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Abstract

This study was conducted to investigate effects of bisphenol A
(BPA), known as one of the endocrine disrupting chemicals, on the
early development of fertilized eggs, sex differentiation, gonadal
development of fry and fertility of adult fish of “Songsari” , Oryzias
ratipes.

Fertilized eggs of Songsari hatched at 9 to 12 days after fertilization
in the control I, O while the eggs treated with BPA 50 and 100 pg/ 2
hatched 26 to 27 and 26 to 35 days after fertilization. The eggs treated
with BPA 200 pg/{even failed to hatch. Hatching rate was 86.8 and
84.3% in the controls while the rate was 23.3 and 22.2%9 in the BPA 50,
100 pg/¢ treatment group, respectively. Chromatin-nucleolus and
peri-nucleolus oocytes were observed in the ovaries of 70 days old
Songsari in the controls. Yolk vesicles and yolk glouble oocytes were
observed in the ovaries of the BPA 50 and 100 ug/ ¢ treatment groups.
Mature oocytes were observed in the BPA 200 ug/{ treatment group.
In contrast, testis had a high proportion of spermatids in the controls in
comparison with treatment groups. BPA induced a premature ovary of
the female Songsari while inhibited spermatogenesis of the male
Songsari. Sex ratio of Songsari was 1:1 in the controls while the ratio
of the BPA 50 and 100 pg/{ treatment groups were 2:1 which means
that female were more than male. The ratio of BPA 200 pug/f
treatment group was 11 that was not different in the controls(P) 0.05).
Liver tissue of 70 days old Songsari treated with BPA was observed
higher volume of hepatocyte and hepatocellular vacuolation and fat

accumulation in comparison with controls(P <0.05). The liver tissue



showed eosinophilic, PAS-positive reaction in the treatment groups.
Adult Songsari(total length 29%0.25 c¢m, total weight 03+0.07 g)
produced 52.5, 47.0 and 48.0 eggs for 3 weeks in the control I, I, and
BPA 50 ug/g BW/day treatment group, respectively while the less
amount of 21.5 and 185 eggs were produced in the BPA 100, 200 ug/g
BW/day treatment group. Abnormal rate of eggs was 11.8 and 16.2% in
the control I, II while the rate of eggs treated with BPA 50, 100 and
200 ug/g BW/day were 38.8, 46.8 and 74.1%, respectively which means
that the higher concentration of BPA increased the number of abnormal
eggs. Hatching rate of fertilized eggs was more than 78.0% in the
controls while the rate was less than 50.0% in the treatment groups.



I.A &

FAAGAE 4437 HE A /RUIAFEY FYo2 AsA 4
Hu Qlon, o HYEL AERA, gy B/t =2 AFEE H
71 Ao £MAE] A ZHHEX(Colborn et al, 1993; Von
Westernhagen et al., 1981, 1987).

HZ, 2HZE Z2EH RAY 7|5 S e RUIAFEAEY &4
7} ¢8Rz 3, ol EHE Wi Feo)EH(Endocrine Disrupting
Chemicals, EDCs)°)2} W31 glcthKavlock et al., 1996). &1} &
Ho) olfel AEst W vuwAe <GP #/F dFde B
-hexachlorocyclohexane, p-nonylphenol A 2o 2§ 4:AlE], O. latipes®
testis—ova F+E(Wester and Canton, 1986; Michelle et al., 1997),
4-tert-pentylphenol A glell 9§t R Yo, Cyprinus carpiod] A8 #
%(Gimeno et al., 1996), estrogenic alkylphenold #3+2dd IAXE T2
M40, Oncorhynchus mykissl o] AL AF Al(Jobling et al,
1996), nonylphenol& A% F7IAAIFA o F eelpout, Zoarces
viviparus©l A9 vitellogenin ¥4 F=2 AL PR v FF
(Christiansen et al, 1998) §9] Ut.

WEn el E2Q BPAL: &7l M|cE Fat2gn o EANFA Y o
B2 AALE 4 AMEEHI v, EYsRelE Eof2EE 4§
7% &8 EAARE 4 AMEHI dov, % dqEAFAE A £7],
¥ 573 283 B 3384 HolE Fo 4L 3Yse 09 (Brotons
et al, 1995), X3 AgdE Lo dxn EHAaE 7Y 9 §&5
= Aog v3aH3 AHOlea et al., 1996; Krishnan et al., 1993). 281
BPAZ} A& vXe 9% 8¢ A7E vl A2 e (Waechter
et al., 1998, Dimond et al., 1998)3 ¥ &4 vl$-29] estrogenicity(Kang
et al, 1998)o] #E ATt QS ¥, R €¥H4el ¥ BPAS F¥E



RRY =EE Folur) Yey,

o) A7 BPAS $4H8), O latipesd] +42% 18 AN 3}
g o FRe R, oo R AL 94 L TAZ FAol
AAE 9%, zew 441 ojuld) BPAR AFFo} HAe § %o AN
43 £ Ralrde) nAE YPe HAMNERY SWAN BAsY
.



O. e R 44

AR
o] Ao o]f ¥ $AE 199903 54 1997 7¥€ 20¢ AeEdx #F
A BYE NEY FHOE 98 w29 3dH ArAM HAsAG.
ARE $AEY HTF AR L 2584064 cm, BT AFL 0211013 g ©
Atk AFE AR E AFddn HIQFLEE &I F AseE o) &3}
Frdoz AMSEEAM 40 2 FERFRd AFANAD. @V £33
@o] RAE g8 AR R +2& ¥ Hol FA

WY A4E

BPAE #4 AAol:, S&Ho] 150~155 T, #E3el 220 C, d=7t
1952 54 9 H94g Edeoiy, 4454 92 713 #d7ted 30
t}. o] AYelAx= aceton 10 m¢ol BPA (Aldrich chemical company, Inc.,
USA) 1 g2 %4l stock solution® A)Z3te BPA-50, 100 % 200 g/ ¢ 9
FEE FATH RAold A ANIHA, BPA-50, 100 ¥ 200 pe/g
BW/day9] F= & ojule] FFFo 3%}

+3E HE X

TATY F3AE T4 LHANT A S ZAE) A8, $A1E
ojm Algeze] F2o A48 & FAA 2~4 AE Y] DA AL
FA3E 500 mt Hlol A HPTFER 4555 /Y L3k BPA A g
T 50, 100 ® 200 g/ =7t HEE Z A¥To BPAE H7sge
B, d=27E ASTUE FIF¢ AYTET )8t BPAY £ul<l
acetond @522 HEd AYF(URT IE FAL ALSFE 244130}
0 AF fpsigon, Lo & F W3E 9] 98 QA& HA
F&& 25£05C, FF71 LD=168% #A %o, 4¥L 23 ¢E 4=



B3t ot.

SFatxto] FEHXME

AYeole Ratatele AEstet YAAE PP v S AL
71 989, AQ AFE FARLE FASY 10 £ FIAFRAN EHAA
o] &3ttt b Ra§ FAIE Aol 1 L FFRe 40/MHY &3
T BPA A& 50, 100 R 200 pe/ ¢ ¥=7t HEE Z 4374 BPA
g HA7hsiglew, da7E ASeTE I 4¥F(H=T 1)9% BPA
9 &uil acetond ©ELEZ AYF APF(HRT ME FUS ST
£ Michelle 5(1997)9] o] wa} 72A120vc} AF Al F 4 49
T4 BPA TE& #AEFLeH, 3¢ 4] 948 €@AE A3, 44
FTHE Y93 aerationg AFH(Fig. 1). 4¥7IE¢T $£2& 264057,
FF7]12 LD=168& #AsHct Hole ANRHE Z7|0|dAAE(0]3F
AFHFAYANE FAR FFEAes, 49 22 BE £,

Ad¥gole F3F 10, 20, 30 R 704 A AF3 £ 7] (Mitutoyo, P
J 3000)9} A=A A -&(Sartorius, BP 3100S)& °]&39 ztz} 0.1 mm, 001 g
A ARZH AFE FAE F, 2AHH B L A48 Bouin’s solution®ll
od AAE AT LAY AE: AF2FY FIW {27
(Richertjung, Histokinett 2000)& ©]§3lo metd FEHFE AA 5 m
2 A¥E UE ¥ ©€9488E #5359 Hansen’s Haematoxyline® 0.5
% Eosin®] Hla gM3gen zxA Wig |As7] i PAS
(periodic acid-schiff) W&& AFAYD. FAF A2 AESH9H(Carl
Zeiss, HBO 50)& o|&3le HZA&AY. 444 2 e dddA=
CCTV system (Sony, KX l4cpl)e.2 =4S RUEd %4 Zzte] 4
EEo] BE3E HAE A A

ofn|e] FFRH
7t AYEFEE HIFAF 291025 cm, BFHF 031007 g2 $A)
olulg 1 £ HlolAHd 209y £43%ch BPA A FE & AYTE=R
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Fig. 1. Schematic diagram of rearing system.
AP: air pump, BR: rearing tank, C : control box



50, 100 R 200 wg/g BW/day ¥ =2 A¥FQ 27| E(RELRGKAE
it, BA)el FAA F 3F ¢ TR . dz7E AR F
oAg AYF(N=zT 1) BPAS £7lQ] acetond @52z M 4¥
F(H2T IHE FASG AHRSE 394 @8 A% gdnen, 3¢
g HFE At F2E WoFU AYIAFL +&& BX05T, %
71 L'D=168& A5

AT RN FARY AFE F 500 o vlo|Ad &3 T3
€ frEsgen Hgd 47 Aoy L HPFAHA 42 BFEA A
AsAct FELLe [FAAAF/ (AR 2o F-HALHA L9 F)X
100] ez A

BAHEY

A@ARe] Aule x’-test®@ AABPZL, TPHMES A= nested
analysis of variance (ANOVA)E AAN# F Statistical Analysis (SAS
Institute North Caroline, USA)& ©]£3l4 Tukey's multiple range test
2 3zt #4948 dAuq.



m 2 3

$ArE] FAT F3ALH 23&L Fig 29 24 3 AAE g2
FollM $A F 9dA o ANzAHANeY, BPA HaFolA £ F 26Y
NzHe] g27TRo 23457 o AR wAqG. 28, 23t F4
He AFde g27dN =4 F 1299 537 ¢8=A9A, BPA 50,
100 pe/ ¢ A= FAN £33 F 27934 3BLd 37 &==UY. BPA
200 pg/ ¢ AETe FHJL FAHA G

&L dx7F I, O7F 2z 80.8%1.14, 843%454%2 koM,
BPA 50, 100 ug/ ¢ A 79 ¥3}&& Zz} 23314786, 222%2 dl&7
uls) AdlA ez ekl (Fig, 2).

2. YEel YHME ¥Y

D d2%st A4AE H4

FaAE £ R XA FART £3Y Aleld Y4 E
et QA1 A A (primitive gonad)E HASZ 8 me Wle YAYAE
(gonia celDEe°] £X¥3 1 on, $8Y &oz A5 HFig. 3-A, B).

73 F 2094 A dA e B4 25 e W FAU7] FEA
FEo] AA: U EA, FiAE T A7 HA AFE A4
€ wa AN YAXE #4454 A H(Fig. 3-C, D).
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Fig. 2. Hatching rate of the fertilized eggs in Songsari, O. /atipes treated with BPA.



R ¥ 309A dixE £Y02 UM FHAAY) GEAEEES A2
Ron, J4E 29 e FAAEYL FRAX GA7A L33 HFig.
3-E, F). #3} ¥ 304471A BPA A& ¥ $A12]9 HE3AAH L =37
#Ao2 FAAY A3 T4 ZE AT ol v

ady, 23 F 7094 AN4AE 2IANHoE AARY FFY I W
g wadaAE Fig. 49 2ok diz27dA 439 ¢4 dde g7 ¢
BAXe FHEAY] dRAEEDR FAHNUD, T vlEe] Iz 131205
86912.05%8 AAE WA, BPA 50 pg/f M T ¢ gy e ¢
A7l R FAUAY] GRMAESN G 831029, 884£295%0|UL, YHE
7] @RAE7} 32£2.60%8 AA3UcHFig. 5-A, B). BPA 100 pg/¢ A
T i 94497, £ GRAX vlge] kG 434004, 896
+280%°1A 2, G¥EY] R GBIV GEALY H o] Z2 391121,
22+156%& A HWrH(Fig 5-C). £ BPA 200 wg/ ¢ H2F9 di o
¢ dedgo] B LdeEde dA47], FHAY] GRMES FF 39+
0.19, 80.1+1.48%& AR5t Q13, GHE7], @77 @ g5 YEAXE
7} Z+zh 84+3.08, 55250 R 21+193% € Holm o AAFESN &
& di9 ddol ®Ath(Fig. 5-D).

8, A4 W AAPAEAE FHEL Fig 67 2ok dzFA4 A
2 W HYAE, FRAE R FHMEY vgo] FZ 67.9+812, 401035
2 227£240%8 A& HcHFig. 7-A). BPA A& T A& U JEAE,
ARAE P HJAEY H&L2 BPA 50 pg/ ¢ M FA 2 78.8+10.06,
194060 R 16.7£894%°11 o0, BPA 100 ug/ ¢ A FolAM 22 863+
1068, 3.7£053 ¥ 6.0%1.16%, 183t BPA 200 wg/¢ A& TN Zz
99.3£0.90, 0.1£0.05 ¥ 051001%& =A%t BPA 200 pg/¢ AYF
oA AYAEZF 7b4 B HE BYx, dEFAA AAES 713 =
< HEE B A4E dage UdE HYFROE QRPN JRAY
A7 o] ddo] @3rh(Fig. 7-B, C, D).
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Fig. 3. Photomicrographs of sex differentiation in Songsari, O latipes treated with BPA.
(A) newly hatched fry. Scale bar=1004. (B) primitive gonad of newly
hatched fry. Scale bar=25 Mm. (C) sagittal section of genital ridge of the
20 days after hatching. Scale bar=25 M. (D) sagittal section of ovary of
the 20 days after hatching. Scale bar=50 /M. (E) testicular tissue of the 30
days after hathing. Scale bar=50 M. (F) ovarian tissue of the 30 days
after hatching. Scale bar=50 /M, Md: mesonephric duct, Gc: germ cell, Gd:
gut duct, N: notochord, Oc: oocyte, Ol: ovarian lamella, Pg: primitive
gonad, T: testis, Ys: yolk sac.
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Fig. 4. Frequency of developmental stage of ovary in 70 days old Songsafi, 0. lafipes treated with BPA,



Fig 5. Phtomicrographs of ovary 70 days old Songsari, O. latipes.
(A) control group. (B) BPA 50 #/f treatment group. (C) BPA 100 /8/¢
treatment group. (D) BPA 200 #8/f treatment group. Pn: peri-necleolous

oocyte, Yv: yolk vesicle oocyte, Yg' yolk glouble oocyte, M: mature

oocyte. Scale bar=100 wm,
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Fig. 6. Frequency of developmental stage of testis in 70 days old Songsari, O. falipes freated with BPA



Fig. 7. Phtomicrographs of testis 70 days old Songsari, O, latipes.

(A) control group. (B) BPA 50 t8/f treatment group. (C) BPA 100 #&/f
treatment group. (D) BPA 200 /8/{ treatment grotp Sg. spermatogoenia,
Sc spermatocyte, St spermatid. Scale bar=100 #m,
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2) AH|

23 F 7098 $AHE9 Aule AT A 169kE], £33 120tE]
2 ¢4 n)&o] 1194 ¥k, BPA 50, 100 pg/ ¢ A2 FolA ¢hzle] Z
Z+  30wha], 20wbEl, $=30] ZtZ 17¢01E], 15 vHE 2 ¢ Ml €] 2:1°%
t}. BPA 200 pg/ ¢ AT Adule g3l 21utd, 430 20w R ¢
4 dlgo] 11013}k (P> 0.05, Table 1).

3) AAE A

23 F 7048 $Ale 9 BAX F7)E Fig. 8% 2ok 439 UAR
A7 WEZTFoA 831068 melA 3L, BPA 50, 100 R 200 ug/ ¢ A7
M 2+ 1291116, 156£1.33 R 147+1.11 @& =T u3 A7t
ZAHP €0.05). R4 AAME A7I= BPA 50, 100 ¥ 200 g/ ¢ AT
A 27 11.2+1.29, 121+£1.14 2 105106 m=Z 4R e gz d)3 I
oHP <0.05).

PAS 94& 3ne o, =7 AdR9 =3 o} BPA AT oA
o zAo] FE FHWEE BT, BPA AT FAAME 439 2
ZA G veg F4E BAY 2gn g2F 4 - 59 AERHLE gRE
 AEL AWEYe WE FEEFC ALY, BPA AT ¢ - 49
RzAL T AXA AREHoz FTEEC EE3NYHFig. 9, 10).

3. ojoje| HAH

£AL2] ojulelq AAtE do 8 TAMY AFAE Fig 113 o 9=
T I, 0 € BPA 50 ug/g BW/day AT $AME] oules 4z 525+
33.23, 47011697 % 480+127370¢ &L AArsi®l s, BPA 100, 200 ug/g
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BW/day A2 olvle z+zt 215071, 1851778708 &g A4s 4
HHeR e AdFE HEd. J4A4d ¢ FdA HFLAHY €9 HE
& Q=23 I, DA Zzk 1181199, 162+1.34%0|% 2, BPA 50, 100 ¥
200 pg/g BW/day AeTto|M 2Zrz} 388+17.65 468+1469 R 741+
6.87%9 #& Ho ANg T/ ¥TFE uALHY do] @dh(Fig.
12).

oAnldiA AiE +HAIE AU A FAL L Fig. 137 2d. o
Z7 1, 09 28&L Z+4 7871841, 7891+4.34%%] v, BPA 50, 100
# 200 pg/g BW/day A&7 R-3&& 7z 47723022, 45211684 &
4721396%2 iE2FRYG JUHoz dgid,
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Table 1. Numbers and ratios of female and male songsari in the different groups at 70 days after hatching

Experimental No. No. Sex ratio
group femnales males (F: M)
Control I 16 12 1:1
Control H 24 26 1:1
Bisphenol A 50 ug/ ¢ 30 17 2:1
Bisphenol A 100 pg/ ¢ 24 15 2:1

Bisphenol A 200 ug/ ¢ 21 20 1:1
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Fig. 8. Diameter of hephtic cell in Songsari, O. /atives treated with BPA.



Fig. 9. Photomicrographs of liver tissue of HE stain in 70 days old Songsari, O. latipes.

(A) control group of female. (B) control group of male. (C) BPA treatment group of ferale
(D) BPA treatment group of male. Scale bar=25 m,
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Fig. 10. Photomicrographs of liver tissue of PAS stain in 70 days old Songsari, O. latipes.

(A) control group of female. (B) control group of male. (C) BPA treatment group of female.
(D) BPA treatment group of male, Scale bar=25 um.
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Fig. 13. Hatching rate of fertilized eggs spawned in adult Songsari, 0. /atipes treated with BPA.



BPAZl $At8]l O. latipes AT 2714483 Apojo] HEziel A4
AXHAY 9 ARE &4 283 org WA nAe gL AEE
d E3e] it}

olfol o] {FIIHNFEL Piet AAMEe] AFAHA FEaE
o] gt A ¥ 3} (Armstrong, 1986) £ £ Wal(Spies et al, 1988), ¥3}
&(Von Westernhagen et al., 1981; Hose et al, 1982), ¥ 3zloj8] AE&
(Von Westernhagen et al., 1987)8 #4Ad 4= Aot o] AdFdA $A}
o FARLE AT I, DM 3 F 9dAd 23E Aasd 12
AR SREHNAT, BPA 50, 100 pg/ ¢ AT FATL 269 A )
Ra7t AlF&E o 4z 27U A, 3B59A g2=Th 182 BPA 200 g
/¢ AT RasA Yy H3&L d=F [ (89.8%), O(84.3%)
T %A%, BPA 50 (23.2%), 100 (22.2%) pg/4 HBFE= A3 o=
Sk, o]} Y BPAE $AHE] 3T F3d LasHE AN 3
o4 AAANIZ HHE £F A F2AHG

£AH8) ojul= d&F I, O ¥ BPA 50 ug/g BW/day A TFolAd 2z
2zt 525, 470 % 480719 &€& A3 1, BPA 100, 200 pg/g BW/day
Aol ojuj Z4zh 215, 185709 @& A ddHes B A
€ B AAdE o FeA HAGAQL &9 v&e d=F I, DA
Zrz} 11.8, 162%°1% 3, BPA 50, 100 ¥ 200 zg/g BW/day M2 TN &
7t 388, 468 &R 741 %9 #%< Hd AN T &4 E v AFAHA ¢
ol B3ttt T APHoR =AY U HEALL WETAMN 78.0%
ool Rt Ay FAAM 50.0% ©ld 2 BPAZL A olnl 9 wAA
A A5 23 Hyo] Fojg F= R FHHAY. 4 AH
A 2QEH =28 AA9G ou=RE AP Yo =3 T
T BE AR fFASAY, PP o FF S Boe AL L



dEde] AnZREY FFHHE AITHRYE g4 AFIH}E AN o
#F7) WEA Rz AEd.

A8, O. latipest %3t ¥ 134 Ao £A H449 37t o) F
oA e oW, 4R A2y R3] A BHEy] A} £
83 zpgo| o]t} (Yamamoto, 1969; Tuzuki et al, 1966). Wester and
Canton(1986)2 4 -hexachlorocyclohexanedl %A@, O. latipes & +
Ao MqRE 37U = EANA FAANA  testis-ova FAE |,
p-nonylphenold] 37089z} 005 01 mg/¢ FEZ =2AHA A testis-ova
vl &o] z}zZt 50%9 86% & HHA, 001 mg/ L FENAE Fio] AT
(Gray and Metcalfe, 1997). =¥ dlZTF(33%)9 ¥lxsto 0.1 mg/L A
T67%)N A 43 71 FrHstdct o] AFoA BPA7E $A4H #bel )
AR A7l v e FF§E AR HAY vlol oA BRI F
7094 BPAC] A AMzd FAE] AJdA testis-ovad 7HA MAG, 4
AE AAE #2F # QU 28y 23 F 098 $AEY g4 W
o dedAE YRAX U &L TN A7 dRATY FHEQ
7] dRAEYe] FESAIR F& Fo BPA HITE Z+E ¢ ¢
gt dREY), dFT] € €57 GEMEY HEo] FrEAr)
Waxman(1988)& L. g&de x=&d olF2 d£7F PAHs (Polycychlic
Aromatic Hydrocarbons)®} PCB (Polychlorinated Biphenyls)®t &€ #7)
L. FEA] oA cytochromes P-4509] @& waldle] 178 -oestradiol
9 o] 28& FAAINAY olUH 178 -cestradiol®] X & FIIAAH &
H2ol= AR ¥zt 27 Y4& o|@vtn Bosta o, v
2, AL ol AYAHE, AZHE % AAEe] BXE AT A% gxT
oM FMEG ARMZ vl &o] A el v, BPA A3 TN
ARAEY v go] gA ek o)d HAIA BPAE FAY 4A
274 &E FEHAY, +39 FAYHRAH L A Ao YFd

3 & 7048 A= Qule d2FAA 43 16ukeE, £7 1201
Z o ul&o] 111914 M3, BPA 50, 100 ug/ ¢ A8 T9 Aule= gA
o] ZtZ} 30mtE, 200ta], 3R] g 178kg, 15 w R ¢ uldo) 21
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2 439 ulgo] E%v BPA 200 wg/ ¢ AT Al 43 2194,
T3 20u 2 o vl &o] L1ojit). A& e estrogeno] F4HUY &
Reo ddee 4 AAY Bolw v, B F& $43E 2YY
o 2ag v lovk(Hines, 1992), #9%)9] estrogenic hormome®] o
o AHawge vAE A hormone 7)o B o AE Q)
T A7t ;¥ ok & Aoz AztdErc)

Wester and canton(1986) f -hexachlorocyclohexanedl #7137k A g
T S e AAEUAY BBAAM A YA 4L Bas
At o] AEAA F3 F 709€ $AEY N2FE FRHUFANAN B
% 49 T v A TN BAX 277 AT, AYEA
L8 FEFO] BEIFUC oA HAXY vvie BPAY d¥oez AP
3] FHoz ALEY,



V.8 ¢

WEN A EAS a3 A bisphenol A (BPA)7F $£A8l, O. latipes
FABE x7|EPR Aoje HEHY AL g aYyn ojrg ¥
Ao wAE FgFE 2AEAY.

FA2 FATL Q2T [, DA 9~12dA RHA2Y, BPA
503 100 g/ ¢ AT SRS 2 26~279A 18T 26364 A
Bk, 23y BPA 200 pg/ ¢ M7 £3TE REFHA &%
o, BElge gzt 13 DM 89.8%% 84.3%¢l3li, BPA 50, 100
pg/ b AHT &L 4 233, 22.2%0]%ch.

Ba ¥ 70498 $£418 daE g2FoN g4 drRAg X F
W7 GRAES BFHAY. £AAF Ao MREH 70Y F< BPA
E A8 HYF 48 daE BPA 50, 100 g/ i A TolA dRE
71, @77 GRAXH BAHUDL, 200 wg/L A TN S5¢ o
RAZZ BRESEA, o), FAE Z2Fd nF AT AFA
¥4 vlgo] @kt BPAT® ¢4RY 24 5E FEIFAAT, FR 9
AAFARR G2 A}t

FAHg) 9] Aule g E2FeA Llelled, BPA 50, 100 ug/¢ A&
72 AulE 212 ¢Ro) Bt BPA 200 pg/¢ AT dule 111
2 g Z2F9 Aozt AATHEP €0.05).

323 F 709 < BPAC A HeE FAHY gxAL T
of Hls] AMa TN AT A7 FIESF P 0.05), AW 27
o FEY @4 #EAHNUAY. 282 AT B3I L PASA A
PSS B,

FArE ooj(dF 29+025 cm, MF 031007 g)e 3F ¢ dzx
T 1, 09 BPA 30 pg/g BW/day M2 7ol zt 6525, 470 R 48070
¢-& st e, BPA 100, 200 pg/g BW/day A& FolA JdAHe=



A& 215, 185719 & AAHG. A4E & FolA HAFFAHA &9 ¥
& iz I, DA 118 162% °ldx, BPA 50, 100 ¥ 200 ue/g
BW/day Az -TFolx Ztzt 388, 468 R 741%9 #& HA Ay ¥kt
ELFE d A go] Wtk a¥n FAHew £AHE ¢o R
& gRTFAA 780% ololH ot M FelM 500% oldR =
Tol vlE) GdoFoE vty
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A 2

o] m&ol gAH7A ¥4 HEF AE AAU WHEE FBo A
L2 ojge F ogdE AFHA L AAE EHVG. ¥z vfald
FoE REY =& AEA ©vEe] F4A HBY FpdF A+ 14
A Adez At ¥&e Y.

B AHH AFE FLE oA Fopd oA asyd, FE o
a4, o)71¢ g, = A ZF4d, $€5 ITd, oA 2ed, HEST
ey 28 ZYE=dde AYe afdAE 3L AAHE ERUd.

A A2YYE A B2 AL FIERHIAY T4 AP
A¥, IR, HH, ¥4, AF, €F &4, A 237, 3¢, ¥4, ¥, 4
2, 4%, FEY, TAFAA 2oieg Ay, B olFgeM ¢4 A
& oA %Y WEH, B, EFAAE Aok APYY. o2y =
oA Be £9& HE WFY HuidE vRT oistd AxuidEA 3
Abg =EHUY.

7t 3909 2 FHAUE SAME SuvtepRle] FHE oAl B
HelE3 & 442 ob71A] ¥d Fd7tHE zean A2opwa) Wi
A AvkEg AP, Bo2 § JEAY RAY FA AAEny F
EEA ZAHE =90, o 41 &ME Lgle]l Wzd & Agsie
olhist 3/1W XA EouA 8 24 A o] =EE =Y

O d7&= FMFdista siFdPL AlMZ JIXABoOIEsto] 5
YA, A7SYol 2 =FE FU HYETL Y ofHERA
Y22 Aol mRiLICH
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