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at various stages of the  experiment, it i 6  observed that, apart from the 

acetone, no abnormalit ies were detected during tb experimental phase. 

During the f i e l d  phaee, small t r a c e s  af albumin occurred in m e m b e r s  of a l l  

three groqs, together  w i t h  t h e  occurrence of white blood ce118. 

Acetone 

The incidenoe and severity of ketoeis during the  experimental and f i e l d  

p h a s s a r e  indicated i n  tab le8  29 and 30, respectively.  

carbohydrate afforded considerable pro tec t ion  aga ins t  the lretogenic e f f e c t s  

of low o a l o r i c  intake and exercise,  although under t h e  more r igorous f i e l d  

oonditione, the quantity administered was not euffioient t o  suppreas 

hstonuria completely. 

evidently were more cunducive t o  t h e  development of k e t o s i s  during t h e  f i e l d  

phase than d w i n g  tb experimental phase, as shown by t h e  increased ketcme 

body excretion of' the subjec ts  on Carbohydrate, .there ms no f u r t h e r  

rignificant increase in t h e  ketonuria of t h e  subjeots  on t h e  meat d i e t  

during the f i e l d  phase. 

A6 would be expeoted, 

It i s  i n t e r e s t i n g  t o  note  t h a t  while conditions 

The primary conoern of t M s  study was with t h e  short-term e f f b c t s  of  

possible components of surv iva l  r a t i o n s  which would be i n t a d e d  f o r  use ovgr 

l i m i t e d  period6 only. Considering t h i s  f a c t ,  t h e  mildly b t o g e n i c  e f f e c t  o f  

the neat d i e t  i s  of no prac t ioa l  importance. The highest  value obtained w a s  

866 mg. per 24 h o w s  (meat d i e t ,  f i f t h  day of experimental phase). It is true 

t h a t  t h i s  value does not include the B-hydroxybutyrate. 

evident from Aiedmann's data and graphs (Fried-, 1942) t h a t  the r a t i o  of 

B-hydroxybutyrate t o  t h e  other ketone bodies would be l e s s  than one a t  t h i s  

low level of ketonuria. I f  we assum a r a t i o  of one, t b  to ta l  ketone bo@ 

exoretion of t h i s  subjeot was 1.8 @,or 0.40 m M/Iiilo/24 by. 

which represents a maximum f o r  one individual  and which was  not maintained on 

HoweverF, it i s  

"hie  r a t o ,  

6 5  
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suooeeding days, is s t i l l  much lower than i s  of i en  encountered d r r i n g  complete 

fasting. Other than ke tonuda ,  no o b j e c t i w  symptma o f  k e t o s i s  developed i n  

any of tb sub jec t s  during any of the phases. 

Blood finding8 

The results o f  rou t ine  blood examinatian i n  the subjeote p r i o r  t o  t h e  

oommenoement of the study are given in table 25. Table 26 shows the ind iv idua l  

r e s u l t s  of blood examinations a t  various stages of t h e  experiment, and t a b l e  27 

show6 the m e a n  blood ohemgee during t h e  d i f f e r e n t  phases. No significant 

ohange wes deteoted in t h e  blood picture .  

The man values  for the f a s t i n g  blood sugar ( t ab le  28) w e r e  s l i g h t l y  

lmer during t h e  experimental end f i e l d  phase than during the standardizat ion 

phase in t h e  meat group while  they  remained almost unchanged i n  t h e  mrbohydrate 

g row and in the group r e o e i h g  both meat and oarbohydrate. 

figure observed i n  t b  meat g r o q  mas 66 mg,per 100 m l .  

r epo r t s  f a s t i n g  blood sugar oaluee of t h e  same order (65-80 mg,per 100 ml.) in 

7 men on a mixed d i e t  of 3,600 a a l o r i e s  i n  (LLI l l r c t io  bivouac at Fort  Churahill. 

The lowest 

Molpar e t  al. (1942) 

DIS cuss ION 

In the dimwrion of &otic swlrval r a t ions ,  it is necessary to cohsider 

the wide range of oonditianr anoaratered 3x1 t he  different parts of t h e  Arctic 

regions. 

Aocording t o  t he  standard def in i t i on ,  the Arctic regions inolude t h e  

areas *ere the average temperature f o r  t he  warmest month is below 50' E, 

and whioh have an average temperature below 32' F. for t h e  co ldes t  month. On 

t he  basis of t h i s  definiticm, the Arctic regions inolude about 1/4 of A l a s k a ,  

a great  p e r t  af the Canadian Archipelago, a l l  of Greenland, Spitcbergen and 

other eastern Arctic is landr ,  the  northern fringe of Nomy, and northern 

S iberle. 
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ZL 

IIemglobin, gm. 

RBC 

0 0 m cu 
0 0 0 0 0  
0 0 0 0 0  

1 1 1 1 1  l l l l l  

1 1 1 1 1  1 1 1  

Myelo cyte 8 I 1 1 1 1  1 1 1  

Lymph0 cytes  

1 - 1  I I 

i;- Eosinophile B 

1 1 1 1 1  Casophile 8 

S edi menta ti on 
Rate 

liemato crit 
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when considering the  mat  extreme conditions, as judged by the meen 

temperature of t h e  coldes t  month, Alaska is  i n  a very favorable s i t u a t i o n  

oompared w i t h  the rest of t he  Arctic a r e a s ,  the mean temperature of the 

Joldest month of northern Alaska being only -20' E, as against  -30' F. in  

the greater p a r t  of the  Polar  Basin, and -35O F. in the northern Canadian Arctic, 

As already pointed out in t h e  introduction, the availability of water 

i n  the Arctic has been emphasized i n  previous repor t s  as a major problem 

mixioh haa g r e a t l y  influenced t h e  concepts of Arctic survival ra t ions.  

should be remsmbered, however, t h a t  i n  most parts  of t h e  Ara t ic  *re is 

an abamdanoe of atreams, rivers,and lakes  (fig. 16) where water can be 

readily obtained during th su~lpmer o r  through t h e  i c e  during the wider  

months. Under t h e  mst extreme conditions t h e  accumulation of lake i ce  

seldom exceeds 40160 inches. 

from early May unt i l  th end of September,and between e a r l y  April  aad October 

in the r e s t  d the A r e i c ,  i .e . ,  about 50 percent of the time. 

It 

Melt w a t e r  can be expected i n  the Polar Basin 

In addition, there are m ~ n y  ways of obtaining water by melting snow o r  

100. 

winter while hunting on the  sea i o e  by melting snow in bags af d r u s  

intest ines  car r ied  underneath t h e i r  parkas. 

of  drinking water mre obtained without any d i s o m f o r t ,  with the u t i l i z a t i o n  

of body hea t  whioh more or l e a s  would have been wasted otherwise. 

For c e n t t r i e s  t h e  Eskimos have produced t h e i r  drinking va ter  kz t h e  

I n  t h i s  way, ample q u a n t i t i e s  

In an experiment oonducted i n  oonnection x i t h  the survival ration study, 

almost a quart of water w a s  produced in this way by m e  person over a period 

of 5 hours, during a 6-mile march, and normal camp a c t i v i t i e s .  

effeot was observed, no o o o l ~  e f f e c t  was experienoed, and the bags did not 

rest r ic t  the movements. 

No unpleasant 

It is  highly recommended that t h i s  technique be 

adopted i n  brctlc survival. 
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clndtr Arctic condi t ions  h t a t ,  and thu  f a c i l i t i t s  f o r  prtiparin, a t  

l t n s t  one h o t  m c a l  a d0.y, a r t  v t r y  important. This was c l t a r l y  r c a l i z t d  

by t h G  t a r l y  A r c t i c  t r e v t l l e r s  who s o l v t d  this p r o b l t m  bb a ,rtat v e r i c t y  

of mttnods . S i x t y  y t a r s  a'o E'ridtjof k n s t n  dwivtloptd a cookin, apparatus,  

Knwn as the Nenstn Cooktr ( f i L .  17), which h e  and Jorianstn usod during 

tht.ir march towards t h e  North P o l e  frcm thb Frm. h i s  appar8 tus .  tnabltid 

thun t o  cook two h o t  m t a l s  a dey Etnd t o  m b l t  a n  abundance of vrnttr  over a 

period of 120 days, u s in& E total of about 4 t a l l o n s  of' fue l ,  i.G;., 

a p p r o x h a t d y  l b o  m l . Y u G l  per day. If' t h c  nuniber of h o t  mtials w t r b  

rad IC d t o  ont m t a l  P dRy, t h e  f u e l  constxnption would amount t o  a.Dout YO ml, 

Fig. 13. The Meat Ration 
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PIC person pbr day. 

of t .1~ apparatus, and adapt  it to thb mo4t  r i , id su rv iva l  conditions. In  

v i w  or' t h b  importance of t h i s  yu t s t ion ,  tht fol lowin,  parq,raphs arei q u o t d  

No doubt t h u  modorn tbchniqut could impravo t h b  eifficit-ucy 

f r a  knS bn (1897) : 

"The cookin, apparatus w e  took with us had t h e  advantagt of' u t i l i z i n b  

t o  t h c  utmost t h ~  f u e l  consumtd. tkith i t  w e  w t r t  a b l e ,  i n  e. vtry short 

apace of' t i m G ,  to cook food and simultaneously mtlt a n  abundanct of drinIcing 

water, 50 t h a t  both i n  t h u  mornint and i n  th t j  tweninb we weirb a D l c  t o  dr ink 

a8 much as w e  wishtid, and w t n  R surplus r w i n d .  Thrs apparatus cunsistvd 

a b 
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of t w o  boilers and a vessel f o r  mcltin, snow or i c e  i n ,  aid vfns construczcd 

i n  t n u  f o l l w i n L  mmnner: I n s i d e  a rin;-sheptd v ~ d t . 1  was placed t h b  b o i l t r ,  

while underntath t r d s  a,ain was t h ~  lamp. I'hb e n t i r t  combustion outyut w a s  

thus f o r c d  t o  mount i n t o  t h u  s1:acb bttwttn t h G  b o i l t r  and tht; r inL-shapd 

vessel .  Ovor t h i s  was a t i , h t - f i t t i n ,  l i d  w i t r i  a ho lG  i n  c f l t  middle, d w o u &  

B which t h t  hot; a i r  w a s  o o l i L d  t o  pass D d o r t  it; c o u l d  p t n b t r o . c t  f a r t h a r  and 

r t a c h  t h e  D o t t o m  of a f ' l e t  snow-rndter, w h i m 1  WD.S p l s c t d  aDovG it. 'I'htn, 

u f t c r  havin, dt1ivs;rt.d SCXT~F, p q r t  of its heat,  'kc- a i r  was i'orctd down aLain  

on the outside of the ring-shaped vessel by the help of a mantle, or cap, 

78 
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*id surrounded the whole. Here it par ted  w i t h  i ts  la st remaining w a r m t h  

t o  the outer s ide  of t h e  ring-vessel, ard f i n a l l y  escaped, almost  e n t i r e l y  

oooled, Prom the  lower edge of t.he mantle. 

For tb heat ing was used a Swedish gas-petroleum lamp,lSlown as the 

“Primus,’ i n  which the h e a t  turns the  petroleum into gas before it i s  

oonsmed. 

Numrous experiments made by Professar Torup a t  h i s  laboratory proved t h a t  

the cooker i n  ordinary circumstances yielded 90 to 93 peroent of t h e  heat 

Imioh the petroleum consumed should, by combustion, t h e a r e t i c a l l y  evolve. 

A more s a t i s f a c t o r y  r e s u l t ,  I think, it m u l d  be d i f f i o u l t  t o  obtain. 

By this mans it renders  t he  combustion unusually complete. 

The 
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vesse ls  in t h i s  cooltar were made of German s i l v e r ,  while t h e  l i d ,  outside 

cap, etc., were of aluminum. 

a t i n  l a d l e ,  it weighed exac t ly  8 pounds 13 ounaes, while tb lamp, the  

"Primus," mighed 42 ounces. 

Together with two t i n  mugs, two tin 8 p O a 8 ,  and 

A t  fuel ,  my choice t h i s  t i m e  f e l l  on petroleum ("snow-flake"). 

whith has  genera l ly  been used before on Arctic expeditions,  has  severa l  

advantages, and, in p a r t i o u l a r ,  i s  easy t o  burn. 

however, is the f a o t  t h a t  it does not  by any means generate so mmh hea t  in 

comparison wi th  i t s  m i g h t  a8 petroleum rrha the  l a t t e r  is e n t i r e l y  consumed, 

as was *e  case with t h e  lamp used by US. 

might freeze, I had a notion of employing gas-oil, b u t  gave up the idea, as it 

escapes so eas i ly  t h a t  it i s  d i f f i o u l t  t o  preserve,  and is ,  moreover, very 

explosive. 

of the  cold. 

l a s t e d  us 120 d a y s ,  enabling UB t o  cook two h o t  meals a day and melt an 

abundance of water." 

Alwhol, 

One decided drawbaok t o  it, 

As 1 was  a f r a i d  t h a t  petroleum 

W e  had no d i f f i c u l t i e s  with our  "unowf'lake" petroleum on acoount 

We took w i t h  us ra ther  more t h a n  4 gal lons,  and t h i s  quant i ty  

In t h e  present  study, t h e  water consumption was on an average $500 d , p e r  

day i n  t h e  mat  group, as against  an average of 850 m 1 . h  t h e  oarbohydrate group. 

In v i e w  of the  foregoinp: oonsideration, t h i s  differenoe should be of  l i t t l e  

imp or t anc e. 

The second important problem is t h e  question of ketosis .  It is o l e a r l y  

r ea l i zed  that t h e  detenninat ion of ketose bodies i s  subjeot t o  ooneiderable 

inacouraoy. 

t h e  t e s t  t h e  excret ion of ur inary aoetone i n  the meat group never exceeded 

1 gm. a day. 

amount . 

However, t he  reported da ta  ind loa te  that  d e r  * e  oondit ions o f  

The highest figure recorded was 866 mg.  which in a very small 
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Accord.hg t o  P e t e r s  4 Van Slyke (1946), ketones a r e  regular ly  found i n  

the urine af‘ heal thy persons leading a normal l i f e .  

a8 280 mg, ketones p e r  1,000 ml, urine. 

7 and 125 mg. daily. 

Van Slyke found 8 8  much 

Others have reported f i g u r e s  betwoen 

&dew oonditions auoh as to ta l  s ta rva t ion  when a l l  energy is derived from 

protein and fat, the  production of ketone bodies by the l i v e r  it3 accelerated 

and the excret ion o f  b t o n e s  in the urine increases. 1x1 normal a d u l t s  the 

appearance of gross ketonuria, acoording t o  P e t e r s  tmd V a n  Slyke (1946) doe8 

not reach i t s  he ight  u n t i l  3 t o  5 days of the  fast have elapsed. As s ta rva t ion  

prooeeds ketosis  gradually diminishee. He states that in t h e  normal male, I 
ketosis of atarvatim does m t reach ser ious  proport ions beoause sufficient 

oarbohydrate i s  derived from prote in  and oxidized, and t h a t  tb l e m l s  o f  

blood htones a r e  n o t  high enough t o  tax severely t h e  Deohani8m for t h e  

preeervation of acid-base equilibrium. 

&hydroxybutyric ac id  were excreted dai.ly in the Urine for  t h e  las t  two  weeke 

of a 31day fast. 

higher than this. 

I\n one s&ject about 6 e. of 

In  d i a b e t i c  acidosis  ketonuria may reach values 10 t imes 

e .  Compared with t h e s e  f i g w 9 s  the amounts of acetone excreted t in  the  ur ine 

our subjects on the mat rati on a r e  i n s i g n i f i c a n t ,  and it  appears that 

his s l igh t  ketoauria observed under these  condit.ions f o r  the p e r i d s  

onsidered l i k e l y  as the  duration of a survival s i t u a t i o n  would have no 

preciably harmful e f fec t .  

sxeroise g r e a t l y  increases  the ketosis, ard a 1O-rcile walk i n  t h e  

raing without breakfast w i l l  produce d i s t i n c t  h t o n u r i a  i n  a heal thy person 

o otherwise i s  l i v h g  on a nacmal d i e t  (Courtice and Douglas, 1936). 

A number of evidences indicate  a meahanism of adaptation t o  ketosis. 

Eskimo s tudies  it is observed t h a t  t h e  degree of  ketonuria is l eso  than 

In 

8 1  
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mhat i s  nonaally observed i n  Whites on a similar  d i e t .  On ths  o t h e r  hand, 

en Eskimo so ld i e r  who had l i ved  for several  months on t h e  normal Army mess 

r a t i o n s  exoreted t h e  same amunts of  acetone as the normal m i t e  s o l d i e r s  when 

given a "ketogenic" d i e t  ( t a b l e  24, subject  No. 12).  

by McClellan and DuBois (1930) the  ketonuria diminished a f t e r  several  months 

on a carbohydrate-free d ie t .  

I n  the subjec ts  s t d i e d  

Deuel and % l i c k  (1932) have demonstrated that ketosis develops more 

rap id ly  and a t t a i n s  grea te r  intensity in women than  in men. 

It has  been repea ted ly  observed that katosia f r equenuy  occurs under 

strenuoua f i e l d  condi t ions regardless  of the  d i e t ,  and Sargent and consolazio 

(1951) showedthat the b t o s i s  i s  reduced when t h e  same subject  undergoes 

repeated f i e l d  t e s t s ,  i nd ica t ing  aome evidenae of  adaptation. 

I n  an Arct io  bivouac a t  For t  Churohill t h e  approxirmte ca lor io  expenditure 

was 4,000 ua lo r i e s  pe r  day. 

conditions 811 t he  men showed t r a c e  quan t i t i e s  of m i n a r y  btones 

day, s t a r t i n g  on the t h i r d  day i n  t h e  bivouac (Molnar e t  al.,1942). 

The c a l o r i c  in take  was a b u t  3,600, Under thsse 

emry 

Of t he  grea t  va r i e ty  of physical  f i t n e s s  t e s t a  (Cureton, 1S47). t he  

Treadmill Test  was se lec ted  f a r  p rac t ioa l  reasons. It should be emphasized, 

however, t h a t  physical  fitness i s  exceedingly d i f f i c u l t  t o  evaluate ,  not 

only because the  meaning of physical  fitness i s  far from c l e a r ,  but a l s o  

because the r e s u l t  of ths t e s t  i s  g rea t ly  dependent upon a number of f a c t o r s  

beyond the control  of t he  observer. 

In all. cases  we observed an improvement a t  the! end of t h e  f i e l d  phase, 

most m b d  in the oarbohydrate group, associated w i t h  a p p r o d m t e l y  1 0 -  

pound weight l o s s  (7.5 percent). 

I t  should be noted that t h e  subjec ts  had been l i v i x  on 8 c a l o r i c  

marches of  10 miles. 

8 2  

d e f i c i t  o f  the order of 2,000 c a l o r i e s  a day, and performing d a i l y  route  
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In the case of untrained per some1 i n  poor physical oondit ion, one 

would expect an improvement i n  physical  fitness during the f i e l d  phase. 

Our subjects, however, were a l l  w e l l  t r a i n e d  and i n  exoe l l en t  physical  

wondition a t  t h e  onset of the experiment. .The fao tor  of physioal training 

therefore can hard ly  explain the  d i f f e rence  i n  the physical  f i t n e s a  scwe. 

On t he  o ther  hand, it appears tht the weight l a s s  may be the most 

important f ac to r  i n  explaining the observed differeaoe. 

s tar ted off probably s l i g h t l y  owr re igh t  end t h e  l o s s  o f  7 percent of  t h e i r  body 

weight m u l d  tend t o  increase t h s i r  physical porformazlce, since there  is 

le88 weight t o  car ry  during tb exercise,  

experience under similar conditions. I t  i s  observed that the carbohydrate group, 

w h i c h  had t h e  g r e a t e s t  w e i g h t  l o s s ,  a l so  showed the g r e a t e s t  improvement 

of physical fitness score, 

The subjects 

This i s  in oonformity x i t h  g e n e r a  

The purpose of the e x p e r i m n t a l  phase was to study the e f f e c t  of t h e  

experimental d i e t  an various physiological  functions as compared w i l h  the  

l eve ls  during the  normal condi t ions during t h e  standardization phase. The 

resu l t s  i nd ica t e  t h e  following effect ;  Both in  the carbohydrate group and 

in the meat group, there was an increase of the physical f i t n e s s  scores, 

most pronomced in t h e  carbohydrate group. 

at  l eaa t  in p a r t ,  may account f o r  t h i s  improvement. 

greater in the carbohydrate group (4,6 lb.) than  i n  the meat group ( 2 0 5  

The basal h e a t  production m s  13 percent higher e t  the end of  the experimental phnse 

than during t h e  standardization phase in  t h e  mat group, while a reduction 

of 7 percent occurred i n  the carbohydrate group. 

t0 the spec i f i c  dynamic ac t ion  of protein. During t h e  experimental phase 

the m e a t  group consumed 300 ml.more f l u i d  per  day thm the carbohydrate group, 

while all sub jec t s  in t h e  moat group were i n  a p o s i t i v e  nitrogen balance, the 

It  is probable t h a t  the mi&*, 

Tho weight loss was 

This d i f fe rence  is  probably due 
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subjec ts  in t h e  carbohydrate group showed a negative balance of 6.3 gm. On 8.n 

average. b t a n u d a  occurred i n  a l l  me& s u b j e d s  and in three of  the oarbo- 

hydrate  subjects.  

During t h e  field phase t h e  f a c t o r  of c l imat ic  s t r e s s  was added to the  

experimental oonditions,  and tb following r e s u l t s  were obtained. 

No signifioant difference -8 obsermd in t he  physical  performance of 

t he  subject  on t h e  meat r a t ion ,  the carbohydrate r a t ion ,  or on tb  mat-and- 

carbohydrate r a t i o n  during t h e  aotual f i e l d  phase. 

soore8 were improved in a l l  *bee  groups at the end of t h e  f i e l d  phase, d 

The physiaal  fitness 

t h i s  improvemsnt w a s  g r e a t e s t  in t h e  carbohydrate group whioh allto had t h e  

g rea t e s t  weight loss. 

differences between the three  groups. 

in morale, b u t  m increase in carelessness ,  i r r i t a b i l i t y  and des i re  t o  sleep 

which occurred i n  a l l  three groups. The weight lose w a s  7.0 percent i n  the  

meat croup, 7.5 percent in the carbohydrate group, and 6 percent in the group 

rece iv ing  both meat and carbohydrate. 

production o f  9 percent i n  the meat group and 7 percent In the meat-carbohydrate 

group, w h i l e  the  carbohydrate group showed a reduction of 7 percent i n  the BMR. 

The water consumption was 1,500 m l .  in the meat group, 850 m l .  in the barbhydra t e  

group, and 1,200 ml. i n  the meat-carbohydrate group. All three groups showed 

n e p t i v e  ni t rogen balance, which w a s  most pronounced In the Carbohydrate group, 

where i t  w a s  approximately 7 gm., as aga ins t  approximately 2 gm. in the  meat 

group. Ketonuria occurred i n  a l l  three groups, most pronounced i n  the meat 

#!PUP.  

The psychia t r io  evaluat ion revealed no d i s t i n c t  

There. was no s ign i f i can t  de t e r io ra t ion  

There wag an increaee i n  the basa l  hea t  

On the  basis  of  these findings,  and t h e  foregoing disouasion o f  the 

s ippif icance of  water requirement, ketonuria, a n d  the assessment of physical  

fitness scores,  i t  may be conoluded t h a t  t h e  carbohydrate r a t i o n  offered no 
-~ 
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significant advantage under condi t ions of a r c t i c  surv iva l  as simulated i n  the  

present study. 

meat r a t ion  is preferable.  I t  is evident from t h i s  study t h a t  under survival 

conditions, which necess i t a t e  c a l o r i c  expenditure, between 2,500 and 3 p O O  c a l o r i e s  

per man per day, including t ravel  of approximately 10 miles a day, $Om c a l o r i e s  

per m a n  pe r  day i s  s u f f i c i e n t  f o r  a period of a t  l eas t  10 days. 

I n  terms of heat production and ni t rogen balance, the high 

I t  would therefore seem l og ica l  t h a t  s w v i v a l  r a t i o n s  developed f o r  Arctic 

use should cons is t  of p ro te in ,  f a t ,  and carbohydrats i n  proportions which would 

serve t o  u t i l i z e  t h e  s p e c i f i c  dynamic ac t ion  of a high protein d i e t ,  t h e  h i g h  

Caloric densi ty  of fat, and t h e  physiological advantages of carbohydrates. 

Protein-fat r a t i o n s  with high ca lo r i c  densi ty  such as  various t y p e s  of 

pemnican, have already been successful ly  used f o r  more than half a century 

by Arctic t r a v e l l e r s .  I t  wnuld appew advisable t o  base future, Arctic 

survival r a t i o n s  on t h e  p r inc ip l e  of a high meat-fat r a t i o n  as  the main meal 

of the day prepared i n  t h e  evening, and an R11-oarbohydrate component of t h e  

ration t o  be consumed i n  t h e  middle of t h e  day while on t h e  t ra i l .  
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PRECIS - 
OBJECT 

To consider a high carbohydrate ver8us a high p r o b i n  surv iva l  
r a t i o n  wi th  p a r t i c u l a r  reference t o  physiological  adequacy, and the  
evaluat ion of problems r e l a t ed  t o  water requirements and the physiological  
and c l i n i c a l  significance of k e t o s i s  under Arct io  eurvival  oooditions. 

SUMURY AND CONCLUSIONS 

Recent r epor t s  on Air Form surv lva l  r a t i o n  s tud ie s  have emphasized 
t h e  d e s i r a b i l i t y  of an all-oarbohydrate r a t i o n  for Arct ic  surVIva1. 
a series of l abora tory  e x p e r h n t s  followed by f i e l d  experiments under 
simulated survival conditions,  the  physiological adequacy of l o r  c a l o r i e  
survival r a t i  011s have been s tudied in groups of normal men under conditions 
which n e c e s s i t a t e  t r a v e l  =der mrious Arctic WnditiORS. 1'he r a t i a n s  
s tudied contained approx imte ly  W O O  c a l o r i e s  pe r  man p e r  day a d  oonsiated 
of  an all-carbcbydrate r a t i o n  and a high prote in- fa t  ra t ion.  On the b a s i r  
of the  presented d a t a  it may be oolloluded t h a t  from a physiologioal  stand- 
p o h t  t h e  all-carbohydrate r a t i o n  offered no s ign i f ioan t  advantage over ths 
high m a t  r a t ion  under t h e  oonditions o f  t h e  atudy. The requirements for 
Arct ic  surv iva l  r a t i o n s  are discussed w i t h  sugges t ims  for future work. 

In 

i i i  
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ARCTIC SURVIVAL RATIONS 

I NTRO DUCT10 N 

In recent  years a v a r i e t y  of d i f f e r e n t  r a t ions  has been t e s t e d  

during a number of f i e l d  r a t i o n  s tud ie s  under Arctic o r  subarct ic  

conditions.  In the case o f  Air Form survival r a t ions ,  t he re  has  been 

a teEdency t o  emphasize t h e  d e s i r a b i l i t y  of an all-carbohydrate r a t i o n  

(Mallinger, 1948; Koth, 1948; %e, 1960). 

The views on the type of survival  r a t i o n  preferable  under Arctic 

condi t ions are  s t i l l  confl ic t ing.  Further systematio research in this 

f ie ld  on a contbuous basis i n  h ighly  des i rab le  i n  order t o  obtain a 
. 

d e f i n i t e  answer as to w h a t  type of r a t ion  would y i e ld  the m a x ~ m u m  eff ioienoy 

mder t h e  survival oonditione in the  Arot ic  on the basis o f  the epaoe and 

m i g h t  a l loca t ion  available f o r  8 w v i v a l  rations i n  t he  a i r c r a f t .  

In previous studies, one argunrent in favor of an all-oarbohydrate 

ration has been the reduced water requiremsnts on a carbohydrate ra t ion.  

The assumption h a s  been that t h e  supply of mter is a c r i t i o a l  problem i n  

the  Arotio as it is i n  t h e  Tropics, A seomd argumnt i n  favor  of t h e  

carbohydrate ra t ion has been i t s  antiketogenio effeat ,  assuming harmful 

e f f e c t  of k e t o s i s  under these  conditions. 

Frantz  (1948) oonoluded as t h e  r e s u l t s  of a surv iva l  r a t i o n  t r i a l  in 

Alaska t h a t  thirst is a serious problem f o r  men e a t i n g  the USAF emergenoy 

r a t i o n ,  although 8 0 0  ml .  f l u i d  per  day w a s  adequate t o  maintain nater 

balance on this ra t ion .  

man f o r  10 days t o  m e l t  this quant i ty  of w a t e r  from anow under the 

condi t ions of the test. 

H e  found tha t  l#oO ml. gasoline w a s  required p e r  \ 

1 
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Mellinger (1948) recommended that a mme e f f l c i e n t  snow-melting 

apparatus should be developed. 

of  f u e l  supply f o r  mslting snow, t h e  problem of wnter balance in t h e  

Arctic is similar t o  that encountered i n  survival  a t  sea. He concluded 

0x1 t h e  b e i s  of all-weathel- room experimeolts that with calorio expenditures 

o f  4 p  t o  900 oalories,100 e . o f  carbohydrate is adequate t o  prevent 

ketosis and t o  spare body p r o t e i n  t o  the extent of about 50 percent o f  the 103s 

during f a s t i n g  and that, although phys ica l  d e t e r i o r a t i o n  occurred on this 

regimen, it nas poss ib le  t o  maintain a c a l o r i o  output  of 4900 t o  $500 

c a l o r i e s  por  day for 6 days. I t  should be noted, however, t h a t  this 

oonolusion does not agree  wry m l l  with h i s  reported data ,  as  aoetmuria 

a l s o  o c o u r w d  i n  both subjec ts  on the  carbohydrate ration, although 

s l i g h t l y  less  than during fast ing.  

He also s t a t e d  that because of limitation 

A conrprehenaive r epor t  by &OW, (1948), stressing tb problem o f  water 

supply in the Arct io  a d  the s ippi f icance  of  ke tos i s  suggests a ration 

e s s e n t i a l l y  composed of oarbohydrate with a small amount of p ro te in  (y 

t o  j gm.) and fat (up t o  10  percent of  the  ca lo r i e s )  as an all-purpose 

survival ra t ion ,  supplying 1,000 ca lor ie0  per day for the  Arctic environ- 

ment and 500 calories for the t r o p i c a l  areas. 

In a l a t e r  surv iva l  r a t i o n  study, reported by D y m  (1950), the a l l -  

aarbohydrate ration ST-1 (500 cal/man/day) w a s  found t o  impose a very 

l a r g e  oa lo r i c  d e f i c i t  under t h e  conditions of t h e  t e s t ,  a d  f a i l e d  t o  

prevent ketosis .  For this reason it was found inadequate as an all- 

purpose, global  survival ration. 

The purpose of the present study w a s  t o  oonsider a hi&-carbohydrate 

versus a high-protein d ie t ,  with p a r t i c u l a r  reference t o  physiological 

adequaoy, and an evaluat ion of problems r e l a t ed  t o  water requirements and 

2 
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the phgsiologiaal  and c l h i o a l  s ignif ioanoe of b t o s i s  under Arctic 

survival oond i t ims .  

k i n g  a surv iva l  ration conference of r ep resen ta t ives  from the 

Aeromediaal Laboratory and t h e  Arct io  Aeromdical Laboratory held on 

9 Xovember 1950, it m s  oonoluded on the basis of previous experiences 

that a l imited spaoe surv iva l  ration Bhould contain approximately 1,000 

o a l o r i e a  p e r  man pe r  day. 

therefore  l imi ted  t o  1,000 oalories.  

The r a t i o n s  examined i n  t h e  present  study were 

In the p a s t  it has been the usual po l i cy  t o  r e d n  w i t h  the airoraft. 

It appearr t h a t  it i s  now r ea l i zed  that t h e  neoess i ty  for eeoape and 

evasion in t h e  aase of h o s t i l i t i e s  would in many oases mean travel d e r  

various Arctic conditione from t h e  s o m e  of the orash t o  a mutral  cone 

o r  a piok-up point.  

requireasnta  should include t h i s  fao tor ,  uhioh would neoess i t a t e  highsr  

I 

On t h i s  basis, t h e  eva lu i t i on  of surv iva l  r a t i o n  

aa lor io  expenditure. 

mder oonditicma uhioh neoeasi ta ted t r a v e l  under various Arct ic  cmdi t ions .  

For this reason, tb present study was performed 

It has  been oustornery in t he  pae t  t o  consider 10  days as a masonable 

surv iva l  period. This, obviously, w i l l  depend on a number of f a c t o r s  

influenoing the  ao tua l  survival s i t m t i a n .  

the drcraFt i n t a c t ,  it would s e a  l i k e l y  t h a t  the avai lable  radio and 

s ignal ing equipment would grea t ly  f a o i l i t a t e  the search and thus increase  

the  ohanoea for 8 ~ .  e a r l y  resow. 

r a t ione  might be masonable. If on the other hand the aircrew i s  stranded 

dth a completely demolished airoraft or i n  tb  clase of b a i l  out, the 

problem is e n t i r e l y  d i f fe ren t ,  pa r t iou la r ly  i f  the orew i s  stranded i n  

the a r e a  of the Polar Basin where condi t ions are extrems. 

If th airclmw is  down w i t h  ! I  

I n  t h a t  oase, a 10-day s q p l y  of survival 

3 
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For t h e  purpose of this study, however, the 10-day period m8 chosen 

a8 t h e  durat ion of the actual  f i e l d  phase, taking i n t o  consideration the 

apparent p h y d o a l  and mental r e ~ o u r c e 8  of the subjeots a t  the completion 

of this period. 

PFiOBLiw 

In view of t h e  grea t  v a r i e t y  of Arctic environments (the pack ioe Fn 

t h e  Polar  Basin, the Arctic coast ,  the tundra, t h e  inland i c e  of Greenland, 

the inhabi ted areas suoh a8 Brotic Nomay, ani t h e  inhabited mountain 

region8 of Alaska, Arctic Canada, etc.) - each represent ing d i f f e r e n t  

survival problems, and because of the wrying conditions for the survival  

depending an whether t h e  survivors b a i l  out or crash l a d ,  the problem of 

Arctic s u v i v a l  r a t i o n e  cannot be Solved i n  a s ingle  experimsnt. 

The problem which formed the b a s i s  f o r  t h e  present  study was l imited 

t o  the consideration of an a l l  oarbohydrate r a t ion  w m u 8  a high p r o t e i n  

r a t i a n ,  and w a s  intended as a l i n k  in  a a e r i e s  af studies  designed t o  

0 s t a b l i s h  the physiologioal  requirements for surdval r a t i o n s  t o  be used 

in Arct ic  conditions. 

MB'fHODCS AND PROCEDURES 

A. Arranp,ement of  t h e  Experiment 

1. Control s tudies-  

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

beginning 3 January 1952, two groups of  5 and 7 normal men imro subject t o  

comprehensive c l i n i c a l  and laboratory examination8 while subsis t ing on 

unlimited q u a n t i t i e s  of the normal mess r a t i o n ,  with a c e r t a i n  oa lor ic  

expenditure. 

blood and urine examinations, quant i ta t ive  determination of  t o t a l  acetone 

bodies in t h s  urine, and determination8 of  f a s t i n g  blood sugar, The studie8 

The examinat ions included complete physicals ,  x-rays, rout ine 

National Archives, College Park, klD 
Review of 4 April 1996 and 8 May 1996 

Record Group 34 1 
Entry 44 
Box d70 



r -- 
I 

PKOJ LCT NW4DER 22-1 10 1-0002, R I < I ’ O K T  NU\I f )CR I 

included oareful estimations of t h e  ca lo r io ,  na te r  ard ni t rogen balanoes 

and turnover rates for  each subject.  These were ca lcu la ted  on t h e  bas i s  

of complete ind iv idua l  food weighing8 and f l u i d  coneunption reoords, hourly 

t ime-ac t iv i ty  data, repeated basal  metabolio r a t e  determinations, masure- 

ments of urine v o l w  and nitrogen content  and da i ly  body m i g h t  determinations. 

Observatians were made regarding physical  f i t n e s s ,  and a payohological 

evaluation of eaoh subject was prepared by a psyohia t r i s t .  

b. er imental  phase. An experimsntal period of 6 days followed 

the  s tandardizat ion phase. During this phase the sann h m s t i g a t i o n s  Wre 

made in the same subjeots while subs is t ing  on the  sxperimental r a t i o n ,  the 

condi t ions otherwise being unchanged. One group received 1,000 c a l o r i e s  i n  

the  form of tb all-oarbohydrate r a t i o n  (ST-1). The seoond group received 

the 8amo amount of ca lo r i e8  in the form of a apeoia l ly  prepared meat d i e t  

(boi led ground s teak)  . 
Both groups oonaumed t h e i r  r a t ions  a t  the same time, %.e., taioe da i ly ,  

The m t e r  i n t a b  w a s  reoorded throughout in the morning and i n  t h e  evening. 

t h e  e x p e r h n t a l  phase, by using measured paper cupsI 

Twenty-four-hour ur ine samples were col lec ted  throughout the experimental 

phase, from 0630 t o  0630 hours in l abe l l ed  canteens. 

thoroughly b r i e fed  in t h e  method of urine oolleotion. 

The subjec ts  mre 

The body weight, nude, was reoorded d a i l y  immedhbly following the 

emptying of the bladder  i n  t h e  morning. 

and pulse  r a t e  was reoorded twice daily. 

Body temporature, blood pressure, 

Environmental s tud ie s  were made during the e n t i r e  cont ro l  period. 

The subjeats  l i v e d  i n  a separate,  i so l a t ed  barraaks throughout t h e  

study and were under the observation o f  a teohnician at a l l  times. 

5 
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2. Fie ld  s t u d i e s  

k i n g  a t h i r d  per iod following a su i tab le  recuperation period, the 

experiment was repeated wi th  the 8- r a t i o n s  on, t h e  same s & j e O t s  under 

8 h u l a t e d  survival condi t ions in t h e  f i e l d ,  whioh involved similar c a l o r i o  

expenditure. The i n v e s t i g a t i o n s  oarried out during t h i s  period =re 

e s s e n t i a l l y  the earn as during the previous psriod. In t h i s  study two of 

t h e  s u b j e a t s  sho o r i g i n a l l y  r e w i v e d  the ma t  r a t i o n  received a combination 

o f  t h e  meat and the carbohydrate rat.ian. 

The s B j e o t e  were admitted t o  the labora tory  i n  the  afternoon of 

31 J m r y  1952, 

and equippent, moh as skis and 8n011ghoe8. After br ie f ing ,  m e d i o a l  

exandnation and rupper, t h e  subjec ts  -re confined t o  t h e  sleeping quar te rs  

under t h e  supervision of a teahnician.  

t h a t  no food w a s  brought. 

b r i n g k g  w i t h  than  -their standard adequate f i e l d  o lo th ing  

An h s p e o t i m  was made t o  insure 

The following morning, i.9., tb first day of tb  f i e l d  phase, t h e  

urine wat3 voided a t  7x00 A.M., the body m i g h t  recorded, and a f a s t i n g  

blood sample col leoted f o r  f a s t i n g  blood sugar, e t c .  Following t h i s ,  the 

f i r s t  r a t i o n s  were iseusd and conauned, a f t e r  vhich tb men and t h e  equipment 

t o g e t b r  with t h e  f i e l d  observers were t ransported t o  the camp si te by truck. 

During the e n t i r e  f i e l d  phase, which l a s t e d  10 days, t h e  r a t i o n s  were 

isaued and oonsumsd twice dai ly ,  i.e., i n  the morning and i n  t h e  evoning. 

H o t  tea and/or  coffee without 8%- and cream were available far all three 

group 6- 

Bach day a l l  8ubJeots t rave led  approx3mately 1 0  miles, h a l f  of this 

In the morning and the o ther  h a l f  In  t h e  afternoon. The dis tance  was 

oorered by foot, on s lda ,or  on mowehooe. A l l  throe groups l i v e d  and 

6 
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I t r a v e l l e d  toge ther ,  and the condi t ions,  a p a r t  from t h e  r a t i o n s ,  were a6 

similar as poss ib l e  f o r  a l l  groups. 

A complete mteo ro log ica l  s ta t ion  was es tab l i shed  a t  t h e  “amp s i t e  

in adoance, and temperature and humidity readings were a l s o  made in tb 

tents .  

The urine m s  co l l ec t ed  from eaoh subjeot throughout  t h e  f i e l d  phase. 

A f a s t i n g  blood sample was oolleoted on t h e  f i f t h  day and at  t h e  oonolusion 

of the  t e s t .  

On the  tenth daythe aubjec ts  were taken baok t o  t h e  labora tory  where 

physical  examinations were made. 

p 8 yOhologi oal  e va l  uat ions p er forme d . 
Physioal fitness t e a t s  -re conducted and 

In t h e  morning of t he  eleventh day, i.e., February 11, t h e  last Urine 

sample m e  collected.  

recorded. 

re turned  t o  normal o o d i t i o n s .  

3. Heornery s tudies  

The subJects were observed during a period of three days  during 

A f a e t i n g  blood sample was talrsn, and t h e  BMB 

Following this a l i g h t  lunoh wris oomumed, and t h e  subjeote 

reooverg p r i o r  to proceeding on oonvalesoent leave. 

During .this period, the s & j e o t s  were allowed t o  consume food and water 

in =l imi ted  quant i t ies .  The body weight was recorded dai ly .  

B o  Subjects  

A t u t a l  of 1 2  normal infantry personnel, 19 t o  23 years  old, from t h e  

Third Battal ion,  4th Infantry Regiment, mre used for this study. These 

msn were thoroughly indoot r ina ted  and w e l l  t r a i n e d  in Arctic survival, 

accustomed t o  Arc t i c  f i e l d  a c t i v i t i e s  and well discipl ined.  Eleven of 

the subject6 had spent 17% months in Alaska, and one of t h e  subjeote ,  

who was an Eskimo, had l i v e d  i n  tb t e r r i t o r y  a l l  h i e  l ife.  

7 
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Medioal examinatim, ino lu l ing  medical historle a and complete physical 

examination, revealed no pathological  oondition in any of the 1 2  subjeots  

se leo ted  f r o m  a group of 14 

normal f ind ings  (see tables 22 and 25). 

Routine blood and urim examination showed 

The subjea ts  were divided i n t o  two groups; me group of 5 men w a s  

given t h e  carbohydrate r a t i o n ;  a second group of 5 men was given t he  meat 

rat ion.  A t h i r d  group of 2 men was, for the purpose of anothsr study, 

givsn the  meat d i e t ,  dur ing the  oant ro l  s tud ies ,  while during t h e  f i e l d  study 

they received a combination of  ba th  rations.  

each of tb two main groups. 

m~n, were i n  charge of  the personnel during the  t e s t .  

A senior NCO was included in 

The N O ' S ,  who were well aoquainted with t h e  

One of the subjecta,subject KO. 11,developed a hand infeo t ion  af'ter the 

cmolua ion  of the oclntrol studies, and was therefore  unable to take p a r t  in 

t h e  f i e l d  ettrly. 

For the purpose of m o t i v a t i o n ,  the aub3eots were to reoeive oonvalesoent 

leave t o  the S t a t e s  upon completion of t h e  f i e l d  atudy. 

days of the f i e l d  study no leave would be accumulated. From t h e  f i f t h  f i e l d  

day, t he  leave would be aocumulated as follows: 

D u r i n g  t h e  first 4 

For t h e  Sth dayr 1 day's leave For the  9th day: 5 days'leave 

For t h e  6th days 2 days' leave For t h e  10th day$ 5 days'leave 

For the 7 th  day8 

For t h e  8th dayr 

3 day$ leave 

4 days'leave 

C. Rations 

1. Carbohydrate ra t ion.  As a carbohydrate ra t ion ,  the s t a rch - j e l ly  

bar from t h e  ST-1 r a t i o n  yw6 used. It contained 355 c a l o r i e s  per 100 fcm. 

8 
1 
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2. Hi@-protein r a t i o n s  As a high pro te in  rat ion,  boiled ground 

round s teak  was used. It was minced, thoroughly mixed, boiled,  skimmed, 

s t ra ined ,  and ca re fu l ly  weighed p r i o r  t o  oonsumption. 

Anslyaee of five different random samples of the prepared meat r a t i o n  

gave t h e  following average results: 

Water P 60.4 percent 

Fat : 12.5 percent 

Protein: 27.2 percent 

Carbohydrate I 0.0 percent 

3. The mat-carbohydrate group moeived 270 gm. of the meat ra t ion  and116 

gm. Of the oarbohydrate r a t i o n  d a i l y  d i d d e d  i n t o  two meals of equal size,  

one in t h e  morning end one in t h e  evening. 

D. Test lo catiQp 

The camp f o r  the  f i e l d  study was located at Birch Hill, on the  o u t s k i r t s  

of  Ladd AFB (fig. 1). The camp was accessible by road, a n d  the surrounding 

t e r r a i n  w a s  s u i t a b l e  f o r  t r ave l  on f o o t  along the road, on skis a long  the ski 

trail, and by enowshoee through the woods. The camp consisted of  4 t e n t s  for 

the  subjects and 1 ten t  f o r  the observers ( f ig .  2). No heat  w a 8  allowed in 

the t e n t s  except f o r  the use o f  a Co lnm stove (fig. 6) f o r  ha l f  an hour i n  

the morning and evening f o r  the purpose o f  melting snow f o r  the prepamt ion  

o f  bevemge ( t e a  ar.d coffee) .  

During t h e  f i e l d  study the temperature a t  t h e  oamp s i t e  ranged be tmen 
0 0 

-36 F. and +lZ F,,the mean temperature being -15' F, The meteorologioal 

d a t e  from Ladd AFB, f o r  t h e  pe r iod  of the  study, are given in  tables 1-3. 

The mean t enpe ra twe  ins ide  the  t e n t  wa6 a b o u t  zero degrees Fahrenheit 

( m i n i n r u m  -20 

- 

0 
F,; maximum +ZOO F,). 
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Fig, 2. The S u r v l l d  Camp 

Fig. 3. Route Maroh 

11 

.- 

National Archives, College Park, MD 
Review of4  April 1996 and 8 May 1996 

Record Group 341 
Entry 44 
BOX d 7 0  



1 DECLASSiFlED I 
I Authority jvyb&( 30 7, - I  REPRODIJCED AT THE NATIONAL ARCHIVES 

Fig. 4. The Ski  Trail. 

Fig. 
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Fig. 6. Melting Snow i n  the T e n t  

'f'wo observers remained w i t h  tb subjeuts  a t  a l l  t ims.  Thay spent 

the  n ights  in a separate t e n t  in the camp, m d  accompanied the subjec ts  

i n  t h e i r  d a i l y  a c t i v i t i e s  a n d  while t r a w l i n g .  

were under almost constant observation. 

and behavior of each of the subjects ,  with par t icu lar  emphasis on the 

following p o i n t s  I 

The subjects ,  therefore ,  

Notes were made of t h e  performance 

1. Personal care. The subjec t ' s  a b i l i t y  t o  t a k e  care  o f  himself, 

his a t t i t u d e  to current problems, precalitiozs, i n t e r e s t  i n  personal 

well-being and comfort, a b i l i t y  t o  m a k a  t h e  best of a gimn 

s i tua t ion ,  tendency t o  give up or surrender when faced w i t h  a 

o r i t i c s l  s i tda t  ion. 
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2. Physical performance. Physical strength,  stamina, signs of fa t igl  

whethor or not mom e a s i l y  fa t igued than normal, shortness of  brei 

a b i l i t y  t o  keep up with the  group, d i f f i c u l t i e s  w i t h  gear and 

equipment. 

Notes were made o f  t h e  i n t e r v a l s  between rest periods, speed of t rave:  

dis tance of t r a v e l  per day, time required t o  perform c e r t a i n  d e t a i l s  s w h  t 

dreasfng, e t o  J g a i t  ( h e t h e r  steady or Smiying), i n i t i a t i v e  and will-power, 

competition mcmg the subjects  as t o  physical performame. 

3. Abnormal performance and manifestation of pathologioal conditionel 

Anything unusual aas recorded, and precautions m1-9 taken t0 see that 

no fbod was hidden o r  consumed o ther  t h a n  t h e  o f f i c i a l  ration. Notes were 

made of t h e  time of food consumption, end the occurrence of fhtigue in 

r e l a t i o n  t o  meal times. Occurrence of hunger pa ins ,  fa in t ing ,  or eymptoms 

of malaise were recorded, and a l s o  whether or n o t  t h e  subject f e l t  cold. 

The observer carefu l ly  watched for the  poss ib lo  occurrence of f r o s t b i t e .  

F. Laboratory methods 

For the  rout ine blood and urine examination the  standard methods -re 

used . 
The composition of t h e  meat r a t i o n  was  determined in t ha  usual nay; t 

water content was determined by drying t o  constant wight a t  104 C,,the f 

o m t e n t  by e x t r s c t i o n  i n  the S o a l e t e  apparatus, the protein content by thc 

Kjeldahl method. 

0 

During t h e  s tandardizat ion phase the food consumptian w a s  determined 

by careful ind iv idua l  weighing of the food oonsumed at each meal, using 

paper p l a t e e  and oupe (fig. 1 2  ), 

the r a t i o n e  were weighed and i s e w d  a t  each meal and t o t a l l y  consumed. 

During t h e  experimental and f i e l d  phase 

Th 

16 



I ---------a - 

PROJECT NUMBER 22-1 101-0002, KLCORT NUMBER 1 

oalor io  expenditure m s  estinratod- by using t i m e a c t i v i t y  sheets  h i a h  w e r e  

f i l l e d  out with the ass i s tance  of  observere. 

For assessing t h e  physical  fitness of the  subjects at t h e  various stages 

of the experiment, t h e  treadmill t e s t  of physical fitness f o r  hard musoular 

work, desoribed by Johnson e t  a l .  (1942),lras usod. 

perforned, considering t h e  possible  f a c t o r  of learning. In addition, the 

performance of each subjeot was evaluated by personal observations by the 

ob ser  ver 8. 

Repeated t e s t s  were 

The basal metabolic ratx wns determined both by t h e  Benediot-Roth 

and by the Sanborn Waterless apparatus (fig. 11). 

described i n  d e t a i l  i n  a previous repor t  (Rodahl 1962). 

The teahnique has  been 

The eubjects  were allowed t o  oonsume water ad libitum, but the water 

o o n s q t i o n  was meaeured. 

Fig. 7. Ghopping W b d  
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Fig. 9 .  The Standard Clothing, 
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Fyg. 10. In the Sleeping Bag 

Twenty-four-hour urine sampxea were col lec ted  i n  individual,  labeled 

canteens which -re kept a t  t h e  ambient temperature. This meant that eaoh 

increment was frozen almost as soon as collected. h c h  morning the cranteene 

were oolleoted and replaced d t h  empty oneso The urine was thawed and 

analyzed immediately a f t e r  being brought i n  from the  f i e ld .  A f t e r  thorough 

mixing and determination of t h e  volume, ni t rogen and ketone body determina- 

tions were made as followsa 

1. Nitrogen. Following appropriate d i lu t ion  and thorough d iges t icn  

rith sulf’uric a o i d  arrl. potassium pe r su l f a t e ,  the ni t rogen content m a  

letermined by t h e  Neaeler react ion.  Readings were made a t  540 q w i t h  t he  

Klet t  Photoeleotrio colorimeter and oorreoted t o  4 m l . w i t h  t h s  aid of a 

ca l ibra t ion  f ao to r  ( s t r a igh t  l i n e  relat ionehip ). 
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Fig. 11. The Bascll &taboiiem Test 

Fig, 12. Nut r i t iona l  Survey During the S tandard i ta t ion  Phase 
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2. Ketone bodies. Each 24-hour sample of ur ine was t e s t e d  q u a l i t a t i v e l y  

f o r  t h e  presence of acetone and aoetoacet ic  ac id  w i t h  the a id  of prepared 

n i t rop russ ide  powder (Denoo). 

aoetane w a s  indioated,  the aoetone and acetoacetate  were determined 

quan t i t a t ive ly  by t i t r a t i o n  of t he  d i s t i l l a t e  from an ac id i f ied .  sanple viith 

In  every case in a i o h  a t r a c e  or m o r e  of 

standard iodine and t h i o s u l f a t e  solutions.  Unfortunately, l imi t a t ions  of 

t i o m  , t ra ined  personnel, and ava i l ab le  f a c i l i t i e s  d i d  not  p e r m i t  determination 

of B-hydroxybutyrio acid. However, i n  View of t h e  mildness of  t he  ke tos i s  

revealed by t h e  acetone and acetoacetate  assays, the B-hydroxybutyrate content 

and the t o t a l  ketone body exoret ian may be assumed t o  have been t o o  low t o  

warrant more i n t ens ive  study. 

Attempts t o  oo l l eo t  carmine-Cyed feces  for t h e  purpose of n i t rogen  

determination were only p a r t i a l l y  successful because of the  sniall quantities 

of feces produced ani the delayed exoretion during t h e  experimantal phase 

and t h e  f i e l d  phase. From the  inoomplete da ta  obtained, it appears t h a t  the 

n i t rogen  l o s s  through feces  was n o t  i n  excess of 10 percent of the total nit rogen 

intake. 

f i e l d  phase. 

There appeared t o  be a decrease i n  f e c a l  ni t rogen during the  

On t h e  basis of our incomplete data ,  which agreed with the general ly  

aocepted f i g u r e s  for nit rogen el iminat ion ( h B o i s ,  1928 1 0  t he  following 

f igu res  f o r  f e c a l  ni t rogen have been used in t h i s  study. 

Standardi zat ion phase c 

Experimental phase: Meat G r o u p  

F i e l d  phases 

Carbohydrato Group 0.5 m. 

Meat Group 1.0 m. 

Carbohydrate Group 0.5 gm. 

Meat-Carbohydrate Group 1.0 @. 

2 1  
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RESULTS 

Environmental condi t ions 
~~ ~~ -~ - 

mile the temperature and humidity in  t h e  quar te rs  uwre maintained 

a t  approximately t h e  same l e v e l  both during t h e  s tandardizat ion and t h e  

experimental phase, the mean outdoor temperature m8 -2' F. during the  

s tandard iza t ion  phase as aga ins t  -40' F. during the experimbntal phase. 

During the f i e l d  phase the  mean temperature a t  Ladd Fie ld  'IIF~S -9 

approxirmtely -15 F ,a t  the  camp ai te .  Small changes i n  t h e  relative 

0 

F,,and 
0 

humidity w s  reoorded, and t h e  wind veloci ty  was  i n s ign i f i can t  throughout 

t h e  study ( t a b l e s  1,2,3). 

Food intake 

k i n g  t he  s tandardizat ion phase when th subjec ts  mre l i v i n g  on 

t h e i r  normal mess r a t i o n  and -re allowed t o  consum unlimited quant i t ies ,  

t he  average d a i l y  consumption o f  ca lo r i e s  was about 3,000 c a l o r i e s  per day, 

varying between 2,000 and 4,000 ( t ab le  4). 

c a l o r i e s  was  derived from protein,  42 percent  from fat, and 46 percent 

Approximately 1 2  percent cf the  

from carbohydrate. 

D d n g  t h e  experimental phase a n d  the f i e l d  phase, the  average c a l o r i o  

oonsumpticm was a s  olose as possible  t o  1,000 c a l o r i e s  per day i n  both t h e  

mat  group and the carbohydrate group ( t a b l e s  5 and 6). In t h e  oarbohydrate 

group all c a l o r i e s  were derived from carbohydrate, while in the meat group, 

a p p r o d m t e l y  60 percent o f  the c a l o r i e s  came from pro te in  and the remaining 

60 percent from fat. The meat-oarbohydrate group, which had the  same ca lo r io  

omsumption as the other 

from prote in ,  30 percent 

two groups, obtained 30 percent of  t h e  ca lo r i e s  

from fat ,  and 40 percent from carbohydrates. 
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Calorie  expenditure, 

The average d a i l y  ca lo r io  e q e n d i t u r e  for a l l  1 2  subjeuta during the  

s tandard iza t ion  phase was estimated a t  2,400 ca lor ies ,  OD t h e  basis of time- 

a c t i v i t y  data. 

(table 19),  w h i l e  there appeared t o  be no water retention. 

During t h i s  per iod a Sl ight  weigf i t  gain was observed 

haring t h e  experimental phase the average d a i l y  ca lo r io  expenditure 

mi  est imated a t  2,300 ca lor ies ,  and a t  a p p m x h a t e l y  2,700 during t h e  f i e l d  

phase. The avezege da i ly  o a l o r i c  expenditure appeared t o  be qui te  uniform 

a l l  three groups ( t a b l e s  7 and 8) .  

During t h e  emtire f i e l d  etudy, which l a s t e d  10 days, a t o t a l  dis tanoe 

of 100 miles was colrered ( t a b l e  9), varying betireern 9 and 1 2  miles da i ly ,  

w i t h  the exoeption o f  t h e  f i r s t  day in the f i e l d ,  when only 5 miles were 

covered, because moet of the day  wae spent In es t ab l i sh ing  the camp. 

experFmenta1 r a t i o n s  in the  laboratory,  but engaged in  outdoor a o t i v i t i e s  

rimilar t o  t h e i r  normal duties, no hunger was experienoed, although m e  of 

t he  subjeuts on t h e  mat ration ( the Eskimo, subject No. 12) ard one of 

t h e  rubjeo t r  on t h e  oarbohydrato ra t ion ,  oanplained Qf ansakness. One of 

t h e  subjects in t h e  meat group and one i n  t h e  carbohydrate group complained 

of exoe81 flatus. 

on the four th  and f i f th  day when standing up suddenly. 

hydrate  group f e l t  that  they  d id  b e t t e r  than t h e  meat group i n  t h e  t readmi l l ,  

One of the  subjecrta i n  t h e  meat group f e l t  s l i g h t l y  dizzy 

Some of the carbo- 

P r i o r  t o  t h e  oomnrenoement of the  f i e l d  phase, one of  t h e  subjeots  from 

the carbohydrate group (subject No. 11) had been admitted t o  t h e  h o s p i t a l  

f o r  a revere hand i n feo t ion  kith developed af’tdr t h e  conclusion of the 

experimental phase. He m a  thus mable t o  take p a r t  i n  the f i e l d  atudy. 
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TABLE 9, DISTANCES COVERED DURING FIELD STUDY 

h Y  1 Skiing 

h Y  2 S k i i n g  

Dey 3 Walking 

5 m i l o s  

1 2  lniles 

1 2  miles 

J-w 4 Skiing 1 0  miles 

5 Walking 10 miles 

Day 6 Talking 1 2  miles 

Day 7 Skiing 1 0  milas 

h Y  8 Walking 5 miles, ski ing 5 miles 10 llli108 

Day 9 Nalking 10  miles 

Day 1 0  Walking 9 miles 

Total 8 100 s i l e a  

at the cornmenoemant of tho  f i e l d  phase a l l  subjeo ts  were f o w d  t o  be 

in excol lent  physioal condition; and the body w i g h t s  were now almost the  

same a8 during t h e  s tandard iza t ion  phaae. 

It i s  very d i f f i c u l t  t o  obtain an aoourate appra i sa l  of t h e  individual  

perfonnanoe under the e x i s t i n g  f i e ld  conditions. Although the group oonsisted 

of well-diroipl ined and we l l - t r a ined  infantry s o l d i e r s  the ind iv idua l  

difference6 i n  i n i t i a t i v e ,  att i tude,and personal i ty  oaused qu i t e  wide 

var ia t ions  in energy expenditure from one subjeot to another. Some of the 

subjeots  would be more wi l l ing  than others t o  8eoure wood for t h e  fire. 

Some of them took p a r t  i n  the various Camp d e t a i l s  with hes i t a t ion ,  and 

others prefer red  t o  stand or s i t  around t h e  f i r e ,  inaotively,wit;h the 
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result that t h e i r  feet  beoame cold by the  time they were about to orawl  into 

t h e i r  s leeping bags. 

t h e  night, causing l o s s  of sleep, whioh inturn might a f f e o t  their 

performanoe t h e  following day. some of the m n  would keep most of t h e i r  

As a r e s u l t  of t h i s ,  they w u l d  remain oold throughout 

c lo thes  on i n s ide  the s leeping bag, and sa id  t h a t  they remained warm 

and s l e p t  w e l l .  Others undressed, and s ta ted t h a t  they were unable t o  

keep warm i n  the  bag, and the re fo re  Slept  poorly. 
I 1  

lhe  seoond day was p a r t i c u l a r l y  s t r e n u o u ~ ,  as a long trail was broken 

on skis through deep snow and  d i f f i c u l t  termin. 

fair, good,or exoel len t  sk i e r s ,  they were all extremely t i r ed .  

was good, however, and there  mre no complaint& 

Although subjec ts  were 

The morale 

One of the men had s l i g h t l y  

burned one of  his boots. One of t h e  hardest  workers in t he  meat group 

(subjec t  No. 1) mentioned tha t  he oould feel tlm effect  of lack af' fmd ,  

being e a s i l y  t i r ed .  Subjeot 7 i n  the  carbohydrate group t a l b d  about food 

and had a craving f o r  m a t .  

On the t h i r d  day, subjeot No. 2, i n  the carbohydrate group oomplained 

of nnusea from the s ta roh  jelly bars,  and was unable t o  e a t  t h o  e n t i r e  

r a t i o n  a t  me t i m e ,  The general  spirit was exce l len t .  During the route 

nrnrch t b y  h e l d  a br i sk ,  steady paoe. They d id  not appeex very t i r e d  a t  

t h e  end of the  12-xuile walk, except subject No. 2. 

The following day, the f o v t h  day of t h e  f i e l d  phase, t he  morale was  

s t i l l  very good. 

as hard as some of t h e i r  recent  umeeuvers. 

t h a t  any of th sub jec t s  might discontinue t h e  t es t  becRuse o f  physical or 

Several of the subjeo ts  s t a t e d  t h a t  t h i s  regimen w a s  not 

There was no evidence ind ica t ing  

mental exhaustion. 

t o  eaposure m r e  heard, and  no evidence of ,  fa t igue  was observed d w i n g  t h e  

exercise.  "WJ of the  subjects on the carbohydrate r a t i o n  had dFff icu l ty  

d iges t ing  the amount given. 

30 
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On t h e  f i f t h  day tb sub jea t s  stated tha t  they  f e l t  better than t b y  

j 
# 

had the previous tm days, although they  were noted t o  move more slowly 

during the exerc ise  at this s tage  o f  tb experimsnt. They all  oomplained 

3 
I of f e e l i n g  a l i g h t  s t i f f n e s s  i n  t h o  legs.  The meat g r o q  stated t h a t  they 
I felt shor t  of breath. 

were observed. 

m s  good and t f ie  morale m s  exoellont. 

No d i s c i p l i n a r y  d i f ' f i cu l t i e s  or personal  o l a a h o a  

There -re no complaints of h m g s r  or fa t igue.  The s p i r i t  

The sub jeo t s  mlbd with a f a i r l y  quiok paoe during t h e  rou te  march on 

t h e  s ixth day. One of the subjects  had dreamed about food; t he re  m e  no 

complaints and there  was no griping. A t  this atage the  men moved about no 

more than  they had t o  and showed no eagerness t o  pol ice  t h e  a rea  or to 

wood for the oarapfire. They no longer responded well .bo orders or  ins t ruot ions .  

. 
chop 

Hmever, t hey  stated a t  none of them f e l t  hunger or  t h i r s t .  In f a o t ,  

several  of the subjac ts  reoe iv ing  t t r j  m e a t  ration said they  oould  hardly 

forae t h e  food d o m  and f e l t  aonattmtly stuffed.  

group was envied by t h e  subjects of t h e  other t m  g r o q s ,  uho m u l d  have 

l i k e d  t o  t r ade  with each other. 

betmen two of the subjoots, subjeot N ~ ,  ] on ths meat diet, and subjeot No. ,7 

on t he  carbohydrate ra t ion.  

men long before t h e  conmenaement of t h i s  study. 

t he  t e n t s  had burned through the cardboard base and mused a small f i r e  

before it was discovered. 

The meat-carbohydrate 

There m a  some evidanoe of personal olashes 

SCUM antagonism had e x i s t s d  betwen t b s e  &wo 

T h a t  day a candle in one of 

On t h e  seventh day, t he  s p i r i t  seemed improved. They arose u i thout  any 

d i f f i c u l t y  e a r l y  i n  the morning, pol iced the  camp,and a l eamd  the tent 

u i t h o u t  hes i ta t ion .  

all three groups. 

Zntirti d i s tanc t ;  without morb thnrl two b r w u s .  

h e r o  wtrtr no can1 l e i n t s .  

There were some minor grumblings about t h e  r a t i o n s  i n  

During the exerc ise  they moved fast and oomplsted ths 

The moralG m s  ' ood ,  and 
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On the +,hth day of t h t  f i a l d  phase, none of t h e  subjcc ts  had any 

s i ,n i f ican t  physical  canplaints.  Almost a l l  of t h t m  f e l t  s t ronge r  than 

they had a n t i c i p a t d .  

The fo l lowinb  day tht g t n t x a l  s p i r i t  was s t i l l  b o d ,  a l thou& the 

men w t r t  lass a c t i v e  and ltss t a lka t ive  than  during t h t  tarlier p a r t  of 

thti s t u d y .  Althou& thty d id  not apptiar t i r d ,  they d e f i n i t e l y  wqlkbd 

moro slowly than a t  t h o  b e + n i n t  of t h o  study durinb t h o  r o u t e  march-. 

Durinb t h o  last day of the  f i d d  s tudy thare was much t a l k  about food. 

They s t a t 4  t h a t  they a l l  tirtd more t a s i l y ,  and t h t y  a l l  f o l t  i t  was 

hardbr t o  warm up thtrir s l e q i n ,  bats a t  n igh t  as compared with t h o  

tarlier part of t h Q  study. 

d i f f t r e n c e  betwe;tn m t a t  taters and carbohydrett; tattrs, txcGpt tha t  tha 

m e a t  tatbrs felt t h a t  they wert more shor t  of b r t a t h  whm Mcercisinl. 

To t h e  obs t rv t r s ,  no dii'fortncti botwcen the d i f f t r t n t  groups could b e  

d e t t c t e d  by ptrrsoml observations. 

chcorful  b u t  qui&. 

chan,o s i n c t  t h e  fir th day of t h u  txptiriment. 

c o n f l i c t s  were o b s t x v d  a t  this time. uuhtn onti of t h t  obswvtirs a s k e d  t h o  

FsKimo, s u b j e c t  No. 12  why h e  WAS always t h t  most ac t ive  wOOdChOppbr, t h e  

Eskimo r e p l i d ,  "To kwsp m y  wholt body warm; khta f i r u  only warms tht front." 

H e  s t a t 4  that h e  w a s  no lbss tired than t h b  OthbrS. 

Thb  S U b j b C t S  thtanselvts could not sbe any 

I n  general, a l l  subjec ts  sotamcrd 

The observtirs concludtd that t h e r e  had bbon no v i s i b l a  

No t ens ion  or any pbrsoaal 

As thb  r u s u l t  of s p e c i f i c  questions d i r e c t t d  t o  tach of t h o  s u b j t c t s  

durinb t h t  latter part; of thts f i a l d  phast, tho followin:,'irSormation was 

r w a l t d :  A l l  s u b j t c t s  s m o k d  more durin,  t h ~  ficld p h s s t  than usual. 

They stated that  they d i d  not feel bored, but that the t i m e  passed quiokly. 

I t  was the general feeling among the subjeota tht they  oould have oontinued 
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t h i s  regimenfor another 1 0  days. They were of t h e  opinion tht the  meat 

group w a s  more hart winded during exercise  than the oarbohydrate grotqp. 

A f e e l i n g  of weakness w a s  first observed on t h e  t h i r d  t o  seventh day 

in t h e  meat group, on the fou r th  t o  seventh day i n  the carbohydrate group. 

In  t h e  meat-carbohydrate group one subject  f e l t  veeak on tb t h i r d  day, and 

t h e  other subject  experienoed no malmess. 

Hunger w a s  experienaed on t h e  fourth t o  gewnt.- day in  3 of the 

In tb meat subjeots ,  while 2 did  not 

oarbohydrate group hunger w a s  experienoed by all subjec ts  from t h e  first t o  

t h i r d  days. 

experience any reel hwger.  

In tb mixed g r o q  hunger appeared on the t h i r d  and four th  days. 

Three of the  subjec ts  (one on meat, one on oarbohydrate, and one on 

meat and carbohydrate) had no bowel movemsnt d w b g  the f ie ld  phase. 

r e m i n d e r  had 1-2 defecat ions during t h i s  period. 

The 

Tm of t h e  carbohydrate group had had headaches d w i n g  t h e  t e s t  (on t h e  

fourth aad seventh days) while none of  t he  o the r s  suffered f r o m  headache, 

or any other  pains ,  except subjsot No. 10, *o had s l i g h t  pa ins  i n  the l e f t  

hypochondrium when walking. He had had s imilar  pa ins  p r i o r  t o  the study. 

Two of the  m a t  group had slight dizzy spells during t h e  f i e l d  phase,  

No. 12 on the  f i f t h  day, and No. 5 on ths  e ighth day of the t e s t .  similar 

dizzy spe l l s  wore eqe r i enoed  by t h e  two s u b j e o t s  on meat and oarbohydrate 

r a t i o n s  (on t he  fou r th  and tho sixth days), a n d  by o m  of t h e  subjeo ts  i n  the  

oarbohydrate group, subject  No. 3 on the  eighth day. 
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When asked an the eighth day of t h e  f i e l d  phase *at d i s h  they would 

sel& i f  given a choioe, the  f o l l o a n g  answers were &-a 

Meat group; Subjeot #l. Steak 

5. 10s oream 

6. Meat loa f  

n 

n 

10. Panoakss 

12. Steak 

n 20 Sbak  

n 3. Cheeseburger 

Carbohydrate group : 

n 7. Steak 

n 9. Pea amp , 

Steak 4. 

80 Veal c u t l e t  

n Meat-carbohydrate group: 

n 

Personal interviews with aaoh subjeot on tb last  day of the f i e l d  

phase revealed the following: 

I. Meat Group 

Subject No. 1.He has no complaints but feels t i r e d .  He has slept  m l l  

throughout the  f i e l d  phase. 

exoept a s l ig t . IC  cold during t h e  f b l d  phase. 

f iP th  day3 p r i o r  t o  that he f e l t  stuffed.  

He sweated l e e s  than  normalo 

less than  normal. He cannot f e e l  that he has l o s t  weight. He states t h n t  

He has had no hunger, pains, or  other conplaints,  

He has f e l t  hunger since the 

He drank mom m t e r  than usual. 

He believes that h i s  ur ine volume i s  8 l ight l ; i  

he would have been able t o  continue t h e  test. If given a chdce , .he  would 

have seleeted aandy since, "Candy would have been easy t o  car ry  and eat." 

Subject No. 5. No complaints. He has f e l t  t i r e d  s ince t b  eix th  day. 

H e  has not f e l t  hungry prevlously, He ha8 mt f e l t  cold. 

but feels hungry today. 

No hunger pains. 

He i s  drinking more than normal. No abnormal 

3 4  
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sweating. 

t h e  f i r s t  day. 

He f e e l s  that he has  lost, w e i w .  He f e l t  it w a s  e a s i e r  a f t e r  

He would prefer both oandy and m e a t  if @veri a choice. 

&bject NO. 6 ,  NO complaint8. He has f e l t  t i r e d  s ince  t h e  fiwl 

day. 

pains. 

No abnormal sweating. 

He did not  feel cold. H k e r  since t h e  four th  day but no hunger 

H e  has not been drinking muoh more than usual. s l i g h t l y  we&. 

He would prefer  candy i f  giwn a choice, 

&ib.iect No. 1Q . NO canplaints .  Hunger sixme t h e  f i f t h  day. Gas p a i n  

i n  stomach after meal. Has not  f e l t  cold. H a s  been drinking more than 

uswl .  Tired s h o e  t h e  s ix th  day. H e  would have prefer red  candy, beoause 

it is easier t o  car ry  a d  he would obtain " a l o t  more energy from it." 

Subject No. lz. No canplnints. He has  no t  f e l t  p a r t i o u l a r l y  t i r e d  

exaept after lO.mile hike today, carrying 30 pounds. 

in a while s h o e  t h e  t h i r d  day, but t h e  hunger was sl ight .  

S l i g h t l y  weak. 

w a s  never =Id. 

t a s t e d  like car ibou meat t o  him but w a s  d i f f i c u l t  to swallow. 

11. Carbohydrate Group 

He was hungry ome 

No pains. 

H a s  been drinking more than normal. He has  s l e p t  w e l l ,  

H e  muld have prefer red  ma t  with some candy. The meat 

Subjeot No. 2. No complaints. He has f e l t  t i r e d  ever s h o e  t h e  6th 

day. He has s l e p t  mil. 

He has f e l t  hunger sinoe the s i x t h  day, but no  hmger  pains. 

about ths  same amount of water as usual. No abnormal sweating. Ho f o o l s  

weak, and f e e l s  thit he has l o s t  weight. 

he m u l d  have prefer red  meat. 

another 10 days. 

He has  had no pains ,  exoept "cramps" one day. 

He dr inks  

If given a choice,  he th inks  tha t  

He f e e l s  t h a t  he  could have ca r r i ed  on 

Subje& No. 3. 

weak when marching. 

*en he woke Up frequdntly. 

No complaints, 

Headache Once. 

Since the f i f t h  day, h i s  l e g s  have been 

Has s l ep t  ne11 except for l a s t  night. 

Hungry since the seventh day, i n t e r m i t t e n t l y  
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in t h e  day. &inks mre than  usual, but  no abnormal sweating. No h u  

pains. H e  has not f e l t  cold. If given a choice, he believe8 he mu11 

prefer  candy. 

s u b j e c t  No. 7. He feels hungry, but has no other oornplaints. Hc 

He s l e p t  well, had no I not tLred, but feels weak; h i s  l e g s  a re  weak. 

had been very hungry since the f i r a t  day with no apparent hunger p a h i  

Drinking was normal. He had been sweating less t h a n  usual, f e l t  t h a t  

had l o s t  weight. He has f e l t  cold t h e  pas t  4A5 days, has been unable 

keep h i s  f e e t  and hands warm. He s ta ted  that he would have preferred 

because he likes meat, and d i s l i k e s  candy. 

Subjeot No. 9. H e  f e e l s  f a i r l y  good exoept a l i t t l e  weak, cough 

He has : intermit tent ly .  He has been hrngry off and on a l l  the  time. 

t i red  o r  mak t h e  last  7-8 days, has drunk more than normal. H e  waa I 

cold while in t h e  f i e l d ,  but possibly nothing more t h a n  usualc 

no abnormal sweating. 

he would have taken meat if given a ohoioe. 

There 

H e  1 He does not feel t h a t  he had l o a t  weight. 

111. Meat-aarbohydrate Group 

Subject No. 4. 

t e s t  and did n o t  f e e l  cold. 

h t  present  no complaints. He s lep t  wel l  during 

He m s  htmgry dnoe t h e  seaond day, but 1 

no hunger pains. 

no abnormal sweating. 

He f e l t  t i r e d  the last f i v e  days a f t o r  march, exper: 

H e  drank more t h a n  normal. He feels t h a t  he a 

have c a r r i e d  on another 10 days. 

Subject No. 8. He fee ls  a l l  right except f o r  e l igh t  hunger vhic 

lhere a r e  no hunger paina. He has bee 

He has been a l i t t l e  tired the  las t  couplc 

If given 8 ohoioe he  wot 

I 1  

had f e l t  s ince the f o w t h  day. 

drinking l e s s  than normal. 

days when mlking ,  sweating l e s s  than usual. 

h&ve picked m o a t  b0CaU6e it makes him f e e l  full. 
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Whew cauparing t h e  so-ca l l& physical f i t n e s s  s c o r t s  o b t a i n d  by thb 

trtadmill tat a t  t h u  various stages of tht; experirnmt, it i s  o b s t r v d  that 

by t h e  standards t s t a b l i s h t d  by Johnson et al.(1942),  a l l  subjects  came 
I 

within the category "good scoras" (76-90) during a l l  ptiricds. 

s tandardizat ion phase, two subjec ts  wer t r  superior (16 percent). The physical 

D&rinL the 

fi tntsss scores  a t  the end of t h e  experimental phase rcmaintd unchant;#1 or 

uerb h i & w  than during the s tandard iza t ion  phas e i n  a 11 c a s e  but one. 

Thu average s c o r b  f o r  the m d t  group w a s  s l i ~ h t l y  hikher a t  thb t;nd of t h e  

wxpbrimental phasb than durinb thtr s tandardizat ion phase. 

group, this iri.provuntnt of t h e  8cor(;19 w a s  considerably g r t a t e r .  VYhen 

I n  t h e  carbohydrate 
6 

a canparing t h e  scorw a& tht end of the f i t l d  phase w i t h  the s c o r e  durin, 

t h e  standardizat ion phas6, a n  impravtmat i s  observed i n  w w y  cast. This 

improvtmtnt i s  c;rtatt6t i n  thti carbahydrata group. A t  the cnd of the f i d d  

phaee the ecorea 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. 

Accordinb t o  t h e  Johnsonst standards , 'a11 scor t s  bxcept one w b r b  superior  

a t  t h e  end of t h e  f i t l d  phasb ( t a b l e  10). 

Psychia t r ic  evaluation (by Jostph J. Htiidy, M.D., psychia t r ic  observer) . 
Eleven i n f a n t r y  men fran K Canpany, 4 th  Infantry,  volunteered t o  

' p a r t i c i p a t e  i n  this tixptlriment. A l l  of thcaa men had been i n  Alaska  more 

than  17 months, had a l l  been w b l l  t r e i n d  i n  Arctic surv iva l  and were i n  

.ood physical  condition. The tducation of t h e  men was fran t h e  s i x t h  t o  
$ 

t h e  twtilfth &redti, two havin,; completed high school and a l l  of tht, others 

except two havin t  c a n p l t t t d  grammar school. The family background of ti&t 

of h e  rnm w a s  jud'bd t o  bb .ood to a c d l e n t  and th8.t of t h e  rt inainin,  

th rbe  was j u d t ; d  t o  De poor t o  very insbcurtr. One of t n e e  t h r t t . h a d  b e t a  
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abandoned by his parents in infancy. h o t b r  came from a horn broken 

by divoroe and the mother of  the third died from tuberculosis when he 

was an infant. 
b 

There were three main reawns for the soldiere' volunteering. 

wanted the furlough which was promised on euooessful oomplation of the 

They 

Physical Fi tness  Scores 
Subject 

NO* 

NO. 1 
5 
6 
10 
12 

4 
. 8  

Expsrimantal Phase 
Phass 

t l  J a n w  y 
1952 

3 January 
1952 

5 Janurlry 
1952 

94 
82 
87 
98 
87 
82 
88 

Meat Group 
91 
9 1  
87 
89 
88 
89 
61 

92 
92 
80 
88 
86 
8 2  
84 

88 a7 

77 
7 6  
87 
77 
86  

Carbohydrate Group 
86  
88 
9 3 '  
80 
91 

89 
85 
96 
89 
104 

2 
3 
7 
9 
11 

85 88 92 

8 2  
04 

Xea t-C ar b ohyd ra t  e 
Group 

4 
8 

83 Mean : 
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experiment; t hey  were bored w i t h  r o u t h e  m i l i t a r y  l i f e ;  apd t h e y  were 

i n t e r e s t e d  i n  t h e  p ro jeo t  t o  t h e  extent t h a t  t hey  wanted t o  see i f  they  

were  ab le  t o  take  t h e  hardships. 

offenders, bu t  a k  members of t h e  g r o y  had been given d l i t a r y  pmishments 

f o r  moderately se r ious  offenses,  suoh as being AWOL and for drunkma and 

d i so rde r ly  conduct. A 1 1  af t h e  m e m b e r s  were thoroughly soreened from a 

psyohia t r ic  standpoint before t h e  p r o j e c t  s t a r t ed ,  d none of them oould 

be diagnosed as having an ec tua l  or latent psy&osie, psychoneurosia, or 

chmaoter  disorder.  

t i e s  and two of t h e  s o l d i e r s  =re above tb a w r a g e  i n  maturity and r e l i a -  

Nme of the s o l d i e r s  were ser ious  

Three of ths mem -re o l a a s i f i e d  as immature personal i -  
8 

1 b i l i t y .  O f  these ,  one was a sergeant f irst  class and the  other t~ sereennt 

and t h e y  were se lec ted  as  grcup leaders. 

From t h e  beginning of t h e  experiment, it w a s  recogni ted by t h e  subjeo ts  

and t h e  inves t iga to r s  t h a t  s eve ra l  f a c t o r s  o f  emotional importanoe =re 

excluded. 

were aasured of having almost imnediate medioal ca re  if neoessary. 

had been r ecen t ly  examined phys ica l ly ,  had been x-rayad, and undergone 

labora tory  t e s t i n g  60 t h a t  they mre i n  exoel lent  physioal condi t iono They 

had contaot mith t h e  outs ide  world through t h e i r  observers, by going to the 

Company area t o  wash and co l loo t  mail t h r e e  t imes  during the projec t ,  and by 

being at a l l  times on the m i l i t a r y  reservat ion.  lhey were not  l o s t  and t h e y  

knew that tf ie  P ro jec t  would last only 1 0  days. Almost a l l  80urces of  anxie ty  

and fear were therefore  removed, and whatever tho emotional d i f f i c u l t i e a  

m u l d  arise could be a t t r i b u t e d  t o  the d i e t ,  t h e  hconvenienoes of q i n g  

out, thecold,  and per sona l i ty  mladjustments.  

The so ld i e r s  mre a l l  in good heal th  and mre w e l l  clothsd. They 

They 

’ 

w 

The m l d  8s 9, promoter of fear and anxiety had w r y  l i t t l e  influence 

since the men were used t o  cold weather and had many times been on field 
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0 
mweupers in temperatures 60-80 below freezing. The range of  temperature 

during the experiment; was -36' F. t o  +12 
0 
P. and ths mean tempemture WRB 

Both by observation and by interview with the  men af'ter t h e  oompletion 

of t h e  expariment, tb fi l lowing observaticme were mader 

1. There was an increase in oarelessnees. The so ld i e r s  had all been 

thoroughly indootr inated i n  taking oar8 CB thenselv36 and cf their equipment, 

and it wns expeoted tha t  they  would oontinue t o  ahm the r e e u l t s  of t h i s  

t ra in ing .  On one ocoasion a fire nas s t a r t e d  in one of the t e n t s t  ani 

seve ra l  of the  s o l d i e r s  burned t h e i r  sooka and Shoeo. The mazl stated that 

they notioed no inorease in  mrelesgless, but the observers ard t h e  8eTFFe-t 

in oZmrge of t h e  group did notice  t h i s  oarele8sness. 

2. Five of, tb men notioed a n  inoreased d e s i r e  to  sleep,and thsy s l e p t  

some reasam g i v m  for this were that there from 1-6 hours more than usual. 

was not emu@ t o  do, t h a t  t hey  went t o  s l eep  t o  bsep warm, that they  war0 

t i red  from t h e  exeroise  and low energy d i e t .  

S, The leaders of the  groy, notioed that most of' t h e  men -re more 

i r r i t ab le  and inclined t o  quarrel ,  e speo ia l ly  an the last tnr, days of the 

experinrent. 

more i r r i t a b l e ,  but t l m  o ther8  m t i o e d  no ohange i n  themselves or  in others. 

Two of t h e  men admitted that they  not ioed themselves t o  be 

4. A l l  of the men s t a t e d  t h a t  t b y  had less energy on each suooeeding 

5. Six o f  t h e  men noticed oocasional dizzy s p e l l 6  on pos tura l  ohangas 

and during exercise.  

on +he oombination of meat and sugar*  

Three of these were on meat diet ,  two on sugar, end one 

Two men had sharp abdominal pains  
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during exercise ard one man had moderate cramps in  the calf muscles on exeroise. 

Two of t h e m  were on sugar d i e t ,  the other  on combination d i e t .  

6. A l l  of t h e  men thought more of food than  usual and were inol ined t o  i 
! 

t a l k  about food much more frequently. 

group when the  omversat ion turned t o  food. 

However, some of them would leave the  

Five of the  men had dreams of food, 

7. There was no h e r e a s e  nor decrease i n  sex thoughts and fantasies. 

8 .  Two men on a meat diet  not iced increased thirst, th ree  notioed 

increased hunger. But most on the meat d i e t  experienced d i f f i c u l t y  i n  eat ing 

a11 of t h e i r  ration. 

and four increased huager. 

Of those on candy alone, two found increased t h i r s t ,  

Of those on t h e  combination d i e t ,  .there was no 

1 

I increase in t h i r s t ,  but two found inoreased hmger.  None of these complaints 

were f e l t  t o  be due t o  emotional fac tors ,  

9. A l l  of t h e  mn gained an increase i n  t h e i r  confidence t o  withstand 

physioal hardships. Before the  beginning of the experiment, all but two men 

f e l t  that t h e y  would not  be able t o  last the  e n t i r e  t e n  days. A t  the  c lose  

o f  the  experiment, all of t h e  men f e l t  tha t  they could have continued on for 

5-10 days more, 

Basal heat  production 

'he averago basal metabolio r a t e  in a l l  the twelve subjects  on the second 

test durinG the  standardization phase w a s  6 percent lower than the W o i s  standard. 
t 

standard. 
I 

* A t  th(s end of' L n o  bxpta-imental phase ( 5  days) thti  avbrekrj. basal 

mtikbolic r a t e  i n  thlj m u a t  broup was 13 ptxctint hi'hcr t h a n  d u r i n L  tha 

staridardize.tion phest. I n  t h ~  carhohydrcct Lroup i t  w 8 s  7 porctiit 1uww 

a~ thti a d  oi' the tzx~ltziimental p h a s e  than diiririu t k i t .  s tandardizat ion phasL. 

Thus, i n  tht ~ r i t a t  ,roup t h e r t  was a n  i n c r m s o  ol' 1S ptrrctnt, w h i l e  a 

4 1  
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TABLE 11. BASAL METABOLIC RATES DURING THE STANRARMUTION AND EXPERIMENT& P - 

Iiffere 

in 

Peroen 

- 
+ 17$ 

2@ 

t 23% 

+ s s r  
I 

- 792t 

- llf 
+ 3%' 

E 

1 

- 8% 

+ 14% 
+ 17% 

- 
+ 138 

I 
- 12%; 

- 7 4  

- 1  

- 
- 

, 

I 

_ _  

Subje o t  

NO D 

Basal Xetabolio Rateso 
Doviation from DuSois 

Standard in Percent 

lbperirmntal Phase StmdWd. 

Phase 

9 Jantary 
1952 

11 January 
1952 

M m t  Group, 
- 9  - 17 
- 16 
- 4  - 16 
- 2  

4 0  

- 3  
- 5  
+ 2  - 11 
+ 2  
- 4  
+ 16 

4 0  
+ 3  
- 8  
+ 8  
+ 10 
+ 1  
+ 4  

NO. 1 
NO. 5 
NO. 6 
Noel0 
No.12 
No0 4 
NO. 8 

X9Sa - 9  + 4  

Carbohydrate Group I - 10 
- 7  
- 0  
4 12 - 12 
+ 

No. 2 
Nor 3 
KO. 7 
No. 9 
No. 11 

- 16 
- 6  

- 0  .. 15 
t 2  

Mean - 3  - 9  

Whm canparini; t h o  BMR a t  t h c  tind of thti f i d d  phase wi th  thc U H  

during tht: standardizat ion phase we f ind  an i n c r a s u  of' 9 p c r c t a t  i n  the  m t a t  

broup, an i n c r t m e  of 7 ptircont i n  t h o  group rectdiving tht; mtat-carbohydrate 

ration, and a r t d u c t i m  of 7 pb rc t a t  i n  thti carbohydratb &roup (table 12). 

Oral ttfnperaturb, pulsti rate,and blood pressure 

ThQ avljrabe o r a 1  tapomturb ( t a b l a  13, 14) and t h b  pulsb r a t e  

( t a o l c s  15, 16) w b r t  almost t h e  same a t  t h e  cnd of t h o  wcpcrimatal  phase 

as uurin6 t h b  standar,dization phase. 'i'hti o l o o d  p r e s u r e  was sli,ht;ly 

4 2  
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+ 6  
- 7  
- 1  
- 2  
+ 3  

Sub j e  ot 

NO 

4 16% 

+ 13% 

+ 

-. 1% 

+ 7% 

P R O J E C T  NUMBER 22-1101-OOO2. REPORTNUMBER 1 

+ - 0  

- 11 
-20 
4 4  
- 6  - 
- 8  

" 2  
= 1  

- 2  

TABLE 12. BMR IN THE THREE GROUPS AT THE END OF Tm FIELD PHASE 
CGNIPARED WITH "HE "STAI!D,'ITUY' BMX . 

-b 9% 

- 1% 

4 4 %  - 17% 
- 13% 

.. 
- 7  

+ 14 
+ 1  

+ 7  

Meat Group 

Carbohydrate Group 

-i 
deat-Carbohydrate 
;roup 

NO. 1 
NO. 5 
NO. 6 
N0.10 
Nom12 

Mean I 

No. 2 
3 
7 
9 
11 

Yean: 

NO. 4 
NO. 8 

BMR Deviation 
from DuBois 

Standar d i  cation 

Standard. 

Phase 

- 9  - 1 7  

- 15 
" 4  

2 0  

- 9  

- 10 
- 7  
- 0  
+ 12 - 12 
+ 

- 3  -- 
- 16 
- 2  

- 9  

Difference 

in 
E"i01d Phase 

11 Feb. '52 
Peroent 

I 

! lower a t  t h e  tnd of' t h t  tixpbrimbntal p h n s c  t h r i  durinb t h o  s tandard iza t ion  

phas t  ( t a b l t s  17, 18). 

Body wei'ht 

The i nd iv idua l  and avt;raLc w t i g h t  c h o n t w  durinL thti mr' ious p h c s a  of 

t h t  s tudy  art, d i v a  i n  t f i b l e  19. 

t o t a l  w = i , h t  loss of' 2.b pounds o c c u r r d  i n  t h e  m a a t  'roup, w h i l u  t h e  sub; ; tc ts  

Burin, tht t  uxperime;ntal phase a n  avtrag;r. 
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PROJECT NIMBEK 22-1101-0002, REPORT NUMBEI 

on t h e  carbohydratt  r a t i o n  l o s t  +.ti poaiids on a n  avbrauG. A t  t h t  c.nd of tnt: 

f ' i o l d  jZhast t h e  avtm-tz t o t a l  wbi'ht loss i n  the r r t t a t  'roup was 10.8 pounds 

(7.0 percent) ,  12.1 pounds (7.5 percent) i n  the carbohydmte group, and 8.8 pounds 

(6.0 percent) in the  group receiving both meat and carbohydrate. 

three days during the recovery phase practically a l l  of the 12 subjects had 

regained the weight l o s s  which occurred during the field phase. 

A t  the end o f  

Fluid o o n s q t i o n  and urine volume 

From table 20 it is observed t h a t  during the experimental phase the 

m e a t  group consumed approximectely 1,500 ml.  free f lu id ,  while the carbohydrate 

group oonamed approximately 1,200 ml, During the  f i e l d  phase t h e  consunption 

in t h e  meat group was a p p r o d r a t e l y  1500 ml., 850 nil, in t h e  carbohydrate group t 

and about If200 m1,in t h e  meat-carbohydrate group, 

during the  e x p e r i m n t a l  phase was approximately 1,500 ml, in tb meat group 

and $250 m l ,  i n  t h e  carbchydratx group. 

volume was approximately 1100 i n  t h e  mat group, 600 ml, in tb  carbohydrate 

group, and 1,000 d,in t he  mat-carbohydrate groupr 

N i t  rog;en balance ( t ab le  21 ) 

I 

' 
The average ur ine volurns 

During the f b l d  phase t h e  urine 

1 

During the experimental phase a l l  SUbjeot6 in the meat group -re in a 

pos i t ive  n i t rogen  balance, while the subjects in the carbohydrate group 

shomd a negative balance of 6.3 gm. on an averege. During the field phase 

all th ree  groups showed a negative n i t rogen  balance, whioh wa6 most pronounced 
I 

, in the  carbohydrate group, folloosed by t h e  meat-carbohydrate group, the m e a t  

group being t h e  lowest, w i t h  a negat ive  balance of  2.2 e., including the 

estimated f eca l  nitrogen. 

Urine f ind ings  

& o u t b e  urine examination p r i o r  t o  the t e s t  showed normal findings 

(table 22). From t a b l e  23, showing t h e  r e s u l t s  of rout ine urine examination 
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