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1,4-
(ICSC 2008)
1,4-
1,4-
CsHsgO2
88.1
CAS 123-91-1
9(
18
22 3 2
@ (ICSC 2008)
1.03
101
39kPa 20
1 3.0
20 /
( ) 1.08
12
2 ICSC 2008)
/
( 2014) (
2261

26

) 227
14 2
2 )18 3
c.Cc. 12
180
2.0 22.0 vol
/ logPow  0.27

lppm
1mg/m3

2012)

3.60 mg/m3 25
0.278 ppm 25
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BASF
50ml/ms3 10mg/kg 90%
2-hydroxyethoxyacetic acid (HEAA) (MAK 2003)
Young (1976) 1l.6ppm 7.5 99 1,4-
HEAA Young (1977)
4 50ppm 6 597 48417
99.3% HEAA 0.7% 1,4- 6
1,4- 90% HEAA 47 18
HEAA (Young 1976)
(Young 1977) (IRIS 2013) (MAK 2003)
dioxane-2-one 1,4-
HEAA  pH
P450
1,4- 2 -
dioxane-2-ol 1,4-
(MAK 2003)
14C 1,4- Apglem3 ( )
(3-15 cm?) 24 5 14C
24 2.3+0.4%
3.44+2.4% 4
(MAK 2003)
14C 1,4- 10, 100, 1,000 mg/kg
98.74%, 85.52% 75.74% 3.50% 7.82%
27.64% (MAK 2003) (IRIS 2013)
Takano (2010) in vitro in
silico PBPK
1,4- PBPK 1,4-



70
71
72
73
74
75
76
77
78
79
80
81
82
83

84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

1,4- (500mg/kg NOAEL) 14

1,4- in
vitro
1,4- in vivo
in silico
1,4- PBPK forward dosimetry approach
(Takano et al 2010) (IRIS 2013)
1)
1,4- (IDLH
1994),(ACGIH 2001), (MAK 2003)
10,109ppm/2h(IDLH | 12,568ppm/2h(IDLH 1994)
LCso 1994) 14,250ppm/4h(ACGIH 2001)
5,660 mg/kg 5,170 mg/kg (MAK 2003) | 2,060mg/kg
LDso (MAK 2003) 5,400 mg/kg (ACGIH (ACGIH 2001)
5,900 mg/kg 2001) 2,500mg/kg
(ACGIH 2001) (MAK 2003)
7,600mg/kg
LDso (MAK 2003)
1.5g/kg
(ACGIH 2001)
2,000ppm
(ACGIH
2001) (IDLH 1994)
2800ml/m3 8-9.5 8300-3900 ml/m3 3.5-1
(MAK 2003)
2000mlI/m3 8 3000mI/m3 8
(MAK 2003)
50ml MAK2003



100
101
102
103
104
105
106
107
108
109
110
111
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123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138

800ppm 30 1,350ppm
1 8 45 1
2,700ppm 1 8 34

(ACGIH 2001)

180 195 50ppm 7 130 136
188 50ppm 82
100ppm 7 133
100ppm 7 137
(ACGIH 2001)
F344 ( 10 ) 0, 100, 200, 400, 800, 1600, 3200, 6400ppm 6
/ 5 1/ 13 6400ppm 1
Oppm 200ppm, 3200ppm 200ppm,
800ppm, 1600ppm, 3200ppm 100ppm
( 7/10 5/10) ( 0/10 2/10)
200ppm (2/10) LOAEL 100ppm

Kasai 2008 (IRIS 2013)

F344 50 0, 50, 250, 1250ppm 6 / 5 /| 104
1250ppm Oppm
MCV MCH AST ALT ALP vyGTP
pH 50ppm
(50/50) (48/50) (40/50)
(34/50) 250ppm (7/50) LOAEL
50ppm (Kasai 2009) (IRIS 2013) (ATSDR 2012)
F344 10 BDF1 10 0, 640, 1600, 4000,
10000, 25000ppm 13 1600ppm
( 9/10, 5/10) (9/10)
4000ppm ( 10/20, 9/10) ( 10/10
9/10) 1600ppm ( 0/10, 10/10)
4000ppm ( 9/10, 6/10) ( 7/10 9/10)
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165
166
167
168
169
170
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173
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177

( 10/10 10/10) NOAEL
640ppm 52mg/kg 170mg/kg
(Kano 2008) (IRIS 2013)

1,4- 1,4- 80%
10 / 11 49 66 77 101
(ACGIH 2001) MAK
2003)
32ppm
1,1,1,- 3
(ACGIH 2001) (MAK 2003)
/ /
Giavini  (1985) SD 0, 0.25, 0.5, 1 mL/kg / 250
500 1000mg/kg 1,4- 18-20 5 14
ACGIH 2001 1 mL/kg
EPA 500
mg/kg NOAEL (Giavini 1985) (IRIS 2013)
ICR Swiss 1,4- 0, 3, 9, 30mg/kg 1,1,1,-
3 2
(Lane 1982) (ACGIH 2001) (MAK 2003)
In vitro CHO
DNA (UDS)
(ACGIH2001) (MAK 2003) (IRIS 2013)
In vivo DNA
(MAK 2003) (IRIS
2013)

( )

http://anzeninfo.mhlw.go.jp/user/anzen/kag/sokatutbl.htm




178
179
180
181
182

In vitro TA100 TA1535 TA98
TA1537 WP2uvrA 12.2 12500
pg/plate (-S9/+S9))

TA100 TA1535 TA98
TA1537 WP2uvrA 195 12500
pa/plate (-S9/+S9))
TA100 TA1535 TA98
TA1537 WP2uvrA
WP2uvrA/pKM101 0.1 50% (-S9/+S9))
DNA (-S9) (MAK 2003)
(UDS)
CHO (-S9/+S9) (MAK 2003)
CHO (-S9/+S9) (MAK 2003)
CHO (-S9/+S9) (MAK 2003)
DNA strand breaks (-S9) (MAK 2003)

In vivo DNA F344 (MAK 2003)

F344 (MAK 2003)

Sprague-Dawley (MAK 2003)

B6C3F1 (MAK 2003)

BALBI/c (MAK 2003)

C57BL6 (MAK 2003)

CBA , C57BL6 (MAK

2003)

CD-1 (MAK 2003)

CD-1 (MAK 2003)

F344 (MAK 2003)

NMRI (MAK 2003)

(MAK 2003)

DNA strand breaks Sprague-Dawley (MAK 2003) (+)
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214
215
216
217
218
219
220
221

F344 50 1,4-
5 1/ 104
21/50 1250ppm
41/50
2013)
/ /
Wistar 26 1%
6 1

(Argus 1965) (ACGIH 2001)

0, 50, 250, 1250ppm 6

250 ppm

(Kasai 2009) (ATSDR 2012)(IRIS

(840mg/kg

MAK 2003 (IRIS 2013)

6/50
14/50 1250 ppm

/) 63
1

(1015 mg/kg /

Sherman 60 60 2
0, 0.01, 0.1, 1 1
1599mg/kg / ) 10
1
1
94mg/kg / 148mg/kg /
1
9.6mg/kg / 19mg/kg /
NOAEL 0.01% 9.6mg/kg

(Kociba 1974)(ACGIH 2001)

Osborne-Mendel 35 35
50 50 0.5 1
0.5% 1%
0.5% 1%
0.5% 1%

MAK 2003 (IRIS 2013)

F344 50 50 1,4-
104 ( )
5000ppm
5000ppm
48 38

7

1
0.1%

0.01%

19mg/kg

MAK 2003 (IRIS 2013)

B6C3F1

90

(ACGIH 2001)

0 200 1000 5000 ppm
200ppm 1000ppm

(Yamazaki et al., 1994) MAK 2003 (IRIS 2013)

BDF: 50 50 1,4-
104 ()

2,000 ppm

0 500 2,000, 8,000 ppm
22/50

500ppm
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241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260

(30/50) 2,000 ppm (20/50) 8,000 ppm
(36/50) 500, 2000, 8000ppm (6/50, 30/50, 45/50)
LOAEL 500ppm 66mg/kg /
(Yamazaki et al., 1994) MAK 2003 (IRIS 2013)

(ACGIH 2001)

1,4- 470ppm 1
1 (ACGIH 2001) (IRIS 2013)

50ml/m3 6 MAK
2003 (IRIS 2013)

1,4-
5
(ACGIH 2001) MAK 2003

1,4- 1

1
208 650ml/m3 (Johnstone RT 1959) (ACGIH 2001) MAK 2003
(IRIS 2013)
1,4- 30-40 74
0 14.3 ml/m3 65 75 2

MAK 2003 (IRIS 2013)
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299

6 (6-15
(ACGIH 2001) MAK2003 (IRIS 2013)

1954 1,4- 165
1975 7 2

(Buffler 1978)(MAK2003) (IRIS 2013)

US EPAIRIS (2013) 5 x 10 6 (ug/m3)-1
1,4- 2
(Kasai et al., 2009) (IR1S 2013)
IARC 2B
2 B
EUCLP 2

NTP 12th Reasonably anticipated to be a human carcinogen. First listed in the Second

Annual Report on Carcinogens (1981)

ACGIH A3
1,4- 1
1
208 650ml/m3 (Johnstone RT 1959) (ACGIH 2001) MAK 2003 (IRIS
2013)

®3)
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ACGIH TLV-TWA 20 ppm 72mg/m3 1999 Skin(1948 )

1,4- TLV-TWA 20 ppm 72 mg/m3

Skin
(ACGIH
200D
10 ppm 36 mg/m3 (1984 ) ()
1,4- 111ppm><7 [ <5 | <2
1/10 10ppm
1,4-
( 1984)
DFG MAK 20 ppm 72mg/m3 (1996 )
Peak limitation Category (2000 )
Absorption through the skin H (1996 )
Prenatal toxicity group C (2007 )
1,4- MAK 20 ppm 72 mg/m3
(MAK 2003)

NIOSH TWA REL Ca C 1ppm (3.6 mg/m3)[30-minute]
OSHA TWA PEL 100ppm (360 mg/m3) [skin]
UK TWA Long-term exposure limit 20ppm 72 mg/m3 (2005)

Comments: SKin

(ACGIH 2001) American Conference of Industrial Hygienists (ACGIH) 2013
TLVs and BELs with 'th Edition Documentation CD-ROM

(Argus et al. 1965) Argus MF, Arcos JC, Hoch-Ligeti C Studies on the carcinogenic
activity of protein-denaturating agents: Hepatocarcinogenicity of
dioxane. J Nat Cancer Inst 35, 1965: 949-958

(ATSDR 2012) Agency for Toxic Substances and Disease Registry A Toxicological
Profile for 1,4-Dioxane,2012
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(Buffler et al. 1978)

(EU CLP)

(Giavini et al 1985)

(Hoch-Ligeti et al.
1970)

(IARC 1999)

(ICSC 2008)

(IDLH 1994)

(IRIS 2013)

(Johnstone RT et
al., 1959)

(Kano et al. 2008)

(Kasai et al., 2008)

(Kasai et al., 2009)

(Kociba et al. 1974)

Buffler PA, Wood SM, Suarez L, Kilian DJ Mortality follow-up of
workers exposed to 1,4-dioxane. J Occup Med 20, 1978: 255-259
European Chemical Substances Information System (ESIS) List
of harmonised classification and Labeling for certain substances
or groups of substances which are legally binding within the
European Union Reguration(EC) No 1272/2008 (Annex VI)
Giavini, E; Vismara, C; Broccia, ML. (1985). Teratogenesis study
of dioxane in rats. Toxicol Lett 26: 85-88.

Hoch-Ligeti C, Argus MF, Arcos JC Induction of carcinomas in

the nasal cavity of rats by dioxane. Brit J Cancer 24, 1970:

164-167

International Agency for Research on Cancer IARC IARC

Monographs Vol. 71 1,4-Dioxane (1999)

International Programme on Chemical Safety (WHO/IPCS)
(1ICsC) ICSC 0041 (2008 )

CDC Immediately Dangerous To Life or Health Concentrations-

Dioxane

U. S. Environmental Protection Agency (US EPA) : Integrated

Risk Information System IRIS |, Toxicological Review

of1,4-Dioxane; CASRN 123-91-1 (2013)

Johnstone RT.(1959) Death due to dioxane? AMA Arch Ind

Health. 20:445-7.

Kano, H; Umeda, Y; Saito, M; Senoh, H; Ohbayashi, H; Aiso, S;
Yamazaki, K; Nagano, K; Fukushima, S. (2008). Thirteen-week
oral toxicity of 1,4-dioxane in rats and mice. J Toxicol Sci 33:
141-153.

Kasai, T; Saito, M; Senoh, H; Umeda, Y; Aiso, S; Ohbayashi, H;
Nishizawa, T; Nagano, K; Fukushima, S. (2008). Thirteen-week
inhalation toxicity of 1,4-dioxane in rats. Inhal Toxicol 20:
961-971.

Kasai, T; Kano, H; Umeda, Y; Sasaki, T; Ikawa, N; Nishizawa, T;
Nagano, K; Arito, H; Nagashima, H; Fukushima, S. Two-year
inhalation study of carcinogenicity and chronic toxicity of
1,4-dioxane in male rats. Inhal Toxicol 21, 2009: 889-897.

Kociba RJ, McCollister SB, Park C, Torkelsen TR, Gehring PJ
1,4-Dioxane. I: Results of a 2-year ingestion study in rats. Toxicol
Appl Pharmacol 30, 1974: 275-286
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(Lane et al., 1982) Richard W. Lane, Barry L. Riddle, Joseph F. Borzelleca. (1982).
Effects of 1,2-dichloroethane and 1,1,1-trichloroethane in drinking
water on reproduction and development in mice. Toxicology and
Applied Pharmacology 63: 409-421.

(MAK 2003) Deutsche Forschungsgemeinschaft (DFG: ) The
MAK Collection for Occupational Health and Safety, MAK Value
Documentation for Carbon tetrachloride, 2013

(NIOSH 2011) National Institute for Occupational Safety & Health NIOSH:

NIOSH Pocket Guide to Chemical
Hazards, Acetonitrile, last reviewed April 4, 2011

(NTP 2011) National Toxicology Program (NTP: :12th
Report on Carcinogens (2011
(OSHA 1988) Occupational Safety and Health Administration (OSHA) 1988

OSHA PEL Project Documentation

(Takano et al 2010) Takano, R; Murayama, N; Horiuchi, K; Kitajima, M; Shono, F;
Yamazaki, H. (2010). Blood concentrations of 1,4-dioxane in
humans after oral administration extrapolated from in vivo rat
pharmacokinetics, in vitro human metabolism, and
physiologically based pharmacokinetic modeling. J Health Sci 56:
557-565.

(UK/HSE 2011) U.K. Health and Safety Executive EH40/2005 Workplace
exposure limits (Containing the list of workplace exposure limits
for use with the Control of Substances Hazardous to Health
Regulations (as amended)) (2011)

(Young et al 1976) Young, JD; Braun, WH; Gehring, PJ; Horvath, BS; Daniel, RL.
(1976). 1,4-Dioxane and beta-hydroxyethoxyacetic acid excretion
in urine of humans exposed to dioxane vapors. Toxicol Appl
Pharmacol 38: 643-646

(Young et al 1977) Young, JD; Braun, WH; Rampy, LW; Chenoweth, MB; Blau, GE.
(1977). Pharmacokinetics of 1,4-dioxane in humans. J Toxicol
Environ Health 3: 507-520.

( 1984) JSOH (2013)
1,4-
26  354-356 (1984)
( 2014) 16514 (2014)
( 2012) 24 )
331
332
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334

1,4-
LCso 12,568 ppm (2h)
LDso 5,170 mg/kg
LCso 10,109 ppm (2h)
LDso 5,660 mg/kg
LDso 2,060 mg/kg
2000ppm
/
/
LOAEL = 50ppm 104
F344 50 1,4-

6 / 5 / 104

AST ALT ALP vyGTP
50ppm
(48/50) (40/50)
250ppm
50ppm
ATSDR 2012

0, 50, 250, 1250ppm

1250ppm Oppm
MCV MCH
pH
(50/50)
(34/50)
(7/50) LOAEL

P4 Kasai 2009 IRIS 2013
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UF =100
LOAEL - NOAEL (10) (10)
=1.35 mg/m3
50><6/8>=<1/100 0.375ppm = 1.35 mg/m3

NOAEL=500 mg/kg

In vitro in vivo

NOAEL = 250ppm 104
F344 50 1,4- 0, 50, 250, 1250ppm
6 / 5 |/ 104
6/50 21/50 1250ppm 250 ppm

14/50 1250 ppm 41/50
P7 Kasai 2009 IRIS2013 ATSDR 2012
UF =100
(10) (10)
=6.75 mg/m3
250>=6/8>=<1/100 1.875ppm = 6.75 mg/m3

UR =5x 10 (ug/md)yl ( P9  IRIS 2013)
104) RL(10-4) = 20 pg/m3
104/ 5 x 10 -6 = 20 pg/m3
10/20% 240/365x 45/75=0.2)

RL(104) = 100 pg/m3 (0.03 ppm)
20/0.2 = 100 pg/m3

14
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336

ACGIH TWA 20 ppm 72 mg/mé (1999 ) Skin(1948 )
STEL

C
1,4- TLV-TWA 20 ppm 72
mg/m3
Skin
SEN TLV-STEL
10 ppm 36 mg/m3 (1984 )
1,4- 111ppm>=<7 [ =<5 [ =2
1/10 10ppm
1,4-
DFG MAK 20 ppm 72 mg/m3 (1996 )
Peak limitation Category (2000 ) Absorption through the skin
H (1996 ) Prenatal toxicity group C (2007 )
1,4- MAK value 20 ppm 72
mg/m3

NIOSH TWAREL Ca C 1ppm (3.6 mg/m3) [30-minute]
OSHA TWA PEL 100ppm (360 mg/m3) [skin]
UK TWA Long-term exposure limit 20ppm 72 mg/m3  Comments: Skin
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