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Activity Patterns and Energy Metabolism of Men in

Antarctic Expedition
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1. Introduction

A considerable number of papers have been written on the physiological
changes 1n men following prolonged exposure to a cold environment (ApaMs and
SMmiTH, 1962; BurTOoN and EpnoLwm, 1955; HART and others, 1962; NELMs and SOPER,
1962; YosHimura and Iipa, 1950). However, controversy has continued as to wheth-
er any conclusive evidence of cold acclimatization could exist in men who were
living 1n a polar scientific station (ButTson, 1949; KaGeEvama, 1963; Lewis and
others, 1960; MiLan and RobnuaL, 196]1; NorMmAaN, 1965; ORrR, 1965; WiLson, 1966).
NorMaN (1965) suggested that the climatic stress was not sufficiently severe to pro-
duce any significant physiological change to men who were living 1n a normal
polar station, because of the protective effect of housing, clothing and heating.
Therefore, 1t seemed essential to assess the severity of the climatic stress to which

man was exposed, before exploring any physiological changes induced by cold in
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such a polar station. Also, 1t 1s mmportant to clarify the activity patterns of the
subject 1n ordet to evaluate the energy expenditure and required level of food
mtake. In addition 1t 15 useful to know 1if the patterns of activity arc 1elated to
the envirenmental conditions including hight and darkness as well as climate.

In this study, the measurcments of the tempecrature to which men were ex-
posed, of the activity patterns, and of the energy expenditure and food intake
were made during the one year stay at Syowa Station in 1967. Syowa Station (lat.
£69°00’S, long. 39°35’E) 1s situated on a small 1sland on the Prince Olav Coast, and
it 18 5 km apart from the coast of the Antarctic Continent. The annual mean
climatic temperature at the station n 1967 was minus 10.2°C and the mean wind
velocity was 6.0m/s. At the time of this study 24 members were wintering over.
Although observations were mainly performed at the station, onc obscrvation was
done during a traversc expedition to inland, in order to compare activity and ex-
posutc conditions with those at the station This traversing trip by 9 members took
75 days from the beginning of November, 1967. The study was performed in the
area about lat. 75°S, long. 43°F, and elevation 3,500m.

2. Material and Method

2.1 Subjects and days of observation

Nine members werc chosen as the subjects of this study. Age and speciality of
individual subject and times of observations are given in Table 1.  Their average
body weight was 63.8 kg and surface area 1.72m? On the day of observation the
subjects were studied for a 24 hour period. Each subject. in addition to his special

assignment, took his turn in the dailv domestic routine at the station, such as clean-

Table 1  Subjects and days of observation

! Days of observation

Subject Age  Occupation

May August October iDecemberTTraverse

41 Meteorologist
23 Cook
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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 maintenance, 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 activity of the subject was
recorded on cards, in a similar way to that designed by EpHoLm and others (1935).
In order to make the recording simple, activity was classified into the following

11 categories:

1. Lying 7. Heavy work indoors

2. Sitting 8. Walking outdoors

3. Standing 9. Light work outdoors

4. Walking indoors 10. Medium work outdoors
5. Light work indoors 11. Heavy work outdoors

6. Medium work indoors
The classification of various activities was based on subjective impression. For
example, time spent in bed, whether the subject was asleep or awake, was taken
as lying. Sitting included resting, talking, writing, eating, and doing instrument
maintenance. Light work included dressing, washing, and driving light snow cas.
Raising weather balloons, climbing slopes, driving heavy snow cars, and works ol
mechanical repairing were listed as medium work. Digging snow, carrying hcavy

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 & + BMR x Y (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 activitly,
t : Time spent lying (min),

¢ : Time spent for each category of activity (min).
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According to the results of measurement of relative metabolic rate for various

activities of a Japanese (NUMAJIRI, 1955), the following figures have been taken as
the value of RMR of each category ol activity.

Lying: 0.0, Situng: 0.3, Standing: 0.5, Walking: 2.0, Light work: 1.0, Medium
work: 3.0, Heavy work: 5.0.

The basal metabolic rate for individual subject was determined fiom the published

standard value of basal metabolic rate for a Japancsc (Kagaku Gijutsu-Cho, 1939)

2. 4. Measurement of food intake

Kind and weight of the food consumed by cach subject were recorded. The
calorie intakc was computed {rom the published standard componcnt of various
kinds of food (Nippon Eiyoshi Kai, 1958)

2. 5. Measurement of exposure temperature

During the period of obscivation, thec measurement of dry bulb temperaturc

was made 1n the immediatc vicinity of the subject both indoors and outdoors

3. Results

3. 1. Activity pattern

The average time spent for each category of activity 1s shown 1n Iigs. 1 a and
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Fig.l The average percentage of tume spent for each category of actvity I lung, 2 suting, 3 standing,
4 walking wndoors; 5 light work wndoors, 6 medum work indoors, 7 heavy work indoors, 8 walk-
ing outdoors, 9.light work outdoors; 10 medwm work outdoors, 11 heavy work outdoors.

a At the station through the year.
b Duning the traversc
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b, where the mean values for all observations at the station and during the trav-
erse are presented in 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 lying 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 proportion 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
ol time spent outdoors was minimum in August (5.6 per cent) and maximum in

December (20.1 per cent).

Table 2 The monthly mean values of the per cent time spent in the varions activities.

Activities May August | October [December | Mean Traverse
!

Lying 313 35 4 31 4 30 6 32 2 26. 4
Sitting 35 9 317 33 5 323 33 3 29 8
Standing 41 27 55 46 42 12
Walking indoors 49 56 42 4 1 4.7 00
Light work indoors 10 0 17 8 113 8.5 119 67
Medium work 1ndoors 37 10 09 00 1.4 22 1
Heavy work indoors 00 02 00 00 0.0 0.6
Walking outdoors 31 10 43 40 31 15
Light work outdoors 19 31 45 1.7 28 85
Medium work outdoors 31 04 09 76 30 00
Heavy work outdoors ’ 21 11 35 6 8 3 4 32
Time spent indoors 89 8 94 4 86 8 79.9 87 7 86 6
Time spent outdoors 10 2 5 13 2 20 1 12 3 13.2

3.2. Energy expenditure and food intake

The calculated energy expenditure and food intake are shown in Table 3. The
relation of caloric balance to change in body weight of two subjects are illustrated
in Fig. 2. In the life at the station, energy expenditure was minimum and calorie
intake was 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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Tuble 3 The monthly mean values of energy expenditure and calorie intake

Month Expenditure (kcal/day) Intake (kcal/day)
May 2 820 2 500
August 2,580 3, 060
October 2,800 2,990
December 3 190 2,970
Mean 2, 850 2,830
During traverse 3,270 3,000
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Fig. 2. The changes in body weight and energy balance of two subjects at the station
Dotted line+ Changes m body weght.
Solid line: Energy balance

3. 3. Exposure temperature

The distribution of exposure temperature is shown in Figs. 3a and b, wheic
the mean value for one year at the station and during the traverse arc prescnted

again in the form of histogram. In the Iife at the station, almost fifty per cent of

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

value of exposure temperature at the station was calculated as 11.2°C.. Tor only 11
per cent of time spent, subjccts were cxposed to the temperaturc below 0°C.

Naturally, values of exposure temperature of ecach month showed little change
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comparing with those of meteorological temperatwe (Fig. 4). During the traverse,
subjects were exposed to a 1ather cold condition The mean exposure temperature
was calculated to be 2.1°C, and for moic than 50 per cent ol time, subjccts weice

evposed to the temperatuie below 0°C.

4 Discussion

The proportion of time spent m siting and lymg by the subjects in this study
was very large, being 66 per cent. However, stmilar data have been obtamed by
many other mvestigators LI'pnorm and others (1955) reported 75 per cent for British
military cadets, GARrEY and others (1935) reported 69 per cent [or coal miners,
and Tro (1966) reported that 56 per cent of time was spent v these activities by
1elmas of a sulfur mimme m Japan In Antarctica, Noryan (1965) reported 75 per
cent. ‘Lherefore, it can be said that these patterns of activity aic not peculiar to
the Antarctic r1egion, but arc rather common patteins ol human Life Durmg the
traveise, time spent i sitting and sleeping was calculated as 55 per cent, and the
differtence of this value from that at the station seems to indicate relatively heavy
physical strams m the traverse  Unexpectedly, the proportion of time spent out-
doors durimg the traverse was not difterent from that at the station. Normax (1965)
reported that 39 per cent of time was spent outdoors during thewr sledge expedi-
tion, while 9 per cent at thewr stauon. The difference comes from the snow cars
used m our traverse. As these snow cars had a cabin ol closed type. the subjects
were completely protected from the severe outdoor condition, so far as they 1e-
mamecd mside the vehicles The subjects were exposed to cold outcoor temperatwie
during the traverse only when they were doing scientihc observations o daily
works ol car mamntcnance.

The large proportion of time spent m sittmg and sleepmg does not 1cecessarily
mean that the level of physical work was particularly low. According to NUMAJIRT
(1955), the cnergy cxpenditwre of 2,800 kcal/day, which was the mean valuc fo
the subjects at the station. coiresponded to that for workers engaged m medium
class physical work 1 Japan Kawawara and otheis (1966) 1ceported that the
energy expenditure of a Japanese university student was 2,560 kcal/day, and Tio
(1966) 1eported that a Japancse sullwr mme refiner expended 3,035 kcal/day. The
encrgy expenditure of 3,270 kcal/day during the traveise corresponded to that tor
heavy physical workers m Japan. Other invesugators 1eported that more than 3,000
keal/day was expended by the subjects m then sledge expeditions o the pola
1egion (NormAaxn, 1950; Orr, 1963; Mastirron and others, 1957).

Therefore. even 1f the difference of body construction between Japanese and
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Europians was considered, the physical strain in our (raverse expcdition did not
seem to be extremely severc. The mean value of food intake during this traverse
(3,050 kcal/day) was less than that of the cneigy cxpenditure by 200 kcal per day.
The reason was not the shortage of provisions but the loss of appetite, which pre-
sumably came from the relatively monotonous composition of the rations.

The seasonal fluctuations of cnergy cxpenditure and changes of activity pat-
tetn seem to reflect the influcnce of cnvironmental conditions. In the coldest
August when the daytime 1s shortest of all thc months of observation, time spent
outdoors recorded the minimum and correspondingly energy expenditure was in
the minimum. On the contrary, in December, time spent outdoors and energy ex-
penditure showed theirr maximum values. Changes in Dbody weight, mcrcasing n
dark months and diminishing towards thc end ol winter, were attributed to this
energy balance and activity patterns.

Similar tendency has been reported also by other observers (WiLson, 1966;
Muro, 1967). In order to express the climatic stress, the use of only the conven-
tional meteorological data, such as maximum and minimum values of tempcraturc
and wind velocity, 1s not sufficient. The nccessary data 1s the values ol temper-
aturc and wind velocity to which man 1s really cxposed (NOormAN, 1965). In tlus
study the observation of wind vclocity in this sense was not performed. However,
the exposure tcmperature alone will be enough to express the difference between
climatic data and real cnvironmental condition. The meteorological data at Syowa
Station shows that a very cold temperature 1s reached when the wind velocity 1s
very low, and high wind velocity 1s 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 thc subjcct was not so severe.
The average value of exposure temperaturc (11.2°C) at the station 1s considered
not very cold comparing with that 1in the lifc of Japanesc farmas or fishe-
men.

On the other hand, the exposure tempeature during thc traverse was consi-
derably low, but the protective effect of the snow cars was obvious as compared
with the earlier sledge expeditions. The degree of cold exposure required to stim-
ulate physiological adaptation in man is not known. From the subjective impres-
sion 1t seems that man can tolerate severe cold with thinner clothing in the late
stage of wintering, comparing with the beginning. However, it appears probable
that in the daily life at Syowa Station, the exposure 1s not sufficiently severe to
produce any significant physiological changes.
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5. Conclusion
The following facts have been confirmed on the men who passed onc ycar at
Syowa Station:
(1) The proportion of tunc spent out of doots was very sinall
(2) 'T'he cnergy cexpenditure and caloric mntake per day were similar to those of
the workers engaged i medium class physical work in Japan.
(3) The time during which men werc exposed to cxtremncly cold tempcerature
was very short.
The influence of the cnvironmental stress at the station to the patterns of

activity and physiological changes has been discussed.
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