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ABSTRACT

Toxicity of nonlyphenol (NP) one of EDCs was studied with focus on reproduction of the crucian carp,
Carassius auratus. Fishes were cultured under control and nonylphnol exposure conditions for 32 weeks.
Experimental group was composed of total of 4 groups, 1 control condition and 3 nonylphenol exposure condi-
tion (18 ug NP L™!, 37 ug NP L™ and 83 pug NP L™"). Survival rate was found to be similar in control and 18
ng NP L™'. However, it is lower in the 37 ug NP L' and 83 pg NP L™} in comparison to the control group.
Deformation of gonads was the highest in the exposure condition of 18 ug NP L™ with the female illustrating
higher ratio than the male. GSI was not much different in the male but in the female, NP exposure group
illustrated Tower value compared to the control group. HSI and GI did not illustrate any clear differences bet-
ween the control and exposure group for both male and female. Intersex was 0% in the wild group, 4.16% in
the laboratory control group, and 25.67% in the NP exposure condition with female illustrating higher compar-
ed to male. Concentration of blood vitellogenin in female illustrated no clear differences between the control
and NP exposure group. However, in the male, it was higher in the NP exposure group in comparison to the
control group, and illustrated higher values of vitellogenin compared to the figures found in the female of same
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Table 1. Nominal and measured nonylphenol concentra-
tions (ug NP L™") in water

Measured concentration

Nominal °r
concentratio]n (LgNPL™)
(LgNPL™) Oh 24h 48h 72h
Control ND ND ND ND
18.0 18.28 3.01 2.09 0.49
37.0 37.76 9.49 7.57 1.15
83.0 82.70 19.14 14.67 3.97

* ND : not detected.
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Fig. 1. Oocyte developmental stage of the crucian carp, Carassius auratus. A: Oogonial stage. B: Previtellogenic stage. Note
the homogeneous cytoplasm. C: Initial vitellogenic stage. Note the appearance of small yolk vesicle. D: Early active
vitellogenic stage (Eyg). Note the numerous yolk vesicle. E: Late active vitellogenic stage. Note the eosinophilic yolk
granules. F: Mature stage. Note the germinal vesicle breakdown and numerous eosinophilic yolk granules. G: Ripe
stage. N: nucleus, No: nucleolus, Og: oogonia, Op: ooplasm, Zr: zona radiata.
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Fig. 2. Testicular developmental stage of the crucian carp, Carassius auratus. A: Recovery and resting stage. Note the
numerous spermatogonia (Sg). B: Multiplicative and growing stage. Note the numerous spermatocytes (Sc). C:
Mature stage. Note the spermatid (Sd) and spermatozoa (Sz). D: Ripe and spent stage. Note the numerous basophilic

spermatozoa.
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Fig. 3. Survival rate of the crucian carp, Carassius auratus
exposed to nonylphenol for 32 weeks.

Vol. 22, No. 3

o] A ut} E7 vEldch NP & FolA] A9
QA A 7)32- 18,37 F 83ug NPL™' H=ToA
74z} 3125, 16.67, 19.23%% Jebdch £719 A
Aa 7138E 18ug NPL™' F=FoxE 32A=XR
FsrAE, 373 83ug NPL™ s=Felre 47
6.673%} 7.69%% vyeRY et

3. MAlAZakx|$(GSH)

32% %<} nonylphenolel] &% Hei®] GSI=
Fig. 63} 7t} ot7l2] GSIE dlzFellA 2343 o
9o}, 18,37 9 83pg NPL' F=FolA Z2
15.27, 19.38, 16.112 Yeh} tzFo) vls) NP x
Z2F7oA G Fe nyg 719 GSIE daT
A 4.23 ojgjom, BE NP x&TFola] 747t 42
W9z A 2T NP =& T Alolel 3]
g Aol Wsiet

Fig. 4. Gonad deformation of the crucian carp, Carassius
auratus exposed to nonylphenol for 32 weeks. A:
Single lobular ovary. B: Unbalanced testis. C and D:
Unbalanced ovary.
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Fig. 5. Deformation rate of gonad of the crucian carp, Cara-
ssius auratus exposed to nonylphenol for 32 weeks.
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Fig. 6. Gonadosomatic index (GSI) of the crucian carp,
Carassius auratus exposed to nonylphenol for 32

weeks. Vertical bar: SD.
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Fig. 7. Hepatosomatic index (HSI) of the crucian carp, Cara-
ssius auratus exposed to nonylphenol for 32 weeks.
Vertical bar: SD.
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Fig. 8. Frequency of gonad developmental stage of the cru-
cian carp, Carassius auratus exposed to nonylphenol
for 32 weeks.
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Fig. 9. Gonad index (GI) of the crucian carp, Carassius au-
ratus exposed to nonylphenol for 32 weeks. Vertical
bar: SD.
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Fig. 10. Intersex of the crucian carp, Carassius auratus ex-
posed to nonylphenol for 32 weeks.
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Fig. 11. Photomicrographs of intersex of the crucian carp, Carassius auratus exposed to 83 ug NP L' for 32 weeks. A:
Intersex in the testis, B: Intersex in the ovary. Oc: oocyte, Tt: testicular tissue.
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Fig. 12. Vitellogenin concentration of the crucian carp, Ca-
rassius auratus exposed to nonylphenol for 32
weeks. Vertical bar: SD. *: Significantly different
from control (P <0.05).

el o} (Ward and Boeri, 1991).

2 d7o]A nonylphenold] x&H+= Ft 2o
o AEEELE =2 F 11F7RAE FE FREY
ARAA7} ot RFREE Fxod w2t 4
Zgo] ZtAdlgich o|9h e WIE F xFEA
2 upy 5 ohekat aqld] uhel AEe] W 4%
o) Nz cham, 846 9 AA) DL 2ol
= zkEoh

gubA © 2 nonylphenol-& Pl A F AL
727 AR e, TR T SR BAEAo
A intersex 28 5 oAz FAEARAY #
42 3= Aoz 4delA 3lvh(Ren, 1996; Sumpter,
1998; Nimrod and Bensou, 1998; Tanghe et al.,
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tylphenolel] xZA|H 7N 4218 AAH 3
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A3t c} (Gimeno et al., 1998). Om 52 323 &
20~60% ¥ zebrafish, Danio rerioZ methylstesto-
sterone 0.26 ug L', 1.0 ug L™'ell x=2A]7 intersex
AN 27} 026 ug Lol -= 3%, 1.0ug L 'oAl =
27% WA (O et al, 2003)2 Haslgod,
Koger 5-& testosterone 100 ug L' =23 meda-
ka, Oryzias latipesd|A] intersex& HA3lGT
(Koger et al., 2000), Kang % estradiol 0.03~
0.46 pg L 'S =FoA intersex® HZ3}tgrh
(Kang et al., 2002). =3t ethynylestradiol 0.001 ~
0016 pg L™' %o x%% fathead minnow, Pime-
phales promelaso) A intersex7} FXeol 3o
Z71gd = R ax ¢lv}(Lange ef al., 2001). 314
gt intersex7} A HAST A o]7le] HbEA]
A4 B7Psg %3k AL ohut (Koger et al,
2000; Metcalfe et ql., 2001; Seki et al., 2004).

2 G7olNE AT wls] 83ug NPL™, 37
ug NPL™' 78]3 18ug NPL™ 237 £o=
intersex?] Zd-&o] ¥A Jepdcl A 59
QA Zol| A B-xu]go] i, AL i 9l G}
279 NP =27 Alole]l §-2A-al z}e]7} vie}
A ge} 71&E A3 2 AEE WErlHde
o] AN

olAte] d7A35E ¥ W nonylphenol 7]
Zb 22 A] o] Fo AR S mAH, 7|E D
N7r 223353 B2 JEaAAe 2R
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