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Abstract

This study was conducted to investigate effects of nonylphenol (NP),

known as one of the endocrine disrupting chemicals (EDCs), on the
early development of the fertilized egg, survival rate and LTso of the

hatched larva, gonad development of the fry in sexually undifferentiated
stage and sexually differentiated stage of the olive flounder,
FParalichthys olivaceus.

Hatching rate of the fertilized eggs immersed to NP at morula stage
were 787, 46.0, 480 and 33.3% in NP-50, 100, 150 and 200 ug/¢
treatment groups respectively. Hatching rate of the controlI, controlll
were 90.7 and 90.0%6. Sixty five hr-survival rates of the fertilized eggs
were 73.3 and 46.0% in the controls, whereas NP-50, 100, 150 and 200
pg/ b treatment groups were 0%., Hatching time were 36.1, 40.0, 39.7
and 41.7 hr in NP-50, 100, 150 and 200 ug/f treatment, respectively,
controls were 323 and 330 hr. Hatching time was postponed in
high~dose group rather than controls. Fertilized eggs of NP immersed
group could not hatch normally and vertebra of the hatched larvae was
in abnormal shape. Twenty six hr-survival rate of the hatched larvae
were 617, 217, 117 and 0% in NP-50, 100, 150 and 200 ug/?
treatment, respectively, while controls were 88.3 and 83.3%. LTso were
335 hr in NP-50 pg/ £, 157 hr in NP-100 ug/ ¢, 115 hr in NP-150 pg/
£ and 95 hr in NP-200 g/ 2. Growth of the controls and NP oral
administration groups was significantly different (P<0.05), whereas
growth among the NP oral administration groups were not significantly
different (P>0.05). NP oral administration were treated to the sexually
undifferentiated olive flounders which were hatched 55 to 64 days old.



Development of ovarian cavity was observed in the ovary and the early
growing oocytes were distributed in the ovarian lamella of the olive
flounder 85 days old. The proliferating spermatogonia were observed in
the testis of the olive flounder 85 days old. Ovarian lamella of the
ovary were filled with oogonia and perinucleolus oocytes in female 159
days old. Testicular lobules of the testis were occupied by
spermatogonia, spermatocytes and spermatids in male 159 days old.
Histological examination on the gonadal development were not different
compared to the controls and the NP ftreatment groups. NP
intraperitoneal injection were conducted to the sexually differentiated
olive flounder 167 days old. Histological examination were conducted at
30 days after injection., Ovarian lamella of the ovary were filled with
oogonia and perinucleolus oocytes. Testicular lobules of the testis were
filled by spermatogonia, spermatocytes and spermatids.

Results of this study suggest that the effect of NP on reproduction
of the olive flounder is mainly on development of fertilized egg and

hatching, rather than sexual development of gonad.



I. A &

1940wl ¥ 1990 o} ol 27X Adde vEe] Yid A
AT FAEL QAN 2719 g, BFold, Y47%% &4, ANE
o] H57 2L FYPAuE A FYFEY BEL 28 AFY AENAE
AY¥stn ik AZkge M S E To] 24, MYl AR FLE A
&5+ PCB, 4%A2 A4SEAd DDT, 444 Hexs TBT, $4AA
¥ &9 nonylphenol (NP), E&}2¥9 Q&9 Bisphenol A 5 70 9%9 #%
HEdo] A WEHAE mdATe A2 HEH A (Colborn et
al, 1996; Cadbury, 1997). ‘AWl E2&9 44, £u] o) F, tAl, 2824
2 dg e AN EA'olE AHod dEuladEae AdAW
Avzte) ol HA EHEA Fon, AF AWz FHH HEH
ez g AA7 Fuds, &F W AFNY A&HHA H4YE &
3 F NPE A 3 337148 ASstn did g aygade 3L
o] & ZAoF dA glon, g WRHAZTEA Hl# vt gl
e 540 3 AAdA E¥&e] ¥va BuFHY glort(Ahel et al,
1994, 1996), o1 Fol W AT FFo tFg A7 vF& PRt}

NPE phenol®} noneneg 9 RZ 3t B3 HAo] e AN o)r},
H| & 0.95(20/4), B14 : 208~3037C, 134 : 1466T, M4 =(APHA) :
20001812, o & 4=y FE S8R @, F7]8AAME 1
F &sigct. NPT phenole]l ¢ 2Halkylation)ol 23] ¢Eo]3 nonyl”
& Ad 48 7k 9 o] A9 4-AE monoalkyphenol?d] EFEZ TAE
Edo|n, o] A Ael= NP, 4-NP, Branched 4-NP, 3-NP ¥ 2-NP %]
Ak, 714 drF o2 ALLHI Qe dlo]&2A FF9 A AAEAHAY
NPE 2 Eeta¥Y 4 AFFHAAN 2ol FAL AA, FIAAZ A
f, WX 2 AA AGeM o] gHH, 1 o Mg, & |, 4F, S8EA
37, latex Y L AA G4 #F Fof o]ggr}



NPE AE, X, AR YA wj&eol o3 P02 fEH A3}
T, AdH S, A8s, AHPE FoAM HAEFRTHAhel ef al, 1994,
1996). A< NP%} NP ethoxylate ¥3]4t& ] “estrogenic’e)d}ix R 31 ¢
A2 ol (Jobling et al., 1996), THA &S WEUAE L@AZ 7H54 ol
& 232 oq4ARY.

FE53%EA NP7F FAHAEAA vAe Yo AF dFole 8
-hexachlorocyclohexane, p-NP Ao % £4Ald], Oryzias latipes®]
testis—ova f-%=(Wester and Canton, 1986; Gray et al., 1997), estrogenic
alkylphenol 313tE 4o HA ¥ rainbow trout, Oncorhynchus mykiss 9l
o A4 A4 dA(Jobling et al, 1996), NP& FHHAZ eelpout, Zoarces
viviparus®l 914 9] vitellogenin &4 A= AAoAM Sertoli A Fe
@& Al o P(Christiansen et al., 1998), 0.25 mg/ £ methoxyclor &
FTAE flagfishe] eggoll 223 F¢ A Hesle 238, o374 LA
A (Holdway and Dixon, 1986)%°] X 1= o] it}

o] =& NP9 sjido]Fol gloj A9 estrogenic I E xA1at7] 938t
o, AAAG A FA GAE didez, NP7t £3%e) 2794, 233
oo wg MEE, LTs 283 A ul2sl Alvieh ARS A7)l A4
2 g e 9TE HAAEYH o2 A



O s £ ¥4

s3e % Faixtof

o] A¥el A48 WX $£AW(4A 11014 mn, 7T 012001 m)e
AFE FAFTE 2HE 5&8 24 Feed gA AojzdA Add A
2 AHEEET FATS Ad @ F Ay FEste FAY dAy ¢
A FAEE AHEIA

AP AET B3R (241004 )T FHBE 500 M 8 Hlo)HA
#83te] & 20£05CoAA F2HAIA ALY F3hAte] 200k 4 250
n¢ #2 wejAd zZtzt &G 4¥TE wF F22 20+05TE
A &te] & Wtel] o# THYLET Zo] UA R=E AT 4 49T
o] A4y F GEETE 2%, FEFAEE 432 mg/ ¢, 12 pHE 819 °]
ATHTable 1).

HE AS

4¥ 4FL " Aldrich Chemical AblA AxE A& A3t 4
Yol AH8-37) 1% NPE 1 g€ ofAE 10 mol 3o NP-50, 100, 150 %
200 pg/t FEZ FAYLE F FHA JAH M YA AEEHAI,
NP-50, 100 % 150 pg/g ®=2 ATFo 2 B FAF Y &3
= 8

3t 3 FEtxtoje] Np HEH A2

WA A& 24 o ReiAole ded g&& PIAE NP &
Ao 9% B4 SAH4Ye2 F£3Y, YAl g U4 dAdE 24
Ak NP9 $=& &7 50, 100, 150 ¥ 200 we/ ¢ 2 FA M ssict
T O oMAE 200 we/t 2 FA AYsAT. £ A Ae
BA7) BAY FARE 47 507HH AP 260 M F o)A #&5



Table 1. Experimental conditions of fertilized eggs and hatched larvae

of the olive flounder, Paralichthys olivaceus

Condition Fertilized eggs Hatched larvae
Water temperature 20+:05C 2005
Age at NP exposure 0 days 3 days

NP concentrations(ug/ £) 50, 100, 150, 200 50, 100, 150, 200

Number of replication 3 3
DO 4.32 mg/ 2 432 mg/ ¢
pH 8.19 8.19
Salinity 32%o 32%o
Response variable HR, HT, SR SR, LTso

HR : Hatching rate, HT : Hatching time, SR: Survival rate
LTsp : lethal time 50%.



Atk B3 AL FAVe] 50% FHAL W2 HUx, ¥Ie, 428L
ztzt zAbste

paizels] was 4E&d mAE 4¥ES 4 NP FEE 4T 250
ol ¥SAIE 20M4 ¥e F, PaAY LTs(d+AAAIZ, lethal
time 50%), 4&&& Fao BrARAY. oA L Hol@ FFeA
Fghom, Aole] 4Ege VYALEL AN ANE AFsel o, o
288 LTso@ 44sht,

NP HTT0

o] Ao ALEF PR HNoje AFE BAFT AR Fd9dy 24 F
Hyatel A B3t §F 4693 Ao (HF 3105 em)E AFddw fYI T2
HAE AISF FF(4 60 om X 30 em)BE &A, 4 £ F 8094 o
T£39. NPY A+E9 HB5E 1 g2 methanol 100 meo] £3A7
F 4 AYTER Ao oA F F 50, 100 R 150 wg/g FEIF HEF,
2T F 10 g9 AlRe] E23n§F FAAZH NPE F3HA2 Alee £
= 73 F 55UHH 64974 109 3+ §Fo ¢ ¥ ol FFE Rt
& 1S AlgS EPALE, g2 T O+ methanol® Al¥E EPARO] A3
o] FTFRAUH A eE AANFE AMLAR D, AHS Fo F2ALE
FE3 #A87] AW BARLY, ARG F £ 167~193T9
HHAR Yol AlwL EPALR(A MR, AAX)E 3% 53 I

AEs HA4E 2ARH R HAHsy] H dHole 33 F 854, 159
doll AEde AFH AFL 2 X, Bouin's solutiond] A8}
IHE Alge AFE3E A48 #%7](Richertjung, Histokinett 2000)&
o] &3t paraffin = HAHAE AXH 5 mE HHEL BE £ Exd@L
=3t Hansen’s Haematoxylin® 0.5% Eosinol Bl gX sgct 94
& NEge BEYV A (Carl Zeiss, HBO 50)& o]&3tod A stsct



NP 82 FA}

B7F FAbel 2§ 92 NP 1 g8 olive oil (SIGMAAL) 100 meoll &
¥ F, NP-50, 100 2 150 pg/g BWE] FE& A3t EF FAE o
FYell 282 Vo] B3 F 16793 dAE o] &3q HIHA AY
& ZAME 8t7] #lE FAF F 30d0] AAE F #E-31e Bouin's solution
o IAs}HT. 2AHY AgE AF2Y HIdd  FE7)(Richertjung,
Histokinett 2000)& ©|&-8} paraffin % HA& AXN 5 mz AU T
e ¥ "€3et¥ & #5389 Hansen's Haematoxylini} 05% Eosinol vl
dA-g Yt AT AEEe AEA9H(Carl Zeiss, HBO 50)& o] &8}
o 373t

SAEY

7t 4¥ AddAM HY RAae 33 9E Aze HFez TR o,
o] & Excel (Microsoft Inc.)& o83 A& At A+ A5 A
L& Statistical Analysis (SAS Institute North Caroline, USA)E ©]-&3}
o] Duncan’s multiple range test® H#3te] f-olA L AA3Qt



1. #¥2 W F3xoef N HEH X2

A7) dA9 g 4o NPE IH Mg 25 73 U=+
I 90.7+£7.02, H&FT O 90.0+£5.29%, NP-50, 100, 150 ¥ 200 ug/¢ ¥ =
M Fel X 7871416, 46.0+9.17, 48.0=3.46 2 333+11.02%= A= ¥
T 5242 Rage Aoz wdth NP-50 we/f HIATE A9
e M7 R3}E&L 50%E @3tA] E3HH(Table 2, Fig. 1.

NP A&t e dE2F 13 cfF2F0Y P33 F 65A3 JEES
Z+z} 73311361, 46.015.29%0°] 13, NP-50, 100, 150 R 200 pg/¢ ¥ %=
AT AL 0%WrHFig. 2). AT 13 Q270 48 F= ¥
23 ¥ 9d7tA AEEHc ¥ AL =213 2T 07 34
32.3+1.53, 33.0=2.65A1Zte] 9 eH, NP-50, 100, 150 ¥ 200 g/ ¢ ¥E= A
groAdE 47 361185 4001205, 390.7£252 H 41.7+153 Aoz
NP 3E7 248 BHAzte] AAHAHFig. 3). HRT 1AM F3
F 21Xt WiF HAHZ1E AR FE F 32410 50%7t Fatg W,
NP-200 pg/ ¢ HE TN K3 F 3247 viA HA7e) A& LA
EY AAEAH(Fig. 4). NP A 2l B3 £ 404 4drdse
HF71 M o ddAol doju HAAHA MAR FHyHA RIAHAH(Fig.
5). 1&x B3 ¥ 65AI10] A @ AAMEL NP2 IH Ao o v
AFEEQ L, olal gt AAMEL AF7F AU, meA=ene dee] A
o] AE Aoz el oh(Fig. 6)

gx BslztojAlzle] NPE A Ad@ ¥, A 2643t A&8E&E =
Ag A, 2T I 88311041%, URFINE 83.3%7.64%°|A 1,
NP-50, 100, 150 % 200 pe/¢ &%= ATAME ZZ 617577, 21.7%



Table 2. Hatching rates and hatching time of fertilized eggs, survival

rates and LTso of hatched larvae

Paralichthys olivaceus treated to NP.

of the olive flounder,

Fertilized eggs

Hatched larvae

Experimental

group HR (%)  HT () SR (%)  LTw ()
Control I 90.7%£7.02 323£153 883*1041
Control I 90.0+5.29 33.0£265 8331764
NP-50 pg/ £ 78.7£4.16 361118 61.7%5.77 335%*3.12
NP-100 ug/ £ 46.0%9.17 400205  21.7%£1607  167%57
NP-150 pg/ ¢ 48.0%3.46 30.7£252 1171607 115786
NP-200 pg/ ¢ 33.3%11.02 41.7*153 0 95+7.86

HR : Hatching rate, HT ' Hatching time,
Lethal time 50%

SR : Survival rate, LTso

_10_
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Fig. 1. Hatching rate of the fertilized eggs of the olive flounder, FParalichthys olivaceus
treated to NP,
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. 2. Survival rate of the fertilized eggs of the olive flounder, Paralichthys olivaceus

treated to NP.

_12__



45 T
R

E 40 | sl
@
2 I
= L N
o 35 I
V= I
G e
E 0 [ ] 0 ul
T 30

25 L | s )| 1 J

control |  control Il 50 100 150 200

NP concentrations {(zg/4)

Fig. 3. Hatching time of the fertiized eggs of the olive flounder, Paralichthys olivaceus
treated to NP.
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Fig 4 Eggs development of the olive flounder, Paralichthys olivaceus.

{A) the morula stage. Scale bar=700 . (B) the embryo, 21 hr
after fertilization at the controll. Scale bar=350 mm. (C) the
larva, 32 hr after fertilzation at the control I . Scale bar=430 um.
(D) the embryo, 32 hr after fertilization at the NP-200 ug/{

treatment group. Scale bar=350 pm.
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Fig b Eggs development of the olive flounder, Paralichthys olivaceus
at the NP treatment groups, 40 hr after fertilization
(A) NP-50 #8/{ treatment group. Scale bar=430 mm, (B) NP-100
HE/8 treatment group. Scale bar=430 mm. (C) NP-150 #&/¢
treatment group. Scale bar=540 mm. (D) NP-200 #48/f treatment
group Scale bar=430 un.
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Fig. 6. Larvae of the olive flounder, Paralichthys olivaceus at the

control and NP treatment groups at 65 hr after fertilization.

(A) controlI. Scale bar=430 um. (B) NP-50 ug/f treatment
group. Scale bar=540 mm. (C) NP-150 ug/ ¢ treatment group.
Scale bar=540 um, (D) NP-200 peg/f treatment group. Scale
bar=540 gm.
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16,07, 11.7£16.07, 0%tk W&2F 134 270 F3 F 944 A 7
A7t HALS A cH(Table 2, Fig. 7). NP-50 wpg/ 8 A& 62413, NP-100
pg/ L e A 53A17F NP-150 pg/ 0 £ 23] 46713, NP-200 pg/ ¢ 264
el A AAZE HAREY HE] =t 2E&5EF AEEol RUHFig
7). dA RaAole] A mE &G rvtez FYFE A4
LTs02 NP-50, 100, 150 % 200 wg/¢ F= A FNA Z2 335+312,
1571575, 115+7.86 R 9517864 7to] 8l th(Fig. 8).

2 Np FT Fo{of 208t y& U 44>

D A%

NPl ¥5d AFFdd o Ay dz2+719 43S NP A+
7F RETFEYG Fo8kA o] wEA el $HP<0.05), NPY] F X
& A7y Age] feolxts fAHP>0.05, Table 3).

23 F 85d A dX Xoje NP M9 gzt 43& va ¥
A Az, AFFH AT Ul NP Agpiedes %927 glonvy
(P>0.05), NP A&7 A4 10.03~10.18 cm, MF 10.12~10.35 g& thF
TI9 HA 964 cm, F 866 goll H# KA3A HAol WA el
vH(P<0 05, Table 3).

22} ¥ 1599 A g2 o9 NP N9 chx7zhe 4% vu #
Mg A3, A& NP-50 ug/g BW HelFelM 2238 cm, NP-150 ug/g B
W AgtelA 2225 cm, HEFOAA 21.38 cm, 2T 1AM 2066 cn2
NP M@ 78 =713kl /2 2HP<0.05)7F U3, NP-50 zg/gBW 3
2] 79 NP-150 pg/gBW Al ¢t3tolls f271 givk(P>0.05). M%< NP
AT e Fo2HP>005)7 g3, Mo d2FddE WRF I o

__.17_
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Fig. 7. Survival rate of the hatched larvae of the olive flounder, Paralichthys olivaceus
treated to NP.
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Fig. 8. LTy of the hatched larvae of the olive flounder, Paralichthys olivaceus
treated to NP,
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Table 3. Growth of fry 55, 8 and 159 days after hatching of the olive flounder, Paralichthys olivaceus

Experimental Hbdays 85 days 159 days
group Total length{cw) Body weight(g) Total length(cm} Body weight(g} Total length(cn) Body weight(g)
Control I 388(%0.1) 052(£0.02) 964(£037)° 866(+337)° 2066(+1.43)F 88.75(+1891)
Control II 385(+0.1) = 056(£002) 10.10(+055)" 9.94(+505)° 21.38(+1.23)" 102.50(=18.81)°

NP-50 ug/g BW  392(+01) 053(+002) 10.03(£030)* 10.12(+£3.10)° 22.38(£1.23)" 124.03(£18.33)"
NP-100 pg/g BW 3.89(*£0.1) 054(2002) 10.05(£0.27) 1035(*3.65)° 21.40(*1.25)° 114.91(*20.08)"

NP-150 pg/g BW 386(+0.1) 057(£0.02) 10.18(+0.32)" 10.25(£3.73)" 22.25(+1.03)" 127.30(x17.68)"

Means within a column superscripted with different letters are significantly different(P<0.05).



887 g& NP AT 1025~1273 g Rtk ¥& AARE Rol= {oiat
(P<005)7F A H(Table 3).

2) AHL Ld

‘NP 3+ £ @& tl2Fs NP A7 A44LE #AAT 234
AHxe et waos ze)7t 9

gae AN AE F3 F 4098 AFdY dihe A2 FE T
gited, da7t AiEd i w2A 27 237 deldti(e], 1990).
das 53 F 46Y AEH die F2A AAE #FF3, i R
F 809 Aol vlEza AT EIFA40 el AFse AeE
g A Ak,

NP A7 Fo A7l HQl 3 F 5593 (A3 3 em) A4k Ao
M EEHEA HARE g2 Mo od At Adre F4 I B
gGgvig e Wd3e] Fa7z AA3TEE JEhe B 3 AAs o
2+ vl E 5k (Fig. 9-A, B).

23 F g5YFEF 8~10 em)] AHLE dixTe NP AT
AAAM ZA g Fojrl glo), daw diTe] F4H dihe F
24 AANE ZEAL, 71FRZBAE ofd GYAREEC] ZF=F HHA4 7
A & BX¥so] Yt a8la da7dFe] A% RFEHOR ¥4
o] FHo] YA daud PHE o/F 1 YA AP FdE AAR
A AANTET Hdo] XU cHFig. 10-A, C, E). 42 FAAXE
& HAZAN AT E8 Ao EEIHD(Fig. 10-B, D, F).

23 F 159U (A 20~22 em)e] ANAE fETFS NP AT
AAA ARG ao|7t glo], daes L3auded EIdFdee ¢4
ME} ¥ foll flo] 2370y EAEE 271 FFA GRAXEC] WP
¥ A 9IAvHFig. 11-A, C, E). A4xs & R Eo] v¥ N3 &
Ztg e QT2 AR & AL 2700 HHEH] 2, EE F
HEY ALAZETE, 44FA ARZMZZEC] EAHAY & FHd=
geye] tAAES 2 YH2A g0 Le3 A (Fig. 11-B, D, F).
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Fig. 9. Photomicrographs of the 55 days old primitive gonad of the olive

flounder, Paralichthys olivaceus of sexually undifferentiated stage.
(A) Primitive gonad (Pg) was observed in retroperitonium. Scale
bar=50 gm. (B) This micrograph magnified the gonial cell (Ge¢) of
the primitive gonad (Pg). Scale bar=25 mm. Abc: Abdominal
cavity, GI: Germinal lamella, K: Kidney, Ml: Muscle layer, S:

Stomach.
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3. NP =2 FAfo] o3t MAL w

3 F 197939 AALe YT Fge B fA5H, da
T dEdel wet 54 ¥4 28Fo2 A 2, AL 523 W
AAE dztde] Hejz vt AA Gk F F 1979H AR
24~26 em)g] e LAV dAM JUMEYG FRAMEESO TEsHG
(Fig. 12-A, C, E). A&t £4TXE oF1 jlon, 2g4vde ¢
A 2EFAFY AUAEE v Ratd, ARALI Exdtn, &AW
< AAREZ 75 A e Ao ARIAUG. AHLke UEL dETH
NP-50, 100 ® 150 ug/g BW FE= A To] me 4L ¥de ole
ZEav A dolA ol & + AU (Fig. 12-B, D, F).






o, AFAol A AEAY v} AHgoz APAY T2E FEE
TFANA AR & Z2ANAL, 718 fEsan do Wolg stAS
& ke EAZ A2H2 ok Eu A 2288 ¥FE w EQ
AN AEEY 2P FEAG A H4F AA, 95, JE AE9E
3 AA7EE FEFT 2HY WEHNZFEIES o) ZEE Hu9
A4 715 € BEsty 2iag, AdRg, H438, P9 A4 F
o2 e 4, 44 R Y5 HEF G el G Jgg v
=3
o] AFAMNE £33 A-golAA Fxlo] A NP-50, 100, 150 € 200
pe/ L9 TER A7) @AY AP AAANZ @I NP-50 we/t A
T& AJsnE RIgo] 50%AE "AX ZiHAD, L35} o) FAH
BE FA4AQ 42dg x| Rach NP-50, 100, 150 R 200 pg/{ %
A2 FolM 787, 460, 480 X 333%E AME ¥t HL5E R3go] 4
Aoz we wide, ERFI 90.7%, WETI 900%2 380 5%
ot ®3 65A e A A HAEAY o] | dEzT I, O 4%
733, 46.0%9 AEEE RYPY EF AR d=TF 19 WO 44
32.3, 33.0A1Fel R 32, NP-50, 100, 150 2 200 pg/ ¢ % HIFoME
z} 36.1, 400, 39.7 ¥ 417N 02 NP ¥ =7 £S48 23 A|zto] A4
HAh dE2F 1A F8 F 20417 wiH VS AH B F 324
Troll 50%7F H&§ Wil NP-200 pg/ £ M@ FolME 3 F 3243t
A A7l WEe G £ ALHAT NP A3 A2ld 2i F 40
AN AE TN AF7 He o)dhdAol dojvt A4 ANz #3
32 3ok R A dFEe wA PAgTidl o)dLAe] EA
e HAtste Adg BgTh

NP-50, 100, 150 L 200 ug/¢ T2 R3atoje] AA A% ¥, A7

!

e
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26X AEEE AR 2, dE2F 1L 83% WERTIOE 83.3%,
NP-50, 100, 150 2 200 ug/¢ &% A FelAM+= 61.7, 217, 11.7 9L 0% 4%
o HE2T 19 ETOE 73 F 9de A A HAASAG. NP-50
g/ L AYFE Ad 624179, NP-100 we/¢ AT AF 5343
NP-150 ug/ £ AT A3 46A17L, NP-200 wg/ £ AT A3 26K
gho] A A7 HAAME HE BRI EE&rE AE & UG 93X ¥
gatol o] A Aol wWE AESEE Jtez AY7TE Zoje] LT
NP-50, 100, 150 % 200 pg/¢ ¥ % AHTAM Zz 335, 157, 115 =
95A12kolRith. NP A FollA Ralalole mast 8 Ad FH|4E K
R, Fdel ¢, ¥ol BFHIAL ol4e] HAAq A8 He], NPT
HA A 38 AEE, FHAo AELEH 2L 2U1EA dA
Ay A= FASYFIELEE JHAE RoR PP

NPE E¥¢ AlRE AT 598 3 F 859U, 1594 % dR) o
A NP A7t &7 44, A4 wdd #slo F3g Aole
Ak Gimeno et al.(1997)2 0.1 mg/ £ 2] 4-tert-pentylphenol (TPP)o
30d T =&d A FH JoAYY) BhzA NN testisova P2 H
29 EYAY Leg Rt w-Aofri(Fd F 39)4 3Y B¢
TTPY =& HE3 AAd L v XA Fhx, YAPAARe] F 4
E o] FolAA ekrh s AR F 245197 AE3}ST o] FolX
T AMZIRE A7% =EFH7) AZEE, i ESASA d@o) L
3, @& H FAHE ol TEE AR o HECR Fox A&EG
o] AFME NP 7] =&d o J£3 dze a4 wgo) 9%
& AR 42 Aoz vehydh o] dFelA 50, 100 ¥ 150 pg/g BW 3
Eel NPE X9 %7 HE#d 4%& Frlucke 3¢9 247 2
3 27] &8 @AY 9L AN o]AL NPY Ha 717t3 X ¥
o @& Ze AolZ AARNIZEZ g} ARAHQ A3st e

Christiansen et al(1998)2 NPE& E7ZFAl 3 eelpout, Zoarces
viviparus©ol Al GSI9 74, 3 vitellogenin % %7}, sertoli AX 7|%
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A& Fol dolus AL Budtd NP7F A W A%E 713Ade
A& AN U

AE3}I} olFlAL @ F NPE 57 FAE P8 A4 wde o
&7 NP-50, 100 % 150 pg/g BW BE A2 FoA &g Aozt A
a8y NP7l §#8 28 wEse f922 Fd AM4se fIT I
% o F# roachdl UM AEFAY FHo] 1= o|(Jobling et
al, 1998), oA Adojd ¥ APHA FYRTE= A F UH7
Le FdYgo) ¢ F Ae2 gAY, I EE NP7F g 93L& vA
e 9718 84 N1F2E F o AASA A HEA A A8l E
A xd 49, A9 7=, Ay 713 A9 Wy 5 oo @@ A7It ¢
2 A&H oz o]Fojzof ¥riu ¥},
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V.9 ¢

WRH d2d3 ¢332 nonylphenol(NP)o] #4to]fH<Ql dX o o]
RG] 271U A, R0 we, AES, LT, 44 w28 A7Ie 4
235} A719 A b wX e 93g AAAELH R AT

A7) gAe ga £ NPE A3 M A3 ¥3&L oI
Zth NP-50, 100, 150 ® 200 pg/¢ = AgTeA 787, 460, 480 &
333%2 Ha FE} EEFE Rigo AFuyoz @ Uy, =T
I 90.7%, W=TO 90.0%% §F3go] ok d2F I3 f=27+09 ¥
g} F 65A17F AE &L 733, 46.0%° 3L, NP-50, 100, 150 R 200 e/ ¢
¥ Ao AE2e&L 0%olvh 3 Ae dzTe dETIAA
32.3, 33.0A1%elR1 e, NP-50, 100, 150 R 200 peg/ ¢ ¥E HITFAME
Z+z} 361, 400, 397 ¥ 4172 NP 57t H&FE EIJAge] A
fE AT

B3 % 654120 A3 @ NP-50, 100, 150 ® 200 pg/ L % AT
Raatol g2 HALEI R T, REalole AF It HolXe ol Aol U
U AREQ wag A#sA

gx RaatolAlzle] NPE AA A@ F, A 264130 ASES =
At AE, d2F 12 883%, WETF IO+ 83.3%°]%i, NP-50, 100, 150
2200 pg/ ¢ FE A=TFAME 44 617, 217, 11.7 X 0%°1At. AT
FE7 2E4E AEF0] Wtrl F3Ate] o] LTsS NP-50, 100, 150 R
200 ug/ ¢ F= ATFAAN 2z} 335, 167, 115 R 95A1 oAt

NP9 ZAT7ESAE 43 vz A7 H3 F 554%E 6447A ol F
ojFtt R3 F 8BYHY die daTe] A dho FEFH AA
g ZbEQm, VEFAE ol dUYMESe =EEE HAHA 1A &9
22X Ao AYHAZELS HAZdAM TFAE €3 RAd EX
ok 23 £ 1599 das 23T EEdFHte dHARY
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3 o)l Qo] 2~3MY EAsE 2ANFEYU YRAEEC] YRE 21X
&3 vk A9 Fg RES HF AFE AFYe GATRE /M
HARAE B A4 290 FAEH, 8345 FLAR, 435
ARAX EAsAT A2 23 HAAM dE2F¢ NP He73te]
A A E3le} Ued o)k iy

Q287 ol FoiRa & Fo B3 F 197979 dae 23T
deMze dRAEEC] BEHAY ArE 429 FTRE ORI JoH,
A9 Aot s £4934FQ AYAE, ARAX #x3z, &9
Wole FAERZ 7+5 2 AATh. &3 Al7le) NPE 87 FAM% 9
A &9 NP-50, 100 R 150 ug/g BW ¥ = ATE FEY0 AL o
4% 224 HANM AN B FHol= vt

o] @7llA NP-50, 100 R 150 pg/g BW HE FE& ¥Ae 27 4
3o 4%& FrIngde FAVY G4 R 2] g dAd 9%
FE Aoz g
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A8 2

Age ko] A7I7AA f3tn HAste viS dol &7l & FA
I, A SHANE Hele FAA 8L Wy & Ao HEF F
A3 e FAR, AE F4l o]FgE M &4 awhge whg
Z B Y v gFeE REF =85S WU dEe] FA HBH
g QA IedA FAD ERU 2EE Be 3HE AL AR
g A E 3 FA o)A Zed, AFA Aed, =4 AT, 971 »
TH, $£5 L5, oAd asd, HET AL 2 FA =HUL

A gE WHE F fe dH5EE FE4A @ig A%y g2
RE A, 380 vhE d3) A=A Xaa J18H ojHsg ¢4 3
o 7174A YA dee S dYde oY, des, FYH, A8,
OJAE, WA, AFA, NFE, JEY, AAHE, AWVE, MY, 133,
4N, 195, @AY SAA nekE uhgg AFJ dE3T PYE &
AZ FolME FA oHFE A3 E Bl & Y5, 484, wiF o
oA avlE wEE AFUG. o] RS FUY F UEE T FA
FELY FFY AduidA 2ok oge A a9n HedM 2L
ZEn GItRE 2AE obggle] M F4 ¥4E AvdE HRE dige
A FuldEA A =8V

Hold dR8 2 FlE wEdsA x, vit A3 ¢ 71H=d gy
Fo] FEde AHdAYn Qe BAYY AFEE wge o zantd
AR 2Fouvt B EHUT a7 oA E AJGARE o] &Y
& & A= oM olhel FHFA AFEE OB, AAewm, AF
2.8k} tte] BAE AU Aol wold MAAUA nrlg bt
e A AgUg,

Of = MNFoista siYEAP22 AlM JIKIE oS8t
of +YIR2, LYo 2 =FF T HYAT2 AH of
HESH A= A& ZEHICH
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