‘ DECLASSIFIED
Authority A2 S) 3075 'v

REPRODUCED AT THE NATIONAL ARCHIVES

=) By 117/ NARA Date ZLZ¢ |

RCC7.960517.001

ARCTIC
AEROMEDBICAL

ARCTIC SURVIVAL RATIONS

PROJECT NUMBER 22-1101-0002
REPORT NUMBER 1

LADD AIR FORCE BASE
A L A S K A

National Arch;ves, College Park, MD
Review of 4 April 1996 and § May 1996

Record Group 341
Entry 44

Box 270

Folder: &g - yo i~ o00a




DECLASSIFIED
REPRODUCED AT THE NATIONAL ARCHIVES Authority /\//\/DJ/ 'iC/ E

By 117/ NARA Date SZLL26

PROJECT NUMBER 22-1101-0002, REPORT NUMBER 1
at various stages of the experiment, it is observed that, apart from the

acetone, no atmormalities were detected during the experimental phase.
During the field phase, small traces of albumin occurred in members of all

three growps, together with the ocourrence of white blood cells.

Acetone

The incidenoce and severity of ketosis during the experimental and field
phases are indicated in tables 29 and 3U, respectively. As would be expeoted,
carbohydrate afforded considerable protection against the ketogenic effects
of low caloric intske and exercise, although under the more rigorous fisld
oconditions, the quantity administered was not sufficient to suppress
kotonuria completely. It is interesting to note that while conditions
evidently were mores conducive to the development of ketosis durlng the field
phase than during the experimental phase, as shown by the increased ketome
body excretion of the subjects on ocarbohydrate, there was no further
significant increase in the ketonuria of the subjeots on the meat diet
during the field phase.

The primary conoern of this study was with the short-term effects of
possible components of survival rations which would be intended for use over
limited periods only. Considering this fact, the mildly ketogenic effect of
the meat diet is of no practical importance. The highest value obtained was
866 mg, per 24 howrs (meat diet, fifth day of experimental phase), It is trus
that this value does not include the B~hydroxybutyrate. However, it is
evident from Riedmann's data and graphs (Friedmann, 1942) that the ratio of
B-hydroxybutyrate to the other ketone bodies would be less than one at this
low level of ketonuria. If we assum a ratio of oms, ti® total ketone body
exoretion of this subject was 1.8 gm,or 0.40 m M/Kilo/24 br. This rate,

which represents a maximun for one individual and which was not maintained on
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succeeding days, is still much lower than is often encountered dwing complete

fastinges Other than ketonuria, no ocbjective symptoms of ketosls developed in

any of the swjects during any of the phases.

Blood findings

The results of routine blood examination in the subjeots prilor to the
commencement of the study are given in table 25, Table 26 shows the individual
results of blood examinations at various atages of the experiment, and table 27
shows the mean blood ochanges duwring the different phases. No significant
change wag detected in the blood picture.

The mean values for the fasting blood sugar (table 28) were slightly
lower during the experimental and fleld phase than during the standardization
phase in the meat group while they remained almost unchanged in the carbohydrate
grouw and in the group receliving both meat and carbohydrate. The lowest
figure observed in the meat growp was 66 mg per 100 ml. Molnar et al, (1942)
reports fasting blood sugar values of the same order (65-80 mg, per 100 ml) in
7 men on a mixed diet of 3,6&) oalories in an Arctioc bivouac at Fort Churchill,

DISCUSSION

In the discussion of Arotic survival rations, it is necessary to cohsider
the wide range of oconditians encountered in the different parts of the Arctic
regionse

According to the standard definition, the Arctic reglons include the
areas where the average temperature for the warmest month is below 50° F,
and which have an average temperature below 32° F. for the coldest month. On
the basis of this definition, the Arctic regions include about 1/4 of Alaska,

a great part of the Canadism Archipelago, all of Greenland, Spitzbergen and

other sastern Arctic islands, the northern fringe of Norway, and northern

Siberia.
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When considering the most extreme conditions, as judged by the mean
temperature of the coldest month, Alaska is in a very favorable situation
compared with the rest of the Arctic areas, the mean temperaturs of the
Joldest month of northern Alaska being only -20° F, as against -30° F, in

the greater part of the Polar Basin, and «35C¢ F in the northern Canadian Arctica.

As already pointed out in the introduction, the availability of water
in the Arctic has been emphasized in provious reports as a major problem
which has greatly influenced the concepts of Arctic survival ratioms. It
should be remembered, however, that in most parts of the Arctic there is
an abundance of streams, rivers,and lakes (fig. 16) where water can be
readily obtained during the summer or through the ice during the winter
monthse Under the most extreme conditions the accumulation of lake ice
seldom exceeds 40-60 inches. Melt water can be expected in the Polar Basin
from early May wntil the end of September,and between early April and October
in the rest of the Arctic, i.e., about 50 percent of the time.

In addition, there are many ways of obtaining water by melting snow or
i0e. For centuries the Eskimos have produced their drinking water in the
winter while hunting on the sea ice by melting snow in bags of walrus
intestines carried wnderneath their parkas. In this way, ample quantities
of drinking water were obtained without any discomfort, with the utilization
of body heat which more or less would have beem wasted otherwissee.

In an experiment conducted in comnection with the survival ration study,
almost a quart of water was produced in this way by one person over a period
of 5 hours, during a 6-mile march, and normal camp activities. No unpleasant
‘ effoot was observed, no cooling effect was experienced, and the bags did not
| restrict the movements. It is highly recommsended that this techniqus be

adopted in Arctic swvival,
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Under Arctic conditions heat, and the facilities f'or preparing at

lenst one hot meal a dey, are very important. This was clearly realized
by the early Arectic travellers who solved this problan by a yreat varisty
of methods. Sixty years g0 Fridtjof Nansen developed a cooking, apparatus,
known ss the Nensen Cooker (fi_,. 17), which he and Jorhansen used during
their march towards the North Pole fram the Frame. This apparastus. enabled
thean to cook two hot meals a day and to melt an abundance of water over a
period of 120 days, using & total of about 4 gallons of fuel, i.c.,
approximately 150 ml, t'ucl per day. If the number of hot meals were

rod ic«d to one meal a day, the fucl conswnption would emount to about 30 ml,

i o 1w

At R . S e AR S TR P ket 5 e

Ty~

Fige 13, The Meat Ration Fige 14« The Carbohydraste Ratiom
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pw person per day. No doubt the modern technigque could improve the efficiency
of tie apparatus, and adept it to the most ri_id survival conditions. 1In
viwr of the importance of this question, the following parsgraphs are quoted
fran Nansen (1897):

"[he cooking apparatus we took with us had the advanteyec of utilizing
t0 the utmost the fusl consumed. with it we were able, in & very short
space of tims, to cook food and simultencously melt en abundence of drinkinyg
water, 80 that both in the morning and in the evenin, we werv able to drink

a8 much a8 we wished, and even a surplus remained. The appraretus consisted

Fig, 15. SubjectNol before (a,c) and after (b,d) field phase
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of two poilers end a vessel for melting snow or ice in, and was consvructed

in the following menner: Inside a ring-sheped vesscl was placed the boiler,
while underneath tiis again was the lemp. The entire combustion output was
thus forced to mount into the space between the boiler and the ring-sheped
vessels Over this was a ti_ht~fitting lid with a hole in the middle, through
which the hot air was obliyed to pass oct'ore it could penotrate farther and
reach the pottom of a flet snow-melter, whicn wes pleced above it. Then,
efter having delivered some prrt of its heat, the air wes r'orced down again

on the outside of the ring-shaped vessel by the help of a mantle, or cap,
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which surrounded the whole. Here it parted with its la st remaining warmth

to the outer side of the ring-vessel, amd finally escaped, almost entirsly
cooled, from the lower edge of the mantles
For the heating was used a Swedish gas-petroleum lamp,known as the

"Primus," in which the heat turns the petroleum into gas before it is
consumsde By this means it renders the combustion unusually completee
Numer ous experiments made by Professar Torup at his laboratory proved that
the cooker in ordinary circumstances yielded 90 to 93 percent of the heat
which the petroleum consumed should, by combustion, thearetically evolve,.

A more satisfactory result, I think, it would be diffioult to obtain. The

Figze 17« The lsmnsen Cookur,
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vessels in this cooker were made of Germen silver, while the 1lid, outside

cap, etc., were of aluminum. Together with two tin mugs, two tin spomms, and
a tin ladle, it weighed exactly 8 pounds 13 ounces, while the lsmp, the
"Primus," weighed 43 ounces.

As fuel, my choice this time fell on petroleun ("snow-flaks"). Alcohol,
which has generally been used before on Arctic expeditions, has several
advantages, and, in particular, is easy to burn. One decided drawback to it,

however, is ths faoct that it does not by any means generate so much heat in ’

comparison with its weight as petroleum when the latter is entirely consumed,

as was the cagse with the lamp used by uss As 1 was afraid that petroleum

e . S

might freeze, I had a notion of employing gas=-oil, tut gave up the idea, as it
escapes 80 easily that it is difficult to preserve, and is, moreover, very
explosives We had no difficulties with our "snowflake™ petroleum on sccount
of the colde Wo took with us rather more than 4 gallons, and this quantity
lasted us 120 days, enabling us to cook two hot meals a day and mslt an
abundance of watere"™

In the present study, the water consumption was on an average 1500 ml, per
day in the meat growp, as against an average of 850 ml, in the carbohydrate group.

In view of the foregoing consideration, this difference should be of little

importancee

The second important problem is the question of ketosise It is clearly
realized that the determination of ketons bodies is subjeot to considerable
inacouracy. However, the reported data indicate that under the conditions of

the test the excretion of urinary acetone in the meat group never exceeded

1 gm. a day. The highest figure recorded was 866 mg, which is a very asmall

amount,
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According to Peters amd Van Slyke (1946), ketones are regularly found in

the wrine of healthy persons leading a normal life. Van Slyke found as much

as 280 mg, ketones per 1000 ml, urines Others have rep orted figures between

7 and 125 mg, dailye

Underr conditions such as total starvation when all energy is derived from

protein and fat, the production of ketone bodies by the liver is aocelerated
and the excretion of lmtones in the urine increaseses In nomal adults the
appearance of gross ketonuria, according to Peters end Van Slyke (1946) does
not reach its height until 3 to § days of the fast have slapseds As starvation
prooceeds ketosis gradually diminishes. He states that in the normel male,

ketosis of starvation does not reach serious proportions because sufficient

carbohydrate is derived from protein and oxidized, and that the levels of
blood lketones are not high enough to tax severely the mechanism for the

preservation of acid~base equilibrium. In one swb ject about § em, of

B-hydroxybutyric acid were excreted daily in the urine for the last two weeks
of a 3l~day faste In dilabetic acidosis ketonuria may reach values 10 times
higher then thise

pe Compared with these flguwres the amounts of acetone excreted in the urine

in our subjects on the meat ration are insignificant, and it appsars that

his slight ketonuria observed under these conditions for the perieds
onsidered likely as the duration of a survival situation would hawe no
preciably harmful effect.

Bxerocise greatly increases the ketosis, smd a 10-mile walk in the
&arning without breakfast will produce distinct ketonuria in a healthy person
ho othermisse is living on a namal diet (Courtice and Douglas, 1936).

A number of evidences indicate a mechanism of adaptation to kstosise In

‘L- Eskimo studies it is observed that the degree of ketonuria is less than
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what is nomally observed in Whites on a similar diete On the other hand,

ey HER

sn Eskimo soldier who had lived for several months on the normal Army mess
rations exoreted the same amounts of acetone as the normal White soldiers whem
given a "ketogenic" diet (table 24, suwbject No. 12). In the subjects stulied
by McClellan and DuBois (1930) the ketonuria diminished after several months
on a carbohydrate-free diet,

Deusl and Yulick (1932) have demonstrated that ketosis develops more

rapidly and attains greater intensity in women than in men.

N

It has been repeatedly observed that kstosis frequently occurs under i
strenuous field conditions regardless of the diet, and Sargent and Consolazio
(1951) showedthat the ketosis is reduced when the same swject wmdergoes
repeated field tests, indicating some evidence of adaptation.

In an Arctic bivouac at Fort Churchill the approximate caloric expenditure

was 4000 calories per day. The caloric intake was about 3600. Under these

conditions all the men showed trace quantities of urinary ketones almost every

day, starting on the third day in the bivouac (Moloar et al,,1942).

Of the great variety of physical fitness tests (Cureton, 1547), the
Treadmill Test was selected far practical reasonse It should be emphasized,
however, that physical fitness is exceedingly difficult to evaluate, not
only because the meaning of physical fitness is far from clear, but also

because the result of the test is greatly dependent upon a number of factors

SYMe ¥ T

beyond the control of the observers

In all cases we observed an improvement at the end of the field phase,
most marked in the carbohydrate group, associated with approximately 10-

pound weight loss (7.5 percent).

It should be noted that the subjects had been living on a caloric

deficit of the order of 2,000 calories a day, and performing daily route
National Archives, College Pérk, MD
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In the case of untrained persomnel in poor physical condition, one
would expect an improvement in physical fitness during the field phase.
Our subjects, however, were all well trained and in excellent physical
condition at the onset of the experiment; -The faotor of physiocal training
therefore can hardly explain the difference in the physlical fitness scare.

On the other hand, it appears that the weight loss may be the most
important factor in explaining the observed difference. The subjects
started off probably slightly owrwelght and the loss of 7 percent of their body
woight would tend to inorease their physical performance, since there is
less weight to carry during tle exercise. IThis is in conformity with general
exper ience under similar conditionse It is observed that the carbohydrate group,
which had the greatest weight loss, also showed the greatest improvement

of physical fitmess score.

The purpose of the experimental phase was to study the effect of the
experimental diet omn various physiological functions as compared with the
levels during the normal conditions during the standardizetion phase. The
results indicate the following effect: Both in the carbohydrate group and
in the meat group, there was an increase of the physical fitness scores,

most pronounced in the carbohydrate group. It is probable that the weight,

at least in part, may account for this improvement. The weight loss was

greater in the carbohydrate group (4.6 1b,) than in the meat group (2.5 1v.).

The basal heat production was 13 percent higher at the end of the experimental phase
than during the standardization phase in the meat group, while a reduction

of 7 percent occurred in the carbohydrate group., This difference is probably due
to the specific dynamic action of proteines During the experimental phasse

the meat group consumed 300 ml, more fluid per day than ths carbohydrate group,

while all subjects in the meat group were in a positive nitrogen balamnce, the

83
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subjects in the carbohydrate group showed a negative balance of 6.3 gm. on an
average. Ketanuria occurred in all meat subjects and in three of the carbo-
hydrete subjectse

During the field phase the factor of climatic stress was added to the ;
experimental oconditions, and the following results were obtaineds

No significant difference was observed in the physical performance of
the subject on the meat ration, the carbohydrate ration, or on the meateand-
carbohydrate ration during the actual field phase. The physical fitness
scores were improved in all three groups at th® end of the field phase, and
this improvement was greatest in the carbohydrate group which also had the
greatest weight loss. The psychiatric evaluation revealed no distinct
differences between the three groups. There was no significant deterioration
in morale, but an increase in carelessness, irritability and desire to sleep
which occurred in all three groups. The weight loss was 7.0 percent in the
meat group, 7.5 percent in the carbohydrate group, and 6 percent in the group
receiving both meat and carbohydrate, There was an increase in the basal heat §
production of 9 percent in the meat group and 7 percent in the mest~carbohydrate
group, while the carbohydrate group showed & reduction of 7 percent in the BMR,
The water consumption was 1,500 ml, in the meat group, 850 ml. in the barbohydrate
group, and 1,200 ml, in the meat-carbohydrate group. All three groups showed ' 1

negative nitrogen balance, which was most pronounced in the carbohydrate group,

where it was approximately 7 gm., as against approximately 2 gm., in the meat | 1

group, Ketonuria occurred in all three groups, most pronounced in the meat s 1
group. | 1
F

On the basis of these findings, and the foregoing discussion of the
significance of water requirement, ketonuria, and the assessment of physical

fitness scores, it may be concluded that the carbohydrate ration offered no

-
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significant advantage under conditions of arctic survival as simulated in the
present study. In terms of heat production and nitrogen balence, the high
meat ration is preferable. It is evident from this study that under survival
conditions, which necessitate caloric expenditure, hetween 2500 and QPOO calories
per man per day, including travel of approximately 10 miles a day, EpOO calories
per man per day is sufficient for a period of at least 10 days.

It would therefore seem logical that swvival rations developed for Arctic
use should consist of protein, fat, and carbohydrats in proportions which would

gorve to utilize the speclific dynamic action of a high protein diet, the high

caloric density of fal, and the physiological advantagzes of carbohyvdrates.

Protein-fat rations with high caloric density such as various types of
pemmican, have already been successfully used for more than half a century
by Arctic travellers. It would appear advisable to base future Arctic
survival rations on the principle of a high meat-fat ration as the main meal
of the day prepared in the evening, and an all-carbohydrate component of the
ration to be consumed in the middle of the day while on the trail.
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5 THIS REPORT CONCERNS.. ..

the physiological requirements for survival rations to be used in
Arctic conditions.

ITIS FOR THEUSEOF ... .

physiologists, nutritionists, and agencies within the USAF con-
cerned with problems related to survival rations.

THE APPLICATION FOR THE AIR FORCE IS....

to aid in determining what type of ration would yield the maximum
efficiency under the survival conditions in the Arctic.
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PRECIS

OBJECT

To consider a high carbohydrate versus a high protein survival
ration with particular reference to physiological adequacy, and the
evaluation of problems related to water requirements and the physiologioal
and clinical significance of ketosis under Arctio survival conditions.

SUMMARY AND CONCLUSIONS

Recent reports on Air Force survival ration studies have emphasized
the desirabillity of an all-carbohydrate ratiom for Arctic survival. 1In
a series of laboratory expsriments followed by fileld experiments under
simulated survival conditions, the physiological adequacy of low calorie
survival rations have been studied in groups of normal men under conditions
which necassitate travel under warious Arctic conditions. The rations
studied contained approximately 1000 calories per man per day and consisted
of an all-carbchydrate ration and a high protein~fat rations On the basis
of the presented data it may be conocluded that from a physiological stand-
point the all-carbohydrate ration offered no significant advantage over the
high meat ration under the conditions of the study. The requiremsnts for
Arctlec survival rations are discussed with suggestias for future work.
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ARCTIC SURVIVAL RATIONS

INTRODUCTION

In recent years a varisty of different rations has been tested
during a number of field ration studies umder _Arctic or subarctic
conditions. In the case of Air Forcs survival rations, there has been
a terdency to emphasize the desirability of an all-carbohydrate ration
(Mallinger, 1948; Roth, 1948; Dyme‘,’1960).

The views on the type of swvival ration preferable under Arctic
conditions are still conflicting. Further systematic research in this
field on.a continuous basis is highly desirable in order to obtain a
definite answer a.s to what type of ratiom would yield the maximum efficiency
wder the survival conditions in the Arctic on the basis of the space and
weight allocation available for swuvival rations in the aircrafte

In previous studies, one argument in favor of an all-carbohydrate
ration has besn the reduced water requiremsnts on a carbohydrate ration.
The assumption has been that the supply of water is a critical problem in
the Arctic as it is in the Tropics, A second argument in favor of the
carbohydrate ration has been its antiketogenioc effect, assuming harmful
effect of ketosis wnder these conditionse.

Frantz (1948) concluded as the results of a survival ration trial in
Alaska that thirst is a serious problem for men eating the USAF emergency
ration, although 800 ml, fluid per day was adequate to maintain water
balance on this ration. He found that 1400 ml, gasoline was required per
man for 10 days to melt this quantity of water from sumow under the

conditions of the test.
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Mellinger (1948) recommended that a mare efficiemt snow-melting

apparatus should be developed. He also stated that because of limitation
of fuel supply for melting snow, the problem of water balance in the
Arotic 1s similar to that encountered in survival at sea. He concluded

on the basls of all-weather room experiments that with caloric expemnditures
of 4000 to 4p00 ocalories, 100 gm,of carbohydrate is adequate to prevent
ketosis and to spare body protein to the extent of about 50 percent of the loss
during fasting and that, although physical deterioration occurred on this
regimen, it was possible to maintain a calorio output of 4000 to 4500
calories per day for 6 dayse It should be noted, however, that this
conclusion does not agree very well with his reported data, as acetonuria
also occurred in both subjects on the carbohydrate ratiom, although
slightly less than during fasting,.

A comprshensive report by Both (1948), stressing the problem of water
suwply in the Arctic amd the significance of ketosis suggests a fation
essentially composed of carbohydrate with a small amount of protein (wp
to 5 gm.) and fat (up to 10 percent of the calories) as an all-purpose
survival ration, supplying 1,000 calories per day for the Arctic environ-
ment and 500 calories for the tropical areas,

In a later survival ration study, reported by Dyme (1950), the all-
carbohydrate ration ST-1 (500 cal/ma.n/day) was found to impose a very
large caloric deficit under the conditions of the test, and failed to
prevent ketosis. For this reason it was found inadequate as an all-

purpose, global survival ratione.

The purpose of the present study was to consider a high-carbohydrate
versus a high-protein diet, with particular reference to physiological

adequacy, and an evaluation of problems related to water requirements and
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the physiological and clinioal significance of ketosis under Arctic

survival oonditions.

During a survival ration conference of representatives from the
Asromedical Laboratory and the Arctic Aeromedical Laboratory held on
9 November 1950, it was concluded on the basis of previous experiences
that a limited space survival ration should comtain approximately 1000
oalories per man per daye. The rations examined in the present study were

therefore limited to 1’000 calorie se

In the past it has been the usual policy to remain with the aircraft,
It appears that it is now realized that the necessity for escape and
evasion in the case of hostilitiss would in many ocases mean travel under
various Arctic conditions from the scene of the orash to a meutral zone
or a piok-up point., On this basls, the evalwtion of survival ration
requiroements should include this factor, which would necessitate higher
calorio expenditure. For this reason, the present study was per formed

wder oconditions which necessitated travel under various Arctic conditionse.

It has been customary in the past to consider 10 days as a reasonable
survival period. This, obviously, will depend on a number of factors
influencing the aotual surviwal situatian. If the airorew is down with
the aircraft intact, it would seem likely that the available radio and
signaling equipment would greatly facilitate the search and thus increase
the chances for an early rescue. In that case, a 10-day swply of survival
rations might be reasgonable. If on the octher hand the aircrew is stramled
with a completely demolished airoraft or in the case of bail out, the
problem is entirely different, partiocularly if the orew is stranded in

the area of the Polar Basln where conditions are extreme.
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For the purpose of this study, however, the 10wday psriod was chosen

as the duration of the actual field phase, taking into consideration the
apparent physical and mental resources of the subjects at ths complstion
of this period. |

PROBLEM

In view of the great variety of Arctic environments (the pack ioce in
the Polar Basin, the Arctic coast, the tundre, the inland ice of Greenland,
the inhabited areas such as Arotic Norway, anl the inhabited moustain
regions of Alaska, Arctic Canada, etc.)— each represemting different
survival problems, and because of the wvarying conditions for the survival
depending on whether the survivors bail out or crash land, the problem of
Arctic survival rations cannot be solved in a single experiment.

The problem which formed the basis for the present study was limited
to the consideration of en all carbohydrate ration versus a high protein
ration, and was intended as a link in a series of studies designed to
establish the physiologlcal requirements for survival rations to be used
in Arctic conditions.

METHODS AND PROCEDURES

A. Arrangement of the Experiment

1. Control studies

8. Standardization phase. During a control period of 4 days

beginning 3 January 1952, two groups of 5 and 7 normal men wara subject to
comprehensive clinical and laboratory examinations whilo subsisting on
wnlimited quantities of the normal mess ration, with a certain oalorie
expenditure. The examinations included complste physicals, x-rays, routine
blood and urine examinatians, quantitative determination of total acetonse

bodies in the urine, and determinations of fasting blood sugar. The studies
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included ocareful egtimations of the caloric, water and nitrogen balances

and twnover rates for each subjeot. These were calculated on the basis

of complete individual food weighings and fluid consumption records, hourly
time-activity data, repeated basal metabolic rate determinations, measure-
ments of urine volume and nitrogen content and daily body weight determinations.
Observations were made regarding physical fitness, and a psyshological

evaluation of each subject was prepared by a psychiatrist.

be Experimental phase. An experimental period of 6 days followed

the standardization phase. During this phase the sams investigations were
made in the same subjects while subsisting on the experimental ration, the
conditions otherwise being unchanged. One grouwp received 1000 calorie’s in
the form of the all-carbohydrate ration (ST-1). The second group received
the same amount of ocalories in the form of a specially prepared meat diet
(boiled ground steak).

Both groups consumed their rations at the same time, i.e., twice daily,
in the morning and in the evening.s The water intaks was recorded throughout
the experimental phase, by using measured paper cups.

Twenty=-four-hour urine samples were collected throughout the experimental
phase, from 0630 to 0630 hours in labelled canteens. The subjects were
thoroughly briefed in the method of urine collectiom.

The body weight, nude, was recorded daily immedistely following the

emptying of the bladder in the morning. Body temperature, blood pressure,
and pulse rate was recorded twice daily,
Environmental studies were made during the entire control periode

The subjects lived in a separate, isolated barracks throughout the

study and were under the observation of a technician at all times.
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2. Field studies

During & third period following a suitable recuperatiom period, the
experiment was repeated with the same rations on.the same swjects under
simulated survival conditions in the field, which involved similar calorioc
expendituwe., The investigations carried out during this period were
essentially the same as during the previous psriode In this study two of
the subjects who originally received the meat ration received a combination

of the meat and the carbohydrate ration.

The swjeots were admitted to the laboratory in the afternoan of
31 Jamuary 1952, bringing with them thelir standard adequate field clothing
and equipment, such as skis and snowshoes. After briefing, medical
examination and supper, the subjects were confined to the sleeping quarters
under the supervision of a techniclan. An inspection was made to insure
that no food was broughte.

The following morning, i1.9., the first day of the field phase, the
urine was voided at 7:00 A.M,, the body weight recorded, and a fasting
blood sample colleoted for fasting blood sugar, etce Following this, the
first rations were issuwd and consumed, after vwhich the men and the equipment

together with the fisld observers were tramnsported to the camp site by truck.

During the entire field phase, which lasted 10 days, the rations were
issued and oonsumed twice daily, i.e., in the morning and in the evoning.

Hot tea and/or coffee without sugar and cream were available for all three

groups.

Bach day all subjects traveled spproximately 10 miles, half of this
in the morning and the other half in the afternoon. The distance was

covered by foot, an skis or on snowshoes. All three groups lived and

6
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| travelled together, and the conditions, apart from the rations, were as
similar as possible for all groupse
A complete meteorological station was established at the camp site
in advence, and temperature and humidity resdings were also made in the
tents.

The urine was collected from each subjeot throughout the field phase.
A fasting blood sample was collected on the fifth day and at the oconclusion
of the test,

On the tenth daythe subjects were taken back to the laboratory where
physical examinations were made. Physiocal fitness tests were conducted and
psychologioal evaluations performed.

In the morning of the eleventh day, i.0., February 11, the last urine
sample was collected. A fasting blood sample was taken, and the BMR
recorded. Following this a light lunoh was consumed, and the subjects
returned to normal comditions.

3. Recovery studies

The subjects were observed during a period of three days during
recovery prior to proceeding on convalescent leaves

During this peariod, the swJjects were allowed to consume food amd water
in wlimited quantities. The body weight was recorded daily.
B. Subjects

A total of 12 normal infantry persomnel, 19 to 23 years old, from the
Third Battalion, 4th Infantry Regiment, were used for this study. These
mon were thoroughly indootrinated and well trained in Arctic survival,
accustomed to Arctic field activities and well disciplinedes Eleven of
the subjects had spent 17% months in Alaska, and one of the subjeots,

who was an Bskimo, had lived in the territory all his life.
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Medical examinatian, incluling medical histories and complete physical

examination, revealed no pathological condition in any of the 12 subjects
selected from a group of 14 men. Routine blood and wrine examination showed

normal findings (see tables 22 and 25).

The subjeots were divided into two groups: one group of 5 men was
given the carbohydrate ration; a second group of 5 men was given the meat
ratione A third group of 2 men was, for the pwpose of another study,
given the meat diet, during the ocontrol studies, while during the fisld study
they received a combination of both rations. A senior NCO was included in
each of the two main groupse The NCO's, who were well acquainted with the

men, were in charge of the persomnnel during the test.

One of the subjects,subject No, 1l developed a hand infection after the
conolusion of the cantrol studies, and was therefore unable to take part in

the field stuly,

For the purpose of motivation, the subjects were to receive oonvalescent
leave to the States upon completion of the fleld study. During the first 4
days of the field study no leave would be accumulated. From the fifth field
day, the leave would be aocumulated as follows:

For the 65th days 1 day's leave For the 9th days 5 days' leave

For the 6th days: 2 days' leave For the 10th days 5 days’ leave

For the 7th day: 3 daye leave

For the 8th days 4 days'leave

Ce Rations

l. Carbohydrate ration. As a carbohydrate ration, the starch-jelly

var from the ST-1 ration was used. It contained 355 calories per 100 em.
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2. High-protein ration: As a high protein ration, bolled ground

rownd steak was usede It was minced, thoroughly mixed, boiled, skimmed,
strained, and carefully weighed prior to consumption.
Ansl yses of five different random samples of the prepared meat ration

gave the following average resultss

Water s 60.4 percent
Fats 12.5 percent
Protein: 27.3 percent

Carbohydrates 0.0 percent
3. The meat-carbohydrate group received 270 gm. of the meat ration and]j)f
gm. of <the carbohydrate ration dally divided into two meals of equal size,

one in the morning -and one in the evening.

D. Test location

The camp for the field study was located at Birch Hill, on the outskirts
of Ladd AFB (fig. 1). The camp was accessible by road, and the surrounding
terrain was suitable for travel on foot along the road, on skis along the ski
trail, and by snowshoes through the woods, The camp consisted of 4 tents for
the subjects and 1 tent for the observers (fig., 2). No heat was allowed in
the tents except for the use of a Colman stove (fig. 6) for half an hour in
the morning and evening for the purpose of melting snow for the preparation
of beversge (tea and coffee),

During the field study the temperature at the camp site ranged between
-36o F, and +12° F,,the mean temperature being -15° Fe The meteorologioal
data from Ladd AFB, for the period of the study, are given in tables 1-3.
The mean tamperature inside the tent was about zero degrees Fahrenheit

)
(minimun -20 F; maximum +20° F).
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BIRCH HILL

SURVIVAL RATION CAMP AREA

FIGURE |
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The Surviwval Camp

Fige 3o

Route Maroh
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Fig. 4, The Ski Trail.

Fige 5e Snowshoeing
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Fige 6o Melting Snow in ths Temt

Be Field Observers

Two observers remained with the subjeots at all times, They spent
the nights in a separate tent in the camp, md accompanied the subjects
in their daily activities and while traweling. The subjects, therefors,
woere under almost constant obserwvation. Notes were made of the performance
and behavior of each of the subjects, with particular emphasis on the

following points:

l. Personal care., The subject's ability to take care of himself,

his attitude to current problems, precautions, interest in persocnal
well-being and comfort, ability to make the best of a given

situation, tendency to give w or surrender when faced with a

oriticel situation.
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2+ Physical performance. Physical strength, stamina, signs of fatig

whether or not more easily fatigued than normal, shortness of bre:
ability to keep up with the group, difficulties with gear and
equipments.
Notes were made of the intervals between rest periods, speed of trave.
distance of travel per day, time required to perform certain details such ¢
dressing, etc, gait (whether steady or swaying), initiative and will-power,

competition among the subjects as to physical psrformances

3. Ainormal perfomance and manifestation of pathologioal conditions,

Anything unusual was recorded, and precautions were taken to see that
no food was hidden or consumed othar than the official ration. Notes were

made of the time of food consumption, and the occurrence of fatigus in

relation to meal times. Occurrence of hunger pains, fainting, or symptoms

of malaise were recorded, and also whether or not the subject felt cold.

The observer carefully waitched for the possible occurrence of frostbite,.

Fe laboratory methods

For the routine blood and urine examination the standard msthods wsre
usede

The composition of the meat ration was determined in the usual way; ¢
wator comtent was determined by drylng to constant weight at 104° Co,the £
content by extraction in the Soxhlets apparatus, the protein content by thi
Kjeldahl method,.

During the standardization phase the food consumption was determined
by careful individual weighing of the food consumsd at each meal, using
paper plates and ocups (fige 12 ), During the experimental and field phase

the rations were weighed and issuwed at each meal and totally consumed. Th

16 \
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f oaloric expenditure was estimatod by using time-activity sheets which were
filled out with the assistance of observerse
For assessing the physical fitness of the subjects at the various stages
of the experiment, the treadmill test of physical fitness for hard muscular

work, desoribed by Johnson et al, (1942), was usoed. Repeated tests were

R i e o ot

performed, considering the possible factor of learning. In additiom, the

performance of each subjeot was evaluated by personal observations by the

observerse.

! ) The basal metabolic rats was determined both by the Benedioct-Roth
and by the Sanborn Waterless apparatus (fig. 11). The technique has been
described in detail in a previous report (Rodahl 18562).

The subjects were allowed to consume water ad libitum, but the water

consunption was measured.

Fig. 7. Chopping Wdod
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The Standard Clothing.

Figo Do

18

Nati.onal Archives, College Park, MD
Review of 4 April 1996 and 8 May 1996

Record Group 341
Entry 44

Box o270

Folder: 83 . /g ( - 0002



] DECLASSIFIED
REPRODUCED AT THE NATIONAL ARCHIVES Authomy /l//‘/pj/ —io 7)—

= e

b4

g

By 17/, NARA Date

PROJECT NUMBER 22-1101-0002, REPORT NUMBER 1

Fige 10, In the Sleseping Bag

Twenty-four-hour urine samples were collected in individual, labeled
canteens which were kept at the ambient temperature. This meant that each
increment was frozen almost as soom as collectede Bach morning the canteens
were oollected and replaced with empty ones. The urine was thawed and
analyzed immediately after being brought in from the field. After thorough
mixing and determination of the volume, nitrogen and ketone body determina-
tions were made as follows:

l. Nitrogen. Following appropriate dilution and thorough digestiom
rith sulfuric acid and potassium persulfate, the nitrogen content was

letermined by the Nessler reaction. Readings were made at 540 m with the

Klett Photoeleotric colorimeter and corrected to mg/ml.with the aid of a

calibration faotor (straight line relationship).
1y
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Fige 11. The Basal Metabolism Test

Fige 12, Nutritional Survey During the Standardigzation Phase
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2. Ketone bodies. BEach 24-hour sample of urine was tested qualitatively
for the presence of acetone and acetoacetic acid with the aid of prepared
nitroprusside powder (Denco )s In every case in which a trace or mare of
acetone was indicated, the acetone and acetoacetate were determined
quantitatively by titration of the distillate from an acidified sample with
standard iodine and thiosulfate solutions. Unfortunately, limitations of
time, trained personnel,and available facilities did not permit determination
of B-hydroxybutyric acid. However, in view of the mildness of the ketosis
revealed by the acetone and acetoacetate assays, the B-hydroxybutyrate content
and the total ketome body exoretion may be assumed to have been too low to
warrant more intensive study.

Attempts to colleot carmine~dyed feces for the purpose of nitrogen
determination were only partially successful because of the small quantities
of feces produced and the delayed exoretion during the experimental phase

and the field phase. From the incomplete data obtained, it appears that the

nitrogen loss through feces was not in excess of 10 percent of the total nitrogen
intake. There sppeared to be a decrease in fecal nitrogen during the

field phase.

On the basis of our incomplete date, which agreed with the generally
accepted figures for nitrogen elimination (DuBois, 1928 ), the following

figures for fecal nitrogen have been used in this studye.

Standardization phase: 1.5 gm,
Experimental phase: Meat Group 1.0 gm,
Carbohydrate Group 0.5 gm,
Field phases Meat Group 1.0 gm,
Carbohydrate Group 0.5 gm.

Meat-Carbohydrate Growp 1.0 gm,
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RESULTS

Environmental conditions

While the temperature and humidity in the quarters were maintained
at approximately the sams lewvel both during the standardization and the
exper imental phase, the mean outdoor temperature was 720 Fe during the
standardization phase as against -40° F, during the experimental phase.
During the field phase the mean temperature at Ladd Field was -90 F,,and
approximately -150 F,at the camp site. Small changes in the relative
hunidity was recorded, and the wind velocity was insignificant throughout

the study (tables 1,2,3).

Food intake

During the standardization phase when the subjects were living on
their normal mess ration and were allowed to consum® unlimited quantities,
the average daily consumption of calories was about 3000 calories per day,
varying between 2000 and 4000 (table 4). Approximately 12 percent o the
calories was derived from protein, 42 percent from fat, and 46 percent

from carbohydrate.

During the experimental phase and the fisld phase, the average calorio
oconsumption was as close as possible to 1000 calories per day in both the
meat group and the carbohydrate group (tables 5 and 6). In the carbohydrate
grouw all calories were derived from carbohydrate, while in the mesat group,
approximately 50 percent of the calorles came from proteirn and the remaining
60 percent from fat. The meat-ocarbohydrate group, which had the same caloric
consumption as the other two groups, obtained 30 percent of the calories

from protein, 30 percent from fat, and 40 percent from carbohydrates.
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Caloric expenditure,

The average dally caloric expenditure for all 12 subjeots during the
standardization phase was estimated at 2400 calories, oo the basis of time-
activity data. During this period a slight weight gain was observed
(table 19), while there appeared to be no water retention.

During the experimental phase the average daily calorio expenditure
was ostimated at 2300 calories, and at approximately 2700 during the field
phase. The avemge daily caloric expenditure appsared to be quite wniform
in all three groups (tables 7 and 8).

During the entire field study, which lasted 10 days, & total distancs
of 100 miles was covered (table 9), varying between 9 and 12 miles daily,
with the exception of the first day in the field, when only 5 miles were

covered, because most of the day was spent in establishing the camp,

Performance and physioal fitness scores

During the experimental phase while the subjects were living on the
experimental rations in the laboratory, but engaged in outdoor activities
similar to their normal duties, no hunger was experienced, although omne of
the subjects on the meat ration (the Bskimo, subject No, 12) and one of
the subjects on the carbohydrate ration, camplained of weakness. Ons of
the subjects in the meat group and one in the carbohydrate group complained
of excess flatus, One of the subjaocts in the meat group felt sl ightly dirzy
on the fourth and fifth day when standing up suddenly. Some of the carbo-
hydrate group felt that they did better than the meat group in the treadmill.

Prior to the commencement of the field phase, one of the subjects from
the carbohydrate group (subject No, 11) had been admitted to the hospital
for a severe hand infection which developed aftér the conclusion of the

experimental phase. He was thus wable to take part in the field study.
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TABLE 9. DISTANCES COVERED DURING FIELD STUDY

j
; Day 1 Skiing 6 miles
] Day 2 Skiing 12 niles
S Day 3 Walking 12 miles
| Day 4 Skiing 10 miles
Day & Wa lking 10 miles
Day 6 MAalking 12 niles
Day 7 Skiing 10 mnilss
‘ Day 8 Walking 5 miles, skiing 5 miles 10 nmiles
Day 9 Walking 10 miles
Day 10 Walking 9 miles
: Total: 100 miles

e ¥ AL T

A% the commencement of the field phase all subjeots were found to be

ooz

in excellent physical condition; and the body weights were now almost the

SRR

3 same a8 during the standardization phaases

It is very difficult to obtain an accurate appraisal of the individual

performance under the existing field conditions. Although the group consisted

Al

bz

of well-disociplined and well-trained infantry soldiers, the individual

e T

differences in initiative, attitude,o.nd per sonality oaused quite wide
variations in energy expenditure from one subject to another. Some of the
; subjeots would be more willing than others to secure wood for the fire,.

d Some of them took part in the various camp details with hesitation, and

y others preferred to stand or sit around the fire, inactively, with the
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result that their fest became cold by the time they were about to orawl into

their sleeping bagse. As a result of this, they would remain cold throughout
the night, causing loss of sleep, which inturn might affeot their
performance the following day. Some of the men would keep most of their
clothes on inside the sleeping bag, and said that they remained warm

and slept well., Others undressed, and stated that they were umable to

keep warm in the bag, and therefore slept poorly.

The second day was particularly strenuous, as a long trall was brokem
on skis through deep snow and difficult terrain, Although subjects were
fﬁir, good,or excellent skiers, they were all extremely tired. The morale
was good, however, and there were no complaintss One of the men had slightly
burned one of his boots. One of the hardest workers in the meat group
(subject No. 1) mentiomed that he could feel the effect of lack of food,
being easily tired. Subject 7 in the carbohydrate group talked about food
and had a craving for meat.

On thse third day, subject No. 2, in the carbohydrate group complained
of nausea from the starch jelly bars, and was wnable to eat the entire
ration at ane time. The general spirit was excellemt. During the route
march they held a brisk, steady paoce. They did not appeer very tired at
the end of the 12-mile walk, except subject No. 2.

The following day, the fourth day of the field phase, the morale was
still very goode Several of the subjeots stated that this regimen was not
as hard as some of their recent mamesuvers. There was no evidence indicating
that any of the subjects might discontinus the test because of physical or
mental exhaustion. The health appeared very good; no complaints relative
to exosure were heard, and no evidence of fatigue was observed duing the
exercise. Two of the subjects on the carbohydrate ration had difficulty

digesting the amount given.
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On the fifth day the subjects stated that they felt better than they
had the previous two days, although they were noted to move more slowly
during the exercise at this stage of the experiment. They all complained
of feeling slight stiffness in the loegs. The meat grow stated that they
felt short of breath. No disciplinary difficulties or personal clashos
were observed. There were no complaints of humger or fatigue. The spirit
was good and the morsle was excellent.

The subjects walksd with a fairly quick pace during the route march on
the sixth daye One of the subjects had dreamed about food; there were no
complaints and there was no griping. At this stage the men moved about no
more than they had to and showed no eagsrness to police the area or to chop
wood for the campfire. They no longer responded well to of ders or instructions.

However, they stated that none of them felt hunger or thirst. In faot,
several of the subjacts receiving tho meat ration said they ocould bardly
foroe the food down and felt constantly stuffede The meat-carbohydrate
group was envied by the subjects of the otler two groups, who would have
1iked to trade with each other. There was some evidence of personal clashes
betweon two of the asubjeots, subject Np, ] on the meat diet, and subjecst No., 3
on the carbohydrate ration. Scme antagonism had existed betwsen these two
men long bvefore the comnencement of this study. That day a candle in one of
the tents had burned through the cardboard base and caused a small fire
before it was discovered.

On the seventh day, the spirit seemed improveds They arose without any
difficulty early in the morning, policed the camp and clsaned the tent
without hesitation. There were some minor grumblings about the rations in
all three groupse During the exercise they moved fast and completed the
:ntire distance without more than two brwxs. The morale was ood, and

here were no camp:laints.
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On the eighth day of the fivld phase, none of the subjects had any

significant physical camplaintse. Almost all of them felt stronger than

they had anticipated.

The following day the general spirit was still good, althouyh the
men Were less active and less talketive than during the sarlier part of
the studye Although they did not appear tirwd, they definitely walked

more slowly than at the beginning of the study during the route marech,

During the last day of the field study there was much talk about food.
They stated that they all tired more tasily, and they all felt it waes
harder to warm up their sleeping bays at night as compared with the
varlier part of the study. The subjects thamselves could not see any
difference between meat caters and carbohydrete eaters, excopt that the
meat eators felt that they were more short of breath when exercising.
To the observers, no difference between the different groups could be
detected by personal observations. In general, all subjects seaned
cheerful but quiet. The observers concluded that there had been no visible
change since the f¥th day of the experiment. No tension or any personal
conflicts were obscrved at this time. when one of the Observers aske«d the
Fskimo, subject No, 12 why he was always the most active woodchopper, the
Fskimo replied, "To keep my whole body warm; the fire only warms the front."

He stated that he was no less tired thean the others.

As the result of specific questions directed to each of the subjects
during the latter part of the field phase, the followin, 'informetion was

reveeled: All subjects smoked more durin;, the ficld phese¢ than usual.

They stated that they did not feel bored, but that the time passed quiockly.

It was the general feeling among the subjects that they could have cantinued
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this regimen for another 10 days. They were of the opinion tat the meat

R e aa v

group was more shoart winded during exercise than the carbohydrate group.

A feoling of weakness was first observed on the third to seventh day
in the meat group, on the fourth to seventh day in the carbohydrate group.

In the meat-carbohydrate group ome subject felt weak on the third day, and

the other subject experienced no weakness.

Hunger was experienced on the fourth to seventh day in 3 of the
meat subjeocts, while 2 did not experience any real hunger. In the
carbohydrate group hunger was experiemced by all subjects from the first to

third dayss In the mixed grow hunger appeared on the third and fourth days.

Three of the subjects (one on meat, one on carbohydrate, and one on
meat and carbohydrate) had no bowel movemsnt during the field phase. The

remainder had 1-2 defecations during this period.

Two of the carbohydrate group had had headaches during the test (on the
fourth and seventh days) while none of the others suf fered from headache,
or any other pains, except subjsct No, 10, wio had slight pains in the left

hypochondrium when walkinge He had had similar pains prior to the studye.

Two of the moat group had slight dizzy spells during the field phase,
No. 12 on the fifth day, and No. 5 on the eighth day of the test. Similar
dizzy spells wore experienced by the two subjeocts on meat and carbohydrate
rations (on the fourth and the sixth days), and by ome of the subjeots in the

carbohydrate group, subject No. 3 on the eighth day.
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When asked on the eighth day of the fisld phase what dish they would

gselect if given a cholce, the following answers were giveni

Meat group: Subjeot #l. Steak
" 5o Ice oream
" 6. Meat loaf
" 10 Pancakes
" 1z. Steak
Carbohydrate groups " 2. Steak
" 3e Cheeseburger
n Te Steak '
" 9 Pea soup
Meat-carbohydrate groupt " 1, Steak
" 8. Veal cutlet

Personal interviews with each subject on tis last day of the field
phase revealed the following:s
I, Meat Growp

Subject No, l.He has no complaints but feels tireds He has slept well

throughout the field phase. He has had no humnger, pains, or other complaints,
except a slight cold during the field phases He has felt hunger since the
fifth day; prior to that he felt stuffed. He drank more water than usual.
He swoeated less than normal. He belisves that his urine volume is slightl:
less than normale He cannot feel that he has lost weight. He states that
he would have been able to continue the test. If given a choice, he would
have selected candy since, "Candy would have been easy to carry and eat."”

Subject No, 3. No complaints. He has felt tired since ths sixth day.
He has mot felt colde No hunger pains. He has not felt hungry previously,

but feels hungry today. He is drinking more than normales No abnormal
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swoating. He feels that he has lost weight. He felt it was easier after

the first day. He would prefer both candy end meat if given a choice.

Subject No, 6, No complaints. He has folt tired since the fifth

day. He did not feel colde. Hunger since the fourth day but no humger

R L i e et S R SR R L S B oay

painse Slightly weake He has not been drinking much more than usual.
No abtnormal sweatinge He would prefer candy if given a choice.

Subject No, 10. No complaints. Hunger since the fifth day. Gas pain
in stomach after meal. Has not felt cold., Has been drinking more than
usuale Tired since the sixth day. He would have preferred candy, beocause
it is easier to carry and he would obtain " a lot more emergy from ite"

Subject No, 12. No complaints. He has not felt particularly tired
except after 10-mile hike today, carrying 30 poundse He was hwugry omce
in a while since the third day, but the hunger was slighte No painse.
Slightly weaks Has been drinking more than normal. He has slept well,
was never colde He would have preferred mesat with some candye. The meat
tasted like caribou meat to him but was difficult to swallow,

II, Carbohydrate Group

Subject Noe 2. No complaints. He has felt tired ever sinoce the 6th

day. He has slept well. He has had no pains, except “cramps"™ one daye.

He has felt hunger since the sixth day, but no hunger pains. He drinks
about the same amount of water as usuale No abnormal sweating. He fools
woak, and feels tat he has lost weight. If given a choice, he thinks that
he would have preferred meat. He feels that he could have carried on
another 10 dayse.

Subject No. 3. No complaints. Since the fifth day, his legs have been

weak when marching. Headache once. Has slept well except for last nighte

when he woke up frequéntly. Hungry since the seventh day, intermittently
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in the day. Drinks more than usual, but no abnormal sweatinge No hu

painse He has not felt colde If given a choice, he believes he woul
prefer candye

Subject No. 7. He feels hungry, but has no other complaints., H

not tired, but feels weak; his legs are weak. He slept well, had no
had been very hungry since the first day with no apparent hunger pain
Drinking was normal. He had been sweating less than usual, felt that
had lost weight. He has felt cold the past 4=-5 days, has been unable
keep his feet and hands warm. He stated that he would have preferred

because he likes meat, and dislikes candye.

Subject No. 9. He feels fairly good except a 1little weak, cough

intermittently. He has been hwmgry off snd on all the time. He has :
tired or weak the last 7-8 days, has drunk more then normal. He was ¢
cold while in the field, but possibly nothing more than usual. There
no abnormal sweating. He does not feel that he had lost weight. He !
he would have taken meat if givem a choloce.

I1I. Msat~ocarbohydrate Group

Subject No. 4, At present no complaints. He slept well during

test and did not feel cold. He was hungry since the seocond day, but
no hunger painse. He felt tired the last five days after march, exper:
no abnormal sweating. He drank more than normal. He feels that he «
have carried on another 10 dayse

Subject No. 8. He feels all right except for slight hunger whic

had felt since the fowth day. lhere are no hunger pains. He has bet
drinking less than normal. He has been a little tired the last coupl«
days when walking, sweating less than usuale If given a choice he wo

heve picked meat because it makes him fesl fulls
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When comparing the so-called physical fitness scores obtained by the

treadmill test at the various steges of the cxperiment, it is observed thet
by the standard: esteblished by Johnson et al, (1942), all subjects ceme
within the category "good scores" (76-90) during all periods. Daring the
standardization phase, two subjects were superior (16 percent). The physical
fitness scores at the end of the experimental phase remained unchanged or
were higher than during the stendardization phase inall cases but one.
The average score for the meat group was slightly higher at the end of the
«xperimental phase than during the standardizetion phase. In the carbohydrate
group, this iuprovement of the scores was considerably grwter. When
comparing the scores at the end of the field phase with the scores during
the standardization phase, an improvancnt is observed in every case. This
improvament is greatest in the carbdiydrate groupe At the ond of the field
phase the scores were 10 percent higher in the meat group, 30 percent
higher in the carbohydrate group, and 7 percent higher in the meat-
carbohydrate group than during the standardization phase,

According to the Johnsons' stendards, all scores except One were superior

at the end of the field phase (table 10).

Psychiatric evaluation (by Joseph J. Reidy, M.D., psychiatric observer).

Eleven infantry mea fraw K Campany, 4th Infentry, volunteered to
perticipate in this experiment. All of these men had been in Alaske more
than 17 months, had all besn well treined in Arctiec survival and were in
pood physical condition. The education of the men was from the sixth to
the twelfth predes, two having completed hizh school and all of the others
except two having campleted gremmar school. The family background of ei ht
of the men was judped to bu 00od to excellent and that of the remaining

thres was judged to be poor to very insecures. One of these three had been
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abandoned by his parents in infancy. Another came from a homs broken

by divorce and the mother of the third died from tuberculosis when he
was an infante N

There wers three main reasons for the soldiers' volunteeringe They

wanted the furlough which was promised on successful cospletion of the

TABLE 10, PHYSICAL FITNESS SCORES.

Physical Fitness Scores
Subject
Yo, Standard.
' Experimental Fhase
Phase
5 January |8 January |11 Januvery | 1
1952 1952 1952
Meat Group
Nos 1 92 9l 94
5 92 91 82
6 88 87 87
10 88 39 98
12 86 88 87
4 e2 89 82
8 84 81 88
Mean s 87 88 88
Carbohydrate Group
2 77 86 89
3 76 88 85
7 87 93 96
9 77 80 89
11 86 91 104
Mioans . 8l 88 92
Meat~Carbohydrate
Group
8 84 - -
Mean: 83 - -
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experiment ; they were bored with routine military life; and they were

interested in the projeot to the extent that they wanted to see if they
were able to take the hardships. Nomme of the soldiers were serious
offenders, but six members of the growp had been .given military punishments
for moderately serious offenses, such as being AWOL and for drunken and
disorderly conducte All of the members were thoroughly soreened from a
psychiatric standpoint before the project started, amd none of them could
be dlagnosed as having an actual or latent psychosis, psychoneurosis, or
charaoter disorder. Three of the men were classified as immature personali-
ties and two of the soldiers were above the awerage in maturity and relia-

| bility. Of these, one was a sergeant first class and the other a se.rgeant
and they were selected as group leaders,

From the beginning of the experiment, it was recognizd by the subjects
and the investigators that seweral factors of emotional importance were
excludede The soldiers were all in good health and were well clothede They
wore assured of having almost immediate medical care if necessafy. They
had been recently examined physically, had been x-rayed, and undergone
laboratory testing so that they were in excellent physical conditione. They
had contaot with the outside world through their observers, by going to the
Company area to wash and colloot mail three times during the project, amd by

being at all times on the military reservation. lhey were not lost and they

, kmew that the project would last only 10 days. Almost all sources of anxiety
and fear were therefore removed, and whatever the emotional difficulties
would arise could be attributed to the dieot, the inconveniences of camping
out, thecold, and personality meledjustments.

The o1d as » promoter of fear and anxiety had very little inf luence

since the men were used to cold weather and had many times been on field
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maneuvers in temperatures 60—80o below freezing. The range of temperature
during the experiment was -36° F. to +12° Fo and the mean temperature was
-150 F.

Both by observation and by interview with the men after the completion
of the expeariment, the following observations were mades

1. There was an increase in carelessness. The soldiers had all been
thoroughly indostrinated in taking ocare of themselves and o their equipment,
and it was expected that they would continue to show the results of this
traininge On one ococasion a fire was started in one of the tents; and
several of the soldiers burned their socks and shoese The man stated that
they noticed no increase in carelessness, but the observers and the sergeant
in charge of the group did notice this carelessnesse

2. Five of the men noticed an inoreased desire to sleep,and they slept
from 1-6 hours more than usual, Some reasms given for this were that there
was not enmough to do, that they went to sleep to keep warm, that they were
tired from the exercise and low energy diet.

3. The leaders of the grouyp noticed that most of the men were more
irritable and inclined to quarrel, espeoially on the last two days of the
experimente Two of the men admitted that they noticed themselves to be
more irritable, but the others noticed no change in themselves or in cthers.

4, All of the men stated that they had less energy on each suoeeding
day of the experiment and the group leader notioced that the men were slower

to respond in obeying orders.

5, Six of the men noticed occasional dizzy spells on postural changes
and during exercise. Three of these were on meat diet, two on sugar, and one

on the combination of meat and sugar. Two men had sharp abdominal pains
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during exercise and one man had moderate cramps in the calf muscles on exercise.

Two of these were on sugar diet, the other on combinatlon diete.

6« All of the men thought more of food than usual and were inoclimed to
talk about food much more frequentlye However, some of them would leave the
group when the conversation turned to focd. Five of the men had dreams of food. ;

7. There was no increase nor decreass in sex thoughts and fantasies.

‘8¢ Two men on a meat dlet noticed increased thirst, three noticed
increased hungere. But most on the meat diet experienced difficulty in eating
all of their ration. Of those on candy alone, two found increased thirst,
and four increased hunger., Of those on the combination diet, there was no
increase in thirst, but two found increased hunger. None of these complaints
were felt to be due to emotional factors.

9. All of the men gained an lncrease in their confidence to withstand
physical hardships. Before the beginning of the experiment, all but two men
felt that they would not be able to last the entire tem dayse At the close
of the experiment, all of the men felt that they could have continued on for
5~10 days more.

Basal heat produotion

The average basal metabolic rate in all the twelve subjects on the second

test during the standardization phase was 6 percent lower than the DuBols standard,

standard,

' At the end of the experimental phese (5 days) the avereye basal
metabolic rate in the meat proup was 13 percent hipher than during the
standardizetion phasce. In the carbohydrece gyroup it wes 7 percent lower
at the end of the wxperimental phase than durin, the standardization phease.
Thus, in the meat roup there was an increase of' 14 percent, while a

ruduction of 7 percent in the BMR occurred in the caroohydrate jroup (table 11).
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TABLE 11, BASAL METABOLIC RATES DURING THE STANDARDIZATION AND EXPERIMENTAL P

Basal Matabolic Rates.
Doviation from DuBois
Standard in Percent
Differs
Subjeot Standarde Bxpearimental FPhase in
Noe Phase Poroen
9 Januvary |11 January
1952 1952
Meat Group:

No. 1 - 9 - 3 + 8 + 174
No. & y 17 - 5 + 3 + 204
No, & - 0 + 2 - 8 - 8%
No.10 - 15 - 11 + 8 + 23
No.12 - 4 « 2 + 10 + 144
No. 4 - 16 - 4 + 1 + 174
No. 8 - 2 + 16 + 4 + 64
Msan -~ 9 t o + 4 + 13%&
Carbohydrate Group: ]
Nos 2 - 10 - 16 - 17 - T
Noe 3 ;7 - 6 - 19 - 128
Noe 7 M $ 2 - -
No. 9 + 12 - 0 + 1 - 1%
Hoell - 12 - 15 - 9 + 3
, t
Maan -t 3 - 7 - 9 - 7it

When campering the BMR at the end of the tisld phase with the BMR
during the standardization phase we t'ind an increase of 9 percent in the meat
proup, an increass of 7 percent in the yroup receiving the memt-carbohydrate

ration, and a reduction of 7 percent in the carbohydrate gyroup (table 12).

e e e e o,

Oral twnperature, pulsc rats,and blood pressure

42

The averaye orsl tamperature (tables 13, 14) and the pulse rate
(tavles 15, 16) were almost the same at the end of the experimental phase
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TABLE 12 BMR IN THE THREE GROUPS AT THE END OF THE FIELD PHASE
COMPARED WITH THE "STANDARD™ BMR.

BMR Deviation
from DuBois
Standardligation
Difference
Subject Standard, | Field Phase
in
Noe Phase 11 Feb. '52
Peroent
Meat Grouwp
No. 1 - 9 + 6 + 16%
] No. 5 = 17 -7 + 10%
p No. 6 =0 -1 - 1%
\n No.10 - 15 - 2 + 13%
No.12 - 4 + 3 + 7%
Moan s - 9 o + 9%
Carbohydrate Group
No. 2 - 10 - 11 - 1%
3 - 7 - 20 - 13%
7 Yo . 4 + 4%
9 + 12 - 5 - 17%
11 - 12 - -
Meoan: - 3 - 8 - 7
Mgat-Carbohydrate
Group No, 4 - 186 - 2 + 14
NOQ 8 - 2 bl 1 + 1
Means - 9 - 2 + 7

i
[
ﬂ lower at the end of the experimental phase thon during the standardizetion
phase (tables 17, 18).
Body weipht
The individual and average weight chenges during the various pheses of
the study are given in table 19. During the uxperimental phase an averej e

total weiht loss of 2.0 pounds occurred in the meat group, while the subjects
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on the carbohydrate ration lost 4.6 pounds on an avera,e. At the wnd of the

; field phase the avers,e total wei ht loss in the meat (roup wes 10.8 pounds
:L (7.0 percent), 12,1 pounds (7.5 percent) in the carbohydrate group, and 8.8 pounds
52-1 (6.0 percent) in the group receiving both meat and carbohydrate. At the end of
E three days during the recovery phase practically all of the 12 subjects had
:{ regained the weight loss which occurred during the field vthase.
;E Fluid consumption and urine volume
7%. From table 20 it is observed that during the experimental phase the
j?; , meat group consumed approximately 1500 ml, free fluid, while the carbohydrate
7%?::- group consumed approximately 1200 mle During the field phase the consumption
'g_?‘__ ' in the meat group was approxim tely 1)500 ml.,, 850 ml, in the carbohydrate group

kM S
-

and about ]}200 ml,in the meat-carbohydrate group. The average urine volums

]

during the experimental phase was approximately 1,500 ml, in the meat group

I

and 1250 ml, in the carbchydrate grow. During the fisld phase the wrine

' volume was approximately 1)100 in th® meat group, 600 ml, in the carbohydrate

group, and 1000 ml, in the meat-carbohydrate group.

Nitrogen balance (table 21)

During the experimental phase all subjects in the meat group were in a

positive nitrogen balance, while the swbjects in the carbohydrate group

showed a negative balance of 6.3 gm. on ap averasge, During the fisld phase

all three groups showed a negative nitrogen balance, which was most pronounced

in the carbohydrate group, followed by the meat~carbohydrate group, the meat

group being the lowest, with a negative balance of 2,2 gm., including the

Moans {154.3 {15643 |15448

egtimated focal nitrogen.

Urine findings

Koutine urine examination prior to the test showed normal findings

(table 22)s From table 23, showing the results of routine urine examination
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