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1968'.tp 2 Jj mti 7 / 1'' * 7'' r' �c. � �t � m1k t 

1:�¥:1¥J�1t �C. "=> v" -C 

PHYSIOLOGICAL CHANGES CAUSED BY SCUBA DIVING AT 

LANG HOVDE, ANTARCTICA IN FEBRUARY 1968 

Y oshiaki OKUBO* 

Abstract 
One skin diving and four SCUBA divings 

were made by two members ( a biologist and 

the author, the physiologist) of the 9th Japa

nese Antarctic Research Expedition on 2 

February in 1968 for surveying benthos. They 

dived about 10 metres at Lang Hovde, about 

20:km south from Syowa Station, Antarctica. 

Air and surface water temperatures were about 

0°C and it was calm. Neoprene double wet-

1. 

suits of 5 mm and 6.5 mm in thickness, covenng 

the whole body except face, were used. It 

took 49 minutes in total. The pulse at the end 

of skin diving recorded 130-140/min. One 

diver lost 2 kg weight after diving, but the 

other showed no change. Erythrocytosis, eo

sinopenia (91 % and 72%) and lymphopenia 

caused by stress were observed. There were no 

remarkable physical changes except for mild 

epistaxis and light headache soon after diving. 

ffi9�s*m���-��(7)-��Lt, ���ffi�Lt$�Ltc.���. I��t�� 

t.El�(l)ti#�*��c;lt/c, I968�2jj 2 S, BE!5f!J;l±lli(7)1¥3*�20km /::.&>0 Lang Hovde/� 

wttit� --c:, S *�� c!:: L t Ii vi c 'dJ t (7) ii 1ldffil 1iE � � JJ-tc.. 

$���(7)��j1g:�fflj; ct*��§ s''J/C, ti#�� (7)mJk:a;i;R:5E Ltc � �, �� t 1�71( 

q=ijfJK(l) A {;$:/C :f3 J: ll't-�• J � § l¥J � L, [RJR�fCti#�ffel (7)3tfj � T 0 J: 5, Hl-U��-fr;o:; 

G�f�:a;&> !:J jttcfff}Jt-0 � c /::.fch.-::ifc. 

zfJk(l)l��"t'�{im/C--:)v\t(l)!UfB/i, :$'61::.ml'OOLtdi#�l� (1968, a, b) :O�¥IH�;-Ltv\0 

(7)--C:, *f;i}j-c:Vi, **:f3J:V��l¥Jl1Hlr�±c Ltcv\. 

* JtOi1.:12f.f4iH-l::k�ffi-r*Jf-3/-. First Department of Internal Medicine, Tokyo Medical and Dental 

University. Yushima, Bunkyo-ku, Tokyo. 
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2. 

2. 1. -5:., �h� :i¥1::�rt �;ff71<iffll� C!n:�f'rnx: : ti#) 

2. I. I. � jjfil � '$ 

a. �zi D t:. J: 0 M�IJtr: 

b. A ::'r- .:i - /�* t= J: 0 ,:;:<.1- ;v'..lg:.�ffl� C.:::: =r J ;z, **). 

c. ;7, � :i - /� (: J: 0 16mm �l@ffl;� (;z, 7 - t:0 

�'! 7 ***). 

2. 1.2. S fl 

C ,J{- H:::. J:: ;s �,iJifrnmJlt) 
0 CO) 

2 I n ! El - - /,{.. "4· · · .) · J:m Ffr IJ) 7k 1�1· 

a. ��lkffiiiJ;JLv) ::=. c:. 
b. 7K(;* 10m ��Cl)i'j�ffiifJtiJ;)Ll \ ::=. c:. 

2. I. 4. � fl}J {& � 

a. [2f �fp (8 �. J1:1'1t; 9 �' ,j,#; r Jp t, J �j�-fl). 

0 

b. r b GJ r,t;fM4<l)fJ7k± 2 !fi (fit�, {t%*ft{*l). 

c. s'z�tttt.nJ�!fi�J: c��m'fC1)tc.ciJ). 

2. I. 5. -t iJ) 

a. AA 1L 'J t :tHtt�]t. 

b. ii1k�IJ)�)mm'ft=Aiit-C � 0 ::=. c: tt"f11ts. 

c. ¥3 13 /i C' � 0 ts.: v:T �t7Z-c'�J!liJ;"f11 � L, v \. 

0 
CO) 

* SCUBA (Self Contained Underwater Breathing Apparatus. i;\bl<}) ,S 7,) 7 7:,,, ;/). 
** NICONOS C 13 ;:$::/t$� 35mm 7kll_ififi]ffl ;fJ} 7 ). 

*** SCOOPIC C =t-z / :,,,� 16mm 1>.- rf,1-;fJ} 7 ). 
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2. 2. jff,J<�� LH,7a>1i� c!:: i-0)�� ()ffi�fp]Jx; : *!A*) 

2. 2. I. 1i 1iE 

a. iC,,ff J.I:: : it,Hi-? ';/ -v -/ (IWJ)Iij, M)Iij). 

b. llif�{fll::: AI1Ji¥�, 1Ji¥JJ&f���J (7k�lli:iPi±'t1&). 

c. ;'i�:;f� OiMi�): WJJOJ±, lil$�rvJt��?&A. 

d. .rfn.J±ffi;r : �J±�IJ, 7--T P -1 F. 

e. {:{qJla.ffi;r : JJOf./la., -? -;; i- - /. 

r. sm�l:tl.rtn. C§, 11=. •) : :t<fft, J.1::.rtn.�u. �t.lfil1fl, vt1:�'i\ 

g. }Iij1m 0$f£:�) : WJJOJ± C 6 'Ai±). 

2. 2. 2. i:p iii! 1iE 

a. ll=1m, IlJi1m, �!ln1m: WJJOJ± (Wm'A1&i*,,z tci$J:), •rm•fft�J, �f.lfil1fl, :t<fft. 

b. +l:tl.rfn. : J.1::.rfn.�IJ. �f.lfil:;f/J, :t<fft. 

2. 2. 3. �1im$:�. ��J 

39 

,t,mJt, ��� /�, J.i1:$:, JJotlla.fflJl, IWJ)Iijffl-=f-1*r$:Jl, J#M1:$:Jl, J#M1:�IJ. sm,t,�IJ. 

•rmm •w�. J.1::.rtn.M lli¥���m 7--TP-1F*��/��. 

I) ,C,,ffl@J ($1.filIT 7-- r- �'a'fi) 

2) .rfn. }± 

3) *<% .rfn.J± Wi:t,� 

4) �ipffl:I,: 

5) Jjijtf� X *i t§t 1E 

6) .rfn. �-�t§t1E 

7) tjfiR, t§t'ii! 

8) f* 1i 

9) f* ilia. 
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-----� -------- ---------- �-- ---- --�� -- ---- --------- ---- ---�--------- --- - -- -

---- ------- ----------------

*Y::�iJ::.? 
�1-_l tt J: C5 I� J::r:f J:) 
��i$-J::tt J: C��§I �_lv:f J:) 

3. 1� 

*Y::;K--C:' &) � 

T fW 
T fW 

�X{_l�U:: �01k0) tc C0�m[7);�lL, "( V \ tc iO;, I b G J ii, 2 Jj 2 13 JifAt\ L,�S D O)ff x(:::.2 i 

;f't,, -c, ff{ltiJIJ!B O)m�\J 20km 0) 7 / ::'.l,-t, 7'' ·:f, *EJhlff 0) J\?I Cm�t69f!t 12:;t O, :$:if,¥:39§t 

37�4) t:::.vfn::.v:O,D o)007kiliJ8::'3eJ!t,,t��t,,tc. J!l��<. '%?El +o.2°c, 7J(ifill.i::l>£Hfli 

-c: + 0.1 °c, � � 7m -r: -0. 7°C. -t ('ill< r:::. 7 =j' !) - � / :y' / 0) JV>' tJ !) - j: &) D ' ��ff!� 

i&�\J 2 n Jj -c:, 'i tc:'& ct f:::. {�J;i ht ii v \ 0 i6:, iU:: fP] G{:V: O) X 2-' � 0) l: -t- i6; 20 �� f:V:J;! Git 

tc. �O)� < iiMt=-m 0 t v\ 0 Gt,,< 2 ,..., 3 SfJ t,,i6"Ji*-. ft�,. 

lf-Mi:J=l, ?JliJ�--'?t�UltJti:8::'T'iitt, yt,,lpcl)O)J@-�8:' J:: D, 12s��i::::.fiA-'Y8::'*=rr:t-c 

zivm3'cT. _A - 'Y ii-* ;d- 7
° 

v /!� o)? x v t- _A - 'Y -c:, 7k r=- ii v\ 0 J:: TI[� 1:::.:!!ff* t Cl) Fc19 r:::.<1% 

7kjqi � \ --::J "( < 0 i6\ T ('{:$:¥1:ll-C:�'i ,::1 tf*yful.0)15t!1J8::'*T· ff� 6.5mm 2 5mm O)p�J1-

2 Ji, �lt=�� tc:' v:t Vi 3 Ji 1:::. ft ---_:) t .to l'.J , �{:$: t:::. i';-b it --c ft,:) t cb ---_:) tc i6;, � a� J:: 0 �'::, --'?:t: Q 

"A�O){*fi=a;;tft < A - 'Y f:::.;rri'r (0 � V) f:J fl,"(' �J}J L, ft < "( t /Hi' !v---C < Q. 

13a��m t'J 00��- TI[�Mlki:::.Mih 0&J'iilii£13'Hi� < {ij'fc � 8::' !,� G ft 1;\. 2-3m 1--fili::O)#e:JJ! 

-r:7.::::, l: }-7\ 1f�ft2::'8:'fi1,,,��t'¥�l,tc. l25H&�\�)tc!v_l:J�L,tci6;, j}J·[fi6;�t,,<, � 

ts!l,&iiti# 140/min, xlA.{% 130/min. 200-Fc190)f*�1&_A ='t- Jo -/{ff7](1::::.ft,::1 tc... ��t D :!:: 

ii '::) t1=rtJJ�1:li6;X2' < ft l'.J, *61klRtM� -r:J!J\ L, remci:::. t .to tAJrE� �1,6m;�§Hii6;t, 6 0) 

-c:, ��O)fc lbf'r*�iP G�*�3lftfi%* 8::'��v:::.*atJ, fi%*-r:�� J:: ti# 2 8:'*alv tc:'. J.l:1 

f:l�!/efoO)��ti� 2 t¥� 8::' L, ft iO; G, � � 10m {lE 'i -C';!!v t.: i6;, ::__ O) cb tc l'.J (::::. f� 6 2 7

° 
7 

�Jr-�--'?W�!/toO)k���&��t,,<�Tt,,k. 

�-O)�ffi, ��O)v�J.v-1-��#�*50)f;:/b0)��£20)�•. �@�EO)k� 

1-1-l: t,,tc i!;, �rH495-)-FFliz�7kW* 3:'fift---_:) tc... il:tB L tc.. �1i!ft#Gf::::.%� 8::' f,@ t, 6 J:: :S 1,:::. (-t. --d: 

0)-C:, 14a:;l¥45:5tfw7_k8::'-s}JlJ J:Jftc. :. O)S�O)Jimffi!l,&firffij� 120/min -c:&:>�tc. 



No. 38. 1970] 41 

Jli1&0) J:���. ti#firiltJi�7l 2:: g8f0)4/:H.Ifn. �, ��v'i:/1il@Hi.gO)JHH.Ifn. �i�ct) tc. ;o�. 

fifiJ� 2:: t �fitfc J:: !J :t t ft.< la� L1c. 

SmO)j��Z.,3(f�fC;b�'';bt,\�;h,t, tctc. I @]O)z�JK/C*1!J, 2 S § fC-=f;E� �1' t \.,\ tc. 

16mm �TIID1.1iHti1'i-:. 0) s O)'Jf.. t ft. !J, IRJ s £±-If!."' o 6 cb vft::. ztlkliitfil �� 1 t=�t-. 

7J $ 

� li v) 

1* M c��J:) 
7- :\'- :i - /{ 

1* M (7f<q:i) 

7- :\'- :i - /{ 

i* M Ct�J:) 
7- :\'- :i - /{ 

i* M (7J<.r:p) 
7- :\'- :i - /{ 

{;t M CJ:��) 

mlka�ri'I, -fr!t 

�1 m 11<. rteI � 

a� ri'I, 

12:n'-

'.20 II 

1211 

10 II 

611 

10 II 

1111 

511 

811 

49:n'-

JlJK : ti# 140/min 7((A{* 130/min 

��ffl:lfi (35mm 7- T Jv) 

* !A 1* (/) lffll rui$iij: �, 

�rui$�1*. :m�tffil�. 
��ffl:lfi (16mm IJJ;:U\TI) 

��ffl:lfi (16mm �um) 

JlJK : [ifiJ:=g· 120/min 

1968:tp 1 J3 25 S :to J:: V 2 J3 1 S fczflkMtit�, 2 J3 2 S if#1J<i:t-T1&, PJfj�ft. t.: V) O);j:j,z� � 

1Tft. v\, �fcO)*s* � 1�tc.. 

Fu 

Ok 

Fu 5,200 ml 

Ok 3,650 ml 

4. 3. 1* Ni Ji 

65. Okg-

60. Okg_ 

nm�, mlkM:f&v\fntms c-), ffi c-) 

63.0kg 

59:5kg 
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4. 4. fill Ht - M: 

4. 5. fill 

Fu { �Jfn.fj� 

sifn.:&t� 
Ok { �Jfn.fj� 

sifn.i-Jt� 

Fu 
Ok 

ff 

437 X 104/mm3 

3, 550/mm3 

463 X 104/mm3 

5, 700/mm3 

M 

2.0% 
33. 5 11 

8. 5 II 

0. 0 II 

0. 5 II 

55. 5 II 

1. 0% 
55. 0 II 

6. 0 II 

0. 0 II 

0. 0 II 
38.011 

462 X I04/mm3 

5,400/mma 

463 X I04/mm3 

6, 350/mm3 

8.0% 
74. 5 II 

0. 5 II 
0. 0 II 
0. 5 II 

16. 5 II 

3.0% 
79. 0 II 

1. 5 II 

0. 0 II 

1. 0 II 

15. 5 II 

I00-60mmHg 106-60 mmHg 
122-80 II 116-80 II 

--- - ----------- ----- ----�------------- ---- ---- -- -- --------- ---�------- -�-------------- ---- ---

mr- rf'li Fu Ok 

O" 

l Jt'f-e'. 
100-60mmHg 122-80mmHg 

15" 100-65 II 126-80 II 

30" 4 ° C 17)' 102-70 II 124-84 II 7l(Jkt:pl 
45" �c.1�-t 100-70 II 126-86 II 

6011 

I 105-70 II 126-80 II 

2 '00" I 90-60 II 128-76 II 

4'00" I 92-60 122-80 II 

I 

II 

6 00" 88-56 II 118-70 II 

8'00'' 
I 

92-58 II 116-74 II 

10 00'' 118-70 II 

i!J 7E IE � IE � 
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4. 8. IL,\ � � 

fit11rif7k�ffiIDK� � LJ:.n;, mi¥Jm fltt 1-,. 

4. 9. r,tq ,=t- � � 
fiffj;f-�tt L,. 

5. 

ti±{!rt' O)if7J<L;t, -t-r f:B;t �:fitt :bn t v, Q 1)�, J¥Jt.if: :t-i v' -c fi�ff.Mn, G 7 J !J tJ 0) � 

7 � - F' J:Jt!rt\ p Aw 0) jdtHJIILJ:. 0) wll< t= 1c � ib tr, :. n, = 0) -t' � � c � - 1- 7 ,1 t- 0)---::> 

t'/:.fmt�0)1:.�MrJ1:tJ¥��ffi:1-,, -1fili:< 0)7-v7�1ca:-l± t7'-.r::i c 1-,-c, 7777 /":f�.r::> 

,:r /:. ��u�.n; 7 -v 7 � -\�w�1:.�0)tmiJlIJ � :fift 0 -c 1;\ 0 C�J�t 1966). � tc.. Y 1::,· .::r. 1-- t ti71< i= 

J: Q 1:.�M_ij{IJ�:fitt 0 l V \ Q (GRUZO et al., 1967). 

4-@ O)tf7J<a;!yrFl,,i490fFli i= -t 6-f, 7'.J:-.---::>Mrmt�·vt 0) ftUFJT1¥Jl%7J<r,prJil-r Jo 0 tc... 1k};�rf 2 -

3 & t' 0) Z:NlK T/E c', 7- - �fin:; ft !J 0) .m�vm t= L, tc t:. 'cl), ;@f}Hi ffi!J�.&: � ;h,, �lf;r,p[Jj,JZ£Hi

O) A t- v A n; 5:l n:-. 0 t:. :. c ,J � It 1-, ft vt n r�Ut G ft v,. 

5. 1. i* � 

Fu fi 2kg �' Ok �i 0. 5kg J�c', *':. Fu Ii*� 2 a;!j:fFl,O):@li]h::. J: 0{2$:_m�yf: L, -C fi* 

� I;\ J: 5 f:J:f.;;t 0. fl�JM1it�llJ'.iE 1-, t v\ft v\n;, &'"f1vA - � ,c. J: Q��EE:i§, ;@f}JffilJ�.&:fc. 

mi., -c O)mJktit§¥fi ft*1l-r Jo !J, ffiIDK • P¥!l&fJEjg � l:f.-r t .m:ti'1l/J-r Jo 0:. c n;5'J-n:-. !J, nm 

n, G O)�ffit t *-r Jo 0 5 1-,, ¥fJ�O)fl c � .:z. J: 5. ::t A p *�O) SKREsLET (1968) 0)�15-r 

1b l-2kg 0){2$:.m�&�i,g'rf)-c1;,9. 

5. 2 . .rtrJ. �� p)r � 

Fu 0) � .rfn.J:jttf JJO ti, filtlK £Ui- r:, &'" ,1 I::" :,,,- 7'' 0) Jf ff� c L, -c 0) Jf ff:� c � � f c. J: Q 

S .rfn.JJi<:5tllfil a:-7:f. 0 c, fit1�%{� c t tiFf='JtO)t§M1¥J�JJO c, tiHitJJi< • !J :,,,-/�JtO)t§Ml¥Ji�& 

n;�ijl=]c'Jbg. Ms�Mla:-itllL-tt!R]C@:[A]a:-�L,, �fc.t(f�ftimx&fi, Fu 91%, Ok 72% 

-r:· &.) 0 tc... tif i:t:1:ft�JJmi�ijl=j c' vi f,t V \ ;o;, :ti'{l/J/C. J: Q granulocytosis, T ft V � marginal pool 

7'.), G lli -C � tr:. t O) c' Jb 0 5. � tr:.tif�Jt !J / /�Jt1)�p,i A r v A re J: Q eo;inlymphopenie 
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5. 3 . .rm E£ 

m1J<. AA vC 4 ° C 0) 71<. fc Jt-¥ &- if L -c�� lfn.HJJ'\.� �u:a:: dj-tc 7);' )illJ t'.j� � 1b IE 1tifi'li!Hl (l) �t,J 

-e: § 1f t$ml 0) � !ffiH'i ['g cl) G ti ft iP ':> k.  

ii71<.1& f'i :;z, - � &- Rx v \ -e:;\B30:5H& r::. Jfu.EE &- iJliJJE L tc 7) ; ,  jµj]�� L t \ �1� t'i ft 7)� ,::, t:.. . rttok 

r:p /j: :A. - � 3:'. �:i If -C v ' 0 IJ) --C' jJliJ7E -C � ft 7), ':> t:.. iJ� , JN� Jfu.)± l 50mmHg fJJ:. /C J:.� L t  l ' t:.. 

Cl) -e: Ii ft v \ t, t'. }\!.U:J ti 0 .  

5. 4. i- (!) iih 

iC,,:�1§, Mllt� X il��. v \ f �1' 1b *1'tc T � � �1� Ii �.iZ cl) G f! Jt 7), ':> t:.. . 

¥,i/c �ni¥.JJl't*'/i ft ZJ� 0 t:.. iJ; , tc t�J:.�_ig�IJ)-tl::\_rfl:r., TIJ'.ffr¥jfi Fu IJ)�'Et, t£ v \  J:.�iliv� Cl) 

t:.. 'cl) -C 'tlJ --::i tc . 13 *-c O)iJ1Jrir:p t IR1fmO)tLE;/k &-�@Jri.� L i:: iJ: , T¥Iti O){fbJ<.ila. &- :ft:5:t� u!!: L 

-c , ;
1

:: � *-� v 'tLE:!k-e: ® --:::i -c t ,  •�.  �fJilIJf � .  ;1J1'lijQ:� 1:i:: t' o) �� 11 zw1k &- s!Hr-t-� @" -c (i 

tn \ .  ,-0-@J O) ?t1J< fi ?* � 1 0m, M;a�r�9490-119 t'. v '  0 ?{bJ< � Lt /t 1)J� <l)f£�'t' 2b �J:.. ;), ,; 7( 

}J /c � G ft ir• ,::, tc IJ) -e: cb 6 0 ZJ; ,  j*git'\'a�r�, i()� t� ;t t:..�if /C f j: ,  l=tJtEEir IJ) ft v \ J:: :S (c@ l , 

�ti-C b lttLEfC f){i§ 0 PJ��'fiiJ: '&J 0 b ft -C, -W�O)iJl ltiti 1L t) 0 Iv , �� IJ){,$:lffl] -C�& � fJ: vt ft, 

t:f7flJlJJ /J) �1fl &- v- � 'A] :::::.  T :::::.  � re ft 0 -c 'tlJ 6 3 . 

4'@]{5i!ft3 Ltc :f � 7
° 

v /'� 5�7,';v lJ) r; x. v ], 7' - 'Y Ii , {i?M O) ,i�\ '""0 /i a�t--C: cb --::d:.. ;)� , \s 

�J.'--9 &'t ffj)Jj�ffilW� � tit:.. .  5mm)f O) _:;z, - � 2 1J: '""0 J:: l \ IJ) '""0 /j: ft ZJ� 0 5 iA �;tB�� f: /i , 

F' 7 1 7- - � --c:JJJ[ffii t (#JkiJ, G fi�tT� 2' --r 'tlJ 6 ? . 

1J:tf{tdJUc � L t Vi , ��rfb, -==t-f#r�Jl,1i FP�fil!f ft v '  7J;, 6 �/±IJ)�J±fif'i 13 * --r t �y It 

v , .  r ,,&,. CJ  tc fi ,t <l) J::  5 ftfilt1ftt iJ; ft v 1 0) '""0, 111.k�gi[ &- 1 0m t'. #tcb t:.. iJ: ,  )f�j,1J IJ)*f§;)� 

� :::::. --:::i t , :ilJIIJ)�iHi !tiOO (c '&J 0 J:: 5 (c f'}�}3ijO)iC,,9mh,, ;; y - / b �lit Ltc .  � t:.. , � -'i' f

t: J:: 0 1En�: t �� L t  t \ f� ::. � &-H�:t :iJD *- t :J::3 < .  

6. :to b 

it1l<T 0  fc � IJ ,  �JJtli}
T

-it-ttS; !C�/n L t:..)Zm*WJi-\':> , f;t�l. � h 0 *i!iSl:��vi ,  /i /J: (i f_: 

j( vf � f:_ T �- tc� t 'tlJ �:de iJ; , �:tu.i �'*-Jf, *�fmi-.ff Ii c 6':>)Ztf�IJ):15' � iJ;%N J:: < §t� L t  

T � l'.J , � td&� o) �-ll)J i3 2:' �$):b -::de t5n� tf --r�*f±r� &-:1cT T  0 :::::.  t iJ; --r � tc . ::. ::. t =-� 

,c_,, J:: IJ ��Hi L � -t. 
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