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Concentration of Trace Metals in Tissue of Several Animals 

Living around Syowa Station, Antarctica 

Sakae KARASAWA* and Masao M1sH1MA** 

Abstract: Concentrations of trace metals in the pectoral of Adelie penguin 
and south polar skua living around Syowa Station, Antarctica were determined by 
atomic absorption spectrometry using flame or graphite furnace atomizer system. 

The results of analysis revealed that the concentration levels of cadmium, cop­
per, iron, manganese, lead and zinc in the pectoral of Adelie penguin were ranging 
0.003-0.021, 2.3-3.5, 192-199, 0.18-0.53, 0.014-0.053 and 10-30 /tg-metal/g-dry 
tissue, respectively. 

� �: ffi:ffiaB;f0£:1'1!1f.'o.illv::.�,�--t Q 7 -r· 1J -� / 4" / to J: u- 1- '7 ·/:? tJ -=E- � O),[i 
� (HJli::t-:> J: u)Jij&) q=i�::.1!;:tf-t � �.:S::1iz��, 7 v-Ai: t::.�t ::;,·· =; 7 -r -1 r 7 -r 
- :z-;t., 7 r � -1 v-�m1.,,t::.rn(-=fg&J'ti*�::.J:-:;, -c5E.:S: Lt::.. 

�fiM*O)tOOtL-c, 7�1J-�:/'f":,,'O))JijffiK1!i:ti-t�-JJr�?A,a� 

� '/ jf '/, ffi:to J: (f}filfflO)t,l/jJt, -t::h-t:h 0.003-0.021, 2.3-3.5, 192-199, 

0.18-0.53, 0.014-0.053 :to J: u 10-30 µg-metal/g-lliz:J.tm:l:�t.: � O)Jffifillc·S 

1. � 

fJ85ft]�itg!fiJjllvc.�)e,'"t Z:i �tJifoO)? 'b, 7 T. :J --" :/ e¥' :/ (Adelie penguin, Pygoscelis adelie) 

:t:o J: tJ * * J-- 17 '/ !J n -::r: /- (South polar skua, Catharacta maccormicki) Z' xt� c L, 't, ::. 

n G O)Jli��c. ?t"-13--t Z:i �ti O)�Jmvc. "'-> t, -c@:it5t:tlr� :t:o::. tJ: "'.) ts:. �*'t�il;:PtJ: t, 5 ;t, 7 

T :J - -":/cc¥ :/ �1¥'J;@i:;d- :t- r ? '/ !J tJ -'f: /- O)� c tJ: 0 :t- =t- 7 � (Euphausia superba) tJ: c 0) 

�tJifo�O)P-fE�a�otti--c:· � t,f.,iJ, "'.) ts:. L t-:il; 0 --c 1ttJifojEi��?ttr�1!t*O), �«q13��0)fJJ� 

vc.�--;- o!fftfr�i. *¥lH5--c:·vt. � ;h --ct ,t,f., t ,. Lh\ L::. ;hvc.ffi L t-.:illU5£1Uvi, �$;0)¥fH�rvc.J0 

'i IJ .7;. G ;htJ: t,::. c iJ, G, 1 ftf4 c L -CfiJ¥fi (.::::: �fm. 1977) vc. 5 I�"'->--:::>�::. � vc.ffl�--t o 

::. c c L ts:. 

* ��rfHti1::.?iJF�ffl. Yokohama City Institute of Health, Takigashira, Isogo-ku, Yokohama 213. 
** l;fil.ft0�ffi:1:_�. The Institute of Public Health, 6-1, Shirokanedai 4-chome, Minato-ku, Tokyo 108. 
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2. � 

il{l]JE:M� c Lt.::. 7 7' 1J -� :/ =¥' :/HJ: vq:ijffi :r. :r. r- 17 '/ ;1 -JJ -=E- /- (l:J r J, 17 :f ;1 -JJ -=E- /- c 

Ill!) (l)fm3i�,r2.:t" J: v� B !t�t '2:'.'� 1 1=.� Lt-:... "! t::.1f_t=. (ttm'51 Lt-:..�� (l)f$:M1:°11=. ":::>\.,--Ct� 

Lt.::.. 

1J!UJ£:M&c Lf::.!Ii�Ct, 7 -=j" lJ -�:/=¥':,,,,:.":Jl•-Cli. Jff!Ii. Hm, ij(@ffht;:;J:O:-iC.-ffit(l)4� 

El, 1' 17 '/ ;1 -JJ -1: /- v=. ":::> l , -C tiJJw.lin (l);z,.. c Lt-:... Lf.l, L, i(¥!i 13c·,i:::. ;h G ffit� (l) 5 'b filu� 

�=-�Jffl tJ: JJwJ !9H=- ":> t , -c WHJr � � J.- t::.. 

iJ!UJEi;J"� c L t.::.�•,tJl!i, -JJ F � 17 b., Iii, it, fd, � :/ -JJ,. :/ ;f0 J: u!IE:rd 0) 6 5cJU: L 

t::.. 

�1 � n /J) fjQ1 � 
Table I. Data on examined individuals of samples. 

Species .

1

1 Sample I No. Date I Capturing ' area : Sex I 
IRostrum l Tarsus \I Wing: Tail Weight 
\ (mm) ; (mm) (mm) I (mm) ( g) 

Adelie penguin 
H 

,, 
H South polar skua 
,, 

-- - �- -----

! I 1 Nov. 
j 2 Dec. 

3 Feb. 
4 1 Jan. 
2 Feb. 3 Feb. 

-----·---------- -

2.2. ��ioJ:!1�-

2. 2. 1. ffi�JA�O)�� 

11. '74' Ongulkalven 
31. '74 28. '75 
,, 

II 

,, 
H 28. ·75 East Ongul Island 13. '75 23. '75 
H 

H 

' I • I 

1Male 32 I 47 164 96 1733 
l'Male Female , Female 
1 Female i 

32 32 34 47 
Male 49 Female 49 

25 38 30 67 
66 
55 

220 145 
202 88 210 ; 134 416 I 150 

3406 1667 3422 1288 
391 141 1209 

400 150 1469 

ffi$��m�vi, --t-"'(-C lOOµg-metal/ml-H20 0)1,IJ.!J:::.�� L, c;h�ffl$/]{�c Lt:. 

ffl$]Jf:�'1:i.Y!ffl--t �d::.£d.::. ---:i -ca, M!l}(-e&:,Jnt&v:.:fff� L-Cffl 1. ,t::.. 'it.::.:::. O)ffi���m 

��i, J£ll5t;ffr�t" c tJ: 5 i=-20 t::. ---:i -c, 5ttJT�ii°=O)mt:i@�f40)�1M, �iiJl(l)f'fJJXtce G rn:::. 

tur�-1 * :/O)�w�O)��c L-cffl1,,,t::.. 

;ffl$ -JJ F' � 17 A mmi: �11:: -JJ F � 17 A (CdCl2• 21/2 H20) 203.1 mg �*q!ll( 100 ml v:.mJW 

L, C .n ��� (1 +99) -c 1 / ;=.Lt.::. t 0) � �miv:::. --t 9. 

ffi��m�: ffr*�*il!�jt� (99.99%) 100mg '1:ffi� (l+l) 10ml v:.mJWL, �i�Lt" 

�*�11::��+0-�=-�� L f.::.(J) ij*lj!l}( � ffl\,, -C 100 ml �=-m�--t �. 
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i'HJi�#¥�: �*i,JA�3KtUit!�jii� (99.9%) 100mg ��� 0+49) vcmwn . .-t..:. ;:: (1) 

#¥���� L--C�*M1t��-t-5Hc�� Lf-.:(l)'b, mit!7J('·c- 1 / vC$� Lt..: t (l)�D.i{�c Lt..:. 

�$ ""< '/ jf '/m�: �""< '/ jf '/M:n )) VA (KMn04) 287.6 mg �fflfif L, mit!Jl( 1 1  vC$ 

�i"" Q. 

ffl$fcl#¥�: 120
°

C, 24 �Fl3iw:� Lt..: li��fcl [Pb(NOa)2] 159.9 mg � :P.t (!)MM (1 +99) 

"c'#fffif. Lf..:(l)'b, mit!Jl(-c· I/ vC$�i"" 0. 

�$11Efci#¥�: ffitiik:miH�-!IEfcl (99.9%) 100mg �j?_t(l):1:i[M (l+l} --r::-mM-Lt..:(l)'b, 

miH7.K "c' 1 1  v::. $�-t" 0. 

mit!*= mit!7ta7tJEI*��-,,� - 7" ::;- 'Y r�mfll�mt--r::-mfll Lt..:(l)'b, illtR�1 * '/��ttt 

m��2@����k{)(l)�-A���(l)-7_KcL--C�fflLk. �k�GKE�-=�mfll 

�it�J:fh,--cmfll Lt..: t (!)�. �$#¥�(1)$��73-fiffl��c L--C�ffl Lt..:. 

mM. M�HJ:u?'/--1:-=-7: m��n--c"'Q���•iu�m���. �Gvc3r�lli�m 

fn�!t� ffl" ,--cmfll Lt..: t (1) �, �\�1l�vcJ;iS C--Cm!Hltc·�fR L --C�ffl Lt..:. 

-{-(1) @,(l)���i i"°""'--C ;m�j'i:53-fi ffl, JIS ��& � t..:fi JIS ��vcffl §-t" Q t (1) ��ffl Lt..:. 

2. 2. 2. � it 

�-(1)�•:B-�a. i"°""'--cDftr��:B-fi$�:t-o::..��k. 

����w;�-{1£m1.ER1t�fi:: :WO*•fr:§IIJ����w;�-f1£mlER1t�!t FDA-158 ml 

Dftr���it= :.:, "1' -v 1t., 7 'Y '/ .::i. • AA-1 ��*� c L. ::.. nv:. 7 v-Av A 7 r "'1 

--tf- FLA-20 ��#ji ��--C�ffi Lt-.:. 

3.1. jlj ,e: � 1tf: 

iu��t�,t,fqf3vc?i"�i"" 05c*(1)1l�v:. J: IJ, 7 v-A$:t-o J: a :7" =:J 7 71 1- 7 7 -* 7"$ 

�ffi1,,,--c:to::..tJ:�t-=. 7v-A$v:.J:0iu��#��2v:.�Lt-.:. �t..::7''=:J7 -r 1 r7.,.­

* 7'$v:. J: 0�ft(l)iu��#�. � 3 v:.ffe Lt..:. tf=:J 7 71 r 7 7 --t- 7'$vc J: 0'.iE.:fl:B-fi 

�to::.. tJ: 5 vc� L--C, ���t4(1)wJjlL:l:11[-c-�vct..:A, BJi(1)%:MiJ;�%fr:tJ:�ftvc�f 0=f� 

f'Fffl��!I L --C, =:J :--' 7
° 

--1:- - F c 7-. T '>' 7
° 

-=E- - F (l)fiftj�(l)'.iE:lt'.7}ffrm[� Jtt'c�W Lt..:. -{-0) 

�:!.it*��vc J: 0�fl�•t.tdJ: G av:.iU'.iE�#-c-�t. ,t(l)�v:.�;@":lt�i�<Y_) G.nt.ctJ� � t::.. 

::.. (1)::.. c iJ, G� 3 vC7F Lt..:iU��f*�i. 7-. T 'Y 7
° --1:-- F��ffl L f-.:�ft(l) t (J)t:·� 0. 
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�2 ����$(7V-A) ����� 

Table 2. Analytical conditions of atomic absorption spectrometry (flame). 

Manganese ____ \ _ _ __ Ir_o_n __ _ 
Wavelength (nm) 
Lamp current (mA) 
Slit width (nm) 
Air pressure (kg/cm2) 

248.3 
6 
0.18 
1.5 

Air flow rate (//min) 6. 0 
Acetylene pressure (kg/cm2) 0.4 
Acetylene flow rate (//min) 1.0 

- � -

279.5 
5 
0.18 
1.5 

6.5 
0.4 
1.0 

� 3 1*I-g&�$ (�ifHJi) �tilJJ��f-'t 

I Zinc 
-- --� --�-

213.8 
8 
0.18 
1.5 
6.2 
0.4 
1.0 

Table 3. Analytical conditions of atomic absorption spectrometry 

(graphite furnace atomizer). 

Cadmium Copper Lead 
Wavelength (nm) 228.8 324.8 217.0 
Argon gas pressure (kg/cm2) 0.7 0.7 0.7 
Argon gas flow rate (//min) 4.0 4.0 4.0 
Drying voltage (V) 0.6 0.6 0.6 
Drying time (s) 30 30 30 
Ashing voltage (V) 1.6 1.6 1.6 
Ashing time (s) 15 15 15 
Atomizing voltage (V) 4.5 6.3 4.5 
Atomizing time (s) 3 5 3 
Cooling time (s) 30 30 30 

3.2. �f*fiit*4'7JM�Im 
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�Jli�jljv:. Lt-:�*+ 20-50g z-. @Jiv=.tJ:�d:-c-]t��if.�Plf.zJiLt-:O)'Gffiff-t0. fi� 

Lt-:8itNZ'fl£ffitlR{t�litZ'ffil..·--C, !±l1J 300W, �*mil 3//min, 8 1ttr1=1j-C·1R{t-t0. 9<.. 

3. 2. -c-� f*�t4 z'l@WU: L i.:8J\:¥-,H=., 25% ;;1-= :.,,,® 7 :,, -c = '7 ..,,_ 10 ml :t:c; J: v� 40';'o ME 

M7 :/-c= 9 ..,,_ 10ml z'llQ.x__f::O)'G, 2N 7 :/-'E-=7--C' pH8 ;=.[ft,l�-t0. �;h�5J"Rhru-+ 
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Sample 

Freeze dry and ash 
I + 6N HNO 3 

Decomposition 
and 

concentration on hotplate 

Concentrate to a few ml 

I + 0. 1 N HNO, 

Concentrate to a few ml 
f + Pure water 

Concentrate to a few ml 
I 

pH adjust with NH3 aq{pH=3.5) 
I 

Make up to a volume with pure water 
I 

Sample for analysis 

� t �*'!-Btr .1l!.I!:! it:ffl!E�@ 
Fig. J. Schematic diagram of pretreatment for 

sample. 

Sample 

�.:..� L, 10% y.:r..7;!., :)7:;;t tJ /V/� � :/fit 

-r r !J ? A 10 ml. ,,< r 11., -1 '/ 7'' r 11., 1r r 

:/ 10 ml �1J!l;t -c 3 n-r�jtJ.iU: 5 L,, L�f G 

<�HL-c=ffl�n-•���KL�O)�, 
fir�-1'/�r�'rr:/ffl��-K�� 
�- tJ:�. 5E:lt§Et-Jjc*O)�'¥fltiJ;�i.,� 
�si-v.:. v:::> i. , -c a, ,,1- r 11,, -1 '/ 7' r 1v 1r i- / '"(· 

��L-C�:ltn-�ffl�McLk. ��n-� 
1*0);%*7t��� 2 fC.ff. Lt�. 

I + 25% Ammonium citrate, dibasic 
+ 40% Ammonium sulfate 

pH adjust by NH3aq 
+ 10% Sodium diethyl dithio carbamate 

(DDTC) 

+ Methyl isobutyl ketone 
(MIBK) 

Shaken by separatory funnel 
I 

Separate 
I 

I 
Organic phase Inorganic phase 

I . . Determ1nat1on 
by 

atomic absorption spectrometry 
� 2 %*'r7*1E�IZ! 

Fig. 2. Schematic diagram of analytical method. 



Tissue 

Metal 

Cadmium 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Zinc 

.. 7�9-������·····� 

Table 4. Trace metals concentration in Adelie penguin. 

Pectoral* n = 4 
'-------

Range 
Mean 

Minimum Maximum 

0.003 0.021 0.012 

2.3 3.5 2.77 

192 199 196 

0.014 0.053 0.016 

0.18 0.53 0.36 

10 30 16.5 

Lung** n=4 

Range Sta1;1d�rd Mean dev1at1on M' . M . m1mum ax1mum 

0.010 0.0008 0.0019 0.0013 

0.525 1.59 9.10 4.76 

3.1 76 503 344 

0.002 0.007 0.024 0.015 
- 71.2 294.5 158.0 

0.14 

9.14 10.4 30.5 17.2 

Standard 
deviation 

0.0007 

3.22 

190 
0.009 

96.2 

9.08 

* Present authors, ** M1sHIMA et al. (1977). Unit; µg/g-dry sample 

•s b��P�����-��•••••� 

Table 5. Concentrations of trace metals in the pectoral of south polar skua. 

Cadmium 
Copper 
Iron 
Lead 
Manganese 
Zinc 

Minimum 

0.029 

5.7 

87 
0.08 

0.67 

16 

Maximum 

0.051 

5.9 

131 

0.23 

0.80 
19 

Mean Standard deviation 

0.04 
5.8 

110 
0.13 
0.73 

17.3 

0.01 

0.10 

22 
0.08 
0.06 

1.5 

n=4, Unit; µg-metal/g-dry sample 

�l 
\ m ? 

-..J 
rt .i:,. 

� h-
0 q '-1 

� m 
VI 

]!nr (i 
i\ffit � &] � 

'...J 
� 'il 
� \;:: 

i\ffit I 

>o 0 � � .j:::l,. Hl-� -\\;, gllft 
i\ffit � o\t'. "'t 
� � � 
9--r h- 11m Hl-
9, 9,, 
ii -r (l"' � 
-Ji '1- Hl-
®IT �. � 
Ill!!: 

� � � 
� ':::::!- ' Jn 
�l � 

)<.. 

() 
� 

� 
;}]- -

�� 

w � -



32 �iR * · =.Jib�:*: CrW�'.ttM 

� 3 tt, f*pj�jbO)J:l:;®(EfJ::k � \, ,tJ:.l!t (X iM!) K.Jt-t o, {m0)4:�-l!t (Y lM!) 0)7J-1Jl 

'1:'7T-L k. t o y·e25 �. � � vC7T- L t-=��-Jl�t. 7 T Y -� :/ =¥ :/ j'-o J: � I- 17 '/ � n -f: /. (J) 

��K�D��M��o•&��-cLt..:. �*�•h;l-?��7]-f:/.�, �-K77!J­

�:/=¥Y(J)4:�-1!£'1:'1T-Lt..::. 1-? '/� 71-f:,;1. tt, tJ:.!5tO)J:.#tK.,f=i=\,,j'dvt�9"-j-Qffil"AJ� 

7T-L, ftg(J)��vt•J5tvc�1tvt�6b G:ht.cn� '? t..::. L.n� L. 7 -r !J -� :/ =¥ :/ (!)�,&, "':/ n� 

Y'1:'� ��-1!£0)J:.#tvc{=i=t. ', ftp,O)��rll!t t J:.#t-t offil"AJ��t..:. ;:. 0) ;!la vt =z-q=- F !J 

(Snow petrel) (J)�i; (.=�ftl!. 1977) vc t � G :ht-:.;::. ch� G, r ? ·f � n -f: /. c =z- 4=- F 1J vc 

vt���O) J�Jt!!n� G, �f*P31f2�0)�jbvc�Dt.! 0)1¥tEi1;:f=mJE �no. "i t-=.�J:.*' J: �** 
Kmtttt�t�7-r!J-�:/�:/tl, �J:.*'J:��*��•�t�r?��n-f:/.�ctt, 

� 1* Pl�� (J) �lb'1:' �vc -t � ffi rAJ '1:-� t..:. 
�4 v:t.7-r !J -�:,r�yO)Jlil�vc13-1f-to��-l!t�7T-Lf-:. �vcvtlt®(O)f-:.66, 7T !J 

-� :/ =¥ Y (J)ffitj:Jo J: �WBvc13-1f-t o�:it��-1!£�1ttt� L ts:. �h� G 00 GiJ�t.c J: 5 vc112� 

•l!tfi'!lfflvt, Jil�vcJ: o*-f�!!.Ht�Gnt.s:.h�-?t-=.. 

µg-rnetal/g-dr 

Log.scale 

C: 
0 

...... 
C: 

10' 

� 100 
C 
0 
u 

<l.> 
::E 

tissue 

South polar skua 

00 0 @ 
0 

0 
Zinc 

-- -
e8a rS' 0 --

Copper 

--

--

00 0 
. 0 0 

Adelie penguin 

0 

0 0 0 

--

0 e 

c.i' 0 

---

--

0 
Manganese 

<1:> 0 

1.0 

-- 0 
---

Lead 

1.5 

Iron concentration 

- ---

0% 0 

2.0 

x10• µg-Fe/g-dry tissue 

�3 ?r�-�:/�:/�J:U�?��n�.1-������c����c�@� 
Fig. 3. Regression points between iron and other metals in pectoral of Adelie penguin and 

south polar skua. 
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Cadmi ur:1 •·- ··• 
Copper 

Iron 

Magnesium 

Manganase 

Lead 

Zinc 

-2 -1 0 1 

... 1-1 
�-----� 

.. _ 4-
�--• � 

2 

.. -, ,.. __ .. 
i.e... ..... 

... -"'I 

I 09,SCa]e 

� Kidny* 
----1 Lung* .. 

i--<.::>-t Pectc:-cl** 

Concentration of trace metals (µg-metol/g-dry tissue) 
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" Mishima et al.(1977) ** Present authors 

� 4 7 r· 1J --" Y-¥YO):e-'filll�r::.'@;:w-tQ�:S:��-l!tflm:lffl 
Fig. 4. The concentration range of trace metals in various organ of Adelie penguin. 

1-- '7 / !l n -1:- ;1, vc v::> '-', --c t fqJ t* 0) ��fr fflt L, JiU� ,5J1J 0) ���fltifi lffi ic v::> '-', --c � �It L t::. 

n:, ��tt�Jt.ffGhts:b·"? t::.. 

� t::. 1t¥JJlj� O)W,,1i�b· G, r '7 '/ !7 n -:t- ,;{ t/:, 7 -r :J - � Y =¥- Y J: IJ -1: fft c � x. G h Q. L 

/J, L1t¥J:ti&JvcJ: o��O)ib��7}.o c, ��:zt:tx�Ght.cb·"'.)t::.. 

fJ::iu, aB5fl:J�:f!BNaillvc.�}�,-t 0��0)±.Jtc�;:t Gho, :;t- :t- 7 � (Euphausia superba) 

�=- ��-t Qltl:���flticl'*.1-.t Q¥1H!rv:t7}..J;t::. G t.c '-' ,. � G v=-l!lffl::t�:ttl!mlill 0) * :t-- 7 � �x* 

t-:1*1&. 5:)-tJr � h --c '-' ,t.c '-' ,f::_6b, IEiittJ: P'J�v:t*:m-c-.J; Q b;, --;--e�=-ffl� � .n --C '-', Q 1¥�'.ffi 

(Crustacea) O)�ji���flt��66--C � c 6bt::. <b O)tJ;1i:. 6 -c-� 0. ts::}o1i:_,c� Lt::.Ep�ffiv:t, 

�6 771)--"Y-¥YO)Jll�cw*u�����O)�:a:�a•�O)ft� 
Table 6. Comparison of trace metals concentration in Crustacea, internal organs of penguin 

and sea water. 
-· 

I Lung** Kidney** Pectoral*** 
Element Crustacea* I Sea water**** 

·-··. I_ (µg/g-dry __ 
tissue) J_ (µg/g-dry tissue) (pg/[) 

�.� �-------

Cadmium 0.15 0.0013 0.002 0.0015 0.03 

Copper 50 4.7 12.4 2.7 0.9 

Iron 20 344 188 196 3.4 

Magnesium 2000 158 202 1.29x 106 

Manganese 0.2 0.42 0.08 

Lead 0.3 0.015 0.015 0.015 0.03 

Zinc 200 17.2 26.3 12 5 
----- ---- -�- --- ·-·---·-- . ----- -�-· --

* VINOGRADOV (1953), ** MISHIMA et al. (1977), *** Present authors, **** TUREKIAN (1969). 
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wHi:lfu� -etlHl � ht.:. t 0) --e:-vi tJ: 1,, , • � G r:::.1i ac vi , #&71( * 0) 4i2 ».i•l.f :r-o J: u-1ru¥fi --e:-¥fi � L 

t.::..*6*'Ja:'11t�a Lt.::.. . 

.l;U::71' L-C � t-.:�t" en� G , ittrffl-effl.t-:*5* c Fm�vc, $J1ci:f:tvcfftE-t- .:5 4:�0)� < ft '¥ 
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