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WHO
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n vivo
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1,4-
2003
1,4-
CAS No. 123-91-1
C4Hs0,
88
2003
11.8
101
=1 1.03
log Pow -0.42
kPa 20 4.1
2003
1,1,1-
2003*
mg/L  0.05
mg/L
mg/L
ICSC 0041

0.005

1,4-



WHO mg/L 0.05 3

EU mg/L
USEPA mg/L
1,4-
1,000 mg/kg 95%
1978* 50 ppm 180 mg/m® 6
71.9mg/kg 5.4mg/kg
al. 1978*
1,4-
24
Marzulli et al. 1981%
3.2%
SD 1,4-
nmoles/g wet weight
Reitz PBPK
1,4-
PBPK

1,4-

10ppm

Sprague-Dawley

Young et al.

1 kg

Young et al. 1977%, Young et

1,4- 3%
in vitro
0.3% 1,4-

ECETOC 1983°

Woo et al. 1997h*

AUC



1,4-

Km=29.4 mg/L Vmax=13.7 mg/kg /hr Km=3.0 mg/L
Vmax=6.35 mg/kg /hr Reitz et al. 1990*
B- HEAA
1,4- -2- B-
Co, ATSDR 2004! DeRosa

et al. 1996° WHO 2005*

1,4- DeRosa et al. 1996*

Young 1,4-
SD 10 100 1,000 mg/kg *C 1,4-
98.74 85.52 75.74%
1,4- 0.43 4.69 25.25% 1
2% Co, 2 3% 3 10 mg/kg

1,4- 1.1

Young 1,4- 100 pag/mL

Young et al. 1978

Sprague-Dawley 50 ppm  1,4- 6
99% HEAA Young et al. 1978 50ppm  1,4-
6 1,4- 59
HEAA 2.7 121 mL/
1,4- 0.34mL/ 75 mL/
50 ppm
10 pag/mL 7.3 pag/mL 50ppm 1 8



1,4-

1,4- 8

Young et al. 1977%

1,4- 2

1 1

ppm  1,4- 1 DeRosa et al. 1996*
200 300ppm 15

ppm 10 5,500 ppm 1

DeRosa et al. 1996* 1,4- 50 ppm 6

Young et al . 19774

al. 1996*

0.02 48 mg/m® 0.006 13.3ppm  1,4-

24
6
8
AST ALT wy-GTP Thiess
Thiess et al. 1976%
0.36 61mg/m* WHO 1,4- 1

165

Buffler et al. 19782

19,000

20

208 650

1,600

DeRosa et

25



1,4-

1,4- SPIRS

standardized proportional incidence ratio=164

1,4-
Hansen 1993
DeRosa LDs, 5,400 7,300 mg/kg
5,900 mg/kg 3,300 4,000 mg/kg 2,000 mg/kg
DeRosa et al. 1996* 2 LCs 46 g/m 37
g/m? RTECS 2000%* LDsg 7,600 mg/kg
8,300 mg/kg Wistar
DeRosa et al. 1996*
F344 10 1,4- 1,100 3,330 10,000 30,000
90,000 ppm 2 10,000 ppm(ATSDR
1,010 1,040 mg/kg / ) 30,000 ppm
1,100ppm
JBRC 199%
ATSDR NOAEL 370 mg/kg / 400
mg/kg / 3,330 ppm ATSDR 20041
1 6 1,4- 50,000 ppm 5 by volume
WHO 7,230 mg/kg / 67 3/6



1,4-

Fairley et al.

19348
SD 4 1,4- 0 10 1,000 mg/kg /
11 1,000 mg/kg
/
DNA 10 mg/kg /
Stott et al. 1981%
F344 10 1,4- 640 1,600 4,000 10,000

25,000 ppm 13
150 200 mg/kg / )
4,000 ppm
1,600 ppm

JBRC 1990%

ATSDR 2
/ 100 mg/kg / 640 ppm
Crj:BDF, 10 1,4-

30,000 90,000 ppm 2
2,550 3,230mg/kg  /
JBRC 1990 ¥ 1,380 mg/kg
10,000 ppm

2004*

1,600 ppm(ATSDR

10,000 ppm

NOAEL 60 mg/kg

ATSDR 2004*

1,100 3,330 10,000

30,000 ppm ATSDR

/ 1,780 mg/kg /

ATSDR

50,000 ppm 5 by volume



1,4-

WHO 9,812 mg/kg / 67
Fairleyetal.
19345
Crj:BDF, 10 1,4- 640 1,600 4,000 10,000
25,000 ppm 13 4,000ppm
1,600 ppm ATSDR 410 mg/kg /
4,000 ppm
4,000 ppm JBRC 1990%
ATSDR NOAEL 170 mg/kg /
640 ppm ATSDR 2004*
Sherman 60 1,4- 0 0.01 0.1 1.0 114
198 :0 9.6 94 1,015mg/kg / :0 19.0 148 1,599
mg/kg / 716 1.0
0.1
Kociba NOAEL 9.6 mg/kg
/ 19 mg/kg / Kociba et al. 1974%°
F344/DuCrj 50 1,4- 200 1,000 5,000 ppm
ATSDR 16 81 398 mg/kg / 21 103 514 mg/kg /
104 1,000 ppm
5,000 ppm Yamazaki et
al.1994%4 200 ppm 16 21 mg/kg / WHO 2005*



1,4-

Wistar 96 1,4- 0.4 mg/L WHO
105 mg/kg / 2 1 7 5
Torkelson
et al. 1974%
Crj:BDF, 50 1,4- 0 500 2,000 8,000 ppm
ATSDR ;66 251 768 mg/kg / ;77 323 1,066 mg/kg /
104 2,000ppm
8,000 ppm 1,4-
8,000 ppm
2,000 ppm AST ALT LDH ALP
8,000 ppm 2,000 ppm
JBRC
1990
SD 18 20 1,4- 0.25 0.5 1.0 mL/kg
/ WHO 258 516 1,033 mg/kg / 6
15 WHO 5 14 = 0
1.0 mL/kg /
1.0 mL/kg /
Giavini et al. 19858
WHO NOAEL
516 mg/kg / WHO 2005*
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1,4~
in vitro
1,4-
uvrB/recA DNA

Salmonella typhimurium

1,4-

ATSDR 2004 !
Escherichia coli K-12
HelImér & Bolcsfoldi 1992 *2

Stott et al. 1981%, Haworth et al. 1983, Khudoley et

al. 1987% L5178Y McGregor et al. 1991 #
CHO 1,4-
Galloway et al. 19877 1,4- BALB/ 3T3
Sheu et al. 1988%
Morita & Hayashi 1,4- in vitro
tk
CHO
Morita & Hayashi 1998%
in vivo
Yoon et al. 1985% Mufioz &
Barnett 2002%°
2,550 4,200 mg/kg  1,4- SD 2
DNA 840 mg/kg
Kitchin & Brown 1990 1,000 mg/kg  1,4-
SD DNA
Stott et al. 1981%*  Fischer344 1,4- 1,000 mg/kg
2% 1,4- 1
DNA Goldsworthy et al. 1991° 1% 1,4-
8 1,4- 1,000 mg/kg
DNA Goldsworthy et al.
1991° Uno Fischer 344 1,4- 2,000 mg/kg

11



1,4-

DNA Uno et al. 1994%
1,4-
DNA Miyagawa et al. 1999%
3 C57BL/6 CBA
1,4- 3,600 mg/kg 1,800 mg/kg
Tinwell & Ashby 1994 B6C3F,
McFee et al. 1994% C57BL/6 1,4-
5,000 mg/kg BALB/c
5,000 mg/kg
Mirkova
1994%
Morita & Hayashi 1,4- in vivo
3,000 mg/kg
2,000 mg/kg Morita &
Hayashi
Morita & Hayashi 1998%
ATSDR 1,4-
ATSDR 2004*
Sherman 60 1,4- 0 0.01 0.1 1.0 114
198 9.6 94 1,015 mg/kg / 19.0 148 1,599 mg/kg
/ 716 1.0
Kociba NOAEL 94 mg/kg /
148 mg/kg / Kociba et al. 1974%°

12



1,4-

F344/DuCr j 50 1,4- 0 200 1,000 5,000
ppm 104

0/50 2/50 4/50 24/50 1/50 0/50 5/50 38/50

0/50 14/50 :10/50
Yamazaki et al . 1994
WHO NOAEL 200 ppm 16 21 mg/kg /
LOAEL 1,000 ppm 81 103 mg/kg / WHO 2005*
Osborne-Mendel 35 1,4- 0 240 530 mg/kg
/ 0 350 640mg/kg / 110
0/33 12/33
16/34 0/34 10/35 8/35
0/31 10/33 11/32 NCI 1978*
B6C3F, 50 1,4- 0 720 830 mg/kg

/ 0 380 860mg/kg  / 90
8/49 19/50 28/47

0/50 21/48 35/37 NCI 1978%

Crj:BDF1 50 1,4- 0 500 2,000 8,000 ppm
104
15/50 20/50 23/50 36/50 0/50 6/50 30/50
45/50 8,000 ppm 1 8,000ppm
1 Yamazaki et al. 1994*

WHO NOAEL LOAEL
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500 ppm 66 77 mg/kg / WHO 2005
A/ 1 11 16 1,4-
8 3 24
Stoner et al. 1986*
A/ 11 16 1,4-
24,000 mg/kg 8 3
12,000 mg/kg

2 4,800 24,000 mg/kg  /

Stoner et al. 1986*

A/J 30 1,4-

0.97 Maronpot et al. 1986%

Wistar 96

105 mg/kg / 2 1 7

Torkelson et al. 1974%

10

SENCAR 1,4-

14

1,4-

24,000 mg/kg

4,800 12,000

24

400 1,000 2,000 mg/kg
2,000 mg/kg

0.28

0.4 mg/L WHO

1,000 mg/kg 1,4-



1,4-

-13-
1,4-
DEN 30 mg/kg
100 1,000 mg/kg
DENA
100 1,000 mg/kg

Lundberg et al. 1987%°

1 pg 12-0-
TPA 3 20
1,4-
Bull et al. 1986°
11
SD 8 11 1,4-
5 1,4-
1 1 5
DEN
1,4- 4._7/cm?
1,4-
12
50 g DMBA
4 5 1,4-
3 59 0.2 mL

King et al. 1973Y

International Agency for Research on Cancer

1,4-

IARC 1999%3

15

(1ARC)

Swiss-Webster



Joint Expert Committee on Food

1,4-

Additives (JECFA) Monographs and Evaluations

WHO WHO 2005
1,4-
1,4-
NCI 1978% Yamazaki et al. 1994*
10°°
88 54 pig/L
1,4-
DI
Kociba et al. 1974% NOAEL
9.6 mg/kg / 100 TD1
96 j1g/kg /
Yamazaki et al. 1994 * NOAEL 16 mg/kg /
1000 100 10
TDI 16 g/kg /
TDI 10%
48 pag/L
54 48 pg/L 2 50
Mo/l 1,4- WHO 2005*

16



Integrated Risk Information System (IRIS)

US EPA

TDI

1,4-

probable human carcinogen

EPA/IRIS
RfD
EPA
EPA  1,4-

U.S. EPA 1990%

Osborne-Mendel 1,4-
NCI 1978 %
kg mg
Oral Slop Factor 95
<1072
70kg 2L
1L 1pg
3.1><107
Oral Slope Factor 1.1><10% mg/kg /
3.1x<107" pg/L
10* 1/10,000 300 pag/L
10°  1/100,000 30 pig/L
10 1/1,000,000 3 pg/L

17

RfD

EPA



1,4-

2003
1,4-
1ARC 1,4- Group
IARC 1999%
F344/DuCrj 1,4- 200 1,000 5,000ppm 104
200ppm
Yamazaki et al. 1994
10°°
0.054mg/L 0.05mg/L
NOAEL
1,4-

18



1,4-

IARC 1999 % 1,4-
1,4-
1,4-
7,300 mg/kg 5,900 mg/kg
2,000 mg/kg
10mg/kg /
100 NOAEL
NOAEL 13
60mg/kg
/
NOAEL 2

19

1,4-

1,4-
1,4-
ZB“
LDs, 5,400
3,300 4,000 mg/kg
NOAEL 11
10mg/kg /
1,000mg/kg /
/ NOAEL 13
170mg/kg
NOAEL 2
9.6mg/kg /
AST ALT



1,4-

LDH ALP 66 mg/kg /
NOAEL 6 15
516mg/kg /
1,4-
Morita & Hayashi invitro 5 in vivo
2 invivo 1
DNA DNA 1,000mg/kg
1988 EPA RfD

ATSDR 2004 *

1,4-

1ARC

1,4-

1,4-

NOAEL

20



1,4-

16 21 mg/kg /

1,4- TDI
1,4-
DI
DI 2
NOAEL 9.6 mg/kg / 1974
Sherman
10 1994 F344 2
NOAEL 16 mg/kg /
1,4- NOAEL 16
21mg/kg / 10
mg/kg /
< >
( )
Ho/kg 7/

21



1,4-

1,4-
0.05mg/L 100% 3/1,215
10% 1,204/1,215
100% 3/5,039
10% 5,009/5,039
10% 0.005 mg/L 53.3kg"
kg 0.2 lg/kg /

D1 16 pag/kg /

Hg/kg  /
(Yamazaki et al.1994 %4

mg/kg /

*

2000

10 11 12
2001 2002 10 11 12

22



1,4-

1,4- in vitro ATSDR 2004 !
Haworth et al. 1983
TA98,TA100,TA1530,TA1535,T Stott et al. 1981 %®
A1537,TA1538 Nestmann et al. 1984
Khudoley et al.1987 %
Morita & Hayashi 1998
Photobacterium phosphoreum | DNA NT Kwan et al.1990
K-12 uvrB/recA DNA Hellmér & Bolcsfoldi
1992 12
WP2,WP2 uvrA Morita & Hayashi 1998 %
D61IM NT Zimmermann et al. 1985
Morita & Hayashi 1998 %
DNA Goldsworthy et al.1991°
- Galloway et al. 1987’
+
McGregor et al.1991 *
BALB/3T3 NT Sheu et al.1988 *
' =+: NT:
. 1,4- in vivo ATSDR 2004*
mg/kg
Thiess et al. 1976 *
DNA (1000 Goldsworthy et al . 1991°
2%
DNA 1000
1%
(2000 ) Morita & Hayashi 1998 #
(3000)
DNA (1000) Stott et al.1981 ®
DNA (2550 ) Kitchin & Brown 1990
-(840) 18,1994
(1800 Tinwell & Ashby 1994 ¥
3600)
(C57BL6) (5000) ] ,
(BALB/0) (5000 Mirkova 1994 %
McFee et al.1994 2
(food) Yoon et al.1985*
(food) Mufioz and Barnett 2002 %
: : DNA = deoxyribonucleic acid
ATSDR « ) ATSDR

23




1,4-

1 1,4- DI
WHO/DWGL
NOAEL DI
(mg/kg /) (Hg/kg /)
2 9.6 100 96
10( ) >=<10(
)
Kociba et al. 1974 *°
2 16 1000 16
10 )>=<10(
Yamazaki et al. 1994 )10
Hg/L Hg/kg /
WHO/DWG
2
10 88 3.0
NCI 1978 *°
2
10°° 54 1.8°
Yamazaki et al. 1994 %
EPA/IRIS 10*  1/10,000 300 9.09
2 10" 1/100,000 30 0.909
NCI 1978 ® 10 1/1,000,000 3 0.091
2 10° 54 2.1
Yamazaki et al. 1994 #
8 60kg 1 2L 1.1><107 pg/L
1L 1lpg
3.3x<10° mg/kg /
b 1.9%<107 pg/L 5.7><10° mg/kg /
50kg 1.9%<107 pg/L 4.8

=<10"° mg/kg /

24



1,4-

NOAEL
NOAEL LOAEL
mg/kg / | mg/kg /
/
1 10 15 200 ppm
200ppm 15
6 (50ppm) 50 ppm
25
24 0.006
13.3 ppm
1 0.36 61
20 mg/m®
F344 | 2 3,330 ppm 10,000 ppm | ATSDR
10 (10,000ppm-) = 370(C ) |= 1,010
(1,100ppm-) )
6 67 , 7,230C )
SD 11 , 10( ) 1,000( )
4 (1,000)
F344 | 13 640 ppm 1,600 ppm
10 (1,600ppm-) = 60C ) |= 150C )
(4,000ppm-
( 1,600ppn-
10,000ppm-)
BDF1 | 2 (30,000ppm 10,000 ppm | 30,000 ppm
10 = 1,380 = 2,550
) (@)
6 67 9,812( )
BDF1 | 13 640 ppm 1,600 ppm
10 4,000ppm- = 170 ) |= 410( )
1,600ppm-
(4,000ppm-)
4,000ppm-
2 9.6( ) 94
Sherman ( 1,015 1,599) 19C ) 148
60
( 94-, 148-)
2 200 ppm 1,000 ppm
F344/DuCrj (1,000ppm-) = 16( )
50 (5,000ppm) 21( )
2 0.4 mg/L
Wistar ()
@a 7 =105(C )
5 )

25




1,4-

Crj :BDF, AST ALT LDH ALP 500ppm 2,000ppm
50 = 66 = 251
( 2,000ppm-) 77C ) 323( )
(
8,000ppm)
SD 6-15 (
18-20 , 516( ) 1,033
(1,033)
WG
49
/mL)
10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90%
10% 100%
20% | 30% | 40% | S50% | 60% | 70% | 80% | 90% | 100%
0.051
0.005 | 0.010 | 0.015 | 0.020 | 0.025 | 0.030 | 0.035 | 0.040 | 0.045 | 0.050
1,215 | 1,204 6 0 1 0 1 0 0 0 0 3
379 | 377 2 0 0 0 0 0 0 0 0 0
137 | 137 0 0 0 0 0 0 0 0 0 0
522 | 513 4 0 1 0 1 0 0 0 0 3
7| 1 0 0 0 0 0 0 0 0 0 0
H16
5,039 | 5,009 16 6 0 0 1 0 0 2 2 3
922 | 918 2 2 0 0 0 0 0 0 0 0
218 | 278 0 0 0 0 0 0 0 0 0 0
2,776 | 2,756 10 2 0 1 2 2 3
1,063 | 1,057 4 2 0 0 0 0 0 0 0 0

26




ALT
AP ALP

AST

AUC
BUN
10 10
CHL
CHO
Crnex
CPK
CYP
GSH

v-GTP vy

(

(

)

)

27
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1,4-

)
1,4-
1,4-
LDs,
5,400 7,300 mg/kg 5,900 mg/kg
3,300 4,000 mg/kg 2,000 mg/kg
(13 INOAEL  ( ) 60 mg/kg /
13 NOAEL 170 mg/Kkg /
(¢ NOAEL ( )9.6 mg/kg /
2 NOAEL 16 mg/kg /
2 NOAEL AST ALT LDH ALP
66 mg/kg /
6 15 NOAEL
516 mg/Kkg /
in vitro
in vivo
ATSDR 1,4-

NOAEL 16 mg/kg /2
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