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Abstract : Concentrations of trace metals in lung, kidney and liver of 

Weddell seal, Adelie penguin and snow petrel living mound the Syowa Sta

tion, Antarctica were determined by atomic absorption methods using flame 

or flameless system. 

The results of analysis revealed that the concentration levels of copper, 

iron, zinc, cadmium and lead in the kidneys of Adelie penguin were ranging 

6.5-12.4, 188-255, 26-43, <0.005-0.002 and 0.01-0.03 µg per gram dry 

tissue, respectively. Copper and cadmium were found most concentrated in 

the kidneys of snow petrels among the animals examined. Concentration 

ratios of pairs of metals in lungs of animals showed wide ranges both among 

animals and between right and left lungs except in the case of Weddell seal 

in which the ratios were exceedingly similar in the both lungs, Mg/Fe being 

about 0.1, Zn/Fe 0.02--0.03, Pb/Cu 0.01.-0.02, and Pb/Zn about 0.004. 
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�;fS��ii:j; tJ: < , i k�t/m�tm� L t.::.jfg�:tu J:: rf--z:-0) )Wj;ill O):L1{Jfttjm, 1k, 7-K:tu J:: rf�tjmO),ft: 
ffltJ: �'vc "J \,, --c 0) �fl:i*l& � fib t.t iJ:. "'.) t.::. c. c iJ:. G, %fl O)Wf,tfr :tu J:: rf��ii: �<15 f.tii" "'.) 
k. Liles L, c. 0) J:: :i t.tm5E11Uv-i;@*O)Jt�vc� G:ht.t \,, c c. 0ii" G, -�fl c L --Cc. c. vc 
¥�E-.t� c. cc Lk. 

2. IU 5E Jt � 

iJ!U5E:x-t�c Lk�t/mvt, �f[)�:ttgRumvc�,�,L--c\,,��t!mc�t5ELkO)'tJ, 17 ;r. ';/ 7'11v7 
-If '7 v (Weddell seal), 7 7' !J -� Y =¥' Y (Adelie penguin) :tu J:: LY :::r. :t- F !J (snow petrel) 

O))Ji� c Lt.::.. 
iJ!U5Ex-t�c LkIDiU�vt, 17 .:r. ';/ 7'11v7-!f 7 vvc--:)\,,--cvt, lfrrmi, +=1�MI, -ft:�, ��tJ: 

�, 10�§, 7=f Y -�Y=¥'Yvc"'J\,,--cvt, H�Jtlj, 1L\8, V'JJitJ:E 7�§, :::r.==r- F !J vc"".:)\,, 
--cvt, 'Wit, H®it, H�Jtlj, Jlli.O):itJ:Ell�§vc"'J\,,--cfiv:>k. Lii"L **E�'vi.t.:hG 
0) )Ji�O) , '0�fi: O)�t/mvc�Jj tdil�O) 7' - 1;7 vc "J \, ,--c 0) �5:r-L k. 

3.1. ffi���(7)fil!]� 
ffl$92���vi-t""--C 100 µg-metal/ml-H20 O)afll)c��L, C.;h�1*�c L--C, �ffl 

K�kv:>--C��-�K�C--C*��mLts:. ik, 1*���%fi�fi:iK�kv:>--C, --0) 
J'&:;@j�{lf:=O)��t. �jt*7�0){'[::$;tJ: G rJvctfiW1 ;;t YO)�w�O)�� c L--Cffl\,,f.::.. 

ffl$:h F' � 17 Affimi: t'\i1t:h F � 17 A CdCb • 21/2H20) 203. 11 mg �7.K 100ml vcffiM 
L, t.;h�t'!IM (1+99) �-1/ vc Lk t 0)�1*�c Lk. 

ffl$irrffi�: M!illtl (99 . 99%) 500mg �fflM (1+1) 10ml vcffiML, ��L--c�*M1t 
tjm��*Lf-:0)'0, 71(�- 500ml vc�m-t�. 

ffl$�ffi�: M!i� (99. 9%) 100mg �T:i�M (1+3) 50ml vcffif¥f2=-lt, JE%vc��L--C 
�*M1tt/m��*Lf.::.0)'0, *�-l / vc�mLts:tO)��mic Lk. 

ffl$""? !7''-* v 17 A ffi� : m!B""? !7''-* v 17 A 92� (99. 99%) 100 mg �t'!IM (1 + 100) 100 ml 

KffifiL, *�1/K�mLts:tO)��micLk. 
ffl$1ffitdffi�: !4ilffitd (99. 9%) 100mg �hfiJ:.vc;@JUO)�t'\iMvcffifiL, 7](�- l / vc 

�mLt.::.tO)���cLt.::.. 
ffl�tdffi�: +5tvC]jl'zX�Lt.::.T:i/1JMtd [Pb(NOa)2J 159 . 9mg �fflM (1+100) vcffiML--c 
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11 c L:t.: cb 0) � m{ � c lA.:. 

*Jti7t (7]( c IH!ii:D : 7j(�t7j(�7j(�ffl-,.� -7-To/ F�?Afi�fi-e?Afi L-f.:O) 'b, {E6PK�1 

*/�••mm�2@����f.:cbO)���fflK, �GK��-=��fi�fiKl9?Afil

t.: cb 0) � :B-VT ffl �. c L---c ffi \i , t.: . 

•• , ffi®�l�7Y�=7:�ffl •• ffi�ffi�-���-�K�C--C7J(-e��L-kcb0) 

�ffl\i,f.:. 

3.2. lt S: 

m•:B-:mtt��--cm{r�����-efi0t.:. 

t**5l!iz��fi : �EB*1:l:!f!{I::�-� 13 lfJJt�t**5l!iz��fi 

{�ml.WZ {l::�fi : -V"' r f4��-7° '7 ;;("' -1- °" Y ,.� - PC-103 � 

1*r���•: ��� AA-6so ��*ftc L---r, :f'7 7 -r 1 1- 7 -r -.t--7-7 1- "'1 *

GFA-2 ��#-��k. 

4. 1. jlJ � €k {lf:: 

fflU��tx*vc.19, 7 v-A��l�7 v-A v.7,�vc.10--Cfi-::,t.:. 7 v-Avc.lGfflU 

��{4=�� 1 vc., 'it.: 7 v-A v 7- vc.1 G fflU��{4=�� 2 vc.ffi L-t.::.. 7 v-A v 7-vc.1 G fflU 

��fi5K.L---C, �K�-������-�K�fG�ffl�ffi��-L,, '7Y7°•�-F 

vc. l G1JlU��fi\i,, 7-To/ 7
° 

• � - F c O),l:t��tt�fi 0t.::.. L-iJ:. L-, 4'@0)�*4-�·�tJ: 

G �vc.iu��f4=r""C:·�t, .:z:.O)�Jc.�Jf,ttfi� GntJ:n" 0 t.::.. ;: 0);:. c 7J" G� 2 vc.ffi L-t.:iu� 

�#tt, 7-To/7°•�-F��fflL-t•�O)cbO)-e�G. 

�1 m�-��(7V-A) K���-��# 

Table 1. Analytical conditions in atomic absorption spectrometry (flame). 

Iron Magnesium Zinc 

Wavelength (nm) 248.3 285.2 213.8 
Lamp current (mA) 6 10 8 
Slit width (mm) 0.18 0.18 0.18 
Air pressure (kg/cm2) 1.5 1.5 1.5 
Air flow rate ([/min) 6.0 6.7 6.0 
Acetylene pressure (k.g/cm2) 0.4 0.4 0.4 
Acetylene flow rate ([/min) 1.0 1.0 1.0 
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S2 ����$(7V-AV�) K������# 
Table 2. Analytical conditions in atomic absorption spectrometry (flameless). 

Cadmium Copper Lead 
Wavelength (nm) 228.8 324.8 217.0 

Argon gas flow rate ( l/min) 4.0 4.0 4.0 

Argon gas pressure (kg/cm2) 0.7 0.7 0.7 

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 

4. 2. � � (J) iw � if 
�l����fl�%fi����Lkt����. �fl�W��g��M�-L, �%K 

�-L ts:� '0fE:mlER1!::�fi:� ffi" ,--c�fl� ER1!::-t �. ER1!::f&, 6 N M��1Jnx., -15(1Jj(fi: L 

ts:� '0, �k vc1Jnmt L --CER1!::�fl�mJWLk. mJWf&IHim1*fF�riJL& L, � GvcJH@ Lt-:� 

'07Jc�1Jnx., ���1!::!/W��%vc�* Lt.:.� '0, 71( --c--5E:I: c!: L ts:. 7K --c--5E:l:vc-t � �' 

Sample 

Freezectry and ash 

1 + 6N HNO, 

Decomposition 

and 

concent
i

ation on a hotplate 

Concentrate to a few ml 

J + 1N HNO, 

Concentrate to a few ml 

l + O.l'J HNO, 

Concentrate to a few ml 

pH ad.just by NH 4 0H (pH�3.5) 

Make up to volume 

by distilled water 

Flame or flameless 

atomic absorption spectrometry 

� 1 '.ltt'r$f[� � 
Fig. 1. Schematic diagram of analytical method. 
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1 N 7 :/ .:£.- .:=. 77JOC J::,:, -C pH::: 3. 5 vc�� L, t.:. .:. 0) J:: �He l,-C �ktifl��, �{;$:i:f:ili3lz: �J}tfi .ffl�*'I-JJ.10� c L, t-:. 
4. 3. *1i" � c � � "*- 3, 4 :to J:: rJ 5 tt, )c;h,)c;h,O)��O) 3lz:�JE:l:%tfi*5*�� L, kt 0) --c-� o. "*- 4 (7 -f'Y--"Y::¥:/) :toJ::rf"*-5 (:::r..::t- FY) vc0\t,-C�:t, :I:�, :l:{J&, 3f:!eyfti[:toJ::rfffl�{Mzl:� ffiL,kiJ�, "*-3 (? :r. 'Y Tlv7-if7 V) a 1 {ffUO)J}t)r--c-�ot-:ob"*-ffiL,-Cl,fJ:l'. 'it.:, .:. .:. vcffi L, tdIIUJEf!lH:t, =:f!O)��vc�Ji.tdi�--c-� o Hm:to J:: rJ!ffJDivc 0\t ,-c 0) .7,i.�a• L, t-:il�, 1I!UJE171J�O)J:l:Jix89�l,:::r..::t- F y vc.0\t,-C�:t, Jffffii0)1J!UJE*5*�#�L,k. 'it.:, 7T y -""' :/ ::¥ :/ vc 0 l ,-c �:t, E:tiO) Hm�if� L, t.: t 0) c L, -C, ? :r. 'Y 7' 1v 7-if 7 v :to J:: rJ :::r.. :ct- F Y 
fl:, E: ti 0) .IJm VC "".::> l '-C -t"" ;h, .f ;h, 0) *'5 * � ffi L, k.. 7.1( i:p :to J:: rf�J: "c'�1�, '"'f o 7 -if 7 V :to J:: rJ 

a3 �=,T�7����-B$�·····� 

Table 3. Tissue concentrations of trace metals in a Weddell seal 
(µg/g dry tissue). 

� Lung 
Kidney 

1 1 2 

Copper 1.50 3.71 5.66 

Iron 366 410 143 

Magnesium 42.9 62.4 104.8 

Zinc 7.8 11.9 32.2 

Cadmium 0.0038 0.0028 2.4999 

Lead 0.029 0.044 0.033 

.4 779-�:/�:/�••*�·····� 

Table 4. Tissue concentrations of trace metals in Adelie penguins 
(µg/g dry tissue). 

� 
Lung Kidney 

Range Number 

Minimum j Maximum 
Mean S. D. of 1 2 1 samples 

Copper 1.59 9.10 4.76 3.22 4 6.55 12.42 

Iron 76 503 344 190 4 255 18 8 

Magnesium 71.2 294.5 158.0 96.2 4 400.8 202.4 

Zinc 10.4 30.5 17.2 9.08 4 43.7 26.3 

Cadmium 0.008 0.0019 0.0013 0.0007 2 <0.005 0.002 

Lead· 0.007 0.024 0.015 0.009 4 0.032 0.015 
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as =��vO)••*O)••�••� 

Table 5. Tissue concentrations of trace metals in snow petrels (µg/g dry tissue). 

�' 
Tissue Lung Kidney '"- Range '--, 

Metal �' 
1 2 

J Maximum Mean S. D. 
�I Minimum 

Copper 28.95 1.11 
I 

5.58 1340.00 358.15 559.74 

Iron 328 333 18 294 184 112 

Magnesium 118.7 161.1 180.1 328.1 240.5 69.3 

Zinc 40.7 17.7 58.8 307.6 145.1 102.4 

Cadmium 0.0464 0.2531 0.1098 0.4249 0.2534 0.1162 

Lead <0.06 0.091 0.461 1.353 0.906 0.319 
_I --

�� Tissue Kidney Liver 
"'� ,, Number Range Number 

'� of Mean S.D. of Metal 
,,� samples Minimum I Maximum samples 

Copper 
I 

5 4.94 100.27 31.47 30.77 8 

Iron 5 93 393 303 , 102 8 

Magnesium 5 70.1 180.8 142.5 38.5 8 
Zinc 5 10.6 65.9 46.2 18.0 

i 
8 

Cadmium 5 0.0006 0.1044 0.0563 0.0325 8 

Lead 5 - 0.029 0.808 0.277 0.230 8 

-"':/=¥:/c, t.;hGcv:t�f,§��vc.-tG.::r.:t- f !HC."'::>t,,"(, "*- 3, 4 toJ:rf 5 ird::>1t®t�W -tG c, .::r.:t- FY O)�BJiiHC.-\3"°ihG4:�ltl!tO)? '0, 2, 3 0)5tj,nc."'.)t,,"(v:t�¥>.\llt�ffi-t ffi���k. �-*0)··4:�altffi���2KffiLk. �ir• G gij Gi:J� tJ: J: ? vc., .::r. :t- F Y O)ffl c i'dvi ftJ!O)�� J: iJ � t, ,¥>.tJ.t�ffi L, � G vc. 17 .:i: 'Y T 11v 7-tf =; ';/0) 7J r � 17 A ��1.,,t..:�it, ftJ!0)4:�v:tvl c 1v c·fq!�J.tO)a/.tffi�-c:,25 v::>t..:. t.O)? t,, 17 .:i: 'Y 7'1v7-tf =J vl'C."'::>t,,"(, �•*0)••4:����vc.�oG.n "(t,,G!Jm1Lffi 0) *0)4:�¥11.t c lt®t L k 1b 0) iJ�"*- 6 -C:'26 G. "*-i:J� G gij G i:J�tJ: J: ? vc., -t""' "C 0)4:�i:J�{� t, ,aJ.t�ffi L, *rvc.td c 7J F � 17 A vc.'*] L "C vi t,,f;hi 1/lOO{�t,,f[i�ffiLkt. cviJf!'*iJ�tf>G. 'it..:, t.;hG:::::;tt�!/mO)::±:.�c�x.GhG::t:t-7 � (Euphausia superba) 0)••4:�l'C."'::> 1.,, "C vi, m::tE 'i "c' vc.3*J& L -c 1.,, tJ: 1.,, t..: ob IE:rii tJ: t. c vi *�D "c' 26 Q iJ;, -t "c' vc. $1H�r � h "C 1., , G Ef3 ®'.ffi (Crustacea) 0) ••4: ��-@;-ob -C 'i c ob -C � G c � 7 0) J: ? vc. tJ: G . tc.. t.:. L, t. t. -effi Lt..: Ef3 ®'.ffivi, wH1i:f:fu�-c:,�af � .tt t..: i 0) -C:'vi tJ: 1.,,. � G vc. 'i t.::.5€ 1 vc.viw1J( *0)4:�¥>.tl:l 
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-3 -2 -1 0 1 2 :cl 

t-- -I 

Copper 0 

·-� 
Iron 0 

H I ... , 
Magnesium 0 

-

t-·f 

Zinc 
0 

Cadmium 0 � Snow petrel n = 5 

f--1-< 
H 

Lead 
0 

1---� Adelie penguin n = 2 

0 Weddell seal n = 1 

� 2 �tJ:o�ilmO)ff•q:iv��i tLoft:l:•JiO)aJl'.lffglffl Clog g/g-lliz:�1D::I:) 

Fig. 2. The ranges of tissue concentrations of trace metals in the kidneys of dif
ferent animals (log gig dry tissue). 

-3 -2 -1 0 

Copper 

Iron 

Map.;nesium 

Zinc 

t-- ---, 

Cadmium t0t 

I 

....... ........ 
Lead t-0i 

1 

� -----
>01 

�-

·-
1-0< 

...... ., 
1-fH 

2 

H ----· 
1(:)1 

---1 

5 

� Snow petrel n = 5 

� -----IAdelie pen�uin n = 2 

� Weddell seal n = 1 

� 3 Jk.tJ: G �/jmO) !Jmq:iv�� i tL G ft:l:•JiO)a/l'.ilfglffl (log g/g-lliz:�1D::I:) 

Fig. 3. The ranges of tissue concentrations of trace metals in the lungs of different 
animals (log g! g dry tissue). 

�6 --��-t�:,��7f,�0)-·0)•:1:•!i•Jl'.O)�
Table 6. Comparison of trace metal concentrations in the kidneys 

of Weddell seal and general mammalia. 

Element 

Copper 
Iron 
Magnesium 
Zinc 

Cadmium 
Lead 

* Present authors, ** BowEN ( 1966). 

Kidney (µg/g dry tissue) 

Weddell seal* 

5.6 

143 
104 
32.2 

2.5 
0.03 

General mammalia ** 

12 

290 
550 
2 10 
130 

4.5 
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� 7 $7.K c 17 :i: ,y 7' /V 7 -tf 7 ::,, , 7 7' !J - ..-.:: :/ =¥ :/, .::r.. ::\'- F' !J (J) 
••t.�--(J)··�--�(J)�-

Table 7. Comparison of trace metal concentrations in crustacea, kidney of animals 
and sea water. 

Crustacea* Kidney** µg/ g dry tissue 
Element µg/g dry 

tissue Weddell seal I Adelie penguin I Snow petrel 
Copper 50 5. 6 12.4 
Iron 20 143 188 
Magnesium 2000 

I 
104 202 

Zinc· 200 32.2 26.3 
Cadmium 0.15 2. 5 0.002 
Lead 0.3 0. 03 0.015 
* VINOGRADOV (1953), ** Present authors, *** TUREKIAN (1969). 

358 
184 
240 
145 

0.25 
0.90 

Sea water*** 
µg/l 

0.9 
3.4 
1.29 X 106 
5 
0.11 
0.03 

'Ja:> i � L k. J::-JJ:� L k�:to J: U�tJ� G��-t Q c, W7Jci:f:t0)4:Jjt0)� <vi� _1,1-·  * v '7 A 'Ja:> 
� � Ej3 �� (Crustacea) vc. J: 0 --ClU'm � h, t. h 'Ja:>:J'Jl& L t-:�¥z;vc. J: 0 --C � G vc.�¥z;il:tm � 
hG�ittJ;�Q t. cn;:5tQ (DHAR, 1973). c < vc..:i:t- r Y vc.J:GfJO)il:tfilvt��"t:-�G. 

JtrfHc. �]: .nQ �:fi4:Jjtvc. "=>\, ,--ctr.i:iO)nm'Ja:>x-t� c L --c, %�4efovc.:tovt Q -l-h.f.n0)4:jjt0) 
Jt'Ja:>>.J<�k. -l-0)*5*'7 :r. ,yTlv7-lf=:J vvc."=>\t,--Cvi, Mg/Fe, Zn/Fe, Zn/Mg, Pb/Cu, 

Pb/Mg :to J: U Pb/Zn O)f[ilvi-th-f h 0. l l  "-0. 15, 2. l "-2. 9 x 10-2, 0. 18'"'-0. 19, 1. 9......., 

1.1x10- 2, 6.7"-7.0xl0- 4 �J:U 3.7"-3.6xI0-3 cft'..YJ, ti:1:iO)ijm"t:'4:Jjtil:JJtJtvc.::k� 
td&:vidj_Ghf, ti:i:ic tvc.'8]�}Jt0)4:)jt0)�*1'Ja:>1:KLt-:. LiJ�L, .:iq:- F Y  :toJ:U7::Y Y 
-� :,,:f :,,vc."=>\t,--cvt, &:,fL t t. 0) J: 5 tt'..*a*vt#J.Gh f, ti:i:iO)Hr!Jvc.�]:;h,Q4:Jjtil:oc 
Jtvi�ft'..G t. c 'Ja:>7.KLk. 

�ffftO)��:toJ:U, �4efo�ffil&-tQ�M:toJ:Ufflm, ::k�i:f:t0)���4efoft�E0)4:Jjtil: 
ocvc.'*1-t Q ·��tJ;Vit c 1i..; c·#J. G.n --c \,, t;f.. \, ,0) "t:', iJIU5E*a*vc.x-t-t Q 3't:5ttt'..��v:trr x. tt'..il� 0 

k. L n� L, a7rfo£:l:t!tJW1 m vc. �,@, -t Q 7 7' Y -� :/ :¥ :/, '7 :r. 'Y 7' 11v 7 -lf 7 v :to J: u .::i. :t- r 
Y O)�'f*r:9�.:i:4:�0)iJIU'.tE1J1Jv-t, J®*vc.¥&i!f � .n --c \,, t,r. \,, 0) "t:', 4-�0)w:f�vc.x-t-t Q-:wt:M 
c t,r.Q "t:-�;s :'J. 

*w:F���fr-t Q vc.'iht-: IJ, 1lrru::k�m�tm��M���1iFi1*�1J*tt±t,r. G Uvc.1$�)1[ 
�1!r�w:f�mimJt�DB15t'§'O)fPU.f-tK�::ktt'.. :C:Mh1J�#].t-:. t. t. vc.� < �ffl\,,f-: L 'i-t. 
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