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Review: Environmental Pollution by Chlorinated 

Hydrocarbons in the Antarctic 

Hideo HIDAKA* and Ryo TATSUKAWA** 
Abstract: Papers published in 1966-1979 on the environmental pollution by chlorinated hydrocarbons in the Antarctic are reviewed and the investi­gation plan on the environmental pollution of the 22th Japanese Antarctic Research Expedition (JARE-22) 1980-1982 is introduced. The relevant orig­inal papers of eighteen have been published since 1966, which were pertinent to residual analyses of wildlife in the Antarctic, except three papers on analyses of the Antarctic snow. The studies so far were undertaken mostly by the expeditions of the United States, United Kingdom and New Zealand. There is only one paper on Syowa Station, which dealt with PCB's in an Ade lie penguin and a Weddell seal. J ARE-22 will attempt to collect the environmental materials around Syowa Station in the Antarctic, including air, snow, sea water, sediment, soil, plankton, fishes, penguins and seals. Their chlorinated hydrocarbon analysis will be expected to make clear the environmental concentrations, global distribution and transport, and pollution dynamics in the Antarctic food webs. 
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m 22 ?Xmffi}tl!�felfflUH@i-c·v-;t, ffi��J4$$f,O)?j]f�O) 1 ":> c L, --C r�-:!ii�{t1r¥o:t-o J: 

um4:Jt1JiOJffi:!'iihrfflK.'*1-t Q M�J �rr :> -r5E-c·25 Q. HimiOJ�nfiH::.JttJ�vt. ::.n 'i -c·O) 

ffiffi}tl!�v::. :t-ovt Q �-:!ii�N�OJM��IEW!i"" G c c t v::., � 22 ?X�OJitimi�iHi" L, ts: 1. ,. 

1980 :i¥- 3 }J 4:tffl, �ftffi}tl!?j]f�J,rt::. --C Antarctic bibliography O)�)'iffl!t::. J: G 3tmR�** 

�rr 0 t::... :tOJ*a=':. �-m�f5�Mf*-c·f1 1966 if:-.1;!_* 32 0)5(�tJ�25 Q ::. c tJ�htP--? t-:. 

k-OJ triJ�vcftftl!OJ:5cfflXOJiHr�-r - 17 OJ tr i. ,1t1tr Q �1EflH�r� <b �i :h --c :to lJ, 5ttfry' - 17 

OJ25GJJl(�rmi-3tv:t 18 �-c-250t-:. �OJ5ttfriJ� 3 ifffo3C25Gftl!v:t, -t"�--Cff��¥oOJ�fil5ttfr 

'"t:'25 Q. 

::. n 'i -C'O)?jff�O) Vl C Iv c�iJ� 7 ,I. 1) jJ' ,{ =¥' 1) �' =- =1- - :,/ - 7 / F OJW!?JlU�v::. J: 0 L rr 

hht::.. t OJ-c·, �:ff:i'l!!�vi. Ross W., ffiffi��tJ�:lli t � <, South Orkney ffl�. =f- Y, =­
=z.. - :/ - 7 / Fv::.:&A..-c·i.,Q. 1Jlffn£:i'l!!JW1m-c·t:t, 7rJJ -""'-:/=¥-:/c 17;r. 'Yr,1v7-rr5-Y, 

� 1 ®f*f":>OJ PCB £-tfrfi L,iJ:.tJ: \, '· 

AI�ffl!t'g*1tit¥,aOJ�.@:M!ffl:i'l!!�tJ" GJfil < ltn --c \,, Q mffiOJffim�ffiOJN� V""'-Jl--vt.3p 

'itK.11&<, ftixL,t.,EJ��f4:�t!f?f--c·OJ1iJF�'z'@IEtr<bOJv::. L--C\,,Q. �*4-0J:!*l&. *:rf, � 

ttx. £-Vr�Ji L, --c�1*f'p=p0) 2 ?Xl¥Jf5�v:tffif1£,t� v�11v0J£-tfr0J�it. ::. c OJvj:tJ,,,�$UtJ: 

rim�-c-25 Q. 'i tc., .:t 0Jffif1£,t�v::.x-H11 L, 5 Q i@i��iO""'.:>m�O) � 1. ,£-Vfi*tJ�&r� c t.r. Q. 

���*{t�:1efoOJ5ttfri*OJtiffil¥Jjig�vt ti� !1 µ '7 r !7'' 5 7 • �:l:5ttfrftOJif� <b � 0 --c, 

::. ::. �if:.co �· 'i L, \,, t OJ iJ�25 �, A, S OJ5ttfrbHtq7J(�iJ" G �hvi, A, 'i -c·OJffi:i'l!!-c·rr:b:ntc. 

�1EOJ5ttfrf*v::.v:tffifttl¥JtU*9�� r:. �F1=1iOJ s Q 7'' - 3l t �--t.c < ts:.\,,. 

L,iJ" L,, i-.fh t ffiffiOJ� L,\.,�{tf::OJ t c -r-�"" OJffil(t��Hll L --C�Ght-:JtJit.r. r - 3l 

-c· � Q. *3t-c·vt -c· � Q tivtr - 3l ��3-t-Q J: :H::.�6bt-:. fm%a�n::.vtJJl(�rmi-3tti�A:f. -c· 

�f. 1it)'iffl!-c·nijl:11 L,k}H9 L,iJ:.��-c- �tJ:i'J"0 ts: t 0) t � Q (X�fflUt::.fJJUa L,t-:). 'i 

k, fflffi&�K�-�G�OJH@i���O)-���Gk6b7�-�FK��G�M��Gil' 

t Lnt.c \, '· � G iJ• t.6b :t-oltlr 9 L, ts: t. '· 

2. 1JJ;JW O)wf,'E (1966--1967) 

mffi.OJ!ff1:.1:.¥on·G DDT �w6b-c�m L,t-=OJft 7 � 1J n�-r-as tJ, 1966 if:.v� 2 ffl?:tn� 

25 \, , "'.) \, , -c· m � tit-=. 

* 1970 4J;J�O)m�]J�{,%0)>(riv;1Y�-=9[:t:; J: rY��::g-c�*-c:-�, '3 [�Ill Lt-:t�>l:O)�f:Jil�A-'F-C:' � o. 
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J&f}JO)flH�rfi SLADEN et al. (196 6) vc J:: 0 t O)"(·, Ross JiI,O) Cape Crozier (77° 27'S, 

169° 14'E) -r:- 1964 if- 2 JHc1*Jflt L, t::. 6 � 0) 7 T. !) --"' :/ =¥. :/ (Adelie penguin, Pygoscelis 

adeliae, aduit,maie) O)'°t«--CtJ,Gtff� 13,...,11sng/g (�it�t::.IJ, tXr (w) c�-t. t.r:. 
uH�Jinltii�t::.IJ:z- (1) c�-t). H�Jinm� 24---152ng/g (w) 0) DDT{tir4-kJ (.LlT, 
.l'DDT=DDE+DDD+DDT c-t0) :z-�lli Lt-: (� 1). 'it::., 7J =- !1,1 7-tr:J � (Crab­

eater seal, Lobodon carcinophagus, young, male, n= 1) v:t.Jff� 13 ng/g (w), H�lt1Jm� 39 

ng/g (w) "(· a!) 0 t.::. (� 1) . 
:_ ;::. -r:· �i. �:El�ITT�f!f O) £tJ;llffi�r:. a!> G b.h 0 J:: 5 t.r:.�mfJ!:�f 0)-"' :/ =¥ :/ :z,�h.,-C:·5J-tfr 

L--C\.,,0 (� 1). O-t.r:.vc*fi:AA'a:'fi0--C\.,,0�j/JjO)JHi1*H�Jin'a:'�ffiL--C\.,,tJ:\.,' (f*it 4.o,...., 
4.5kg, ItH�O)}!J.7,i_ 2mm). u'tJ:b:ux;*Lt.::.��wncaJnn,0vf\.,,;t�:z-1t«, f*itcH�Jin 
:iiJiflrt�-t 0 (6.Q,...,6.5 kg, 10---20 mm) iJ;, ��vc J:: iJ �� L, --c \.,, 0 (2.9 kg, 2 mm). 

l'DDT mlli)i�)fJ{&vci& t � <, H�JWm�-r::- 152 ng/g (w) -C-.·'it ---:d::.. 
77·JJ --"':/=¥:/vr.m�0)�4'k)i:f=t-r::·�t-l"O)�fi5�. ��tJ�lt�l'.i9J:: < �G.h--CulJ, I.it 

ftf_f, �:fl 0) ;l;.t.r:. G f, il)m, fc!.P�Mvc t f*ntu J:: �H�JiniiiJ;��-t Q. �mfJ!:�tC J:: 0 L � 
w�!JdIJ;aq�ftlffivc�b0 7 7· Y -""":/ =¥. :/-C:·vtt?�4'kJj{ 0){$:F9•& t 'it.::., �fi§tiJ�vc J:: 0 --c 

1Ats:. 0 ;::. c iJ;iF� .ht.::.. .:.. 0).:.. c �i. N��j{O).J'.tlt�:z-Lt.::. iJ, ���fl:z-.7,i_0 �tr, 
[PJfil[-C-.· 'it 0 --Ct, -tO)�mfJ!:�!'a:'�ll L tJ: vt n�i, .6tt$tJ:lt�-'t'IE L \., ,�fl�fiffiiJ� -r:· � tJ: \,, 

� 1 7 .:y· 9 - � :/ -=r· :/ c --fJ -=- !I -1 7 -tr -=J :;,, (l) DDT 5}t!T (SL ADEN et al., 1966) Cape 
Crozier --c 1964 � 2 Jj t¥:1& 

Table 1. DDT and its metabolites in six adult male Ade/ie penguins and a young male 
crabeater seal from Cape Crozier, Antarctica, February 16-20, 1964. 

- - ------- - -- ------ ----�-�---· ---------- -----�----------� 

-- f4;: 1ff I ]tijb
O)

�,l;_ i I 5t fJT fig ng/g (w) �ir"'if':lUlr %:lfr� ! (kg) - '. (mm) I 5}tfrfil� i DDE DDD I DDT 
Mr M WJ 
� ;J;J lliI 

2 j 4.o, 4.5 2, 2 - n s 20. 2s o, o I o, 8 3 I 6.0�6.5 10� 12 lff /Ii 10- 15 I 0-2 
I

I 1-13 
ff� JJjj 19-63 j 0-6 0-18 

1 2. 9 2 I Hf )Ji 83 I 16 J 16 , 

I ff� JJjj 83 I O I 69 / 

IDDT 

20, 36 16�25 
24-87 1 15 152 

J : : i ,; I .� I _1: __ �: 
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?x 1., ,--c· DDT, DDD 0) Jl!l1i--c·;;f) o .:::. c a.ffiffitHi·O)ff���-eJ[ 1.,, lli,; ;rt -C 1.,, o �J[ c IRJ� 

-e� o (DDT �1t-ft�O)ffi.nx:�Uitvtf5�0)�1B, ftfflO)�}!(tJ: c� < O)fij¥!i��;t --c < .h, 

.JlE c c 7b vcm:�--c-� o). 

SLADEN et al. (1966) vi.� 1 tJ.7t-tc 1911 � 6 J
L 

ScoTT O)jft{&O)�Jttitd'rffiJtci*J& �;h,7]( 

�vc���::(f,; ;h, -C \,, f.::. 1 ;J;J 0) ::i 17 T-1 ..--:: :/ =¥ :/ (Emperor pengu in, Aptenodytes forsteri) 

0) flipper O)Bllllnrfi��5j-;t)r Lf..:iJ; l'DDT vt�lli--c· �tJ:iJ•-:d.:. .:::. O)� :/ =¥ :/vt DDT 0) 

��·�ffl0)30���,b�O)�ft���. m�'!�K5j-fi,;ht..:ffiffi0)������1¥JK 

Jilt t.1.,, t 0)'""(:'�6?. 

?x1.,,--c·, 1964 � 11 J=J ,.....1965 � 1 J=Jvc 7 .;{ Y tJ�vcJ: 0-C�. 7}(, :fl!tw. ffi'ff*itibtw. 

�. ""':/ =¥ /. 7-tf 7 '/. 1- 17 ·/ !7 jJ -=c ,,( O)xmmt,£-it / 7" Y / !7·nq,'rbnt..:. �vtWHI,� 

(90°S), Byrd £ttg (80°S), McMurdo £:Im (78°S) #Jli:iJ•G 15 �3*l&�.h. fmO)iAf4vt 

McMurdo £:Jm0)� 0 Ross �Jmjll;o. G��f*l& �:ht.:. Ln• L, GEORGE and FREAR (1966) 

vc J: o l'DDT 0)5j-;trr--c·v:t., -th G O)iA*'f-O)vf c Iv c·iJ;, 7Jc 0.5 ng/g (w) , §::.� 5 ng/g 

(w) O)�lli�lUf� r--c·� 0 t.:. � c ffi:ff*itlb!W (4 lb�r� 7 fl, n=8) c ::z 17 r-1 ..--:: :/ q--:· :/ 

(n= 1) --c·v:t. l'DDT vi.'! 0 t.: < �lli �.:rt f, �-� 3 ;fm 8 �M� 1 �MtcO)� 440 ng/g (w) 
0) DDT a-�lli L, 7 7· !J � ..--:: :/ =¥ :/ vt 16 ;J;JJ:f:i 4 ;J;J (B�J]jjtfi� 15,..... 180 ng/g {w) ) ,  16 AA 

0) 17 .:r. ,:,, 7';1, 7-tf '7 '/' (Weddell s eal, Leptonychotes weddelli) 0)? 'b 4 AA (B�Jlntf:l.�42,._, 

120 ng/g {w)) vc DDT 0) � a-�lli L, DDE vi.�lli � .ntJ:: iJ:. 0 t.:. -.r :/ � 3 !7 :-;t ;t- 1-- 17 :/ !7 

jJ -=c ,,( (Skua, Catharacta skua maccormicki) �t ..--:: :., =¥ :/, 7 -tf '7 '/' J: � ¥l&iJ; risb < , nit 

I� 14 ;J;}O)-t�'"C/.J·G DDT c DDE a-�lli L (Jil�-oc. l.:!v/ii 2800ng/g (w) ) ,  2 ;J;J 

0)0,.f.r_O) 5 'b 1 ;J;liJ•G DDE O)���lli L-Cl,o . 

.:::. O)Wfi11;E--c·v-;t ffiffiO)-tt!WmO)fl£?xO) lb O)iJ. G �<XO) lb 0) '! --c·m�i¥Jvc 1., ,6 Iv t.r.fi:��ob. 

�mf&�O)�t.r. 0 t.: lb O):z,3*}& L, fl•---:>, �-�. MI.Mtc53-vt-C�{ITT--c· 200 �� IJ %fi L -c 

1.,, o tJ;, -tO)ft: c A.. cvt�temtWtJ. r--c·� �, �G.ntdtf!ivt� '! � vc t 9rtJ:1., ,. .:::. .nv:t5t 

fir£0)�J!t. ffll3tn;� < t.r.l,t..:2o--c·;;f) IJ, 7·-17 tc{�UJitttJ\z. Ll,O)vi. 1966 �c 1.,, 5 IF.Jft 

O)tiJ*9tC J:: o ,b 0) '""c' � .:.S 5. 

J;}_J::O) 7 ,,( Y tJ vc J: o 1J]Jtfj0) 2 ---::>0)�1;Evi. wJ.ffi--c·jjlxO) McMurdo £:tlliiJ;� o Ross 9b 

Ru ]21--c· fib :ht.: t.: ob, lft lllll £ :Im vc J:: o try �iJ; � o 0) --c· vi. tJ: 1., , iJ. c t � ;t G :ht.:. -1' =¥ !J 7- 0) 

TATTON and Ruz1cKA (1967) vi.£:tmvc J: 0 rnjf,frl¥Jffl�0)9rf.r. 1.,, c �;t G .no South Orkney 

�9h0) Si gny �--c·§::.tw�JE:z-ff1.,,, DDT try�iJ; 17·· µ -/�1vt.r. lb O)'""t:·�o.:::. ca-lit� Lt..:. 
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1:: Y � :/ .:¥' :/ (Chinstrap penguin, Pygoscelis antarctica) fl) J$t .� c ;I�, � :/ q::· :/ fl) Fl r"3 'ff. 
¥at-:"? t.::. :;t 4'- 7 � (Krill, Euphausia sp.), / I- -t � 7f_;J.fl) jl,ffi (Notothenia neglecta), 1-
17 '/ !7 71 -'f: .J. f-4 Brown s kua, � !) 71 :/ § Blue eye d  shag (Phalacrocorax atriceps) iJ, G 
l'DDT t!..vt"f:.'tJ:.<, BHC �fi.{$, .r...7° �!/P�1L-•.:r:.�4'---lf'1 F, 711L-F!J :/'.z'b� 
ill Lt.::. (*- 2). ti��-c � Q tm-ft�fl) I- '& ·/ !7 71 -=r: .J. K.,'i 730 ng/g (w) fl).,,____ 7 !l !7 P � 

;L- • .:r:.;t;4'---lf'-1 F, 26000ng/g (w) fl) p, p'-DDE, 2500ng/g (w) fl) p,p'-DDT c;,lf'M'v:::. 
neu1&l0Cfl):ll?1'Hlffi¥aiJq·�tH 2' ,ti, -C 1.,, Q. 1¥HiilmiJ'- l::dt15-..fJ)hf.: IJ � L fJ: 1.,, Blue eyed shag 
v'l p,p'-DDE C p,p'-DDT iJ;hfiJ,.v::.�v,ftlH'l 1:: r'� Y.:¥' :/ C fR]�--C-�Q. 1:: r·� :/=¥' / 
(l)J.l��� v�1L-v:t p,p'-DDE iJ;�+ ng/g (w) v-"11.,--c·sQ/J;, ft!!(J)Jl�v:t-t"hJ: IJ 1 
vtt.::.fl£1.., '· �:fllru'fJ)f$1liJa�;1Ji:1 LHtf/l1jt::.'i§ /v t-:!fij::M"::.�l& L -c 1.,, Q n:, ::¥-��'i 1,...,s :::r- --c­
JE L -C '-' ,tJ: "'· � �'ff.¥8(/) * 4=- 7 � , �,ffi;o, Gt fl£1lJ!tc·v'lS Q iJ�{iJtill '2- ,ti, -c '-', Q. 

'it.::., *- 2 fJ)ft!!v::.JJJ{lz§��--C-:JEt':L-C\,,f.::. 3 ;:pjfl)--lf'--V-'":/T F !J (Sheathbill, Chionis 

alba, f{l,�) fJ)jff/liz-5ttlTLt-.:c �6. -t.r-(-Cf:. p,p'-DDE ( 14, 30, lOOng/g (w) ) c 2 
� 2 South Orkney ,WHtO) Signy "10)ff1:_1:_!jtoq:iO)i3t1ttilh��YJH1? (TATTON and 

RUZICKA, 1967) 
Table 2. Organochlorine pesticide residues in Antarctic wildlife from Signy Island in 

the South Orkneys. 
------ -- --·---------- ------- - ---- - - ------. 

DDD DDT ! 

·1 

1----- 7
0 

;$1 !7 
: (r-BHC ! ;9-BHC r-BHC 1

1

;:;�� r: � � i DDE 
-�-- -�n _ _  i J __ 1 r I l:: 1r·� :/-'¥'YI /ff [i� l 11 I 1 I 5 2 1 2 

! 
I (0-2) (2-8) (0-3) (0-6) H� I 10 2 3 1 2 

2 (1� 6) 6 (1-18) ND ( 1-10) 
(1�2) (0-6) (1-2) I (1�3) 

7 32 3 (4�10) (13-48) (0-6) (5 � 12) 
1 Jm: � 1*J 5 1 1 1 2 8 39 1 8 Hlii' )l)j 1 

(1-2) (0-4) (0-2) 1 (1-2) (6�10) (29-48) (0-4) (6-11) �l*J�¥!J ! 2 1, 1 5, ND 1, 1 §� ! 3 4 ND 4 (3-5) (3-5) 
ND 1, 1 1, 1 ND 1, 1 ND 5 21 4 8 i (3-8) (14-32) (3-5) (5-8) 

4 5 3 3 3 . 7 ·

1 

7 i 11 (2-8) (1-4) (2-4) (1-9) / (2-13) (0-18)1 (6-20) 
Brown skua I : 

_ 

ID'l 2 ! ND ND ; ND : 100, 35 ND \4000, 890
1

1 ND 330, 230 
IJ}j 21_ 

4, N--D--�-40--,--ND \ 6, ND /120, -730
1_ ND __l58g<'6000 ��-- �· 2500 

Blue eyed shag 
-$&: ng/g(w) 

/a 2! 1, 2 6, 3 I 1, 3 : 2, ND I 2, 1 i 11, 15 i ND 3, 9 
Jlti __ :i_ ND 9, �o_j_��·� ! ND ! 4, 6 I 51, 140! ___ =· 1s 12, 23 
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�r:::..-r· ,r 11-- F !J :/ (12, 15ng/g (w)) �•lli L,f-:iJ�ftl!O)!l.tt•m --e�tJ::iJ"�:d.::. . 

.::_O)fflX�fflffiO)���DDT��O)�---·-�·lliL,t::..ftWO)X·��fJ. �0)­

t, BHC, ""'7
°

� !l P -11,, • .:i:.;t;q=--l}-,1 FtJ::c..fiv�c.A.tc.··lli{JUiJ�tJ::"'· 

3. lJVJlU£:rth 0) AFJ1t6i!J ir. J: � fl5� 

fflffi=k�'"(-�:t�-tt'i�ft��O)�£a*1J c. L -C O)uefflvi.tJ::" ,iJ�. 'm� 800 A. �):t 4000 A 

�J::O)AtJ�friftE l,--C :to iJ, �O)�tl. t{ffi, �#tJ:: c.· c. c. t tc�M-�1t{r�t£:t1!Hc t � 

.::. "i .h -c", o AJfilitt.tJ�� o. fflffiO)ffltiU����x. o�{r. .::. 0)£jtg0) AFa9fistvvc J: o Jmm 

!¥JtJ::[7���flffi-t Q &f�iJ�� Q. 

BREWERTON (1969) fl 1967 c¥vc Ross �O) McMurdo £j[f!O)Jlr < '"(·:f*J& � .ht.: 7 7' lJ 

-""' :/=¥:/O)H�)Wi::pO) DDT 7!l&b;, £jtgn:.G*9 640km �fth,t.: Cape Hallett O)""' :/=¥­

:/ J: IJ *'9 6 ,fft�v, c ffi"ff L,, .::. 0).::. c. n,,, G, McMurdo £j[g0) AFa9fisibvc J: o DDT f'j� 

nq:ttJtlJ �.ho c 1..., -c ", o. 

'it.::., R1sEBROUGH et al. (1976) a. 1975 c¥ 2 JHc:f*J& Lt.: Palmer £j[gn:.G 0.5�1.5 

km O)��O)� 4 ,��%tfr Lt.: c..::. 0, JWJ¥i�O) PCB c �jiO)-j"-j":z,�lli Lt.:. .::.nv-.t, 

Palmer £j[g"c'O)���O) ;tf&�vc J: o t O)�� I), JlI < 0)/ih"c' .lli L,t-: �O)i::J::tO) DDT c. 

PCB ¥if!tf::.�fl:z,�;t -C", o A]"(ilitt_n;� o c. L, -CV• o (8. �O):g'i��). 

�J::O) 2 �X��v:t@Jf£jtgO)Ar139fistbvc J: o mi!Wl¥Jt5�:z-� l:.t-:: t O)fitJ::" ,. Araimtv 

ic J: omiFJrl¥Jn�:z-JE 1..., < if¥fiffi-to c c  t vc, ffi1J, �O)�twO)j,"t,n,�*'1-:z-:f*l&-to�,� 

4. PCB O)�l:f:1 (1972--1974) 

1960 c¥ittob 9 0) fflffif'j�vc�-t G f}Jl,§O)Wf�'"('fi, PCB v;::. "':)" ,-c '! '? k < �.h -C", tJ:: 

"'· PCB flj�tJtW2io-c JENSEN vcJ:0--c•��.ht.::.O)f;t 1966 i:f::O).::.c"c'a!>fJ, "it.:�:®l 

K .. tJ::b,,,0 t::..c :totb.hG. 

1968 c¥ RISEBROUGH et al. vi.!J"p-,,�11,,fJ::��*'"c' PCB b;�tfi�.h,f-::c."' ?."ff'-z'l, 

-C"'Gb;, ,tO)i::J::t�;::., 1967 c¥ 10 }j Cape Crozier '"(·�J&�;h,f.:77'1J -"'"'-:/=¥':/0) 5,ffflO) 

Jj�0)5]-tfj-fil[n;.ab G. XDDT 128 ng/g (l), ? -t, DDE O)linX:iU�n. 74% '"c' � '? t-::n;, PCB 

fl GC -r -v - 1' J:: vc :!dJW 1:::0 
- !l '/J � a!> iJ • m "c' � tJ:: iJ,. 0 t-:. 

RISEBROUGH and CARMIGNARI (1972) �i. 1970 i:f::vc Ross #iO) Hallett £j[g� 3 tffi, 
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WH�-¥�0) Palmer £:ttg-e 6 fi:O) .��U: kO)#��:f*l& L DDT c PCB �5tlfr Lt-: .  1¥fffi 

:11!!:IJ,x-e&#� L , �W&N� / - A' / fi1¥fffiJ&3R� ��;{_ -C;ft-"f$ifrt �d-::d-=: I) ,�i r• G PCB �� 

ill L ,  kO).JjHl:. DDE J: IJ i �iJ· --:d-=:. iok G < ,  .:. ;t-utfW,fij[O)��-c- PCB � � ill  L t-: 

ft�Jw 0) tlH�:r-c· t1; ;s 5 . "i t-:,  TWffi:tm� 0) fl1 J�� 0) o oT •rrn1 ;tt ""'J::d-= 1J � -t 0 fi: J: 1J i i:1 1 

vt t-:11£iJ. -?  k. 

GIAM et al. ( 1973) a 1 972 :if. l YI ,...., 3 YI Ross $'1-C·:f*I& Lk.�fi:Wrf:�47Z;O) DDT c 

PCB � :5t:tJT LkiJ; , �llir.1:UfiJ;�-t �·-c (�fl 50 g �� -? t-=:�i;, p, p'-DDE 0.05ng/g 
(w) , PCB 1 ng/g (w) ) ,  El c Iv c�iJ;�illr_&;W.tXF-c-� -?  t-: . 197 1 :if. ,....,  72 :if.�::. /. =t- './ ::z � c 

;tt n 1J 7·w-c·:f*I& Lt-=:t/J¥8 7" 7 / :7 � / c �,0)5J':lfrf[(:U: O)Jt�O)M*, 1tHiwO)wrr��rmx 

.tJ 2 * - !Jl - 1�iJ:, -? f.::_. 

CONROY and FRENCH ( 1974) vi.1¥Jffi0)* * 7 1L, "' 1J -=t: /.  (Giant petrel , Macronectes 

giganteus) c ::z 17 7 '1' � :/ q:· :/ � 7ftff L t-:iJ; ,  * *  7 11,, "' -JJ -=t:  /. iJ• G p, p'-DDE �:f9till Lt-: 

0) :l-;. -c- , PCB �i.�ill-C· '@" ts:. iJ, -? t-=: . ::z 17 7 1  � :/ ::¥ :/ iJ .  G }'l:. 1'f�:lii�{ti:r!W,t. "i -? t-: < ,tiJt 

ill--C' � t� iJ• -? f.::_. 

5 .  RISEBROUG H et al.  O) UJf'.JE ( 1 976) 

Ttifliiv:::. :tovr Q ���*pj��f*-C·:ft 't) 4f;, < JJlfift�::t� ill LL \, '  Q 0) �'l:. RISEBROUGH et al. 

--c-20 I) , -t--c·v::.tHr- L t-: 2 ¥:flx c 196s, 1912) �cn11x.. .  1913, 191s, 1916 c it s ":)O)fflE 

iJ;� 0 . -tO)v�c/v c· i t J-!]�0)5}1Ji]a*'"c'�0 iJ: , RISEBROUGH et al. ( 1976) v'l:.ffi�r:f::10) 

DDT, PCB �ltl IJ ,  � :,,, t_c :/ , 7 -tr  '7 './ ,  :::t =t- 7 � 0) 7: - !7 c ttU"'JVf ,  'i t-: , llfT'¥1�:i'lf! 

t.!!X:-C·O) 7'' - 5 c '*l:i!! � -tt -C , ffiffi-"O)PJ�!ffo� 0) f P - / ;:  11, t,dfiEAt£.�! �� C -C 1-, ,  G .  

1 975 :if. l YI ,....,2 YI ,  TWffi_:>f:�O) Doumer ih (63 ° 35 . 5 1W, 64° 51.3'S) -c· Ji fft5J1H::._�� iJ. 

G 6 m O)� � "i --C·�J& L t-:,ffi�q:tO) l'DDT fl 0.5,....,4 pg/g (w) , PCB 0.03 � 1 .2 pg/g (w) , 
l'DDT/PCB 0) r:f:i�fu'.. H'l:. 6.2 --ct!; -?  t::. (8. �O)J]i $�, 11:. 3) . 

-JJ, -t '7 1'  1- , ME®, 96�iiE®tmit4tn:::. i Q 7, JI,, ;t; / ft0) 1*f¥-c·m�tm���-c- ;@" t-:t-: 

ch ,  ,t;h � -C·-C· '@" f.i: iJ, -? f::.� :/ q:· :/0)#�0) PCB b:ffil];E'"c' '@" 0 J: j f::_tJ: -? f::. (RISEBROUGH 
et al. ,  1976) . * 4 v'l:.l¥Jffi-¥ .t\O)� k -C':f*Jfx. Lt.::_�;flt� :/ q:' :,,0)!7�0) p, p'-DDE c PCB 0) 

:;} ;tJHlL*-C'� Q .  p, p' -DDT � ;t  p, p'-DDE v:::.J:t.�3�'Mv;:_fI£�/Jtt..: -?  ts:: . � / 4"' :,, O) fif!fHj v:::. 

1[;1JJ.c�}'l:.t.i: 1-, ,iJ; ,  7 7'' 1J - �  :/ q:· :/0) PCB •flt�t 1 970 :if.q:..t*J& Lt-: t O)�:::.lt� 1975 :if. 

0) '4.> 0)iJ: flJl G tJ�v:::.11£ < ts:. -? -c 1-, , 0  (W1LcoxoN 2 aitf4�JE. irf.1t7te� 0. 196 -c-tnit) . �O) 



158 
� 3 Doumer §;O)�O) DDT 2::. PCB O)JiiuL�IJ5ttJT (RISEBROUGH et al . •  1976) 

Table 3. DDT and PCB in Antarctic snow from Doumer Island, January-February 1975. 

� � (m) 
0-0 . 5  0-0 . 5  0-0 . 5  0 . 5 - 1 . 0  1 . 0-1 . 5  1 . 3- 1 . 6  3 . 5-4 .0  4 . 0-4 . 5  4 . 5 - 5 . 0  5 . 0- 5 . 5  5 . 5 - 6 . 0  

.$ {:ii: : pg/ g 

p, p'-DDT 

0 . 50 0 . 55 
0.44 0 .45 1 . 3  2 . 7 4 . 0  3 . 0  2 . 8  3 . 4  
2. 1 

p, p'-DDE PCB 
0 . 1 3  ,,·, . . 0 . 30 0 .058 0 . 17 0 .054 0 . 03 0 . 067 0 .062 
0. 22 0. 27 0 . 24 0. 17 0 . 38 0. 21 

0 . 057 0. 22 1 . 2  0.40 0. 68 0 .43 0 . 81 0. 28 

L .2'DDT/PCB 
- ,  �----

2 . 1 3 . 6  16  9 . 1  6 . 2  
2 .4  1 1  4 . 8  6 . 9  4 . 7  1 3  

JIW:O)�ft�i� l!i3t' S  �dJ�, �Jiirr < Ltr*Ji J: IJ 1:DDT, PCB c t  ilt!tiJ�{1£ < (� 3) ,  ;:. 
:h I? 0) � ffl!:!ii� 1t. it 4efo 0) ±. JU.d� ffl • �mf :L1!!:� 't:' 0) 1tf J �H 0) �fJ:* iJ; t5 G b .tL --c " , o 0) iJ � ib L .tL 
fJ:. \, ' . "" :/ :¥ :/ O) J1�0) DDE/PCB O) q:t;R:fifitt 3.0 --e s --:dc.. 

1�5 � 10 � ,  ffi��� O) � < O) •-��� Lk * � 7 � c �.h�±.K*� � � 3 � 7 � 
7 -;,,  (Leopard seal, Hydrurga leptonyx) 0) 5i-t)r{j�]i-t:h -t:h, p, p'-DDE 14, 48 (.ijlfft 
�i ng/g (1) tLrfAJ C) . p, p'-DDT 1 9, 33, PCB 3, 43, DDE/PCB 4.7, 1 . 1  -r:.·s "'> tc. . 

-! t.:.., lfffm�:r!QtwZ Auckland � (50°40'S, 1 66°05'E) "(· 1972 cq::,__,73 1f=:vc�J& L t.:.. -1 17 
� 4 m��§; 0)�1'm""' / =¥' / O)P�O) PCB 2::. DDE ?tint (RISEBROUGH et al. , 1976) 

Table 4, PCB and DDE concentrations in eggs of penguins from the Antarctic 
Peninsula. 

1il! 'Iii 1 1*  l& &c'; I ¥! l9i 
7 T y  - 1 1970. 1 --A-;;vers /!J, 

I 1973 . 1 2  // 
1 1975 . 1 

� T 1 1975 .  I I Gibbs Iii, 
-tc Y �- �- J 1975 . 1 I Doumer Ii!, 

14 
15 
12 
10 
8 

- - - ----- - - - - --7j(5t�ji I H���_S: I p, p1-DDE I PCB (%) I (%) . ng/g (1) ng/g (l) 
--- ; -, 

74.4  (69-80) 73 . 0  (70-78)  

II 11 . 8  , 1 37 81 (7. 0-14. 6) 1 (65- 330) (40-180) 
I 

8 . 2 I 204 73 I (5 . 5-10. 6) 1 (86- 3 10) (27-160) 9 .  1 I 139 56 I (5 . 6- 1 3 . o) <n-200> c21- 93) 
II 7�5 .�1�

1
· 10. 8 T 172 43 , (69-78)  (4 . 9-16. 4) � (90_-_3_8_0)� (21 - 80) 

75 . 0  I 9 . 0  1 168 72 (73-79) I (6 . 5- 10 . 8) 1 (110-310) c21-140) 
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r 1::::· � '/ =¥. '/ (Rockho pper penguin, Eudyptes crestatus) 0) 4 $0) g� O) p, p'-DDE vi. 1 04,_, 

1 81 (1Jifil:f;t ng /g (l) tJ r!'iu C:,) , PCB 75,_, 132, DDE/P CB 1.3 ,_,2.2 --c i:b 9 (BENNINGTON 

et al. ,  1975). filff{tit!J'm t.. ib 1¥Jffi� �0) � '/ �· :.,, 0) !7� 0) 7J.lgl (1k. 4) t.. [n] v � ;v --c s Q. [nJ 

�v.:. Auckland island s ha g (Phalacrocorax carunculatus) 0) 4 {�O) g�O) DDE/PCB a 
3.2,-.,4.0, Hooker's s ea lion Ii. 5. 1 --c S 0 t::.. . 

it.:¥JfO) Wl¥�f4 --C ii. �-, '--:::>  5 PCB O) jJ;aq�13tti: rfl1 \. , IJ: ,  lt:iffi 0) 1:_f0 --c i t.  DDT O) jJ;b�fiJJ 

;b, '0 t.::. . '£ tc., 1¥Jffi.Jtx.:!R�JRO) ffi t.. �t-c � '/ �- / O) g]�tJ:: t..·' 0) n1:.1:. !ffo q=t O)  DDT t.. PCB O) il 

r:l v � ;!,, c 1tir :lm.l:tiJ:v� v![nJ t, -c: � 9 ,  ]¥.j,{i O) jc�q=t 0) 1f.l)it� Bz� L -c " ,  9 �"(- t DDT 0) 

1J1;'·, PCB J: IJ ilm'.iJ;f<-0iJ,  0 t.::. .  � G v-.:. 1¥Jffi#aL t ffiffiJ!xJR�f:::. J: 0 -C f_JJ:JftiH.:.w:f:wGtJ;.5:tiJ,;h -C 

U I) , RISEBROUGH et a/. (1976) a1¥J;fi_�O) t5�f,0Jl0) {£JtfiJ�±.VC7C�-C i:b )S ') C �� L 

t::.. . 

6. Jli:iEO)ff �:1:t� O) f!HJ;· ( 1978) 

LuKows K1 (1978a) i:t�j(i�'§ i$ffiU 0) 1¥Jffi.mi:l:wG c· 1 976 � 2 Ji ,_, 3 Ji v.:.3*1& L t-: ::t =r-- 7  � 

0) l'DDT �:5ttfr Lt::.. . � O)fi5*, South Georgia wjJft;, 4. 5 (�& ng/g (w) t
f

r [A]  [,), 

South Sandwitch 4.0 c· � 9 O) v.:. x;j L , Drake w� 64. 5, Bransfield w� 23 . 1  c rcli < ,  

.::. ;h �:t -r Y , 7 ;v -ti '/ -r Y t_r_ c c· O)  DDT fry�� Bz� L --C \. ,  9 O) c· S 6 5 .  

-i. t.::_, LUKOWSKI (1978b) wi. [nJ �;Mv.:. Palmer ft�. King George �. South Ge orgia 

� --c3*]f;{ L t::.. 9 fiO) ,� O) HfJii, in � .  B�Jinm�O) l'DDT �5t;ifi- Lt::... J&�fwHi. Palmer ff 

� O) Catharacta s kua  c· , HB 1 560 (1Jifft ng /g (w), tJ �[nJ t:) ,  in �  1 570, NiftJinm� 

6590 t.. jp,m,v.:.�11.l�c· � 0 t.:.. . 

DONNEWALD et al. ( 1978) �t.mffi O) -t:' :,.,, :/ - .,....;: '/ �· y  (Gento o pengu in, Pygoscelis 

papua) O)HiftJinm�� :9-:.+Jr L . p, p'-DDE 86 (1:fi{\7 ng /g (1) t1-r[nJ t:), p, p'-DDT 30, 

T ,, 1v F lJ '/ 31, ""- =f" -v  !7 P P � '/ -ti '/ 222, Jj:il:O) p, p'-DDD, .;J:. '/ F Y '/,  PCB � 

� lli  L t.::.. mffiO)�!fmtP G ""' =r-- -v !7 p i=z � '/ -ti '/ t .;J:. '/ r JJ '/ ��fB L t::..o/Ht. ftl!i.:. i,1.�st::.. 

� t_r_ \, ' ·  

7 . aB fo� ±ti! J!J ill ( 1979) 

:,swftl! (1979) Lt 1976 :¥- 9 f L flB5¥1J£J:fil O) ITT1f O) ffij7.kJ::-C·JE 1v "f· \. , f.:.. 17 .er. 'Y -r·11v ? -lf 7  

'/' 1 � c :;t '/ !!'' 1v :h ;v � '/ -c:·:f:*]f;{ L t.:.. 7 T lJ - � '/ �- '/ 0) d$ 1 1* � HHrlJ L , -l' 0) ffl J! c -� 



160 
J:Po_) PCB c :ffl:1i2�ffi (Zn, Cu , Cd, Pb) a-?JlU'.tE Lt.:. . ..:Co_)*a*, 7 -if  =J '/ o_) PCB �& 

��8U c t •m•:W-�T (ffi�fiffit l n�g (� �T) � --::> t.::.. 7 � V -� / � / coff 

lli, :W'i� c t •lli�.l!Ji!.tJ.T--e� --::> t.:.n\ ltTHii}jjjiJ\ G v:t 70 ng/g (w) o_) PCB a-•lli Lt.::.. 

� .ntJ:, B *'°ftillU�vc J: o PB�£!tt!J:Ellco1ftltii*{tir!ftHcOO-.t o pt-co%f}r{11Jco J: ? --c­

� o .  

8 . 'gf 

wHi.CO DDT i5�co m:mcoflH!i·-C' SLADEN et al. ( 1966) f;tflft c L -C NICHOLSON co 

2 "'.)Q)�CO%fJT*s*�*B1r L-C \, , o .  -t:hvc J: :hvf, T / 7
°

1H:t Byrd £:ttf!iJ· G �t.::. t o_) -C' 

1 --:::>f;t 1940 1¥-U frJ, t ? 1 --:::>v:t:ilili:CO ?b 0 -C' �  o .  rilff::tr c t DDT �:t-lli � :htJ::7J\ --::> t.::.. 

� lli �.l!Ji!. t:t 50 pg/g --c, � o . 

GEORGE and FREAR ( 1966) v:tffiffiJ�,  Byrd £:11f!, McMurdo £j:fuo_)n;=J ;Jlir• G 15 ,� o_)� 

Ji! o_) �� �l& L, -to_) DDT z,toc � % ;ifr Lt.::. iJ \ -.t � -C • m �.l!Ji!. 500 pg/ g t). T --c-� --::> t.::. . 

tJ.l: 2 --:::>o_) :vJlmo_)�.7,d:t -tr / 7
° 

11.-, Ji t 1,,'t.i: < ,  mffi(J)��53-tlr-t" o vc v:t5J-tlr�(J)�0Ci7�+ 

%-C' f.r_ ,Jp. 0 t.::. .  PETERLE ( 1969) �:t Plateau £:im--e 1966 1¥- 1 1  R �67 1¥- 1 R w1vvc� 0 

t.::.�co,MtW(J}(� carbon adsorption filter tcg&� � -t±' DDT �%fJT Lt.::.. �7](.lt� 321 ....... 

429.6 l c �p,m,vc�Ivcffl\,  , f.::. o_) -C' ,  �lli-J/!.v:t 5 pg/g c t.i: 0 t.::. . %tfr*s*v:t 5 --:::>o_)�*fi:p 

3 v:::>vc p, p'-DDT tJ:�lli � n, 40 pg/g co v -" 11,,--c-�  0 t.::. . Ln,. L, � co$ll!t v -" 1Hi.�� 

¥ll E � :h -c 1, , t.::. P / tt Y � :t- _.., -1 * o_) ffi 7..k i:p o_) .l!t c IA] v "" 11.-, --c s IJ , 00 G iJ • vc ri'u --t ti o . 
� o_) �*fv:t Plat eau £:f:fu--C' (}) �7]( �i!e 0 -c .to IJ , ciitf4�J&ffif vcf5�;b�S 0 t.::. (J) -C· � :t tJ: 1, , t,\ c 

.to t bn o .  � !lt�flvcJ.t��tJ:: c' (}) ffl��*fv:r.-JiBUc J: IJ f1£zlflt-C' � IJ ,  f5�o_) tJ:: 1,, ,  J: ? 

vcJit*f��l& L. J& IJ m_ 1, , ,  r'Ei�oc-c·ffl�� < %-tJr-t" o -:.  c v:t3p ,m,vc.ll L1,, <:. c n:�1,, , . -:. 

nn;, ffiffico7iJF§Eco Vit c 1v c:· n;1=_4wo_)51-;t1r--c,� 0 � c o_)±.�tJ::�ru-c- � ;s  5 .  

PEEL ( 1975) vi. 1969 1¥- 12 J L Halley Bay �!ft! (75°3 l 'S, 2 6°42'W) iJ. G 360""'400 km 

r*J�KA 0 k c -:. .:.s --c 1%5 �""'� �KM 0 k�o_)* � � � P ,y ? a-�J& L, �� Lk � � 

��vcJl,.z,tL - l0°C O)�{l::: Lt.::.�*�Dft:i:po_) ?'' µ - 7·' ,t; ,y ? -7- o_) i:p-C-�0) 7·' µ 'Y ? ��U 

0 -C 5ttlrffl -tr Y 7
°

11.-, ��. ���r*J *�Hc�!khtJ:: 1,, ,  J: 5 �=-WMA� 1l =J  7-. -;,,  7-. -r A --C'��. 

Milli ,  ilUilt*f'p�fj-1,, , , GC --C·5ttJr Lt.::. . 19tllir.1!9F-v:t DDT, DDE c t  0.03 pg/g , PCB, 

0. 1 pg /g ""c'� o .  -t(J)�*· 1 0 @lo_)��*4(}) IDDT z,IJ]tv:t O.l ,-,2 .0pg/g ""c'� 0 t.::.. p, p'­

DDB (J)jjh: p, p'-DDT J: IJ 1 .3 � 1.8 ft:r�h, 0 t-: . PCB � :t19tf:el�l tW-tJr --e25 0 k . 
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RISEBROUGH et al. ( 1976) vi. 1975 if. 1 J=j wJffi��O) Doumer llh"C 99 l O)rA9!�� ,t; y 

17 v � :/ 7 * - A '1:f;acbt� tf =J 7-. 71 =J A 'z'Jffi L -C m�-etmlli L t�.  ilf;!\0)/�  ,y !7 :7· =J 17 :/ F 

�i. DDT, PCB c t  100 1 �fHC"'J � ,  0.01 pg/g J;J,r-c� 0 t::. . 6 m  '! c· O)}i{ft5JIJ0)*5* 

iJ;� i?:ht..: (� 3) . p, p'-DDE J: 1J p, p' -DDT O)JJiJ;1/l�iJ;� < ,  PEEL ( 1975) c fl�fJ: 

0 --C \.. , .Q .  PCB 1/l{Jtvi. 0.03 ,-, l .2 pg/g c· l'DDT J: IJ {Jh , .  

'! t:::. , Anvers 9h (64° 3'W, 64° 46.3'S) 0) Palmer £:ttl!iJ, I? 0.5,_, 1 . 5 k m  Al.ht-: c C ;s 

O) �jiO)�iJ, I? 4� 10 pg/g 0) PCB c ��OCO)firr, ::tvc-t-tz-% A, tC: t 0) ��l:B L t-:. .  

c. hv:t�:ttl!c·O) 11fll!W��v:. J: o 75�-c-� ;s 5 .  Doumer 9h0)�0) PCB ztl:fvc ,b ,  c. 0) )fl; 

iil!N�iJ;rMl� L -c 1., , o iJ, t LhtJ: 1., , . 

--z:- C c· , RISEBROUGH ( 1977) tt 3700 m O) Jlj\, ,7j(J* vc :tu :to h :h, 3 .7 g/cm2
d f, 10 

cm/if. c ffi�•n;�tJ: < , if-f:Jey�lfiil.tJ; -53 . 5cc c �fi£& c· 1t+4efo1/t O)��ITT{vf�vc� L 

-c 1., , 0 dome C (74° 30'S, 123 ° 10'E) c· 50 i:j::.5j-O)fft�O)i*J&� L-k.  -r O)*s!.fH:t 'i t-.:�1< 

� h -c 1., , tJ: 1., , J: 5 -c· � o . 

9 .  ffi 22 �:�!:* 0) �1Httiffil 

��A+ik+t}!H'tit*it$HffliJI1t+1vf'J1:�-ut, c. :h i  "C:*� • 7J( • ±!I, �!lefotJ: c 0) 

ffi� � ffl r:::. :.Fo vt Q ::w ���ft is¥o o_) 3Ji'P:f! ib 1f'"'� r::. "'=) 1. , --c � 1E • 1Vf '1E � fi 1. , , c o_) ft: o_) ¥o 1t iJ: -w! 

�cg.;f:§ vc$ < 5}*1 L--C l. ' Q  C c  � IJ)3  l? iHC L -C � t::. (TATSUKAWA et al. , 1972, 1976; ilJ I I  • 

rnJ21. 1980) .  !ll-i+ffi:g}):."'J1., , -c t .  B *JnJill.to J: ��t::tfff� r:pL,r=Jm:tt • tiJF�Z'fi1., , , 

&il$ffl�;o';3(7i:c·/-J'IT/J O)� 1., , rHi�!W1tO)t{f friJn1t.i:JIJJ¥},� c L -c �iii§ L -c 1., , o ::. c fJ: c· , " ,  < 

"':) i1, 0) m� fJ: *D Ji!.� f1=19 WJL� � �� L, ifUm: [l:J iJ • "':) 1g 1{5!¥] fJ: 71-f:F ffl:lj[�1�Ffi.iJ: �'� t.i:: :=. l:: � � � 

Lt--: (l'rJ I I  • I ll ill ,  1979, 1980; TANABE and TATSUKAWA, 1 980) .  

ffl�f5�4?oi1'.0) If p - / ::: Jv fJ:�tbtJtJc& � � rY :7ti='f-�4f�nc J: Q �frs=!:ffi C -tO)��tJ: c· v:. "':) 

1., , --c a, iit!?r-B(;t=. t 11t�b""J�)EIJJ::1iJf'fE�WIU: v--c tt E1 � n-c 1., , � n�, tJ J:d;,1---c � t: J:  5 v:::. , 

m:¥�. WJ111'.ii..tili.t��:::. �(,t o M'JE�i.PfJ: < , �tfillmffl�ilJii L t::.�B-a�t,d) tfi • 1!,f)'E�t ft c A, 

cfrh:h -C t, , tJ: \. ' .  � 22 ?k�c· v'l:*:'A, �. #ii:1k ,  ll1�. �iB,  :'.t4::r i ,  ±�. ii:.4m ( 7' 7  

:/ ;7 }- :/ , f.4, frffi, ,�i t llm:JLffit.i:: c ) fJ: l." . i) G t,g> o ffl�5}-tfr�t4�tfO& L, 1Wtii1i.ttl!��c 

:tovt o flj�O) 'xti � gyJ G iJ• l<:::. -t o  c 2:: t ;:_ ,  l11 1�:fmJf O)'.¥$ifJif.tIDC, 1t:rt(i1iiJ'hf� vc .to�t o lib� 

t.r.. c K. "'J 1. , -C t JW f:!Jl Lt::. 1., , . 

�� G O) �tlini -C· t'l ,  ::. :h '! c· '! 0 t::. < 5Hfr WtJ t.i:tJ: \. , mffi:tt!!�O) .}::�. 7J( , �JttJ: c· t 5.ttfr 



162 
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