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Variations of Trace Elements in the Hairs of Wintering Members of 

Japanese Antarctic Research Expedition during the Stay in 

Antarctica 

Hiroshi KOZUKA* and Yukio KANDA** 

Abstract: The concentrations of trace elements, Hg, Au, Cu, Zn, Sb, As 
and Br, in the hairs collected from the members of the wintering parties of the 13th 
and 15th Japanese Antarctic Research Expedition were determined by neutron 
activation analysis, and the variations of their concentrations during the stay in 
Antarctica were discussed. The results are as follows: 

1) The contents of Hg, Au, Zn and As showed a decreasing trend during the 
stay in Antarctica. 

2) The mercury content showed characteristic variation. Its average concen­
tration and standard deviation decreased from 7.0 ppm to 4.2 ppm and from 1.8 
to 0.6 ppm respectively at the end of the stay in Antarctica. And its concentration 
increased again and scattered over a wide range after the return to Japan. 

3) The concentration of mercury in the hair reflects both metabolic processes 
and external contamination. From the results obtained in this work, then, the 
contributions to the decrease of mercury during the stay in Antarctica were esti­
mated to be 2 ppm for metabolic processes and 1 ppm for external contamination, 
respectively. 

4) The hairs collected on board the icebreaker Fun showed extremely high 
concentrations of antimony, indicating the environmental pollution on the ice­
breaker caused by fuel combustion. 
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-*ffl��f-+O)m:l:vi"J�-O)ctc>IJ c'i:f>6. Hg: 5 µg, Au: 0.1 µg, Cu: lOµg, Zn: lOOµg 

As: 2 11,g, Sb: 2 µg, Br: 10 µg. 

2. 4. i:t:rtt-=f �M 
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Fig. 3. Variation of the arsenic content of 
hair during the stay in Antarctica. 
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Fig. 2. Variation of the zinc content of hair 

during the stay in Antarctica. 
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Fig. 4. Variation of the bromine content of 
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Table 1. Content of mercury in hair of the wintering members 

of the 13th Japanese Antarctic Research Expedition. 

Period of Range 
I 

Mean . Std. Dev. 
collection {ppm) {ppm) 

Sept. 1971 
Mar. 1972 
July 1972 
Mar. 1973 
Sept. 1973 
Apr. 1974 

Period of 
collection 

Sept. 1971 
Mar. 1972 

3.4-10.5 6.3 
4.7- 9.9 7.0 
5.0- 8.3 6.6 
3.3- 5.2 4.2 
4.1- 9.8 5.8 
3.6-10.0 6.2 

� 2 �13�·���0),f;.$0)�7k*·��· 
Table 2. Content of methylmercury in hair of the wintering members 

of the 13th Japanese Antarctic Research Expedition. 

.. 
- - . 

�ange 
(ppm) 

1.18-3 . 96 
1.21-5.64 

I 

I 

I 
I 

I 

Mean Std.Dev. ,, 

{ppm) (ppm) 
I 

2.44 1.95 
2.63 2.10 

July 1972 ·· J 1 :35-3 . 42 2.46 L97 
Ma·r: 1973 
Sept. 1973 
Apr. 1974 

1.31-2. 88 1.81' 1.45 
1. 41-2.64 2.02 

I 

1.61 
0. 93-4.76 2. 15 1.72 

� 3  �13�����0),f;.$0)7�T����:I: 
Table 3. Content of antimony in hair of the wintering members 

of the 13th Japanese Antarctic Research Expedition. 

Period of collection Mean {ppm) 

Sept. 1971 0.10 

Mar. 1972 0.47 
July 1972 0.19 

Mar. 1973 0.86 
Sept. 1973 0.13 
Apr. 1974 0.03 

{ppm) 

2.3 
1.8 
1.2 
0.6' 
2:1 
2.2 

Methyl-Hg 

Total:Hg 

0.31 
0.30 
0.30 
o·.35 
0.28 
0.28 
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Fig. 6. Variation of the methylmercury 
content of hair during the stay 
in Antarctica. 
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Fig. 8. Variation of the zinc content of 
hair during the stay in Antarctica. 
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Fig. 7. Variation of the gold content of 
hair during the stay in Antarctica. 
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Fig. 9. Variation of the copper content of 
hair during the stay in Antarctica. 
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Fig. 10. Variation of the antimony content of hair during the stay in Antarctica. 
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0. ��1¥Jv:.� 13 ?x�O)J: ?tJ:!wl�tJ:�ib��0-=- cvt··e�tJ:"'nt, ti�iJ,td9XYMIAJc 

�i:p11::0)MJAJntl!��n, � 13 ?x�cffifJJ-O)MJAJ-c-250 c "'*- .t?. 

7J(�v:. 0" 'cvi, ��*�c,;. ::;-1v7J(�v:.5tvtc�ffi Lt.::... ��7J(�O)¥®fil9X AA JAJ v:. Jt"" 

'"C, ,;. ::J- 1v;,J(�•ocv:.vt.!wj�tJ:�11::vi� GntJ:" ,iJt, � 13 {'X�O)�{r c Jt� L c, 5c*{J£ 

•oc*�fil��nt�n·--:, t.::..t::.'<h cM��n0. 

1 fUO)fBl��v:.0"'cvi, *"'=e��=ef.!!v:.ili="'ff!HftiJ,G3*:IfXL, =ef.ll{ffiiJ,G 2 cm C'c 

v:.*m?t L, -*53-rrm .::· c O)•oc� L G""t.::... :!*Jf:Z.vt 1974 � 10 JL i¥iffimftE*1v:.fi ":) t.::.. t 0) 

-c-, =e�*vi*9 16 cm -c-25--:, t.::... *5:!¥!:vi� 11 v:.ffi-t c � � -c·, cf,�O) nit*� 1 :h )=J 1 cm 

c �%-tnvf, �-- =J 7 �fdtvt:;siJ, G 74 � s JJ, 6 JJ, 4 JJ, 2 JJ, 73 � 12 JJ, 10 JJ, s 

e 

�t b W5f 

�:.:� � �.::_ � 
� a 2[ d 

�:t�
R

t � 
16 14 12 10 8 6 4 2 16 14 12 10 8 6 4 2 

Distance, cm Distance, cm 

l&I 11 =§��v�J: G�:i:5c*'Ei'1i:i:O)�ft, 
Fig. 11. Variations of trace elements in hair with the length of hair. 

a: Inorg.-Hg, b: Methyl-Hg, c: Sb, d: Au, e: As,f: Cu. 
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JH::.%nx: � ht.::::§�vc:ffH�-t" o. L kn�"? ---c, 10 cm J: iJ ::et1tvc;ili1t ,ff!Htn�ffitifrlftEi:pvc..% 
nx:� hk:::§� c fJ: o. ��B"Jvc ffiffifrlftEi:pO){fl){ftO)i.l]Jthqg < �£"? ---C It' o. !:: *' � -1-;L,7l( 

; r 
�-·ev:t�YfflfPJh�§J3 Gh···etJ:1t '. 2 cm 0)${ft (74 � 8 J!r;ffl�_) O)i.llJth���� 1t, ffi fPJ h� 

; / 

son\ fil7i-fi5iblfflktt c �f*-t-o O)c·vttJ:h·6 5 h· c/#i*- o. i: 

4. ·�··'" 

UJ:O)ij:1:�h· G, ffi;ffiiii*tEv:;·x_o,����Xt*i.l�O)�fbvcvt, 1) ��a"Jvc�yffi[P]h� 
.7,,_ Gn, ifvc7J(�i.lJJtvctu1t ,tif�a"Jc·s "? k. 2) -$0)5c*c·vts oa{f;Mvc;{filiillffivc�nn 
-t" o ffl fPJ h � .7,,_ G h, 7 :/ -r .:c :/ vc !M� c'25 "? tc.. -:. tL G Z' ± {$: c L ---c U "F vc ffi-t" J: 5 f .t � � 
Z'hnx:. k. 

Wcovc t J&�tc. J: '.He, ::e��:l:5c*vcvtit*t-t t)J• G c iJ-: i ntc.r"Jft:;la"JtJ: t 0) c, � 

tmt'J�vc J: "? ---c ��' �mz � ntc.Ji.*a"JtJ: t 0) c h�cb iJ, -: 0) filuft:;irZ'85¥frffi L fJ::h� G,. 5c* 
O)�ibZ'�x:.tJ:vtnv:U-t Gt.tit'. rt-: iJ tJ: c'O)ft�vcJ: ollfmttd�nvt, Jli�0)��:1J$vc 
J: iJ �£vc���hoh�, Yf.Wh·G��' �JbZ�tLonx:5tO)��v:t��UJ:vctrfh· L1t,-: 
c vt�g;. < O)ffl-ern�s iJ (BATE, 1966), ��Gt�� L ---c1t, o (aN�fm, 1974). 7](�0)¥11Jt 
�ib0)�131c L---c, r"J131B"JtJ:lzsirc7f.Wn·GO)t'J�0)*4-Z'�x:. ---c.1;,_0 c, � 13 ?X�vctu 
vt o���*h• G, �fbffi[P]h���h·tJ:-: c, � -1-;1,,7J(�i.lltn�[q) r. J: 5 vc�y L --Cit, o-: 
tvc..J: iJ, r"JlzslttO)lzsl-=f0)*4-n��1t,-: ctMl��no. -1J, � 15 ?X�O)���*c·� 
�7J(�O)�YfflfPJvcJt�---c, � -1-;1,,7J(�n�ri c ,4., c:·�y LtJ:1t,ffl[P]Z'dJ-0 c, Yf.Wt'J�O)* 
4-t�mc·�tJ::lt'. 

,:.O)� 13 ?X�c� 15 ?X�O)�*vt, -J!��-t"oJ: 5vc.7,,_x:.oh�, � 13 ?X�c·vt�ll( 
�i.llJtO)�.��h�'2i i h, llffi�tJ:�Yffl[P]Z'ffi L tc.kd:J c·s iJ, �Wh· G{l£7](�i.l1Jt0)�� 
�O)�ibvt, �bd:J---c,J\� 1t,,1�(vc�§-t"nvf, filu�*Z'��tJ: < m�c-� o. 

-:.nG0)��7°-�3<'h·G, Ji.WM�O)*--§'.-Z'�frffi-t-0-:: ta��vct-ton�, � 13 ?X�O) 
�*�O)�ibffi[P], m 15 ?X�O)��Jt�O)�Yffi[P]tJ: c:·Z'�� L ---c, · Ji.WM�O)�fivt, 
*j:}a{j=O)�� t '2id:J---C, �* 1 ppm �lJtO)*--§'.-c tiffi1B-t" 0-: c iJ�c· � J: 5. 

-]J, P'Jlzsla"Jlzsl-=fO)*--§'.,vC--::>\, ,---c c'cb o ;o�, �Jl O)jtfftvivi c A, c:·�:gn S *h· G:fif� L ---c 
tu iJ, ��B"Jvcvtlt s *®c'tJ:: < tJ: "? t.:tm%n�7](fJH�!&:l:O)�YZ' t t.: G L ---c 1t, o c �x:. G 
tL o t 0) 0), OOP'.Jvctuvt oit� c 0)1:.f-t�JikU, �ff� Z'it�t-th· "? t.:,� c JJ<.�:a:�*471(� 
c L ---c falh , t.: A� c· 2b o . 
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:1J<J!,ti:p0)7J(ffl.!JfiMttfm --c �  o c. L --C, B *�r3--e:·O)i1(fl-1.Kird::> 0)7Kffl0):r:&1&53-t�vt, T¥i 

ffifrlftE�O)lJ(ffl:r:&1&:i:nt�yi" 0 -:. c. re. ts:. Q . iXfl-lJ(O)Jtffl•}jtvi{.f&•}jt--e:·, -t:O).IEifts:.�f 

frffiviffi�--e:-s o nt, 0.001 ppm ;;t- - :!l' ,_ c. tl5E-ttui, i1(fl-7](i7,. G 0)7j
(
jJH:&1&:i:vii)( µg/ B 

c. �ffrffi� ;h,, @.O)ft*n,. G O):r:&1&:l:vclt� L --C��vi1J\ � 1, ,--e:·s 0 5 . 

�ffelO)ft*vi;f§,B!JO)ftUt0��vt--c 1, ,  0 t 0)--e:·t  ts:. < ,  �jtflt0)7](ffl•!Jf�53-Vri" o -:  c. t 

�AJ'f§g--e:-s 0 nt, jrrffi (1974) vc J: nvi, s *AO)SJZ;IeylJ(fflt:&1&:1:a 44.5 µg/ B ,  -tO) 5 t> 

;¥:ii,. G O):r:&J&vi 17.7 µg/ B ,  �ff�n,. G O)��vi 7.6 µg/ B ,  5 � ;.{ ::J-- 1v1.Kffl1:&J&:i:vi 2. 18 

µg/ B ,  -t 0) 5 t>:;¥:n,. G 0.94 µg/ B ,  �f/ff�n,. G 0. 75 µg/ B c. � ;h, --c 1, ,  o .  

-: 0) 7' - 3qc J: nvi, �ff�t�vtO)��vi;¥:vc1t�--c,J\� < 112 i§--e:·s o nt, ��:?}ft L 

--c 1, ,t-=�-&n, J: tJ ��nt*� < ts:. o bvt--e:·s tJ ,  -t:O)ft!!O)�Jift*O)��, frJjm:O)iXfl-* 

ts:. c'0)����6btivi, 1, ,ftt, t B *frlftEi:f:tvc.It�--clJ(fflt:&J&:l:O)�yvc��-t o . 

� 13 {k�O)��i:p, lJ(ffl:i:vtm:��*9 7 ppm ii,. G1ffi��*9 4 ppm vc�y L--C � tJ ,  -: 

0) ?  �' 1 ppm §§�}jt�)i-Jy.ffl�O)�fi c. �fiffii" o c. ,  � tJ 0) 2 ppm 5Yi;,jtl131zsjtt0)7j(ffl0) 

�� c. ts:. o. El *�113tEf±� (Sf;fey 6.0 ppm) c. fg'$� ts:. c'O) �)i-tE{±� (SJZ;fey 1 .9 ppm) c. 

O)�� (£!fft!!, 1966) *9 4 ppm nt, vi c. Iv c' B *ft�ft�ts:.n,. 0 t-::t-::6b c.M�-thvi, m 

ffifrlftE�ffel vi ts:.� B *ft�tJJel& L --c 1, ,  kt-=: 6b vc, 2 ppm 5Yi�!Jf O) 113 lzsltt O)lJ(ffl O)�j;' vc fg' -j: 

0 k c. �� Gn, �@O)M*���� < m��� o.  

-t:O)ft!!, �YfllrPJ�ffii"4:, � *' ]ff�ts:. c'0)5c*vC�\, ,--c t' lJ(fflO):ij!r� c. lA.!a, )f-Jy. 

m� c. 1131zslttO)fil'o:1JO)�fints Gbnk t 0) c. �� Gn ont, -: n G 0)5c*vc ":)\, , --cvi�* 

0) 7' - :!J ntts:. 1, ,  0)--e:·, fil'o�O)�fi�:i:f19vc�ffrffii" o -:  c. vi --e:· � ts:.n,. 0 t-=:. 

7 :/ ::J-- .:c  :/•!Jfvi, � 13 {k�0) 7- - :!J  --e:·lli1ffi��vc;{fi�1, , vc�•��ffi L, §,§�ts:. 2 1-Ll 

�ib�ffi Lk <� 3). 7 :/ ::J-- .:c  ';;IO)�itvi, •!Jf�&ntffi6b --cj!�n,.ts:.,¢,Cn,. G, 7f.Jf.ffl�nt 

ffi� � ;h,, i k, -: 0)5c*nt1l:1:i1f&f!-i:f:tvc:?} < � i nffl�O)�ffi c. L -c � Gh --c 1, ,  o -:  c. n,. 

G�� --c, tt�O)*m�O)m• c. ��� n o .  •*O)�ibtlA.!aKm�� n Q. -: nh 0)5c 

*O)�itvc t, 7j(fflts:. c.'0)5c* c. lA.!at.cffi:i1BfrutEvC J: o�j;';,jtfftEi" o O);,j,. t L;h,ts:_ \, ,;,jt, 

lli1ffi��O)�ibnt*-�-t�- o O)"(·, � � h --c 1, ,  o ,J\ � t.c�ibfllrPJ�:t�iii" o -:  c. vi --e:- � fs:. n,. 

0 k , 

-: O)��vi, *fil1vc--t-53-ffl:nx:� nt-=:A1*��--e:-ts:. 1, ,f-=:6b, J6f L triMiJ:e.--e:-� onx:*�� G 

nts:.n,. 0 knt, ��IAJ•tJ:���fi 5 vc�t-=: --:, -C, --? �-O)�,¢,Cvc�1ti"hvi, J: tJ ���tJ: 

7' - :!J �� o -:  c. ;,jt"(-�  J: 5 .  
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1) it*iJ· G 0)5t*f�J&:l:�tr:1J:t 6 � c. 

� �-%fic�fiL�, *' �•0)%fi�fi 5 � c. 

3) �-1*1& �+%H@1!¥.nc, n•-si l£W{gvcfi 5 � c. 

-0 �••:1:x*O)��, ��fzslr�%��ffffi�6%fitt��•�-t0� c. 

ts:. c:' -ccb IJ, 4) �c� L �vi� Gvc?vf��fi1,, ,t.::. 1,, ,  c�*- � 1,, ,  0. 

1) W:iffi��fijJlU�Ji O)�•e:1:x*O)�ib�, 1:±1 �fil, ffi:ttf!iitE�, :Im��vcnt.::. -? � 

LG�t.::.. 

2) JK�, �, i�, � *' :�ua ··cvtW:iffifriftEvc J::  1JM&-t0ffifAJn����.ht.::.. 

3) 7J(�O)�ibvi:il v���-z:-cb IJ, 1t!Jtvi:/m��vc:il t M& L, � O)�,� -z:-�q:i1t (� 

11�H1:1t) O)ffifAJiJ�� G.h, '.lm���t.::. t.::. U%1fx, J::rf. Lt.::.. 

4) 7.Ki.lUl�vi�WSf:tey 7 ppm iJ·G1i��Sf:tey 4 ppm i c'Mo/Lt.::. . � O)Mj;'O) 5 'b 1 

ppm ��vi�WPJ�vc J::  0 t O)c', 2 ppm �vi�fzslttO)fzslrvc J:: 6 c�x. 6. � lz§ il1:0) 5 'b 

±.�ts:. fzslrvi4:ff��t�J& Lts:.iJ•0  t.::.t.::.66 C J(!'Jb.h6iJ�, �O)ftp}J<.���fllKc Lt.::. � C 0) 

�� t � i ;h J:: ? . 

5) 7 '/ "f- -:i:- '/c'vi?'f-WPJ�O)�•-e, �-q=i1f!Jtn�� L < � < ts:. 6�Mn�� G.nt.::. . � 

J:J �fzslvi1tE�fliJ· G O)PJ�-c-, �Mvi*fJ4:f.5�vc��-t 0. 

6) � O)f!O)���� Gvcn1tw�-1t6t.::.6bvcvt, *filvc+%•nx:�.ht.::.��tt@in�&:,�c­

s 6. 

� 8$ 

�-�fl��*r�.htdl 13 ?x, � 15 ?x���JiO)J5 4 vclf. < :t-o1L $ L cb vf i -t. i 

t.::., �fl�-K ��-r�ht.::. ��-�?vf�ffl�ffi�M�±�GUK•�*���oo�oo� 

��±vc�fr!f\, ,f.::. L i -t. 
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