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( )
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3

4-

R-O-(CH2-CH2-O)n-OH
(NPnEO)

R-O-CH2-CH2-O-CH2-CH2-OH
(NP2EO) 

R-O-CH2-CH2-O-CH2-COOH 
(NP2EC)

R-O-CH2-CH2-OH
(NP1EO)

R-O-CH2-COOH 
(NP1EC)

R-OH 
(NP)



4

( 4- )

4-t- 4-n- 4-n- 4-n-
(NP1-15EO)

(NP1-10EC) (OP1-10EO)
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( )
[ g/L]

1998
H10

1999
H11 

2000
H12

2001
H13

2002
H14

2003
H15

4-t- 0.87 0.03 0.62 0.81 0.51 1.9 
4-n- ND(<0.01) ND(<0.01) ND(<0.01) ND(<0.01) - - 

4-n- ND(<0.01) 0.03* ND(<0.01) 0.01 - - 
4-n- ND(<0.01) 0.01* ND(<0.01) ND(<0.01) - - 
4-n- 0.06 ND(<0.01) ND(<0.01) ND(<0.01) - - 

NP1EO - - - - 0.8 2.5 
NP2EO - - - - 9.5 11 
NP3EO - - - - 1.8 7.6 
NP4EO - - - - 1.2 8.8 
NP5EO - - - - 0.8 7.6 
NP6EO - - - - 0.5 7.0 
NP7EO - - - - 0.3 8.0 
NP8EO - - - - 0.1 8.5 
NP9EO - - - - ND(<0.1) 9.5 

NP10EO - - - - ND(<0.1) 9.6 
NP11EO - - - - ND(<0.1) 9.3 
NP12EO - - - - ND(<0.1) 7.6 
NP13EO - - - - ND(<0.1) 5.6 
NP14EO - - - - ND(<0.1) 4.4 
NP15EO - - - - ND(<0.1) 3.2 

*
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1998
H10

1999
H11 

2000
H12

2001
H13

2002
H14

2003
H15

NP1EC - - - - - 2.9 
NP2EC - - - - - 20 
NP3EC - - - - - 3.2 
NP4EC - - - - - 1.1 
NP5EC - - - - - 0.7 
NP6EC - - - - - 0.4 
NP7EC - - - - - 0.48 
NP8EC - - - - - 0.84 
NP9EC - - - - - 0.80 

NP10EC - - - - - 0.91 
OP1EO - - - - 2.7 ND(<0.3) 

OP2EO - - - - 6.5 0.2
cf. 9.2

OP3EO - - - - 0.3 0.12 
OP4EO - - - - 0.3 0.07 
OP5EO - - - - 0.3 ND(<0.05) 
OP6EO - - - - 0.2 ND(<0.05) 
OP7EO - - - - 0.2 ND(<0.05) 
OP8EO - - - - ND(<0.1) 0.06 
OP9EO - - - - ND(<0.1) 0.09 
OP10EO - - - - - 0.11 
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( )

 [ g/L] /
OP2EO  0.028 0.16 2003/12  
OP2EO  (0.01) ) 0.09 2001/12  
OP1EO  (0.01) ) 2.3 2003/12  
OP1EO  (0.01) ) 0.09 2001/12  
OP2EC  1.6 4.7 2003/12  
OP1EC  0.32 0.82 2003/12  
NP2EO 1.0-5.5 2003/12  
NP2EO  (0.1) ) 1.3 2001/1
NP1EO  (0. 1) ) 2.3 2003/12  
NP1EO  (0.2) ) 1.6 2001/1
NP2EC 2.9-11 2003/12  
NP1EC 1.5-9.2 2003/12  

 [ g/kg] /
OP2EO  (2) ) 3 2003/12  
OP2EO  (2) ) 2001/12  
OP1EO  (2) ) 13 2003/12  
OP1EO  (2) ) 7 2001/12  
OP2EC  6 65 2003/12  
OP1EC  (2) ) 2 2003/12  
NP2EO  (20) ) 56 2003/12  
NP2EO  20 880 2001/1
NP1EO  (20) ) 510 2003/12  
NP1EO  (50) ) 12000 2001/1
NP2EC  (20) ) 410 2003/12  
NP1EC  (20) ) 49 2003/12  

)
16 ( 16 12 )

http://www.env.go.jp/chemi/end/kento1602/index.html 15 ( 15 11 ) 14

http://www.env.go.jp/chemi/end/kento1502/index.html
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4-t-
(NP2EO20%+NP1EO80%)

(NP1EC)

MEDLINE
TOXLINE

(
OR CAS ) AND (Endocrine OR Reproduction)
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Gimeno et al.(1996)1)eco  4-t-   
Gimeno et al.(1998)2) eco  4-t-   
Gimeno et al.(1998)3) eco  4-t-   
Gimeno et al.(1997)4)eco  4-t-   
Panter et al.(2002)5)eco  4-t-   
Seki et al. (2003)6)eco  4-t-   

Yokota et al. (2005)7)eco  4-t-   
Kudo & Yamauchi (2005)8)eco 2-t-    

Kwack et al.(2002)9)vivo mRNA mRNA

Yamasaki et al.(2004)10)vivo, 
vitro

/ 4-t-

hER
   

Haavisto et al.(2003)11)vivo,
vitro

 Vivo
   

Mueller & Kim(1978)12)vitro 4-s- 4-t-   
Jobling & 

Sumpter(1993)13)vitro
4-t-

Vtg    

Routledge & Sumpter 
(1997)14)vitro

4-t-, 4-s- 
hER

4-t-, 4-n- 
hER

4-t-
hER

4-t-, 4-n- 
hER

Beresford et al.(2000)15)vitro 4-t-
hER    

Smeets et al.(1999)16)vitro  4-t-   
Hornung et al.(2003)17)vitro  4-t-   

Myllymäki et al.(2005)18)vitro
4-t-

   

Olsen et al.(2002)19)vitro 4-t-,4-n-
hER    

2005 9 6
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1) Gimeno S, Gerritsen A, Bowmer T, and Komen H (1996) Feminization of male carp. Nature, 384, 221-222. 
2) Gimeno S, Komen H, Gerritsen AGM, and Bowmer T (1998) Feminisation of young males of the common carp, Cyprinus carpio,

exposed to 4-tert-pentylphenol during sexual differentiation. Aquatic Toxicology, 43, 77-92. 
3) Gimeno S, Komen H, Jobling S, Sumpter J, and Bowmer T (1998) Demasculinisation of sexually mature male common carp, 

Cyprinus carpio, exposed to 4-tert-pentylphenol during spermatogenesis. Aquatic Toxicology, 43, 93-109. 
4) Gimeno S, Venderbosch PWM, and Bowmer T (1997) Disruption of Sexual Differentiation in Genetic Male Common Carp (Cyprinus

carpio) Exposed to an Alkylphenol during Different Life Stage. Environmental Science and Technology, 31, 2884-2890. 
5) Panter GH, Hutchinson TH, Lange R, Lye CM, Sumpter JP, Zerulla M, and Tyler CR (2002) Utility of a juvenile fathead minnow 

screening assay for detecting (anti-) estrogenic substances. Environmental Toxicology and Chemistry, 21, 319-326. 
6) Seki M, Yokota H, Matsubara H, Maeda M, Tadokoro H, and Kobayashi K (2003) Fish full life-cycle testing for the weak estrogen

4-tert-pentylphenol on medaka (Oryzias latipes). Environmental Toxicology and Chemistry, 22, 1487-1496. 
7) Yokota H, Abe T, Nakai M, Murakami H, Eto C, and Yakabe Y (2005) Effects of 4-tert-pentylphenol on the gene expression of P450 

11beta-hydroxylase in the gonad of medaka (Oryzias latipes). Aquatic Toxicology, 71, 121-132. 
8) Kudo Y and Yamauchi K (2005) In vitro and in vivo analysis of the thyroid disrupting activities of phenolic and phenol compounds in 

Xenopus laevis. Toxicological Sciences, 84, 29-37. 
9) Kwack SJ, Kwon O, Kim HS, Kim SS, Kim SH, Sohn KH, Lee RD, Park CH, Jeung EB, An BS, and Park KL (2002) Comparative 

evaluation of alkylphenolic compounds on estrogenic activity in vitro and in vivo. Journal of Toxicology and Environmental Health, 
65, 419-431. 

10) Yamasaki K, Noda S, Imatanaka N, and Yakabe Y (2004) Comparative study of the uterotrophic potency of 14 chemicals in a 
uterotrophic assay and their receptor-binding affinity. Toxicology Letters, 146, 111-120. 

11) Haavisto TE, Adamsson NA, Myllymäki SA, Toppari J, and Paranko J (2003) Effects of 4-tert-octylphenol, 4-tert-butylphenol, and 
diethylstilbestrol on prenatal testosterone surge in the rat. Reproductive Toxicology, 17, 593-605. 

12) Mueller GC and Kim U-H (1978) Displacement of estradiol from estrogen receptors by simple alkylphenols. Endocrinology, 102,
1429-1435. 

13) Jobling S and Sumpter JP (1993) Detergent components in sewage effluent are weakly oestrogenic to fish: An in vitro study using 
rainbow trout (Oncorhynchus mykiss) hepatocytes. Aquatic Toxicology, 27, 361-372. 
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14) Routledge EJ and Sumpter JP (1997) Structural Features of Alkylphenolic Chemicals Associated with Estrogenic Activity. Journal
of Biological Chemistry, 272, 3280-3288. 

15) Beresford N, Routledge EJ, Harris CA, and Sumpter JP (2000) Issues Arising When Interpreting Results from an in Vitro Assay for 
Estrogenic Activity. Toxicology and Applied Pharmacology, 162, 22-33. 

16) Smeets JMW, van Holsteijn I, Giesy JP, Seinen W, and van den Berg M (1999) Estrogenic Potencies of Several Environmental 
Pollutants, as Determined by Vitellogenin Induction in a Carp Hepatocyte Assay. Toxicological Sciences, 50, 206-213. 

17) Hornung MW, Ankley GT, and Schmieder PK (2003) Induction of an estrogen-responsive reporter gene in rainbow trout hepatoma 
cells (RTH 149) at 11 or 18 degrees C. Environmental Toxicology and Chemistry, 22, 866-871. 

18) Myllymäki S, Haavisto T, Vainio M, Toppari J, and Paranko J (2005) In vitro effects of diethylstilbestrol, genistein, 
4-tert-butylphenol, and 4-tert-octylphenol on steroidogenic activity of isolated immature rat ovarian follicles. Toxicology and Applied 
Pharmacology, 204, 69-80. 

19) Olsen CM, Meussen-Elholm ET, Holme JA, and Hongslo JK (2002) Brominated phenols: characterization of estrogen-like activity in 
the human breast cancer cell-line MCF-7. Toxicology Letters, 129, 55-63. 
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NP OP
NP OP 

2EO 1EO 2EC 1EC 2EO 1EO 
Ashfield et

al.(1998)20)eco
/

Le Gac et
al.(2001)21)eco, vitro 

(2EO20%+1EO80%) 
Vtg     

(2EO44%+1EO54%) 
ER

(2EC54%+1EC44%) 
ERMetcalfe et 

al.(2001)22)eco, vitro 
ER ER

Sturm et 
al.(2001)23)eco, vitro      

Jobling & Sumpter 
(1993)13)vitro Vtg Vtg

White et
al.(1994)24)vitro

Vtg
MCF-7

hER

Vtg
MCF-7

hER
ER

Hanioka et
al.(1999)25)vitro     

P450

Milligan et
al.(1998)26)vitro    
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NP3-15EO NP3-10EC
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OP3-10EO

in vitro in vivo in vitro

( 5 ) 48 in vivo

2

in vivo in vitro

in vitro in vivo

( )

SHBG - AFP

E2

SHBG AFP

20) Ashfield LA, Pottinger TG and Sumpter JP (1998) Exposure of female juvenile rainbow trout to alkylphenolic compounds results in 
modifications to growth and ovasomatic index. Environmental Toxicology and Chemistry. 17 (3), 679-686. 

21) Le Gac F, Thomas JL, Mourot B, and Loir M (2001) In vivo and in vitro effects of prochloraz and nonylphenol ethoxylates on trout 
spermatogenesis. Aquatic Toxicology, 53, (3-4), 187-200. 

22) Metcalfe CD, Metcalfe TL, Kiparissis Y, Koenig BG, Khan C, Hughes RJ, Croley TR, March RE, and Potter T (2001) Estrogenic 
potency of chemicals detected in sewage treatment plant effluents as determined by in vivo assays with Japanese medaka (Oryzias
latipes). Environmental Toxicology and Chemistry, 20 (2), 297-308. 

23) Sturm A, Cravedi JP, Perdu E, Baradat M, and Segner H (2001) Effects of prochloraz and nonylphenol diethoxylate on hepatic 
biotransformation enzymes in trout: a comparative in vitro/in vivo-assessment using cultured hepatocytes. Aquatic Toxicology, 53, 
(3-4), 229-245. 

24) White R, Jobling S, Hoare SA, Sumpter JP, and Parker MG (1994) Environmentally Persistent Alkylphenolic Compounds Are 
Estrogenic Endocrinology, 135 (1), 175-182. 
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25) Hanioka N, Jinno H, Chung TS, Tanaka-Kagawa T, Nishimura T, and Ando M (1999) Inhibition of rat hepatic cytochrome P450 
activities by biodegradation products of 4-tert-octylphenol ethoxylate. Xenobiotica, 29 (9), 873-883. 

26) Milligan SR, Khan O, and Nash M (1998) Competitive Binding of Xenobiotic Oestrogens to Rat Alpha-Fetoproein and to Sex Steroid
Binding Proteins in Human and Rainbow Trout (Oncorhynchus mykiss) Plasma. General and Comparative Endocrinology, 112, 
89-95.
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4-t-
4-t-

( )
Jobling Sumpter 4-t-

i 4-t-
1.0 10 5

Beresford 4-t-
-

ii 4-t- EC50 2.2
10 4 -

Olsen 4-t-
- iii 4-t-

IC50 3.84 10 4 -

Routledge Sumpter 4-t-
-

iv 4-t- EC50 5.7 10 4

-

Yamasaki 4-t- 100 300 1000 mg/kg/day 3
20 v 100

mg/kg/day ( )
4-t- 100 300 1000 mg/kg/day 0.6

g/kg/day 3 20 v

100 mg/kg/day ( )

( )
Myllymäki 4-t- SD

vi 4-t-
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1.0 10 8 1.0 10 6 1.0
10 7 1.0 10 6 -

Olsen 4-t- MCF-7
iii 4-t- 1.0

10 5

Haavisto 4-t- SD
vii 4-t-

6.7 10 6

6.7 10 5 6.7 10 5

                                                 
i  Jobling S and Sumpter JP (1993) Detergent components in sewage effluent are weakly oestrogenic to fish: An in vitro study using 

rainbow trout (Oncorhynchus mykiss) hepatocytes. Aquatic Toxicology, 27, 361-372. 
ii  Beresford N, Routledge EJ, Harris CA, and Sumpter JP (2000) Issues Arising When Interpreting Results from an in Vitro Assay 

for Estrogenic Activity. Toxicology and Applied Pharmacology, 162, 22-33. 
iii  Olsen CM, Meussen-Elholm ET, Holme JA, and Hongslo JK (2002) Brominated phenols: characterization of estrogen-like 

activity in the human breast cancer cell-line MCF-7. Toxicological Letters, 129, 55-63. 
iv  Routledge EJ and Sumpter JP (1997) Structural features of alkylphenolic chemicals associated with estrogenic activity. Journal of 

Biological Chemistry, 272, 3280-3288. 
v  Yamasaki K, Noda S, Imatanaka N, and Yakabe Y (2004) Comparative study of the uterotrophic potency of 14 chemicals in a 

uterotrophic assay and their receptor-binding affinity. Toxicological Letters, 146, 111-120. 
vi  Myllymäki S, Haavisto T, Vainio M, Toppari J, and Paranko J (2005) In vitro effects of diethylstilbestrol, genistein, 

4-tert-butylphenol, and 4-tert-octylphenol on steroidogenic activity of isolated immature rat ovarian follicles. Toxicology and 

Applied Pharmacology, 204, 69-80. 
vii  Haavisto TE, Adamsson NA, Myllymäki SA, Toppari J, and Paranko J (2003) Effects of 4-tert-octylphenol, 4-tert-butylphenol, 

and diethylstilbestrol on prenatal testosterone surge in the rat. Reproductive Toxicology, 17, 593-605 
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4-

( )
Jobling Sumpter 4-

i 4-
1.0 10 5

White 4-
ii 4-

1.0 10 5

MCF-7
ii 4-

1.0 10 5

4-
CEFs

ii 4-
1.0 10 5

Metcalfe 4- 54% 44%

- iii

4- EC20 9.6
mg/L -

( )
Gac 4-

8 2 1.24 4.97 g/L 13 3
iv 4.97 g/L

iv 4-
8 2

3.0 10 5 IGF
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i  Jobling S and Sumpter JP (1993) Detergent components in sewage effluent are weakly oestrogenic to fish: An in vitro study using 

rainbow trout (Oncorhynchus mykiss) hepatocytes. Aquatic Toxicology, 27, 361-372. 
ii  White R, Jobling S, Hoare SA, Sumpter JP, and Parker MG (1994) Environmentally Persistent Alkylphenolic Compounds Are 

Estrogenic. Endocrinology, 135, 175-182. 
iii  Metcalfe CD, Metcalfe TL, Kiparissis Y, Koenig BG, Khan C, Hughes RJ, Croley TR, March RE, and Potter T (2001) Estrogenic 

potency of chemicals detected in sewage treatment plant effluents as determined by in vivo assays with Japanese medaka 

(Oryzias latipes). Environmental Toxicology and Chemistry, 20, 297-308. 
iv  Gac FL, Thomas JL, Mourot B, and Loir M (2001) In vivo and in vitro effects of prochloraz and nonylphenol ethoxylates on trout 
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4-
4-

( )
Jobling Sumpter 4-

i 4-
1.0 10 5

White 4-
ii 4- 1.0

10 5

- ii

4- Kd 2.0 10 4

-
MCF-7

ii 4- 1.0
10 5

CEFs
ii 4-

1.0 10 5

Ashfield 4- 1 10 30 g/L 35
iii 1 10 g/L

466

Metcalfe 4- 54% 44%
50 100 g/L 1 90

iv 50 g/L /
100 g/L
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i  Jobling S and Sumpter JP (1993) Detergent components in sewage effluent are weakly oestrogenic to fish: An in vitro study using 

rainbow trout (Oncorhynchus mykiss) hepatocytes. Aquatic Toxicology, 27, 361-372. 
ii  White R, Jobling S, Hoare SA, Sumpter JP, and Parker MG (1994) Environmentally Persistent Alkylphenolic Compounds Are 

Estrogenic. Endocrinology, 135, 175-182. 
iii  Ashfield LA, Pottinger TG, and Sumpter JP (1998) Exposure of female juvenile rainbow trout to alkylphenolic compounds 

results in modifications to growth and ovasomatic index. Environmental Toxicology and Chemistry, 17, 679-686. 
iv  Metcalfe CD, Metcalfe TL, Kiparissis Y, Koenig BG, Khan C, Hughes RJ, Croley TR, March RE, and Potter T (2001) Estrogenic 

potency of chemicals detected in sewage treatment plant effluents as determined by in vivo assays with Japanese medaka 

(Oryzias latipes). Environmental Toxicology and Chemistry, 20, 297-308. 
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4-t- (NP2EO)
(NP1EO) (NP1EC)



 1

1

04.09.08 WG



 2

   

   

Biological plausibility (2001) John
M. Last 

1) 

2) 
a)
b)
c)
d)

3) 

4) 



 3

5)

7

7



 4

1) (2002) 126, 96-104. 
2) (2003)

22, 33-40. 



 1

2

 4-t-
 4-t-

i 7 800t 8 1000t
9 1000t 10 1000t 11 2000t
12 2000t 13 2000t 14 2000t
15 2000t

ii 10
0.87 g/L 11 0.03 g/L 12 0.62 g/L

13 0.81 g/L 14 0.51 g/L 15
1.9 g/L

 20 SD 100, 300, 1000 
mg/kg/day 100, 300, 
1000 mg/kg/day

iii



 2

in vivo
8 SD

iv F0 F1

F0 60 mg/kg/day F1
200 mg/kg/day

20 SD
100, 300, 1000 mg/kg/day

iii

SD 1 10 100 mg/kg/day
v

in vivo



 3

in vitro
IC50 3.84 10 M

- vi

EC50 2.2 10 M

vii EC50 5.7 10 M

viii

EC10 2.06 10 M
EC10 8.25 10 M iii

1.0 10 5 M
ix

SD
- x SD

v

MCF-7 vi

in vitro

in vitro



 4

in vivo
in vitro

xi

in vivo

                                                 
i 2005 14705
ii 16 ( 16 12 )

http://www.env.go.jp/chemi/end/kento1602/index.html
iii  Yamasaki K, Noda S, Imatanaka N, and Yakabe Y (2004) Comparative study of the uterotrophic 

potency of 14 chemicals in an uterotrophic assay and their receptor-binding affinity. 
Toxicological Letters, 146, 111-120. 

14
iv 1996 p-tert-

http://wwwdb.mhlw.go.jp/ginc/html/db1.html 2005 10 5
UNEP (2002) SIDS Initial Assessment Report for 10th SIAM. p-tert-Butylphenol. 
http://wwwdb.mhlw.go.jp/ginc/dbfile1/paper/paper98-54-4d.html 2005 10 5

v  Haavisto TE, Adamsson NA, Myllymäki SA, Toppari J, and Paranko J (2003) Effects of 
4-tert-octylphenol, 4-tert-butylphenol, and diethylstilbestrol on prenatal testosterone surge in 
the rat. Reproductive Toxicology, 17, 593-605. 

vi  Olsen CM, Meussen-Elholm ET, Holme JA, and Hongslo JK (2002) Brominated phenols: 
characterization of estrogen-like activity in the human breast cancer cell-line MCF-7. 
Toxicological Letters, 129, 55-63. 

vii  Beresford N, Routledge EJ, Harris CA, and Sumpter JP (2000) Issues arising when interpreting 
results from an in vitro assay for estrogenic activity. Toxicology and Applied Pharmacology, 162, 
22-33. 

viii  Routledge EJ and Sumpter JP (1997) Structural features of alkylphenolic chemicals associated 
with estrogenic activity. Journal of Biological Chemistry, 272, 3280-3288. 

ix  Jobling S and Sumpter JP (1993) Detergent components in sewage effluent are weakly 
oestrogenic to fish: An in vitro study using rainbow trout (Oncorhynchus mykiss) hepatocytes. 
Aquatic Toxicology, 27, 361-372. 

x  Myllymäki S, Haavisto T, Vainio M, Toppari J, and Paranko J (2005) In vitro effects of 
diethylstilbestrol, genistein, 4-tert-butylphenol, and 4-tert-octylphenol on steroidogenic activity 
of isolated immature rat ovarian follicles. Toxicology and Applied Pharmacology, 204, 69-80. 

xi Hewitt SC and Korach KS (2003) Oestrogen receptor knockout mice: role for oestrogen receptor 
 and  in reproductive tissues. Reproduction, 125, 143-149. 
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i 14 9.5
g/L 15 11 g/L

in vivo
1.24 4.97 g/L

4.97 g/L
ii

100 g/L iii

54 44
in vivo

in vivo



 6

in vitro
1.0 10 5

iv, v

1.0 10 5

MCF-7
v 1.0

10 5

CEFs
v EC20 9.6 mg/L

- iii

3.0 10 5

IGF ii

2

14 15
ii i
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in vivo in vitro

in vivo

2

in vitro
in vivo

                                                 
i 16 ( 16 12 )

http://www.env.go.jp/chemi/end/kento1602/index.html
15 ( 15 11 )
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ii  Gac FL, Thomas JL, Mourot B, and Loir M (2001) In vivo and in vitro effects of prochloraz and 

nonylphenol ethoxylates on trout spermatogenesis. Aquatic Toxicology, 53, 187-200. 
iii  Metcalfe CD, Metcalfe TL, Kiparissis Y, Koenig BG, Khan C, Hughes RJ, Croley TR, March RE, 

and Potter T (2001) Estrogenic potency of chemicals detected in sewage treatment plant 
effluents as determined by in vivo assays with Japanese medaka (Oryzias latipes).
Environmental Toxicology and Chemistry, 20, 297-308. 

iv  Jobling S and Sumpter JP (1993) Detergent components in sewage effluent are weakly 
oestrogenic to fish: An in vitro study using rainbow trout (Oncorhynchus mykiss) hepatocytes. 
Aquatic Toxicology, 27, 361-372. 

v  White R, Jobling S, Hoare SA, Sumpter JP, and Parker MG (1994) Environmentally Persistent 
Alkylphenolic Compounds Are Estrogenic. Endocrinology, 135, 175-182. 
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i 14 0.8
g/L 15 2.5 g/L

in vivo
1.24 4.97 g/L

4.97 g/L
ii

100 g/L iii

54 44
in vivo

in vivo

in vitro
EC20 11.0 mg/L 9.6 mg/L

- iii

14 15
ii i
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in vivo in vitro

in vivo

in vitro
in vivo

                                                 
i 16 ( 16 12 )

http://www.env.go.jp/chemi/end/kento1602/index.html
15 ( 15 11 )

14
http://www.env.go.jp/chemi/end/kento1502/index.html

ii  Gac FL, Thomas JL, Mourot B, and Loir M (2001) In vivo and in vitro effects of prochloraz and 
nonylphenol ethoxylates on trout spermatogenesis. Aquatic Toxicology, 53, 187-200. 

iii  Metcalfe CD, Metcalfe TL, Kiparissis Y, Koenig BG, Khan C, Hughes RJ, Croley TR, March RE, 
and Potter T (2001) Estrogenic potency of chemicals detected in sewage treatment plant 
effluents as determined by in vivo assays with Japanese medaka (Oryzias latipes).
Environmental Toxicology and Chemistry, 20, 297-308. 
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