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ARMORED MKDICAL RESEARCH LABORATORY 
Fort Knox, Kentucky 

Project Wo. 2(2-7,11,13,15,17,19) 
727.3 GWCML 1« October 1943 

I /• STUDIES OF MRU III SIMULATED JUNGLE (HUMID) HEAT 

i 1. PROJECT: Ho. 2 - Operations at High Temperature«. Sub-ProJectet 
2-7 - Determination of Water and Salt Requirements for Jungle Operations; 
2-11 - Influence of High Temperatures Upon the Efficiency of Personnel; 

.]•  2-13 - Effect of Training upon the Efficiency of Performance at High Temper- 
y  atures; 2-15 * Study of the Effects of Drugs and Accessory Food Factors on 
'■       Efficiency of Personnel at High Temperatures; 2^17 - Study of the Physiologic 
,1  Effects of High Temperatures; 2-19 - Study of Efficiency of Performance and 
I  Rate of Deterioration Under Conditions of Water Limitation. 

a. Authority - Letter Commanding General, Headquarters Armored 
Force, Fort Knox, Kentucky, File 400.112/6 GNOHD, dated September 21, 1942. 

*>• Purpose - The purpose of these experiments was to study the 
;   behavior and performance of military personnel when exposed to the high 
)   temperature and high humidity of a simulated Jungle Climate. Tests were 
*   carried out under controlled conditions in the Laboratory Hot Room, in a 
f       manner similar to that employed in the previous desert studies (Results 
j   of Desert Field Study, Project 2-8, file 724.!, October 20, 1942; Partial 

Report on Water and Salt Requirements for Desert Operations, Project 2*6,     «!• 
file 333.35, November 12, 1942; Report on Studies of Men in Simulated        ^ 
Desert Heat, Project 2(2-11,12,13,17), file 727-2, April 3, 1943* «ad » 
Final Report on Determination of Water and Salt Requirements for Desert 
Operations, Project 2-6, file 333.34, May 20, 1943). ] 

2. DISCUSSION: 

a« For most men, work in humid heat of the degree imposed in * 
these experiments is at first difficult or impossible. By a process of i 
acclimatization man adapts himself to work in the heat. He then works . \ 
without subject4 ?c complaints and with little or no disturbance of bodily 
functions. Automatization appears to bs a complex physiologic readjust- 
ment which cannot bo adequately defined or Completely determined by a few 
simple physiologic measurements. Nevertheless, this adaptation is accom- 
panied by certain physiologic changss which serve as {general indices of 
the whole process. In this report some of these physiologic changes are 
discussed and represented by a series of charts, 
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b. Three experiments dealing with acclimatisation to jungle 
(humid) heat and utilising a total of 55 enlisted men were carried out. 
These studies were Initiated in March 1943 and were continued intermittently 
OTer the ensuing six (6) months« The men were in the hot room continuously 
for period« varying from d to 23 days, being permitted to leave for only 
two 10 minute periods daily. 

c. After a review of available records of tropical climates, the 
temperature and humidity arbitrarily selected for this study were those 
which represented the most severe conditions likely to be encountered in 
any trooical or jungle region« The dry bulb temperature ranged from 89° 
to 93«fr and the relative humidity from 90 to lOOJt, Details are set forth 
in the Appendix. 

3t COKCLUSIONSt 

a. Acclimatization. 

(1) Soldiers exposed to jungle (moist) heat become adapted to 
it by a process of acclimatisation which enables them to work more efficient-»] 
ly and with less ri#k of illness from heat than when first exposed. This 
process does not differ in its essentials from that previously described 
for desert (dry) heat. (See • Report on Studies of Men in Simulated *>esert 
Heat. Project 2(2-11,12,13.17). File 727-2, Dated April 3. 1943.) 

(2)' The physical fitness of men and their ability to carry 
out tasks in humid heat can be estimated by a careful observer who knows 
his mm end is familiar with the signs of impending or actual danger. 

(3) A man acclimatised to humid or dry heat works in humid 
heat with a lower body temperature, lower heart rate, more stable blood 
pressure, less flushing of the face and less discomfort than when not Ac- 
climatised (chart 1). These physiologic measurements do not define the 
exact degree of acclimatisation and may not be used alone to compare the 
state of adaptation to heat among different subjects (chart 2). The man 
as a whole must be evaluated; behavior and will-to-work must be taken into 
consideration as well as fitness and training. 

(4) Acclimatisation to humid heat begins with the first ex« 
poeure, The rapidity of the process varies and may require from 3 to 10 
days (charts 1, 2, 3). 

(5) Soldiers in good physical condition acclimatise more 
rapidly and when acclimatised are capable of greater work output in humid 
heat than are men in poor physical condition (chart 4)* 

(6) Resting for as long as 10 days in the humid heat, with 
activity limited to that required for subsistence, induces only a small 
degree ef acclimatisation. Work in humid heat is necessary for full ac- 
climatisation (chart 5). 
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(7) When work at a reduced level is begun on first exposure 
to humid heat, end is 1 ncremsed within the tolerance of the subject, the 
capacity to perform a marl ram amount of work in the hot environment is 
attained most quickly« 

(8) Strenuous work on Initial exposure to humid heat is not 
well tolerated and often will result in disability which prevents further 
work« This is most evident if the subject has been living in a cool en» 
viroament prior to exposure« Attempting to continue such work will in* 
capacitate many men« Those who are able to work do so inefficiently and 
ineffectively« 

(9) Exceeding the work capacity, even to the point of heat 
exhaustion does not delay acclimatisation or reduce the degree finally 
achieved, provided (a) work is discontinued before symptoms become severe) 
(b) water and salt deficits are corrected; and (c) work» when resumed, is 
within the tolerance of the soldier (chart 6)« 

(10) A man acclimatises to humid heat more rapidly if he has 
been living and working in a warm environment (summer - Fort Knox) than if 
he enters the hot environment from a cool one (late winter and early spring - 

~  Fort Knox) (charts 7 and 8)« Training in the southern areas of the U. S. 
in summer probably induces a considerable degree of adaptation to heat« 

$ (U) After leaving the hot humid environment, the acclimatised 
man retains his acclimatisation for varying periods depending upon the 

f temperature into which he goes« If the environment is cool (early spring - 
i Fort Knox) a major portion of the acclimatisation is lost within three 
A weeks; if the environment is warm (summer - Fort Knox) most of the acclim- 
% atisatlon is still retained after six weeks (chart 9)« Men in good physical 
*; condition retain their acclimatisation better than men in poor physical con- 
Y dition« 

• •> 

f (12) Acclimatisation to hot dry (desert) environments increases 
the ability of men to work efficiently in hot moist (jungle) environments 
(chart 10)« The reverse is also true but to a lesser degree (chart 11)« 

b« Water Requirements» 

(1) Although only a fraction of the sweat is evaporated in 
the humid heat of the tropical environment, a high rate of sweating is 
maintained« As a result, man cannot work without a fairly high water in« 
taks, much of which is wasted as unevaporated sweat. In the experimental 
environment of this study the water (sweat) loss sustained by resting 
clothed men averaged 218 grams per hour; that lost by clothed men marching 
2.5 miles per hour averaged from 700 to 900 grams (1 quart) per hour ("hart 
12). 

* 
1 (2)   Varying the water intake did not Influence the rate of 

water (sweat) loss in either resting or working men (charts 14 and 15)» 
Training does not reduce the water requirements« 
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0*    Factort Influencing Performance of Acclimatized, Han« 

do   personal Hygiene. 

Hashes and infection» of the* skin and fungua infections of the 
feet are prevalent in hot humid environments and require rigid hygienic 
measures in order to control them, / 

k.    RECOiflGNDATIOKSi 

a«    Troop» brought into a hot tropical or Jungle theater should, 
«hen possible, hare at least two weeks of acclimatisation under supervision. 
Supervising officers and N.C.O.fs should be thoroughly familiar with the 
principles embodied in this report« 

b»    During acclimatization, graded amounts of work should be done 
with carefully regulated exposure« during the worst periods of the day« 

o«    Enough water shoulo be drunk to satisfy thirst at all times« 
When water intake ia Inadequate for their needs men lose morale and work 
ineff©«lively and inefficiently. 

d.    Exposure to sun should be limited to that necessary for the 
care and drying of the skin and clothing« 

e«    All personnel should be familiar with the signs and symptoms 
f I      of heat exhaustion, and should be indoctrinated in method» of preventive 

-'4- .  -. 
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(1) A deterioration of. performance and morale waa observed 
after the tenth day in one group of men who continued working moderately        If 
hard (walking 5 hours each day carrying 20 pound pack) every day without 
rest. The deterioration waa characterised by a higher heart rate and rectal 
temperature for a standard piece of work than at the peak of acclimatization. 
The appearance and reactions of the men reverted toward those observed during 
their initial work in humid heat. This deterioration was counteracted by a 
abort period of removal from the Jungle environment (chart 13)* 

(2) Suddenly restricting the water intake leads to a deteriora- 
tion of morale and will-to-work, reduces greatly the efficiency with which     ■ | 
men work, decreases the total work-output and disables many men« The well 
acclimatised man la reduced to a condition much like that found in the un- 
aceliaatiied man on first exposure to heat (chart 16)« 

« V4 

i 

ii (3) Man, even when well acclimatised, are incapable of 
working effectively and efficiently in humid heat if deprived of adequate ' $ 
rest and »la «p. j f 

(/») Alcohol has a definitely deleterious influence on per- ; »J{ 
fermano* and morale, and is incompatible with effective performance in {f 
humid heat. ^.U 

*    '9A 
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and emergency treatment. These have been described previously (see Report 
on Stadia» of Man in Simulated De*ert Heat, Projact 2(2-11,12,13,17), file 
727-2, April 3, 1943). 

f. All officer» should realiae that tha daily watar and »alt 
requirements of thair «an are large and that theae requirement» approach 
thoee for nan working in deaert environment», (dee Final Report on 
Determination of Water and Salt Requirement« for Deaert Operation», Pro- 
ject 2-6, file 333.34, May 20, 1943*) 

g, Alcoholic beverage« ahould be prohibited in region» of activ- 
ity in tropical theater». 

h. Since rigid hygienic measures are neceaeary to control akin 
raahea and fungus infection» of the feet, particular attention ahould be 
directed to care of the »kin« 

i'l 
i! 

if 

:1 
1 % 

i. Men recently ill should not be exposed to tropical heat before 
they have made a complete recovery from their illness and regained good 
physical condition« Frequently they will have to be reaccliaatised. 

J. Short periods away from extreme» of heat and humidity should 
be provided where feasible» 

Prepared bys 

Captain L. W. lichna, M.C. 
Captain W» B. Bean, M. C« 
Major W. F. Ashe, M. C. 
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iP P S If D I I 

A.    KmiMENTAL OOKDITIOKS AND PROCIÜURS3 

1* Environment. 

The choloe of a suitable experimental environment was hampered by 
the lack of data concerning climatic conditions within jungles.    Available 
data on tropical climates cones from weather stations in clearings, on 
plantations and in cities, usually on the sea coast.    Here the conditions 
are not necessarily representative of the thick jungles where men must live 
and fight.    The environmental conditions of this study were based on the 
worst reported climates on the basis that if men can live and work under 
such conditions, they will live and werk in any jungle environment they are 
likely to encounter. 

In the "Hot Room" the dry bulb temperature during the day (0Ö00 
hours to 1700 hours) was maintained as t^oee to 90°F as possible, with ex- 
tremes of 89°F and 93-5°F»    Similarly, the wet bulb temperature was usually 
Ö9°F to 91°F with extremes of 67°? and 92°F.    The relative humidity was 
usually %% to %%9 but varied from a high of 100* to a low of 8&1,    During 
the night (1Ö00 hours to 0630 hours) the dry bulb temperature varied from 
78°F to 87°F (usually 8i»-d5°F) with a relative humidity ranging from 6056 
to 8S<.    It was not possible to maintain a saturated atmosphere at night 
such i*s one finds in most jungles.    Approximately one hour was required to 
change from day to night environment.    No radiant heat was supplied.    Air 
movement was not measured but at no time was it considerable.    The men lived 
continuously in the hot room except for a 10 minute "clean up" in the morning 
and in the evening. 

These studies were carried out from early spring to,early autumn, 
beginning early in March and continuing into October» therefore, the ex« 
perimental environment represented both a great and n relatively moderate 
change from the environment in which the subjects hac been living. 

2. Experimental subjects. 

Fifty-five enlisted volunteers served as experimental subjects. 
They were of various bodily configurations, came from all parts of the 
United States and were in varying states of physical fitness.    The age 
limits of the men were 19 and 33 ysars.    all but 6 were between the ages 
of 19 and 2k and the average age of the group was 22. 

3. Clothing. 

Several types of clothing were tested an the men.    Some were 
clothed in jungle cover-alls and jungle boots, others in khaki uniforms or 
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in fatigues« Obaervationa *ere also mad« with the man wearing only cotton 
abort«, ehoee and socks« During preliminary training tha man wora regula- 
tion fatigue clothing* 

4«    Preliminary training. 

Before entering the hot, humid mdrecent, all men were trained 
out-of-doora for one week or longer»    Durli*g this time they performed the 
same work which they were aaeigned later in the hot room«    Thie accuetomed 
the men to the work» the experimental procedure«, and produoed a somewhat 
more uniform «täte of physical fitness in all men. 

5«    Activity- in the hot environment« 

The »en were divided into two groupes 

Group I, Resting. The 8 men in the resting group ware permitted 
to remain inactive in the hot room for from 7 to 11 daya before beginning 
work« 

Group II, Walking«    Porty-eeven (47) men performed work of moderate 
aeverity and long diration, walking at a standard army pace while carrying 
& 20 pound pack«    A walk of 2-1/* miles in 47 minutes constituted a "work- 
period"»    A rest of 13 minutes was given between successive work-periods 
and obaervationa were made during this time,    Unleas incapacitated, men 
walked two (2) successive perioda in the morning and three (3) in the afte**- 
noon, a total of 12-1/2 miles a day«    The data and oonoluelone of this re- 
port are based on obaervationa on men performing auch work« 

6«   Pood» 

Regular arny fare was obtained from the soldiers' mesa« No 
record was kept of the type or the amount of food -,*&ten« Except for the 
first day in the hot environment, the men ate, heartily at all times« 

7. Water* 

Salt was added to all drinking water (final concentration 0,l£)« 
All fluid drunk was measured and was administered according to one of 
three schemest (a) as much as desired whenever wanted, (b) 300 ml at the 
beginning and 300 ml in the middle of each work period plus as much ac 
desired at all other times, and (c) restricted either to 200 ml or 150 m) 
per hour during the working day (0600 hours to 1700 hours) and thereafter 
as much as desired« 

Ö. Sleep» 

Each night eight or nine hours of sleep were scheduled« Early 
in the experiment eome men found it difficult to aleep because of die- 
agreeable dampness, but most were able to sleep well throughout. 
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qP        9« Obeorvatlons mads during the work periods. 

a« General appearance - Continuous records were kept of the 
appearance of the men aa they worked; their vigor, alertness, degree of 
sweating and flushing of the face« Symptoms occurring during work were 
recorded; headache, dltiiness, subjective heat and complaints of gastro* 
enteric or cardiovascular disturbances« 

b« Heart rate - At the beginning &4 end of each work period 
the heart rate was counted with the subject in both the supine and erect 
posture (3 minutes in each). At the end of the walking period the heart 
rate was counted while th» subjects were marking Urae. Auscultation over 
the precordium was necessary to determine the more rapid rates« 

e« Blood pressures - At th* beginning and end of each work period 
the blood pressure was determined while the subject was both supine and 
erect (3 minutes in each)« Change of posture was obtained by a tilt table, 
ami lees frequently, by voluntary movement of the subject« 

d« Weight - At the beginning and at the end of each work period 
the subjects were carefully (within 5 grams) weighed» The men wers naked 
and the sweat dried off« 

e« The water intake and urine output during each work period and 
during each 24-hour period was recorded• 

10« Skin Temperature. 

By means of a radiometer the skin temperature of 6 areas of the 
body (cheek, chest, abdomen, palm, back of hand and calf) were determined 
immediately upon completing the morning's and afternoon1 s wPtk periods. 
The subjects were supine and unclothed, but the sweat was not dried off« 

11« Blood Studies. 

Blood plasma Chlorids concentration, plasma proteins and blood 
hemoglobin were determined in Ute post absorptive state on several occasions 
durlrg the control period in the cool environment and under similar circum- 
stances at intervals after entering the "jungle" environment. 

12« Urine Studies. 

For one week in the control environment and as long «as the men 
remained in the hot humid environment, the daily 24 hour urine (0600 hours 
to 0600 hours) was measured for volume, specific gravity, chloride con- 
centration and 24 hour chloride excretion. 

Presentation of Data 

The observations are presented by a series of representative charts. 

In a typical chart (see chart #1) the heart rate, rectal temperature 
and blood pressure are plotted in turn along the ordinatee. In plotting the 
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blood pressure, the systolic pressure is represented by the higher line, 
ths diastolic pressure by tho lower«    Along the abscissae are indicated in 
order, the day of work, the environment in which the work was performed 
and the work-period at the end of which the plotted data were obtained« 
Points vertically above each other represent measurements made at the end 
of the same work-period«    The space between adjacent vertical lines re* I 
presents one day«   When single points appear for a day only the data ob- 
tained at the end of the indicaWd work period (usually the last) of the 
day are plotted«    Hhen more than one point appears within a day's lines> 
the data of all of the work periods indicated ar* plotted in turn and the 
number of points also indicates the number ol work periods»    A key with 
each chart interprets the type of line connecting the points f indicates 
whether the plotted data are for individual, subjects or the averages for 
several men and points out pertinent circumstances under isiich the d ata 
were obtained« 

i 
i ;\ . u - 
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Consider a typical chart (chart 1)«   The heart rate, rectal temper- j 
ature and blood pressure at the end of ea:h of the five work periods on the < 
last day in the oool environment are plotted to the left of the double 
vertical line which Indicates entry from the ccol into the Jungle environ- \ 
ment«    The first seri.es of points to the right of this line indicates 
similar determinations at the end of »ach of the four work periods on the 
first day in jungle lieat«   Then in turn the 4ata at the end of each work 
period on the second day« the third dayf and so on« 

Studies were made on all men in both the supine and erect postures« 
In this report the observations, charts and conclusions are for men in the 
erect posture unless otherwise specifically indicated»   This decision was 
made because the erect posture places in added strain on the circulation 
ef man and may reveal disturbances not otherwise apparent« 

J 



B. COMPARISON OT ACCLIMATIZED AND UKACCLIMATI7.ED STATES 

1. Physiologic changes (chart 1) 

On first exposure to humid heat, the unacclimatized man works with 
a rapid heart rate, a high rectal temperature and an unstable blood pressure 
(first day, chart 1). With continued exposure and work in the heat, the 
sane amount of work is accomplished with less increase in heart rate and 
rectal temperature and with less disturbance of the blood pressure (fourth 
and eleventh days, chart 1). At first the changes are rapid, then more 
slow until finally, when fully acclimatized, the pulse rate, rectal temper« 
ature and blood pressure approximate the values obtained following similar 
amounts of work in the cool environment« 

The cardiovascular instability of the unacciimatized state becomes 
especially apparent when the erect posture is assumed; the heart rate be- 
comes very rapid, the systolic blood pressure falls and the pulse pressure 
narrow»» As a result of the low blood pressure, cerebral circulation may 
become so Inadequate that symptoms of cerebral hypoxia and even syncope 
occur. These changes are associated with erect posture« On returning to 
the supine position the heart rate and blood pressure return toward normal, 
the pulse pressure widens, and symptoms of cerebral ischemia promptly dis- 
appear. In one experiment six of fifteen men were unable to stard after 
working on the first day in jungle heat. In these men postural hypotension 
was so severe that disabling symptoms or frank syncope occurred. As ac- 
climatization progresses these physiologic disturbances, in both the supine 
and erect postures, markedly diminish. Acclimatized men maintain the erect 
stance without difficulty. 

Although a low heart rate, low rectal temperature and stable blood 
pressure accompany acclimatization, one cannot define this process nor de- 
tect differences in the degree of acclimatization among individuals by such 
measurements alone. Undoubtedly a man doing a given amount of work, is 
less efficient and more prone to disability wnen his rectal tenperature and 
heart rate are high, than when they are low. Howevei , individual performance 
is influenced by many variables which are not evaluated by such simple mea- 
surements. Each man must be considered as a whole and attention should not 
be focussed on the rectal temperature or the heart rate alone. The man's 
symptoms, appearance, behavior and actual performance must receive at least 
equally careful consideration in evaluating his capacity to work in the heat. 

This point is emphasized by chart 2, in which are plotted the 
changes occurring in two men during acclimatization.  In both men ac- 
climatization was accompanied by a lowering of the heart rate and rectal 
temperature but the levels finally reached were different in the two men. 
Even when fully acclimatized, (10th to 11th day) subject EIC. usually had 
a high rectal temperature (103°F4) on completion of the day's 5 work-periods, 
whereas the rectal temperature of SER. was always much lower (100°F to 
100.4°P)t On the other hand the heart rate of subject EIC. was low, usually 
100 to 115/ain, while that of SER. was high (125 to U0/min). At this time 
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both men were well acclimatized and completed the prescribed amount of work 
*■-:  easily and with rigor. In neither man did the heart rate alone or the 

rectal temperature alone give a true concept of the capacity to perform 
or of the response to the work« 

In most men acclimatisation is accompanied by a proportionate 
lowering of both the heart rate and rectal temperature« However, some 
fully acclimatized men have not followed thin pattern but have fallen into 
the two following groups: (1) those with high rectal temperature and low 
heart rates (like EIC.) and (2) those with low rectal temperature and 
rapid heart rate (like SER.). 

2« Symptoms and sl^na 

/§       The acclimatized man is alert, performs his work energetically 
-| and without symptoms« The unacclimatized man working in the heat becomes 
!$ dull and apathetic, performs his work poorly and may manifest to varying 

\J0 degrees and either singly or in combinations, the symptoms and signs of 
p heat exhaustion. In the present experiments these symptoms and signs 
;3 appeared in the following order of frequency: Symptoms (1) fatigue. 
!| (2) headache. (3) dizziness, especially when erect, (4) loss of appetite, 
!-| (5) nausea, (6) abdominal distress, (7) vomiting (8) shortness of breath. 
t;| Signs (1) flushing of the face and neck, (2) rapid pulse rate (140 - 200/min), 
■;*  (3) fever over 102ÖF, (4) lack of coordinated effort (clumsy, stumbling), 
l? (5) staring, glazed eyes, (6) mental disturbances (apathy, poor judgment, 

d irritability), (7) collapse. 
?■       Of interest is the marked flushing of the f^ce, neck and upper 
\ chest of most men when they first work in the heat. It may be accompanied 
\  by engorgement of the scleral vessels and swelling of the nasal mucous iLem- 

%  branes, the latter giving rise to "sniffles". Edema of the hands also occurs. 
> All of these manifestations of overfull peripheral vascular beds disappear 
; or diminish as acclimatization develops« 

1 
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C. FACTORS Pi ATTAINING AND MAIHTAININO ACaiMATI2ATI0N TO HUMID HEAT 

The factor« Involved In attaining and maintaining acclimatization to 
humid boat are presented in a series of charts and it is to be understood 
that these charts of changes in rectal temperature, pulse rate and blood 
pressure are used merel/ as indices of  s entire process of adjustment» 
In all instances the changes in these It ices are consistent with the picture 
of the man as a «hole« When this is not o, specific mention of the differ- 
ences is made« 

1. Course of acclimatisation (charts 1 and 3) 

The process of acclimatisation is initiated by the first exposure 
to heat« This is illustrated in chart 1, in which are plotted observations 
on one subject at the end of each work period for the first 6 days and the 
eleventh day in humid heat* At the end of the 4th work period on the first 
day in Jungle heat this man was unable to continue because of discomfort 
and exhaustion* The heart rate was very rapid, (147/min) the rectal temper- 
ature high (102.4°F), the blood pressure low (98/82 min. Hg). He was unable 
to stand erect because of postural hypotension. (Each syncopal episode is 
indicated by a small vertical arrow pointing downward toward the abscissa 
line«) On the second day he completed more work (5 periods) with much less 
discomfort but the heart rate and rectal temperature remained high and post- 
ural hypotension with syncope recurred. On the third day there was marked 
improvement in all respects« The sudden change of the first 3 to 4 days 
was followed by * »ore gradual Improvement over the ensuing 8 days. At the 
end of this time his status approximated (though it did not equal) that ob- 
served during the control period in the cool environment. Even in well ac- 
climatised men the heart rate and rectal temperature usually remained 
slightly above that in the cool environment« 

The pattern of acclimatisation is even better indicated by the 
averaged data for 14 men shown in chart 3« 

2. Physical condition (chart 4) 

Men in good physical condition generally acclimatize to heat more 
rapidly than men in poor condition. When acclimatized, the fit men axe 
capable of greater work-output in the heat with fewer symptoms and less 
disturbance of heart rate, rectal teinpgrature and blood pressure than are 
the less fit men. They continue to show the same relative superiority of 
performance in the heat that they did in the cool environment. 

The determination of ohysical fitness was based on the performance 
of the men while they were in the cool environment. Observations were 
made during a standard 5 work-period day and during several fitness tests 
(Harvard step test, Navy step test, Army Air Forces Test and Army Ground 
forces test). In the evaluation of physical fitness the already discussed 
factors of performance and physiologic response were both taken into con- 
sideration. Those men were considered most fit who performed the prescribed 
work easily end energetically, without symptoms and with the least disturbance 
of their heart rate, blood pressure and rectal temperature. 
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Chart 4 compares the course of acclimatization of a nan in good 
physical condition (VIL.) with that of a man in poor condition (SER.). The 
most striking difference is in the heart rate, which is at all times lower 
in the more fit subject, even on the first day when subject VXL. completed 
5 work periods and subject SER. only four. Except on the second day, the 
curves of the heart rates are parallel throughout for the two subject«. 
On the first day subject SER. on the cr<mpletion of his fourth work period 
had a rectal temperature of 0.i*°F higher than subject VIL. at the end of his 
fifth work period. Thereafter, there wvire no significant differences in 
~*ectal temperatures of the two men. There was a marked tendency to postural 
hypotension in the less fit subject, the erect posture inducing a marked 
fall in systolic pressure and a narrowing of the pulse pressure. In the 
fit subject the blood pressure was always well maintained and the pulse 
pressure "wide"* During the early days in the heat the less fit man worked 
with much more distress than the fit man. When acclimatized both men worked 
easily and energetically, **ven though the physiologic response was different 
in the two. 

3. Activity prior to and during acclimatization (chart 5) 

Continuing preliminary training in the cool environment beyond that 
required to develop satisfactory physical fitness does not increase the 
capacity for work on the first day in humid heat. Resting for six (6) to 
ten (10) days in the humid, hot environment produces a small and measurable 
increase in ability to work in the heat, but the acclimatization so Induced 
is slight. Acclimatization is achieved most rapidly by the daily performance 
of graded work from the outset of exposure to humid heat. 

§        Tne comparative effects on subsequent acclimatization of (a) work 
| in the heat, (b) rest in the heat and (c) continued training in a cool en- 
* vironment are presented in chart 5» After the same preliminary training 
I for three groups of men, one group (E) continued to work in the temperature 
t out-of-doors while the other two groups (C and D) entered the "Jungle" en- 
I vironment. Group D rested in the humid heat while Group C immediately began 
4 graded work which was continued until acclimatization was achieved. This 
$ required ten days. When group C was acclimatized, the three groups were sub- 
I Jected on the same day (called comparison day on chart 5) to five hours of 
■# work in the hot humid environment. 

T 
J?        The comparative behavior of the three groups on this day is in- 
? dicatod by the plotted averaged data for each group (chart 5). The men who 
f had been acclimatized (Grouo C) worked easily and with low heart rates and 
.* recUd temperatures and normal blood pressures.  In contrast, the men with- 
*< out any previous exposure to heat (Group E) gave no evidence of an increased 
V ability to work in the heat as a result of their orolonged training in the 
i'. cool environment. They worked with rapid heart rates and high rectal tera- 
} peratures. The performance and objective findings of the men who had rested 
P in the heel (Group D) indicated only a smal] degree of acclimatization. 
p This was most apparent at the end of the last (fifth) work-period of the 
& day. The averaged heart rate was Just as rapid as in the unacclimatized 
| group (K) but the rectal temperature was lower and fell midway between that 

- 6 - 



9 

4 

4 

of the acclimatized group (C) and the unacclimatized group (E). In the 
resting group (D) facial flushing and undesirable symptoms of headache and 
fatigue were present but these were not as severe as in group E. The slight 
and partial degree of acclimatization induced by resting for 10 days in a 
humid hot environment «as considerably less than that induced in men resting 
for 3 days in the hot, dry (desert) environment (Studies of Men in Simulated 
Desert Heat, Project 2(2-11,12,13,17), File 272-2, Dated April 3, 1%3^. 

U*    Strenuous work from first exposure to heat» 

Continued strenuous work on first exposure to humid heat is not well 
tolerated. Fourteen (14) men were asked to work for five full periods (12-1/2 
miles) on their first day in the hot environment. Only 5 *sre able to com- 
plete the task. The men who completed the full work dia so with difficulty, 
with rapid heart rates, high rectal temperatures and a marked reduction in 
morale. Completing such strenuous work on first exposure does not necessarily 
indicate acclimatisation or the ability to continue work at that pace. The 
acclimatized man not only finishes the prescribed work but does so easily, 
without symptoms and with a minimal disturbance of heat regulation and of 
the circulation. Maintaining very strenuous work from the outset may lead 
to progressive deterioration of performance. This is in contrast to the 
progressive Improvement of men who work within the limits of their tolerance 
on a schedule of gradually increasing work. 

5. Initial intolerance to heat (chart 6) 

Intolerance to humid heat, even to the point of exhaustion or 
collapse, during the first days of exposure, does not retard the rate nor 
decrease the degree of acclimatization finally attained, provided that when 
such disability occurs, work is discontinued and re9t, adequate water, and 
salt are given. This is illustrated in chart 6, which indicates the per- 
formance to two subjects for each work-period during the first six days of 
work in the "Jungle" environment. At no time did subject GRO. experience 
much subjective discomfort while working in the heat. From the first, he 
performed vie required work energetically and easily. On tne first two 
days his ractal temperature and heart rate were moderately elevated but 
thereafter tell controlled. The blood pressure was well maintained. On 
the other hand, subject COX, had a very difficult time during th* first two 
days. He worked vith difficulty and complained of fatigue, headache, nausea 
and dizziness. Facial flusning was marked. The heart rate was very r«pid, 
but the rectal temperature only moderately elevated. On the completion of 
each of the four work pericus on the first day end tne first two periods on 
the second day he was unable to stund without collapse. This was due to 
profound postural hypotension (in chart 6 each syncopal episode is indicated 
by an arrow immediately above the abscissa line). Between work periods he 
lay exhausted. Rest, water and salt were given liberally. 

In spite of the poor early response, subject COX. acclimatized 
quickly and by the third day and thereafter his performance was Just as 
good as that of subject GRO. Both men completed the work easily and energetic- 
ally with well controlled heart rates and rectal temperatures and without 
postural syncope. 
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6.   Kfffcot of Saaaon (prt/vioue environment) on acclimatization (chart* 
|       7 and Ö) ^  "~"~   '~ -       .-    .       . ~~ . 

i The temperature at which sen have been living prior to entering 
* f       the "jungle1* environment influences the initial performance and the course 

of acclimatisation to "jungle* heat«    The warmer the original environment, 
the better the initial performance and the more rapid the attainment of 

f      final acclimatization. 
i 

I 
In chart 7 is plotted the amount of work which each of two groups 

♦ f  of men was able to perform on the first six days in "Jungle1* heat. The 
■ V.  groups entered the humid, hot environment at different seasons of the rear: 

Group A (6 men) in mid-March; Group B (15 men) in early August. Both groups 
*      of men had had similar preliminary training and their performance in their 

; .1  original environment indicated that they were comparable in physical fitness 
and capacity for work« 

The "amount of work" performed by each group was taken as the total 
man»work-periods completed by the group divided by the total possible, i.e., 
5x number of men in the group, expressed as a percentage value« Por example, 
if each of six men in a group are capable of completing only 4 periods, the 
amount of work done by the group is 6 x U   x 100 - 80jf 

Chart 7 shows that the mid summer group (b) completed 80%  of the 
prescribed work on the first day in "jungle** heat, the mid March group (A) 
only U6%. The men in group B were all stopped at the end of the fourth 
work period« Many men at that time looked as though they could complete 
the final (fifth) period« On the second day and thereafter the August group 
completed the full (100%)  work requirement without difficulty. The performance 
of the March group improved more slowly and the full work requirement of the 
group was not achieved until the fifth day« 

Chart 8 is a companion chart to chart 7 and indicated the disturb* 
ance in heart rate, rectal temperature and blood pressure sustained by 
Groups A and B on completing the work indicated in chart 7* T/ie curves re- 
present the averaged data for each group at the end of the last work period 
finiohed each day by the majority of men in the group. Though the March 
group (A) performed considerably less work on the first days in "Jungle** 
heat than the August group (B), nevertheless in doing that smaller amount 
of work group A sustained greater subjective discomfort and more marked 
physiologic disturbances than group B. 

This is indicated by the correspondingly higher heart rates and 
rectal temperatures of group A on the first "Jungle" day. The elevated 
heart rates and rectal temperatures of group A were paralleled by the poor 
appearance of the men, who were flushed, fatigued and so plagued by headache 
and dizziness that most men were unable to continue after the second work 
period« The heart rates and rectal temperatures of group B, in contrast, 
were considerably lower and most men finished in fairly good condition« 
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Wk The Averaged blood pressures of the two groups were not significantly different 
**     and on the first days postural hypotension with syncope on completion of work   1 

occurred in both groups of men. ■ 

Vflth continued work in jungle heat both groups improved subjectively 
and objectively. However, the improvement in appearance, behavior, heart      - 
rate and rectal temperature was slowctr in the mid March group (A) than in      -* 
the* early August group (B) (chart 8), 

?• Retention of acclimatisation (chart 9) 

After leaving the hot, humid environment acclimatization is retained 
for varying periods, the lengths of which depend considerably on the environ- 
ment into which the acclimatized men return. When this climate is warm ac- 
climatization is retained for longer periods than when the climate is cold,    *: 
Chart 9 illustrates this point, £ 

Although the May group (A) acclimatized more rapidly than the 4 
March group (b), both groups were well acclimatized when they left the 5 
"Jungle" environment (third heavy vertical line from left); group A in J 
late June, Group B in late March« After a lapse of 6 weeks group A returned \ 
in mid July and worked in the "Jungle" heat; group B returned in raid April i 
after a 3 weeks lapse. Chart 9 ^ JWS that group A still retained a major \ 
portion of its acclimatization after six weeks, whereas grouo B had lost j 
most of its adaptation during an interval only one half as long. Not only - 
is this evident in the much higher heart rates and rectal temperatures of ! 
group B, but also in the fewer work periods performed (3 and U  in contrast , 
to 5) and in the apathetic fatigued, flushed appearance of the men. The j- 
man in the summer groups (A) unanimously agreed that the work was no more \ 
difficult than it had been six weeks previously when fully acclimatized, \ 
(Oroup B is admittedly small but similar results were obtained in other men). 

The March group (B) was re-exposed to the humid heat on the day 
after the first follow up re-exposure. On this second day there was marked 
improvement (last column on right, chart 9). The men completed five work 
periods without difficulty and with considerably lower rectal temperatures 
and heart rates than the day before. Apparently the single re-exposure, 
though not well tolerated, had re-induced a considerable degree of acclima- 
tization. 

After the follow-up study in mid April, the men in group B returned 
to their regular duties. In late July, 3 months later, five men of this 
group were again studied during a day's work in the "jungle" environment« 
At this time their performance was surprisingly good. In all respects amount 
of work done, subjective reactions and physiologic measurements, their per- 
formance was considerably better than at any other time except when fully 
acclimatized, and this they closely approached. They seomeü to have acquired 
considerable acclimatization during the warm summer months. 

In all of these studies acclimatization was retained best by those 
sen who had remained physically fit in the interval between exposures to 
humid heat, 
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8, Cross acclimatisation in hot dry and hot humid environments (chart 
10 and iTT * ~ 

Acclimatisation to dry (deseit) heat induces a substantial degree 
of acclimatization to moist (jungle) heat. The reverse is also true but 
perhaps to a lesser degree. 

Chart 10 indicates the averaged performance, on their first day 
in "Jungle" heat, of 3 men well acclimatised to simulated desert heat (120°F 
dry bulb temperature, relative humidity 18%  to 22%)  and of 6 men without pre* 
vious exposure to a hot environment. In all respects, amount of work per- 
formed, subjective appearance, heart rate, rectal temperature, occurrence 
of postural hypotension and syncope, the desert acclimatised men «ere far 
superior• 

Chart 11 indicates the performance nn their first dny in "desert" 
heat of U men well acclimatisei to simulated "Jungle" heat and of > men 
without previous exposure to hot environments. On the test day operational 
difficulties made it impossible to obtain a truly desert environment. The 
men worked in an environment much too moist for a desert - dry bul temper- 
ature 120°F, relative humidity 2b%  to 29%. Nevertheless, the perfc/mance of 
the Jungle acclimatised oen was much the better. Each man completed the 
full work requirement without symptoms and with rectal temperatures and pulse 
ratas which were well controlled, though higher than in the temperate and 
hot moist environments. The men without previous exposure to heat did very 
badly. One man completed only one work period, one man three work rsriods, 
two men four periods and only one man completed tne required five periods. 
All men were exhausted. Two had postural hypotension with syncope. Their 
greater (and marked) disturbances in heat regulation and circulation are 
v%rj apparent in the chart. 

9« Suppreaslve, Anti-malarial therapy 

In a study still in progress and at present in its seventh week, 
fifteen men have received atabrine dihydrochloride since their first day in 
the hot, humid environment. During the first week the dose was 100 mgm 
twice a day six days a week and tl ereafter 100 mgm once a day six days a 
week. The dru& was given orally in tablet form. Thus t&r,  the performance 
of these men and the course of their acclimatisation has not differed in 
any way from the general course already described. 
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D. WATER RBQUIRaffiNTS 

Work In hot humid environments la accompanied by profuse sweating. 
Dae to the low rate of evaporation of water in such environments, much of 
the sweat ie not evaporated and runs off the body. Since the run off 
sweat does not cool the body it serves no purpose and constitutes a waste 
of water and salt« These salt and water losses are large and must be made 
up, if man is to continue to live and work effectively. Adequate water 
and salt are just as necessary for work in jungle heat as in desert heat. 
The magnitude of these requirements is best determined by measuring the 
weight (sweat) lost by men in performing prescribed tasks. In histogram 
form, chart 12 indicates the frequency distribution of the weight (sweat) 
lost by clothed men under varying circumstances in the simulated jungle 
environment • 

Resting men, lying on cots, lost an avsrage of 216 grams per hour, 
range 77 grams to 480 grams « Unaccllmatised men working on the first day 
in humid heat lost an average of 725 grams per work period, range 290 grams 
to 1310 grams« When acclimatized, the same men lost slightly greater 
amounts of weight (sweat) per standard work period; average loss 690 gramsk 

range 460 grama to 1405 grams. 

These data apply only to clothed men in an environment where the dry 
bulb temperature was between 90°F and 93°?* the wet bulb temperature be- 
tween 86.5°F and 91% and the relative humidity between 92* and 96*. The 
wide variation in these weight (cweat) losses appear to result from several, 
aa yet incompletely studied and understood, factors.  Among these the 
effect of relatively small changes in environment is probably most impor- 
tant« Diurnal and seasonal (previous environment) influences appear also 
to effect the sweat output« 
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£ I.    FACTORS INFLUENCING 1KB PERFORMANCE OF ACCLIMATIZED MEW 
'A 

$     1. Deterioration (chart 13) 

In one experiment Involving k »en there was a definite euggestion 
that the performance of well acclimatised men maj deteriorate If they work 
continuously In humid heat for long periods. Thle deterioration manifested 

i V  itself chiefly in a lowered morale, a reduced efficiency of work, and a re~ 
* -'*'  turn of symptoms associated with the unacclimatised state. Relief from the 
i Mi    hot environment for several days relieved this condition« The averaged data 

for these four men at the end of the last work period of each day are plotted 
in chart 13« 

»^ 
* 

i" 
i / 
< 5. 

1.    ■; 

In late May the men entered the "jungle" environment and remained 
in it continuously for 23 days. Acclimatisation was rapid; most of it was 
attained in the first four days and the maximum t; the J3th day« A change 
then occurred. The men began to lose their morale, they complained of their j 
work, and found it unduly fatiguing. They worked listlessly and ploddingly« j 
Facial flushing, which had disappeared, returned and the standard work was | 

*■ performed with more rapid heart rates and higher rectal temperatures but ] 
* ' with no significant change in blood pressure, I 1 l> i 

This "deterioration*1 appeared to be inherent in the men themaelve« 
f:   and not due to some unnoted change in environmental conditions, which were 

repeatedly checked. Moreover, no similar change appeared in four men who 
1        entered the hot room ten days later and were becoming acclimatised while the   ■: 

'       group under consideration was deteriorating« \ 
i 

In an attempt to overcome this state the men were worked only evary    • 
other day, resting in the hot environment on the alternate days. This had 

. no beneficial effect. After the "deterioration" had pereisted, and even       \ 
progressed, for 13 days, the men were removed from the hot room on the 22»th     \ 
day (chart 13). After U days in the summer out-of-doors (mid June) tt *y re- 
turned to the "Jungle" environment* Their performance was now vastly im-      j 
proved and in all respects they worked like well acclimatised men. Their 
heart rates and rectal temperatures had returned to their lowest values and 
closely approximated those obtained under the original temperate conditions 
(at the left in the chart)« 

* 
This is the first experiment in this Laboratory i which men have     * 

been kept continuously in a simulated Jungle environment for so long c 
period and the first time deterioration of acclimatised men has been en- 
countered. It is necessary to emphasise that the nature and even existence 
of such a condition must be proved by further study. 

2* Restriction of Water Intake (charts 1A, 15 fcnd 16) 

There is a belief that the drinking of water promotes sweating and 
that men may be trained to reduce their water requirements. In this study, 
sweating was Independent of the water intake both for retting (chart li») and 
working men (oh&rt 15)« 
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Tha «eight (sweat) loss per hour of a group of 11 resting men was     4 
not significantly different whether whey drank 400 mi, 200 ml, or nc water     § 

^     during that hour (chart 14), The subject who lost 650 grams during the first   | 
/ hour la the same nan who lost no weight during the second and third hours. 
^/These three weighings are seriously questioned. Hie losses during the 4th, 

y^' 5th, and 6th hours were 300, 250 and 180 grams respectively. 

The weight (sweat) loss of men working with a restricted water in-    \} 
take is as great as the weight (sweat) loss of men working with a water in- 
take sufficient to satisfy their thirst (chart 15)« Six men, well acclimatised 
and stabilised in their beharior in the heat, were restricted in their water 
intake on one day to 150 ml per hour from 0600 hours to 1800 hours. They 
were asked to perform the standard five work periods. The weight (sweat)      ^ 
loss per work period of each man and the average for the group is plotted as    | 
the open circles in chart 15* After 1800 hours and all of the next day these 
men rested and drank water as desired. On the following day they again worked 
the standard 5 periods but drank 600 ml (enough to satisfy thirst) ^ch work 
period and as much as they desired at all other times. The weight (sweat) 
loes of this day is plotted in chart 15 as the closed circles. It is evident 
that both the range and the average of the sweat loss for corresponding 
periods is the same whether water was or was not restricted. The reduction 
in weight (sweat) loss during the afternoon (4th, 5th) work-periods (chart 
15) was an unexplained occurrence in these experiments. Since it occurred 
to an equal degree whether the water intake wae adequate or restricted, it 
is probably not related to dehydration. 

Suddenly restricting the water intake of well acclimatised men 
causes a marked general deterioration, greatly impairs work performance and 
induces physiologic changes similar to thos? which are preset when unac- 
elimatiaed men work in humid heat. 

Chart 16 illustrates some of these changes in the Sams six ac- 
climatized men whose weight losses are indicated in chart 15. The averaged 
performance of these men at the close of each work period on the day when 
water was given as desired (600 ml/hr) is compared with similar data obtained 
en a day when water was restricted to 150 ml/hr. The day of water restriction 
and the day of water as desired are the same days as those already described 
under chart 15. For reference, the performance on the last day in the cool 
environment and on the first and an acclimatised day in the "jungle" is also 
plotted. The higher heart rates and rectal temperatures after each work 
period on the day of water restriction are obvious. Note the rise of these 
values with successive periods 6f work. Tha increasing vascular instability 
is indicated by the falling systolic blood presaure aid the narrowing pulse 
pressure. One man had severe postural hypotension with syncope after the 
third work period and % as unable to work after the fourth period. The 
deteriorated performance when water was restricted is obvious. 

The chart does not show other Important changes in these men. It 
does not show hew well acclimatised men who had performed a given task easily, 
energetically and cheerfully are reduced to an apathetic, listless, plodding 
state in an attempt to finish the same task. Motivation and morale become 
eo low that the men Moa't»glve~a-damn for anything" and all they wish to 
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do is to rest and drink. Sons men are incapacitated and those who are not 
are incapable of working effectively, let alone fighting. 

3. Effect of Snail Changes in Environment (chart 1?) 

The environmental conditions of this study approached the critical 
levels of human tolerance. Under such conditions relatively small change ir 
onvironment induce considerable physiologic changes which in turn alter the 
performance of acclimatised ran. 

y In chart 17 are plotted the averaged observations on 15 well acclima- 
'f:       tized men during two successive work periods on each of two widely separated 
%      days. The double, central vertical line divides the chart into the two days; 
4  the thin vertical lines into successive work periods« Psychrometric data 
|  were obtained at 15 minute intervals; heart rate, rectal temperature, and 

weight at the beginning and end of each work period. 

On the first of these two days the relative humidity remained "con- 
stant" while the dry bulb temperature during the 4th period rose about 2° F 

|  higher than that during the third period. This increase in dry bulb temperature 
i  was associated with an increase in heart rate (115/min to 137/min), a higher 
?      rectal temperature (100.2°F to 100.7°F) and more profuse sweating (735 grams 
|  to 1306 grams). On the other day the djy bulb temperature remained "constant" 
f  while the relative humidity during the fourth period fell to 91* - 95* from 
4  a level of 95* - 100* during the third work period. This change was accompanied 
|  by a decrease in heart rate (131-min), a fall in rectal temperature (100.6°F 

to 100.2°F) and less profuse sweating (1248 grama to 725 grams). 

The effect of such small environmental changes must be considered 
in evaluating the performance and physiologic changes of men working in humid 
heat of this degree« 

4. Rest at night 

Adequate rest at night is essential for good performance in humid 
'  heat, even by acclimatised men. Deprived of it, men work ineffectively and 

inefficiently the next day and their work performance is usually measurably 
i      worse. The loss of a night's sleep appears t» be a more serious handicap at 

high temperatures than in ordinary environments. High humidity and heat make 
i      adequate sleep difficult and at times impossible. Even daring the cooler 
-  night, the excessive moisture in clothes and sleeping equipment makes rest 
\      \MT&  to obtain. If adequate rest is provided through the day even though 

«leap is lost at night, acclimatisation will progress in a satisfactory manner. 

i      5. Clothing 

Men worked in the humid heat with greatest comfort, minimal symptoms 
;.  and least physiologic disturbances (lowest heart rates and rectal temperatures) 
\      when they wore only cotton shorts, socks and shoes. Other clothing produced 
■$"  an additional load, resulting in subjective discomfort and greater physiologic 
J  disturbances. Standard amounts of work were performed with higher cardiac 

rates and rectal temperatures. Preliminary experiments suggest that there 
may be significant differences in the loads imposed and effects produced by 

* 
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various types of clothing but the data are too meager to permit conclusions« 
The repeated «earing and laundering of fabrics suggested itself as a possible 
factor in the effect of clothing on performance.    Host men, when propexly 
fitted,  expressed satisfaction with the jungle shoe«    It held up well over 
the relatively short period of these experiments. 

6«    Alcohol 

ken intentionally intoxicated with alcohol the previous night had a 
definitely impaired work performance the next day. particularly in the morning« 

Within a two hour period beginning at 2000 hours, two men drank 250 
cc of whiskey and 5C0 cc of beer and one man 200 cc of whiskey and 500 cc of 
beer. The men became quickly and acutely intoxicated, two vomited and all 
three became incoordinate in their movements. The next aoraUg these men 
were able to complete their required work but all complained of headache, 
excessive fatigue and undue thirst and one subject was severely nauseated. 
The work was performed with faster heart rates, higher rectal temperature 
and greater weight (sweat) losses then on the previous day« By afternoon 
these effects had worn off and the performance of the men was comparable in 
all respects to that of the previous day. 
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F. ADDITIONAL STUDIES 

!• Changes in akin temperature with exposure to humid heat 

Skin temperature was measured at the close of the last work period 
in the morning and the last work period in the afternoon« On the first day 
in "jungle" heat the ekln temperature waa increaaed (38°C to 39°C) in the 
six regions of the body where it waa measured. As acclimatization developed 
the akin temperature in these same areas decreased toward the normal« Al- 
though the temperature differed quantitatively in the different areas (high- 
eat over the cheek and palm and lowest over the calf), Uie direction of 
change during acclimatization waa the eame in all re*!' t  at all times. 
This waa true whether the regions had flushed (cheek) .  not Hushed (calf, 
abdomen) during work on the first day in humid heat. The fall in akin 
temperature during acclimatization coincided with the decrease in rectal 
temperature but. when plotted against each other, the fall in skin temper- 
ature for all areas was greater than the fall in rectal temperature* 

These changes in skin temperature and rectal temperature suggest 
that on the first day the volume of blood flowing through the peripheral 
(skin) vascular beds is Increased and that acclimatization is accompanied 
by a reduction in the volume and blood flow in these beds. This in turn 
suggests a relaxation of vascular tonus on first exposure to the hot en- 
vironment and a return of this tonus as acclimatization develops. The 
disappearance of the facial flush of the unacclimatized state or acclimati- 
sation develops suggests the same conclusion. 

2* Chun/^ea in blood and urinary constituents (chart 16) 

The effect of the profuse sweating on the water and salt content 
of the blood and urine was studied in ten men. The results are plotted in 
chart 18 which gives the averaged data for the group. 

In spite of the loss of large amounts of water in the sweat there 
was no evidence of hemoconcentration; both plasma protein and blood hemo- 
globin remained normal. The plasma chloride concentration did not change 
significantly, indicating no depletion of body chloride. Since the level 
of plasma chloride observed immediately before the men entered the hot room 
was rather elevated, (104.8 mE/liter) the somewhat high values on  the first 
days in the hot environment are not significant. The maintenance of normal 
hydratlon and chloride content of the blood is attributed to the replenish- 
ment of these substances by permitting the men to drink as much water (salted 
to a concentration of 0.1 per cent) as they desired. This amounted to 6 
to 7 liters (6-/ grams of aalt) per man per day. On the first day the volume 
of urine excreted waa halved but by the third day the volume rose to the 
control level of one liter. 

Another mechanism la instrumental in maintaining the body chloride. 
IXuring the first days, due to the loaa of large amounts of chloride in the 
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sweat, there is a sharp reduction in the amount of chloride excreted in the 
urine per day» The averaged 2k hour excretion for 10 men is indicated in 
chart 18« This reached its low eat amount (3*9 grams) on the second day and 
returned to the original level (8 to 10 grams) on the fourth day. 

One of the factors in this return may well be a decreased chloride 
concentration in the sweat leading to a decreased loss of chloride through 
the skin« This remains as a suggestion rather than a conclusion until 
careful chloride balance studies accompany these observations. 

The reduction in urinary excretion of chloride was not as marked 
as that seen under similar circumstances when men are exposed to dry (desert) 
heat. Under such circumstances many men eliminated luss than 1 gram of 
chloride per day in their urine« In the present group oi\ly one man lost 
1MS than 1 gram per day« 

- 19 - 



G. MINOR MEDICAL PROBLEMS 

Most men developed the skin rash, "prickly heat", soon after beginning 
work in humid heat. In some it became annoyingly severe. The regions moat 
frequently and severely involved were those subjected to constant friction 
either by adjacent parts of the body or by the clothing, particularly the 
latter. Ameliorating measures consisted of keeping the body as dry as pos- 
sible, washing the dirt and salt out of the clothing nightly, and powdering 
the involved areas or applying mildly antiseptic lotions. These measures 
were not always helpful. After several weeks this mild rash gave way to 
pyogenic folliculitis, particularly in the groins and axillae, in many men. 
In some there was an associated lymphadenitis. An associated epidermophyton 
infection occasionally rendered the groins and axillae wet, macerated, in- 
flamed areas which actually incapacitated the subject. These lesions were 
quite resistant to treatment. Removal to a sunny, less humid environment 
quickly relieved these skin lesions. 

Surprisingly, fungus infections of the feet did not present a problem. 
Satisfactory control was obtained by rigid enforcement of foot discipline. 
This consisted of compulsory nightly fungicidal foot baths, careful drying 
and powdering of the feet, and the issuing of clean socks each morning. 

Blistering of the feet was an annoying problem. The constantly wet 
feet, socks and shoes were predisposing factors which led to a softened, 
macerated skin more easily affected by rubbing. Properly fitting foot gear 
la essential if this annoyance is to be avoided. 

The observations in this report pertain to a simulated Jungle environ- 
ment which is probably more severe than that which is encountered in most 
jungles. This should be borne in mind when the principles of this report 
are translated into field and combat instructions. 
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CriART- 17 
EFFECT OF RELATIVELY SMA~L CHA>~GES IN ENVIRONMENT ON 
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CHART-18 

CHANGES IN BLOOD, URINE , WATER INTAKE DURING FIRST WEEK 

OF WORK IN JUNGLE HEAT 
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