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— Abstract —

Acute Toxicity of Administered Bisphenol A Di Glycidyl Ether in Male
Sprague Dawley Rats

Jae-un Im, Yun-jung Yang, Tae-jin Lee, Yeon-pyo Hong

Department of Preventive Medicine and Pathology?, College of Medicine,
Chung Ang University, Seoul 156-756, Korea

Objectives. Bisphenol A Di Glycidyl Ether (BADGE) is the major component in commercial liquid
epoxy resins, which are manufactured by co-reacting bisphenol A with epichlorohydrin. The authors
investigated the acute toxicity of BADGE.

Methods: BADGE was administered by a gavage to 8 week old SPF Sprague Dawley rats in a single
dose of 0 (negative control), 0.37 (Diethylstilbesterol, DES), 1000, 2000, 4000, and 8000 mg/kg/day of
BADGE. Each treatment group contained 7 rats. The general status and weight of the rats were observed
for 14 days. The rats were anesthetized by ether at 14 days, and the changes in morphology, organ
weight, sperm count and motility, and hormone level were measured.

Results: All the rats treated with BADGE had diarrhea on the 1st day. The rats administered BADGE
at 1000, 2000, and 4000 mg/kg/day showed a soiled perineal region and soft stools with diarrhea until the
3rd day. The 8000 mg/kg/day BADGE rats had diarrhea for two days followed by emaciation, soiled fur,
asoiled perineal region, staining around the mouth and were moribund for three to eight days. No weight
gain was observed after the 1st day in the 2000, 4000, and 8000 mg/kg/day BADGE rats and after the 7th
day in all the treatment groups compared with the control groups. Some treatment groups were observed
to have a decrease in the weight of the heart (BADGE 1000, 2000 and 4000 mg/kg/day), liver (BADGE
1000, 2000, 4000 and 8000 mg/kg/day) and prostate (BADGE 4000 mg/kg/day) compared with control
group. The weight of the liver was significantly lower in all treatment groups compared with the control
group. The relative weight of the liver (BADGE 1000 and 4000 mg/kg/day) was significant lower than
the control. No pathological changes were observed in the brain, liver, thyroid, heart, spleen, kidney, lung
and prostate. The number of spermatid in the seminiferous tubule in the testes was lower in al treatment
groups than the control. The sperm motility tended to decrease with increasing concentration but the
sperm count was similar in al treatment groups. The plasma Estrogen and testosterone level were similar
in the control and treatment groups.

Conclusions: These results suggest that BADGE induces general, hepatic and reproductive toxicity at
1000 mg/kg/day.

Key Words: Bisphenol adiglycidyl ether, Acute oral toxicity, Male rats, Endocrine disruptor
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HoE

ANZAl A FFA (monomer)Sl 2.2 bis(4-(2,3-
epoxypropyl)phenyl)propane< glycidyl ether?] 3t
ZHolw, dutxoZ bisphenol A diglycidyl
ether (BADGE: CAS no. 1675-54-3)2kaL 3tk (Poole
et al, 2004). BADGEY o 29 AFFA
(oligomer) & ©ZEA] A9 2 FAMECZ(IARC,
1999), 2.2 bis(4-hydroxyphenyl)propane (=bisphe-
nol A, BPA)¥} epychlorohydrin®] gl 2la] o
ZtH(Inoue et al, 2001 SCF, 2002). BADGE= =
cAo] 40~44°CRl 2AA EARA 98 A o FA
FAe] F8 AE(EE9 80% o’d)elH, mAlde o Z
Al FA oA VAL EAEY] EYaHE et
(Aol web 20%7H4)) (Poole et al, 2004). g9 4
o7 HEE J|FA] FA= HAHo] Hojua, F2ou
shebA Aol Za, 714, 1A%, dol FFe AA
2HE YR ER Ao ARS]olA] wlf- Bo] AMREE &
doltt, o FA| A= dH T HE§ 3" A&
A 5o EEFE §o =m0 Ago] F A 75 %
ol e AAEta, @A 10% vl S48y S5F
W] % IR X g F3A| FOo2 AREsta ok
(Poole et al, 2004).

a8 B2 BADGE® 494 HF=2of ofg A AYs
1 9 SdAMe FAEYL AFse EZEA EC
Directive 2002/16/ECE %3l EAg 1 9t}
BADGEE 318t WA (chemical resistance)e] Z&
o AF, AR 258 W W 2" AHEste 4
o] F3IAEA 2 AFEE B E (Gandra, 1999), 7 A&
o o JIEA = AF =734 BADGES
BADGE #4¢9 &%&E4d< BPA == BADGES 7t
w3 e dstE FEd Ea4HE(BADGE - H20,
BADGE - 2H.O, BADGE - HCI - H.O, BADGE -
HCl, BADGE - 2HCD%°] &dFo 2 olgd 4 3tk
(Choi et al, 2002; Hammarling et al, 2000
Pulgar et al, 2000).
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a8y BAEDGES] 2T Fodo] 93t 5438k A+

7} 2 Ao o]FoA (Poole et al, 2004) &2 7|&=
oz E o A7 WHA 2lE o] gREZA] kol 1 AT
£ A&7t o Aot weiA] B ATe
BADGE®S] 2+ Fodl o3 54 544 A+E A9
sto] 71&e] AT Ao}t vlmsty o YA Aol
Aol Dot 7| 2ARE At APt

L
1. Aot

Bisphenol A diglycidyl ether corn oil, diethyl-
stilbesterol(DES)= Sigma-Aldrich(Saint Qentin
France) 2 7€ F43ttt.

2. Ys=E

AHd2 Animals Experiments of Chemon Co.
LtdelA good laboratory practice(GLP) #|¥-t7%
(OECD, 2005)¢l wet Fd=det. 7578 Fade 9
Sprague-Dawley &% EE Charles-River breed-
ing laboratory(Wilmington. Mass, U.S.)Z%H
ot 7Y BA HES AF2 214.07+11.31 g ©]
Ak A FEHL 2% 23+3C, F% bh+H15%=
FA sklar, 204158 08AI7HA] oA = 12A41%F
ozt F71& A skt Hol=Teklad Global 18%
Protein Rodent Diet(Harlan. Co. Ltd., U.S)& &
wotd 15 &<t 34171 & BADGES AA#e= ¢
3 AT Fo vt Fo g FAH REY AT
242.55+15.14 g oAtk

SERTE

w

. dze ) he Fo

< T2 ST o4 o
< corn oil & R, Y =T ABE
DES 0.37 mg/kg/dayE Folslded], ©
7] BES] AAZ|A S vehe P AL w
olth(Fisher et al, 1999). ¥ dFA A&
BADGE® T T% F 7Ig @2 =& 1000
mg/kg/day= 34 ol ZE Hdl 19600
mg/kg/day®] FEZ median lethal dose(LDsy) & HE
239 BADGE”ZF 1000 mg/kg/day °lslelld& A
d FE TS TA Fevde ATFE Fasd 2
Aotk (Poole et al, 2004). =3+ BADGE 99< e
o ©@3] £ 7% 10000 mg/kg/day 9 =7t FY

Y oH"
5
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HER Fo Hu & —E corn oilell 3]st} @3] Fo
7} Vet oz #Ed 8000 mg/kg/dayoz g}
Ak wEhA] 2 O‘i‘_rLoﬂl\iT‘E BADGE®] ¥ s=& #
sk 1000 mg/kg/day ©IAFE 2000, 40003 3
8000 mg/kg/day®2 Hote] ©@3] T3t 7 =
H BADGES Fol & 1, 3, 7 282 14Y A 7} Fof
o] AF Aduk S BEAT T T 14U Ao

ri

AES dd=z i ¥ase & ) P 23
St 249 WlE 7 gee Pkt o 24
AFom e F 1008 35 NPT T

[
3, 7, 144Adl SAsIth. Fof &

1497 e % < ether2 v £ /&t &
AelE FAPIE ol &std ¥

iﬁﬂfﬂ = %1 %}ﬂé}@ ?‘%%—% E)3sle] 1.5 ml tube

k], @’E}ﬁ, 7, éVJ, ﬂ’%, A9A, v e 24
ZA FAE 543 F 10% formalin solutionel] #7%
Eis=s "ﬁ”ﬂt‘rL ng, Fuge B4 3 A PAE
=43 % Bouin s solutiond A5ttt %232 Welst
A H7}2 Qe paraffine® Injsle] Ae & o 7

AR H, AR AR ARG b, 13k Rass 3
gk A B @l o zERAR HiE
ZHE FEE A7 olFYANT PAIRGSARY
—300
:
E
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Fig. 1. The changes of body weight in male rats exposed to
BADGE. Values are means and standard errors. Weight
gain was not observed after the 1st day in the BADGE
2000, 4000, and 8000 mg/kg/day rats. BADGE 8000
mg/kg/day administered rats were slightly decreased till
3rd day (p<0.0001).
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(RIA) 2.2 =439t zt &% 3vle] e R sy}
o3
P

nga FAe] $54% 2 34 S9HChung &
Kim, 1995).

5. £

72 29 AF, A1, A £B4% 3AG 29
F28 $E9 Aot BEEs FoAE Al vag

SPSS version 12.0%5 AF&-3ke] Student’ s t-test@ Al
Patslry, SAA folFEe 5%E shuld.

o172}
1. uketEl

DES 0.37 mg/kg/day® 1000, 2000, 4000, 8000
mg/kg/day ¢ BADGE Fo 1¥ ¥ SEA T F
9ol 24 (soiled perineal region)e] #HZHALE. Fo
34 %= BADGE 1000, 2000, 4000 mg/kg/days
Fogt FolFoA MAZ Q3 FEF9] 29 (soiled
perineal region and soft stools with diarrhea)el
e, =3 BADGE 8000 mg/kg/day Tl
A1 9 AP BEo] ARFHJEY], o]l Fo EZo]
712 FrdEe] AT Aol Tt
Fo] 79 FoE BADGE 8000 mg/kg/day Fol
2 AAk(soiled perlneal region and

soft stools with diarrhea)”} #ZE A1, & oA
= 5T ofo] #EAHA EYT}. Fo & 14Uolle B
£ FollA BT o]/fo] TR &oytt,
12
] -1015
e 2
@ ? 8 -
= 7 £
s Z G
R=L 4 73
£° W 6§
s |k a g
] i : K=
= | B - 4 E
0_ 75 A Al Lo
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Fig. 2. The changes of absolute organ weight in male rats
exposed to BADGE. Values are means and standard
errors. Significant weight changesin liver (al treatment
groups) and prostate(8000 mg/kg/day treatment group),
p<0.05 (#: measurement values X 100).
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A
DES
Organ Control (037 BADGE (mg/kg/day)
Corn oil ' 1000 2000 4000 8000
(Comol)  gkg/day)

Brain

Thyroid

Lung

Kidney

Spleen

Testis

Epididymis

Fig. 3. Histopathological founding of the organs (H&E staining). No histopathological changes were found in any organs except
testis. Decreased number of spermatid in seminiferous tubules(A: X 100 and B: X 100 and X 400).
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Organ Control

BADGE (mg/kg/day)

(Cornoil)

2000 4000 8000

X100

X400

2. AE st

A% A z23} DES, BADGE 1000, 2000, 4000,
8000 mg/kg/day AT AZe) AT TFAANE 7}
7t 242.26+8.52 g3t 237.74+5.81 g, 241.70+7.42
g 242.03+3.79 g, 244.04+6.49 g, 240.08+6.13 g
o|Att.

o] & 14A7A 9] AF WEHE Fig. 1o Jepich
Fo] T g7 A Al Bkl uhgl Aol XA
o= kel A= Yehtoy} DESS BADGE Fol
o] AT BF djx2ad vlg] e Fros AT

3. o &7 2A

RE 719 FAE Fig. 20 yebith. F2 A7) &
o, A #He vE F9 FAe dExzaH DES,
BADGE Fo ztol| frelgt ztolE YeRA] 2kt
a8y A A4Stz Hit FACE 1.16 g ¢
©1} BADGE 1000, 2000, 4000 mg/kg/dayFol2
25 gz fod zels Bt (p0.05). %3 )
z7o Hi 2 FAZE 9.38 golla DESTFA
9.22 g2 F & 9] fro3t Aol HEHA| it
a8y BADGE Foiwe] 1t FAE izt HaEA
0.39~1.27 g A= 9A el SATHc2E {9
3k atol g HATHp(0.05).

AANAQ 1y} Fugke] A= vizTy DES,
ZE BADGEE Foi 7ol f2l3 Aoz} it o1
2lu BADGE 4000 mg/kg/dayFolwe] Aol o
o FAZ 0.43 g2 =z 0.53 g ol Hls 0.1 g %
T Wgka BATH o R fofdt atolg B tH(p0.05).

322

7y ool A A7) FA9 Hd 9 iEdAe i
1ol Uehdth tiz73 DES, BADGES Foj3t mE
o 5

FolgolA o, A, =, A A, vl
= frolg atol7t it

ko] g FAE dixzTolA oF 2.83%F YEhgaL,
DESTFATE oF 2.85%2 F & 7ol §2& ol7} &
ZEA gskt. 238y BADGE 10002 4000
mg/kg/day Folv ZH7t 2.60%9 2.56%% WE&T
7} fof gt Apolzh #AEATHpC0.05).

A2 71AIQl g3 Euge DES, BADGE Fof 13
o] A FAE e ztolrt #FEA] Gt
Jeiy APAE dizaoA 0.16% ©1x BADGE
8000 mg/kg/day Fi3t TolME 0.12%=Z tz=T
H3] SAITH o= Fofetk atolE BATH(p(0.05).

gz Az 54 H&Ee F 90% oAU,
BADGE 4000 mg/kg/day Fol+& #|93 o2 oo
A E8Ade] ashe A4S Hlou FAFHCRE fo
31A] ¢kskth(Table 2).

e PAeE dz2Ty vluste] gk 13~54%x10°
Ao FEUoY BAHCRE fFofd Aol AL F
ngel A9 vz g o 116x10°2 DES9}
BADGE 4000, 8000 mg/kg/day Fola3 H|Z=3819
o} 23y 1000, 2000 mg/kg/dayFole ol
va) ZHzh 15x103 = $7F 35x 10 = 7HastiAl
W BAACR fog Aol ot

2ol 1P & dzwol & 3%¥ . DESS
BADGE %o+ 5 1233 93 ztol= ¢lodth.
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279 o 2EZAY HAEXHZY Jiz TFH
2= 247y 81.43+27.73 pg/ml, 8.43+5.52 ng/ml ©|
2t} DES¢t BADGE Fol#&

o~

o3k Ato] & HolA] ettt (Fig. 4).

il AR BB 9L Fohn Hausgnh aev

ATolAdE 1000 mg/kg/day®l s== BADGES

B AT A% Yo HW BE FITAN Tl 3% g 2oNRE A% @RI 5 o A 3
AYE AAE UG O Qw24 A 4k A% 5ol 47, 4858 AFe ®
Q% BADGE Folzeld] thzol vla) 44, 1% 4 BADGE Folzold] %ol 3 3Qaixe A%l 2
e WA 2, A3 AR BRAR BAE A e FL A% S} Ae BEEA @k 39
O RAS RelR g aem 2ARHoR nBe AY o FREE AFe] ke AFS HAAT B2
Bl FAALE 47k e Ro] For AFo] ABIAE YT olF AF B

BADGEE

¥ 11400 mg/kg/day,
mg/kg/day 28]3 E7dAE 19800 mg/kg/day®

o3 Fog vE Oq—"r“ﬂ/ﬂ LD7} StE]

ohg o] A e

ot FAACR

15600

EolM Bisphenol A Diglycidyl Ethere| A7 £090] olst 24 54

BHuEAtH(Pool et al, 2004). 12{v} CCOHS(2004)
4= BADGEE v+ =& #%(13000 mg/kg/day

o E BEM| FF TSRS 7
opZte] s &I, AHAbet
1000 mg/kg/day °]ahe]
WA getha el o] <
AR @3] Fo4d S 1000 mg/kg/day Er}h 3

alA Wolf(1958)= BADGES] ®
2lo] Aol syl wiEolzta k9o Basler
5(1984)2 28¢ E<F 1000 mg/kg/dayel BADGEE

% A% F3Ed 923
AEHes dod 4+ 9
Fmo|AE ok o] 1}
2ol oA A7E
=

s A

1y Eolz Qg

Table 1. The change of relative organ weight in male rats exposed to BADGE (values are means and standard deviations)

Ay 2 Bt oox dn ke fo o TR

=

DES
Control 037 BADGE (mg/kg/day)
(Corn-ail) ma/kg/day) 1000 2000 4000 8000

Brain 0.586+0.045 0.602+0.027 0.600+0.033 0.630+0.031 0.576+0.023 0.648+0.042
Thyroid* 0.242+0.057 0.239+0.084  0.205+0.048 0.176+0.068 0.194+0.068 0.249+0.068
Lung 0.406+0.022 0.388+0.024  0.384+0.017 0.401+0.021 0.373+0.040 0.428+0.042
Heart 0.349+0.023 0.362+0.028  0.333+0.033 0.355+0.025 0.324+0.026 0.361+0.034
Kidney 0.329+0.026 0.329+0.072 0.337+0.032 0.344+0.018 0.335+0.031 0.352+0.021
Spleen 0.218+0.027 0.214+0.037 0.197+0.026 0.210+0.023 0.199+0.023 0.251+0.034
Testis 0.480+0.030 0.500+0.037 0.482+0.044 0.492+0.085 0.464+0.036 0.528+0.102
Epididymis 0.092+0.013 0.112+0.011  0.095+0.007 0.093+0.016 0.084+0.006 0.093+0.013
Prostate 0.161+0.026 0.155+0.039  0.145+0.029 0.169+0.032 0.131+0.029 0.119* +0.028
Liver 2.825+0.101 2.845+0.192 2.603* +0.135 2.771+0.125 2.560* +0.200 2.765+0.144

#measurement values x 100

* p<0.05

Table 2. Sperm head count and motility (number of ratsin each group = 3)

Sperm head count - Sperm
Tedtis Epi Pip_etf_m mo;/” Ity Abnormality
(% 10°testis) (% 10°/epi) stive (%) (%)
Control (Corn oil) 243.6x+4.7 115.7+£25.2 90.2+15.3 32+20
DES (0.37 mg/kg/day) 230.4+21.6 108.4+17.3 85.0+17.5 4.3+3.6
BADGE 1000 217.7+38.1 130.5+11.2 71.2+13.8 52+4.2
(mg/kg/day) 2000 204.8+20.9 180.8+9.5 71.2+27.9 3.0+23
4000 213.7+14.8 114.3+315 89.8+13.8 27+0.8
8000 189.3+18.91 112.7+30.9 75.8+19.9 5.0+0.9
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W Fol @ TANE Ho] WAZoIt AFe Wabh B
297 STia sl JuE AL Byth B AT
A& BADGE Fel29l o] 423 Z434 29
Mg AF Wsel 90] o] HA 2 WEalA
Fe Fol & wAE AN 53 AU A5 A /)9
o &4 9% AQAE BG4 GolTh. Fo A1
A 5 A<l 7% 1000, 20002 4000 mg/kg/day<]
BADGES i@ Telze Ar) A7k thziel vis)
felapl dadigo AFoz w9 B AL A
o7} glgith. RE BADGE Felzel bl Anl ¥l

ol Hla) 7-?—’-\—3}%‘9_1% 4t FAE BADGER<]
T % 10002+ 4000 mg/kg/dayel =2 Foldk o
AR 2T folet ztolrt #FEAT a1y 7H9
ZA A rd e Tl omdt o] AHs #
23 & itk Wolf(1958)= BADGES] o} (sub-
chronic) A7ellA 2+ Al7ge] FAI7E 2ktte] F7keka
ot ke XS vE A1, AR A e 24
g7 ®igle AR Fohrvtn Eusksith. Basler &
(1984)2 1000 mg/kg/dayel BADGEE 2
Folgh & 5
=4 BADGE@ aﬂla letﬂazﬂz% /\7‘4_
gokttn ®asgth. Hine ©(1958)& BADGEZ
300, 1500 2} 7500 mg/kg/day® WHE Foigt 3o
A BE 7oA A S o} A HEEHA FdTt
1 3. o83 azde s Hol BADGES] zhel thgh
z%]:o z;ﬂzﬂ-;@ og= _1;|-7E<_}—§_:}_- _/': w\e 74 og /K§71—5]_\:].
o7t BADGE tiARe} ¥
hydratase activity(microsomest+cytosol)7} Alghell A
ZE woh o 28] A we AoE YA gled
(Oesch et al, 1974) Clime 5(1981b)2] dFolxE
BADGEE %93 % BADGE epoxide hydratase
o] Ab FELR Foitta Hiskg]

#HE hepatic styrene oxide

activitye]

« Concentraion
160 . —+-Mean
140 4 * .
1201 * .
. : s

Estrogen evel (ngim)
8

Bsfsis

‘31
P B G S

Concentration (mg/kg/day)

t}. webd BADGEZF A4l W& 19
P& AANEA FY 75 84 fE
F2E JMeAE k. agER BADGE7} e TS
A7l mA = S BEd] Hsk] HsliAe A
Ab 3 A sl o] Wl @k A 8 A
o2 Azttt

AATH T APAe 4§ BADGE 4000
mg/kg/dayFolwe] Ao FA7E thzatel] Hla] FHast
Fqoy, FFAZ BN F FHAG Fd FAe
BADGE 8000 mg/kg/day Foiw3} tiz=T Aleldl]
oJgk Apol7} #AEAT. v o A7 ( s
13 273 BADGE Tl f2let xbo]7t
BREA skth. o]AL BADGE @Ad AteHE
BPAE 200 mg/kg/day®] €E= StE Fodt Az}
A AHAlY] FAVE st oy ngkd) Raghel A
= 54 JFo] #EHA &L Takahashit
Oishi(2003)2] AT ZIet AR & uwf AYAld+=
FEF= Uelle 2oz A48 5 ot

3 SCF(2003)= BADGEZ} EH/7E o83 55
Ao A7) Aol Bl 93-S JehliA &=t
o Haudgont 29 B2k 1000 mg/kg/day = °ls}
2 HHE 2oj3k Ao A= (Stebbins & Dryzga.,
2001) A SHEQ MA BoA] FAAF 7 7F4E =Y
E3] dFoME 40~50% P FA o HAE
a3t BADGE®] AA7A 54 fd o #sfiA 4
TA g2 1S 2. a3y B A e
BADGEE tekgt vz ©3] Fojgt & #4323k 7k
AR FAZE kol e Hdasiila augke] 27
gA¢l Ws}t o] #FER oM EuA FlEdE &
UHZIDESE Y dxTo R AAste SE| T
% BADGE Fow¢] Ao} vud 43 REBADGE
Tl n8ka FagtellA S YA eI FA

1_D:_4

= Concentration

- & |-tean
B0 ;
S5/ . t .
S10- H * ” :

L)

L Py
= s 2 ' . s

i

"’&0"5’ eP”G er»°°
Cmcentrahm(mgmg;uay)

Fig. 4. Comparison of estrogen and testosterone level in all treatment groups. Statistically significant differences between control and

treatment groups by Student’ s t-test were not found.
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BADGE?] 9459 BPAE Eoly IlFAlz Fof
3T #AFEY % HAEAHE 5EE Aoy
(Takao et al, 1999: Tohei et al, 2001) 2]o] & o
3 A= W3 it Radeiti(Takahashi &
Oishi, 2003). & A3@eA @4 W HEEXHET o
2ER2A e BE Ty 2T 7ol Aolrt #3
%] gkt o] A BPA Fol WEel Apold] o]
AY F= JAT Al f9¥ BADGEZF 3¢ Wol] #
d=o] wjE= 22 (Climie et al, 1981a) T 14¥¢ ¥
de % 328 =9 Aolg AL F ¢l Ao
2 A7E 4 9l

HAAMA S Be AdFEod BADGES &4 &%
S E FAFEA] g specific migration limit
(SML)S 1 mg/kge 2 H 1331l acceptable daily
intake (ADID)$} tolerable daily intake (TDD& %
71 & gl RS TH(SCEF, 1988). Egk 20041
89 FHFTEA 993 SMLE 1 mg/kgolA 9
mg/kge 2 e 1Y S FAFAT(EC,
2004). T3, 2 ZHES V22 AL S ¢
b Abgo] 7 &9 SAEEZRE AHHE F 9

BADGE®2 d¥td oz 3 ug/kg/days EA &

32
tlo

e me

| &=

o7 HuIFHCTCF, 1997). &y “Fote] A%
2 9.3 mg/kgel BADGEEZ 71 & A5 2
£ b5 kg AE9] o] 31F 50 g xe] EAE HHET
A5 Add 42 4+ = BADGE 42 8.4
mg/kg/day2 R uEJATHSCE, 1999). 3y &7}
A BADGE®] no observed effect level(NOEL)¥}
no observed adverse effect level NOAEL)S s
2] ok AAel gk G dhatel] e dFE =
A Easa gloy ojg zks 5 S FEAd
ATEL oF7EA GLP AR (OECD, 2005)°l wheba
TR kst ol whe] £ A= GLP AR ot
HA FE FHxo Aot

AEHoZ BADGEE ©3] Fog 2 AFdAae
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