE,o ND 72 124 Roderer, 1987
malhamensis (n)
( OPE, ND 72 17,784
) (n)
Microcystis OPE,o ASTM? 24+ 2 | 96 ECs 7.4 Lewis &
aeruginosa (n) Hamm, 1986
( )
Nitzschia OPEy5 ND 5 10-15 | Nyberg, 1985
actinastroides (n)
( )
Nitzschia OPEgs 25 Nyberg, 1976
holsatica 5 EC, 10
( ) 5 ECus 15
5 ECi00 25
(n)
15 5 ECs; 5
5 ECi00 15
(n)
ND: (n):
1) : Pseudokirchneriella subcapitata
2) (American Society for Testing and Materials)
7.1.3
OPE 7-2
OPE
48 LCsy EO 15 6.51
7.07 mg/lL EO 5 1.83 mg/L (Hall et al., 1989)
OPE;; 48 LCsy 10.8 mg/L 96 LCsy 63 mg/L
48 LCsy 19.6 mg/L (Portman and Wilson, 1971)
2

(Stora, 1972)
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OPE

7-2 ( )
OPE / /
(mg pH
() CacOdL) (mg/L)
Americamysis | OPE; s 3-8 U.S. 25 24-29 7.7 | 48 LCs 6.51- | Hall et al.,
bahia EPA +1 (%o) - 7.07 | 1989
( 600/4- 8.0 (n)
) OPE; 85/013 1.83
(n)
Pandalus OPE; 15 ND ND | 48 LCso 10.8 | Portman &
montagui (n) Wilson,
( 1971
)
Crangon OPE,; 15 ND ND | 48 LCs, | >100
crangon 96 LCso 63
( (n)
)
Carcinus OPE(, 15 ND ND | 48 LCs > 100
maenas (n)
(
)
Cerastoderma | OPEy; 15 ND ND | 48 LCso 19.6
edule (n)
(
)
Capitella OPE ND 17- ND ND | 96 LCs 8.75 | Stora, 1972
capitata 18 (n)
( EO 22- 3.59
) 23 (n)
Scolelepis OPE ND 17- ND ND | 96 LCs 16.68
fuliginosa 18 (n)
( EO 22- 13.43
) 23 (n)
ND: (m): (n):
714
OPE 7-3
OPE
OPE 48 96 LCsy 28 33 mg/L (Kikuchi and Wakabayashi,
1984; Macek and Krzeminski, 1975; Portman and Wilson, 1971; Reiff et al., 1978)
OPE EO EO 4-5
96 LCsxy 28 3.2mg/L 10 12.0mg/L 30 531 mg/L (Macek and

15




Krzeminski, 1975) OPE EO OPE
7-3 ( )
OPE / /
(mg pH
()| cacoyy (mg/L)
Oryzias latipes | OPEy Js 21- 25 6.7- | 48 LCso 27 | Kikuchi &
( ) 22 7.1 (n) Wakabayashi,
1984
Lepomis OPE,5 ASTMY 18 35 7.1 | 96 LCsy | 2.8-3.2 | Macek &
macrochirus OPE 1049 + 05 12.0 | Krzeminski,
( ) OPEs 531 | 1975
(m)
Oncorhynchus | OPEg g 5-6 cm 15 278 7.8 | 96 LCs 7.2 Reiff et al.,
mykiss (n) | 1978
( )
Platichthys OPE, 15 ND ND | 48 LCso 33 | Portman &
'E'eSUS (n) | Wilson, 1971
)
ND: (m): (n):
1) (American Society for Testing and Materials)
7.15
OPE ( )
7.2
7.2.1
(Staphylococcus aureus) EO 5 10 OPE
24 y g/lL 103 p g/L 6
(Lamikanraand Allwood, 1976) Hislop (Venturia inaequalis)
EO 5 70 OPE OPE 50,000 mg/L
EO 5 97.3% EO 12 13 67.4% EO
EO 70 EO 5 (Hislop et al., 1977)
7.2.2
OPE 7-4
OPE (Malus domestica) 5
(Vitissp.) 2 (Prunus persica) (Pyrus sp.) 1
OPEy, 0 1 3 5% 3

16




3%

2 5

67 84%

(Vigna unguiculata)

1 5%

33 92%

(Pyrus sp.)

OPE; OPEs OPEgs OPEzy OPEy

OPE;o

(Prunus persica)

(Spotts and Ferree, 1979)

0.01 1.0% (W/v)

(Lownds and Bukovac,

1988)
(BraSSica Oleracea) OPEs OPE;s5 OPEgs OPE;s OPEjz 0.2% (W/V)
OPEg 5 50%
(Knoche et al., 1992)
7-4 (
OPE /
() (%w/v)
OPE; 23 |3 NOEC Spotts &
Cortland 1 (0 + 2 3 Ferree,
Delicious 1 3%) 3 1979
Golden Delicious 3
Mclntosh
Rome Beauty i
Aurore 3
Concord <1
<1
5
Vigna nguiculata | OPE; | 10 0.01-1.0% | ND ND EO Lownds &
( ) OPEs (Wiv) Bukovac,
OPE, 5 1988
OPEj,
OPE,
Brassicaoleracea | OPE; | 2-4 0.2%(wlv) | 24 |24 OPEy,s | Knoche
( ) OPE; 5 +2 etal., 1992
OPE,y5
OPE
OPEj,
ND:
7.2.3
OPE
7.3 ( )

17




OPE;q

96 ECso 0.21 mg/L 7.4 mg/L GHS
I
48 96 LCs EO 15 11 1.83
100 mg/L GHS I
OPE
EO 10 OPE 48
96 LCsy 2.8 33mg/L GHS [
(Venturia inaequalis) OPE
50,000 mg/L EO 5 97.3% EO 12
13 67.4% EO
OPEypy 3%
OPEs OPE;s OPEgs OPE;s OPEz 0.2%
(wiv) OPEgs OPE
( )
GHS I

OPE;o 96 ECsy 0.21 mg/L

8.1
( ) (OPE)
( 81 OPEg 8-1
p-tert-OPE B - “c (
)_p-(111!3;3- ) (OPEG) ( 8-11 l) SD
96 89%
6% 2% ( )
OPE;4 96

18



1.7%
3%
12
8-1, 2-13 )
(2 5 10 11) (6 8)
13)

(Gardner et al., 1980)

*H p-tert-OPEy 84 mg/  (
4 ) 72
0.22% 0.06%
72
al., 1963)
(4 ) *H-OPEy154¢/
RN0% 72 97.2%
1.4% 98.6%
92 97% OPEy

(Larson et al., 1963)

19

0.3%

2 6 11 13)

0.15%

18

5.85 mCi/qg)

92.2%

4.0%

(Larson et

94.2%

24

24

1.2%

(12

2.0%

72



81 )
14C-OPE; 2u Ci/ 18 Gardner
Sh) 100 mg/kg 12 etal., 1980
350¢
45 |/
(%)
() 024 048 09
67.2 837 89.0
5.1 56 6.0
2.2
3.0
3H-OPEy 84 mg/ Larson
4 (81.5u Ci/ ) etal., 1963
72
(%) Y
0.22
0.06
4.0
92.2
2.0
1) 1
3H-OPEy 154 ¢/ Larson
4 (1,650 etal., 1963
1,790u Ci/ )
(%)Y
0-24 92.0
24-48 45
48-72 0.7
0-24 1.2
24-48 0.1
48-72 0.07
V3 ( )

20




0 CH

| I |
HO—C—C—CH, —C
| |

CH, CH,

CH,

O—O(cwCHZO)GH
¢ 2

CH,

O—O(cwCHZO)E,H

©)

~©—0(C¢CH20)3H

(4)

0 CH

| |
HO—C—C—CH, —C
| [

CH,

0 CH

(| I |
HO—C—C—CH,—C
| |

CH, CH,

0 CH CH, ¢

0(CH,CH,0)6H

CHy CHy
| |

HOCH, —C —CH, —C Oo
| |

(CH,CH,0)6H
CH, CH, (6)

CHy CH,
|
HOCH, —C —CH, —¢ O—O(cwcm)w
| |
CH, CH, ¢ 7

CH, CHy
HO —lclz ¢ —CH, —C ~©—0(C¢CH20)ZH HOCH, —t —CH, — OO(CI—ECHZO)ZH
c o (5) ch cH 8
CH, CH,
CH, —Ic —CH, —Ic OO(CMHZO)ZH
b by o
' Y
CH, CH, ¢ 0
CH, —Ic —CH, —Ic ‘@70CHZCHZOCHZ —Ié —OH
v b
\ Y
/ CH, CHy 0
HOCH, —¢ —CH, ¢ @—ocmmom —Lon
/ !:Hs ICH3 (12
0 CH CH, 0 CH, CH, ¢ 0

| I |
HO—C—C—CH, —C
[ [

I
@—oe%—c—w

CH, CH,
(11)
8-1 ( )
(1) ( )-p-(1,1,3,3-
2 ( )-p-(1,1,3,3-

| |
HOCH, —C —CH, —C

Il
@om—g —C—OH
| |

CH, CH, 13)

: OPE;



(3) ( )'p'(1111313' -3- ) (
(4) ( )-p-(1,1,3,3- -3- ) (
B )-p-(1,1,3,3- -3- ) ( )
(6) ( )'p'(1111313' -4- ) (
7 ( )-p-(1,1,3,3- -4- ) ( )
® )-p-(1,1,3,3- -4- ) ( )
9 )-p-(1,1,3,3- )
(10) [p-(1,133 ) (
(12) p-(1,1,3,3- -4- ) )
(12) [p-(1,1,3,3- -4- ) ]
(
(13) p-(1,1,3,3- -3- ) ( )
8.2
OPE 8-2
a.
OPE
b.
50 EO
1 3 5 8 10 12 13 OPE(OPE; OPE; OPEs OPEg;s OPE;s13)
48 5 OPE
2
48 50 2 EO 1 OPE
EO 3 OPE (Finnegan and Dienna, 1953)
8-2 ( )
/
OPE; OPE; OPEs | OPE Finnegan &
OPEgy, OPEpis | OPE; (2 /50 ) | Dienna 1953
50 / OPE;
OPEs
OPEg.10
48 OPEy,.13
2
( 48 )
8.3
831
OPE 8-3
OPE LDs EO 1 40 1,700 28,000 mg/kg
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(Larson et a., 1963) EO 1 10

1,700 mg/kg

1,800 mg/kg 28,000 mg/kg

LDso
EO 12 40

7,200 mg/kg
LDsg
(Finnegan and Dienna,

1953; Larson et al., 1963) OPE; LDg 1,650 mglkg (Shick, 1967)
Wistar (Larsonet al.,
1963)
8-3 ( )
LDso (mg/kg) ND 1,700 (OPEg.10)- ND 1,650
28,000 (OPE,) (OPEy)
L Cso (mg/m®) ND ND ND ND
L Ds, (mg/kg) ND ND ND ND
ND:
8.3.2
OPE 8-4
OPE 4 |
) OPEg g OPEis 0 01 1% ImL 1 6
3 7 OPEg ¢ OPE4s
G 7)) OPEg.q
OPEs 0 1% 05mL 45 @a / 5 /)
OPEgy OPEs (Brown, 1971)
OPE 6 /1)
OPE; OPE; 0 1% ( ) OPEgyp OPEpiz 0 01% 2 mL
4 @a / 5 /) OPE; OPE;
OPEg.;p OPEj,.13 (Finnegan and Dienna,
1953)
OPE EO 5 6
OPE G /) 1
5 3
OPE; OPE;
OPEs OPEgiy OPE;z13 0.1
mL 4 20 mL 1237
OPE; OPE; OPEs OPEgg OPEg;y OPE;;13

(Finnegan and Dienna, 1953)
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24

EO 1 15 OPFE OPE; OPE;
3 OPE
OPE; OPE;
OPE; OPEgg OPEgiy OPE;.13
8-4 ( )
OPEg.q 3 0 01 1% | OPEgy OPEs;s Brown, 1971
OPE;5 (6 /)
4 | 1mL
7
OPEg 4.5 0 1% OPEgy OPE;s Brown, 1971
OPE;5 (6 /)
0.5mL
5 1/
4 2mL/ (%) Finnegan
OPE; 1/ 0 1% OPE; 1 Dienna,
6 / OPE; 5 1/ 0 1% OPE; 1 1953
( : OPEg.19 0.1
) OPE;,,3 0.1
OPEg.q9 0 0.1%
OPE;;.13 0 0.1% OPE; OPE;:
OPE; 0-100% OPE (%)Y Finnegan &
OPE; 1 OPE; 15 Dienna,
5 1/ OPE; OPE; 15 1953
OPEg.19 OPEs 5
OPE;;5.13 OPEg.19 0.5
OPEy;.13 1
OPE; OPE;:
OPEs OPEg,y OPE;,.q3:
OPE; 0.1 mL 0-100% OPE (%)? Finnegan &
OPE; Dienna,
5 / OPE; OPE; 30-50 100 1953
OPEg 19 4 OPE; 10-20 100
OPE15.13 20 mL OPE; 10 50-100
OPEg g 5 10
OPEg 19 5 10
12 3 7 OPE;5.13 5 10
OPE; OPE;:
OPEs; OPEg.g OPEg 9 OPE; .13
( OPEgg OPEpp33
OPEg.10)
1) .5




2) 5 3

8.3.3
OPE
8.34
OPE 85
a.
SD (10 / ) OPEg0O 40 200 1,000 mg/kg/ 90 ( )
200 mg/kg/ 1,000
mg/kg/ 33
OPEg
LOEL 200 mg/kg/ (Smyth
and Calandra, 1969)
NOAEL 1,000 mg/kg/
Wistar (A5 / ) OPE4(O 5% (0 2,500 mg/kg/ : Talmage, 1994 )
3
15
(Larson et al., 1963)
Wistar (30 /) OPEymn 0 0035 035 14% (0 175 175 700 mg/kg/
: Tamage, 1994 ) 2
(Larson et al., 1963)
Beagle (1 / ) OPExO0 1,000 mg/kg/ 14
2 (Smyth
and Calandra, 1969)
Beagle (2 /) OPEgm 0 035 50% (0 88 1,250 mg/kg/ : Talmage, 1994
) 3 5.0%
15
(Larson et al., 1963)
b.
6 /) OPE; OPE;0 1% 2mL ( : ) (O
10 mg/kg/ : ) OPEgiy OPE;130 0.1% 2mL (0 1mgkg/
) 4 @a 7/ 517 ) OPE; OPE;

25



OPEg1p OPE213
4 OPE (Finnegan and Dienna,
1953)
OPEg 200 mg/kg/
OPE, 1,000 mg/kg/
OPE4 700 mg/kg/
1,250 mg/kg/ OPE; OPE;
1% (10 mg/kg/ ) EO 1
13 OPE 0.1% (1 mg/kg/ )
NOAEL OPEgy
90 1,000 mg/kg/  (Smyth and Calandra, 1969) OPE4 2
700 mg/kg/ (Larson et a., 1963) OPEy 14 1,000 mg/kg/
LOAEL (Smyth and C4d andra, 1969) OPEg.]_O OPE12_13
4 NOAEL 0.1% (1 mg/kg/ ) (Finnegan and Dienna, 1953)
NOAEL LOAEL
8-5 ( )
OPE, 90 0 40 200 | 200 mg/kg/ Smyth &
SD ( ) 1,000 Calandra,
mg/kg/ 1969
10 / 1,000 mg/kg/
NOAEL: 1,000 mg/kg/
( )
OPE, 3 0 5% 5% : Larson et al.,
Wistar ( ) (0 2,500 1963
mg/kg/
Talmage, 1994
71 79¢g )
15 /
OPE4 2 0 0.035 0.35 | 0.035% Larson et
Wistar « ) 1.4% al., 1963
(0 175 175
30 / 700 mg/kg/
Talmage, 1994
)
OPE, 14 0 1,000 1,000 mg/kg/ Smyth &
Beagle ( ) mg/kg/ Calandra,
1969
1/
OPE, 3 0 035 5% |[5% : Larson et al.,
Beagle ( ) (0 838 1,250 1963

26




mg/kg/
6-7 Talmage, 1994
2/ )
4 2mL/ / : Finnegan
OPE, 1/ 0 1% Dienna,
OPE; 5 / 0 1% OPE, 1953
6 / ( : OPE;
(0 10 | OPEgyo
mg/kg/ . | OPEj2.13
OPEg.10 y NOAEL: 0.1% (1 mg/kg/ )
OPEj5.13 0 0.1% ( )
0 0.1%
(0 1 mglkg/
)
1) 2.0kg ( )
8.35
OPE 8-6
ICR (50 /) OPEy ( : ) 0 800 mg/kg/ 6 13
LDy
6 3
3
(Hardin et al., 1987)
OPEg 800 mg/kg/
OPEgy (Leung and
Ballantyne, 1999) SD (4 19 /) OPEg0 0.06 0.3% (0 70 340 mg/kg/
) 6 16 20
70 mg/kg/
(7 8%) 340 mg/kg/
OPEg 86%
12% OPEg
SD (22 25 [/ ) OPEg0 125 375 100% 4 mL/kg/
(O 530 1,600 4,270 mg/kg/ ) 6 16 (6 /) 20
530 mg/kg/ 14
1,600 mg/kg/ 4,270 mg/kg/
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14 15
530 mg/kg/ 14
( 30% 0 22% )

OPEg
NOAEL 1,600 mg/kg/
NOAEL 70 mg/kg/

NOAEL
NOAEL 340 mg/kg/ 70 mg/kg/
NOAEL 1,600 mg/kg/ 530 mg/kg/
OPE, OPE,
0.8 mg/kg Sb
(25 /) OPEgO 0.5 5.0mgkg/ 6 15 20
9% 92 96%
118 1,601 0.5 mg/kg/ 2
1 1
OPEg 5 mg/kg/
(Saad et al., 1984)
OPEgy 800 mg/kg/
340 mg/kg/
1,600 mg/kg/
4,270 mg/kg/
OPE, NOAEL
800 mg/kg/ 340 mg/kg/ OPEg NOAEL
800 mg/kg/  (Hardin et al., 1987) 70 mg/kg/  (Leung and
Ballantyne, 1999) OPE; NOAEL 1,600 mg/kg/
530 mg/kg/ (Leung and Ballantyne, 1999)
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8-6 )
OPEg 6-13 | 0 800 800 mg/kg/ Hardin
ICR mg/kg/ : etal., 1987
50 /
OPEy 6-16 | 0 0.06 0.3% | 70 mg/kg/ Leung &
SD (0 70 340 Ballantyne,
20 mag/kg/ 340 myg/kg/ 1999
14-19 / ) :
( )
NOAEL:
: 340 ma/kgl (
)
. 70 mg/kg/
OPEyq 6-16 | 4 mL/kg/ 530 mg/kg/ Leung &
SD (6 0 125 375 : 14 Ballantyne,
/) 100% 1999
22-25 |/ 20 (0 530 1,600 mg/kg/
1,600 4,270 :
mag/kg/ 4,270 mg/kg/
) :
14 15
NOAEL:
: 1,600 mg/kg/
1 530 mg/kg/ (
)
OPEg 6-15| 0 05 0.5 mg/kg/ Saad et al.,
SD 5.0 mg/kg/ : 1984
@77
25 |/ 20
NOAEL:
1 5.0 mg/kg/
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8.3.6

OPE 8-7 8-8
a. in vitro
OPE; OPE; OPE, 9
(Procter & Gamble, 1979) L5178Y TK
OPE; 1 45p g/l 4 S9 (Wangenheim & Bolcsfoldi, 1988)
T51B HGPRT ( - )
OPE, 5 40u g/mL 24 S9 (Buttar
et al., 1986)
OPEg Aspergillus nidulans
A. nidulans
OPEg 50 300u g/mL
OPEg (Assinder and Upshall, 1985)
DNA
OPEg L5178Y DNA
OPE; 3 1
DNA 2 DNA 31y g/mL 12% 1
DNA 9.8% DNA 104y g/mL
98% DNA 40% DNA (Garberg et al., 1988)
Ab549 DNA
OPE; 8 DNA
OPEg DNA
OPEg DNA OPEg
DNA
(Vock et al., 1998)
OPEg 0 10 25 50u g/mL *H- 18
DNA OPE, (Buttar et al., 1986)
DNA
DNA OPE; *Co
DNA (Tuschl et al., 1975) ®co
DNA TDI ®Co DNA
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BALB/3T3/A31-11 T51B
OPE, 373 OPEg 0.1 10u g/mL 48
0.1y g/mL 3 (Long et al., 1982)
T51B OPEg 50u g/mL 24
(Buttar et al., 1986) OPEy

b. in vivo
OPE; SD ( :870 960 mg/kg : 580 750 mg/kg) (
9,100 11,000 mg/kg : 2,200 3,700 mg/kQg) 20
OPE; (Thompson and Gibson, 1984)
DNA
OPE; DNA 1
SD OPE; 0.088 0.88 mL/kg 2 6 24
0.044 0.44 mL/kg/ 5 DNA 1
DNA DNA OPE; 1
DNA (Skare and Schrotel, 1984)
OPE invitro DNA DNA
DNA EO
DNA in vivo
OPE DNA OPE
OPE
8-7 ( )
)
- S9 S9
in OPE; Procter &
vitro OPE, TA98 TA100 u o/plate Gamble,
OPE, TA1535 TA1537 1979
TA1538 (Talmage)
OPE, 1-45 ND | Wangenheim
4 u gL &
L5178y TK "2 Bolcsfoldi,
1988
OPE, 5-40 ND | Buttar etal.,
T51B 24 u g/mL 1986
HGPRT ¥
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1)

- S9 S9
OPEg 50-300 ND | Assinder &
Aspergillus u g/mL Upshall,
nidulans 1985
(
)
DNA OPE, Garberg
L5178Y 3 3.1-31 ND | eta., 1988
104 ND
u g/mL
DNA
3.1-31 ND
104 ND
y g/mL
DNA OPEg Vock et a.,
AB549 8 15-30 ND | 1998
80-200 ND
UM
DNA
15-80 ND
100-200 ND
UM
DNA OPEg 10-50 Buttar et al.,
18 y g/mL 1986
DNA OPEg 5-10 Tuschl et al.,
30 MU g/mL 1975
GOCO
OPEg 5
U g/mL
OPEg 0.1-10 Long et al.,
BALB/3T3/A31- u g/mL 1982
11
OPEy 50 Buttar et al.,
T51B 24 u g/mL 1986
in OPE, Thompson
Vvivo SD & Gibson,
870-960 1984
580-750
9,100-11,000
2,200-3,700
20 mg/kg
DNA OPE; Skare &
SD 0.088-0.88 Schrotel,
DNA 5 0.044-0.44 1984
mL/kg
1) I ND: 2) TK: 3) HGPRT: -
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DNA
ND ND ND
/ / ND ND ND
ND ND ND ND
/Y
(invivo) ND ND
ND : 1) DNA
8.3.7
OPE 8-9
Wistar (30 /) OPE4©O 0035 035 1.4% (0 175 175 700 mg/kg/
: Talmage, 1994 ) 2
(15 )
(Larson et al., 1963)
OPE4
OPE4 700 mg/kg/
1
OPEg.19 EO OPE
2004 (IARC ACGIH EPA NTP)
OPE (ACGIH, 2004; IARC, 2004; U.S. EPA, 2004,
U.S. NTP, 2002; , 2004)
8-9 ( )
OPE, 0 0035 Larson
Wistar ( ) 0.35 1.4% etal., 1963
(0 175
30 / 175 700
ma/kg/
. Tamage
1))

1) Talmage, 1994
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8.3.8

8.3.8.1
OPE in vitro in vivo
8-10
OPE ERa TIF2
17B - 10'M
10% (REC10)
OPE, 1x 10°M OPEs 1x 10°M  OPEy3x 10°M OPE;s 2x 10°M  OPEyp 1x 10°M
(Nishihara et al., 2000) 17p - REC10 3x 10"°M
17B - OPE, 330 1 (1/3,300,000)
OPE 3 1
OPE
Wistar OPE; 0 1.0 mg/L 2 3
2 2
Fia Fu 22 90 95
Fla(32 /) 22 95 (26 /1 )
95
VI VI
Fip
OPE,
(Sharpe et al., 1995)
(DES) 9
DES
18 DES
(Sharpe et 4.,
1998) OPE OPE
OPE invitro 176 -
OPE OPE, 330 1 (1/3,300,000) OPE
3 1 in vivo
OPE,
OPE,



8-10 ( )

invitro OPE, ERa Nishihara
ERa OPEs REC10Y (M) et al., 2000
OPE E2? 3x 10
OPEs OPE, 1x 103
( OPE, OPE; 1x 10°
OPE,, 3x 10°
OPE;5 2x 10°
) OPE,, 1x 10°
in vivo OPEg 210 1.0mg/L : Sharpe
( ) 90-95 etal., 1995
Wistar
3
25 |/
1) 17B - 10'™M 10%
2) E2: 17B -
8.4 ( )
OPE
OPE;g 4 89%
6% 2%
OPE EO 1 3 4 8 10 12
13 5 OPE OPE; EO
3 OPE EO 3
OPE
OPE LDs
EO 1 40 1,700 28,000 mg/kg OPEg
LDsg 1,650 mg/kg LDsg
EO 1 15 OPE(1% ) OPE; OPE;
3 OPE
OPE; OPE;
OPEs OPEgg OPEgiy OPEj,.13
OPEg 200 mg/kg/
OPE» 1,000
mg/kg/ OPE4 700
mg/kg/ 1,250 mg/kg/ OPE;
OPE; 1% (10 mg/kg/ ) OPEg.;9 OPEj.13
0.1% (1 mg/kg/ ) NOAEL
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LOAEL NOAEL OPE, 90
1,000 mg/kg/ OPE4 2 700 mg/kg/ OPEy
14 1,000 mg/kg/ LOAEL NOAEL OPEg 19
OPEj,.13 4 NOAEL 1 mg/kg/
NOAEL LOAEL
OPEg iy OPEjs13 4 NOAEL 1 mg/kg/
1 14
NOAEL
OPEg 800 mg/kg/
340 mg/kg/
1,600 mg/kg/
4,270 mg/kg/
OPE, NOAEL
800 mg/kg/ 340 mg/kg/ OPEgy
NOAEL 800 mg/kg/ 70 mg/kg/
OPEgy NOAEL 1,600 mg/kg/ 530 mg/kg/
OPE in vitro DNA
DNA DNA
EO DNA invivo
OPE
OPE4 700 mg/kg/
1
OPEg 19 EO OPE
OPE
OPE in vitro
173 - OPE, 330 1 (1/3,300,000)
OPE 3 1
in vivo OPEg
OPE,
OPE
9.1
3 (

(NOEC LC EC)

36



(EEC) (MOE)
9.11
( ) (OPE) EEC
1996 AA C
95 0.61p g/L (6.2 )
9.1.2
OPE 9-1 3
( ) (Hall et a., 1989; Lewis and
Hamm, 1986; Macek and Krzeminski, 1975)
OPE
96
ECs 0.21 mg/L (Lewisand Hamm, 1986) ( 71 )
9-1 ( )
OPE (mg/L)
Selenastrum )
. 96 EC Lewis
1) 50
OPE 9 ((:aprlcorn)utum 0.21 Hamm, 1986
Americamysis
OPE; bahia 48 LCs 1.83 Hall etdl,
( ) 1989
Lepomis Macek &
OPE, 5 macrochirus 96 LCs 2.8-3.2 Krzeminski,
( ) 1975
1) : Pseudokirchneriella subcapitata
9.1.3
OPE MOE 96 ECsy 0.21
mg/L  EEC 0.61p g/L 3

MOE ECs,/EEC
210 (u g/L)/0.61 (u g/L)
340

(100)
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1,000

9.1.4
9-2 MOE 340 1,000 OPE
9-2 ( )
EEC ECso
MOE
poglL) (mg/L)
1)
(AAC 0.61 0.21 340 1,000
1) (10)x (100)
9.2
OPE
@ )
(NOAEL LOAEL) MOE
9.21
OPE ( )
1 9-3 (6.4 )
OPE
1 kg 0.028u g/kg/
1
1 . 1kg
[
o 7 (1 gkg/ )
0 0
1.2
() 0.19 0.028
1) 1)
) 1.4 0.028
1
9.2.2
OPE NOAEL OPE,
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700 mg/kg/  (Larson et al., 1963) (EO)

OPE NOAEL 700 mg/kg/
(OPE)
OPE 6 16 OPE,
NOAEL 70 mg/kg/ (Leung
and Ballantyne, 1999)
OPE in vitro DNA
EO DNA invivo
OPE DNA OPE
OPE
EO OPE
IARC OPE
IPCS EU EPA
OPE
9.2.3
OPE
MOE
a.
a-1
2 ( ) NOAEL 700 mg/kg/
MOE NOAEL/ 1kg 1
700,000 (M g/kg/ )/0.028 (u g/kg/ )
25,000,000
(10)
(10)
: 100
b-1
6 16 ( ) NOAEL 70 mg/kg/
MOE NOAEL/ 1kg 1

70,000 (u g/kg/ ) /0.028 (u g/kg/ )

39



2,500,000

MOE

(10)
(10)
: 100
9.24
0-4 OPE
25,000,000 2,500,000 100
9-4 ( )
1kg
! moky ) MOE
(b gkd )
0 1) 2) 2)
0.028 700 (OPE,0) 25,000,000 100%
0.028 70 (OPEy) 2,500,000 1009
4 530 (OPEy) 2 2
1)
2)
3) (10)x (10
4)
9.3
OPE
1,000
OPE
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