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ABSTRACT 

me metabolisl: an? body temperatures of  sfx subjects vere mordsd 

during a stanaarciized c o l d  test before and fo1lWing a ‘&day arctic 

winter bivonac in order t n  determine if changes, which might be as- 

cribed to l i v i n g  h a cold ernrlrament, t m k  place h their thermaregta- 

latory response. 

emlronment~l insulation and blood f l o w  to  certain skin areas vere e & b  

mated frw these data. Basal rnet€t?mllsm and thyroid ftmctien using 1’3’ 

upbike C w r F  R I P F  measured In each mbjpct before and folluulng the bivouac. 

The body heat debt, total .  body heat lose, tissac and 

No change i n  basal metabolism of 1131 uptake waa noted in any subject 

fo l lowing  the field e x p o m e .  h r i n g  the cole test, the rnetrboliw in- 

creased by an identical amount before and following the f i e l d  exposure. 

Total bndy hea t  loss was s l i p h t l y  but not significantly greater during 

the post-bivnuac tests; and the insulation n f  the subject18 errPironmant 

and mean body t i s sue  insulation vere the same d w i n g  both teat periods. 

There were sipnificantly higher sMn temperatures of the a m ,  hands, 

luuer lees, and feet at the completion of the poat-hi~oua~ t e p t  d e n  com- 

pared Kith the ?re-bivouac -lues. 

and t h e  rectal taaperature were identical from one test period t o  another. 

The varmer extremity temperatures indicate A relatively reduced weeular 

constrictlan In reqmnse to cnld I n  the limbs of the acclimatized 6ubjccte. 

The temperatures of other sldn area8 

Acclimatization to the degree of chronic cold t o  which these men ueR 

expofled was localized to the heat distribution ftmction of the peripheral 

vasculature. No evldence v n ~  found for aqy gpneralized acclimetization in- 

volvfng altered metabo1i.m- 

. . .  
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THE METABOLIC AND B O W  TEMPERATURE RESPONSE OF MEN EXPOSED TO 
AN ACUTE COLD STRESS BEFORE AND FOLLOWING AN ARCTIC BIVOUAC 

XNTRODUCTION 

Recent attempts to demonstnrte any apprecbble degree of cold acclinse- 

t i sa t ion  i n  man have met v l t h  disappointing teeults. 

cmt review, atrikee a particularly pesshnistic note in hi8 concluding 

sentence when he states: 

is the increase of the M c t i o n a l  capacity of the white man h the  Arctic, 

it may be a re lat ive ly  unprofitable f i e l d  of endeavor." 

ale0 point out the lack of a v  appreciable change in physioloaic function 

accampan@g chronic cold exposure and contraat t h l a  v i t h  the more obvious 

8 c c l h t i z a t i o n  to other environmental stresses such 88 altitude or heat. 

Yet, practical experience such a8 Fhzler 'a  (17), while poorly documented 

w i t h  ec ient i f ic  fact, suggests that changes do occur I n  body function and 

cold tolerance and t h a t  these changes measurably increase man's efficiency 

in the cold. 

ae cold acclhatizatlon in man seems unwarranted until mofe I s  ham about 

E m  ( 8 ) ,  in a re- 

"If the only goal of work on cold acclimatization 

Honath e t  al. (22)  

Undue peasimlsm on the importance of such a complex phenomenon 

its nature. 

Information i s  particularly sparae and conflicting on man's heat pm- 

Guctlon and heat dlstrlbution mechanisma during the developuent of cold ac- 

climatization. Bass1 heat production, follawing r a m n g  degmee of chronic 

cold exposure, ha8 been reported as elevated by sane investigators, notably 

Nevburgh and spealman (281, Horvath et al. (22) ,  and by h e 8  and Goldthvait 

(2)  on one of their subjects who experienced an unusual degree of cold ex- 

posure. Ingbar e t  al. (23) have recently reported a rise in *aid hormone 
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production in a series of f ive subjects uho l ived cmtinuously f o r  13 b y 0  

at an air temperature of 13' C. while clothed i n  cotton shorts. 

calculated from thyroidal radioiodine clearance rates and plasma inorganic 

iodine levels. 

utllitatlon of thyroid hormone. 

on these subjects vere presented. 

3k) reporct no change in basal metabolism fo l lar ing  chronic cold e x p o m e .  

Perhaps park of the discrepancy in result8 i s  due to variations in the se- 

verity or duration of cold exposure. 

metabolism of human8 exposed t o  severe cold for prolonged perioda of t h e ,  

such a8 members of arctic or antamtic expeditions. 

Thia was 

They preeent evidence mggestlng an increased peripheral 

Unfortunately, no basal metabolism data  

Moat investigators ( 2 ,  3 ,  h ,  16, 3 7  and 

Hare data are needed on t h e  basal 

The heat production of men elrpoeed t o  acute cdld rises as a heat debt 

I s  inmnred. 

regulation" V B .  increased skeletal muscle activity in the genesis o f  this 

Increased heat production. In addition, the effect of chronic cold exposure 

on this metabolic reaponse l e  inconclusive. Balke et al. ( 3 ) ,  f o l l a r i n g  the 

course o f  a 3-week bivouac, noted a reduced metabolic response cbmpared w i t h  

the  pte-bivouac palues during bimerslon in a water bath a t  20° C. 

(31) cements on a decreased tendencg to shiver as one of the p @ S i O l O g i C  

changes accampamng cold acclimatization. Ames and Goldthuait (2) felt  

that ahirering vas delayed somewhat in their aubjects a8 they b e m e  cold 

acclimatl2ed. LeBlanc (2&) ha8 recently reported a greatly reduced meta- 

b o l i c  response t o  acute cold stress in men follovlng a eubarctic bivouac. 

Carlson et a l .  (12) observed a relatively reduced metabolism for a given 

averege s k i n  temerature among men chronically exposed to  cold. 

other h a d ,  M e e h a n  (261, enplaying Alaskan n a t l v e ~ ,  and Elmer (ls), 

Ccmtrmersy still exists on the clasaical problem of "chemical 

Schviegk 

CXI the 
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laxdarn and i b d  that the m ~ O l l ~  of thl8 grovp and of thoae not ac- 

-d t o  llring outdoam 18 the  8ame vhen taapved mer the wrnd 

capliort sone and et temperature6 b e l w  the “critical temperrrtum. for 

l t y ~ ~  (ammd 270 C.). Part of these t-emikta are ascrlbed t o  the excellent 

rni~rocUmate vbich is part of the Lapps’ cultural adspbtioa tco cold 

reather llvlng; In other Uorda, they m y  not have 

allsad cold acc1imrtirrtioa C h p n g b 8 .  fn a very r i g O W  f l e l d  s t u e  yet 

to be m e e d  ln detail, Schalander e t  al. (30)  noted that vhen mern ore 

crtimtrlurr for gener- 

expo8d t o  emimranental tempemturea belar the c r l t l c d l  temperature and 

are d d e d  s u i f l e l e n t  clothing lnmhtlon, sustained shirering even during 

sleep I n  a prime requieite for suceeserul adaptation. M h e r  inquiry 16 

ratranted bn the shivering and metabollc reaponeem of acclimstited and nan- 

a c c l h t i r a d  men d d n g  told &res8 ta determiae vhat d l f f e m c + a  exist 

and the mechuJams ~ o l v e d .  
l 

Changer in the macular respaPac t o  cold arleiag fkoa chromic cold 

4 exposurs could alter heat distribution ulthln the  b e  as vel1 as improve 

d i g -  function and resistance to local. cold hj-. The bulk of datr 

mramw ksvestigatlona mpluying a *de variety of cold tes ta  t l d b  

I 

attenuated among cold seelimatired men (2, 15, 18, 22, 27, and 3 9 .  A m -  

ever, net all data wpport t M s  conclu&on. Adolph snd Holnar (1) v e f e  

unable to demonstrate 

or metabolism which could be c6nstrued as acclimatization. 

changes I n  sklu t % n ~ p e r a t U r e ,  loch1 tempetrture, 
1 

a b  
Stein et al. 

(3b) r e p o e  an accelerated drop in toe tekpetature of their sub.ject8 a8 I 
3 
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cold  a c c l h t l z a t i o n  urozressed and incerpret t h i s  z: i n d i c a t i n p  a -ore 

intense Deripheral vasoconstrict ion.  GLickman e t  a:, (19) fOlJnd ‘,.-.at a s  

cold  acc l ihat i ta t lan  occ3rred In t h e i r  aub.iects It 7 3 9  accompanieo -,Y a 

decreased drop in rectal temperatire on exposure to cold. This S\JP?*Sts 

an lnctease in peripheral tone and a consequent increased tiseue inmla- 

t i o n .  

of Australian aborlenes  adapted t o  livine at temperatures a s  lav a8 0’ C. 

and of vhite members of h i s  e F e d l t l o n ,  obsemed an increased vasomotor 

lability amonq t h e  abor ig ines .  

( 5 ,  6,  7 and 8) Indicate an e l e m t e d  peripheral  blood flar among the.se peo- 

p l e  cowpared w i t h  Whites exposed t o  the same cold t e s t .  

i n  the  themoremlatory  response to co ld  hay detract from t h e  applicabilitp 

of  these latter s t u d i e s .  

Coldby e t  al. (20), reporting on the comparative Pascular r-siction 

However, Brom’s numerous data on the Fskimo 

Racial variations 

nom the above coneiderations and from addi t iona l  data o b t a i n 4  while 

on Alaskan f i e l d  trips, Carlson e t  a l .  (12, 13) have t?volved a VPN i n t e r -  

estinp hypothesi8 of cold a c c l b a t i z a t i o n  i n  man. 

cold  a e c l t n a t l s e d  men t h e r e  i s  a subt le  and e o m l e x  alteration 1n b o t h  t h e  

metabolic and vascular response to a c u t e  c o l d  stress vhich results in a 

di f ferent  pattern of t h e m o r e k i l a t i o n .  

vhereaa the  thermal pradient from rectum (core) t o  subcutaneoiis tissue is 

increased: cooling of the peripheral  subcutaneous tissues of the body 

( she l l )  supplfee a greater proportion of the total body heat lrss 

fore acclimatization. 

metabolic rete remains laser i n  t h e  accl imatized than I n  the  r.crac.-lL-zi- 

t l z e d  man. 

T h ~ r  Ceel t,t..rrt nm0nP 

The ettremity skin remains wmer, 

be- 

For a given level of average s k i n  temera:::rr.  the 

This concept requires addit fonal  testlng under a =+et?’ of 

experhental condlt lons, a s  Carlson e t  a l .  ( 1 2 ,  13) hare acknorlr5ztd. t o  

4 
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* d b l i s h  mors flmdy the pmcise pattern of t h e  heat  production and dis- 

tribution d w i n g  a c c l h t l c a t i o n .  

ft una t h e  a b  of this e t u e  to determine the metabolic and 'body 

tmeratum response of men t o  an acute cold t e s t  before and fallaving 

an v c t i c  bivouac, using thie  response as a measure of cold a c c l h t i z a -  

t ion.  In addi t ion ,  basa l  metabolism vas d e t e d n e d  before and roll-g 

the f i e l d  phase I8 -6 t w o i d  h e t i o n  u s h g  the rsdloactire i o d h e  qI 

t .ke technique. 

Weight ( Kg . ) Surface Am ($1 

ARe ( C3 ..I bivouac bivouac bivouac bivouac 

25 175 69.5 69.6 1.83 1.63 

Height I Poet- Pm- Fost- 

18-37 170-183 52.3-80.9 S&.S-80.7 

L i I 

m s n t . 1  !hbjects 

S i x  volunteers vere chosen from m a g  Iadd A- Force Base psrdunnel. 

pbur of these men had duty ssslgnments a8 clerlcrrl workers and the renuin- 

iagvere outdoor# for an hour or two dal ly  as part of their duty assign- 

m e n t .  

throughout the cturatian of the experiment. 

afthe subjects are aummrrired In table I. 

The men had no physicel abnormsllties and were ln good health 

The physical charrctcristics 

With the exception of subject 

TABLE I 

ElYSICAL HEUOREWPRTS OF SUBJEFTS -RE AND A F P W  BIVOUAC 
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B, Vho yaa an extremely thin indiddual ,  there vere no outatanding features 

that dl8tlnguiahed these mm from average. 

Fie ld  lkpo m e  

The Held  aite vaa situated approximately 20 miles north of Fairbanks, 

U g h ,  at an eleoatlon of 2,100 feet and a distance of 3 miles from the 

nearest N-. 

a w e d  within a 5-mile mdias of this site from 6 January fih- 30 January 

1956, during uhlcb time the ambient air temperature, wind velocity, and per- 

Aceer8 t o  the B i t e  W a B  by Ski or snavshoe. The subjects 

cent cloud cover in the v l e l n l t y  of the campsite vere recorded at &-hour 

internha, Ihe  msteeralogcal d a h  are sumarised in 1. The eub- 

j e e t l  Iaq3r&~ed shrltera of mawblacks, spruce b o w s ,  and F a c h u t e  cloth 

ONLT ut AN WINO VI I OCI r v l-7 

,+. 

FIGURE 1 

Ambient crir temperature, d n d  velocity, vind c h i l l ,  
and the percent cloud cover in the ric+nity of the campslte 
duriag the f i e l d  bivouac, 

A 



a 

~ l ' ~ l f ~ l ~ ~ . 4 ! .  HF.pO)(T 5 7 - 3 7  

for s l e q m  and for the dorage Of per8oMl equipnent. 

d t t e d  d u n  these shelters. 

-8 constnactd by the eubjccts, and thq were peradtted inside this e t n c -  

tu= for a t o b l  of three &%nhute periods d a l l y  while eating. 

-0 cook shack, the mean temperat- throughout the period of t h i s  bivouac 

VIE (P P. (rsngc, *1l0 t o  -25O F.3 SD, 8O F-). 

Ro heat  vas per- 

A coak ahack of spruce loge and snowbloekr 

Within 

D a l l y  actid-,  which catmisted of mrpsrriaed s u n g ,  snavshoelng, 

@the- uood for the cook stave, part5eipatbn in controlled f i e l d  et- 

* p e h m t a  and gmerrrl canfp chores, conrmenced at 0730 hours and ceesed a t  

1800 h e v a ,  By 

Clothing vaa stpndard A i r  Force arct ic  issue. 

hours, the men vere generauy h thafi sleeping begs. - 
In order t o  gain seme idea of the o v e r a l l  energy balance of the men 

while on t h i o  bivouac, the  ealorlc intake vas measured by weighbg food 

portions on U. days selected at  random thraughaut the bivouac; and the nude 

w e i g h t s  of the m e n  -re meamred in the obaemtlon shack before breakfast 

on 9 days a l so  selected a t  rendom. 

are sunmadzed graphlcglly in figure 2. 

The u p  weights  and caloric i n t a k e s  

Nate that on a mean caloric intake 

of 3 , 9 M  calories per day the men lost an average of -2.6 &, i n  2b days. 

Vhfortunately, very l i t t l e  d a h  were obtahed on the therm1 bahance 
* 

of these subjects durlng daytime act iPity.  However, obsenetions were made 

4 on the men during the m g  hours while t h q  alept or meted in their 

elceplng bags. Reehl temperature and 1 s  separate skin temperatures were 

meamred by means or  thermocouple8 and a portable potentiameter a t  2-hour 

intcrPala on each of thmc subjects for a t e a l  of 7 nights. 

m e  evenings, the reerting metabolism vas sampled several t h s  by gently 

arousing the subject, collecting a measured volume of expimi air I n  a 

Douglas bag, analyzing fer org~en and cslculatlnpr the rnetabolhn from the  

During the 

7 



WEIGHT CHART OF SUBJECTS DURING FIELD BIVOUAC 

BOOT WCIQHT 

A 

B 

C 

D 

E 

F 

+ I 3  3738 52.0 --------- "'S 
eo.0 -0.9 I e319 

I 70.0 

68.0 

60.0 
74.0 

D I T  OF FILL0 OIVOUAC 

FIm 2 
Nuda body m i g h t ,  net change in body weight d average 

daily cslorlc intake for each subject during the f i e l d  bivouac. 

formula propoaed by Weir ( 3 6 ) .  

meemring the weight loss  of the subjects on a platform balance sensitive 

to 5 prams. From these data. a thermal balance sheet was constnrcted and 

sunarvrrized in table  TI. W e  deduce f m  these  results that t h e  men were 

under no great cold stress during at least one-third o f  the  t h e  they vefe 

in the f i e l d  d e s p i t e  the rigorous extemal endroirment. Outside of their 

shelters, harever, they  experienced considerable dlstomfort I= the face, 

hands, and feet  unless they kept active. 

-Id A c t l e t y  Tests 

Etraporative heat loss ua8 estimated by 

Basal netabollams of the aubjecte were defsmlned between the hours of 

0730 and 0930 houra for t h e  2 days before and the day8 fol laring the f i e l d  

8 



THPFfi BALANCE DUl?I?4G SLETP ! M L E  ON FIVOUAC 

2 Fean metabolic rate . . . . . . . . . . . .  &1 2 5 0  kg.-cal./b? /hr. 
( 2 1  obaematione) 

Mean bcxly heat debt . . . . . . . . . . . .  OJ range, + 2.5 to 
(7 observations) -3 .5  kg. -cel./$/hr. 

Mean evaporative heat loss . . . . . . . .  fi 3 Lg.-=al./$/hr. 

Non-aporative heat loss . . . . . . . . .  27 kg. -cal./%?/hr. 

*Standard deviation 

exemise.  

open circuit indirect calarimety. 

collected i n  a 120 l i t e r  spirameter and an allquot analyGed for Its oxygen 

Dupl ia te  determinations vere performed on each subject ublng 

A IO-minute expired a ir  sample wae 

cuntent In a Beckman Oxsgw Analper. 

cording t o  the method described by W e h  (36). 

a Uter o f  expired a i r  was taken a8 l.Oh6 = 0.05 OE vhere OE i s  the  percent 

oxggea i n  expired air. 

R e a t  production wae calculated ac- 

The calor ie  equiraleat of 

+id& uptake of I13l vas detamdned In the comentlonal mnner 

A scfntll-  6, 12, 2L, and &8 hours af'tcr Ingestion of the redfaiodlne. 

lation countervaa posithned 15 lnchee in h-ont of the gland for th i s  

purpose. 

form before brerkf'ast initially and 10 xdcrocurice follaving the fleld 

exercfse. 

same time Interpals a0 the thyroidal uptake by comparing the a c t l d t p  of 

a slJtably prepared urine sample with a standard solutian of 

well-type eclntlUation counter. In addition, the protein-bound wee 

The dosage vas 1s microcurlea of carrler-free 1131 in caprule 

Urirvrf elimination of the 1131 sample n e  determined a t  t h e  

in a 
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dstsrmined, usfrrg a venous blood sample drawn 2h hours after Ingestion g f  

tbe 1131. 

Cold Roan m o s U r .  

Thr cold room in vhlch the subjects we= exposed uaa kept at a tem- 

+ o  perature of 50' P. - 2 

ta varm above this werat l l re  when not in uae 80 that the wall temperature 

remained the sane ab sit temperature. 

c m h t  and at a lar velocity by the use of a m a l l ,  baf f l ed  fan; hmervor, 

no measlumeat va8 d e  of  the caallng paver of the air. 

F. thmughout the experiment and vas not permitted 

A i r  movsaat Vithin the room was kept 

A camas cot covered vlth a wool blanket supparted the uupine aubjeet. 

'2bis w.8 t d o r t P b l e  for the dunitleu of the elrperinart, but it d i d  not per- 

mit Roe circalation of atr mer the back of the uublect. 

the subjects' arms extended a t  an angle of approximately 30' from their 

bodies. 

A m  boards kapt 

Ehch aubject, clothed only in cot ton ahorts,  w e  placed an the c o t  

o u t s i d e  the cold mum and ill preliminary preparation8 vere completed a t  

a canfattable air temperat-. 

liner of a d a m  sleeping bag, and the entire enaemble vat3 carried into the 

cold room where the subject6 rested for an addlticmal hS minutes. 

purpose of theae prel- re& periods vaB to attrin thenPal equilibflun. 

hdng the bat 30 mlmtsa prior t o  r d  of ths liner, contml m a m u r e -  

m e n t e  of body tahpcruture asxi metebollcan were  taken. 

remured and the 100-minute cold a i r  expame conrmenced. 

B e  Temperature ?feasurement 

The subjects vere then covered uith  the 

The 

"he l iner then vas 

To meamre 8kln temperature, 3O-cauge ewer-constantan thermocuuplee 

uere taped to the 8ldn locations Indicated in a b l e  111 and connected i n t o  

record- B - m - H a n c ~ v e l l  potenticmetera hevine internal aero refereace 

10 
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junctions. Rectal, thervoeouples uere constructed from #lo urethral cathe- 

ters fitted w i t h  silver t i p e  in to  vhieh vere soldered the thennocouple 

junctions. 

The thenocouple-potentiometer unit vaa accurate t o  %.Ole C. over the 

physiologic temperature range. 

Rectal temperature ua3 recorded at a depth of 1C centbetera. 

Mean skin temperature vas calculated according to  the  method described 

by Hardy and Dubols (21) using the ueighting factore indicated in table =I. 

Digital temperstwee vere recorded frm t h e  f inger  pads of two finger8 and 

the dorsum of two toea. 

Metabolisn 

The body heat production during the cold exposure was msasured by 

open circuit  indirect c a l s r i m e t r y  using t h e  formula proporred by Weir { 36). 

Expired a h  voluma vas ,mawred continuously v l t h  a dry gas mter and re- 

corded everg 5 m t e s -  An aUquo t  of expired air (150 cc./ndn.) was 

TABLE III 

THERMOCOUPLE LOCATION AND kEI(WTINC3 FACTOR F D R  EACH SITE 

Nmbe r of Percent of T o t a l  
Body Site h e  m c o u p l  es Skin A r e a  Samp led 

Head (face) 1 7 

T m  7 35 

L 32 

1 5 

Foot 7 - 
T o t a l  16 T o h l  100 

1 1  
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FIGURE 3 

Schematic diagrm i l lustrating arrangement of apparatus uaed in 
de termination of metabolic rat e si. 

TABLE ZV 

SASAL P!ETABOLISM BEFORE AND AFTER BIVOUAC 

Pre-bivouac Zost-bivouac 

Basal Tetab lism 
(kg. -cal./M s /hr. ) L3 +, 5% L11 ,+ 3 

+Standard deviation 

diverted continuously through a B e c h  Oxygen Analyzer, and recardmge 

o f  the sxygen t e n d o n  were made every minute and averaged for each 5- 

Mnute i n t e r r d  (figure 2 ) .  

Statlaticdl Treatment of 2ata 

The signlflcance of :he mean difference in basal metabolim thyroidal  

umake of 1131 and ur ina ry  elimination of I I 3 l  MS tested by Lord’s “t” 

I.! 
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t e s t .  The body tamperacure data and t,.e metaoolip.  data f a r  -.ne group of 

subjects before and following the field bivouac were compared u s i n g  an 

analysis of variance. 

REsuL?s 

Thyroid A c t i d t y  

The basal  x e t a b o l k  rates are summarized in t a b l e  IT. Tte group 

L meaag of  the pre- and post-bivouac determinations were &> .ma cu Cal. , ’h ,k. 

This is not a significant difference. 

The thyro ida l  11” uptake, urinary ellmination, and protein-bound I 13 1 

are  m i z e d  in table V. These data are  all w i t k i n  the n o d  range and 

do not indicate a a ~  change i n  thyroid functloa a8 a consequence of tire 

f i e l d  exercise. 

The bo@ temperatures and the heat production of a l l  sub.jects vere 

determined for a half-hour p e r i o d  p r i o r  t o  the onset of the cold air ex- 

posure. These measurements are swmarized in t a b l e  V I  and give an indi- 

cation of the body heat content a t  the beginrrlng of the test periods, 

rectal temperatures of the subjects, uhen compared for the pre- and post- 

bivouac cont ro l  teets, were not significantly d i f f e m n t .  The rate of body 

heat production vas more variable  between the two control periods, and the 

group m e a n  of the pre-bivouac control (h7 Cal./$/Hr.) YBB samewhat lower 

than that following the f i e l d  exercise (52 Cal./M*/Hr.); harmer, t h i s  dif- 

ference is not significant (P 2 0.05). 

t h e  subjects were slightly but significantly hiKher during the post-bivouac 

control period (Pc: 3 . ~ 5 ) .  

V I - ~ C ~  the cold test, t h e  rectal temperatures rose a i w  tenths of a 

The 

1 

The averaEe skin temperatures of 

depree centizrade and never fell below the  c o n t r o l  temperatures; this is  

1 3  
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pmaented g r a p h i d l y  in figuTo 

of *e rectal temperature between the pre- and poet-blvouac t e s t a  e rcept  for  

a tendency of the  nonacclbati2ed subjects to mainf~in a more elevated tem- 

perature near the coq le t ion  o f  the cold test. 

There was no difference In the pattern 

Average skin temperatures fell r8pidly during the first minutes 

of cold exposure and then began to approach an asymptote. This is depicted 

figure h. A t  the  campletion of the cold  teets, the skin temperatures 

were 8 t U  f a l l i n g  at a slow rate and those of the acclhatized subJect8 

lor P >o.m 

KEY: C--r NOH-ACCLIMATIZED 

0---0 ACCLIMATIZE0 

ENWRON- 
MENTAL 2 0  

- 
L J  t 1 I I I 1 I I I I I J  

IO 20 30 10 20 3 0  40  50 60 70 80 SO I00 
-< 
PRE-TEST COLD ROOU EXPOSURE PERIOD 
CONTROL PERIOD 

TIME (UINUTES) 

FIGURE & 

The courae o f  rectal tempratrue, average s k i n  
tesperature and average b o 4  temperature (0.6% 
+ O-&) for tha average subject ctur5ng the cold 
test before a d  folloving the f l e l d  bivouac. 

IS 
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vere .?.do C. :?iSher Than before the field emrc i se .  

not s ign i f i canz  statistically (P > 0 . 0 5 ) ~  

This c i f r e rence  was 

The d e c a n e  in mean body temperature, vh ich  is pLottea ais:, in 

figure L, is kased on tke calculat ion of mean tody temperature fron 

the f o r m l a  ( h ) :  

T2 d*6T9 + O.&T, 

where Tp and TS are reccal and average skin temperatures, respectively. 

The initial rnean body temperature was higher by 0.30 C. (P ez 0.05) i n  

the acclimatized subjecta due t9 the ef fect  of the higher s k h  tempeta- 

ture.  

was i d e n t i c a l  for both t e s t  p e r i o d s  (33.6' S.), indicating t h a t  a s l i g h t l y  

greater l o s s  of s t a r e d  k ~ d y  heat xcurred  In t h e  acclimatized s u b j e c t s .  

The magnitude of t h i s  increased heat loss vas approximately 5 Cal./H2, 

assuming t h a t  body heat content is t h e  product of body mass, body tem- 

perature, and bo* epecific heat (0.83). 

The body temperature at t h e  c m p l e t i m  of t h e  c d d  teat,  huwever, 

The charyes in regional s!dn temperatures during the cold tests are 

i l lustrated in figure 5.  

leg decl ined at t h e  same rate and ts the same extent during the pre- and 

post-bivouac t e s t e .  The arm3 and hands, a5 Illustrated In figure 5 ,  d i d  

not cool as quickly during the past-bivouac t e s t s  and at the cornpletl-.rl 

of t h e  cold test were eignificantly warmer in the acclimatized men. 

The s H n  temperature of the tmnk area aad upper 

The metabolic changes during the  cold t e s t a  are i l lustrated in figure 

6 .  

and cont lnuea  t c ~  rise thnughow: tke d u r a t i m  of the t e s t s  vith some uax- 

ing and uaning depending upon t h e  degree of shivering. 

the response was identical  for t h e  pre- and potit-bivouac t e s t s  although 

Metaboliw, in all t e s t  peri3ds r3se with the  onset of c o l d  exposure 

The magnitude of 

I 6 
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the subjects felt more cDmfortable ana d i d ’ n o t  appear to ::servers :a t z  

shivering 88 v i o l e n t l y  during the p a - b i v o u a c  t e s t s .  

DISCUSSICIN 

The 0 v e r - d  heat balance of the scb jec ts  was almost i i e n t i c a i  for 

each test series. In oraer to analyze ik, the “averaee s c c - c c t “  xas :;sect 

that. ts, the mean of :be 12 pre-bivouac m s  was comparec -,-.e .?lean 

of the post-bivouac runs. A n y  obwious differences between :GPSF ?do values  

vere further tested for stat ist ical  significance by an analysis of variance. 

i 2 0  ’Om 

4 2 e  

426  

- 2 4  

- 22 

I - 2 0  

1 , J t e  
IO[ 9 

BLANMET OFF 
1 , , , 1 , , , , 1 1 )  

0 

IO 20 30 to 20 30 +O so 6 0  70 eo 90 .oa 
-< > 
PLlE-TEST COCO ROOM C I P O S U R E  PLRlOD 
COhTROL PCQIOD 

TIME IMIWUTES) 

Changes in regional ekin temperaturea 
(tnmk, arm, and hand) of the average subject 
durtPg c o l d  test before and folluuing f i e l d  
bivouac. 
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COLD ROOM EXPOSURE PERIOD 
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FIGURE 6 

HetaboUc rates of the average subject during 
cold test before and follouing field bivouac. 

The extent of the body heat debt ,  D, m y  b e  calculated from the f a l l  

in average body temperature, T B ~  - Tg2, which occurred durinn the c o l d  test 

(figure L). W e  may express the heat debt f o r  t h i s  interval as follws:l 

S 

vhere ‘Q1 and T B ~  are the c o n t r o l  and final bo& temperatures, 0.83 is t h e  

specific heat of body tissues, m is the body mass and S is the surface area. - 
h i s  and subsequent formulae are taken w i t h  very little modification from 
the discussions of Burton ( 3 ,  10, and 11). 

IH 
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Aecordine to this calculation, the  mean body h e a t  d e b t  incurred DY 

these sub, jects  during the pre-bivouac tests was 81 kg.-cal./Y*; dunna t h e  

post-bivouac tests ,  26 kp.-cal./H2. This i s  n o t  a s t a t i s t i c a l l y  sipnificant 

difference. 

The total body heat  loss during t h e  internal of these cold  tests ray 

be approximated by  adding the total heat produced t o  t h e  mean heat debt:  

H - M + D  

where H represents metabolic heat and D I s  considered positive during a time 

vhen heat loss exceeds heat production, as was the case in the oresent t e s t s .  

For the time interPal of theee tests, the t o t a l  body heat loss during 

the  pre-bivouac m s  -8 191 kg.-cal./$; during the post-bivouac rms, 

19U kg.-cal./?.f. 

tu0 valuea. 

Again there is no significant difference between these 

Me conclude that the f i e l d  exposure had no discern ib le  e f f e c t  on over- 

all body heat economy during the  rather brief in terna l  of these  c o l d  t e a t s .  

There i s  reason to suspect that the slightly greater heat debt and t o t a l  

body heat l o s s  o f  the  post-bivouac tests vould have become significant had 

the exposure been of longer duration. 

become e e d e n t  during the discussion of tissue insu la t ion .  

The reason for postulat ine t h i s  uill 

The effective o v e r 4 1  tissue and environmental insulations of the sub- 

jects can b e  estimated for the f inal  few minutes of the exposure vhen the  

r a t e  of change of body temperature and metabolisa i s  minimdl (figures 4 and 

6). 

equals heat production; t h a t  is, m e a  b o a  temperature i s  s t a b i l i z e d .  

a matter o f  fact, there  i s  a m e a n  dec l ine  I n  body heat content  of only 

The assumption v i l l  be made that during t h e  Mnal minutes heat  loss 

As 

I9 
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ing the f i n a l  13 r int tes .  

f5E fo rnu la :  

3ody i n s u l a t i o n  can be  as?roxi-atec a c c ~ r ? l ? g  t o  

L- .. 
where I, i s  t k e  effect ive body i n s u l a t i c n ,  .. -?; ana ?r are r ec t a l  and averaee 

.A  

skin tmperatx-es, re-ectfvek:, and F I s  tke heat f1-z to t h e  s : c h  Ir. 

kc.-cal./;.?/t-;r. (assured to equal the ?e tabol i sm in the preser.2 case).  

s t i t u t i n c  the appropriate nurer ical  values :'or the averace su?.'ect: 

1 

Sub- 

2 - j?.L - 28.c - Prc-bivouac : _ _  v - Q.llS0 :.,/kF.-cal./2 /hr.  , - (2,LL c l o  units) 

.?hvirctmental i n s u l a t i o n  2eDecds on t h e  s m c  zssur.pt ions E S  hoc$- ir- 

s u l a t i o n ,  exccnt  t h a t  nonevaDorative h e a t  loss is the 9eat f l u r  t o  5e con- 

s i d e r e d .  

-- 

where TA is roo?: air temperature and 0.2h 5 i s  t5e fraction o f  r e s t i n ?  

metaballan lost by evaporation (assumed to equal 12 kg.-cal./M*/hr.). 

Substituting as before: 

28.0 * 10 - = 0.26O C./k~.-~.al . . /F!~/hr. Re-bivouac: ir = 
7n 

( U  ( 1 . L  c l o  units) 
I 

2C.Ir - 19 
- = 3.28O C./kg.-cal./M*/hr. 

6 5  (1.5 c l o  units )  'E - Post-bivouac : 

20 
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"esc .:aL*ies are s o x v h a t  hiqher  t h a n  those corccr!ij. - i . *rr .  a':.- :-.ill 

air i n s u l a t < = n  (11). The fact that  t h e  s . 3 j e c t s  >ere :;.ir,c m 3 -,'CC:+T. 

blanket prc'c;?ly expla ins  the discrepant:;, sicce t h i s  prevexc-:: $2; ,- i x - 2 -  

l a t i o n  over :kat ? o r t i o n  o f  t h e  skin area. 

-,e lack of any change in environmental, i n a b l a t i o n  jP tWeen :*9: r1erioC13 

s k ~ l i i i e s  sonewhat t h e  i n t e r p r e t a t i o n  ci' 5hc warper d i s t a l  CY'. re?iT:r skin 

area3 j u r i n e  the post-bivouac t e s t s .  4s i l l u s t r a t e d  i n  i'l?.:.. . . , ' - -  _ _  ~ k e  a m  

and hand, ce rxa in  skin regions did not cool as rapidly or  a s  - . ~ = k  :'rsllowing 

the  Yield p h a s e .  This suggest3 an augmented heat  f law (blood flm! '.o 'hese 

regions. Surton ( 9 )  has emphasized that the abso lute  level or' s k i n  :enrpera- 

ture alone i g  not adequate infarmation for estimating the - w L r u C e  zf 

s k i n  blood flow. The ratio o f  heat delivered to a skin area :o t h a t  car r iea  

away from a s k i n  area gives a more accurate picture of the re laz ive  skin 

blood flow, and this B u r t a n  has c a l l e d  the  thermal circulation icaex. I t  is 

expressed: 

v- 'S - TA 
TCI - 

where the  symbols have the  same meaninr as used previously. In the absence 

of changes in environmental insulation, t h e  thermal c ircu la t ion  index m y  

b e  related to changes in tissue blood f l a w  and t issue insulation. 

In table VI1 are  summarized the skin temperatures and correupondinp 

t h e n a l  circulation indexes for the ma,jor sk in  areas a t  t h e  completion of 

the co ld  tests. These are not f i n a l  flequilibriwnt' values, particularly for 

the distal ertremities; it i s  apparent from figure 5 tha t  the skin tenpera- 

tures s t i l l  are f a l l i n g  i n  some of these regions. 

indicate an aumented heat f l u x  to the s k i n  areas of the foot, hand, and 

Hwever, results clearly 



s i n  Tm,perature \v < a ?  "hemal Circulati  on Index 
Y re-b ivoua c ? o B =- 5 LVOUILC ke-bivouac Post-bivouac Skin Area 

T W  

head 

Thigh 

Calf 

Foot 

A m  

Hand 

Pingers 

2 9 4  2c.b 
(P > 0.25) 

a.0 211.5 
(P - 0.05) 

20.1 21.3 
(P < 9.05) 

19.6 21.3 
(P c 9-01) 

13.6 15.2 
(P - 0.05) 

2.&6 2.50 

I. 50 1.48 

1.05 1.13 

0.60 0.71 

1.00 1.21 

0.55 0.73 

0.15 0.23 

"Determined by a m l y s l s  of variance. 

arm and an equivocal increase in heat  f lux  to the skin of the c a l f  and 

fingers of the post-bivouac sub.jects. 

involved i n  this elevated temperature; hence, ve cannot estimate the amc'urt 

of heat that would be required to account for the results. A 3  a very r c x k  

approximation, asaume t h a t  the area involved is about 30 percent of t h e  -*cy 

surface or 0.5 A$ and ha8 a thickness of 10 nrn. To came a t e m p k t u r e  ::i- 

ference of lo C. in a mass of tissue of this dimension would require an 3:- 

d i t l o n a l  h e a t  content of only about 5 kg.-calories, Our thennometric tee:.- 

We do not  knav the ma88 of t i s s C *  

?2 
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niques probably could not detect the mall  differences In body tissue tem- 

perature required t o  supply t h i a  amount of heat. 

described an increased rectal-mbcutaneoua temperature gradient in t h e  1-8 

Carlson et al. (13) have 

of cold accl imatized men, vhich suggests that the  heat gource nay l i e  in the 

body s h e l l  during conditions such as  these. 

that vould be required to supply thia addit ional  heat should b e  con8iderable 

The increase in the blood supply 

and amenable t o  rneaaurement. The flmdamental changes that occur t o  effect 

heat  d i s t r i b u t i o n  such as  re have observed m u s t  involve c q l i c a t e d  altera- 

t i o n s  i n  v a e d a r  reactiety and blood content of the  limbs. 

bur results suugest that loca l  a c c l k t i z a t i e n  chanpes m y  be the only, 

important physiolofic ones uhen men are chron ics l ly  exposed t o  severe cold 

but are able t o  clothe and s h e l t e r  themselves, mainbin good n u t r i t i o n ,  and 

keep up a high level of p)ryslcal activity. 

ther study o f  cold a c c l h t i z a t i o n  i n  mn vould most profitably be directed 

If t h i s  is indeed the case, fir- 
, 

toward the peripheral vascular mechanisme involved. 

SllMuIU AND CONCLUSIONS 

The metabollm and body tampemtwee of six subjects uere recorded 

during B standaniired cold test before and follolring a Ph-day arctic d n t e r  

bivouac in order to  determine If any changes took place vhich m l & t  be 

ascribed to  UVlq i n  a cold euvironment. The body hemt debt, t o t a l  body 

heat loes, tiesue and enrirarrmental inmhtlon end vaacu2st renctlrity of 

certain skin area8 were estimated frm these data. Basal metabolism and 

tbroiG function using II3’ uptake vere ale0 meaIIured in  each subject be-  

fore and fa l lw ing  the bivouac. 

2 3  
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Vo change Ln baaal metabolism or IIJ1 uptake yea noted in - subject 
f o l l a v l n g  the  f l e l d  exposure. 

There vas no significant difference In the mer-all t h e m 1  balance of 

these men be*een the gre- and post-bivouae tests; that 18, average b e  

temperatures and heat production uere elmoat identical. 

pironmental inaulation m a  unchanged betareen the b o  test series. 

The effective en- 

There was a aigniflcantly higher skin temperature of the arms, hands, 

The tem- and feet a t  the completlon of the  post-bivouac t e a t s  (P< 0.01)* 

perature of other s e n  areas and the rectal tempelrtures uere identical  

from one test period t o  another. The wanner extremity temperatures are 

Interpreted aa indicating a r e l a t i v e l y  reduced vaaculnr conetrlction in 

respanee t o  cold stress among the sccllmatized aubjects,  and this local 

scelimatizatloa vas the o n l y  detectible effect of the f l e l d  expo-. 

The splendid  cooperation and u i l l i n g  service of M/Spt. Milton Wills, 

S / S p t .  Arnold &gel, S/Sgt. James Jatras, A / l C  James Halderson, X / l C  

James Hoore, and A / l C  Fodney Fhgland, rho served a3 experimental s u b j e c t s ,  

are gratefully acknwledged. 

VP wish to thank T/Set. Ben Freeman, T/Spt. John Carr, S/SPt. Georpr! 

Sheldon, S/Sgt, John Col l ins ,  and A/2C Kenneth Behymer for technical 

assistance in the field ana laboratory. 

nr . G i s L e  Baric? Derfarmed the thyroid I1jl determinatians,  and ve 

pratefully acknowledge h i s  cantriblition to t h i s  study. 
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