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1. Introduction 

A considerable number of papers have been wntten on the phys10logic.al 

changes in men following prolonged exposure to a cold environment (ADAMS and 

SMITH, 1962; BURTON and EDHOLM, 1955; HART and others, 1962; NELMS and SoPER, 

1962; YosHIMURA and ImA, 1950). However, controversy has continued as to wheth­

er any conclusive evidence of cold acchmatizat10n could exist in men who were 

living in a polar scientific stat10n (BuTsON, 1949; KAGEYAMA, 1963; LEWIS and 

others, 1960; MILAN and RoDHAL, 1961; NORMAN, 1965; ORR, 1965; WILSON, 1966). 

NORMAN (1965) suggested that the climatic stress was not sufficiently severe to pro­

duce any significant phys10log1cal change to men who were living in a normal 

polar stat10n, because of the protective effect of housing, clothing and heating. 

Therefore, 1t seemed essential to assess the seventy of the climatic stress to which 

man was exposed, before exploring any phys10log1cal changes induced by cold in 
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such a polar stat10n. Also, it is important to clanfy the activity patterns of the 
;iUbjeCt m order to evaluate the energy expenditure and reqmred level of food 
mtakc. In addit10n lt 1<;, useful to know if the patterns of activity arc 1 elated to 
the environmental condit10ns mcludmg light and darknes� as well as climate. 

In this study, the measurements of the temperature to which men were ex­
posed, of the activity patterns, and of the energy expenditure and food mtake 
\\·ere made during the one 1car stay at Syowa Stat10n m 1967. Syowa Stat10n (lat. 
G9 °00'S, long. 39 °35'£) 1s situated on a small island on the Pnnce Olav Coast, and 
1t 1s 5 km apart from the coast of the Antarctic Contment. The annual mean 
climatic temperature at the station m 1967 was mmus 10.2°C and the mean wmd 
\ elocit1 \v:.t'i 6.0m/s. At the time of this study 24 members were wmtenng over . 
. \lthough observat10ns were marnly performed at the stat10n, one observation was 
done dur mg a traverse expedition to rnland, m order to compare activity and ex­
posm e cond1t10rn, with those at the stat10n This traversmg tnp by 9 members took 
T5 days from the begmnmg of November, 1967. The study was performed m the 
area about lat. 75°S, long. 43°E, and elevat10n 3,500m. 

2. Material and Method 

2. 1 Subjects and days of observation 

Nme members were chosen ac; the subjects of this study. Age and speciality of 
md1v1dual subject and times of ob<;,ervat10ns are given m Table I. Their average 
body weight was 63.8 kg and surface area 1.72 m2

• On the day of observat10n the 
subjects \'\'ere studied for a 24 hour penod. Each subject. m add1t10n to hrs special 
assignment, took his turn 111 the daily domestic routme at the station, such as clean-

Table 1 SubJects and days of observation 

------- -�-=======---=--�:-====--=====------ ------------ ------- - -- - -- -

Subject Age Occupation 

T H 36 Biologist 
I 0 41 Meteorologist 

K s 23 Cook 
y 0 40 Mechanic 

M 36 Field assi 5tant 

s I 39 Mechanic 
y 36 Gcologi5t 
I 46 Glaciol0g1 �t 

--------

May 

Days of observation 

August October \December I Traverse 

3 2 

3 I 2 

3 2 -
3 -
3 - I 2 I 

3 

- 2 

2 
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ing rooms, serving at table, shovelling snow into a water tank, carrying fuel 

drums, and other daily chores. During the traverse, driving snow cars, working on 

vehicle mamtenance, and digging a deep hole in the snow for the observation of 

an artificial earthquake, were imposed as common duties upon all members be­

sides their special works. 

2. 2. Recording of daily activities 

On the day of observation, every minute of the activ ity of the subject wa� 

recorded on cards, in a similar way to that designed by EDHOLM and others (1955). 

In order to make the recording simple, activity was classified into the following 

11 categories: 

1. Lying 

2. Sitting 

3. Standing 

4. Walking indoors 

5. Light work indo01 s 

6. Medium work indoors 

7. Heavy work indoors 

8. Walking outdoors 

9. Light work outdoors 

10. Medium work outdoors 

11. Heavy work outdoors 

The classification of various activities was based on subjective impression. F01 

example, time spent in bed, whether the subject was asleep or awake, was taken 

as lymg. Sitting included resting, talking, writing, eating, and doing instrurncnl 

mamtenance. Light work included dressing, washing, and driving light snow c<11 c,. 

Raising weather balloons, climbmg slopes, driving heavy snow cars, and works ol 

mechanical repairing were listed as medium work. Digging snow, carrymg heavy 

boxes, and moving fuel drums were listed as heavy work. 

2. 3. Calculation of energy expenditure 

It was not possible to measure directly the individual energy expenditure of 

each subject for all activities. However, LEWIS and MASTERTON (1960) had reported 

that it was reasonably permissible to use mean values obtained from literature. 

Therefore, daily energy expenditure of individual subject was calculated from 

the following formula: 

A = BMR x t1 + BMR x 2J (1. 2 x RMR) t 
where, 

A Energy expenditure of the day (kcal), 

BMR : Basal metabolic rate of the subject (kcal/min), 

RMR: Relative metabolic rate for each category of activity, 

t1 Time spent lying (min), 

t Time spent for each category of activity (min). 
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According to the results of measmement of relative metabolic rate for vanou'.i 

activities of a Japanese (NUMAJIRI, 1955), the followmg figures have been taken as 

the value of RMR of each category of zictivity. 

Lying: 0.0, Sittmg: 0.3, Standmg: 0.5, Walkmg: 2.0, Light work: l.0, .Medrnm 

work: 3.0, Heavy work: 5.0. 

The basal metabolic rate for mdiv1dual subJect wa:-i determmcd fi om the pubh:-ihed 

standard value of basal meta boh c rate for a J d panesc (Kagaku Gi ju tsu-Cho, 1959) 

2. 4. Measurement of food intake 

Kind and weight of the food consumed by each subJect were recorded. The 

calorie intake was corn puted from the pu bli::,hcd ::,Lrndard c omponcnL of v,u wm 

kmds of food (Nippon E1yoshi Kai, 1958) 

2. 5. Measurement of exposure temperature 

During the period of obse1 vation, the mea:-,uremeut of dry bulb temperature 

wa:-. made 111 the 1mmediatc v1cm1ty of the subject both mdoor::, and outdoor:-, 

3. Results 

3. L Activity pattern 
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The average percentage of time spent for each category of activity 1 lying, 2 sittmg, 3 standing, 

4 walking indoors; 5 light work indoors, 6 medium work indoors, 7 heavy work indoors, 8 walk­

ing outdoors, 9. light work outdoors; JO medium work outdoors, 11 heavy work 02ltdo01s. 

At the station through the year. 

b During the traverse 
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b, where the mean values for all observations at the station and during the trav­

erse are presented m the form of histogram. The most striking feature of these 

results was the large proportion of time spent in sitting and lying. Although the 

time varied considerably with individual subject, the mean value of time spent in 

sitting and lymg was calculated to be 66 per cent at the station, while the value 

during the traverse was a little smaller than that. The next noticeable feature was 

the small proport10n of time spent outdoors. The mean value of it was about 13 

per cent both at the station and during the traverse. Table 2 shows the seasonal 

changes of average time distribution for each category of activity. The proportion 

of time spent outdoors was minimum in August (5.6 per cent) and maximum in 

December (20. 1 per cent). 

Table 2 The monthly mean valuef of the per cent time spent in the varzons activities. 

Act1v1t1es May I August I October !December I Mean I Traverse 

I 

Lying 
I 

31 3 15 4 31 4 30 6 32 2 26.4 
S1ttmg 

I 
'3'i 9 31 7 33 5 32 3 33 3 29 8 

Standing 
I 

4 1 2 7 5 5 4 6 4 2 l 2 
Walkmg mdoors I 4 9 5 G 4 2 4 l 4. 7 0 0 
Light work mdoors I JO () 17 8 11 3 8.5 11 9 6 7 
Medmm work mdoors 3 7 

I 

1 0 0 9 0 () l. 4 22 I 
Heavy work indoors 0 0 0 2 0 0 0 0 0.0 0.6 
Walkmg outdoors 3 I 1 0 4 3 4 0 3 I I 5 
Light work outdoors 1 9 J 1 4 'j I. 7 2 8 8 5 
Medmm work outdoors 3 1 0 4 0 9 7 6 3 0 0 0 
Heavy work outdoors I 2 1 1 l 3 5 6 8 3 4 3 2 

Time spent indoors 
I 

I 89 8 94 4 86 8 79.9 87 7 86 6 
Time spent outdoo1 � 

I 
IO 2 'i 6 13 2 20 l 12 3 13.2 

3. 2. Energy expenditure and food intake 

The calculated energy expenditure and food mtake are shown in Table 3. The 

relation of caloric balance to change in body weight of two subjects are illustrated 

m Fig. 2. In the life at the station, energy expenditure was minimum and calorie 

mtake wa-; maximum in August. Reflecting this relation, many subjects recorded 

their maximum body weight in August. During the traverse, energy expenditure 

exceeded food intake by about 200 kcal per day, and the body weight of the four 

subjects decreased 2.6 kg on the average. 
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Tahle The monthly mean values of energy exj1endzture and calorie intake 
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3. 3. Exposure temperature 

The distribution of exposure tern perature 1s shown in Figs. 3a and b, w he1 c 

t he mean value for one year at the station and durmg the traverse arc presented 

again in the form of histogram. In the hf e at the stat10n, almost fifty per cent of 

t1me was spent when the temperature was between 15°C to 20°C, and the mean 

val ue of exposure temperature at the stat10n was calculated a'l l l .2° C. For only 1 1  

prr cent of time spent, subject<; were exposed to the tem perature bcl0vv Q° C. 
N:-i t ur:-i lly, values of cxpmurc tcrnper atu1 c of each month showed l i ttle change 
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corn pa, mg vv1th t hm,c o! rn ctcm olog1cc1 1 tern peratm e (F1g. 4). Dunng the t1 cWCI sc, 

subjects  wc1 e cxpo:-:,ed to ,l i d the t  cold cond1t10n Th e mean expo:c.ure tem perature 

was calcul ated to  bc 2. 1 ° C, and l or rnoi c  than 50 per cen t of  tnne, c;u b.1ccts we1 e 

c'\. poscd to  the tcm pei ctt m e  below 0° C :. 

4 Ih '-.CUSS1 011 

Th e p 1 o po rt 1on  of  t i me spen t m s 1t tmg crnd lyr ng by the snbjcetc; m this s t udy 

w ,i s.,  vcr y l a t  ge, bCLng G6 pct cent .  However, similar data have been obtamed by 

many o the1 m vest1gc1tors EDHOLM and others ( 1955) reported 75 per  cen t for British 

n1 1 l iL1 1  y cadet<;, GARREY a nd ot l i c 1 s ( 1 955) reprn t< 'cl G9 pc t  cen t fm coal  rnm rrs, 

,rnd lTo (l 9b6) rc po1 trd t lut 56 pe1 c cn t ol t une  \V<l'-. '-tp <'nt 1 1 1  t h cc;c act 1 v 1 t 1 cs hy 

1 c Jmc1 s of a ::iul l  u1 mmc m J .1pan ln Antc11 c t 1ca ,  �ORI\L-\i's (1 ()65) re p01 tccl 75 pc1 

cen t .  'l hercf orc, i t  c an be :-:,aid that t h ese patterns of activity a 1  e not pecul ta1  to 

the J\n tai cu r 1 cg10n , !Jut ;:i re 1 at h er common pa ttr 1  nc; of h l lman  l i fe Dunng the 

ll ave1  sc, time :-ipen t m ::i1tt 1 11 g  and s l ccprng \\ as c ,dculatcd ,1s 55 per cen t, and the 

d 1ffe1 cncc of tlus value from t lut ,1 t the ;c, t ,1 t lon seems  to 1 11d1cate  reb t1 vc ly heav') 

p l 1 y:-i 1ci l s t r;1 m s  111 t h e  l t il \'Crsc U n expected ly, t h e proport ion of t 1 11 1 e  spen t ou t­

dorn s dm mg the lraverse w as not d1fle1 cn t h orn thd t a l  the stat ion . NoRMA::s..r (l 965) 

1 ep0 1 ted that  39 pet cen t oC t i rnc was spent ou tdom s dunng their sledge expedi­

llon , w h i le CJ per cen t al  lhe1r sL1 L10n. The difference comes f ro m  the sn m,v ca rs 

u c,ccl 111 our t t  a verc,c. As t hese sn ow can h c1 d  a cabm of closed type. the sub ye t "  

were comple t e ly  p1 otectec.l fi orn t he sevc1 c outdoor cond1 t 1on , :-io Lu a<; they J <:'­

nrn mccl m :-i1de  thf' vch 1rlcs The :-iub iectc,  were expo-,cd to  cold ou tclo01 tem pci ,1 t rn  e 

d u ri n g  the  tr ,tvc1 sc o n l') when th < 'y  w ere clrn ng  socn td l <  obc,e1 v,1 t 10n c, 01 d ,u l y  

wm k c,  o !  en mam ten an  cc. 

The l a1 ge p1 opor t rnn oC t 1mc  c;pen L 1 1 1  :-i1 t t 1 11g  and -;] ec p 1 11g  docs not n ccc<..,c,anly 

mcc1n  tha t  the  I n cl or physic al v, ork \v ,1s partic u l ar l y  lovv . Accordmg t o  NuMAJIRI 

( 1 955) , the energy cxprnch tu1 e of 2,800 kc'-d/cL1y ,  \v h 1ch was the mean val ue f 01 

the suh.1cc t s  a t  t he  st allon ,  c01 responded to that f or v, orker s engaged m rnecburn 

c L1 sc; phy:-i 1c;:i ] \v 01 k m Japan KAvv AHAT ·\ ,rn d  othe1 s ( 1966) 1 cported t hat the 

en ergy ex pcnd1trn c of a J;:i,pancse ll J11VCr <;1 ty c;tuckn t wa<, 2,560 kecd/day, a n d  h o  

( 1  %G) 1 epm ted tha t a Japan ese suH ur rnrnc refmcr expended 3,035 kcal /day. The 

en c, gy expenditure of 3,270 kcal/day cl ur 111g the t i  ave1 c,c correspon ded to t hat t or 

heav y physic-t i w01 kcrs 1 11 Jctp,1 1 1 . (hhc 1  tn\'Cst1ga t 01 <; 1 cported t h . i t m 0 1  <' than 5,000 

kcd /day  \v ,l <: ex pen ded b') t h e :-iu b 1cc t c; m then c, l cdge cx pcd 1 t i on <;  i n  t he pol :-1 1 

1 c2, 1 on (NOR MA1', J q r,() ; Orm. 1 %3 ;  MAs'1 1 RTO:\ ,rn d  others;, 1 9)7). 

T l i ercf01 r, even i f  the d 1 f-fe1 cnce of bocl y ron c,t r uct inn bet,, ee1 1 Japan rc;r ctn d  
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Europians was considered, the physical stram in our Lr averse expedit10n did not 

seem to be extremely severe. The mean value of food mtake dunng this traven,e 

(3,050 kcal/day) was less than that of the energy expenditure by 200 kcal per day. 

The reason was not the shortage of provisions but the loss of appetite, wluch pre­

sumably came from the relatively monotonous composition of the rat10ns. 

The seasonal fluctuations of energy expenditm e and changes of activity pat­

tern  seem to reflect the mfluence oi environmental condit10ns. In the coldes l  

August when the daytime is shortest of all the months of obser vation, time spent 

outdoors recorded the mimmum and correspondingly energy expenditure was in 

the minimum. On the contrary, in December, time spent outdoors and energy ex­

penditure showed their maximum values. Changes 111 body weight, mcreasmg m 

dark months and diminishmg toward5 the end of wm ler, were attnbutecl lo tlrn; 

energy balance and activity patterns. 

Similar tendency has been reported also by other observer s (WILSON, l 9b6 ; 

MuTo, 1967). In order to express the climatic stress, the use of only the conven­

tional meteorological data, such as maximum and minimum values of temperature 

and wmd velocity, is not sufficient. The necessar y data is the values of temper­

ature and wind velocity to which man is really exposed (NORMAN, 1965). In tlus 

study the observat10n of wmd velocity in this sense wa5 not pe1 formed. However, 

the exposure temperature alone will be enough to express the difference between 

climatic data and 1 eal environmental condit10n. The meteorological data at Syowa 

Stat10n shows that a very cold temperature is reached when the wmd velocity is 

very low, and high wind velocity is usually accompanied by a relatively warm 

temperature. Thus, when a subject was exposed to a very cold temperature the 

wind velocity was very low, so that the stress to the subject was not so severe. 

The avernge value of exposure temperature (l l.2 °C) at the stat10n is considered 

not very cold comparing with that m the life of Japanese Lu mer s or fishe1 -

men. 

On the other hand, the exposure tempeature dm ing the traverse was comi­

derably low, but the protective effect of the snow cars was obvious ,ls compared 

with the earlier sledge expedit10ns. The degree of cold exposure reqmred to stim­

ulate physiological adaptat10n in man is not known. From the subjective impres­

sion it seems that man can tolerate severe cold with thinner clothmg in the late 

stage of wintering, comparing with the beginnmg. However, it appears probable 

that in the daily life at Syowa Station, the exposure is not sufficiently severe to 
produce any sigmficc1nt physiological changes. 



8B Shigeru H1RO�r.. 

5. Conclusion 

The J ol l owmg L1 c t 5  have been confirmed 01 1 the men who passrd one year at 

Syow a Stall on : 

( l )  The p1 0p01 l lo 1 1  of time s pc 1 1 t  out ot doot :-, wa.., very :-,m a l l  

(2) The cne1 gy  expenditure ctnd calor ic mtake per day were s imda1 t o  tho:::.e o f  

lhc worker:::. engaged m medi um class physical wo1 k m Japan. 

(3) The t i me during which men were exposed to extremel y  cold temperature 

vvas ve 1 y '3hort .  

The in fluence of  t he env i r onmentzd  strcs:i at the stat ion to the patterns of 

<tcl lv i t  y <t 1 1 d  phys10log ica l  d1 L1ngc:::. ha., bec1 1  cl 1:::.cus:icd .  
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