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Effects of Endocrine Disruptors, Nonylphenol in Daphnia magna

Taemin Cho, Pangyi Kim' and Saywa Kim*

Department of Life Science, Yong In University, Yongin 17092, Korea

1Departmem‘ of Occupational and Environmental Health, Yong In University, Yongin 17092, Korea

Abstract - Nonylphenol is one of endocrine disruptors, as structurally stable, hydrophobic com-
pounds exhibit high condensability and long-lasting in the natural environment. The purpose of
this study was to determine the toxic effects of nonylphenol on Daphnia magna. In acute toxicity
test, D. magna was exposed for 48 h at concentrations of 0, 10, 18, 32, 56 and 100 ng L™ nonylphe-
nol. In chronic toxicity test, D. magna were exposed through water for 21 days at concentrations
of 0,1.0,1.8,3.2,5.6 and 10 ug L™ nonylphenol. Acute toxicity was assessed on the basis of immo-
bility, while chronic toxicity was assessed on the basis of fecundity. The acute toxicity test on non-
ylphenol was showed that the values of 24 h and 48 h ECsp were 25.0 nug L™ and 137 ug L7, re-
spectively. In chronic test, fecundity was reduced significantly at 5.6 ng L of nonylphenol. These
results indicated that nonylphenol have some hazard for acute or chronic toxicity to freshwater

invertebrate organism.
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M =

o)A Aol &4 (endocrine disruptors) E+= EDCs (endo-
crine disrupting compounds)= AJHA Y] FAAQ T=2=
715l 9FE F= G|y HAseEdes &
AFIT}(Choi er al. 2007). AW ZEL ko] Q17k2] A7}
o2 A R Gaol elsiel 28 W gon], B
EE #8AIS AN AY A2E Wafiste] W'Y 7%
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NFA 7= Ao Z &HA QctJanicki et al. 2015). W&
H] 7] (endocrine system)= AlA|2] 3184 2AAZ RE T
2E BHNEZE Z3si, EH|EHE S22 §FE B
2htE o] AAlgES 2Hst=t ¢ S8t (Kim er al.

2004). WEHAZANEEE T2EA IS F7] &l

o

SUFLRE BA7E oS THAE & len, 94
gHg ofol AA|diel FaFol UEhe 4= 3ol AAAHE de

713 1tk (Choi et al. 2007).

YEu] AN EZ ] sl = H= (Nonylphenol)-2 ¥
ol BTt oY EAAFEo] B2 SERE B B
Ao A2 Aifoln EF TEA e AT AF=
NPEs ;=285 A EAIH0|E) HER ©]-&5 ™ (Soares er
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al.2008), l= 285 A EAFO|EE 7MY, Y R TH AE
oA Hlo] 2/ AMBAAZ B $I8HA AHE-E T (Korsman
etal.2015). e 9dH 52 AHSGAZA Y] Hold 5 &
S22 v§ o2 Qlsto] AdBF oA F2 AFE-EH (Soares
et al. 2008), At AlF 9 w0l ofste] WE = =1 (Lee e
al. 2015), HEA A BE0 7 Qlste] 34 Fof wi&
H dHsd xS, Aok, HHER B 9 g7]9
2ol theFst e oA EAgttt (Janicki er al. 2015). k=29
2 F2H0E HFH a4 FFEAR AATH oA
A B = A G2 w2 ASAAT 55482 7ML o A
FEANE A7 222 AT Tort A= FeEd
olm (Kim er al. 2012), OECD A|@ A o] wE =d#=9]
AENAAAE AT} 23~46%2] E3)&S Holv GEHAE
A2 FREA, BAE AA} S0l 540 HHRo]
FASE AUZ A3 AATY 540l Eohe A7
= Qlth(Kang et al. 2001). 3, 8= L oE ofE
AlEo|Ex AAEZAAY -85t olf, YAF, LHF
T U2 AE oA WEYAY nehE st AeRE &
A Atk (Zhang et al. 2003; Hwang et al. 2008; Riva et al.
2010; Park and Lee 2011; Park and Bae 2012; Kim and Yoon
2014; Korsman et al. 2015). 2003 2 S-H A3H(EU, Euro-
pean Union)9| A& k989 AME-S Agksta gled, b
=+ 7 2 5% (EPA, Environmental Protection Agency)©]l Al
= et gEolA Y HE sk 7IEE AT AHEE Al
315l Qlth(Soares ef al. 2008). & YET 3 L syt
T AES E¥E AEAYEE tE AWEYA=
AL 912 (Soares et al. 2008), S~ U2t A= 2002
WHE HAERE FFA TR ot A Y 4
202 dHES AT 4 §A =3tk (Korea Ministry
of Health & Welfare 2013). 181} £, A= 9 o dn)
F7HeE oHAE W ¢ kdHE IES et o
2 (Soares ez al. 2008), Ut FF AT R Al
HAl= Argo] H& 5= e T 59 AEAL A7/ 5 &
719] AAA, AF 7Hs D 287139 AFA = 3= o
QoA AAHA A& Qo= A&l 7hHesttt. AAZ 2014
| SR A dxe SEA wEF 2AE T 20129
o ¢F 2.1%0] Hj&H Ao 2 HIEth(Korea Ministry of
Environment 2014). T 20124 3AFE AZ R 10 oJ5tH
Ld¥E] HFE2 20109 3,.800E, 2009¢ ] 5,500
© 2 H 3% o] (Korea Ministry of Environment 2012) 3}8}H4]
F AzxY SolA AHEE Sl Aol El= i
LdEe S 84 oA A&EHeRE HEH Sle
l, 2003 M&Al 67 R A FY =7 0.122~
2724 pg L1 910] 9120 (Ham er al. 2004), 20041 o}AF

ok At E|HE A|FEof|A] 8.82~770.91 (B 149.19)ng g~
wet wt.2| FEE B, v HpZRHET ko] = &
Z7} Ekth(Lee er al. 2004). 20049 LHE FoFgk F9 1
s SHE B2 Ao o5ty Fgut ol A= 4.0~
704ng L™ (B4 209ng L), A|FE A E AL 3.1~743
ngg ' dry wt. (B 158ng g dry wt)9] 5 ES Bglon,
kol Wisoll A Qe Z4E F=7F WA 2ARE AL
et al. 2004). 20129 $F7F ZF A 142.0~569.0 (B
271.0) ng L_IQ] BExE Hom (Kim et al. 2012), 20134
FARAQ & AR} T, 7S 9 ool A A4
3 337) AH9] HHEoA 21~2,170ng g 9] HHAE B
thH(Kim et al. 2013). T 2013 Faf|det e 244 D 3}
gt 3 2704 gHE 5 244 9 371 BN
Z}7} 41.28,35.61,27.77ng g wet wt.9] S =5 B ct(Ju
eral.2014). oJAY U &7 FolA kEHEo] ZHFsta
ol =L glom, AR FEAY 55 ¢ B}
ol T3 HEd U SEHNVIESFTEL 510F F =
dy=o] E£3HE ] (Korea Ministry of Environment 2015),
dHiso] LAY A w2 = S0 gt Hedt 7
o] Za/do] hFHI Yt

sl A el njA= Gl Bto] AL
HE A7 o]Fo] A Sledl, FAFoIA HASA
frdtths 2371 9101 (Leblanc ef al. 2000), @2=
7N (Dreissena polymorpha)®] A o] 4-=dH=0] &3
Aokt @79k Riva er al. 2010) = ol LA} B
Z Aol sFHohke 7%= 9lth(Preuss ef al. 2008). E,
ZF (Cyclotella caspia)E 53+ 4 Ao A 96A|7F ECso
grol 0.18 mg L2 #AEGon, k&g FE7t &
71d4E 27 NEY A&7 adtdy HuEt
(Liu er al. 2013). tAF o], Joje} 22 o7 W%
Aol mA= S WET A3 o] Hlwste] o {9
Aol FFE vE ¢ e AA2EZA wEk vhgo] yE
3 Ao R HIEQ 3 (Schwaiger et al. 2000; Robertson and
McCormick 2012), HEFGAY 2] Alzol A HA | F
= HA= mRNA B35 §5t0] edum9 J3s o
b A 2o v wste] {23 2polE YERHTH(Sung
and Ye 2009). oA = =dHE9 Gl Hste] =g
u] (Hexagrammos agrammus)®] A<TA GRA|EAA o
A2EZAS HA7IE AR BIEQ o™ (Hwang et al.
2008), B}R| 2 (Ruditapes philippinarum)®] 473 EAS &
WAl 7= Ao 2 B IEQThH(Park and Lee 2011). E3F 25&F
o] JAAR] HEFolY TEEFIAEC] XREY Uy
ol gk Aol oFste] A AR QI AEERIE
g QIAE keddsol A8 4 Uohe A7 ESE B
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TEQTh(Lee et al. 2007). 18 74 =dH|Eo] A
B nAEe YT F2 olF, FAF, ZHFE ¥
o shi US4 U ANEA A7} ool (Hwang
et al. 2008; Park and Lee 2011; Park and Bae 2012; Kim and
Yoon 2014), &&= A<t +AH Holrke Al 7]
27} B 231} S22FIES GO o AREy
A7 AH oz BEop o|2oll Ao Brldn. &
B 71E ATold HiE S o83 S4B/ AN
oA Z}o]& Ho|il 9)ef (Comber ef al. 1993; Leblanc er al.
2000; Lee et al. 2007; Campos et al. 2012) o]°] ot H&st
A7F 8= Qioka dehE

EWE (Daphnia magna)& A Z-52] stz A AA 2
= A= gl A EE 1% $0T B5E F ohitol
™ (Zhang et al. 2003), OECD Test guideline®] w2 3}sH&
A PASHAANEY AFBER AREEH AL YITHOECD 2004).
Aoz Qs AdY FARER I AHEEHL
ol, EWEL =gy 22 WEHAF R EEE 4
2 eEA Y YIS ﬁﬂ7}3}7] o #-&% AEolg &
Atk webA, 2 AFoAE i ERES ddeE Y
HH R EEEQ] = «]f{ =4 %S Yotz
454 2 s AES sdstden, 8 AHA F
12} Zsv]Ate] o] 2] = ekt Y-S eelstaat skl

2 Ao ATAEE A8 Ba B Daphnia
magna, W%, A2, BAZH S FIHFAGLT
QoA EFgol, OECD A @A A 202W Daphnia sp.,
Acute Immobilisation test®] ARSHH | E8to] ARSI T
(OECD 2004). EH&Y] AHSS Ydto] 22 20£1°C, %
271 16:8 (ight: dark)] ¥ &2 SX/5HE, Hjopele
Elendt M4t} %] (OECD 2004)& A}-g-3ke] wjFata o, E—*]
ol =229l Chlorella vulgarisE 1x10°~10° cells mL™"
ol 4dr g2 FFsAT. ARS7ITE Fot Y HolFg o,
Aol 5 A A o 5, JHA] APG o] RS Elskinh. A
o AHEE E¥F2 33 ol AR Aol A= oA
£ 53k 24417F ool Hiold o AAE st A
Aol o]-&sF3ith.

2.1 9 A=

rdus2 Alautgd =g 2 AF(Nonylphenol, CisH240,

Sigma-Aldrich Co. LLC. CAS No. 84852-15-3)0l|A] w3}
o ARSSEATH 2d s £88 =7} Wol, o gk (ethanol,
CH;CH,0OH, Sigma-Aldrich Co. LLC. CAS No. 64-17-5)=
L2 AFR-35}o] Stock solutionS ZA|3H & EvE ufjofFoH
¢l Elendt M4 Hj 2| 2 3] 4 }to] ARE-3HSITH

3. 354N

Ao A= OECD AlAA[H 20290 wet EHFo
BEANTE SRS, AUFOIE SRS
7) ] 100 mLA ZA] &, =HZ 4719] ¥HE
Fi—?Oﬂ g‘ﬂ = 5uhE Y gt *WlﬂE
L2319t 5 I 2r o] AFEEA
3} SYstA WFstaes, NE7)
ANEIA| BOLT. B A7 484]
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3ETH(OECD 2004). A8 &2
ste] A" g 22(0), 10, 18, 32, 56, 100 pug L' (nominal
concentration)2 A3stF o, FH| = 1.782 3t &
A FoA =7l AWto g Zoj=1g oF 484|7to] 48
HE Ao F ZA}E o] (National Institute of Environmental
Research 2011), k=& 24A17F A3} A] Al EEHLS w3st=
B Al o2 MAste] 43] ghE AFSAT. St ddFE
T (ECso)E TH817] I3 SA RS US EPACIA A|538t=
Probit @ TSK (Trimmed Spearman-Karber Method) 57|
& o] 8319 21 (US EPA 2002), 93 #d% = (NOEC)®
AEelsich BM5e AP W FYSASE Aolo} wate
D7) Flstel AT 79 Afole] A W BHR F AT
24A17Fol W, 2R}, 4R}, 7L FHAE o] &t SAHEA
Al s Az o2 AFS AT

i

=

TSN E

TS A E-2 OECD Al@A A 21180 whah S 244
2t uke] o A E AdEste] 2197 AA8THOECD
1998). B EAAHO A derl FHEAAHS 519
AF2E ECio el 10pg L7'E Hus e stglon, Fu=
1782 A8} B2 (0),1.0,1.8,32,56,10pugL'9) 5=
(nominal concentration)2 ‘2A3}%ch A|@EHL EA
7] (&FuFA)o] S0 mLA ZA|HL, 2 =5 10719 |t
%78 Agsigon, MET G nele] BuSE wdd
o, 5= g F 100tg|E A}%o]—ﬁﬁ}(Kim et al. 2010). =2



Effects of Nonylphenol in Daphnia magna 471

W 2EL AS2AT SUs) s, wolk ue
Chlorella vulgarisE 1x 107 cells mL™' =2 Z3
(Kim ef al. 2010). A| @8N 4847k gt H7F 1
S (Comber et al. 1993), & A37|7+e 2142 A3}
ok A F ol nA= FFE getstr] fste] ofu|AA7t
A SA7HA] 2™ AZE, o h A &) HEA SlE wEet
I, m e ZF ouiA 2R E Hold ofd AAE Asst
7188t & SAE A7l E¥EY ALt onAA
24 MASE AT o™ A= Al SAT Al
stglen, oju| A7t AbEet Bk 7S5t EEE
sttt AT R Yol= AAAR A (OLYMPUS SZ40)
o]-g3sto] oA E wAsIL AL SHst] =E
FFE s 219
& W45 o] tigk NOEC
! LOECE 237} Hqt2Esh=
wet EH S QA BHste] & 24 A7) &=, o]
n7hA o] Bt SASS, 7 AT H A SAYE VeL
2 Dunnetts Test A4S ]85t AH&E3tTt

url?i_?ﬂ
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5. B AY

Age] AHgE BESo] falEdd 4% UgES
A eteA Zlst7] et BRAREYAES

th B d3LoAE OECD AP A 202904 AAIZE F2
E A& (Potassium dichromate, KoCr,O7, Wako Chemical
Ind. Ltd )& EFAFEYE At FAEHAAES +3
Fow, OECDY &A%Y FAEHAET FUe Ady
H} AFAXE AA3HATH OECDo]| &J3H4, 24417 ECso
©] 0.6mg L' ~2.1mg L8 ¢ Yol J== AFZHOECD
2004). 33 ¥HE-sto] AEe A3} 24A17F ECso k¢ 1.33mg
L'~1.52mg L”'2 OECDO|A A3t 7|20 ut&3te &l
3} tH(Table 1).

>
>
_(|>ln’
o

L. 34543
FHEANEL FYANE End point2 5o] 244]7F &
48A17F SOt BAEAL FUletETh = 24417 AT T
d

[¢)

1
T 4
T

18ug L9 & FIA7T BREAT. AasE
100 pg L'} 56 pg L7'9] =] AE BE A7} 4 ¢
gl AP Aele Bolth 4847k0] AT & fYAE
&% A3 HA%BEQ 10 pg L oA 20%9) $@A7 &
AE AT, 18 pg L9 FEINME 95%9] FAA7t B2

—=

Table 1. Acute toxicity of potassium dichromate to D. magna

. ECso(mg L™")
Organism Exposed —— Mean SD
period (hour) 1 2 3
Daphnia magna 24 152 133 147 144 008
P € 48 079 094 1.19 097 0.16
100
[24hr
48h
go| MABHN
S
2
2
S 40
20
0 - |
10 18 32 56 100

Concentration (ug L™

Fig. 1. Acute toxicity of nonylphenol to D. magna. The data are
expressed as the mean=+ SD.

Table 2. Result of acute toxicity test with D. magna exposed to
nonylphenol

Oreanism Exposed ECso(ugL™") NOEC

& period (hour) (95% Confidence interval) (ug L_')
Danhnia maena 24 25.0(23.0~26.0) 18.0

P g 48 13.7(12.9~14.7) <100

H9lom, 32,56, 100 ug L7'9) s = ME 2E HA7}
FAANE B FIANRS §FA=2H Z71E Vet
(Fig. 1). 2417k 73} A] ECso & 25 pg L0901, 4847t
AT Al ECso 32 137 pg L' 2 UEbdTh(Table 2). EHE
o] U4 ¥ EALES BEstuA A Ade] dat o
% Z7}ol w2 48417 ECso 32 13.7~170pg L7 2 54
FR)9] WEEL 34| okokth(Fig. 2).

[
=
oX
i

A

1) LEH=0| ME0| 0Xl= I
z2at 2ol 10pug L' HE 32ug L7717 BEHE9] A
ZEL 100%9.29, 5.6 ng Lo A AgAA 7} B2 o
90%9] HEEL R, 10 ug LA = AFEAR7} 28
gto] 90% HEES EAtH B S Yol 32 g
L™'7HA] 219, 5.6 ug L'olA 2099 10 pg L7914 20.8%
Z Ueh 229 2197 {3t AolE HolA] Jgitt
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(Table 3).
2) = 50| AAlS0l OIXIE F3
o7 A EAHA] BHAHoR A= AR iz
L 10ugLd

o)A 81U R FAE o, 7 FEFA
A 859, 1.8ug L7'ollA 899,32ug L7'oflA 109U=2 #
ZE 9, 56 ug LA 1139, 10 ug L_loﬂ/ﬂ‘— 16.0Y0°]
22 = ouZA e HHF E48leE dxFoA 6.13]
2 BEEAQoU, 5.6 ug L oAE 243], 10 pg Lo A=
0335 &Abste] 223} Fo8 Aoj& HYon, As
=1 10pg L7'oA 7332 ti2grch 248147} $71E
ATH(Table 4). ZF AFFHZ 219 Fet AAHE A7l EHE
9] & ulElE 2T 6470k, 1.0 pg Lol A 739112, 1.8
ug Lol A 653ut2], 3.2 ug Lo A 4441}], 5.6 ug L' o] A]
105712, 10 pg L™ ol A= 3ute)7h $Eo] AIFEA] &

204
~ 15 M
Q
ES
U% 10 4
53]
=
o0
<+ 5

0 !

>24hr 2 days 4 days 7 days
Age

Fig. 2. Age dependent variation of 48 h ECso value (with 95% con-
fidence interval) of nonylphenol in D. magna. The data are
expressed as the mean £ SD.

Table 3. Survival rate of 21 days chronic toxicity test with D. magna
exposed to nonylphenol

Concentration (g L™

Parameter
Control 1.0 1.8 32 5.6 10

Survival rate (%) 100 100 100 100 90 90
Longevity (day) 210 210 210 210 209 208

=7} 271842 Fadts AL 2o, 55 56pg L
o|e] EEREL A7 BWE ARSIt R At
ojate] yzoz FAsH Fastgth(Fig. 3). ABER Al
AZEFE ou A & ZAHE A7) S g 2FA 6470}
22 OECD AEAA 21194 AA Ao 49 ad
9l 60mk2] o] Atel $ZF .21 (OECD 1998), 5.6 pg L™l
A 1179k, 10 pg Lol A 0.3k 2 g 223} 213k 2ol
7} T2 T} (Table 4).

3) Lm|=0| M"*Oﬂ 0lxl= g

21979 A TR T ouAAY B+ ALtz
A 414+0.5 mmE2 AU AEF 01]*‘]“ 1.0 pug L 'of
A 37+04mm 1.8 pg L7914 4.1£0.7 mm, 3.2 ug L]
A 36+0.5mm,5.6ug L o4 3.3+0.6 mm, 10 ug L™ oJ| A
32404 mmE 277} HZEHPS 1, 5.6 ug L o)A
TEREH AFEET 2ol vlef AsEe A wEst
% T}(Table 4).

4) BEYEMAIEQ] NOEC 2 LOEC 2
EH S0 QAT Bste 21 52t F EAK A
7] 4, olul WA S Bt A, 2 AP E A 24U
7122 Dunnetts Test AW AMHE3e] A3 NOEC
9} LOECE: 72 B NOECE 32ugL™'o]H, LOECE 5.6
pg L' 2 U Th(Table 5).

d|
ek

= LdiEo =EAA
9 5N E S é-_‘ Alsko] =AY A e A ol Ul
< gobstazt sttt gASAAAE Y AT &
A& Y EH F7HE o (Fig. 1), 24A17P
T} A] ECso 3t 25 ug L' 0] 9131, 48417k A3} A] ECso e
13.7 pg L' UERSETH(Table 2). 0|23t dab= 5
o] &3t v E Ao gk 71E Ao A EL% 964]
7t ECso 31 7.61 pg L' 9-ASE 229 Aoz vehge

Table 4. Reproduction result of 21 days chronic toxicity test with D. magna exposed to nonylphenol

Concentration (ug L ™)

Parameter
Control 1.0 1.8 32 5.6 10
Day to first brood 8.1 8.5 8.9 10.9 11.3* 16.0%*
No. produced brood 64.7 73.9 65.3 44 4 11.7% 0.3%
Total offspring/adult 6.1 73 58 53 2.4% 0.3*
Growth length (mm) 4.1+0.5" 37+£04 4.1x£0.7 3.6+0.5 3.3+0.6* 32+04%

*Significantly different from control (P <0.05, T-test)
“Mean + standard deviation.
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Total offsprin/Adult
.
)

60
50
30
20 -
10
O 0 s 32

Concentration (ug L

10

Fig. 3. Fecundity of D. magna exposed to nonylphenol for 21 days.

Table 5. Result of 21 days chronic toxicity test with D. magna
exposed to nonylphenol

Toxicity 21-days NOEC 21-days LOEC
(End point) (ugL™) (ugL™)
Chronic toxicity 32 5.6

U (Lee et al. 2007), 48 A 7F ECso k2l 0.19 mg L™'9H= 2}o)
£ HYtH(Comber ef al. 1993). =dH| 0] 2197 =EA
e o dz2oA oufA 9] HEEL 1005 RS
o, o] OECD Alg® 21119 AJg YA =l
A olm|7fA o] AFgEo] 20%S 2HFHA] gEth= 2
TE5HTHOECD 1998). T SAAI A9 2t AEFE Al
HollA 5= AATY ofu]fA oA Abgo] Bat= o
273 Bl st o AFLEOlE FRE G HolA
Tt ofu A7 A A AL F AR g 2ol A

Wi 81U, o A %A TN Bug fEz) A
2490 BF 38U HARE o] BEE UL Comber er

al. 1993), 5% AFFoAE 273 vjwste] 2ufo]Af
A7ko] Aupstg o, ofulHA F EAHE Hat o] AMA 2
= HAAG AN gz vste F718lgou, o]
T A¥5 et 7S Haste A Bk B3 ¥
TEABE 527t SRS Aashe H
duiso] Eu2 o] Ao Y-S vty datEch 21
7Fe] NOECZL 32ug L' 22 7]20] 21 219 NOCE
2kl 0.024 mg L™'9F 2}o]E ¥ 9 © 1} (Comber e al. 1993),
LOEC 2l 56 pug L' ¥ =9l 3~15ug Lo &
B 50| Ao S vtk 7|E et fAR B
< Rt (Campos et al. 2012). A2 =0 165
b =2A7 ATt o Eu opytn] Wk 5 7)ol A 22
28t Hsl7t JAE D o JANE o] & HOo
™ (Park and Lee 2011), l=2fn] &] J<aA GEA|Z A 9

[>

o (m

ZA 84 YA (antagonist) 2 A-E3t= AR B
%*E]'(Hwang et al. 2011). T3 32F7F =ddEo *=
ol A4 P H 71F o] o v A
TE @b B3 ¥ QI (Cho er al. 2007), 23 Eeke] g
4% duAo I njA= U=y FFS AT
t A3t AERA fAHEAO] FHA Ld | AdtE=
=gttty B E T (Cho er al. 2006). )5 ATFZE
=30 weh mdvso] g ng=et *Jtﬂ
F& Zpol7h Qlout, BA Y-S A7 A
Aoz M7= BHEANAY Azt ]J:l/]_lﬂlé_ 1
& AstA7]= ALRE Uegod, £
ojE gt P& ot E’-EPH—‘:Zl ZRIEZ|
< Hotes AEY e
b= invivo @& #RFeE % A7F D asioth B3,
Hzol &g ofuAATE A4S o A9 715
ARA BNt A2 HAFEAE FFS v T
Hjj % HOF ol WHH A&
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