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@ L0 a7 7 STUDIES OF MEN IN STMULATED DESFRT HEAT ,

?‘ : 1. PROJECT: 2; 2-11, Influence of High Temperatures on the Efw““
. . lency of Personnel; 2-12, Study of Methods of Attaining and Yaintaining . R
- Acclimatization to High Temperatures; 2-13 Effect of Training on the =~ ‘
Efficiency of Performance at High Temperatures; and 2-17, Study of .the

~Physiologic Effects of High Temperatures. " I

. é. ‘Authority - Letter, Commanding Generai} Qeadquartefs Armored
Force, Fort Knox, Kentucky, File L00.112/6 GHOHD, dated September 21, 19L2.

: b. Purpose - The purpose of these experiments was to study, under
. controlled conditions in the laboratory_hot room,: the behavior of men when
.. exposed to high temperature, (as implied by the sub-project titles), and to
enlarge vpon the information obtained in previovus studies in the California
desert (Report on Desert Field Study, Project 2-8, File No. 724.3, October 20,
~".1942, -and report on Water & Salt Requirement for Desert Operations, Project
* No. 2-6,-File No. 333.3L, November 12, 1942.). R AR '

. 2. DISCUSSTON: - Y

: ‘@v—Eeneral, Four acclimatization experiments, -utilizing a total
of fifty-six enlisted men, were cargigd,9ntiinf€ﬁ€&ﬁbﬁ‘ibomj £ thoArmoved
.Force ¥edical Research Laboratory.-»The studiés'éktéﬁaéa”BVEg;a period of
four monthsp some men being under study for a week; a great majority
of the men for periods of from one to two months. Forty-eight men lived
in the hot room continuously throughout the duration of the experiments,
-being permitted to leave for only two S-minute.periods daily.

““Br—LpevedtrTT~ Temperatures like those encouptered during the

"hot months in the California desert were used; 12Q3F2§§ring the day (0300~
1700 hours) ‘and 9Q®F at night., The relative humidity ranged from 159 to
. 22%.during the day. Detailed accounts of the.test procedures ‘and the re-

“sults are,givqn‘i7—%ro-4ppondicos, ERE ol .
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' cess is rapid aud a major proportion of the accllmatizatmon is acqnired by

. '.limited to that required for subsistence, results in definite, but only par- ..
"~ tial acclimatization., Some work in the heat is necessary for eomplete accl:l-‘
-matization. (Appendix II, Charts 5, 6) - o

heat) is attained most quickly. (Appendix 11, Charta 5, 6)

" 'oolerated and will often result in disability. Continuing such a degree of
. work far anvther day or two will incapacitate many men = the few who can con- -

‘Chart. 7)

D03 CORLUSIONS: s S
| 3. Acclimatization. o T . Y

" :(1) Ssoldiers exposed to desert heat become adapted to it by
a process of acclimatization which enables them to carry out their duties

| more efficiently and with less rn.sk of iliness from heat tha.n when firat.

exposed. B

(2) ‘The condition of men in respect to their ability m( fit-

‘ness for their tasks in the heat can be estimated by a careful cbserver who ' . :

knows what to look for. Using the information in Appendix I, line officers

‘who know the work capacities of their men, can determine their degree of

acclinnt:.zation and whether or act it is safe for them-to continue activity. A

_ (3) A man acclimatized to heat works in the heat with a. lower o
body temperature, lower heart rate and a more stable blood pressure, than - - .:""
when nct acclimatized. (Appendix II, Chart 1) Nevertheless, acclimatization

- to heat cannot be measured by thesa criteria alone. (Appendix II, Chart 2)

- Changes in pulse and temperature accompany acclimatization but do not nece- . = -
' ssarily correlate with the man's behavior and ab:.lity to work. The man as & - -

: whole must be considered and evaluated. e T

(l.) Acelimatization begins with the ‘first exposure. Thé pi'o;‘
the third or fourth day. (Appendix II, Chart 3)
| (5) Soldiers in good physical condition acclimatize more quickly

'and.are capable of a greater work output in the heat. than are men in poor
‘ physical condition, (Appendix II, Chart L) ' .

. (6) Continued training in cool environments beyond that nece-

~ssary to att.am good physical fitness does not further increase the ability to.
work in the heat nor shorten the period of accl:lmatization, (Appendix 1I, T

Charts 5, 6) _ - . :
(7) Resting for three or four days in the heat, with activity

- "(8) When work is begun with first exposure to the heat and pro-
gressively increased within the limits of tolerance of the man, full accli-
matization (the ability to perform a maximum amount of strenuous work in the -

(9) " Strenuous work on first exposure to the heat is not well

tinue their labors do'so inoffectively and inefficiont.ly. (Appendix 11, TS ‘
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‘:,‘@_Charta 7, 8

(10) Excessive work on first exposure, even leading to heat

‘ exhaustion, does nct, however, retard the rate of acclimatization or lessen

the degree which is finally attained, provided work is discontinued upon
the appearance of symptoms; water and salt are given; and work when later
resumed 18 in keeping with the tolerance of the soldier, (Appendix 1I,

(11) mhree or four axposures to heat of 3 or L hours duration

~fwit.h two cme-hour work periods during each exposure, will produce a con-
. 8iderable degree of acclimatization. These exposures may be separated by

intervale of  twe days in a 2col environment. (Appendix II, Chart )

(12) So long as the work done is within the capacity of the

" man, the same pattern of acclimatizaticn is produced by short severe exer~

tion (for ten minutes of zach hour, &4 or 5 times daily) as by moderate work
of long duration (marching 12-1/2 miles with 2C pound pack at 2-1/2 mlles

' per hour) (Appendix II, Chart 10)

(13) “The well-acelimatized man deprlved cf adecuate rest at”

1f“night is incapable of producing his customary amount of work in the heat
on the ensuing day or does so less efficiently.  (Appendix II, Chart ll)

(14) Once acclmnat;zed the soldler will retaln hlS adap-

.. tation for from one to two weeks after whieh it decreases at a varlable
- rate. Lost men lose the major rortion of their acclimatization in one-

nonth -~ a few, honever, are 2ble to retain it for two months. (Appendix
II, Chart 12) Men in good pny51cal conuition retain their acclimatization

‘best, provided they remain in training after acclimatization. (Appendix II,
. Cnart 12a) Repeated exposures to heat are required at intervals not exceed-

ing one month, if a high degree. of acclimatization is to be nzintained for
long y-riods of tiwe. (Appendix II, Chart 13)

(15) Drinking of water in amounts ecual to tne weight (sweat)
lost during work increases the amount of work which can be done on first ex-

posure to heat., The rate and final degree of acclimatization attained, how=-
ever, are not influenced by the water intake (forced, moderately restricted,
or taken as desired) during the first two or three days of work in the heat,
provided that aft ~ this initial period men are permitted as much water as

desired;, (Appendix II, Chart 14)

(17) Suddenly restricting the water intake of men working in
the heat leads to a deterioration of morale anu motivation, reduces greatly

the efficiency with which work is performed, decrease. the total work output,

causes disablirg symptoms in many men and renders others incapavle of sus-
tainod purposeful sction. This holds for sven the well-acclimatized nan.
(Arpendix II, Chart 15) Gradual reduction of water intake induces changes
sirilar to sudden restriction, differinu only in that they are produc»d nore
slovly. .
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(17) Acclimatization to hot drv (desert) envirorments inereases .
wivicedly the ability of men to work efficiently and effectively in hot moist
(junrle) environments. (Appendix II, Chert 16)

b, RECOMENDATTONS:

"4, Troops brought to a hot desert should when possihle be given .

' at.least a four day period for acclimatization, during which time they should .

be supervised carefully by medical, line and non-commissioned officers.,

b, Graded amounts ¢of work should be done during acclimatization
with regthted exposure to heat during the nluday hours (Appendix I, Dchedule 1)
' c. Snough water should be drunk to satisfy thirst at all times.
If more water is drunk during the first three davs than is dictated by thirst
alone, work will be accomnlished more effxclently. :

. d. Unr°cessary exposure to sun should be avoided. It increases
the water requirement, adds to the ‘danper of heatstroke and may ceuse sérious
sunburn.

e. All personnel should be familiarired with the signs and
symptoms of heat exhaustion and should be instructed in methods of emer=-

" gency treatment (Appendix I).

f£. All officers should be made familiar with the water and salt
needs of their men and be acquainted with the information civen in the °
Appendlces.

B kor one week before and ;fter entry into a hot desert troons

. should be given adequate rest and alcohol should be prohibited. Nen who

have had recent illness should not be exposed to heat until they have com=

: pletely recovered (and are back in good physioal condition)

Prepared byﬁ

Captain William B. Bean
" Lieutenant Ludwig W. ichna
~ Major William F. Ashe
. Captain S. ¥, Horvath. -
Captain Norton Nelson:

APPROVED l(/,u(.«( /9( iy

- o o WILLARD MACHLE
2 Incls, L ' Lieut. Col.,.Medical Corps
#1 ~ Appendix I o . Commanding
#2 = Appendix II, with Charts (17) :
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APPENDIX T - .

GENERAL RECOMMENDATTONS FOR SUPHRVISTON OF
‘ TROOPS IN HOT DESERTS

' f:“ 1. Schedule of graded work during acclimatization

Gradually increasing amounts of work should be done during

" the acclimatization period, with limited exposure to heat durine the mid-

C possible.

day hours. A schedule qet up accordingz to the following plan with alter-
nating rest and work periods is safe for practically all men; it provides
for work during the cooler.morning hours ard in the hot afternoon hours.

Local and regional variations may call for slight modifications. Duripg

the midday period the men shOle r.st and keep in the shade as much as

Proposeo Schedule of Nork “uring Period of Aceclimatization
vhen Maximum Air Temp. is ~ Then MaXImIn ilr Temp.
90 to 105°F is 105°F ard Over
Hours of Work -

’

First Day 0700 - 0900 and 1500 - 1700 0300 - 1000 and 1500 - 1600
Second Day 0700 - 1000 and 1);30 - 1630 0700 « 1000 and 1500 - 1600
Third Day 0700 - 10CO and 1L0O - 1700 0700 = 1000 and 1400 - 1600
Fourth Day 0700 - 1100 and 1330 - 1750 0700 - 1000 and 1330 - 1630
Fifth Day Regular Duty 0700 - 1100 and 1330 - 1630
Sixth Day = - Regular Duty Rerular Duty

The working period should be divided so that a men works and
rests in alternating half-hour periods. Two teams can be arraneed to work

“in sequence. The work should equal that of marching with a 20 pound pack ot

the rate of 2.% .iles per hour. Lizhter work may be carried out for longer,

: and heavier work, for shortcr tlnes.

2. Symptoms of Heat Exhaustion.

Symptoms of heat exhaustion should serve as a warning to
cease work immediately and lie down - if possible in a shady place.
Plenty of water shouvld be drunk. These warning symptoms are: flushed

face, headache, dizziness, irritability, shortness of breath, nuusea,

occasionally vomiting and sometimes abdom’nal cramps or cramps in the
muscles. A man in danger of irminent ccllapse can often be recognized

by his flushed face, weakngss, incourdination or stumbling gait.

Ll
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3. First-aid Treatment. C ,'- ' R

When a man nas collap<ed from the heat, firat-aid treatment . -
should be started at once by anyone at hand. The following should be done,

in the Qrder named:

a. Put the man in the shade.
h. Send for a medical officer and an ambulance.

c. Remove the man's clothing and’ sponge the body with water,
fanning vigorously to help evaporation. .

d. Gi\e cool, oalted water to drink, if it ran be retained.

: For a day or two before prostration a soldier may appear below
par and have a poor appetite. Men showing these early effects of heat should

be given nlenty of water and adequate salt and be relieved of work until they
have recovered

Tk Phyaical Characteristics in Relation to Heat Tolerance.

[y

For protracted missions or when water is restricted, men
with the following characteristics will do best:

a.  Physical characteristics - men of below averame to averare

' stature, preferably of the lean, wiry type, having a low ratio of body mass
to surface area. Large stocky and fat men perform at a much poorer level.

b. Age - between 20 and 30 years.

c. Physiologic characteristics - cap“ble of working strene
vously in natural or artificial hot environments without great rise in
body temperature or pulse rate and without complaints,

d. Physical condition - maximum‘physiéal fitress is essential.

e - ——y———— " o——— ——
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A, ‘EXPERD.'H\!TAL COMDITICNS AMD PRCCIDURES

~

a ‘.
- v .

TETUTTARYT 1, Envirorment = Adr temperuture during the day (000 hours to-

“...1700 hours) 120°F, during the nignt (1€00 hours to 0630 hours) 90°F;

. -relative humidity between 153 and 227 curing the day. Cne hour was
‘required to change frem one temperature to the other. all and floor
temperatures were in equilibrium with air temperatures. No additional

- radiant heat was supplied and the environment, therefore, was not as

" severe as that of a desert with identical tesperaturs and humidity.
Two sources of heat-gain present in the desert were lacking in this ex-

. periment; (a) the radiant heat of fie sun, (b) the heat from the:desert

. terrain which reaches 14L0°F to 160°F. A moderate degree of air move-'
-+, .ment was obtained by means of two 26~inch fans or four 1l0-inch fans.
“7 'The rate of air movemant vas nct measured, ' .

Since the studies were carried ..t during five winter nonths,
the experirental environment represented an extreme change in environe
: ‘ment for the subjects,

Pl 2. Zxperirental subjects - 56 -nlisted ren; 48 lived continuously ?
| in the hot room, 8 lived in barracks, reportinz to the Laboratory for ‘
; exposu.e periods., The age limi*s of tne men viere 17 and 43 years, but

' - the majority werc between 20 ana 28 years.

3. Clothinz - Xen wore vhat they chos2; during the hot periods,
only cotton shorts, shoes and socks; durins the preliminary cool period,
! recalsation fatigue clothing, :

L. Freliminary training - Before bein~ stblectgd to the hot environ-
ment 221 men worked in cool temperatures (70 F to 76 F)for onc week. Dur-
isg chis period their wark was the sane os that wnich they vere to perform :
later in the heat, This procedure accustored the man to the work ond ex- ‘
perimental procedures, and produced a nore uniform state of physical fitness
in all men,

5. Activitv in the hot environment - For test purposes the ren were
divided into three groups according to activity: g

Group I. dasting.

The msn in the resting group were perpitted to rest for 3
or four days in the hsat before beginning work.

:‘-‘!‘ JW/#Z ' -1-




Group II. Riding bicycle.,

The men in the bicycling group performed strenuous work .
for short periods; pedalling a stationary bicycle for ten minutes each
hour, five times a day.

Croup III..Valking.

The walking group wcs the largest of the three. These
men performed work of moderate severity for long duration, namely, walk-
ing at a standard army pace while carryinz a 20 pound pack. A walk of
2-1/2 miles in 47 to 50 minutes constituted a "work period". A rest of
10 to 13- minutes was given between successive work periods. Unless
disabled, the men walked two successive periods in the morning and three
in the afternoon, walking a total of 12-1/2 miles a day. ihe data and
conclusions of this report are bused for the most part on observations
made upon men performing this type of work. Certain exceptions are men-
tioned in tiie text, .

The eight men who lived in their barracks were subjected
to the hct environment for 4 hours in the morning, returning to their
quarters after each exposure. During each exposure to heat they walked
for two work periods, separated by a rest period of one hcur.  All eight
men had their initial exposures on the sume day. They were then divided
into pairs for re-exposure. At intervals of three days a new pair was
re-exposed to the heat. Once a man had reccived his second exposure to
the heat he returned to the hot room every third day until acciimatized,

6. Food ~ Rogular amy fare obtained frem their regular mess. No
record was nade of the type or amount of food eaten.

7. water - Salt was added to the drinking nater (final concentra-
tion 0.12Y. The water intake was measured and was administered according
to one of three methods:

a. As much as desired, whenever wanted.

b. Intake regulated to squal the total weizht lost,

€. Restricted to 4 litres, sprroxinately one-half of the needed
and given in either of twc schedules: (1) 270 ml every hour {rom

take

int, ’

6:00 A.M. to 6:00 F.l., plus 750 ml from 6:C0 P.L. to 6:00 AL, (2) 750
ml at 6:00 A.l'. 1250 al with noon meal; 1250 ml wdth evening meal and 750
ml from 6:00 (.1 . to 6:00 A.L.

8. Sleer - Eirht to nine hours a night. A few men had difficulty
sleeping on the first night of an experimont; most slept. well throughout.

9. OQbservations made each nc '\{;m *wheﬂigg - rectzl tecperature,

rulse and respiratory rates, weight 171. pound), and measurement of the
urine voiced in preceding 24 hours,

o e—
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10. Observations made durine the work periods: -

. :.'-.-_: o a. General appearance - noted continuously and records kept
#* . of vigor, flushing of the face, sweatins, headache, and complaints of
T . gastroeentaric or cardiovascular distwroances.

= . b. Body temperature - ructal temperatures wers taken at the -
' beginning and end of each work period. :
c. Heart rate - at tho beginning and end of each work period

with the subject in both the supino anu erect position (3 minutes in

“*- . each) and gt 15 minute intervals during the walking period (subject :
' . marking time). Ausculation over the precordium was necessary to deter=-

mim the more rapid rates,

SR d. Blood pressure - at the beginnimr and end of each work
poriod with the subject both supine and erect (3 minutes in each po- .
sition). Change of postur+ was obtained by meansof a tilt table and

~ also by voluntary movement by the subject.

' e. lWeight -~ the weight within 5 grams was recorded at the
: , beginning and end of the two moming and three afternoon work periods.
: Subjects were naked and the sweat dried off.

f. The water intake and urine output during each work period
.and during each 24-hour pericd.

1. Special observations made at intervals throughout t.he studies

included:
a. Basal metabolic rate (Sanborn)
b. Electrocardiogram
c. Vital Capacity
d. Code sptitude tests
6. Attention tests

Tomme s e e e - -
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B, COVPARISOM OF ACCLLATIZ:ID AND UNACCLILATIZID STATES

Viork in hot environments is ct first difficult or impossible for
most men. By a process of acclinatizatiorn, however, man adapts himself
to work in the necat. ke then works without subjective complaints and
with little or no disturbance of bodily functisns. Acclimatizuation to
heat anpears to be a complex pnysioloric readjustment which cannot be
~adequately defined or completely dctermined by a few simple physiolosic
measurencnts. Nevertheless, this adartation is accompanied by certain
rhysiologic changes which serve as eneral indices of the whole process,
In this report sane of these physlologic changes are discussed and re- -
presented by a series of charts,

All charts are similarly plotted (see Chart 1). Along the ordinates

neart rate, rcctal temperature and blood pressure are charted in turn,
The total height of the colwm indicating blood pressure represents the
systolic pressure; the white portion of this column (limited by thne
transverse line) indicates the diastolic pressure; the solid or hatched
portion of the column gives the pulse pressure, ailong the abscissae
are indicated the day of work, the enviromment in which the wark was
performed and the period of work at the end of which the plotted dala
were obtained. For excnple, in Chart 1 the first pair of colunns re-
presents the data cbtained in the erect and supine positions at the end
of the fifth work period or tiie 6th day in the cool environ:ant; the
next p-dr of colurns, vhe data at the end of the sccond work period on
the first day in th3 lot environment. Tien, in turn, the data at the
end of the third work ncried on the second day in the heat; at the end
of the fourth work pericd on une third duy in the heat and so on. A
key wiih eacn chart interprets thoe hatching or the columns, The text
associated with sach chart inuicates whetier the data mere obtained from
single observations ur averages.

?

1. 'Thvsiclosic chenmas (Charts 1, 2)-

Tre acciinstized man works in the leat with a lowor rul.e rate,
a lower body tcmrerzture and a more stable blood pressure after charge in
rosture than wien rot acclimatized (Clart 1). Compare, for examrie, per-
forzance on the fifth ard fi-st days in the heat., In the unaccliratized
state (first day in heat) chanje of posture causes tarked alterations in
cardiovascular dynanics, as indicated by pulse rate and blood pressure.
In the erect posture the heart rate is marxedly acecentuatcd, the systolie
blood pressure falls and the julse pressure narrows.. In Chart 1 compare
the solid black {crect) and hatchnd (supine) columns. As a resuit of the
lowered blood pressure the cerebral circulation at times becomes inade-
cuate, symptans of cerebral hyroxia irise and aven syncope may. ensue,
Lying down promptl: slows the heart rate, restores the blood pressuie
and dispels the syrptons of cerebral ischemia.

| St w2

-‘.-

e —t —— -

T YTV o= - . 7" (S < - ot o . —— W

A . w4 S - . . Sy o oo o Sy




With ccntinved exposure to heat, acclimatization progresses
and the heart rate, rectal temperature and blood pressure return to
levels approximating those obtained after similar work in cool environ- .

.- “ments. Thia is true with the subject erect or supine (Chart 1).

Although observations were made with the subjects both erect and

hsapine, in this report acclimatization was evaluated for the subjects
chiefly in the erect posture and all charts (unless otherwise indicated)

refer to suseh measurements. Three facts led to this decision; (a) the
findings in the erect posture paralleled those in the supine, (b) the

- srect posture places an added strain on the physiologic functions of

man, revealirp disiurbances not apparent in the supine position, (c)
a useful man is a working man; work usually requires the upright pos-

‘ -tureo

Although a low heart rate, a low rectal temperature and a stable -
blood pressure generally accompany acclimatization, one cannot define
the process nor detect differences in the degree of scclimatization be-
tween individuals by such simple measurements alone., This is illus-
trated by the data for four subjects plotted in Chart 2. On the fourth -
day of exposure to heat all four men successfully completed five work
periods at which time subject Bel, had the most rapid heart rate and

" the highest rectal temperature. This might be taken as an indication
.. .of incomplete acclimatization end evidence that Bel. was not as capsble
" of work in the heat as the other three men. llis general appearance and

behavior, however, indicated that he was more fit than Hem. or Gee.,
Yoth of whom had lower heart rates and body tewnperatures. On the -
following (5th) day, the men worked under more severe conditions., Sub-
ject Ham, became weak, nauseated and vomited after the second viork per-
Zed and could net continue. Subject Gee. wias forced to stop st the end
of the third work period because of exhaustion. Subject Bel., with a
haart rat? and rectal temperature which were always higher than thcse of

~ Ham. or Gee., continued energetically for another work period and on

rinishing uppeared almost as fit as lan. Tius, prediction of performance
on the basis of heart rate and rectal temperature alone did not agree
with the actual performance of these men. '

Undoubtedly a man, doing a given amount of work, is less efficient

and more prone to disability when his rectzl termperature and pulse rate
are high, than when they are low, Individual performance is influenced

by many variables which are not evaluated by such simple measurements,

It is necessary to consider and evaluate each mzn as a whole z2nd to aveid -
focussing attention on the rectal temperature or heart rate. The man's
subjective symptoms, his objective appearance, his behavior and his actual
performance must receive at least equally careful consideration in any
evaluation of his capacity to work in the heat, . - .

Sl ¥ 2
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2. Sympioms and signs -
The acclimatized man is alert, performs his work energetically

" and without symptoms. Usually his heart rate and rectal temperature
are low, at least nct markedly elevated. On the other hand the unaceli- -

matized man working in the heat becomes dull and apathetic, performs his
work poorly, has a rapid heart rate and a high rectal temperature and
may manifest to varying degrees and either singly or in cambinations, .
the symptoms and signs of heat exhaustion, In the present experiments
these s;nptcns and signs appeared in the following order of frequency:

S ms (1) fatigue (2) headache (3) dizziness, especially when erect
- (4) shortness of breath (5) loss of appetite (65 nausea (7) vomiting
$8§ abdominal cramps; Signs (1) flushing of face and neck (2) rapid pulse

rate (40 ~ 200/min) (3] lack of coordinated effort (clumsy, stumbling)
(4) staring glazed eyes (5) mental disturbances (apathy, poor Judgment,
irritability) (6) fever over 102°F (7) collapse.

Of interest is the marked flushing of the face; neck'and‘upper
chest which occurs in most men when they first work in the heat and
which disappears &s acclimatization developa. ' :

' JJ#Z | | ._6_".'.
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. matization. It was with these limitations in mind that the heart rate,
. rectal temperaturs and blcod pressures were used as indices in this
. . study. The factors involved in attaining and maintaining acelimatization
-~ to heat are presented in a series of charts and it is to be understood
-~that the plotted changes in rectal temperature, pulse rate and blood -
~" pressure were consistent with the picture of the man as a whole., Vhen
- they were not, specific mention of the differences are made, - . .

- JSne
-

3 e _i c. mm.s IN_ATTAINING AND EAINTAINING
' ACCLINATIZATION 70 H3AT

" As pointed out above, when different individuals are conpared

'b;the hearb rate, rectal temperature and blood pressure are not in them- -
~f selves completely reliable determinants of acclimatization to hest,

- Neverthzless, they may be ubtilized as indices of acclimatization when
- they are consistent with the other above-discussed evidences of accli~:

1. ‘Course of acclimatization (Charts 1 3) -

The process of acciimatization appears to be 1n1tiatad by the
first exposure to heat. This is indicated by Chart 1, in which are
plotted the observations nade on one man &b the close of the last work
period of each charted day. oonsiderable improvenent in heart rate,

“rectal temperature and blood pressure (in the erect posture) is apparent

on the 5econd day in the heat, that is, after one day of previous ex=~

S posure.

At the close of the last (second) work period on the first day

~ 4n the heat this man was very tired, giddy and w.able tc stand erect.

On the second day he finished three work periods feeling much better
than on the previous day, had no difficulty in standing end malntalned

a -a nornml blood pressure in the erect posture.

In most nen, a major portion of the aceclimatization to heat is -

. attained by the fourth or f£ifth day of work in a continuously hot environ-

ment. This is illusirated in Chart 3 which shows the progressive changes
recorded in two groups of men exposed to heat at different times. Each
colunn represents the average of the data obtained on four men at the

+ end of the last work period of the day indicated. During the first three
- to four days there is a progressive and rapid improvement in heart rate

and rectal temperature, which thereafter levels off .at values somewhat

“higher than those obtained under similar circumstances in the cool environ-
ment., : : :
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.. fitness was based on the work performance .of the men while in a cool

.fi;viously discussed (the appearance and behavior of the man as well as the
"results of physiologic measurements) were taken into consideration.-.::;tﬂ“

i e s e Y= st

2. Physical ccndition (Chart 4) - e e e
.. Although exceptions are not unusual in individuals, men in ;.f3f|ff: e
good physicdl condition generally acclinatize to heat more rapidly o
than men in poor cordition. loreover, the more fit men are capable ...
of a greater work-output in the heat with less symptoms and less dis~. ':

turbance of their heart rates, rectal temperatures and blood pressures .
than are the less fit men. In this study the determination of - physical

AT s A # 54 I s ima xee

envircnment. In evaluating physical fitness all of the factors pre-f:'

L L A b

Those men were considered most fit who performed the prescribed work -

:" easily and energetically, without symptoms and with least disturbanco . {;_u*”"
~of their heart rate, ‘blood pressure and rectal temperature. ,.";

The th ~ee men whose records are compared were from a group of

. _»eight men whose physical fitness was assessed before they entered the -
- hot environment., Three different observers gave independent ratings,
A1l three observers placed subject Sch, first. Two observers placed -
-, subject Kit, seventh, one observer sixth. Two observers placed’subject', .
“Lup. fifth, one observer second, . Of the three men,  Sch. was considered .
most fit, Kit. least fit, and Lup. intermediate between the two.

- Observations on éach of these three nen were obtained at the .-

buiend of the last work period of each of six days in the hot environment ~_;;}F,.
and, for comparison, the same measurements taken on the last day in the

cool environment are also shown in Chart 4. Tne more rapid improvement -

in the pulse rate ard rectal temperature of subject Sch. is readily -
apparent. An equally rapid improvement was also apparent in the general -
appearance and behavior of this subjec.. By the second day he was walk-:' ' .-
ing easily and with vigor. Note also the maintenance of blood pressure
when erect. In contrast to Sch., the pulse rates, rectal temperatures -

- and blood pressures of subjects Kit. and Lup. returned more slowly to-
ward control levels. This was confirmed by the appearance of the men,
“especially Kit., who always seemed to be working with difficulty. Even

after acclimatization had been attained by a.l three men the performance

"of Sch. was superior to.that of the other two men (see 9th day in hot

enviromment). On the fifth hot day subject kit was prevanted from walk? |
ing by blisters on the feet.> .
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1 man£ beyond that required to develop a satisfactory state of physical

‘gfgoxpoauro. Resting in the heat for the first three days produces &
2" - definite tolerance to work in heat but the aceclimatization thereby

“:* by the daily performance of work in heat from the outset, the amount
;. of work being progressively. 1ncreased within the tolerance of the
‘Q‘hdﬁ@d.

.;7" 3. Activity gfior td and during acclimatization (Charts 5,‘6) -
“‘, Continuing the preliminnry training psriod in a cool environ- :

“fitness doas not increase the subject's tolerance to heat on.first

induced is only psrtial. Acclimatization is developed most rapidly

The relative effect of these three factors upon the process of

"acclidatization was determined, using twelve subjects divided into three

‘fi,leqnal groups. After the same prellminary training for all men, one group

(4) continued to work in the tempecrate environment. The other two groups

" were taken into the hot environment and of these, Group B rested while the

other (C) immediately undertook graded work which was progressively in-

. creased. Ithen Group C was acclimatized (4Lth day) all three groups were
_subjected to the repular work schedule in the hot environment,

The comparative behavior of the three groups is striking. The

' subjects in Group C (with graded work in heat during the previous 3 days)

* had returned substantially to the normsl physical state with only slight -

elevation of heart rate and temperature over the control levels.  In

. contrast, the subjects in Group A, working in heat for the first time

- . after extended preliminary training, gave no evidence of acclimatizstion,

as.shown by the high heart rate and body temperature. Only two of the
four men completed the prescribed work and the condition of these two

o was considerably belcw that of the other men in the other groups.

 The performance of the four men in Group B (resting in heat

- during the previous 3 days) fell between the other two groups. All four

. men completed the five work periods and, although the heart rate and

body temperature were higher as compsred with their control state, and
also in comparison with Group C, the performance of these men was con-
sistently bstter than that of the men in Croup A. Thus, a partisl state

" . of acclimatization had besn induceq.

-
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' ‘h.- Strenuous work from first exposure to heat (Chart 7} -

Strenuous ﬁork on first exposure to heat is not well tolsrated. e

Twelve (12) unacclimatized men were asked to perform the full five work
periods (12,5 miles) on their first day in the hot environment. Four

men became exhausted (after the third or fourth period) :-d were unable . ..

. to complete the task. The eight who co.pleted the work did so with
~difficulty, finishing in poor shape and with high heait ratns and

rectal tenperatures. The ability to completc strenuous wovk in the =
first exposure to heat does not necessarily indicate acciimatization

nor the ability to continue to work in the heat. Maintaining work zv - - )

a strenuous rate leads to progressive deterioriation of performance.

~After two or three days many men become disabled and those who continue

to work do so ineffectively and inefficiently. This is in contrast to

the progressive improvement of men subjected to a schedule of gradually,.
increasing work in heat. The performance of one of the subjects (Sub. .

Gea.) illustrates this point.

. The data were obtained at the end of each work period of the ‘?. ”" o
last day in the cool environment and of each day in the hest. During .

the first day in the heat thé¢ man completed five work periods without
mich difficulty. On the sec~nd day in the heat, however, he completed
only three work periods. On the third day he was forced to stop in the

“middle of the first period. It is of interest to note the low blood -
- pressure on this day despite the mors nearly normal rectal temperature -

and heart rate as.compsred with the fifth period on the first day in

- the heat at which time he was still in fair shape. After dropping out
" in the first period of the third day, this man rested the remainder of

that day and drank plenty of water. OUn the next (4th) day he finished
five work periods in good condition and with a heart rate and rectal

temperaturo approximating those recorded after similar work in the cool "

. environnent., Despite the axhaustion resulting from too strenuous work

during the first three days in the heat, this man had attained a large
degree .of acclimatization by the fourth day.
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. 5- Intolerance to heat and heat exhaustion (Charts 7, 8) -
N ? R Development of symptoms of intolerance to heat and even heat :
‘ S oxhauetion during the early days of exposure to heat do not retard the

f... rate rior decrease the degree of acclimatization finally attained,
" provided that when such’ disability occurs work is discontinued, rest

-, %i is permitted and water and salt are given. Vhen work is rgsumed it
. .- 'should be within the capacity of the individual. '

|

,' - Chart 7, which illustrates this, has already been discussed. .

| = .. Chart 8 represents a similar, but more severe, situation in 2nother

( . subject. The data obtained at the end of each work pericvd of each day

; in the heat are plotted and compared with the observations on the last

I *_day in the cool environment. On the first day in the heat this man

. -5 could complete but four work periods when fatigue forced him to discon-
... tinue, " On the second day he finished only two work periods; on the third

= - day only one., Note the high heart rates and rectal temperatures reac.gd

} * 7. on these days and the progressively decreasing blood pressure (Chart 8).

! ~.."  The appearance and behavior of the subject indicated a parallel deteri-

:

}

oration., On the third day this subject was quite ill; exhaustion, abdominal
cramps, nausea, vomiting and marked apathy indicating heat exhaustion. :
- After a litre of physiologic salt solution was administered intravenocuslys
v the nausea, vomiting and abdominal cramps ceased., He rested for the re- -
mainder of that day and drank salted (0,1%#) water copiocusly. On the next
(4th) day and the days thereafter he completed five work periocds without
difficulty, always finishing strongly and appearing to be acclimatized,
This improvement was accompanied by a reduction of the heart rate to
values equalling those obiained in the cool enviromment but the rectal
tcmperatm continued to rise to high levels (102°F.). .
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C 6. Single exposures to heat at intervals of three days (Chart 9_) -

The following conclusions are based on data derived from eight |

subjects who performed two periods of work during a four hour exposure
. to heat every third day and who .spent the intervening time in a cool
‘environment: (1) A single relatively short period of work in the heat "

induces a little or no acclimatization, (2) a number of such exposures '
soparated by two days in the cool environment results in acclimatization,
(3) the major pertion of the acclimatization for the above work re- - . -

_ quirements is produced by three or four such exposures to heat,

Representative observations on subject Mel., taken at the end
of each work period during the four-hour exposures to heat. are shom in -
Chart 9. During each exposure two periods of work were performed, o
separated by one hour of rest, The first exposure to heat was badly -
tolerated and caused weakness, nausea, vomiting and syncope when in
the erect posture. The second exposure produced similar but less severe
symptoms and vomiting was absent. Thereafter work in the heat was ’
accomplished without difficulty ard with increasing ease. The associa~

ted changes induced in the heart rate, rectal temperatur< and blood preasura- a

end their regression paralleled the findings already described for subjects
continuously exposed to the hot environment. (Compare Chart 9 with Charts
1l and 3) In this subject there was a particularly striking postural
hypotension during t»-. first three exposures to heat with a return of -

the blood pressure to normal as acclimatization developed.
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g& mrioda of severe exertion (Chart lO) -

SR Tho behavior of subjects performing severe work of short -
duntion in the heat follows a pattern of chargze and readjustment . -

e ol ,iﬁ.nnar to that for less sovere work of long duration (marching ).

LR '-j_,;a »'Ihe: severe exertion consisted of psdalling a stationary bicycle for
o /. ten minutes sach hour. The plotted observations are for one sub-
T rjoot taken at. tha end of the first "ride" of sach day.

.
-“44

NEXNETE 'l'ho hig.h rectal temperatures and pulse rates produced by
S 'thia exsrtion become successively less marked as work in the heat
.* - is continued. Levelling off is attained by the fourth or fifth day.
- ""In one respect the readjustment differs from that observed for the
more moderate work of marching., The resting level, rather than the }
increase cauge by work, determines the final level of the pulse rate
_ - and body temperature., MlMost subjects found these short bouts of severe
- exertion less fatiguing than the prolonged but moderate work of march<
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8. Rest at night (Chart 11) - | A
Adequate rest at night is essential for good wbrk perform= .

ance in the heat, even in acclimatized ner. Deprived of it, men
work inefficiently the next day.

The data obtained on subject lel, after the last (second)
work period of each day are given. This subject belonged to that

group which performed two perinds of work during a four hour exposure -

to heat every third day. The night before his fifth exposure he
failed to obtain adequate rest. His performance during the next

day was almost as poor as that on the first exposure to heat and

he completed the work with difficulty. Here again the true state of
the subject is not indicated by the heart rate and rectal temperature.
During the fifth exposure they are higher than during the first and .-
second, yet the subject was in a better condition. There was no head-
- ache, nausea, vomiting or syncope in the erect posture, occurrences -

which had rendered him totally incapable of further effort ou the first

day in the heat.

. The poor performance during the fifth exposure to heat did n&
retard further improvement. Note the much improved performance during
the aixth exposure. .
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.. 9. Durstion of scclinstizstion (Chart 12) -

- - Acelimatization to desert heat after removal from the hot

"% enviromment is well retained for at least one week and probably for

. two weeks. Thereafter, a variably but more rapid loss ensues so that -
- after one month the major portion of the acclimatization is lost by

. most men. Soms men, however, retained a considerable degree of accli-
nt,iution for two months after leaving the hot environment.

The plotted data were obtained on seven men at the close of
< " the last work period on their first re-exposure to heat (solid column).
.. These are compared with the observations made at the end of the last
:°" -~ work period, on the last day in the cool environment (diagonal-lined.

" column), with the first day in the hot environment (cross hatched
‘column), and when fully acclimatized (open-block column). The obser-
vations for each individual .are grouped togetner and separated by long
-vertical lines. "Interval" indicates the time between leaving the hot
mviroment and first re-exposure to it.

The sharp loss in acclimatization after th. e weeks was in-
D dicatod not only by the high heart rates and rectal temperatures (Sko.,
.. FPoe., Ben.) but also by the failure to complete as many work periods

- and by the poor appearance of the subject. The vigorous and alert
appearance of subjects Lup., Min., and Lus., and the ease with which
they completed their prescribed work indicated a high degree of accli-
matization despite their higher heart rates and rectel temperatures.
Subject Sch. worked as well in the heat after a lapse of three weeks
8s when fully acclimatised. '
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Uaintenance of acclimatization (Charts 124, 13) -

There are two requisites for the maintenance of a high
dngroe of ctcclimatisation to heat over a long period of time: a.,
the maintensnce of good physical fitness and b., repeated exposures
to heat, proferably with work, at intervals of one montn or less.

. Of the three subjects considered in Chart 12A, subject S
was never in good physical condition, subject U remained modorately

© fit and subject W only fairly so. The strikingly poor performarce
of subject S when he walked in the heat after a lapse of 37 days
indicated that he had not only lost all of his acclimetization but
was in far worse condition than at any previous tine. This was
attributed to loss of fitness as well as of acclimtiut.ion in the
interval. .

The more fit aubzoct. (M) had a much better work porformnco
than the less fit subject (W) when re-exposed to heat after a lapse ’
of 16 days and 3’ days., This was indicated not only by the lower heart
rate and rectal temperature of subject M but also by the fact that of
the three men re-exposed to heat after a lapse of 37 days he was ‘he
only one able to complete the full five work periods.

The need for re-exposure to heat in order to maintain accli-
matization is indicated in Chart 13. Here are plotted the observations
made an one subject at the close of each work period on the last (5th)
day in the cool environnent, on the first four days in the hot environ-
ment, and on re-exposure to heat .4 and again 47 days after leaving the
hot environnent. Initial acclimatization to heat was rapid and by the
third day, five wark periods were performed wdthout difficulty and wdth
heart rate, rectal temperature and blood pressure approxdmating those
for the cool environmunt. On the first re-exposure to heat 4L days
after leaving the hot environzment, the subject was unable to continue
after the fourth work period, At that time he was almost exhausted,
the heart rate was more rapid than at any other time and the rectal
teaperature was high. But this exposure re-induced a great desl of
acclinatization. During another axposure to heat three days later he
was able to work as long and almost as efficiently as he had done when
well acclimatized to heat 47 days previously.
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! L Y 11;' Increaaed water intake (Chart lA) -

! . o A Thirst is en inadequate guide to the fluid required fus
' ;. work in the heat., No man drank enough weter veluntarily to replace .
that lost in the swest while working and all developed water deficits,
Incrcasing the water intake during work tc an amount (31200 ml per
hour) equal to .the water lost by sweating inereased the amount of
. worik which was accamplished on the first exposure to heat. . -

‘ L.l .7 Twalve men.ware asked to work the Nll five neriods during
t

their first day in the hot room. Nine men received water in amounts
~ sufficient to quench their thiret (600 ml per hour), 3 received water
_in amounts (1200 ml per hour) equal to the weight (sweat) lost. These
_ three men all finished the five work periods without great difficulty.
. In contrast, four of the other nine men became exhausted after three .
+ or four work periods and could not continue. Those who did finish
‘were in poorer eondition than the msn whose water intake was intention-

ally increased.

: . In chart 14 cne may compare the effects of slight water

. . . restriction (6 litres per day), and of full water replacement (9
- litres per day), on two groups of three ren each, in their first and _
fourth days in the hot environment.. iach column represents the averaged
data for the group. Observations w..e made at the close of each of the

~ five work perlods for the last day in the cool environment and the first:

day in the hot environment. Observations are also recorded for the

.~ fourth day of heat exposure when both groups were permitted to drink-

e rin s

e

Tho g s,

have been excluded.

Although the group in whicn water was forced to full replace-l' o

- ment showed smaller disturbances of vigor, behavior, pulse rate and
rectal temperature during their first day in the h2at, the degree of
‘acclimatization attained by both groups on the fourth day was the same.

~ as much water as they chose. len who did not complete five full periods';
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"12._ Water restriction (Chart 15) -

Sudden restriction of the water intaks of well-acclimatized -

" men at work to one-half of the optimal reguirsment induces changes

similar to those which appeared in the men on first exposure to haat T
when they wers unacclimatized, . ‘

In Chart 15 are plotted observations made on each of four

. well-acclimatized men. Their performance at the close of each work
;. period on the day (9th) when water was restricted to 4 litres per day

is compared vith that following the fifth work period on a day (4th)

| when they receive’ as much water as they desired, Subject Nor. was.

incapable of cont. aing after the third period and the other men
finished five perliods with difficulty. Note the higher pulse rates

© and rectal temperatures and the low blood pressures,

Imﬁortant changes-vhich the chart does-not show is the con~

'ditién of the men, their low morale and lack of vigor, their glassy

eyes, their apathetic, torpid appearance, their "don't-give-a-damn- .
for-anything” attitude, their uncoordinated stumbling, shuffling gait.
Socme were incapable of sustained purposeful action and were not fit
for work, let alone battle, All they wanted to do was rest and drink.

, Progressive restriction of water was tolerated better than
sudden restriction. For sudden restrictior. the intake was reduced on
1 day to 4 litres. Frogressive restriciion was carried out by limiting

~ the intake from the optimun level of 8 L/day to 6 L for the first day, 5 o

L for the seccnd and third dey and to 4 L for the fourth day. The
gradual restriction of water intake resulted in physiologic disturbances
similar but less severe than those observed from sudden water restric-
tion, Men were incapable of porforming as mnch work as when water intake

was adequate, -

- 18 -
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13, Cross ascclimatization to junple heat (Chart 16) -

4

Acclimatization to dry (desert) heat increases markedly the

'_ : ability of men to wark efficiently and effectively in hot moist (Jungle)
. environment. :

- . Three men were fully acclimatized to desert heat and six men
were trained to work in a cool environmment. All nine men then worked

““.'-V " in a simulated Jungle anirommnt dry bulb 90°F to 910F wet buld 88°F
M te 39°p, relative humidity 90% to 96%. The averages of t.he data obtained
. oneach group of men at the close of the last work period in the cool

- environment,and at the end of each work period of the first day in the
- hot moist (Jungle) environment are compared. The perfcrmance in desert .
heat, (as expressed by average data for the desert group) is plotted between

," " the heavy vertical lines, The first column represents observations made
- at the close of the fifth work period of the first day in the heat, the.

second colurn, the data from the fifth work period of the third day, when

"‘-"‘_ acclimatized. - : o s

On the firs’ 'day in hot moist- (jungle) heat five work periods

B were 'oomplet.ed by each of the desert-acclimatized men; two men finishing

strongly and easily and the third with some difficulty. Of the six men

" not previcusly exposed to a hot environment, four were able to complete
_only two periods of work, the first and thlrd while the other two com-

pleted. three, the first, third and fourth, Not only were the desert-

- aceclimatized men capable of a greater work output but the work was per-

formed more ei‘ficiently than was the smaller amount of work done by the

' other men.,

" The performar.ce of the desert-acclimtized men, however, was
poorer than it. had been in the cool and desert emrironments.v _ .

Sl 2 |
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1., Results of special tests - : e T !
. | a. Basal metabolic rates did not change aignificantly ; f
during the . process of acclimatization. . ) S !
' |
- b. alectrocardiographic changes associated with work and a ;
change in position were the same .-with the subjects in the heat as’ R 2
they were when the subjects were in normal tanperatures. . A ! .
‘ Ce Vital capacity was not affected by acclﬁmatization.; ,‘ '”,g{ %;-;”- ; i
C Code aptitude tests and attention tests. shoved a decrcaso y : §
dne acores on the first day in the heat, and a gradual return to the con- - | !
- trol levels during the next three days. The initial decreases amounted . - i
© to-ebout 15%. All men were affected by an obvious depression in the S .
heat for the first day and . some instances ror three daya. IS L }
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Lt LIMITS OF ADJUSTHLRY OF AT EECULATION .
- DURDS EXPOLURE TO MICR ThMP RATUMES,
S ey Lo T ooooooooooo-oo-ocoooo-ocoonno-oooooooo S
e by Professor Dr, ninrick Quce,
S R P A C DI uaistmt prysisian of tho pm:"..olor'ical Iantitutim
2SI 0 of tho physielans @ititiry cecéecy dn the Coston sy
T e (Reseivodvoauiry 5,15 Lo)

ST R of this Teparte.
%Zf'i”f-’: . 9900000000000 000000000000000

8 pom worwm uxmmd in 20 e ez*.‘.rr«':ts et n:um ,.rgncal r.nd
nentl.l uak to Lemperalures of So? wid S5 Y,

Tu blnodsmesure ghod oradolls s drop wp te 1§ aln tos rh.l::t '

i ':: ""3"‘. diagtolis it reminsd constunt or even riso a 1ictle bit. Io the further
. camwrso the gystolic bloodpressure roso an firures of L0-160 ma ilg, in
- ordar to fald only s!nrtly bofore o collspse.

Ton diastolis proteurs éra"md cmstatly, Tach d;qin.muon

0 of tho blwodprossuroclagritude s ¢ bo Sansidered 23 o s.u',n
P T of a near collanao, .
A Top palse in all casca rodse strzisht op ,in caw cases wb tho
e e emperdnont cquiclen to UL rulsations nro sdnuto,

" the I.St.h ubuto faster and aly m ¥m cears roachad held ~*1ta aver 39,5° €
‘. 4n 90 mia utes,

kg B e

e L almo e Quserveda ,
T as;,rcnomchnical tests and experinonts of tie rexcticon yosulted
L. b pestrictic of pontol quililise ovon bafore tio collopuo,
B} The recovary took plnce vary faste Tt bloomessun buexas namaok
after 20 uln tay uh.u.at. pilse ant temperature rogulsed & donser ik,
The Tiso of the toujorature worked ot am gegdy sweng.e Ca the
~othar alde by the blowing upm ths foce wit. 2= wera alr, at ths swme
.. pooatanporaluie, & etornous Iprovatent of tho canditim wns resulied,

v Mt

Instead of collenaling aftar 50/ 70 nin'xt.os,'ﬁ}k experizent. parsonin: atifIY .

© - Lol good after 6/L0 ninutos althourh only the hoad wa3 hib.
‘ Also the olisit consuption of alceiol rout.ri;.ted ths

) Ace.pacny of the heat regulotion,

.,.wh verstrain of &he heatregulators recuirod scan d:-.ya ol rost.

: ,QI.O......O.

-
-

e

R e 'i‘raultm from t!n Corzun by | \ored A m.‘mcu, I’r.'.w.ta w3 m)

Ths body teaperature »% £irst started after 15 mimice olo: :Iy,ni'i.er g

R The bloodthlckoning & dnrosse of mashing awy of Frythrocytos could |

e e e -
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| T LT OF ADJUSTICNT OF SEAT RFGULATION
oo s DEDB ARGt G0 BUAT T ot h e g

PROFLESOR DR, OTTICH 5Tho% C

L assistant physician in tho paysiclozical Institutiom - .

1 . of the Mysiclms allitary acutexy ia the Caran arxy. ‘
o (recoived Joouary 25,1940) '

(‘rx'cnsht.od Sron the Cermcn by alfred A.Saloaon, mm,cs Axv )

i - Tachnio amd Industxv,ako ia cur nxderate cliantes,farce ¢ man often to wark
'; . under ontirely changed canditions,shich correspend to troplesl clinates,
| ' The cccwring of healsirdics as will &8 a decresse of porforning \m‘k
reguires a vory corroct ecientific invastizition of all the caunses,
: Dr, Bazetd in his bodiR ssouso Lo heat # in 1927 very carroctly inchﬂod
- 611 experinonts concerning o influsice in the chanm of tauperaturse,
| : Accordinc to this boolk, especislly lehman & Szakall broze into this very
: " intoresting scientific torritu.g, by scparating in additix to the usual obsere
" vations of blood cirmhtiona,tacmpot.ticallv important quostions like change
- of Mauldity and zs3inilation of chloring by digsation,
. Already bofore this tico irofessor Horxhelmer oxomined the conmmpt.on
of 02 and tho decreaso of parforning wezite Nesults in the different places of
cporimm thowed tho wall knoen sesulta of Frofessar ven Hosocs rescarches
concarning clixcto ard moducticn of work in mines and tho experiments of irofess:
Dr, von Uzlomeoncerning ecclinitization of heal at ahipheaters,vhilst Dr, Adolrh
’ lwostig:t;d the exchange of host in the desexrt wdth his osn odbjects of acinnu.m:
®
The roozteaporatures at the diffarent authors fluctuzte detwsen 30 and 1.5 .
. It &0 happoned, that samtims even within o line of experiments, that v

 not been canstant, The conditions of experinmonts in cther respocts also changed,

. Uke zolstwre in the air, circulatiom of tho cir,the perfarming of work,clotbjng
; - " ote or they ¢id not ﬁm any cansiderztim at all,
; I It was hord cansoquently 0 draw «y clomr caelusions out of these

- chagrvations as i wes hard to cacpare them with eachother,
. Since 1936 also ia othor territariss of the invostisatin of collapses,
- through the books of Ur, von Ranlen ard Dr, Desderer ,thore were general curvos
- Zar the controlling of ths pulsofrejusncy ard tho bloodmressure by tha rising and
- £alling in the Coxresclonchazbaer Just as this was fixed Yy Dr, Ruff in 1938
~ fapr the oficct of cenirifusal forcca,

Similar estinmated ocbscrvations should be pained now also for the effect
of hoat,hore naturally in crder Lo reach the probles of the collapse vy
alosely by ths control of tho first stapge of the disoase,

It was necessary therefore to nake series of exporiments whieh

1, uder sl ainllar conditicns of cxperinents exposed a grester auuber
" of peraocns to a canstant teoparature by excluding all influmces
&raa the outside,
°o
2 intluded the Smportant texpaatures over 0 and

3 Mwudtbwahmctcmswmmu.

% memma,munmumums
(htumm)hwmmm
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" were ook accustomd to the hoat, 08 Clixctochaztor o szall tinbox witha
- zocadonimts of aboud 2 et w23 teken,

0 The rogutemparatures WA onzsod wWith & Ledcksilvorthormgmoter In the
0 helcht of & hoads AL LD bebton the toporature was aboat 1 loer .
s The body toporntice was peasured sublinmzlle, a8 any chante of the body tooe
. pevature could be dazmolrated 2t crae Cua to the smull eapacity amd poad

R Mzuézgz.at @ accouns of pragtical ecaslérralimma no olbor asadwrenmis wre

"' “l'omn‘a took rlaco ovory 10 ar 25 ciautos. The counting of ths faley
- wal effccted by the eoperizent soldlera thomsadwesyhescrer aficn 84 was

ith the excoption af thess resilar Fxperlmerd portons , 6 soldiers

Exparinerts vero tricd oub in a e2iling poalila,
3 eqrlmentis tock ooz of tho riss inthn temnarpliurg, The'

o o pise o the host caudd ot hib tho expaxiconts soldiers, as the Meating o
o eedmsent was dirested toumnds Lo cutor wmall, !

The sperly»als wore noclly mco in ndontizg after Lunch,

Bloodeireulstim of the cavity of the mouth, »
The temporatures dndsed arv g 1ittls bit lowar than In thw Acrts o n tho

88050 : -
iy Inflvante Ly resplration ete, v avolded a3 far a3 poraibls.The

also controlled by atrn yalclmse ho swasaramont of the Bleodrrosrare

o oaused difficultiag son o T ng,as e oporiont soldicra Ind Lo it cn g ¢o ;
- oalled hoarfngfunnal, (3 idind af aritss) and - a pipestotoscopce o

- the exporinamt bays had o eancal tlo lodtess D,T, ot B oub of o taxt gliven
to timy, -

| niataker wes moanwed, Dosides ¢
.. meykod dom, Tholr srotarenonts weve folnn dn cuwsh g samner,tud o cxperinend
. gtrexgth, S diffevert Antervals. .

. by Profusaar Dpe Laim )

T3t me very hard o £4ad ths ciastalic bloodimouzurce Ab experiment j
saddlers Jo.9 and 23,5004 out of the flsna of tho cars hoed Lo Uy taken Before |
the ol of thoe aperincd,at ¢ & tip experizont anl also 15 aad 30 |

o] o

. imtes after the and of tho ozgers.mnz and tha nrder of thy Lerthrocyies

- acconiing to 20123 Thoua wo als

o accant of teparadl reasons 4n a ki of Preroosarcixs and tho rosulis
. have to bs osiintod necrdinglys '

0 conicd, Thls coudd e dam Kooy only

In ornier to £id @ Sla=i=ning of t5 physlce) perforines of wark,
o m:bca' o lines, fHojwney of tho letters and pereentaze of

Jo t1209 of roactions wars coalicred ond

soldicrs hoard a busssound dn the hesdlumal(pipe ) of cxa-tant len-th azd
Throuch s kind of a aorselry ecndroend tho tow and the ontical

tim hnd to de Intarpuplod (Accarding to a procxdwe ool yob pahlishsd |

T oxporimont mmummuma,mﬁmm
25 tiaos o tho tucsoound,
Beat This tranvaction was edoptod tofro,during ard aftor the barden ¢t

wm?: thx:g. divialics :rwommdo Buating amd i not cewoo n?d -
s clothing Tosoarcl perscnd alwys conalsted of
marau'im. ‘ . , ;

N
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. The boys were stripped and they were woighed before and after these expe-

rinents, .

a In a first lins of experimonts without any work the roon was heated
at 50 « The starting and the exoaimtim of the reactions and moasurements
alwsys took about 15 to 20 mimuites ,30 that the experimont boys during
this tine really couid acclinstizige and got aocustomed to the conditions,

. Oiyp after this the entramses to the chmber were closed, the heating
squipaent opened and then the experimaants startod, '
Tho tomporal conditions are to find in tho tibles and indexes, -
The different tosts were not folt a3 a burdon, At the beginning the

pulse reacted with an immdists rise at all experiment soldisrs, at first slowly,

but after 20 minutes continuoulsy facter, .
After 70 minutes there were 30 more pulsations cach minite than at the

. beginning. The exat values are to be found 4a tadbls Mo, 1.

Tho tesperature & the beglnning reaired constant god weat up .'

 sloly (0,5° ) each howr ) after 45 min:tos hovever fuster,2” pro har,

In two cases (Exporimsnt soldier 530 égard 16 ) at ghe beginning ,even
8 fall of teaperaturs was found 37,17 C «36,9 G, 37,2 «37 C. 7The sbsorptim
. of the heat at those soldiers evidantly by the accecleration of ths.pulse end
ths vascdiladation was 80 much risem,that not only the rising of the body
tenperatures was provented,but even & dropping was observed,as it is knoun
in experimonts with animals(See Profeasor Bocobt fram Coernlor Bavaria )
- It is remarkodle,that experimont saldier No. 6 and No 16
before ehoxed & tasparature smd et soldier No, 6, it was renarkable,since
he was born in a ioal country and was alxays sansidble against heat,
' This can bs found algo in the Tcble Mo, 1. - I
The bloodpressure is exposcd to mdivmﬁedutmnt fluctuations, .
At all those experimsnt®,the mplitude became s r ot ths beginning, in
order to became greater after 40 minutes mainly through tho rising of the

- gystolis pressure,

.. The systolis prossure dropped during the first 5 minutes,remained low
for a while and started to rise very often froa 30 minutes and up very
considerebly (145 mm Ilg) o

Only two experiment saldiers (No. 4 ant 6 ) who could stand the heat
very well,showod szaller fluwtuations without cay rising over the atarting
The ainzle curves are mwh more arzinized, as at the addition of the

curves all individual charpness dropped. Tho loss of weight shaved an average
of 1300 Srumm, ’ °

Subjecttively the rise of tho. romtapereture fran 22 to 35 was falt as
very disagressble (at & higher teuperatura the hoat was not very, much to feel )
a8 the body gradually got accustaned to the high teaperaturs, .

Aftar the 45/60 ninuto the strongth of defense gradually dropped,

4 Torrible unrost, headaches and a strang beating of the heart did not make
& longer burden advisadble., . '

In a second line o experizonts (Wntbm9A2)d.noqm1
%Fmtmet 0" awork was to porform of about 5000 » kg evary hour,xdth

© an autamile brmake lcver,shich kad to be pullsd with the right sz as far as

20 cn before the hreast,
The execution of this work ccrresponded approximately to a normld

- érivers work, The different individusl valuss are to bs found in Table No, 1.
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" Dr, von Desoorers Curves &t tho rige on crestor hsirkts i3 tho

. such an experimont cca czuse a kih bloxi jresoure,
pem thouroushly sequainted with this wark, :

T

wly
reoult showed 0o rise of the valms for thefioguensy of the pulse, Dlocd
axd dody tenporature, .

A A3 nost of thes oon werw trained by aflitary trafaing and also -
s 1o remlts In somo ¢23238 ¥T9 enen loxere The Gratalic bloodTelmure
md btter ccatrollad now durlng the £irst mbmites by rore froquerd !
asaswrernnts and fhoved exaolly the esiz sturting of ths Coopping ,althoush by ,

3

g

.. this work an tmcdiate Tuding of tho gEotsife Slcalreonure had to to cxmoctods |

(Sce Profocse Tre E12:ML ) Caths cthcr oxd, Ere Xakuloff et his work

© during the first almite,fowid a Llling od during e third atmte already
& plaing of the yotolls sresmra ab & slizht dhastolls £l

The inltinl drop af the ostolic Wlociresaxe ars sham in Imélossor

end aled ia Oy, v TGffs wplaratios &b the effoct
farces of the 1, : : i
t s erd Lo dosice , Low far & n-Tyousnons end @ exaitzend defcro f

In &ny cage tho exe picture could Lo seon at ald treincd axporizmt

9000000 i
~ 3n a Wird 1 of oporinmts, 7 exoriont soldlers wire exazised
at 55 Rooutayparature amd Mgkt torie A% this eporinedt tho rife of tesporatre
rapresento. an increass of § nomaly from 50 to 55, crpwertily & fpartand
difgicully 2n tho exditions of those cxxrizenis, Thp blociproszure roso ob
all the ecgorimal proans (Mfler & cliCht £1) at the Wozicning ) from S0 = £
and wp &2 roached w1 efter €0 mimtas, r
Ttds astoalshing risoc ks %0 b conzidered a3 & pus effoct of tho ket
as the rise ook placo tho very latest sfler tea nitules work., (Jee Lelrvam II1) |
The ¢iaztalis bloodresturo usmally dropped afice 25/40 momites and reolly |
shoadd erent to loser In the curtos, as the bowdary had to by edizatoed too Rizh ¢
somatismsa on setount af:tochnissl dlfficultics,
In excetlons sono valtos of 20=-0 m Iig, wero ot marled domn, &8 thy
appenrod Lo ts too low and ret culte pooeddls, °
‘ Tho rize of the Aulselrctuency for ovar 29 pulastions pro 1 dodyteoneroe
twre shomn, that &2 weo ot aly the Mduwxo of tic hoard by tho riso af Tody
taoporatizea tub reslly a more performance of work of the blocd circulotim
due to tranafer of heat,
Foverthnloss, the mulsefroquoncy roas ot tho two dbosrvoed baly teporatwes
It las to Mo ?A&cn far xited , that the pulse does not et his acdoleratixm
in such cesca by tlo Body tempuratiso.

At ahtzo amd cther hoators Aofesasr O, Coloy gioe cfterJ @ 4
yoars sxvise af 4 howrs warl wxler a tapcratare of L5/59° arise of taneratwe |
oi only 0,2<0,3 ,instnad of 2,4 to 2,8 tody trperatiuro, At our aponie |

!
;

M e e a e e e

pereas ,th body teuperate uslly exs o to 39,8 «ctiws oven t0 39,6 ° ¢
80 th=t «posizamts hud to Yo interTujted even at & rolstively good pivsical
vaxiition, as Moot strolos wers obawrved very aften at 37° C (Seo Mofessar ilrcel.
L2iolds explanatice )

Tin bocdy temparatue 45 oy typical far untrained moa a

. shaws,trab the arsanim was not adlo €0 keop vy its nutural eonditicas,

AL tho presting ren, Also the dly tezpersture w3 risine, if tho
adoodtion of the outixeaking heat , arizes Iroa the narzal Uvins caditicns
L prennted (Ses (barnler )

ar . M RIS -



This formatica «f Moat in the dody i3 risen by cotivity of the Kuocles

and guicker chandsal fransplantetim and & ;ressing 6f the hoat froa the ataide - :
into tho blood Mo also to de cm:idc:sd.(:.o;,-tca Sharrinzta ) '
At teeratures highwr than 26,6%,incrvacsd fanotion of boat, stoxdng of
hast, sbactiim of tls heat froa tha outalde hog to o wdded,
- Athouch 2l rotinas (Ciin vasculsrs ) wore stronly etandod & the
Palse wont f2ator am slvongar amd tho body 1a every case zirangtiwned the
adearbtion of boct by dncroonsed evaporation, he 414 et zaccced 4 retaining the
nornal bodrteaperature . -
M ths oticr herd axd in gertain c22c3 the sudjcotive condition of the
aperisont bays cotnelled the entire droztus of the exparizent, Saetinms the
rospirabion bacase brezthing and the secrotion of the pers;iratica dropped,
A b3 foclinz, tin fooling of a disarrensble proasure oa the Xead
(Thay cried *I Loose xy hoad * ) and stasaotroudls were oduarved 4a o gocater

Carroa. ,
Tholimr this fodling correantyis to a paal increase of prosxre in tho

- hoad ,a8 Profoscor Schummsy roquires it for the acute rain g;stea at heartatioins,

1s vy hasd 40 decide hore,

In ey c1%8 &% a ook of thooe experiza=t soldless,
the faco mna clichily uflazated ad al{tYy cyacotio, The Conjuciiva ond
Siders very o2Lc2 vorg strangly injectcd, tho tamporalis w23 very clexr to 8co,

Tee loss of welskt ia Lle everums was enarting to 24500 G a 70 minules,

The cxperiasat soldlore ubd wpe goaerally i sondod condition even d2d ncld ooee .

pore weizht 4n 25 cimtes.
An incroased guldrous of poropiretion elmsya otarted at the z
tests, A feoliye of Liard w0 ool to otderve, A lecding up With zater ab such
Algh tanreraturas would fave d tho affect of & hizh bwdea of the blood circue

V latden, (lahnan & Scakald ),

_ uu%g t3 & nsim?'a:n;hgameum avopred a 1itdo bit,
sda alsw porsplr a3 edvizabla, o3 cach fallins drop sill nwer
be consuod far the cooling, A cafinito o:kz’usum of ths rcr.)plfnum clax's way

- 2eRr Lo fuer, a3 alio noh tralnsd permons em loxe g £o 2500 Crams guaat,trained

- AP - AN T .

acm mtu-;i.’,,r ‘::x:hdm.
tio end o the expari=nts ab leaw, in moot of o eazes, tho Linit
the gizoat wes roully dae, Alco fres th ot2siive standpalnt the :o:x.’.itim n::
deagerous, eltbou:h it L2 hard to sce this fraa t's curvos =ittt eny Cifficulty,
L0 oo amd 1.5 ma g bloodwresmime ¢aat meca & callcpzo,
e distwburcs lac to o foad centrully,so thet 53 mascdlex chinps i
«aly .ppg:B; & wﬁon:;g:;ca and 5;=plaes of this intarior dxace, !
3 ze8 ia {3 ovolutim of Mxrogen, by trles
a&collastisize to ths chinsed canditics o lWwtage, v Ho to
“xr t.hoLbodmy i3 pot “ccﬁ”\:m" callarse masd erter,
perivat, porsan 50,10 thils ccered Lxnditeoly after s
arerizont m a0count of a sudiny nciposiitan. -\lthm;:,y tie t‘\.‘dw:{.: ?bww o
the carflcpe umally occurud Lx3dl-tcly efter the etromo, Txosispat xraa Ko, 18
dodiately sternd ot with o unrest,esd a foeling of resoure dn bis etacag,
Ho at oace Lricd tu Tuot,tat tog mm to e wvaterfouatain @ sccout
nfhs:ybwatomctmbh, Wi M collipaad, o £2£€, which vas up to than
Verede Tho paleo a1l U Li2 van vory oot e ik (r%0 soon reco-
Fy ~ - wag - 11led
q“u& N ¢ othe of the
Texmlt of this perzaml imvoctistio of this =un showod
T70r 8 glrssen £ het.‘nmuhrmafgmubodumly: élmkatuch‘..

thay, T° T ooriont prams (4010 md 1L ) oculd ot stand the best

L"”-Ik.uu-.u-ar s
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ok & 1t of alsciol the day Wefore, Hoewwor they oy 'nd & slicht
y &0 thay ware exposed to ly 50 roatesperaturo oxd iasisted

L ."_’wthltoppimct the exporinuct clreedy et a 1loos &rarsarouws caditian.

Ab experizam perswa Do. 15 howaior o bloddroecauro ml pulse were nob

' . narasl tefare Lbo begianics of s eporizait, e bloatalroulation 1 tals

9 L3 rozicly rislng tacparatu g b

', ‘M’igm w8 5t cbls to catizus thise

axporizart petsan ko, 10 and 3, 15 the dloadrrecarez=nlitiale
DosMIs analley shatly Dofore Lhs colls s, e3;aslally by einidne of tha syobos
Us bloadzessarge Exmorizmeat persen 13, 9. 23 tho aaly o fellsd cayplotely,
A% the resctica tiss (455 faulls ) anxd wop eluesly very s=2vauw defors, ab a
time,ahore ths Dloodpresamrecl:=zntlduds vl really szall.
The moebing & high bloodoresaum ot U wsindaz, the sinidng gt expurisects
in the underprosauscchasbar after a woull rise &d €21lapso w9 fourd by

- Ppofessor Douserar, Juat as at a cortain aciciwg.tion U cporiment parsais

lost Lhs oauyciousness L the Uloolesumo waa falling, E
s I8 ardx to waccrtadn, how an el coallng alfests a3 tio elasls moingo-
size0 ,thy erpein:d persans sore bhlam fill of s4r at a roase
Lperatic’s of L7 Wy a kind of a thoriad cachingl Mo carrest of Talr cooe
kit tho froe &xd the throst fras Lho richkd size with a valocity of
8,5 kAt ths exdt of tho pire (L0 c= Yolro tho Moo ) |
thy hoad, Lt curreat alr w3 anly 2,2 & Jacii.
In 3 siazlo olnte, oo LR 59 Liter af fresh elr cazg Into the
roan, dilch mturally ad o s hooted mxk stronyr weardiachy.

1, T alrscveaent had a pire coolinzeffoct 1y the lov texpemature,
yven L <9 Lolors Lo roam vesreratyre of £57 %20 monowred in ths helokd o
the bedd,n tesarulion of Ws el &b tho tursotssob fo the 2506 -5 curteine
1y anolher fov Lgpued lised.
b coodlys slioct af tfe parspaiticn 223 canalicrdly faspecsed 423 z
It coull evoncrile Il Woler anl bl Orothly oatel ol wi3 2B to aceopt
nthe ll:»&rauuu Lauover tho positivy effcct of tho noved air at
texpaatures af 20,07 L0 wry auch woubled (oo A lase , Yosetd, tiawch
yogocica ~"illcr )
Jeendine Lo Lot athars tho apasure & cbimovemnt 4z such casee
1s wforarablo, o3 ko L alr hus a batter offect cntls Doy X o
eoolinmanozm W foad.

ALoch o Wogaratures verw partly Micker Shen 2 G2 exporie
st withol eowoiling, U0 GWlia se enterad and even 23T 80 =laates the
oxitim a3 Senrrilo,

The gyslslls SIS xosswn astaally crops and thee gradyally rlseo,Nd
oevee over U0 M T3, Tho &loLlolds blocy,.micage mvnin. caostund or ob
the Wmghradrs rlzac a L 3L, L @lor to fall then graduully o=l m,
8 that the mplitedo ANy Lucaws (realil,
s b3 25 & caslicicd oo 8 wry ol &k, asat tis
Frovions excerinents reclly cath diatmiclica af the e=plitr's wag meccdad by
a strons datorlamilon < tho puerel sondilicy, es;eclilly it was a ¢rop of
the gystalic hloxTcsxv,
e sos axporicice a8 aséo by Mrofozcar Tr, Raakm with an excord~
st e hinself At the wlersdeawrech:ber b 405 2 Rg. alrpressuro. ‘
{

—-— - —— - —— . e

Bo found, th Io L Wla,roosase e o) af L5 systolis Bloxde
presscre  alzost alod recoes the plitwieahitlst tha dlastalis preszure :
e5p00iAlly at peracos xiid & grest pover of res.atencs ahowod & tuniency to rise. f




b+

N
The mulze £irad of 2l rase Jiot the oo homovar ok slovar afler

. P clmtes in ol ta becom axe frc-uerd  aftor 55 aluios,

10 xl-ations a alnto after 8) zlratos wuro ebsoliloly bearsble, .
ThcTv ~Ure reva aay Wowlss fras i side of the twwrt ouwar. Te rise of

temresetivea vas @il up to 6D zimm e3 kit then srongeT, o0 Llat O

il zlle eccurate Jicures could Bowo hedn Lfixod, T aasiors of tin tode

parature & pulsne nwver stood In a proyortica &t oe axd Us oo perss,
F, L “pocclxnt peraoa L dn clllurent axperizonts hagd a body tagc=

rotwe of U0 and L0 vitten g% 33,57 (3 berson by, 22 &b 350 hid a body

- tempomtire 8 105 ol & ;lmy of o (aly tlo daccmuling augles of bih

CwIvoe Savad a wab rosallace,
& ths cverago calculations il valuss eqnrl x%v alroxiy.
AL an ol baljtenpemtore the frecuency of the puliae 49 Hiricr & a oo
tar efford LL tho Lincb,
1L the irorenied bostir--olumn (Iahman IT Irvine Fister ) has to
b2 eqaciiorad, it can b dxnsinod vhieh enor:oas wars a Newrd FaAs to pirlata.
For t1 Nozoarchos with eiscssling (Tehls IIX ) the valnes of the
I .o aro reletively hich, a3 anly allter a considardly Lage tisy a bdye
teoacay of 327 can ba obtadned,
. losg of wtisit wad almeye cantlloridls. & pert af thia logo 4s deo to
the £:.5% , thal & troondous lees by &incd has to o cawsidered,
AfLss /30 sinutes the croal wrored dom i bie drons fron tho f2c0,

| the ix-0 Son breest end aima, CUlst o the cthoe mards of the dody a scaller

wll distrliviad evasamtim vithad wy farastion an crore taax pisco,

ot e by Ll fo franted froq the dncreccod ropmiratio,that also
ths et surfawm of 2oes i3 Mndwced Sor Uie cooling,

An irercaced cweiianllas of O, ez be tis reas: fo this,os
atcarcing Lo et & lzunll and Al hegdiingr tYo comrivtion of )
{a the beat do iy sliphtly s=2aller, b risaa pevar 2o tha 10D

AlDd Dolssxr Adolnh nover found wa ovarrespimmtima althach he dosa .

bos ths biextls e rreping,

Xy an evapomatian of wmbier hla lean succesded at whieh Lo hot and ¢ny
air i» chyed inv0 cold ind wetefilled alr. Tacreiace biocod ¢3 wall as aly
were cooled {a ¢ X,

T rise o€ the ouler evancralim L abeglutaly recesanry 2s ab sued
Inpeiucd tnpastig W slcoartiim of Lol Ly rwaiafur ol redlotion dxxs
D% tan Aacs,shich are wWally nbwclol &t £l of bodzteoratures -
o X o= 0 o To poraibtiililcz of evpatia da We Viabor wev
Wunlly sllaeivte T Daildlily ol Ulo air ia tio roos ard at the
bezinnis, o the anerizmts in tin Whaler with the abiyiroceter relativel;
BRAE G asaunt e to WX at . ° °

At tho exqeinant ab K07 =55, et 55 =%, b & 1%,

At ths bostraling Liss e iJy< (Taa & waitar pro Ablcoster wre
exlculitad i at v e O WCu xe wliniter alr, oo that a et posale
BlLy of croparatlia w3 av-llaula it ron,

o Laos o wilgw L Llidly &) Lavlo i I woarde o 1,2 FMlosruan ia
€ nixtes ar R II 1,6 Jlozza in D ainwtes, od 8 X 1,5 Koza in

87 alates . °
dw rest tiecsice was ¢ Pro )l riso of tnpartture & loes ¢
oemat of 33 2 9o7 hx &t 07 wuch 2ol corTospaad to & ocalfaes of 22,0
Iad, oF 00 &5 ' daxboaerslce £ incccase of 555 eller g,
L oyo per tas L. 0 = 24 sclaerics, cdltc thar
R G par baur &b 357 anl Vic<inz in «l9 calarico-5% Cal elliop: '

°
Thanfiures ge casddradly wror the valoes of 42 graea ;xo L

— e .




nl Sigurss to make far the degree of thickining. 15/30 aimtes,after tho,
R -»_gr;_.;.;;'- without edditional lijuidity fra tho cutor sido, the bloodsancontration h

vy alowly
o U 8 powrdng of ¢ell lzlquidity, At the end of the experizent with the cessing of
o pixni the sweat loss, ths blood hes to caw back to norzal eoncentration, :

17 . takme & mach longer tine, {heth > the increase of the Cryththrocydical firures .
“. proves a thiskening of the bloodyds nct adaitted by com authors. Basctt: :
i aleo uakes & ;jouring of Frythrocytes out of tha spleen and bome marrow LA

" any valuable Pesulto, At the sesding ard cancelling of the lotters the oxere
.+ ocise always excellad the dumape czused by heat whish possibly entered,

. seuotises bofore the end of the c:;per’mt showed & lock of concantration '
Lo ospesity and a lack of a quick reastion, whilot at all the otherm Exporimerd

- bloodpressurs after 20 nirutes was recovered again,

. ey dropped after the oxerimnt  the wsual helgh, The dropping
S usu&!y oacured vesy straight up; in the fircl 5 ninutes howwer somotimes

" 90/i0pulsations,tad then mmoh slaser, 50 that after 0 mimites thore worw still .

it

LN
. ofjn
.
&, -
.

Mhmrlntb Mmunmrammmm:mn.

At t.hn mtmirg of the Red bloodcomwcha som difficultins oomred,

a2 dow to the lacc of tim the counting could not alwvays be added immediately
"/ %o the taking of blood 3 o

- Kowover ths cmpaxﬂng vnm at omrinent. persan 13 and 21 speak

for & cortelin exactitude (Correctness ) At tho conalderabls loss of water tm‘
2o,  Blood evideatly 45 thickened, Ths olosror the losa of eweat,ths stranger -
-7 the thiskening (xperimant person 13 and 21) as the Lisulditg can pour only

— -

from $ho cells into tho velns, T fisher alresdy after 15 minutes found

This ocowrs very frnat at the single experizent perszons,se thore zre no

The wmﬁioal ts.gumc apzx'wsh azain to tho ammal. AL Bazett

.again normal afier & hoavy H20 loza,
It 1s canwpicions, that ab people in 2 b.sd comii.tim,t.he thicmmng

dbls whilst Dr. lilllar has the stincpelnt, that s thickening of the bloo

T u not pouxblo at alle

2
"~ The world wide fascus frofeszersDyr. lshman -7zekall, Schuermamn i

M Dr. Hass and Dyr. Bazett are entirely for the thickening of the blood,

The exchangy of wator will bs mde possible by an "tncressed capiliarwal

:, Mility which ¥r, Schuorman counts &s a grext hara to t.ho Clpillarmll under
sarious :ni‘octmzﬁaoo Srofescor hpplim*er Sm ' %

O
[
T tines of t.ho resotion and the psychetochnical tests did nct show ‘

At the tims of the reacticm,only exporimerdt soldier Re, 9, flready

persong thotmuctthorowuonmmwmmworuybatm the
collapse oantored, -
Ths recowry alrwys sucooedad qulick and good, The noamal
If ab the bepimning tlv valuns wers over the namal figwes,

“Tha Pulse returded during the £irat 10 ninutes very quiskly, ebout

o 20 oulsationas aove pro simite thm at tha boglnning.

Aso after the ahovmiugtbo )mrt in st of tho craen ctium

b

N
' 'mo o E
' Kaloryezfs ]

oburvat&on th;t thc pulse recovers mxh qnlckea- as
pm:mmhwmurmttwthtkw n:.mt.uotuumovry

mmhth- mt-'p-m.m mumuzm (30/35 ) th-boq




o i of irxhnpo..it-iq:\ o averl & colirlse, 5o the next cdays shon.d a preater

- ttrolm st :Mplmws.

+ ", " . .;"

t.mprraf.m droppod 0,6 each IO nfmtes, .~.rw 2a/,o rimtas the 02 emdition-

%as notyot rocovered arpin, Ia 4 casoes with hisher sterting tmmtm 37-37.&8

. the bady 600Liantisizod after th» urveﬂmm’. to & lawer stard,

Aldaszh Lie roxa tespmrsture und tha sukinctive ccnditim m nct '
‘ nlms cotiafmborily.hoamc'ws ond oliclt outbraziss £ owsat and a penaral wedle |
| Dess ke“t. 0 S& &b leash ik Giw dey fran theas bhard and tiring experiments,

I t.ho e.pezdm't. ves gtorped ab the o:.pcr'u'mt person on aecount

- sensibility agminat heat and cn alrost depressive fors before each kind of .
hent burder . At eperiment percon o 1:3, this onditdn ket m Lo cnot-lm'
7 duys cccompanied by reelly dissyreccdle palns dn the keelhoad,
B A thy olichtent p.‘m.mul ond montal ronsons & mudden breskont -
of mmat cntered,condltions »08 tley vore obcmal by Dr, Hirschfleld aft.er
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