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Environmental Pollution of Chlorinated Hydrocarbons 
around Syowa Station 

Hideo HIDAKA* and Ryo TATSUKAWA* 

Abstract: DDT, PCB and HCH levels in air, snow, sea water, fish, benthic 
invertebrate, etc. collected by the 22nd Japanese Antarctic Research Expedition 
(1980-1982) around Syowa Station were determined and the possibility of leakage 
of these compounds from the station was discussed. Chlorinated hydrocarbon 
concentrations and compositions in snow were similar in both the samples at 
Tottuki Point (about 13 km northeast from Syowa Station) and those on the wind­
ward (about 0.6 km north) of Mizuho Station. The concentrations of these chem­
icals in sea water samples taken at Tottuki Point and near Syowa Station were in 
the same level though the compositions of PCB isomers and congeners were some­
what different. Taking water current under ice into consideration, it is assumed 
that Tottuki Point is still unpolluted from Syowa Station. However, PCB and 
DDT concentrations of benthic fish, Trematomus bernacchii, collected from near 
Syowa Station were about thirty times (p<0.001) and twice (p<0.01) higher, 
respectively, than those at Tottuki Point. So it is concluded that the benthic 
organisms near Syowa Station are polluted considerably by PCB and slightly by 
DDT from the station activities, although the PCB and DDT levels in these fish 
are low compared with those in other oceans. In order to prevent the pollution 
from station activity, the more strict wastes disposal procedure will be necessary. 
Systematic sample collection and storage of samples in antarctic environment, in 
particular, the benthic fish, are recommended in order to check the residue of chlo­
rinated hydrocarbons and also to cope with new environmental pollutants. 
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* �«i::k�:ll�fmfflmf!tl::��}t;f4. Department of Environment Conservation, Ehime University, 5-7, 
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No. 80. 1983) 15 

� 22 Vzffiffi:i=tl!�tfii&U (1980 if:-1113-1982 if:-313) r:.:t'O\,,-c, ��O)lA (Bnau��· 

ffltfif4�m����jl) �i, ��til*{t�� (DDT, PCB, HCH, ? P 1v7 '/t� c*) c filJlL 

afflO)ffl��-���'"t6k�. �®�:i=tl!�illO)�fflm���-t6��0)*-fJT����l&L 

t::. (B�, 1982). 

mffi�O)m�w. ��ttffi�kt6k�. �h��O)ffiffi:i=tl!�K��6irmm=���O) 

���x��*L. ��5t::.��c�t::. (Bnau·.lLJfl, 1981). �hi=-J:6c, 1966if:-tJ*, 

ir•m=1tit�t5*'*11*0) 1*lftifa::tit 18 *iM. "':)/), "? t::.1.7\ �O)*-tfii.J; 3 tifaxct; 6 Vitb,t:t, 

-t""' -c If ::i: ::i: � 0) � � * tr--c· ci0 0 t::.. -t" 0) 1� t ffiffit-tE� v=. '*1 L -c a, �fliJf �� i=-J: 6 er .b 

CJ tt�O)�J&j(3n t -f};�t::.) :�CsUJc£j(�wll1L BIOMASS 1I/[mi (1980 � 11 }J-1981 � 

3 J3) --C'O)fr:::f=tl!;IJ(Ef]t,ck� c mjJj(O)�:iHa* (TANABE et al., 1982 a, b) ���,tr£, Wlr"B� J: 

rfitr7¥Wr$�Jci:pJ: � 0) DDT O)�lli (OPALINSKI and LUKOWSKI, 1979), }��O))ffJ!lcE�HlJ 

m�O)��*-tfi (NORHEIM et al., 1982) ft:. c'i.J:ffi'a" � h L \,, 6 v=. i"° :({ft:.\,'· 

;: 0) J: 5 v=., 1¥Jffi:f=tl!�O)irflm*{tit�l5*v=-M Lt�'!. ttll)tITT'm� Lb>tJ: t,, c t,, x. J: 

'5 . -t:" :::. --c-lf� Ga 1;J, T 0) § ITT 0) wf � � Hii:fil Lt::.. 

1) fflffi:f=tl!�O)�fflmv=-�t,t 6 irmm*{tif�t1Bf1:0)���g/j GiPv=--t 6. 

2) �·:\i[={t��O)ffi;ffi""-O)�}z, :f-5 J: rJfft3'-ffi.fl-C·O)pj�!Jtj(O) /. 7J:::. ;z:_· A :Z-��'1° 

6. 

3) *�:i=tl! c Lt O)ffiffi:rtgj:,g1Zv=.t�irO)l5*�JlO)iiJ:it� c -t:" O)��*""O)��v=-"':)\, 'L�it 

-t6. 

4) ffi�ttg:fg,IH=.�� 6 irtlm*11::it��*0)�.*1U (JJfil* • m.tE • **> �!!J�-ril!U-t 6. 

m.tt � --C·v=., *'A, �. Jj(ft:_ c'' O)�iU�t!JiBJ\� (TANABE et al., 1983), m (SUBRAMANIAN 

et al., 1983), 17 ::r. '>' 7' Iv 7 -r 5 � (HIDAKA et al., 1983) ft:. c' 0)5t;ffyb;iPfJ: � jffifr L, tfr L \,, 

���\, ,nx;*b;ffl. Gh---=>"':>ct> 6. �,h G O)�gif€0)tf c Iv c�t. 4-@Jffl- Ght::.*ff(r- !7 iJ;ffi 

ffi:i=tl!��ft� L? 6 t CT) c ;J-;._ ft:. L -c, fr:::i'lf!.Jj(Ef:Jfce�m'.f5�0).ll�--C·fr 0 t 1,, 6. H+ifitllU� 

j[O);}-;._ '""(·�I*�itiO)fr:hh LI, ,t.r_ \, 'wi�:i=tl!t�c:t, Ail5���0)fr;::f=tl!f;Ur9�mv=. c 0 Lb 

0 ct ]if�t.r.�U;E}�-C:'j; 611:, ��O):rtg'""(·�i;lU�ft�D 5 v=.a*:i:O)�fi�:f9.'A LtJ:�t.:f'uf 

ft:. G f, � 0)-jtffi, t(�, �;Utt:. ,:1::--c c t ,=. ��:li[*1tii-4efa t tfii&U£:f=tl!t=. t 'b� �ht t,, 6 

·11rngtti.J;ct; 6. � t::., AI�fl:\i[*ftif�O)±f::. 6 ���ffl:tmtrJ!Zi.J, G� <�ht t,, 6 m'�:i=tl! 

* DDT: l,l ,l-trichloro-2,2-bis (p-chlorophenyl) ethane l-t:- O)ft;��-z:-40 Q DDD, DDE fJ: E?it 
tiO){t#4'kJ��-t. ;: 0) P, p'- O)@}::. o, p'- �tl:f*ti�fftE-t Q. 

PCB: Polychlorinated biphenyls. ffi��fltJ, G :t. 2 :lj[�iP G 8 :lj[�"i --c·ti 10 �O){tit¥zr,z-�lli 
Lt.:. 

HCH: Hexachlorocyclohexane. a, /3, i �tl:t$:�-fjtlli. 
!J i=z1v-r·:,,: Metanoindene £*1t�t::. 6-9 -@10):l;ii*ii�ft;vuLt..: chlordane {l::itfuc, -t:-O)ft� 

fzl�ti:��lli. 
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�O)ffimffit§ O)try* V-"Jvfl�F'MvC{l&\, ,t.::.2t>, �fl0)1*J&, 1*1¥, JI�. 0-tJT�im L -c 0)-* 

1*f'P:f:t0)=�1¥Jt1J�Hi, .:. c O)v:t:tJ·��Ut.i:rAimc t.c 6. 

-l",:. -e, mffi O)ffimf5���1:i:iP'f�-t" 6 �it, £:l1t!.mtvvc J: 6 try�� ljf.f G iJ.vc Lt�< ;Z, 

�iJ;� Q iJ;, -l-.:hvc --?\,, t� r: t.::. t O)vi� i" iJ t.c \, ,. PETERLE (1969) vi Plateau £t!gO)r!!f!� 

7.J(iJ. G 40 pg/g 0) p,p'-DDT ��l±i Lt.::.. ,:. .:hvt.mffiO)'�iJ· G DDT ��l±i Lt.::.m:W0)¥!11:'i­

'"t'� QiJ;, -f:"0)1'!1Jt v-"1vvi, ��¥111:'r�h t\,,t.::. i=i / F :/�;;t..,,,1 ;t-O)ffi7J(i:f:t0)1'!1Jt c !AJ 

V-"Jv'"c'� I], -{-0)�0) PEEL (1975), RISEBROUGH et al. (1976) O):$J-t)r{rnfcJ:t�-C ,b §.13 GiJ• 

vciWi-t- �- 6. ,:. O)�flvi Plateau £:l1t!.'"t·O)r!!f!�7.K�� 0 t � iJ, �*'}-iJ:£ttgvc J: 0 fj��� 

-? -C\, ,t.::.iJ•, � Q \, 'vi, �fl0)1*I&. 1W�m��'"(·=�l¥1N�iJ;�-? t.::.O)'"(·vif.c\, ,iJ. C � t 

b.:h Q. BREWERTON (1969) vi, McMurdo £:l1t!. 0) i1I < '"t·1*I& Lt.::. 7 -r !J - """ :/ =¥ :/ 0) Hlif )l1j 

q:tO) DDT 1'!1JtiJ;, £tlgiJ, Gt0 640 km •.:ht.::. Cape Hallett O)""" :/ =¥ :/ J: iJ t0 6 f{rjWj\,, c ¥11 

� L, McMurdo £t!g 0) Arlclimtvvc J: Q DDT fj�bq:turn � .:h Q C L --o,' Q. !I: t.::., RISEBROUGH 

et al. (1976) �i Palmer £:l1t!.iJ, G 0.5-1.5 km • .:ht.::. c ,:. ;s O)�/i�iJ, G, iWi1'!1Jt 0) PCB c 

�.:i:0)-t"-t"��l±i Lt.::.. ,:. .:hvi, Palmer £:l1t!.'"t:·O)��t!1foO)��vc J: Qt O)'"'(·� iJ, iEi: < 0) 

�'"(·1*1& Lt.::.�O)q=tO) DDT C PCB 1'!JJtvc�f§��;{. --ci.,,QA]'figftiJ;�Q C L'°C\,'Q. 

1957 ���t-J*fll3W£:ttlH:t. 20 ��. 1970 �vc!*:J� Lt.::..J,..-f��£:t[ki,:t.*9 10 �. £:ttg� 

� c f&1llU�1:tmtvO)t.::.2t>, �j(t.c.:i:O)t!1fo�iJ;N'.A � .:ht.::.. -l-.:h c c t vc, �;tf't:t1i�1tirt!1m t 

��vc t 'b� i" .:ht t,, Q c =fillU L, � 22 ?x�*'"t·O)ffim:B-tJT�ftl*l&vi, £:l1t!.t1J�O)�fji 

0) t.c", c � t b.:h Q:l1t!.���'.iE L --err",, �flO)�m '"t:·vi=�l¥1t1J��1tvtt.c \,, J: ; m:*�� 

0)�1]� Lt.::.. i" tc., !AJ�vc, £:tlt!.t1J*�=?xl¥1t1J*0)1l1Jt V-"Jvi1;:tl'.iE'"t' � Q J: ; , �fl 

0)3*}& • �m� Lt.::.. 

*¥111:'r'"t·vi, iJ,t.c iJ 7- � iJ;-l-;s 0 -c � t.::. DDT, PCB, HCH vC� Lt, 3*l&�c� c :B-tJT 

*6*�"? � �;b-tt, C < vctJrO),�vC"?\, ,-c�w Lt.::.. 

1) 4-@� Ghk.:B-tJrfl�)J;, £jtgt1J*, �*40)3*J&, j&m, 0-tJr��'"'('O)=t'XB"JN*iJ· G 

!1: �iJ;.:h, mffi:tlt!.�O)ffim1'!JJt�tt� L, 0 t O)tJ" c·, 1: r,. 

2) £:tlt!.f5�0)��vi c; ·/A 

3) £:tlt!.f5*n; � Q c -t-.:hvi, 4-� c· ; -t-.:hvi J: ", tJ,. 

2. �*4:t5 J: rJ5tffr7* 

,:. ,:. '"t·N!ffi L t.::.�Mvt.ffi 22 ?xmffi:ttg�Wi.lU�O)�*i:f:t (1981 � 1 A-1982 � 1 A) vc!JB 

5f1]£:tlt!..miill--(·1*J& Lt.::. ,b O)'"(· � Q (� 1). *�vi 17 v � :/ 7 ;t - A '"(·3*�f&. t.::.tf..'bvC 7 

-t � :/nEl±i Lt.::.. 7J(.�*'1-vi!lB5flJ£:tlt!.--(· XAD-2 1!&�1&-= 3( / -1v1f¥1±i�m� Lt-:. �4m�*'t 

vi;r- 9 .=7 V /�� L, -l8°C t-Jl'°'"t'���ff L t�'bmr0 t.::.. �*'}-O):j:�)U&:15$� J: r1m 

:l'!!!'"t'O)�JJit15}.*0)�lJHvi��¥!l�lf (BiWi, 1982) �$��.:ht.::.i.,,. 
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Fig. 1. A map showing collection sites around Syowa Station (69°00' S, 39° 35' E) in 
1981-1982. 
Near Syowa Station: Air, ice (iceberg), sea water, fish, benthic inverte­

brate. 
Tottuki Point: Snow, sea water, sea ice, fish, benthic invertebrate, 

Weddell seal. 

Lake Nurume: Snow, sea water. 
Mizuho Station (70°42'S, 44°20'£): Snow. 
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tlllllif& c L -C :J:��1ffi "'.) 1-: �tliHl��;f4(i, ""'=t--tt / �<::.�m. il*i, !7 !J - :/-r 'Y 7°�, 

GC-MS (MF) :to J: tf GC-ECD --c, DDT 1tit-4'f!J (p,p'-DDE, p,p'-DDT, o,p'-DDT) c 

PCBs {*9 50 fl) .to J: rJ HCH -1§-�11:.f* (a, /3, r) �'.@:It Lt.:. �4m8itf4vi 7 /V -JJ !J :B-M$�C 

J: IJ' .l'DDT (p,p'-DDE+p,p'-DDT) t PCBs � GC-ECD .to J: v� GC-MS (MF) --c:-�:it 

Lt-:. 

*�:to J: rYJ](O)�t:fj �� JR vi, DDTs (p,p'-DDE+p,p'-DDT+o,p'-DDT) iJ; -t: ;h :f ;h 

0.1 pg/m3
, 0.2 pg//, PCBs iJ; 2 pg/m3

, 3 pg//, HCHs (a+.B+r) a 0.5 pg/m3
, 1 pg// --c:-25 -0. 

�!fm�;pf-O)�lli�l!Rvi IDDT i.J; 0.001 ng/g, PCBs ,t 0.01 ng/g --C:'25 '6. 

:5}iJr$ O)�*!Hvi TANABE et al. (1983), SUBRAMANIAN et al. (1983) ����;ht.: 1-t '· 
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3. *5*:B J: 'CJ�� 

3.t. ffiUlffl:lJi�*4G7)5rlJ:J!.�fil�cloltg=�eq5�� 

�-ffim�flO);VlJ,:f1i! (7 � r :/v::. J: G1*��;f4il· G O)�-�*{r:ir!lefoO)Milli, :1Jc�O)i!Rm, 

7}(�*31-0) XAD-213.&�c.:c.� / -1v�lli. m:1i2�ffiO)f.::..&i)O) TM-2 0�tJ:c) tti""""--Cffim 

f4+t*--efi "? t.::... fflmf4+t*tt� 15 ?Xf&illll� (1974 if.) --e�--c Gh, �173��:a:m�v::.f* 

�t.:.&i), £:t=tl!��-0)��-��K.tGm*mm:a:L--c��. �•�mO)f77J-,z-fi�--c 

\,' G. 

�®£:t=tl!�aI�M�vt��<. -�*t��-0)�-�c�M���iJ�dJ-;hK�G� 

t*ft�il;� \.. '· ffim5ttir�fl0)1*J&v::.t:t�ffi,&-�&i), -=::?xB"J?'ry� 0) tJ: \..' J: 5 a:/l Lt.::... ffim 

H+tt--C:·O)··ffi:!1Ut;f40);Vl!;�J::.�:t C < v::.*11J,t,,O)a:/l,&-�i G \, ', F 7 7 }- ,&-iJ,vt' �v::.�171 

,&-ffl�v::.f*:"? t.::... 

lHlfflm�f-40)-1§-;Vl!;W;&ir¥� .t 'Cf5ttFr�r¥-c·O) -f 7 / !7 �•*a*vt, *�· 7.k�. 71(0)� 

fit c .l:t-""--c•m-c- � G vf 2:'{�i'J> "? t.::... � t.::.., fflmf4$t*O)�P3:;k�,&-1*� L, 53-tFr L f-.:iJ\ 

•fitv��a��*�c���v����0t::.. �hGJ:9, fflmH+t*�O)••�flO);Vlj, 

:F1i!�:@v::.�vtG-=::?xB"J��a�m L 5 Gvtc,J"�"'ctUJELt.::... 

3.2. *- � 

:;k�-iJ- :/ 7
° 

1v}m�1f c .:r.. 7 7G :/ 7°ir• G t.r. G 3 fiffiO):l*:m�uiz- AT:/ v A� v .:c 1v 3" -v::. 

ffi.dl-J6di-, ��U�·iJ· G±J\.IAJ (ENE) 0) J\.J:*9 30m O)*�J: ( V :l: 1v � - .t iJ J\.1:v:t.$7]( 

�v::. �":) < �t.r.n:vr c t.r. "? --c", G > i::.�fi: Lt.::... 1*�v:t±v::.±J\.IAJ 0) J.\tJt�", --c", G �v::.�a 

&i)f.::..n:. 1*��i13J 1-5 s O)j13jv::.v:t, �*-c·J.\[fi] • Jd.Jfiln:�1r:--t G � c n:� <, *s*B"Jv::.v:t:±. 

J.\ftiJ 0) j.\nt1*�i:f:il�taili� L --c" ,f.::..� c, �*-c·J.\[fi] • J.\;ifilbt�{t L, £:t=tl!O)i;Wz- 5 vtt.::.. 

iJ,t LhfJ:\,,c�tbh6�cbt��-c-�0t.::... LiJ•L, �®£:t=tl!O)��T-� c::k�HJ'-tir 

*s* ,&-�wHn::.J:t®l�W L t.::..-JJ';., £:t=tl! O)�-'-a: 5 vt, �!.!t�1r:it!lefoffi.n\<:IJ';.�{t Lt.:. c :to t bh 

6*a*vidJ-�-JJ, G t.r.b· "? t.::... 

t 2: t 2: *�O):!*JfRft£:i't!2.0)�•0):Pt.i::" ,�m-c-. ±Jd.ftiJ 0) Jd.n:lj[.�-t- 0 s <x�n;�", 

f.::..&i)��t=§iJ;tJ';.fibhtJ:", B) ,&-�1v--c:-� iJ, �:t=tl!O)�?,fl,&-dl-6 J: 5 �::. vi�JE � h --C 1.., ,f,r_\, ,. 

� 1 lfH�£:ttlHc:t,:,v:}- o :k�q:i 0) DDTs, PCBs, HCHs -� (pg/m8) 

Table 1. Atmospheric concentrations of DDTs ( p, p'-DDT+p, p'-DDE+o,p'-DDT), PCBs 
and HCHs (sum of a, /3 and r isomers) at Syowa Station during 1981-1982. 

n Mean Min. Max. Range SD. CV (o/o) 

DDTs 12 25 5 51 46 14 57 

PCBs 12 60 17 171 154 45 74 

HCHs 14 85 41 130 89 33 39 

Unit: pg/ms 

Refer to TANABE et al. (1983) for details. 
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�@ffl G hk�®���O)*� O)���*�·  ���K�� 0 mm�O)*�-���� L. 

-t 0)2J:ffiJ�1t�7F L-C \. ,  0 c � -*. -C l  \. , -c-;,o ;s  5 .  ;:: h i -c· 1lHiiii*�-c-*��1*l& L, -t O) 

if�:fiUt1t-f5-�� �� Lf-.:ffU�x tJ: \, ' ·  � 1 vC4-j1=1j O)fj:5g�� c �ft�� L t-.: . DDTs �� �'!. 

1¥J�O)�vc� < ,  PCBs ('i�;tt§ O) �b r:ncJt�IB�ir• 0 t-.:iJ; ,  HCHs t ;tJffi�f.t z¥:W�1t�7F 

� f.t iJ> 0 t-.: (TANABE et al. , 1 983). 

3.3. � 

�O)t*J&�x -r ;,:.  - :/ 'J - &:> ::5 \. ' vX� / :1 ='r' !J c 7' :1 ')' 7° -C'* ?I! ts:. 7-- r:i ')' :7 �-wJ I) tl:l L,  � 

/ :1 =¥ 1) c' 50 X 40 X 30 cm O)* � � vL�% L ,  3{ :/ ,f - ;L-<mtC�0, at?:t1J£� i -c-JIV� , ffl 

mf-4$:{t-c- � G ve:�an��U 0 -C �ml.-c-�iJ, L, XAD-2 iJ.&3@", = !-' / - 1v l�t±l:m,�� Lt-.: . 

atff!1�� 0)1¥J};¥[*9 270 km, 70°42'S, 44°20'£, ffir@J 2230 m O)j;:P.i7J(1*J::�c � � ;!,,_ -f Vit:£ 

:tt!2-C·vx ,  £� 0)�t*9 0.6 km j:{i2 }� 0) =£zJi � (0-40 cm) c , 20 m l:::
0 

7 1' -c-J;RrnjiJ, G 60-100 cm 

� 0) 2 � �  3;( :/ # - lvffl 3 1  OO-f03*Jtz Lt-.: . ;!,,_ -f H��m.ill :x ·@rM'IBIC jJ !.l /� )giltJ;�: \, , --C 

t, ,  0 0) -C- , �� O)ji,J::-c-3*}& L t-.:*��O)�[!t(X ,  :m{EO) ;!,,_  f(f r�m{ O)��iltlit�{�� L -C 

1v ,  0 c � t bh 0 .  ;:: O);!,,_ f �t O)�w� c ,  c 0 0 ?I! !lJEfl (fiB5flJ£:tfil 0)3:.JJ. UtiJ 0) ji,J::*9 1 3  km) 

O)�Ut1m*J 1 .8 km vc i0 0 7_k!lJ O) F' lJ 7 1' � O)._m'. c -t O)iJinltt!Jir ::t HCH, DDT, PCB c t  

�F'ffi vC l < -� L t-: (IZI 2) . :. 0) S:. c (X ,  c 0 0 � 1Ull3 0)�iJ; aBf1J�jiJ2 C)�J�� �� c Iv c''.:lt 

vt--c 1v ,  ts:. " , :.  2: ��\lit L --c 1-, , 0 . :. h G 0)1¥Jffi0� J: IJ {9€lli � ht�if�tl:[�1tir4efzlvx , �t:15 

*�-c-{fJ§ L t-.: t 0) n;:±Jc*�� rn -c-m� i -c-�JH fh, �vc c '? :. i hi!ffi Lt-.: c �-*. G h 

Q .  

Sampl e 
Sarr:p l ing 
s t a t ion 

1-!i zuho St . 
(deepf 

Samp l ing Sample  
<late volume 

( 1 )  
May ' 8 1  349  

Mi zuho St.  May 1 8 1  4 6 5  
( surface}* 

HC!l isomer HCHs DDT compounJ D '. iT ::: ,'::3 c _·. :-: ,.;c ::._:, !" PCB s Ch l '-' r i nc 

ct 13 y ( p g / l )  PDb�- PD[�- c {,�� - ( rg / l )  :'. - C l  3 4 5 ( p g / l l  

�n - -----'---� 1 4 6 0  r� 9 . 0  .-- �®[] 2 1 7  � = - s  

22s  o ----- -�t§s=�u:.i:§ 1 s _ 4 ______ __Ji=?§'='��· "I 1 s 7 J 3 .  1 

Tottuki PL Nov , ' S l  4 51 1 '--''------' 
2 3  3 0  ------------'®=��§j 16 , 9 _. ____ _..[�=��=�=··-"-'I 1 6 1  ! L 2 

Lake l\'.u rur.ie Sept .  ' 8 1  6 3 7  4 9 1 0  ----- -=�= 1 5 , 6  •� -�
� 1 0 3 0  .1 1 , 6  

Sea water 
Tottuki Pt .  Nov . r g 1  1 220  �� 5 7 0  -•----- --"""'  

L 3  ••c=J��:I s4 _ 1  3 7 . 9  

K i ta-r:o-ura Jan , ' 8 1  11 4 3 
....__fl ____ __. 

Langhov<le Oct. ' B l 627  .....,II'-------' 

50 1 0 0  \ 
,___ _ _i__--

-
1 

� 565  ---------" 
1 . 5  

�� 208  _______ _.ls l .  5 

s o 1 0 0  \ >------'---.-, 

-------"'�""'� 6 8 . 3  39 , 3  

••1:==]1��1 3 5 , 3  3 3 _ 4  

� 2 [¥J;ffi (7)�, w7](q:i(7) HCH, DDT, PCB �J!U:: *flnltiUii" 
Fig. 2. Chlorinated hydrocarbon concentrations (pg/I) and their compositions 

in snow and sea water samples collected from the Antarctic. 
*The age of surface and deep snow was estimated from a report of WA TA­

NABE and YOSHIMURA (1972), and given as 1980 and approximate 1960 
respectively. 
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RlSEBROUGH et al. (1976) v:t, 1975 if:. 1 }'j -2 }'j , i¥fffi¥ �0) Doumer � (63°35.S'W, 

64°51.3'S) ···c-Ji&5J1J vc.�}ib• I::> 6 m  0) 1* � '! -c·:l*� L.  IDDT (p, p'-DDT+p, p'-DDE) C 

PCB -��iu-0  t::... �O)}i{ftO)i:f=.{-tv:t�IJl3 -c·£:> Q 7J�. �JiJli < v:ti*Ji J: I) IDDT, PCB C 

t -�n�� < , .:. :h I::> O){tit4mO)±�t.t�i£:�ffl:!:lg:lg!t-c·O)tU�l! 0)3<"::b:�:i'J� £:> I::> :h.:h -c \, ,  0 0)7J ,  

t L .:h f.t \, , c L -C \, , 0 . 

� fvi £!lgt-o J: rF c -0 "'.) � lll!JJO)�O) PCB •�vi R1sEnRouoH G O)�JI•� (30, 110, 300, 

x 10-u g/g) c vi vi-3&-t" 0 b� ,  .!'DDT -�v:t� G O){rn[ (494, 608, 630, x 10-111 g/g) J: I) fl 10 

7f'O) 1 �\, , .  � fvi£jfg 0)  20 m e." ,:, J-. -c·:l*J& Lt::..i*Jl�v:t , �ill • *f1 (1972) O)JI&'# 

89?vf�i7· G ,  1960 if:. �' 0 O)jl-(· £:>  0 c :lt'.iE Lt::... � fvi £!lgvi 1970 i:f:.vC.'0 < G.:h. ,i- 0)  c 

� 0) 1*ffiiv:th• t.t IJ J: -:: .:h -c \, ,  0 0) -c·, 1910 if:. �- ;s 0) JI v:t1*J&-c· � t.t 7] •  -0 t-.: .  1960 if:. -::  ;s 0) 

Jl vc..H:;""', �Jl�-�vi DDTs -c· 1.7 {ts , HCHs -c· 1.6 fg-�\, , tJ� . PCBs vi�qC.� < f.t -0 

t::.. • .:. n G vi 1 }�f'0 0)iu55::frni-c·£:> IJ .  :trftf.t.t:tfM• t: 5 tJ ·�IJl3-c·t5 0 .  -l;t6b -C t5 c  1 ,�. * 

r13, 0)}lb�1*J&-c· � tJ: iJ> -0 f-.: O) tJ���-c-J; 0 .  DDT v:t 1938 if:.K .. /ffije � ;h. �=:?xt!tJi!.:*=� 

�. �,;£:�fflit7J:iE,� L, 1960 i:f:. .?::  0 �t!tW. O)��itiJ�i:f:.F13i 100 000 t ��x.. t-.:. ,i- 0)1&, 

1910 if:.ttvc.J-.. -0 -c�t¥£Jc 0) *��tt!!�-c-�ffl mtun�,iA,t-:n� .  �m:lglt, m¥ft-c·vilUt L 

-c�ffl L-C u IJ ,  �t!tJi!. O)�i£:�fflitv:t, 1960 i:f:.ttU� * �  < vi�:h -0 -C \,  , t.t \, ,  c 1liu � 

;h -C \, ,  0 (NAS, 1971 ; GOLDBELG, 1975). UJ: J: IJ ,  1960 i:f:. .?::  0 c ffl.1£-c·v:t , mffi O)*�q:t 

•1t)c.:*= � t.t�v:t t.t \, ,  c 1liU � h 0 .  

lb. 0 6bttf!O)�O) HCH, DDT -�v:t� fvi £:l:t!!. c -0 '0 � IIJ!jJO)� c vi vi� V ""' lv-C't5 0 c 

t-o t bh 0 n:, PCB vi. §J3 G 7J • VC. r¥sb < , 3 ra�{tit4mn: c < fC.�iJ· -0 t::.. . mJjm Lt::.. J: ? v.:. , 

RisEBROUGH et al. (1976) vi. Anvers Jib (64°3'W, 64°46.3'S) 0) Palmer £:!:lgn, G 0.5-1.5 km • 

;ht-.: c .:.  ;s O)�}l�iJ• G ,  4-10, x 10-0 g/g O)�-l!t O) PCB c i""i""��/::B L ,  .:. ;rHi.£:!:lg-c· 

0)�*4'm:1t&l1tH<:::. J: ,0 77�-e�;s 5 c ftJE Lt-.:. &':>. 0 tl:> ftllv:taB5f!l£jfgtr, G m:t.nc.*9 25 km •n 

-C \.- ,  0 tJ\ .:. O)�O) PCB .I!ttJ:£:J;tgO)�-� &]*: L -C \, ,  0 RJfi!§tt t £:> IJ 5 ,0 .  -15, £:1:t!! 

O)j.\.J:� 13 km v.:.&§':-t" 0 c -0 '0 � 1Uf¥vi., £:!:!g#Jli-c·� IJ fl t -0 t::..�tJ:, JJ.-c· c  -0 '0 � IIJEjJO) 

.ocxt7J[P]v.:.� � c vi � ;h 0 .:.  c t 13'60 L ,  *��EEJ-C::·0)£jjgtJ, G O) �-�Hi c A, c.· t.t < , .:. 

O)jjg:igltO)fflm•��ft� L 5 0 jjg,�-c-£:> � c \, ,  ;?c_ J: ? . 

t,£ :t-o, 7JcLl..fjJ0i k 0) $::lz;;l/J• G �-*.. -C ,  Jliif:. }..I$9v.:. '0 < G h t::..:ti�t11*1tit�tJ; 'i -0 t::.. < 

"Ei'i ;h -C \.- ' t.t \, '  c miu L, 7· 7 :/ � ��0)-"'.) c L -C ,  fJBf!J£jjgJli < O)j:j(12!-JJHKI& iJ 7kLl..l 0) 

�JI 0)7k� 'Y 1v .,..,, �-c-1*!& Lt-.: .  � c �� O)�W� L�;ifr Lk*s;!f:, 7j(Ll..f7k O)•l!t�:t, c -0 

'0 � ilJ!JJ O)fflri� t. � v""'1v--e:·J; --:, ts2. tr±1E!%.lf; <�t:*=1I&mtilf, f.L.m) v.:. J: nvt:, Jt1t0),i 

,.z, f-:j}(Ll..f vi ,  k O)�ffii�iun § vc�tJ�ft�7}(*5 L ,  8 Mv.:. J: 0 rA!l!JW� < IJ iJ,  x.. L -C \.- ,  0 c \.- ,  

5 .  .:. 0) t-.:66 v.:., fJBfO£jjgJli < 0) J.1.,11:: L t-.:j}(Ll..f O)�]liJ. G 1*1& L t-.:7JcLl..17Jc�;fS/-O)·l!t�i� c. 

� v ""' 1v v.:. t.t -0 t-.: 0) -c· £:> ;s 5 . 
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"i. t.::., c -0 "'.) � ll!EJI O) #a1Jc, ib. 6 66rfuO)}q/J7kO) ,t;h,-f: ;h�� � 1*l& L5J'-tfr L t.::.iJ:, � c ViUsf 

IP] t:i��-ctf0 "? t.::.. w7k, �7JciJ;5.& -0 t.::. tf0 c �=-ffi� L, , 7Jc{t L t.::. t 0) � 1*J& L t.::. 0) "c' cti 6 '.5 .  

3.4. ;fi 7k 

7Jcv::. 1':� cti vt, 71cm ;-f- :,,,- 7
°

�-f!effl L ---C :::k.it1*7Jc L t.::. .  � 2 fC;,r- L t.::. {rnH:t \., ,f  ;h, t 1Jcr 1 m 

O)��ltc't5 6 .  wlKv:t c -0 "'.) � ll!EflO)�Ut"iffi*1 1 .7 km :!=tl!At c ,  aBr11�:tmO)::tJHfil O)�l::**1 

200 m :tm,�. � J: cf� 6 66rfuO)"iffi*1 500 m 0) i:9�$ 0) 3 n JWc-1*1& L t.: .  

if.Faj�Jli t:---cwlkc'��h:h---C " , 0 5E�:1Jc�c-a, �mJii*1tir� O):::k�h· GwlJc-",.O)wf 

��fiv'l ffilff;c·, " ,  "? t.::. !v�ic�ffi L ,  ]lMrM!�v=- ct IJ #ii7J(-",.�fii"" 6 c � :z. G :h 6 .  

#tj7](q:t O)tl� c *'3.nltilJftv::.,  :i't!!,�Faj O)�JH'l v� c Iv c.':l;... G :ht,n , .  �l::O)m[O)mjll(O) PCB 

tl� v:t. c "? "'.) � r!IEJI c IP]��c· t5 6 n:, 3 Jii*1tft�O) i1Jftn:-?-?r@J"  , .  c. n,:t M")ffi O)�O)� 

it c -� L ---C � 1J ,  !3BtJJ£:l=tJ!iJ, G O)JJ-���i"" 6 0)/) ,  t Lnt.t "  ' ·  

� 22 ?x�:t--vc�i., , ---c �ij� • if EB ( 1982) f!, * :,,,- �t- ;i,��lmillw�c'lfrEftJVJEJ3I�illlJ5E Lt.::.. 

mftJV!EJ3I c t  1-'?M9vC � ht6 ---C J: < xt.rt:: L ,  �l::O)ffi'[p (7](ffir 19 m) O)V!Eifilv:t 2.3-7.0 cm/s, 

* :,,,- !1'' 1vffli� (450 m) f:t 3.5-7.0 cm/s O)Fajc-W:{t L ,  �tiJ, G WH::.ftJvt ---c  O) jTJE:nn:£1� --et5 

-0 t.::. c f!H�· L ---C \., ,  6 .  w1Jcr 0) 7j(O)ffiE;h,t,: a; "i I) !r! < ft:_ \., '  C. c v:t, h;hh;h, O)�rJJ£:!=tl!iB:ill 

C C  "? "'.) � ll!Ejlc· O)� k *1  30 S Faj v::. � J: �  r 7 'Y 7
°

�1Effif O)ffl!�-?. 198 1  if 1 Ji vC�rJJ£ 

:l'l!!Jliill c· 13 S faj, O).r( 15 @JfihJ-tf.::.ffi7J(�1tffifO) ffl!� (tllill G ,  1 982) c t -� L ---c i., ,  

6 .  c "? "'.) � r!flfJO)�t�t"iffi*1 1 .5 km :!=tl!A\c·v:t7J(�n: 1 38 m t t5 6 v::. t n ,n ,h G f, = !J � :,,,­

,,,� - :)1*ife�c·JltJ{iJ�1*l&c· � t.:.. c. h G J: IJ ,  �fJJ£:l=tJ!iJ, G tffi:hf.:�m�*ftft!l1zJ 0) 7J(� 

rn c·O)�i!J • !Jt�v:t.f:t®Ht,J� < ,  �:l'I!! J: IJ S!�t.tvfE:h 0) Nxtn rtJv::.*1 13  km �:ht.::. c "? "'.) � 

lliffl vc v:t��t.t �•�NJ! L ---c i.,  , t.t i., ,  c � t hh 6 .  

mjll(q:t O)�mJii*{tir!l1zlrlfltti-�4i J: IJ t {.[ l ' ·  HCH, DDT O)*flnlt�x�. 71'( c t J: < {bl 

-r " ,  6 n\ PCB v:t#a7](c·a11&Jii*nlt'.B'-1.i:_g,." , .  n1Jd� J: IJ frpir 0) 007J(ffic·� G n t.:#a7J(�� 

c lttt:i"° 6 c ,  HCHs �Ht tsf!P] v -"' 1v c·t5 6 1.i: ,  DDTs (t.*1 1 ktt.:.JE�7](rO);jiJ�f1£iJ, -:, f.::. 

(TANABE et al., 1 983). 1JcWJW� 0) {.[1,, ,r@J�* PCB -? DDT {tft!l1zlv:t , 1:.!11zJ1:.@fttO) r@J \, 'JE 

�1Jcr (HOLM-HANSEN et al., 1977) -C· ( :t�1��efm::.�3@' L ---Ci"°:l;...-?iJ> (Cj_t� L .  *5*1¥Jv::.J.ft1:_ 

1:. 4'tzn;:_ 1:. �� ffii"" 6 c � :z. G :h 6 . 

3.5. ;fij�1::#J 

!3Bfll£:ltgJl[jll--C·�f{O) ;i, • J.ft1:1:!11zi7a:'1*� L t.:il\ ,l- O)::k¥v:t B *il • G t 'l::>J61vfs: T-"� • 

1' ? -:/'fJ: c �M c Lt.::. t- =:; -;; 7
°

c·1*J& L ---c � IJ .  Mn· G O)t7J� c � t h:h 6 J:t�l¥Jtlflt 0)� 

\., ,  PCB n:�lli � :h. m:ffi:!=tl!�-�O)ffl�H:rtrr�t!- c L ---Ci!e:z.tJ:: iJ> "? t:: .  C -:, "'.) � llfljlc·1*J& 

L t.::.wt$1:�v:t , "£ f 1 �O) './ 3 TJ r; ::¥ 7, ( Trematomus bernacchii) �w� I) ' {XvC ,l- 0)� 9 

��M c L ---C� Q -? }- =J ,;; 7t�k t O) t� 6 .  � IJ t1*l& Lk!3BrJJ�:LtgJliiZJ O)� (-�"'.) 
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f-< 

q 
q 

1 .  s 

1 0  1 5 20  

Body l ength (cm) 

0 

� 3 1¥Jffi O)j!O)f*:ik c  .SDDT i&Uf (p, p'-DDT + p,p'-DDE, ng/g, �i�lUi� t.::. I) )  
0- •-o :  '/ 3  ? lJ :¥7-. ,  1981 4 7  Jl 16 B -9 Jl 21 B ,  C "? "':) � lb!fl-e3*l& 

Y= -0.3 17+0.0592X, p <0.01 , n=20 
e-e : ..;,, 3 '7 r; ,¥;r.. , 1981 4 12 Jl 3 B -23 El ,  c "'.) "':) � lbffl-c'1*l& 

Y= -0.338+0.0566X, p < 0.05, n = l l  
• ..;,, 3 '7 lJ ,¥7,. , 1981 4 l }l 15 8 -3 }l 22 8 ,  fJH®£:itlcill (g§O)iifl 

2 faf§, ::ftO)iifl 2 faf§, J[� G L¥f 1 faf§) c'3*l&, n=5 
: ;t; ry ;(  .... , Y,¥ ;r.. ,  1981 4 3 Jl 22 B -23 8 ,  ::ftO)ffi-z:3*l& 

Y= -0.623+0.0875%, p < 0.001 , n=21 (7' - 3f 0)�$v:l:. SUBRAMA• 

NIAN et al. , 1983 ��� � :ht.::. L) . 

t:,. : .,, y,¥;r.., 1981 4 7 Jl 16 8 ,  c "'.) "':) � lfiljl-c'3*1&. n=2 
Fig. 3. Correlation between body length (cm) and 1:DDT( p,p'-DDT+p,p'-DDE, ng/g 

whole body fresh weight) in some antarctic fishes. 
0- ·-0 :  Trematomus bernacchii, at Tottuki Point on July 16-September 21 , 

1981. 
Y= -0.317+0.0592X, p<O.Ol, n=20. 

•-• Trematomus bernacchii, at Tottuki Point on December 3-23, 1981. 
Y= -0.338+0.0566X, p<0.05, n=ll. 

• Trematomus bernacchii, near Syowa Station on January 15-March 22, 
1981, 

: Pagothenia borchgrevinki, at Kita-no-ura Cove on March 22-23, 1981. 
Y= -0.623+0.0875X, p<0.001, n =21 (SUBRAMANIAN et al., 1983). 

t:,. : Trematomus newnesi, at Tottuki Point on July 16, 1981. 

vrt.::.WH:t v'l: C A.,  c· � v;::.. C G tL fJ::7J•  "? f-: o y·eMn• G O) � :!;fH:t:J;'fJ: " ' C ,�htL � )  v:t�b� :J;'fJ: iJ• 

'0 f.::_ 0) -(·,  ltt(�f,$:ffe: O) {l;L f.::. V 3 17 17 =¥ 7,. 5 @-f* (jz§ O)jm 2 �. ::ft O) jm  2 �.  J!JJg G L:ls" 1 

�) � c 0 � � � 0) � c O) �t( O) k � K*fi L k . 

c -:> � � il/1J3-c·�t-o J:: �]Ivc :f*J& L t.::. V :i 17 17 =¥' ;7-. v:t, filu;W;!Ff=lj c ,b f*ffe: c .EDDT (p,p'-DDT 

+ p, p'-DDE) •f!t vc if�fJ: IEU'wl@J 1nH'J� {�dJ; tfS '? t.::. (IZ! 3) . Lil•  L ,  � c ![ O) .f.i)c. f;tif� 

tJ: � v:t� G tLtJ: " '·  l*�ITTVC. v:t �, O) f,$: r*J.Jj)c.* m�tfn�; ;:!S 0 c � x. G:h 0 b; , .:. .:. �' O) *  

Vr-fJIJ �· v:t ,  @f*:rf=l".I O),,� 7 :;; 4'- tJ: c'fm.O)� ftsl vc. J:: 0 � IJJ  J:: � ,J\ t 1., ,  t.::.oo ,  if�tJ: �  c �:t tJ: G tJ: 

t , O) �' t1S 6 ? . 

�ifJ���j;'t,r: < i"" 6 t.::. �. aBfQ£jfu;r[r;ill�·:f*J!X L t.::. � 0) 1*ffe:fU:3{ifi 13 .5 cm c lriJ l:f*:ffe: 
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v.:. to vt 6 IDDT 0)3f-:f:::3{Ifl c 7c 0) %��' C "'.) "':) � IIJEjJ O) �:W]F13j v.:.tfO& L- 1': '/ 3 17 :7 =¥ A 0) 7' 

- 3Z iJ " G @lrrir%1fiv.:. J: lJ ;1<6b,  fiIU:ttB.�Fl3".l O)tlm'.J:t!U� fi  "'.) t..: . c ":) "':) � Jli!fI O)Wfi: 13.5 cm 0) 

�, O) IDDT f:t'.SJ{IfliJ; 0.43 ng/g (�tmL!t� t..: IJ , t).r[AJ l:) -c � "'.) f..: O) v.:..f:t:-" , PB:fP£:ttl!Jli: 

ill 0) V 3 17 1.7 =¥ 7' --c- �t. 0.88 ng/g c *J 2 ffirfilJ < , f:f:�fW[O) t-�;E--C· p <O.Ol O) � ��t.J, 2V 0 

t..: . V 3 17 :7 =¥ 7- f!*l-fttt O)���, -c- , 1 c¥-9=lt� tf\, ,"':)"c' t 1*J&-c- � Q C  .:. ;s tJ-. G t ,  7c 0) 

fr iv� lffl � 'i � ;t lJ $ < t,n, , c � ;z. G h, :ttBt� .It f .. :h:::. i1i L- t..: �Jl[ -c· � 6 . 

1981 c¥- 3 J:l 22 B -23 B 0) 2 B f,3j , �t 0) oo -c· 264 f€. 0) ;-f 17 �- -'" 7-=¥ 7- (Pagothenia borch­

grevinki) �ill fJ v.:. J: fJ 1*1& L-t..: .  .:. 0) ma, wlk�r�fff,}ct 6 ff � �  -c- . ::t. v.:. :;t :t- 7 � � 
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0 v 3 '7 '7 ,¥7,. , 1981 :¥ 7 A 16 13 -9 A 21 13 ,  c -? '0 �Pl!fl-e1*J&, n = 16 

• � 3 '7 '7 :¥ 7,. ,  1981 :¥ 12 13 3 13 -23 13 ,  c -?  0 � Pl!fl-e1*!&, n = 10  
• V 3 '7 '7 :¥ 7- ,  1981 :q:. 1 JI 15 El -3 JI 22 El ,  fJB;:f!:1£:i'f!tilfill (ggO)iifl 2 �. 

::j[::O)iifl 2 �. Jial0 L¥i- 1 �) -z:-1*1&. n = 5 

*- '7 � ,,-.. 1r :¥ 7- ,  1981 :¥ 3 13 22 B -23 B , ::j[::O)oo-Z:-1*!& 
Y= -0.0246+0.0203X, p < 0.01 , n =21 (SUBRAMANIAN et al. , 1983) . 

.6. : "" 'r:¥7- , 1981 :¥ 7 JI 16 B ,  c --=> >0 �Pl!fl-z:-1*J&, n=2 
Fi'g. 4. Correlation between body length (cm) and PCBs (ng/g whole body fresh weight) 

in some antarctic fishes. 

O Trematomus bernacchii, at Tottuki Point on July 16-September 21, 1981 . 

• : Trematomus bernacchii, at Tottuki Point on December 3-23, 1981. 

• : Trematomus bernacchii, at Syowa Station on January 15-March 22, 1981 . 

------ : Pagothenia borchgrevinki, at Kita-no-ura Cove on March 22-23, 1981. 

Y= -0.0246+0.0203X, p <0.01 , n=21 (SUBRAMANIAN et al., 1983) . 

.6. Trematomus newnesi, at Tottuki Point on July 16, 1981. 
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Table 2. DDT and PCB levels (ng/g on fresh weight basis) in several open ocean fish and Antarctic fish. "' 

DDT PCBs 
Location Year Analyzed N References 

Species materials Mean Min.-Max. Mean Min.-Max. 

North Atlantic 
Flying fish 1970-1971 whole 7 50 HARVEY et al. (1974) 
Flying fish 1970-1971 muscle 0 . 6  1 . 4 ,, 

( Cypselurus exsilens) 
Flying fish 1970-1971 muscle 4 4 II 

(Prognichthys rondeletii) 
Trigger fish 1970-1971 muscle 0. 1 1 . 9 II 

( Canthldermis maculatus) 
Bering Sea 

Walleye pollock 1973 muscle 3 <10-40 tti-uo (1974) 
(Theragra chalcogramma) 

JJJ 
E]uf 

Sablefish 1973 muscle 1 1 70 II � 
(Anoplopoma fimbria) >H-
Herring 1973 muscle 1 80 II 

� 
( Clupea pal/asi) '--

Flatfish 1973-1974 muscle 7 50 20-130 �t:o (1975) 
� (Limanda aspera) 

Flatfish 1973-1974 muscle 4 40 40-50 II 

(Limanda mochigarei) 
Flatfish 1974 muscle 2 30 II 

(Limanda bi/ineata) 
Flatfish 1974 muscle 1 50 " 
(Limanda quadrituberculatus) 
Chum salmon 1980 whole 1 5 . 0  5 . 0  mi:f:t (1982) 
(Oncorynchus keta) 
Sockeye salmon 1980 whole 1 7 . 0  1 5  ,, 

(Oncorynchus nerka) 
Chum salmon 1982 whole 3 3 . 6  2 . 9  -4 . 5  7 . 3  5 . 3-9 . 8  TANABE et al. r, 

(Oncorynchus keta) (unpublished data) 
Walleye pollock 1982 whole 3 10 9 . 3-1 1 1 1  9 . 8-13 " • 

(Theragra chalcogramma) � 



North western Pacific (off Japan) 
Redbait 1980 whole 3 1 5  5 . 9-20 44 1 2-75 " 

c:x, 
(Emmelichthys struhsakeri) p 

Flower flute porgy 1 979 whole 3 48 20-74 35 1 7-71 

(Tropidinius amoenus) 
Bulleye 1979 whole 3 38 25-46 45 1 2-73 II 

(Priacanthus hoops) 
North Indian 

Long-spined snapper 1976 whole 2 1 5  14-16 1 . 1  0 .  74-1 .4 " 

(Argyrops spinifer) 
Anchovies 1976 whole 3 20 1 9-21 1 . 6 0 . 93-2 .0  " 

(Thryssa vitrirostris) r¥:l 
South eastern Pacific (off Chile) t5' 

Morwongs 1 978 muscle 5 5 . 7 2 . 1- 1 3  1 . 5 1 . 2-2 . 2  fl l j!l t:, (1 980) tlM 
(Cheiloductylus sp.) 
Merluza 1977 muscle 5 1 . 2 0 . 8-1 . 8  0 . 4  0 . 3-0 . 6  II � 
(Mer/uccius australis) 0 
Promfrets 1978 muscle 5 3 . 8  2 . 1 -6 . 3  0 . 9  0 . 6--1 . 6  " 
(Brama sp.) rot 
Sculpins 1978 muscle 4 0 . 7  0 . 3-0 . 8  0 . 2  0 . 2-0 . 3  " 
(Neophrynichthys marmoratus) 

D� 
Whiptails 1 978 muscle 5 0 . 3  0 . 3-0 .4  0 . 2  0 . 1-0 .2  " � 
( Coelorhyhncus fasciatus) � 

Antarctic ** 

Two whole fish 1972 0 . 4  2 . 0  GIAM et al. (1973) 

Pagothenia borchgrevinki 1981 whole 2 1  0 . 8  0 . 3- 1 . 9  0 . 3 1 0 . 1 8- 0 . 77 SUBRAMANIAN et al. 
(1 983) 

Trematomus newnesi 198 1  whole 2 0 . 5  0 .4-0 . 5  0 . 21 0 . 08-0 . 33 " 

Trematomus hansoni 198 1  whole 4 1 . 0 0 .6--1 . 5  0 . 48 0 . 28-0 . 59 " 
Trematomus bernacchii* 198 1  whole 29 0 . 63 0 . 1 6-1 . 5  0 . 25 0 . 1 9-0. 86 This work 
Trematomus bernacchii** 1981 whole 5 0 . 88 0 .46-1 . 1 3 5 . 8  2 . 5-12 . 1 " 

* Collected at Tottuk i  Point about 1 3  km northeast from Syowa Station. 
** Collected near Syowa Station. 

� 
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