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ABSTRACT
The metabolism and body temperatures of six subjects were recorded
during a standardized cold test before and following a 2L-day arctic
winter bivouac in erder tn determine if amy changes, vhich might be as-
ecribed to living in a cold enviromment, took place in their thermoregu-
latory response. The body heat debt, total body heat loss, tissue and

environmental insulation and blood {low to certain skin areas were esti-

mated frem these data. Basal metabolism and thyroid function using 1131
uptake wvere also measured in each subject before and following the bivouac.
“ Mo change in basal metabolism of 131 uptake wvas noted in any subject
o following the field exposure. Dluring the cold test, the metadolism in-

E; creased by an identical amount before and followirng the field exposmure.

' Total bady heat loss was slightly but not significantly greater during

the post-blvnuac tests; and the insulation ~f the subject's environment
and mean body tissue insulation were the same during both test periocds,

There were significantly higher skin temperutures of the arms, hands,

lower leps, and feet at the completion of the post-bivouac test when com-
pared with the nre-btivouac values. The temperatures of other sidn areas
and the rectal temperature were identical from one test period to another.
¢ The warmer extremity temperatures indicate a relatively reduced vagcular
constriction in response to cnld in the limbs of the acclimatized subjects.
Acclimatization to the degree of chronic cold to which these men were
exposed was localized to the heat distribution function of the periphersal
vasculature. No evidence was found for any generalized acclimatization in-

| volving altered metabolisam.
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THE METABOLIC AND BODY TEMPERATURE RESPONSE OF MEN EXPOSED TO
AN ACUTE COLD STRESS BEFORE AND FOLLOWING AN ARCTIC BIVOUAC

INTRODUCTION

flecent attempts to demonstirate any appreciable degree of cold acclima-
tisation in man have met with disappointing results. Brown (8), in a re-
cent review, strikes a particularly pessimistic note in his concluding
sentence vhen he states: "If the only goal of work on cold acclimatization
is the increase of the functional capacity of the white man in the Aretic,
it may be a relatively unprofitable field of endeavor." Horvath et al. (22)
also point out the lack of amy appreciable change in physioclogic functioen
accompanying chronic cold exposure and contrast this with the more obvious
acclimatization to other environmental stresses such as altitude or heat.
Yet, practical experience such as Frazier's (17), while poorly documented
with scientific fact, suggests that changes do occur in body function and
cold tolerance and that these changes measurably increase man's efficiency
in the cold. Undue pessimism on the importance of such a complex phencmenon
as cold acclimatization in man seems unwarranted until more is known about
its nature.

Information is particularly sparse and conflicting on man's heat pro-
duction and heat distribution mechanisms during the development of cold ac-
climatization. Basal heat production, following varying degrees of chronic
cold exposure, has been reported as elevated by same investigators, notably
Newvburgh and Spealman (28), Horvath et al. (22), and by Ames and Goldthwait
(2) on one of their subjects who experienced an unusual degree of cold ex-

posure. Ingbar et al. (23) have recently reported a rise in thyroid hormone
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production in a series of five subjects who lived ccatinuously for 13 days
at an air temperature of 13° C. while clothed in cotton sherts. This was
calculated from thyroidal radiociodine clearance rates and plasma inorganic
iodine levels. They present evidence suggesting an increased peripheral
utilization of thyroid hormone. Unfortunately, ne basal metabolism data
on these subjects were presented. Moat investigators (2, 3, L, 16, 37 and
3L) report no change in basal metabolism following chronic cold exposure.
Perhaps part of the discrepancy in results is due to variations in the se.
verity or duration of cold exposure. More data are needed on the basal
metabolism of humans exposed to severe cold for prolonged periods of time,

such as members of arctic or antaretic expeditions.

The heat productlion of men erposed to acute cold rises as a heat debdbt
ia incurred. Controversy still exists on the classical problem of "chemical
regulation” va. increased skeletal muscle activity in the genesis of this
increased heat production. In addition, the effect of chronic cold exposure
on this metabolic response is inconclusive. Balke et al. (3), following the
course of a 3-week bivouae, noted a reduced metabelic response compared with
the pre-biveouac values during immersion in a water bath at 20° C. Schwiegk
(31) comments on a decreased tendency to shiver as one of the physioclogic
changes accompanying cold acclimatization. Ames and Goldthwait (2) felt
that shivering was delayed somewhat in their subjects as they became cold
acclimatized. LeBlanc (24) has recently reported a greatly reduced meta-
bolic response to acute cold stress in men following a subarctic bivouac.
Carlson et al. (12) observed a relatively reduced metabolism for a given

average skin temperature among men chronically exposed to cold. On the

other hand, Meehan (26), employing Alaskan natives, and Fleper (15),




435,

gg_

TECHNICAL REPORT 57-37
studying Whiter before and following an arctic bivouac, report an in-
croased tendency to shiver among those chronically exposed to cold.
Scholander et al. (29) have recently campleted a study on pative Lap-
landers and find that the metaboliam of this group and of those not ac-
customed to living ocutdoors is the same when compared over the normal
canmfort 2one and at temperatures below the "critical temperature” for
man (around 27° C.). Part of these results are aascribed to the excellent
microclimate which is part of the Lapps! cultural adaptation to cold
weather living; in other words, they may not have any stimulus for gener-
alizsed cold acclimatization changes. 1In a very rigorous field study yet
to be reported in detail, Scholander et al. (30) noted that when mem are
exposed to envirormental temperatures below the critical temperature and
are denied sufficient clothing insulation, sustained shivering even during
sleep is a prime requisite for succesaful adaptation. Further inquiry is
warranted on the shivering and metabolic responses of acclimatized and non-
acclimatized men during ¢old stress to determine what differencesa exist
and the mechaniams involved.

Changes in the vascular response to cold arising frem chronic cold
exposure could alter heat distribution within the body as well as improve
digital function and resistance to local cold injury. The bulk of data
from mumervus investigations employing a wide variety of cold tests indi-
cates that the peripheral vascular constriction in response to cold is
attenuated among cold acclimatized men (2, 15, 18, 22, 27, and 35). Row-
ever, not all data support this conclusion. Adolph and Molmar (15 were

unable to demonstrate any changes in skin temperature, rectal temperature,
or metabolism which could be construed as acclimatization. Stein et al.

(3L) report an accelerated drop in toe temperature of their subjects as
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cold acclimatization prozressed and incerpret this z: indicatinp a -ore
intense veripheral vasoconstriction., Glickman et al. (19) found --at as
cold acclimatization occurred in their subjects it was accompanien -y a
decreased drop in rectal temperature on exposure to -old. This sugsests
an increase in peripheral tone and a consequent increased tissue inzula-
tion., Goldby et al. (20), reporting on the comparative vascular reaction
of Australian aborigines adabted to living at temperatures as low as 0° C.
and of white members of his expedition, observed an increased vasomator
lability among the aborigines. However, Brown's numerous data on the Fskimo
(5, 6, 7 and 8) indicate an elevated peripheral blood flow among these peo-
ple compared with Whites exvosed to the same cold test. Racial variations
in the thermorepgulatory response to cold may detract “rom the applicability

of these latter studies.

From the above considerations and from additional data obtained while
on Alaskan field trips, Carlson et al. (12, 13) have evolved a verv inter-
esting hypothesis of c¢old acclimatization in man. They feel that amons
cold acclimatized men there is a subtle and complex alteration in both the
metabolic and vascular response to acute cold stress which results in a
different pattern of thermoregilation. The extremity skin remains warmer,
whereas the thermal gradient from rectum (core) to subcutaneous tissue is _
increased: cooling of the peripheral subcutaneous tissues of the body
(shell) supplies a greater vroportion of the total body heat lcss than be-
fore acclimatization. For a given level of averape skin temperazuTe. the

metabolic rate remains lower in the acclimatized than in the reracclia-

tized man. This concept requires additional testing under a variety of

experimental conditions, as Carlson et al. (12, 13) have acknowledized. to
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establish more firmly the precise pattern of the heat production and dis-
tribution during acclimatization.

It was the aim of this study to determine the metabolic and body
temperature response of men to an acute cold test before and follewing
an arctic bivouac, using this response as a measure of cold acclimatiza-
In addition, basal metabolism was determined before and following

tien.
the field phase as wvas thyroid function using the radiocactive iodine up-

take technique.

METBODS

Experimental Subjects

Six voluntsers were chosen from among Ladd Air Force Base psraonnel.

Four of these men had duty assignments as clerical workers and the remain-

ing were outdoors for an hour or two daily as part of their duty sssign-

ment. The men bhad no physical abnormalities and were in good haalth

. ]

"l throughout the duration of the experiment. The physical characteristics
i

of the subjects are summarized in table I. With the exception of sudject

TABLE I
PHYSICAL MEASUREMERTS OF SUBJECTS BEFORE AND AFTER BIVOUAC

weight (Kg.) Surface A M%)
Reight T (KB | Surface Ares (f

l Age (cm.) bivouac | bivouac bivouac [ bivouac

' Mean 25 17% 69.5 69.6 1.83 1.83

Range 18237 170-183 | 52.3-80.9 | 54,.5-80.7
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B, vho was an extremely thin individual, there were no outatanding features

that distinguished these men from average.

Field Exposure

The field site was situated approximately 20 miles north of Fairbanke,
Alaska, at an elevation of 2,100 feet and a distance of 3 miles from the
nearest higlaray. Access to the site was by ski or snowshoe. The sub jects
stayed within a S-mile radius of this site from 6 January through 30 January
1956, during which time the ambient air temperature, wind velocity, and per-
cent cloud cover in the vicinity of the campsite were recorded at L-hour
intervals. The meteorological data are summarized in figure 1. The sub-

Jects improvised shelters of snowblocks, spruce boughs, and parachute cloth
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FIGURE 1

Ambient sir temperature, wind velecity, wind chill,
and the percent cloud cover in the vicinity of the camps=ite
during the field bLivouac.
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for sleeping and for the storage of personal equipment. Ko heat vas per-

mitted within these shelters. A cook shack of spruce logs and snowblocks
was constructed by the subjects, and they were permitted inside this struc-
ture for a total of three LS-minute periods daily while eating. Within
this cook shack, the mean temperature throughout the period of this bivouac
vas 0° ». (range, +11° to -25° F.; SD, 8° F.).

Daily activity, which consisted of supervised skiing, snowshoeing,
gathering wood for the cook stove, participation in controlled fleld ex-

- periments and general camp chores, commenced at 0730 hours and ceased at
1800 hours. By 2000 hours, the men were generally in their sleeping bags.
Clothing wvas standard Air Force arctic issue.

In order te gain some idea of the over-all energy balance of the men
while on thie bivouac, the caloric intake was measured by welghing food
portions on 11 days selected at random throughout the bivouac; and the nude
weilghts of the men were measured in the observation shack before breakfast
on 9 days also selected at random. The daily weights and caloric intakes
are summarized graphically in figure 2. Note that on a mean caloric intake
of 3,946 calories per day the men lost an average of -2.6 kg. in 2| days.

nfortunately, very little data were obtasined on the therml balance
of these subjects during daytime activity. However, obserwvations were made

- on the men during the evening hours while they slept or rested in their
sleeping dbags. Rectal temperature and 15 separute skin temperatures were
measured by means of thermocouples and a portable potentiometer at 2-hour
intervals on each of three subjects for a total of 7 nighta. During the
same evenings, the resting metadolism was sampled several times by gently
arousing the gubject, collecting a measured volume of expired air in a

Douglas bag, analyzing for oxygen and calculating the metabolism from the
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WEIGHT CHART OF SUBJECTS DURING FIELD BIVOUAC
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FIGURE 2

Nude body weight, net change in body weight and average

daily caloric intake for each subject during the field bivouac.
formula proposed by Weir (36). Fvaporative heat loss was estimated by
measuring the weight loss of the subjects on a platform balance sensitive
to § prams. From these data., a thermal balance sheet was constructed and
summarized in table II. We deduce from these results that the men were
under no great cold stress during at least one-third of the time they were -
in the field despite the rigorous external enviromment. Outside of their

shelters, hovever, they experienced considerable discomfort from the face,

hands, and feet unless they kept active.

mid Activity Tests
Basal metaboliams of the subjects were determined between the hours of

0730 and 0930 hours for the 2 dsys before and the U days following the field
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TABLE II

THERMAL BALANCE DURING SLERP WHILE ON RIVOUAC
Mean metabolic rate . . . . . . . . . . .. L1Zeca kg.-cal./Mz/hr.
(21 observations)

Mean body heat debt ., . . . . . . . , . .. O3 range, + 2.5 to
(7 observations) -3.5 kg.-cal./M2/hr.

Mean evaporative heat 1ess . . . . . . . . w s 3 !'.g.-cal./l“!z/hr.

Nonevaporative heat loss , . . . . . ... 27 kg.-cal./}!z/hr.

*Standard deviation

exercise. Duplicate determinations were performed on each subject using
open circuit indirect calorimetry. A 1O-minute expired air sample was
collected in a 120 liter spirometer and an aliquot analyzed for its oxygen
content in a Beeckman Oxypen Analyzer. Heat production vas calculated ac-
cording to the method described by Weir (36). The caloric equivalent of
a liter of expired air was taken as 1.0L6 - 0.05 Op where Op is the percent
oxygen in expired air.

Thyroidal uptake of I131 wae determined in the conventional manner
6, 12, 2L, and L8 hours after ingestion of the radioiodinme. A scintil-

- lation counter was positioned 15 inches in front of the gland for this
purpose. The dosage vas 15 microcuries of carrier-free 131 45 capsule
form before breakfast initlally and 10 microcuries following the field
exercise. Urinary elimination of the 1131 sample vas determined at the
same time intervals aa the thyroidal uptake by comparing the activity of
a suitably prepared urine sample with a standard solutiom of I131 in a

well-type scintillation counter. 1In addition, the protein-bound 1131 yae
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determined, using a venous blood sample drawn 24 hours after ingestion of
the 1131,

Cold Room Exposure

The cold room in which the subjects were exposed vas kept at a tem-
perature of 50° F. t2or throughout the experiment and wvas not permitted
te varm above this temperature when not in use so that the wall temperature
remained the same as air temperature. Air movement within the room was kept
constant and at a low velocity by the use of a small, baffled fan; however,
no measurement was made of the cooling power of the air.

A canvas cot covered with a wool blanket supported the supine subject.
This was comfortable for the duration of the experiment, but it did not per-
mit free circulation of air over the back of the subject. Am boards kept
the subjects' arms extended at an angle of approximately 30° from their
bodies.

Fach subject, clothed only in cotton shorts, was placed on the cot
outeide the cold room and all preliminary preparations were completed at
a camfortable air temperature. The subjects were then covered with the
liner of a down sleeping bag, and the entire ensemble was carried intec the
cold room where the subjects rested for an additional LS minutes. The
purpose of these preliminary rest periods was to attain thermal equilibrium.
During the last 30 minutes prior to removal of the liner, control neasure-
merts of body temperature and metabolism were taken. The liner then was
removed and the 100-minute cold 3air exposure commenced.

Body Temperature Measurement

To measure skin temperature, 30-gauge copper-constantan thermocouples
were taped to the skin lecations indicated in table III and connected into

recording Brown-Honeywell potentiometers having internal zerc reference

10
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junctions. Rectal thermocouples were constructed from #10 urethral cathe-
ters fitted with silver tips into which were soldered the thermocouple
junctions. Rectal temperature was recorded at a depth of 1C centimeters.
The thermocouple-potentiometer unit was accurste to $0.01° C. over the
physiologic temperature range.

Mean skin temperature was calculated according to the method described
by Hardy and Dubois (21) using the weighting factors indicated in table ITI.
Digital temperatures were recorded from the finger pads of two fingers and

the dorsum of two toes.

Metabolism

The body heat production during the cold exposure was measured by
open circuit indirect calorimetry using the formuls proposed by Welr (36).
Expired alr volume was measured continuougly with a dry gas meter and re-

corded every S mimgtes. An aliquot of expired air (150 cc./min.) was

TABLE IIT

THERMOCOUPLE LOCATION AND WEIGHTING FACTOR FOR EACH SITE

Number of Percent of Tolal

Body Site Thermocouples Skin Area Sampled
Head (face) 1 7
Trunk 7 35
Arm 2 1L
Leg L 32
Hand l g
Foot 1 1
Total 16 Total 100

11
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FIGURE 3

Schematic diagram illustrating arrangement of apparatus used in
determination of metabolic rates.

TABLE IV

SASAL METABOLISM BEFORE AND AFTER BIVOUAC

Pre<~bivouac Post-bivouac

Basal qetabgllsm . .
(kg.-cal./M</hr.) L3 I s# Ly = 3

%#Standard deviation

diverted continuously through a Beckman Oxygen Analyzer, and recordings
of the oxygen tension were made every minute and averaged for each 5-
minute interval (figure 3).

Statistical Treatment of Cata

The significance of ‘he mean difference in basal metaboligm thyroidal

uptake of 113l and urinary elimination of 113 was tested by Lorad's "t"

12
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test. The body temperature data and ti..e metavolish data Ior -~he group of
subjects before and following the field bivouac were camparea usging an

analysis of variance.

RESULTS
Thyroid Activity

The basal metabolic rates are summarized in table IV. Thke group

neans of the pre- and post-bivouac determinations were 4> ana uu Cal./Hz/Hr.

: This is not a significant difference.
The thyroidal it uptake, urinary elimination, and protein-bound it

are sumnmarized in table V. These data are all within the normal range and
do not indicate any change in thyroid functiom as a8 consequence of the

field exercise.

The body temperatures and the heat production of all subjects were
determined for a half-hour period prior teo the onset of the cold air ex-
posure. These measuremenis are summarized in table VI and give an indi-
cation of the body heat content at the beginning of the test periods. The
rectal terperatures of the subjects, when compared for the pre- and post-
bivouac control tests, were not significantly different. The rate of body
heat production was more variable between the two control periods, and the

] group mean of the pre-bivouac control (L7 Cal./szHr.) was somewhat lower
than that following the field exercise (52 Cal./M?/Hr.); however, this dif-
ference is not significant (P > 0.05). The average skin temperatures of
the subjects were slightly but significantly higher during the post-bivouac
control period (P < 0.05),

Mrirpe the cold test, the rectal temperatures rose a few tenths of a

degree centigrade anc never fell below the control temperatures; this is
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presented graphically in figure L. There was no difference in the vattern
of the rectal terperature between the pre- and post-bivouac tests evcept for
a tendency of the nonacclimatized subjects to maintain a more elevated tem-
perature near the completion of the cold test.

Average skin temperatures fell rapidly during the first 20-lL0 minutes
of cold exposure and then began to approach am asymptote. This is depicted
in figure L. At the campletion of the cold tests, the skin temperatures

were still falling at a slow rate and those of the acclimatized subjects

38
1 RECTAL
TEMP
(°c)
3
38 H A IMATIZED
SKIN O---OACCLIMATIZED
TENP 32
(°e) 30 - P >0.08
| -
) AVERAGE
' soOY
TEMP
°<)
EnviRon- °
MENTAL 20
) TEMP, -
. P >
| (te) 0 BLANKET OFF
| e— 4 3 1 1 L 1 L1 1 t 1 J
10 20 10 20 30 40 S50 60 70 80 90 100
PRE-TEST COLD ROOM EXPOSURE PERIOD

CONTROL PERIOD
TIME (MINUTES)

FIGURE |

The course of rectal temperature, average skin
temperature and average body temperature (0.6Ty
+ 0.LTg) for the average subject during the cold
test before and following the field bivouac.

S
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were 2.:9 C. nicher than before the field evercise. This cifference was
not significant statistically (P > 0,05).

The decline in mean body temperature, which 1is plotted alsa in
figure L, is tased on “re calculation of mean body temperature fron
the formula (L):

Iy = O.éTR + O.hTS

where Ty and Tg are rectal and average skin temperatures, respectively.
The initial mean body temperature was higher by 0.3° C. (P < 0.05) in
the acclimatized subjects cue to the effect of the higher sidn tempera-
ture. The body temperature at tne completion of the cold test, however,
wag identical for both test periods (33.6° C.), indicating that a slightly
greater loss of stored tody heat occurred in the acclimatized subjects.
The magnitude of this increasecd heat loss was approximately 5 Cal./Hz,
assuming that body heat content is the product of body mass, ocody tem-

perature, and body specific heat (0.83).

The changes in regional skin temperatures during the cold tests are
illustrated in figure 5. The skin temperature of the trunk area and upper
leg declined at the same rate and t> the same extent during the pre- and
post-bivouac tests. The arms and hands, as illustrated in figure S, did
not cool as quickly during the post-bivounac tests and at the completi.n

of the cold test were significantly warmer in the acclimatized men.

The metabolic changes during the cold tests are illustrated in figure
6. Metabolism in all test periods rose with the onset of cold exposure
and continued to rise throughout the duration of the tests with some wax-
ing and waning depending upon the degree of shivering. The magnitude of

the response was identical for the pre- and post-bivoucac tests although

16
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the subjects felt more comfortable and did not appear to :Zservers <o ke

shivering as violently during the post-bivouac tests.

DISCUSSICON

The over-all heat balance of the stbiects was almost icentical for
each test series. In order to analyze it, the "average sut“ect' was usecC;
that is, the mean of the 12 pre-bivouac runs was comparec =il ...e nean
of the post-biveuac runs. Any obvious differences between tnese two values

were further tested for statistical significance by an analysis of variance.
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FIGURE S

Changes in regional skin temperatures
(trunk, arm, and hand) of the average subject
during cold test before and following field
bivouac.
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FIGURE 6

Metabolic rates of the average subject during
cold test before and following field bivouac.

The extent of the body heat debt, D, may be calculated from the fall
in average body temperature, TBI - TBZ’ which occurred during the cold test

(figure L). We may express the heat debt for this interval as follows: -

D e (Tgl - TBg) x 0.83 x m
S

kg.-cal. /M2

where Tp, and TB, are the control and final body temperatures, 0.83 is the

specific heat of dbody tissues, m is the body mass and S is the surface area

lThis and subsequent formulae are taken with very little modification from
the discussions of Burten (9, 10, and 11).
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Accordine to this calculation, the mean body heat debt incurred oy

these subjects during the pre-bivouac tests was 81 kg.-cal./M2; during the

post-bivouac tests, &6 kg.-cal./Mz. This is not a statistically significant

difference.

The total body heat loss during the interval of these cold tests may
be approximated by adding the total heat produced to the mean heat debt:
H= M+ D
where M represents metabolic heat and D 1ls considered positive during a time

when heat loss exceeds heat production, as was the case in the present tests.

For the time interval of these tests, the total body heat loss curing
the pre-bivouac runs wvas 191 kg_-cal./Mz; during the post-bivouac runs,
198 kg.-cal./Hz. Again there is no significant difference between these

two values.

We conclude that the field exposure had no discernible effect on over-
all body heat economy during the rather brief interval of these cold tests.
There is reason to suspect that the slightly greater heat debt and total
body heat loss of the post-bivouac tests would have become significant had
the exposure been of longer duration. The reason for postulating this will

become evident during the discussion of tissue insulation.

The effective over-all tissue and envirommental insulations of the sub-
jects can be estimated for the final few minutes of the exposure when the
rate of change of body temperature and metabolism is minimal (figures L and
6). The assumption will be made that during the final minutes heat loss
equals heat production; that is, mean body temperature is stabilized. As

a matter of fact, there is a mean decline in body heat content of only
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> kp.-cal,/* {corresponsing to a drop in body terrzerature of 7.1° I, Zur-
ing the final 12 rminutes. 3odv insulation can be acproxiratec acenriing to

the formula:

- * ~ ° 2. /%g.-cal./°/nr.

where Iy is the effective tody insulaticn, 7. and 7. are recta. anc average
skin temperat:res, respectively, and K Is the heat flux to the skin irn

sl
kp.-cal./i“/hr. {assured o egual the metabolism in the present case). Zub-

stituting the appropriate nurerical values Zor the averape suc ‘ect:

. - 7.l - 28.C
Pre-bivouac: -5 :;—-rg—fgt—-= 0.115° :./kg.-eal./ﬁz/hr.
” (2.tL clo units)
. 2 2 - 2%_‘/.!‘ S . -
Post-bivouac: Ig = —= = 0.114° Z./kg.-cal,/i"/hr.

(2,44 clo units)
Mo chonre in over-all body imsulation was erffected oy the ield exposture,
mvirenmental insulation “epends on the same assurmptions as bocv in-

sulation, excent that nonevaporative heat loss is the heat flux *o be ~on-

sidered.

where Ta is room air temperature and 0.24 H is the traction of restine
metabolism lost by evaporation (assumed to equal 12 kg.-cal./M2/nr.).

Substituting as before:

28.0 - 10 o 5
Pre-bivouac: I, = < 0.26° C./kg.~cal./V/nr.
= 70 (1.L clo units)
28, - 10

Poat-bivouac: IE S = 0.28° C./kg.-cal./M2/hr.
-2 (1.5 clo units)




These values are somewhat higher than those cormeonly ~Ivrgnm o~ -3l
air insulatizn (11). The fact that the s:tbjects were .y ins or z weolen
blanket prcii>ly explains the discrepancy, since this preventes air ~irnu-
lation over “hat portion or the skin area.

e lack of any chanee in environmental insulation between -es7 nerioas
simplifies somewhat the interpretation cf{ “‘he warrer distal < rermivv skin
areas during the post-bivouac tests. As illustrated in fiztre - Uor ovke arm
and hand, certain skin regions did not cool as rapidly or as —uch “ollowine
the rield phase. This sugrests an augmented heat flow (blood flow; “o *hese
regions. BSurton (9) has emphasized that the absolute level oI skin empera-
ture alone is not adequate infarmation for estimating the magri:uce 3£
skin blood flow. The ratio of heat delivered to a skin area to that carried

away from a skin area gives a more accurate picture of the relative skin

blood flow, and this Burton has called the thermal circulation index. It is

expressed:
Ts = Ty
TCI =
Tr = Ts
where the symbols have the same meaning as used previously. In the absence

of changes in environmental insulation, the thermal circulation index may
be related to changes in tissue blood flow and tissue insulation.

In table VII are summarized the skin temperatures and corresponding
thermal circulation indexes for the major skin areas at the completion of
the cold tests. These are not final "ecguilibrium" values, particularly for
the distal extremities; it is apparent from figure S that the skin terpera-
tures still are falling in some of these regions. However, results clearly

indicate an augmented heat flux to the skin areas of the foot, hand, and
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REGIONAL SKIN TEZMPEPATUSES AND THERMAL CIRCULATIQN IWDEXES
AT THE COMPLZTION CF THE COLD TESTS

3¥in Terperature (2 C.) Therral Circulation Index

Skin Area Pre-blvouac >ost-divouac Pre-bivouac Post-bivouac
Trunk 31.2 . 3.L8 2.6k

(P > c.25)*
Head 29.4 2e.b 2.6 2.50

(P > 0.29)
Thigh 26.4 26,3 1.50 1.48

(P >0.05)
Calf 2h.0 2h.S 1.05 1.13

(P = 0.05)
Foot 20.1 21.3 0.60 0.71

(P < .05)
Arm 23.7 25.0 1.00 1.21

(P < 0.21)
Hand 19.6 21.3 0.55S 0.73

(P <0.01)
Fingers 13.6 15.2 0.15 0.23

(P = 0.05)

*Determined by analysis of variance.

arm and an equivocal increase in heat flux to the skin of the calf and
fingers of the post-bivouac subijects. We do not know the mass of tissus
involved in this elevated temperature; hence, we cannot estimate the amcunt
of heat that would be required to account for the results. As a very rouch
approximation, assume that the area involved i3 about 30 percent of the -ocy
surface or 0.5 M and has a thickness of 10 mm. To cause a temperature zi:-
ference of 1° C. in a mass of tissue of this dimension would require an ac-

ditional heat content of only about 5 kg.-calories. Our thermometric tecr-
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niques probably could not detect the small differences in body tissue tem-
perature required to supply this amount of heat. Carlson et al. (13) have
described an increased rectal-subcutaneous temperature gradient in the limbs
of cold acclimatized men, which suggests that the heat source may lie in the
body shell during conditions such as these. The increase in the blood supply
that would be required to supply this additional heat should be considerable
and amenable to measurement. The fundamental changes that occur to effect
heat distribution such as we have observed must involve complicated altera-

tions in vascular reactivity and blood content of the limbs.

Our results supggest that local acclimatization changes may be the only.
import#nt physiologic ones when men are chronically exposed to severe cold
but are able to clothe and shelter themselves, maintain good nutrition, and
keep up a high level of physical activity. If this is indeed the case, fur-
ther study of cold acclimatization in man would most profitably Le directed

toward the peripheral wvascular mechanisma involved.

SUMMARY AND CONCLUSIONS

The metaboliam and body temperatures of six subjectes were recorded
during & standardized cold test before and following a 2L-day arctic winter
bivouac in order to determine if any changes took place which might be
ascrided to living in a cold enviromment. The body heat debt, total body
heat loss, tigsue and envirommental insulation and vascular reactivity of
certain skin areas were estimated from these data. Bapal metabolism and
thyroid function using i3t uptake were also measured in each subject be-

fore and following the bivouac.
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No change in basal metaboliam or 1131 uptake wag noted in any subject
following the fleld exposure.

There was no significant difference in the over-all thermal balance of
these men between the pre- and post-bivouac tests; that is, aversge body
temperstures and heat production were almost identical. The effective en-
vironmental insulation was unchanged between the two test series.

There was a significantly higher skin temperature of the arms, hands,
and feet at the completion of the post-bivouac teats (P< 0.01). The tem-
perature of other skin areas and the rectal temperatures were identical
from one teat period to another. The warmer extremity temperatures are
interpreted as indicating a relatively reduced vascular constriction in
responge to cold stress among the acclimatized subjects, and this local

acclimatization was the only detectible effect of the field exposure.
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