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INTRODUCTION .

In man, thermal regulstion to stressee imposed by a
hot epviropment is accomplished mainly through the evaporation
of sweat from controlled sweating. This paremount role in
hent regulation makes the sweat gland apparsatus of vital

importance.

The increase in sweat rates on repeated exposures o
high temperetures is unequivecal. The assumption is an
inoreased activity of the sweat glands, based on the findings
of Ito & Adachi (193%4) referved by Kume (1956 p.320). The
authenticity of this sssumpbion bas not been guestioned.

It is not hmown whether the inoxease in sweat rates due bo
acclimatization is due to an inerement in the activity of the
gweat gland or fo an incresse in the number of active glands,

or to both.

The marked decline in high sweat rates on prolonged
exposures to high temperatures ié well known. This aspeot
has received more detailed investigantion than the above.
Howavers the literature remeins dissonant and many widely
aceepted concepis are tenuous. This degroement in sweat
rates is of practical imporitance in the eticlogy of heatd
stroke, and wen's activity in cerdein hot enviromments

/becomes limited.ss.s2



becomes limlited by the declins in thelr swent vates.

The present investigstions were designed to study
sweat gland activity in the unscelimstized and seolimatized
siate; to sse whether there is an increased glandular
activity or an inorease in the number of sctive glands due
to poclimatization, and te investigate the cause of the
depline in swead reates on prolonged exposures e hob

spvivonments in both states of acolimaitization.

REVIEW OF THE LITERATURE.

Among the First to report incropents in sweet roatos
due to acclimatization was Moss (1923). He foumd that the
sweat rates of "new" labourers in heot mines were about
2,% litres per % houwr shift, while these of "“eld” labourers
were %.5 to 8.% litres per 5 hour shift. This sweat
increment due to acclimeatization was later confirmed by a
pumber of investigators. (Haldane 1935, ﬁé@igﬁ.& il 1938,
Di11 1938, Robinson et al 1941). The experimental studies
of Horvath & Shelley (1946) showed that the mean sweat rate
of sixteen soldiers {two w@%ké training prior to the szperi-
ment) which was 1.6 kagm/he. increased to 2.0 kgm/br. by the

fourteenth dayv, and to 2.2 kgm/he. by the thiritieth dav.

/oaamoueae&§
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Ladell {1951) in a detailed study om a group of seventeen
wnacclimatized men, subjecited to exercise and rest in a
hot room at 93-94°F.W.B. and 100%F.D.B. found that the
average total sweat rate, corvected to & mean body welght
of 6% kegm, increased from 1.1 kgm on the first day $o 1.56
kagn on the ninth day under the ssme conditions. Similar
experiments were made by earlisr ipnvestigators and similae
results were obtained, {Boan & Dichna 194%, Eichma et al
1945). These studies were simple measurements of swea b

loss used as indives for ascclimetisabion,

The studies of Ito & Adachi {(1934) referved by Kuno
{1956) were made to test the itraiming effect of heat upon
the gweat gland. The zabte of swenl was ﬁa%@y@%ﬁ@& aver
a confined area on the symmetrical sites of both forearms,
while sweat wes induced by ismersing one leg in & water bath
et 43°C. in o hot chamber ai 32°¢. After repeated applica=
tions of het dry air (80° - 90%C.) to the restricted region
of one arm, the sweat rates increased considerably in
comparison to the untreated arm. Sweoat drop localization,
size and count, beforse and aflter, indicated no newly activated

sweat glands but the actlivity was considerably augmented.

Fox et al {1962) confirmed this observation and provided

more evidence in a different approach. Pour subliscte woere

Jacclimatizedeo oo odh



acclimatized for 2 hoursdailly for 15 dave with one arm
immersed in cold water at 13°C. Thedr resulte indicated
that accelimatization increasged the average sweat rates by
130%. Sweat rates in the unmtreated arm incressed to 4259
whereas in the freated arm there was no difference in sweat
rates, In both etudies, if the number of sotive glands was
asceriained before and after accelimatizeitisn, then obvicusly

the inorease in sweat rates was dus o inorvessed activiivs

Cytological changes in the sweat gland after five
episodes of 6 howrs profuse sweating was studied by Dobson
{1960). He found that after the first episcde of sweating,
the duct and the secretory cells rooovered thelr glyveogen
aontent and faliled bo lose ity despite degensrative changes
that ccowrred in the secreltory cells, even after the fifth

gpisode.

Kitteteiner {1913) cited by Bargent, (Montagna et al
1962}, was among the Ffirst investigators to report on the
decline in sweal rates being accompanied by an increase in

sodium chiloride omn prolonged exposures o high temperatures.

Later, some observers, studying sweat rates, acclimmtizetion
and reaotion to heat stresses, confirmed only the decline in
gwoat rates, while others confirmed both the decline in sweatd
rates and the alteration in the sodlum chloride concentration
wnder different sxperimenital designs. {(Jotnson et al 194k
Sosecsosseh
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Ladell 1945 a & b, 1955, 19573 Moreira et al 19435

Cerking & Poblnson 1946; hobinmson & Gerking 1947: MacDonald &

vfggm 1950 Caplan 19503 Van Heywndogen lgﬁl}a

Gericing & Robinson (1946) studied in detail six well
acclimatized men, working on a treadmill, average metabelic
rate 190 Cal./m /br., 128 Cal./m*/hr., 48 Cal./m~/hr.(resting),
at environmental temperaturss of 31.9 do 38§ﬁ¢ with 51=-9%%
relative humidity, and 40.0 to 50.1°C., with 1B-38% relative
humidity, %5 w/min. wind veleocity. Their results indicaited:
{a) The maximm sweat rates were beitween the first and
second hour. {b) Thereafter the sweal rates declined steadily
until the end of ithe @&x%h'@@uw of exposure. The decline was
from 10-807% of the average first two hours of sweating. {c)
The decline ococurred at relatively high inlitlal sweat rates.
{d) 7The decline was greater in Inmnid than in dry heat.

{e) The decline was neither associated with dehydration nor
the strength of the stimulus for sweating. It was atitribubed

o the sweat gland medhanism belns fatigued in some way.

The underlving mechanisw responsible for this decline
in sweat rates ls net elesr in the lidtevature. Pracbtically
every investisator describes o different mechanism. The
general evidence points towards peripheral changes yather

than a cendtyral nervous sysbtem Tatigue.

JHancock et 8l.....b
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Hencock et al (1929) attribnted the progressive decline
ivn sweat rates to glandular fatigue. Robinson and his
associates bhold the same view. In essociation with the
deoline in sweat rates there is an increase in sodium
chloride concentwvation. Ladell (1945a) expressed the view

that 4% is the sobivity of the sweat gle

2 that malntains

the tenielidty of sweatb. When gl&ﬁ&mi@y a@t&vﬁﬁy degrenses

the sodivs chloride conceniraition &&ﬁ?@&&&%» ’ Van Heyndncoents
view {1951) is that high sodium ohleride concentration and

low sweat rate is unlikely to be indicative of glandular
fatipue since reduction of the skin temperature decrenses

the sodium ohloride concentreatieon.

Ladell {194%5a, 1951) attributed the decline in sweat

rates st hish rectal bemperatures to gweat gland Tatigue.

In 1958 and 1957 bhe suggested that as the decline was
reversible, it did not represent s true fatigue, but was
rather intrdnsic in the nature of the swest gland response.
Ginoce the decline develops in maximal and sub-maximal sweat
rates, he suggested in 1957 thet adapiation might be the

mechanism involved.

Thaysen & Schwartz (1955) in a dedailed study on sweat

deciine. olaimed that this decline was dus So swent gland
FTatigue. They exposed four unscclimatized men te ltemperatures

of 104°F o 113° F.D.B., relative humidity 60 to 90%, for

/f:ﬂ*@g‘%" NowWrSesas e?
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5=t howurs. They inhibited sweat secretion with atropine
on the left forearm for 4.8 hours. The right unitreated
symmetrical site showed & marked deeline in sweat rate,
while the left ireated site showed hypersecretion after
atropine was abandoned. Repeated infusions of mecholyi
resulted in decreasing cutputs of swent until a refractory

atnte was reached.

Collins et al (1959a) commenting on these experiments,
doubt that fatigue induced by repested intradermal injections
of mecholyl is the same as thermal fatigue. They have reason
to believe that it is an example of "desensitimation" analog-

ous to that produced at the neuromusculsr Jjunction.

The validity of experiments in which mecholvl or other
cholinergic drugs are used is te be held with reserve, as
their action on the sweat gland wnit ig not clearly wnderstoed.
Depression induced by these druge is not necessardly preceded

by intense oy prolonged secretory activity.

On the other hand, Welkin et al {1944) mooted the
possibility of & central nervous failure of the sweat mechanism.
They found that in 8 patients (soldiers in the Nowth Afyrican
desert suffering from heat exhaustion) hypodermic injections
of 25 mgm. of mecholyl (which amount is sufficient to produce
general sweating) induced sweating on the face and neck only,

while the rest of the body remained dry. Thelir view was

/based 0fl....B



based on the fact that in postoperative cerebral hyperthermia,
swent glands falled to raég&ﬁﬁﬁ in & similar mamner, to

eholinergic drugs.

Weiner & Hellmen (1960) do not think that this Pinding

rules out sweat gland fatigue in this ftyvpe of heat exhsustion.

(1956 9.191), commenting om the decline in sweat

' yates, believes that the evidemece ie im favour of s nervous
gysten disorder prather than fatigue of the szecretory cells

aof the sweat glend. His belisfs are based on the findings
that sweat rates, after being suppressed on experimental
subjects in a szeversly het chamber, were restored when they
returned to cool aidr and, Duwriher, that depression of sweating
was assoeiated with mild nsurological sympbtome of heat sivoke

which ceowrred during the expesurs in a Kettering hypertherm.

Hertig (1960) advanced the view of depressed irritebilitby
of receptors. When the skin is wet or fully hydrated waier
diffuses and ie reteined below the epidermal barrier layer.
When this layer is diluted with water, so does the chemical
enviromment around the preceptors become diluted, whiech in turn
would depress the irritability of the receptors. However,
when the diffusion of watbter is prevented, the rate of sweating

remains the same.
Pelss et al {1956); Peiss & Randall (1957)3; Randall & Peiss

F1687cccocned
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(1957), hold the view that the mechanism invelved in glandular
suppression is hydration of ithe herabtin ring around the sweat
gland opifices, producipng mechaniosnl coclusion of the sweat
pore .

Sargent {Montegna et al 1962 ».205) cielss that on histo-
chemical dete the large pale cells were irriiable dwring

hypohidreosis. Un these grounds he refutes the hypotheses that

low active gland demsities or low gland sctivity are due o
gl ther fatigue of the ssoretory gells or & neurcinmoral blook.
He advences 2 view that ths output of sweaid mayv be cenlroliled

by the asotiviity of the cells in the sweat duct.

Collins & Weimer (1962) using the arm bag methoed,
investigated the site and cause of failwe im,@wéﬁkimg o8
prolonged exXxposure bto high environmenital btemperatures. They
coneliuied that tThe reduction of sweabting in the arm bag may
be due to ccelusion of the swead gland ducts by excessive
skin hydration. Furthermore they state that,"While mere
gvidence is required to confirm the relationship betwoen sweak
suppression in the arm bag and in "fatigue’, the conditions

which prowote sweat gland feilure appser to be the sameY.

Dobson {1960) on histological studies showed that after
profuse sweating Tor siy howrs, there were degenerative changes
in the large pale cells consisting of atrophy., vacuollzation,
fusion of adjacent cells and pvknosis of nuclel.

inc@eawoaai%



Six umm@aiim&@iﬁ@é mele Africen Mine lLabowers, age
2025 years, free of skin diseases, were selected ai random
(Wos. 28215, 125121, 125105, 70432, 70459 end 70548). The
sxperiments were carried out in a olimatic btent, with the
alr bemperatures f&irly constant at 90°F. Wet Bulb and 99°F.
Dy BPulb, {(Minieh 1960). The subjects stepped on and off
an adjustable stool for 44 hours. The length of time chosen
was sueh that all ﬁﬁa@@&imﬁ%&%@é ﬁm%@é&ﬁﬁ could complete the

ezperimenial run. Durations longer than 44 howre ecould lead

to dangerously high body temperatures necessitating w&%hﬁfﬁwa&

from the experiment.

The height of the stool was adjusted in accordance with
each subject’s body weight, so that the work rate was 1560 f£t.
ib./min., and the oxvgen consumpiion was approximately 0.9

1it/min.

The test was performed itwice, dwring which time hourly

pulse rates, rectal temperatures and sweat retes were measuwred.

in the first test the subjects were completely unaccli

timed.

The second test was carried out only afiter they had been
acclimatized at their respective mines by the Chawmber of Mines

Two Stage Method of Acclinmtization.
fﬁl@ last ;aaaaﬁll
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The iast three subjects {70k32, 70459 and 70548) besides
being acclimatized acoording o the above method, were
avclimatized for a further 4 days in the climatic tent at
test temperatures in order o snsure & gooed degrse of

acelimatization. The Fifth day was set aside Tor observation.

In order to obitain a representabive pleture of all the
swent glands in the body. twe tyvpes were chosen; Flrgily the
acbive glandzs on the chest -~ the sibte being ot mid-peoint on

& line from the left stermo-clavioular Joint %o the nipple:

speondly the less active glands on the back - the site being

an the left mid-soapular plate.

A Five cendtimeter square thin sluminiuve plate with a
12 mm. sguare cenitral aperture was plased on the body so that
the dhosen site was in the centre of the aperbure. The outside
borders of the plate were marked on the skin with a ballpoink
pon so that repesated impressions could be taken during the

bert at the identical noint.

To study the actividy and number of sweat glands, the
skin areas were brushed clean with soap and water, the hair
shaved and the plastic impression method of Thomsoen & Sutarman
{1954) was used. The stock plastic solubtion was prepavred by
disasciving 25 gm. of polyvinyi formal and 5 co. of bubyl

phthalate made up to 500 ece. in ethylene dichloride. At the

/begimning of sceocl.l?2
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beginming of each test a fresh sample from the stock

enintion was used.

The prints were Saken by pi&@img the aluminium plate on
the marked avesa of the skin which was blotied dry and iswmediately
painted with the plastic solution by means of a brush (3" wide)
being passed over the aperbure with one siroke from righit o
ileft. It took approximetely 15 meconds for the print to dry,
whersafiter 1t was renwved with a traasperent adhesive bape
{cellobape). Consecutive prints were taken svery 20 minubtes
and placed on o numbered glass slide. A point was idenitifled,
asually in the centre of the print or close to 1t, and photo-
graphed throwh a Zelss mloroscope~camera attachment. Bach
sweat gland ostiuve on the pholtographic paper was numbered,
therafore on consecutive prints the osbtia were acowrabely
identified by the pattern of their distributien in relation

o the skin groove lmpresslions.

The pumber of active giamﬁ@fﬁmz were counted by photonetric
projection, the scoreen being 235 om. fyom the refleciting prisw
of the microscope. Five millimeters projected onto the screen
meagured 56.5 om., the avea of the microscopic field projected
was 0.3 @mg& The number of active gweat glands was cowunted
over one gentime ter sgyuare. Perforations that reached the
upper horisontal and left vertical lines were counted, while
only those that had haelf their area within the lower vertical

Jand righbe.ocss19



and right horizenital lines were oocunbed.

The relsitive sotivity of the ldentified sweat glands
studied from one microscopic fleld was assessed from the area
of the perforation projected on the soreen. The average
diameter of @agh perforation was measured to the nearest
0.5 om. from the horizontal and vertiesl diametsrs. The
activity of each swealt gland was expressed in terms of the
square of each diamebter, e.g. {ﬁs%}ﬁg {3s§}29 ﬁag*{heﬁ}ﬁ@

{5.0)%. gégﬁﬁiﬁg a comnon factor to all fFigures,was omitted.

In some instances the rewmeval of the prints from the
skin resulted in & slighit tear to the perforations. These
digtortions were obvilous and therelore disregarded vwhen

measvring the average diswe bers.

Volumes of secreted sweal wore not wmeasured. Thomson &
Sutarman {1953) showed thot for sweat rates below €3%.4 man/100
@mgfmim@ the size of the perforations was directly proporitional
o the guaniiby of swest produced. This corresponds to a
sweat rate of 700 co/hr. in an average man of 1.75% e body
surface. Collins, Sargent & Weiner {(195%) measured the
sweat volume by the capsule method of Dole, Stall & Schwarts
{1931} and intimated that this relatleonship was probably brue
for sweat vates up to 1186.6 mam/100 ngfmiﬂa induced by direct

esating.

/On the chests 0f .cssoseesdd



the chests of three subjeets (125121, 125105 and
70432) it was possible to identify and study the seme glands
before and after acclimatimetion. On the other sites {chest
and back) it was not possible to identify the same glands,
although the measuroemonts were the same and could oot have
been more that § centimeter away from the previous site.
Plastic prints taken from the backs of 2 subjects (1251035 and

70548) were not satisfactory for study, so they were discarded.

Skin temperstures wore not baken. Water was given ad libitum

tomperatures.

sxoept f@? % bour prior to taking

2

Typical changes, mainly the devreansse in heart rate and

recial towmperebure, and inocrease in sweat rais, whioch ave

o

charecterdistic Feabures of soelismatization to heat, were

cbheerved im sach of the six subjects. There were hno signifi-
gant differences %@ﬁw@@ﬁ the theree subjects whoe were actlima-

timed further in the climatic tent and those who were not,.

The éa@a herein are therefere based on all six subjects unless

atherwise mentioned,

Plots of aversage heart rate, rectal btemperature amnd
sweat rates against time for the group as & whole are repre-

gented in Figure (1), while the detailed figuwres for each

Jindividual 8:9....15



individual are represented in Appendix A. The character-
iztic champges due to acolimptization were distinotd. Swent
rate values for the first hour in the acclimatized sitalte were
similar bo those in the unacclimatized state. fne would
expect the sweatl rate for the lst hour $o be higher in the
avelimatized state, but this was noet the case becsuse,
although once sweating commenced, the flow was greater,

the latent perisd was more prolonged, particularly in three

of the subjeets. Thus, the swesting time in ithe acclimaitized
sbate for the first houwr was shorter than that in the uwanaceli-
matizned stade. This was probably due pavritly to a lower
initial rectal tempersture. The sweat rate at the i howr
period appears to show a sharp decline; in reallity this was
net 8o beosuse the value plobtited represented the sweatd
putput for @ﬁiy half? an howr. The &@%imaz&é valiues For the
sth hour would be approximately 250 ce/hr. and 450 co/hr.

unacelimatized and acclimatized raspectively.

ACTIVITY OF BWEAT GLANDS BEFORE AND AFTER ACCLIMATIZATION.

Por sach individual an aversge figmr@ for the relative
antivity wasg obbained for esch halfl how perioed. Thesa
vaines were bhen averaged fox ihe subjecis sveilsble and the
vesults are given in Table 1. Pilots showing the average
activity per sweat gland on the chest in the uwnacclimaiised

and acclimatbized states, as well as those on the back, are

f@iv@fl AMv e s n ﬁ&é
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given in Pigure 2(A), Figures for each individual gland
at hal? hour intervals over the 4% hour peried are given

in Appendix B,

™
Eaba
P

Pattern of Sweat Gland sectbivi on_the Chest.

by

The sotivity of sweat glands on the chest in the unaccli-
mabtized state showed a progressive increase, veaching ids
maximys value at the end of the 20d hour. This activity
declined slightly until the end of the kth hour, after which
the deeline was rapid. From the 2% hour peried onwards,
the half-hourly activity was 88%, 86%, 83%, 779 and 499 of

the mazismm value.

In the secliimatized states a different paitbtern eperged
in that the activity progressively incrveased at & higher rate,

eaching o maxizam peak at the end of ithe seooend hour and

B

subsequently deelining rapidly uwntil the epnd of the experiment.
The maximam activity was 669 higher than that of the unaccli-
matized value, while at the end of the sxperiment the acitivity
was 5% higher than the corresponding uvnacclimatized value.

From the 2¢ hour periocd onwards, the half-hourly activiiy was

w

90%., 67%, Th%, 647 and 455 of the meximum value.

é i4 3 gvﬁ”tﬁﬁmﬂ of Swesnd. . Glan

Sweat gland sobivity on the unacelimstized back showsd a

progressive incrvease until the end of the 14 hour period when

/it reached its....17
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it reached its maximum, which was lower than that of the chest
{Figure ba). After the i1 hour periocd there was a pronounced
decline until the 2% hour peried, whereafter a steady slow
decline was maintained at a low level. Prom the 2 hﬁﬁr peried
onwards, the balf-hourly activity was 869, 2094, 258, 199, 16%

and 15¢ of the maximum value,

Sweant glands on the acclimatized beack showed a patbern of
activity similer to those on the acclimatized chest, but at a
iower level, and the drop wes sharper beltween @%ﬁ Ind and Sed
hours, whereafter 1t éﬁ@wﬁﬁ a slight decline wntil the 4% hour
pericd. The maxisum activity was 110% higher than that of
the uﬁ&@@&imﬁﬁixaé value, wﬁé&@ at the end of the experiment
the sebivity was %éiﬁsﬁigﬁﬂr than the corresponding wacciimp-
timed value. Hence the inorement in glanduler actividty ve the
back was greater than that on the chest. From the 2% how
pericd onwards, the half-hourly activity was 590, 41%, %0%,

319 and 329 of the maximusm value. The rate of decline in
glandular acbivity on the back in both sitates of acclimatimation

was sharper than thet on the chest.

(144) Assessment of inoreased Sweat Glaend Activity due to
Aeoiimatization.

In order bo assess the inorepsed actbivity due bte acelimn-

tization. the difference beitween acclimstized and umsocelimatie-

mad valuves for eanh individual a8t bhalfd houwely intervals was

/@&t&iﬁ@ﬁ% % % @ L},&
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obtained. The averages of these differences were then
caloulated and 957 confidence limits were obtained, (Figure
28.) (See statistical index.) Where the confidence
intervals do not contain zers, there iz a significant
difference at the 95- level. On this graph the inereased
activity of the acclimatiged sweet glands on the chesd is
significant at 95% confidence level up to the 3% houwr peried,
thereaf ter the significance level declines fo below 958, It
gould probably be significant at 909 or slightly lower,
whereas on the back, the increased glandular asctivity is
significant at the 95% level up to the 3} howr periocd, and
thereaf ter slighitly below, probably between 907 and 949 level.
For the overell peried, the incresse in glandular activity

for both chest and back is significant. (Table V).

THE RELATIVE QUANTITY OF SBYWEAT SRCRETED PER ﬁﬁg

AFPTER ACCLIMATIZATION,

BEPORE AND

The relative guantiity of sweat segreted per ﬁ%ﬁ wWaa
ealoulated for each subject by multiplyving the average
relative activity of the identified sctive glands by ﬁh@
pumber of soctive sweat glands pey @mﬁ for each half hamriy
interval., An average was obtained Tor the subjects as a
wﬁ@le‘fﬁr each interval {Teble II), the pleots for the chest
and back being represented in Pigure 34, Differences due

o acclimatization with 95% confidence limits to the average

/differences are....19
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differences are represented in Figure 13B.

The results show that the relative sweat auﬁ@mﬁjamg
incrensed in both instances on the chest and back due te
acelimatization., The pattern of the graph {Figure 34) was
very similar to that of the potivity, rather than the graph
of the number of active sweat g&aﬁé@/ﬁmg {Pigure 64), Theig
the ¢lose relationship between swealdl ecutput and glandular
activity was well exhibited. Although the two patterns
were not ldemtical there were minor differences, dus to some
extent to the mumber of aciive sweat glands. Only bewsyds
the end of the experdiment, after the setivity bad declined,
did the pumbey of active sweat glands assume importance in
influencing the sweat output. The overall results showed
a significant inerease in sweat oubtput after acelimatisation.

{Teble V).

DIFFERENCE IN SWEAT GLAND ACTIVITY AND SWEAT OUTPUT/CM
_BETWESN THE CHEST AND BACK.

In this study the values from only four subjects (28215,
125121, 70452, 70459) were taken ms the remaining twe had no

values for theilr sweat glands on the back.

The asverage activity for the four subjects was oaleulated
as previously descordbed and comparative ploits between chestd

and baok for the scelimatized and unecclimsatized states are

/representeod if.....20
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represented in Figure 44, Similarly the comparison of sweak

L)
output per em” is shown in Pigure 34.

In sll cases, the sweat glands on the chest showed
higher sctivity per gland than those on the batk. Parailel
to this, the sweat output per &wg was greater. Figures 4B
and 5B show the asymptotes of the 95 confidence limits to the
differences. I the umﬁ@ﬁii%ﬁ%iﬁﬁﬁ sitate, ﬁﬁ@ sweat gland
activity and the @mﬁp&%f@mﬁ ware significantly higher on the
choest than on the back. After acelimstization there was no
signifieant difference at the 957 level, but at a lower lewvel
the difference would bave beebh significant. This implies that
after acclimatization the inorement in sctiviity and sweat output
on the baelk was greater than that on the chsset. The overall
reault showed that the chest was significantliyv pores seiive in
both states than the back, but the outpui was only signifiecant

in the unacclimatized and net the acclimatized state. (Table V).

e ,
HUMBER OF AQTIVE SWEAT GLANDS PER CM° BEFORE AND AFTER
L ACCELIMATIZATION,

The number of active sweal glands per sguare centimeter
was counted for each individual &t half bourly intervalss an
average for the whole group was obtaimed (Tabie III) and the
plots ave represented im Figure 64, Asymptotes with 95%
confidence limits to the difference between acclimatized and

unacclimatized values are represented in Plzure 6B,

/This study waS.....21
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This study was made fror two asspecisy firstly. the

Jmman namber of active sweat glands, whieh was uswally

The maxima average number of active gswest glands on

the chest was found to be 76 %@@'gm?g There was ne slgnifi-
eant difference between the soolimetlzed and unascolimatized
&tates. The mumber of active asweatd glands, subssguent to

sed slowly and steadily until the end

the mazimom count, decll
af the exposurs, when the pumber of agtive glapnds was approxi-
madely 654 of its mazimum valus. There was ne signifiecant

difference between the mumber of sctive glands for the overall

poriod belfore and alter acelimatization.

On the back, the maximum nmumber of active glands showed
no significent increase at 950 confidence level after acolima-
tivatlon. The average increase was only f@@&:?ﬁfﬂ@g o 3?/¢mgﬂ
The deocline in the number of active glands, subseguent te the
mazximun count, was sharper end more marked in the waccolimatized
sbate where it dropped to aporezimeately 3% of its meximumn
value at the ond of the exposure, as compared to 607 in the
asclimatined state. Durdng the first houwr there was no signd-
figant difference in the number of active glomds before and
after apclimatization, but after that pericd the difference

was significant weitil the end of the s@posure. For the overall

/period thers was....22
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period there was a significant inorease in the number of active
sweat glands in the sceclimatized state. This implies that
sweat glands an the back show a prolonged activity due 0

acolimatisation.

The 2x2 Chi-sguare contingency tests, gorrected for
gontinuity, were carried out in order to see whether the
number of active glands inoreased with acclimstization. The
results of these tests are given in Table IV and generally

show a positive tendency fer the nuwmber of active glands to

incroase. The guantity considered wes the "wm® imsctive

DIFPERENCE BETWEEN THE NUMBER OF ACTIVE SWEAT GLANDS ON THE
____BACK AND CHEST,

In this case only 4 subjects were studied. Values are
represented in Figure 74 and confidence limits in Pigure 7E.
There was no difference between the maximus number of active
swoat gl&a&ﬁ/ﬁmg on chest and back in either state of acelima-
tization. In the unacclimatised state the decline in the

2 was greaber on the back than on

number of active glands/om
the chest. Significant values on the ohest, abt 950 confi-
dence levels, appearesd after the second hour and reowmained
positive wmitil the end of the experiment. The overall

roesult for the whole period was significant. In the acolima-~

/tized state...23



tized state there was no significant difference bebtween the

&;
number of active glands/cm” on the chest and back.

Bweat gland @mﬁymﬁf@m2 was caloulsted as previously
described. Piots of sweat gland am%gﬁtjamg in all instances,
on chest and back, acclimatised and unacclimatized, against
activity, are given in PFiguve Ba, whilst oubput against
number of active glands ie given in Figure Bb. 4 correlation
egefficient could not be caleoulated beocause sweat output was
galculated from the numsber of active glaﬁﬁ%f&mﬁ and average
activity of the mctive glands. (This figure is different from

sverage activity per gland).

The graphs indicate that there is a good correlation
between sweat output and activity, while there is no corvelas-
tion between sweat output snd number of gl&ﬁdﬁfﬂ%gp On the
other hand, if g;ata aof low sweat osubtput against the nunher
of glands were made, a correlation would be exbibited. {(If
high eutputes on Figure 8b were excluded, a good correlation
would appear). Therefore a corrvelation between sweat outbput
and mumber of glands is true for low activities or low sweat

rates.
/nﬁcoanot!oﬂ%&



*FATIGUE" OF

Durding the observetion of the sctivity of individusl
pweat glands 1t was found that some sweat glande were intere
mittently active and inactive. A gland that exhibited this
transient imactivation was referred to as a Yresting gland”.
The number of "resting glends® was counted for sach individual
over the whole period and a percentage was caleoulated. If by
the 4 and 4% hour periods a gland was found to be inactivated,
it was referred to as a "fatigue gland®. Similarly “"foiigue
elands" ar&vrayrﬁganﬁ@é in terms of U of the mmber of glands
observed. Unfortunately such data could not be studied
statistically but are represented in Table VI, {These are

terms veferring to a stadte of inactivation).

The back showed remarkably higher values feor both the
ffatigue® and "resting' glands. Although the figures for the
chest were lower, they would probably have been much higher
had the experimental time been extended to & hours. Agclima-
tizantion decreased these values and individual vardations
woere wide. The role of acclimstization in prolonging the
asotivity of glands was more evident on the baok then on the

ohost.

Photographs of sweat gland activity, as well as density,

are shown in Appendix €. Two different subjects were chosen,

ene FTor the chest, and the other for the back. The perforations

/i the. ... 025
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in the photographs illustrate the wniits for measuring activity

as well as the changes dup bo seolimatisation.

This study had advantages in that the plastic impression

method used ensured accurscey in identifving the swert gland

oastiom for repeated Gﬂpxﬂﬁéi@mﬁg a8 well as a better sstios-
tion of the activity, as opposed to the @%@gEEKi@dim@ paper |
method or direct microscopic observation. The experimental
subjects were exposed te moderately hot but net severs condie
LAOTS . Sweat was not provoked by suderific agents, nor by

the application of radiant heat to different regions, nor by
any other artificial mﬁéh@ﬁ* The envirommental conditions

ard work rate were né different fram those commonly experienced
by men working in the South African OGold Mining Industry. The
gimul taneonus study of the aobivity of identified gw&at glands
in two different regions in the unacclimatized and asclinmatized
states is a useful methoed of investigating the complexitiss of

the physioiogy of sweating.

The data were subjected to statistical anslvsis which
dafined the wvardability of & measured value. A4 prediction
could be made vhere new values would fall if different groupe

of subljeots were situdied.

/(DaﬁﬁﬂaAE.Qﬁﬁgé



The most striking change due to acclimatization was
the inoreaze in glandular sotivity. On the chesi this

increased activity was significant at 954 confidence limits

up to the end of the 3% howr period. Thereafter the rapid
decline in activity reducsed the confidence limits to below
5%, On the back the incresnse was significent at the 995
gonfidence limits until the 3% bour periocd and thepesfier

fivcant

dropped so siightly that it could be regarded ss signi
at the 955 level for the whole 4% hour period. A vemarkasble
feature was the actividy of the glands or the back which,
bedng less sobtdve than those on the ghest in %@@ unacsling-
timed state, showed a grester increment in agtivity aftor

aoceliimativation.

Glandulasy acbivity on %ﬁﬁ@‘ﬁiﬁﬁﬁ§ chest and back, and in
both states of acclimatization declined subseguent to the
maximum value. In the acclimatiged state the activiity en
the chest, caloulated as a percentage of the maxinum scbivity,
declined mopres rapidly then in the wecciilasntized stote; vhereas
gy the back it was the reverse. However, in boith states the
decline in glendular amﬁiwity»am the baek was sharper than

that on the ohest.

There was no inoresse iz the maber of active sweatd

glande after acelimatisation. This was well demensirated

/through studies....27



through atudies of sctive gland densities on the chest.

The wost prominent feature was that there was no inerease

ny deorsase in the number of active glands in the three
subjecte where it was possible to study the same identified
area and glands before and afber acclimstizmation. On the
back, even 'though there was a difference in the average
maximun number of active glands, it was neod significant

at the 950 confidence limits. {The reason for this difference

will be disoussed later.)

The decrement in the number of aetive glands subsequent
to the maxismum count was net signifiecant on the chest in
both states of acclimatization. However, on the back, the
decrement, subsequent to the maglous count, was sigunificantly

smaller in the acclimatiszed than in the wnacoclimatized staite.

The percentage of transient insctivated glands, "restling
glands’ and "fatiguwed glawds” was remarkably redused afier
agelimnstizsation on both sites. Therefore one could infer

that acclimatization proleonged glandular activity.

ACTIVITY OF THE SWEAT GLAND.

When the subjects were suddenly ineraﬁm@@ﬁ to work in
2 hot bhunid atmospheres, there was =2 latent period befors
glandular sobtivity m&mm@n&@dglhuﬁ thereaf ter 1t progressively
inoreased to maximal values within approximately one bour in

the unecoelimatized sitate and bwo heurs in the acolimatized state.

f@qneco&amasgg
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After the maximal asctivity was reached theyre was s progressive

decline wntil the end of the experimental period.

The duration of the latent peried; maximum acbtivitys
time when wmaxismum activity of the gland wes reached; decrement
of activity and btime ﬁh&m activity commenced bto detrease,
differed from subldect to subject; region bo reglion in the
same subject, 1.8, chest and back; gland to gland in ihe

game region,; and stabe of soolimatizaitlion.

Hevertheless, despite all these diffTerences, @ pablorn
fer ﬁ&@ whole group was discernable as the differssmoes were
not extremely wids, nor did they complicate the ilssue.as
valuss for each subject in both unacolimatized and acclimatizmed

states weore siudied.

It 48 difficult o advence en explanation for the
inddvidual vepriations. A& regional difference couild bs
explained on the following éa@i@s in preliminery experiments,
with different subjects, on swesting in response to exercise
8t ordinary room temperatures {approximately 26°¢), sweating
conmenced first on the forechesd and neek, then on the chest,
and later om the back and lilmbs. One could therefore assume
that during the normel working day of these subljects in the
upacelinatized state, under ovdinary or temperante conditions,
there would be little sweat gland activiity on the back but

considevably more on the ohest. Therefore on being sublected

/to the unacclimetized...29



to the wnscoclimetized hot humid study there would be some
functional training of the sweat glands on the chest. This
assunption was supporited by the fect that the inorvement in
the activity of the glands on the back was gryrester then that

on the chest after scclivatization.

Another probable explanstion for the regienal difference
in activity, as wall as the interglandular sotivity in the
game region, 15 based on & differsnce in histolegiecal strug-
ture. Kodachi (1942), cited by Kune (1958) showed that thers
was a difference in the sizes of sweat glande, also that the
sizes differed in different reglons. I one swesat gland is
layger and has a leonger seoretory coil than ancther, thep
the outpult of the larger gland would be expected to be greater

than that of the other for the zame stimulus.

snocther factor in connecbion with the histology of the
@land 1s the difference in bleoed supply ke the glands. Obstruce
tion of the blood supply to a sweating limd diminishes both
the sweat output and the number of active sweat glands, (Randall
et al 1948; Cellins et al 1959; Weiner & Hellmann 1960). That
the gland itself becomes "fatigued" is shown by alterations in

sweat chemistry (Ven Heyningen & Weiner 1952).

The implication of this cireculatory aspect can be illus-

trated in the following example. If an sriericle supplies

/four sweat .....30
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four sweat glande, the first branch lesding fte gland He.l,

and the second branch to gland HNo.2 ete., during activity and
in hot envirenments with "peripheral vasodilatation", gland
¥o.l would be better supplied with blood than Nos. 2, 3 and 4.
Then gland No .4 would vrelatively be ischaemic to 3, 2 apd 1,

in that order.

Thwe the element of circulatory insufficiency in some
glapnds could lsad o sariy faligue, g low degree of meximal
activity or early inactivation. With an improved peripheral
cireulation, as ocours after acclimatization, there would be
an incrsased maximel sectivity, delayed cnset of TFatigue and

a delayved inectivation.

A further probable facior in copnection wiith the histo-
legy of the gland is the variability of the depths of the
glands in the dermis. This iz just a suggestion in that,
at different depths, a gland might have a different circula-
tory volume and s different temperature whiech counld influsnce
ite funotion. Research into this aspect is still awaiting

accomplishment.

The increased activity due to acolinstizastion could be
explained on the basie of histoleogiecal and histochemioal
changes due te the funciional activity of the secretory cells.
These changes could possibly be an increased mitotic activity

of the secretory cells, eflficiency in the consumption and/or

/iﬁ@r%ﬁ%@ﬁ 'R wgl
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increassd storage of glyeogen oy other cellular subsiances
sesential for activity. The incoveased peripheral blood
flow due to acclimatizaiion would assist these changes o

increase activity.

The range of the activity of & gland is variable and
wide. Por ezample,. the minipus activitby of one gland measared
"0.25% and the maximuwm "25.00". Thus some glands at least
bBave o maximal funciion capacity of 100 times its mindmum.
The majority of the glands in the experiment shewsd a
fur@tional capacity of from 30 o 50 times their minimum

achtivity.

A remarkable Teature was that some glands meintained
their maximal activity during the whole peri@éméf shearvation
while other glands declined inm activity at the k%ﬁ’&@ﬁyg but
the majoriiy of glands commenced thelir decline in activity

after 14 to 2 hours.

Another feature often obssrved in glanduler acbtivity
was that some glands showed a transient inscotiveition which
usually egourred after the 2Znd hour. The duretion of this
vhenomenon was varlable, in some csses lasting for an hour
and a half, and, in others, for only half an hour. Bome
probably lasted less than 4 hour, but it was difficult to
Judge this as strips wers taken half-hourly. An exmmple

of this probability fs illusitrated in subject 12510% chest

Jacelimatizmed.....32



scclimatized {Appendix B) gland Ho.l3 whevre, at 24 hours,
ﬁhé activity was "16.00%, at 3 hours "4.00Y and at 3% hours
L0007 . There could probably have been a short breansient
inactivation either between the 24 and 3, or 3 and 3} hour

periods,

The deoline in ameliviity will be Furither discussed
wnder “Fatigue of the Sweat Gland®. Hevertheless it is
worthwhile mentioning here that as the averasge activity
gtarts to decline, so dees the nunber of inactive glaunds
shtart o increase. The d%ew@m@ﬂﬁ af &c%iviﬁy ie grester

at the begipning than the nunber of inasotive glands.

THE BELATION BETWEEN GLANDULAR ACTIVITY AND SWEAT OUTPUT.

e

The results of this experiment indicate clsarly thai:
1} There was no significant increase in the maximum number
of active @i&mﬁ%}ﬁmz on the chest before and after accolima-
tization, One can asswvme that other regions of the body
whose sweat glands heve the same acbivity and aciive density
as, or are hyperacitive to those of the chest, will show o
increase in the pumber of glands after acelimatization.
2) ‘The density of the maximum active sweat glands on the
unacclimatized back was not signifiesntly different at 957

confidence limits from that of the accelimatized one.

The average difference in maxismm count was Trom
wr o Fome 2 5 R . .
71i/om™ to 87/em”.  An explanation for this difference in
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ceunt may be advanced on the basis of:
a) A slight ervor in counting the slands. As previousiy
mentioned, the technigue Tor counting the glands was such
that only those glands which actually toueched or excseded
the ocuter lines of the emg were counted. In the aocclimatised
state, owing to the perforvations being larger, and therefore
touohing the outer lines, it is possible that more glands
were counted than in fthe unacelimatized state vwhere, on
account of the smaller perforations, fewer glands touched
the outer Lines. In any evert thisg pessible error would
not affect the ecount in the state of declined activity., as

the number of merginal pevrforations decreased considerably.

b) The second possibility is that in the unacelimatized
sitate there could be a few glands which were so poorly agtive
that they faliled to perforste the plastic impression, and
that after acclinmatization, with inocreased actividty, they
successfully perforated the impression and were therefore
counted. However, the number of @naﬁe glands per ﬂmg

wonld be few. If one compares other regions of the body
whose glands have similar sctividy te those on the back, ﬁmﬁ.
would not expect an inereassd number of active sweat glands
after scolimatization. However, 1f such an increase did

soour, it could not be more than 5%.
3)  The range of glandular asctivity ie wide, ranging from

/30 to 100 times...’3h
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30 to 100 times its minimm aotivity.

Prom the above thwee ocbservations, i.e. thet after
apclimatization there was ne increase in the number of

active sweat glands on the chest, nor any significant

increase on the back, and that the asctivity of a sweat gland
san be 100 times its minmimum activity, it then becomes obvious
that sweat rates were pyagﬂrﬁi@ﬁﬁi toe the sebivity of the
glands. The inorsase in sweat rates after acelimstisation
can therefore be stated o be due to ineressed glandular

&aﬁiwi%ya

In considering the subjeet of fatigue of the sweat

nd *exhaustion® of the

glands, one must defipe "Tatigus”
glandes and digtinguish between them. Fatigue refers do the
inability of the gland to maindain = m&ximai response o a
certain constent stimulus. If the gland does not maintain
the maximal response, it diminishes gredually until lost.

If & resting period is given to the f@ﬁiguﬁd gland and the
same stimnlus is applied, a responss would be evoked. IF
during the diminished phase of activibty a grester stimulus
is applied {provided the first stimulus is not maximal),
there would then be an inoreassed pesponse, but f@r a shor ter

durantion.

/Exhaustion of the cs...35
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Exhbaustion of the sweat glands refers te that state
wherein the sweat gland fails to respond to any stimulus.
The resovery period, in oprder to evoke a response to a
maximal stisulius, is far greater than that of fatisue
{grﬁ%%%ly up to a week or more). Maximal stimulation of

fatigue gia&ﬁ@,l@a@@ to exhaustion,

The phenomenon exhibited by these glands in this
gxporinent iz considered to be Yfatigue', becauss no
inoreased stimulation waes applied bo the insectlivabted glands
ko test for a response,; and because of the short frensisnt

inaetivated period observed in other glands.

The concept of a nervous fatigue mooted by Kumo (19856
p.191) was based on two types of expeviments. One was an
scute exposure of men to severe temperaturss (40°C te 72%C.
D.B. and 38°C to 48°C.w.B.) lasting up te one hour. The
other was thaet of Lee for fever therapy (temperstures %ﬁﬁé
to 50°C saturated) with the head outside the cabinet in an
ice bag. Euno'ts principal grounds for atitribubing the
decline in sweat rate to nervous fatigue were as follows:
&) Depression of sweating wes associated with mild newroclo-

gical symptoms of heat stroke which cccurred during %ﬁﬁ
sxposure in a Keibttering hypertherm. o
bl Sweabting was vesiored afier the subjects refturned to

cool air.
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Dealing with {(a), these neurological symptoms could
only be coincidental with the ﬁ@aiiﬁ@‘ﬁm éwaat rates. The
subljects in this experiment showed no neurologicsal @ymgtgéﬁﬂ
yvet the decline in sweat rates and glandular activity was
.yrﬁxwuﬁsﬁé and significant. Purthermore, in an anpublished
series of eoxperivents at the Applied Fhysiclogy Laboratory of
the Transvaal and Urange Free State Chamber of Mines wheve
subjects were exposed fto similsr conditions and exercise,
@mt for & longer duration, =2t the end of the paried of
exposure the rectal temperatures were higher (103°- 104%F),
the sweat rates declined, but thelr resction time to light
and sound was the seme as that yyayiéuﬁ e the exposure at
ordinary room temperaidure- These subJjeecits showed ne neuro-

logical svmpioms either.

Dealing with (b}, EKuno stated that these subjects had
to be withdrewn from the experiment to aveid heat sitroke.
They must therefore have had high shin tempersitures as well
as high body lesmperatures. The decline in sweat pates could
easily have been due to the influence of high skin ftemperstures
which have an inhiblitory action on glandular activity. After
being returned to cool air, rapid eveporation cooled their
moist skins, thereby removing the iphibitoery factor of bhigh
temperature and thus storing sweat gland asctiviby. Therefore

these phenomensa do noet seem to have begen due to elibher sweat

/g8land fatigue....%3y
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gland fatigue oxr nervous Tatigue.

Wolkin et al {1944 ) mooted other grounds for a nervous
fatigue concent, based on the fact that & soldiers im the
Boprth African Deserit, suffering from heat exhaustion, failed
to sweat = except on the head and neck - when injected with
mecholvl. Their view was based on the fact thet in post~

operative cerebral hyperthermis, sweat glands Talled to

respond, in a similer manner, to cholinerglic drugs. Wolkin

et al report that in these patlients gessation of sweatbing

was preceded by excessive sweating. They also report that
after a long rest in hospital, sweating was restored in
response to chelinergie drugs. It therefore becomes obvigous
%ﬁﬁ% in these patients the sweat glands were in a state of
v"exhausbtion®.  Moreover, mecheolyl is not a mervous stimulating

deug .

With this background, it is difficult to accept these
concepts of nervous Tatigue, the bases of which are widely

dissonent and inconsegueniial with other phenomens.

The concept of fatigue of the sweat glapd was based on
the &1t@rﬁd’ﬁﬁéimm shloride concentration of the sweat in
the stage of marked hypohidrosis (Ladell 1945: Weiner & Hellman
1960) . Principally the imevement of chloride concentration

was attributed to the failure of the secreilory cells fo maine

Jtain & hypotonic.....38
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tain a hypotonic solution. Sargent (Montagna et al 1962
p.182) eriticized these and similar studies in that the
chemisgtry of sweat is 3%1&%@& to other vardabilibties such
as skin temperatures, work rates, distary salt intake, state
of acolimetization, activity of the adrenel gland and indivi-

dual differences.

Variocus authors have cladimed that peripheral facbors
can influence glandular sctivity. Ladell {1957) showed
a relationship between vectal temperadture and sweat rates,
apnd that the response of the sweaid glands was proporitional
to rises in rectal temperatures to s certain degvee {approx-
imately 101%- 102°F) whereafter an increase in the rectal
temperature cauvsed a decrease in sweabd rate. He expressed
the view that this was indteinsic in the nature of the sweat

gland rospUnse.

In this study the deorement of glandular activity does
net seem o have been influsnced by the rectal ltemperature.
For example, in the unacclimatized state of subject 282158,
during a rise in rectal temperature from 101.7° to 102.0°F,
the sweat cutput decreased by 4#0%. A further rise from
102.0%% %o 102.4°F showed virtually no chenge in sweat output.
Similarly, in other subjects, one could find instances where,
during a small inerement in rectal temperature, there was a

vyast deorement in sweatdt retes,; and vice verss.

/In the aceclimatized...39
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In the ascclimatized state, an average recital temperature

of iﬁﬂaﬁﬂﬁ for the whole group waes ssseciated with sn average

sweat rate of 1055 oe/hr. for the Znd hour. Foxr the 3rd
hour there was an increment of 0.3°F and a deerement of a5,
in sweat rate. Besides, 8t & given rectal temperaturs,

the difference beitwsen the decvement in glandular activity

on the éh@ﬁ% and back for each individusl, or the wvhole group,
was so groat snd sigpificaent thet the deeline in sobivity
could not hoave been due e the ?iﬁ@ of body temperatiupyre.

If the temperaturse did have such an influence, thare shounld
not have been such vast differences between the decorement of
glandular sctivity on the chest and back. Theprelfore, in

thiszs study, one could not atitribute the deorement in glandular

activity to the increment in recial temperature.

Hydvation of the skin and its influence on depressing
glendular sctivity has been described by various authors
{&ﬁmﬁa@l & Peiss 1957, Hertig 1960, and recently Collins &
Weiner 1962). Thie factor was carefully examined but in
this study bydration of the skin did not cause the decline

in glandular activity for the Teollowing reasons:

1) Measuremwments of various distances taken from points of
interseations of skin ridges on the photogrsrhic prints
showed a remarkable consistency ithroughout the expsriment.

In one sublect, in the wnacclimatized staie, a print on the

/ohest was taken....40
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chest was taken before the exposure. The distanocss of the
identified points were measured during the exposuwre when
sweating osecurred and in the same aves afber acclimatizsiion.
It was surprising to find that the distancss were almost
identical before swesting, during the peak of activibty and
during the decline in activity in both states of acolimatina-
tion. In some instances, in other ﬁm@j&ﬁﬁﬁg & slight
expansion was measured and this was in the order of 2.5 to 66.
This was probably due to a slight siyeich of the skin while
taking the prinis. Expansion of the hydraited skin ook
place in a veribtieal direction with very little in the horison-
fal . Thus.bydration of the poral opening ceaused 1itile

obstruction to the extrusion of sweat from the duct.

2} In the unacclimatized stete, the glands on tﬁ@ back showed
& wmarked depression in activity between the 1 hour perioed and
the 24 hour perind, whersas the activity on the chest remained
fairly constand. Tt is uniikely that the skin on the back

wa s moere hydrated than the chest bo the extent of causing this

vast significant difference.

3} After the early onset of hypohidresis on the unacclimatized
baolk, hydraition of the shkin appeared bo progressively diminish
until the backs of mest of these subjectls became virtually dey,

yvet hypoactivity was not reversed.

Jother Factors s.....81
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Other faciors have besn suggesited as influencing glandular
activity, such as milisris »ubra and crystaline., adaptation
of receptors and dehyvdration, but these faclors do not have

any support in this sxperiment.
In this experiment it wase observed thatby

1) ©n the unscclimatized chest there were a number of glands
thet meintained a falriy constant rate of activity, while
other glands showed variable decvemenits of sctivity, and the
rest lost their a#kivi%? completely. AT ber acclimstizmation
there was an ingrement in the number of glands that maintained

constant sctivity.

2) Comcurvently, on ithe wnacolimatiszed back, almost all the
slands ghowed a marhed decrement in aoitiviity which ceourred
sooner and was sharper than that on the chest. There was
alse & é&@ﬁﬁ inerease im the number of siands that lost their
setivity completelv. Agclimatization prolonged activity and

significantly reduced the number of insctivated glands.

3) On both sites, and in both states of acclimatization,
there were glands that showed transient inactivaiisn.

doclimatization reduced the percenbage of inasctivetion.

These observations do not susggest that the decline in

glandular activiity was due bo elther central nervous failure

Jor hydration....h2



oy hydration of the skin or skin itemperature, but rether to
the failure of the secretory cells to mainiain & constant
rate of flow, Transient insctivation indicated that the
gland was fatigued, since it failed to respond Ho s stimulus,

but alfter a perlod of prest it resuned activiby.

The above statement can be furither illustrated Ffrom
the photographs in Appendix €. Consldering the wnaoolina~
timed glands on the chest of subjeet 125121 at the end of the
4rd hour, there were approximetely 8 glands (24%) that were
highly sotive with po or 1ittle decrement in setivity from
previcus measurements {Appendix B). There were & glands
(18%) that lost their activity entirvely and 20 glands (58%)
with varied decrements im activity. At the hi howr peried
there were 18 active glands (53%), 6 of which (181) were
highly active, and 16 glands (47%) which were inactive., If
byvdration of the skin, or shin t@mp@rat&r@gl@w a ocentral
nervous fallure was the cause of the decline in activity,
there is no reason why 20-25%L of these glands should have
been spared. It was previcusly mentioned ﬁh&% there are
three probable factors that could play an influential role
in glandular activity, viz. the sige and depih of the gland
in the dermis and its olirculatory volume. The fact that
these glands were spared was probably due to these ithies

factors being favourable, and the fact that at the Jrd hour

fl%{"{i{ l{}%t th@&ru 2 o 02‘;‘3



18 lost their activity entirely was probably due to these

factors being wnfavourable.

Therefore, the decline in sweat output and

aobtivity was atbribuited to glandular Tatigue,

$ix unacclimatized African mine labourers were subjected
to exercise for 44 hours in = hot humid enviromment {90° -
§3§§ WeB./D.B. approximately 90% R.H.). The number and
aotivity of sweat glands was sbudied on the chest and, in
four cases,on the back in the unacclimatized state and af ter

soclimatization.

The patterns of glandular asebivity and density of active
glands at half bourly intervals have been described.  Acelima-
tization increased and prolonged glandular activity. @hé
inerement in activity of the sweat glands on the baek was
greater than those of the chept. There was no increase in
the maximum pumber of active glands on elither site after
acclimativmetion. Aeclimatization greatly reduced the number
of inactive glands, subseguent to the maximum count, on the

back, bubt this was not observed on the chest.

At moderats o high sweat prates sweat outpuis were

correlated ochiefly to the activity of the glands and, toc a

Jliesser extent .o..... 4k
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Jlesser extent, to the number of active glands. Cnly at

low sweat rates did aaﬁiV@.glaﬁémiar density assume
importance, and the increased sweat rates due to scelimati-~
sation were éué mainly to increased glanduler activity.

The decline in sweat rates and activity on yfaimng@@
exposure to this hot humid environment was due to glandular
Fatigue. Other Factors, such as inoresssd body temperaibure,
hyvdration of the skin snd fatigue of the ceniral nervous
syvestem, suggested by other investigators as possibly ecausing

- the decline in sweat rates did not have support in this study.

Ak it {3{}@} x5 0 9



- 45 =

COMMENTE OH STATISTICAL TEST USED.

The standard technique for comparing two quanbtities
both of which are related to time is to fit a regression
curve with its appropriate limits. Unfortunately the

date deslt with in this analysis could not be represented

by & sulitoable simple veletionships and so it became necessapry

to compare the results for each half hour separately.

In this sort of test it often happens that a few
resulis are Just not significant. It is almoet deofinite
that if one had been able e £it a curve, significant

resulits would have been obtained in these cases.

Details of the test are as follows: For any particular
 pime let
be ﬁh& average acclimatized activity

of the ith person

*31

and e be the average unacclimatized aobivity
of the itﬁ pPerson
then ﬁi = Ky o= Eyg is difference due te acelimatization

end T is the average of the Zy o

In the graphs 95% confidence limits were calculated fox

7 by means of Z = .- -

/n
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o B -

By

where § = pocled residuml variance bassed on m degrses
of freesdom
t = corrvesponding 95% t factor based on m degross
-of freedom
n = mmber of subjects with both acelimsitized and

wnscolimatized readings at time T,

When the limits do net overlap zero then there ig a

significant difference at the 95% level.

It was desided to regard the nine half hourly observa-
tlons as nine independent observations fer each subject.
Estimates were obtained of the avevage difference between
ghest and back resulis and acelimetized and wnacclimetized
results,

VLT, g‘; = szié/ﬁ

th

Where Kij = gtk difference on 1 subject

) = total number of observelions.

noex

The variance of X is

ﬁ&*ah
iJ I

il

wh@yﬁiy% = poocled within subject variation

yg = betwesn sublject variation

J’S@@@ﬁ&@@i}g’?
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I = Ho of subljects
J

= Ho of observations on each subject.

The next step was bo caloulate t Tactors where

=

The values obfained are given in Table Ve

[ 4
#
Plre

e

%@lﬁ*@rﬁm&ﬁ&iy dun bo “i%&_m faot that % iz the sum of

two variances it is not known what the exact degrees of
freedom are, however if one were to take & value of 7 2.0
as being significent one could place the level of significance

as between 90 and 95%.

It was suggested that this factor {+>2.0) be used as

the test z:ri%eﬁrim in this case.



§
ﬁ?:‘u
s
§

HEFEHPHMCES .

Adolph, E.F. & Dill, D.B., (1938). Observations on waber

metabolism in the desert. Am. J. Physicl. 129 369-9%7,

Bean, W.B. & Richma, L.¥W. (19413). Performence im relatien to
environmental temperature: Reaction of noxmal voung men

to simulated desert environment. Fed. Proc., 2¢ 144,

Buettner, K. (19%9). Diffusion of liguid water through

human skin. J. Appl. Physiol. 14: 261-268.

Caplan, A. {1950)}. Observations on the effects of high
environmental temperstures im the underground workers
onn the Kolar gold field. A4th Bmpire Minipg and Metal-~
iurgical Congress. Proc., Part I3  398-410.

Collins, K.J., Bargent, F. & Yeiner, J.5. (195%9a). Excitaetion
and depression of ecorine sweat glands by acetyleholine,
acatvi-boita-methylcholine and adrensline. J. Physiol.,

148: 592-614.

Collins, Eed., Bargent, F. & Welner, J.5. §1§§%b}m The effect
of arterial occlusion on sweat gland responses in the

human forearm. Jo Physiol., 1483 615-624.

Collins, K.J. & Weiner, J.5. (1960). Sweat gland failure on
the body -surface and on the foresrm enclosed in an arme-

’b@.g o ‘?g& ?hyﬁiﬁ)ls 9 lﬁi{g}g 62‘”‘63?6

/.BOQ@Q@OE%‘g



Collins, K.J. & Weiner, J.5. {1962). Observations on arm-bag
suppressiocn of sweating and its relationship to thermal
sweat-gland "Fatigue”. J. Physiol., 1613 538-5856,

Corin, J.%We, Lewis, L.H., 5@%&@%@5&;} M.W. & Jobnson, B. {iﬂ?&ﬁ}a
EBlectroivte content of thermal sweat as an index of
adrenal cortical function. J. Clin. Invest., 27: 529-330C.

Conm, J.W, (1949). The mechanism of acclimatizeation to heat.

Adv. Int. Med., s 2}?3“3?%6

Dobson, H.l., Fovmisano, V., Lobitzs, ¥.8. Jr., & Brophy, ﬁ@(igﬁﬁ}ﬂ
Some histochemical observetions on the humen scorine
sweat glands. III The effect of profuse sweating.

J. Invest. Dermetol., 31: 147-159.

Dobson, R.L. & Lobitzs, W.C. Jr. (1958). Some bisbtochemical
obgervations on the human egorine sweat glands. IV, The
reoovery Trom the effects of profuse swesting. 4. Invest.

Dermatol., 31: 207-215%.

Dobsen, R.L. {1960). The effect of repeated episodes of
profuse sweating on the human eccerine sweat glands.

Jo. Invest. Dermatol., 353 195-198.

Pole, V.P., Stall, B.8. & Schwartz, L.L. {1951). Metheds
for local induction and guaentitaitive analvsis of human
sweat. Proc. Soc. Bxp. Blol., N.¥. 773 41z-415,

Bichna, L.W., Bean, W.B., Ashe, W.¥. & Nelson, N. {1945).

Performance in relation to snvirommental tespersture.

,/aoanaufg{}é



= 50 e
Bulletin of the John Hopkins lospital. Vel. LIXVI: 25-58,

Fox, R.H., Goldsmith, R., Hampton, I. & Lewis, H.E. (1962).
The mechanisnm of the inorease in sweslting capacity

indueced by heat acclimetization. J. Physiel., 162: 59080,

Gerking, 5.D. & Robinson, S. {1946). Deecline in the rates
of sweating of men wovrking in severe hest. dm. J. Physiol..

b7 70-978,

Gold, J. (1960). Development of heat pyrexia. J.A.M.h.,

17%s 1175-1182.

Haldane, J.5. (1935). {Referred by Adeiph & Dill. 1838}.

Trans. Inst. Minding Eng., B&8: 2790.

Hancock, W., Whitehouse, A.C.R. & Haldane, J.5. {(1929). The
loss of water and salt through the skin and corvesponding
physiclogical adjustments. Proo. Rov. Soc., 105B: 43-59,

Hertig, B.A. (1960). Bffects of immersion in wabter on thermal
sweating. Thesis, University of Pittsburgh. {Cited

by Bargent, Montagna et al, 1962).

Horvath, S5.M. & Shelleyv, W.B., (1946}, Acclimatization to
gxbreme heat amd its effect on the ability to work in
less severe enviromments. Am. J. Physiocl., 1463 336=3413,

Ito, T. & Adachi, J. (1934). {(Beferred by Kuno, 1956 p.320).
J. Orient. ¥Med. 213 93,

f908'@6®ﬁaf§§1



- 51 =
Johnson,; R.B., Pitts, G.C. & Consolazio, F.C. (1%44).
Factors influencing ohlsoride concentration in human
gsweat. Am. J. Physiocl. 1kl: 575-=589,
Kittsteiner, C. (19123). (Referred by Sargent, ¥., Montagna
et al. 1962).
Kune, ¥. (1956). Human Perspiration. Springfield, Iilinois:
Charles P. Thomas.
Ladell, W.5.5. {1945a). Changes in the chloride concentration
of sweat with acclimatization. Bilochem. J., 39: 47-48.
Ladell, W.5.8. (1945b) . Thermal Sweabing. Brit.Med.Bull.3:1175~9.
Ladell, W.5.8. (l?ﬁl}s Agsessment of group acclimaitization teo
heat and humidity. J. Physiol., 115: 206-312.
lLadell, W.5.%. {1955)., Physiolegical cbservations on men
working in supposedly limiting enviroonments in a Wesd
African gold mine. Brit., J. Iﬁﬁmgtmwﬁévg 123 11i1~12%.
Ladell, W.%.8, {195%). Disorders due fo heat. Trans. Rov. Soc.
Tron. Med., & Hyg., 5l: 189-207.
Leithead, C.5. & Pallister, M.A. (1960}. Observations on
dehydration and sweating. Lancet, 2: 114-11%.
Lemaire, R. {1954). La sudation de réhy@ratatiamm Bull. Med.
A.O.F., 11: 223-22h. |
Lemaire, R. (1956). Physiclegie de la ﬁuﬁgﬁiomg Areh. Biol.

Thermo-Climatioue. No. L.

e
fnﬂsouauwaj}z



Liehtorn, I.J. (1957). Competition between sweat glands and
kidneys for salt and water in man. J. Appl.Physiol.,

11: 223-226.

List, C.F. & Peet, M.M, {1938). Sweat Secretion in Man.
I. Sweating Responses in normal persons. Arch. Newrol.
Peyohiats, 39: 1128-123%7.

Lloyd, D.P.C. {1959). Secretion and reabserption in sweat
glands. Prec. Nat. scad. Sei., #5: LOs-L4o9,

MacDonald, D.K.C. & Wyndham, C.H. (1930). Heat transfer in man.
Je Appl. Physiol., 35 342-36k.

Mindch, $.%. {(1960). An inezpensive poriable hot room.
Jm ﬁk@f*ﬁla ¥3h}*$i@$m§ 1%5 i@ﬁ@*ilfﬁﬁw

i’i@ﬁi%&gﬁ&g Wes Bllis, Haho & 313?@?; AeFa {&g}ﬁﬁ%}a Advancesn
in biolozy of skin. ITI. FBeerine sweat glands and
seorine sweabting.  Pergonen Press.

Moreira, M., Johnson, H.E., Ferbes, A.P. & Consolazioc, F. (1945).
Adrenal cortex and work in the heat. Am.J. Phvsiocl.lh3:1169-176.

Hoss, H.J. (1923-1924). Cited by Lemaire, R. Proc. Roy. Soc.
B. 953 181.

p@iﬁ&g @ai@ma E%ﬁ&ilg Wells & ziﬁﬂ"@%"lg A-B, {.’5,5356}& N’yﬁy&‘ﬁiﬁiﬁ;
of the skin and its effect on sweabing and evaporative

water loss. J. Invest. Dermatol., 26: 459=70.

k4
=Y
fnnmmn@a&mﬁd}»



cs‘t’si%m
Peiss, C.N. & Randall, ¥.C0. {1937). The effect of wvapor
imyerm@&bl% glm?%g on evaporation and swesit suppression

in the hand. J. Invest. Dermatol. 28: 443448,

Ponten, B. (1960). Quentitative measurements of sweat gland

activity using the ninhydrin. Acta. Physiol. Scand.48:20-28.

Randall, W.C. {(1946a). Sweat gland activity and changing
patberns of sweat secretion on the skin surface.

Am., J. Physiol., 1473 391,

Randall, W.C. {1946Bb). Guantitation and regionsl distribution

of eweat glands in men. J. Clin. Invest. 253 761.

Randall, W.C., Deering, R. & Doughertry, I. (1948). Reflex
sweating and iﬁhi%iti@ﬁ of sweating by prolonged ariterial

poelusion. J. &ﬁgia Physiol., L3 5%-59.

Randall, W.C. & McClure, W. (1949). Quantitation of the output
of individual sweat glands and their response to stimils~

tion. o e }%:{}?l @ ﬁﬁ}’ﬁi@i sy A3 ?E""&{j -

Randall, W.C. {1953}, The Physiclogy of Sweabing. Am. J.

Phyeicl. Med., 321 292-315.

Bandall, W.C. & Hertzman, A.B. {1953). Dermatomal Recruitment

of Bweating. J. Appl. Physiel., 5: 399-408.

Bandall, ¥.C. & Pelss, QLN §l§5?}a The relationship between
skin hydration and suppression of sweabting. J. Invest.
Dermatol., 28: §35-441.

jf;a RN R @ﬁé%n



. §£;m
Rebinson, S., Dill, D.%., Wilsom, J.¥. & Nielsem, M. {(106hi}.
Adaptations of white men and Hegroes to prolonged work

in humid heat. Awm. J. Trop. Med., 215 261-287%.

Robinson, S. & Cerking, 8.D. (1947). Thermal balance of

men working in severe heat. Am.J. Physiol. 1493 W76-483,

Robinson, %. Turrell, E.8., Belding, H.8%. & Hervath, %.M. (1943).
Rapid ﬁ&@lim&%ima@iﬁm e work in het olimates. Am.d. Phyvsiel.

1‘%‘% H 15%”1?{5 @

Thaysen, J.H. & Schwartz, I.L. {(1955). Fatigue of the sweat

glends. J. Clin. Invest., 34: 1719=1726.

Thomsen, M.L. & Sutarman (1953). The identification and
enumsration of active sweat glands in man frowm plastie
dmpressions of -the skin. Trans. Boy. Soc.Trop.Med. & Hyg.,

e hup-hiy.

Thomsony; M.Ls {(1954). A comparison between the sumber and
distribution af=£ﬁm&ti&a&n§ ecorine sweat glands in
Buropeans and Afvicans. J. Fhysiel., 123: 225-233.

Van Heyningen, R.¥. {1951). Adaptation of men to hot climates
with reference to sweat gland activity and sweal compo-
sition. D. Phil, Thesis Oxford University. Referred by

sargent F., Montagna et al (1962).

Van Heyningen, H.E. & Weiner, J.8., {1952). The effect of
arterial occlusion on sweat composition. J. Physicl.116:

f"’@ﬁﬁw&ﬂﬁﬁfj



“55”
Wedner, J.5. {1943). The regional distribution of sweating.

e ﬁ??ia Physionl., 104 32“&@&

Weiner, J.85. & Van Heyningen, R.E. {1952):; Relation of skin
temperature te salt concentration of general body sweat.

J. Appl. Physiol., hs 725+33.

Weinew, J.%. & Hellman, XK. (1960). The Sweat Glands.

Biol. Rev., 355 1h1-186.

%ﬁ%ﬁiﬁa 5@; ﬁ@@ﬁmﬁﬁg HoXe & g@li@?g Wake gl?@&}@ Failuwre of
the sweat mechanism in the desert. Thermogenic anhi-

drosis. J. Am. Med. Ass., 124: 478-482.

e

Eyﬁﬁhﬂm; ﬁ@ﬁag $$ryﬁﬁﬁg ga%»g Morrison, J.F.; Du Toit, ¥.D.,
& Erasn, J.G. {(1952). ZHesponses of unacclimatized men

under stress of heat and werk. J. Appl. Physiel., 6:681-686.



FIGURES FOR THE TEXT.



BEATS / MIN.

200

100

- 56 -

PULSE RATE.

—=—=~ UNACCLIMATIZED.
ACCLIMATIZED.

RECTAL TEMPERATURE.

FIGURE | PULSE RATE RECTAL TEMPERATURE & SWEAT RATE VERSUS TIME.
AVERAGE OF ALL BOYS.
SWEAT RATE.

1000
L 800}~
108} g [Yele]
o
W I
o ~
w [$]
u )
> Q
- L 102:5p _x 400k
o« *
w
a
s
w
=
1004 200}
1 1 i 1 97-5] L | L 1 1 1 1

!
REST i 2 3 4 4%

TIME [N HOURS.

)
REST t 2 3 4 4%

TIME IN HOURS.

2 3 4
TIME IN HOURS.

1
4"




m_lf,’?m

FIGURE 2(a>

ACCLIMATIZED & UNACCLIMATIZED.

AVERAGE RELATIVE ACTIVITY PER GLAND OF SUBJECTS WHEN

CHEST, BACK.
ACCLIMATIZED.
..... UNACCLIMATIZED.

ok 10~

8 T
»
> IS
£ £
s >
- b 5 i
g° ¥

<
w
w

g >
. 5
3 2
3 z
. w
w Q
8 <
< «
a 5
g L <.l

o 1 L — y ; <

AVERAGE DIFFERENCES.

FIGURE 2(sg>

i 1 [ 2 2% 3
TIME IN HOURS.

L
3"

DIFFERENCE BETWEEN
WITH 95% CONFIDENCE

4 4l

AC

e 2 22 3

TIME IN HOURS.

CLIMATIZED AND UNACCLIMATIZED RELATIVE ACTIVITY
INTERVALS TO THE AVERAGE DIFFERENCES.

CHEST. BACK.
] od 8l
/.~\
o / - o
4 \
’
, \
/’ \
R \\ N é
. P w
’/,o \\/, e Lz’4
Al [ 1d . z
-4
w
w
“
a
2
2~ P ¢
-
- w
x e
A >
,/, ‘.\ <
A \ °
[+) > v,
e \\ ," A
Ll \ ’
N See
v ~~e
-2 i 1 1 1 1 1 1 1 1 ~2 ] 1 1 1 I 1 1 1
Yy [ "2 2% 3 3 4 4" ' [ "y 2 2% 3 % 4"

TIME IN HOURS.

TIME IN HOURS.




FIGURE 3 AVERAGE RELATIVE SWEAT OUTPUT/CM2 FOR CHEST AND BACK
WHEN ACCLIMATIZED AND UNACCLIMATIZED.
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FIGURE 4()

AVERAGE RELATIVE ACTIVITY OF SUBJECTS.
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FIGURE 5
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RELATIVE SWEAT OUTPUTICM2 FOR CHEST AND

BACK.
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No. OF ACTIVE GLANDS/CM? OF SUBJECTS WHEN
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FIGURE 7(a)
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No. OF ACTIVE GLANDS/CM? OF SUBJECTS.

DIFFERENCE FOR BACK & CHEST.
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SWEAT OUTPUT/CM?

SWEAT OUTPUT/CM?

- 53 -

RELATION BETWEEN SWEAT OUTPUT/CM2 AND RELATIVE

ACTIVITY/GLAND;, AND NUMBER OF ACTIVE GLANDS/CMZ2.
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TABLES FOR THE TEXT.

{=) Denoctes that the plastic impression

was unsuibable for study.



TABLE I.
AVERAGE BELATIVE ACTIVITY WITH THE AVERAG

{a) CHEST %EﬁﬁﬁL&MATﬁZEB.

oR_THE WHOLE GROUP.

SubJject
Wy o &

"

Hours
a2

2%

33

é:@

28215 2.61
125121 2.99
125105 733

?&%’32 a é?

?Q&rﬁ? 3 * §$2

TO5LE 2.60

»

¥

& i

%
sl R N w3
%tﬁu%§&ﬁ§%

&

303
3@&’?‘%
12.66
4,20
éw%i
g‘i’ogﬁ

%oé}ﬁ
8,90
B .05
%.1%

. ox

e £

S

£

*&

3
33
fﬁa&ﬁ

»wméwérg

1.93

2,26
765
‘4.41
6.6
5.60

Total 19.72
Avepage 4,29

N B
s3] a0 s
&

W ©

®

g<
S\

35,31
5.72

20.16
%.0h

39,39
.50

28,33
boyz

36.56
h.ha

(b) CHEST ACCLIMATIZED.

Eubject
¥o.

3

Bowurs

ﬁ

25

-3

28215  5.69

125121 &.27
1253105 .00
70h32 0.08
7G4 59 5010
70348  3.75

‘{%092
1i2.70
i0.16

o9
b,70
3.4

De 1?
8,588
1k .16
h.ha
5.39

9.81

'i}oﬁ
10.65%
16.86

571
.32
10.43

. L
E%ﬁm

5.39
9.96
.85
' ~ mg{}

3.63

b 67

5.39

3.65
12.91
508
3,68
ﬁoﬁif

R

315
8.07
2.58
2.50
32135

Total 22.89
Average 3,82

39.94
6.66

-

55,52
?a'i%z

57.02
ﬁaﬁﬁ

8.
16.
.
a

3&
8.

U%
m3§

3800

“6.33

36 .74
6.12

23 7&
L, g&




AVERAGE

Bubject
Ho.

‘ Howrs
1% 2 2%

3 s

Y

28215
125121
7oh3z
70459

019
1.68
2.53
1.49

®

Faiad e

230 2255
3.81 2.94
‘&%@'5"6 i w?ﬁ

&

0 &g 2

1.50 .58
G.26  0.%56
C.h5s 045

0.59 .58

Ba 1?}
G627
0.95
G.%6

B &

&

DO
sELs Oh On

Total
Avevrage

5.89
1.47

11.16  7.22
2.79 2.4

Tow iMoo |
& ®

2.80  2.17
G.70  0.5h

1.77

0.k4

®

L

- b
»
Ry

{(a) BACK ACCLIMATIZED,

Subject
Neo. 7

B

Hours ,
¥ 2 %

bl

3%

28215
125121
70432
70459

1.36
5.75
.2k
s

3.15
8.1k
3.15
3.32

z% ® Q’é’g é .962 gmf’:ﬁ

1.88 - 1.55

&523 §o s %nziz
5

Zf’ -3 g?
0o 44
290
0B

#

®

o O

3,02

O 1:29
0.71

3.39

Total
Average

11.99
3.00

17.76
4k

e
5.67 %.23 k.6
57

1§&?3 13.91
3.68 4.48

11.81
2.95

&
L3 A Vﬁﬂ?ﬁ\g

Bl D

% @

7.-61
1.90

o,
1 ¥4



AVERAGE PELAT

TABLE IT.
IVE SWEAT OUTPUT/em® FOR THE WHOLE

Subject
Moo

gl

i

2

2% 3

3%

i

43

28215
125121
1251035

70432

70459

70548

201.19
320, 36
han.18
35.5%
276 .55
Sl 54‘:&%

37725
516 .72
5882 .50
208 .49
238,04

17397

211.55%
552,48
496.76
178.85
6k .32

287 .59

116.62
hot.18
73k 43
2b3,.20
&7 .66
276.25

1hé5.69
EA& o 8?

Potal
AW

212%.97
a5h .00

2091 .55
h8 .59

Ao %2%' a;g%g
hrihy  a7h.13
BO7 . %0 800.19
283.50 182,28
253.13 %62.38

sl . %i&? u&wg

111.86
31G.62
476 4y
271.35
338,75

ﬁ%‘&' & S'l‘#
377-39

15540

: iﬁﬁ&g?@
363.85

325.13

516.20

37.45
ﬁ&;;@ L2 ﬁg
459.00
228,6%
#70.38
386.69

32.81
181.67
380.19
149.63
176.97

191k .10
319.02

15%0.15%

1077 40
179.57

156.13

{p) CHEST ACCLIMATISED.

Subject
Ko. 2

i

13

2

ﬁ&mﬁ?
23 3

3%

%

4

28215
125121
125105

70432

70459

70548

&&34%2
665,21
G080
ﬁmm
a82.21
236.25

398.52
1384 .80
65 3‘\« w g\\-&r
312.28
B429.13
204.03

136.96
892.19
g?ﬁe?ﬁ

%2.3%
657.06

678.91
1161.33
99k .89
35973
318.79
688, 50

L2042
905 .98
Ghs. 25
322.46 570,00
332.%2  210.56

= 3:’2’5% » %@

51144
1022.51

ey .68
587 .03
902,25
375-00
424,29
227 .30

392.53
243.32
709.93
292.09
176.18
%1? ° 1@

299.92
k19.54
107.25

Tobtal
Av.

2030 .69
338.45

3281 .30
sh6.58

3389 .66
564 .9k

Looo.15
700 . 36

2588.73
67,18

&3 £ @?
h80 .52

2082.53
o7 .08

2225 .24
370.87

1éég;3g
276.72




ﬁ&ﬁﬁ VHACCLIMATISED.

Subject
Ho.

R

P

Hours

3%

b

28215
125121
70432
7oL 59

3.;?* £ S ‘}‘l‘f}
55.61
h.ox
203.79

.20
2061.07
21%.00
155.00

99 4k
2536 .80
265,06
200 85

13% @ 2@
240,88

143.57

i8.75
32.29
L5.38
135.31

63,00
25.33
36,00
bkl

31.50
h3.13
2373

k3 3027

20.00
19.32
3946
22.31

33.. wﬁﬁ
1k .50
6.79
AR L00

Totnl
AV

hoh .13
123.5%

§?k‘2?
1h3.57

79975

1999k

506,74

168.91

?&E ﬁmﬁ
ﬁ}aé%

187,77
51.9%

141 .63
95.451

101 n;f@?
25..27

' 86.14
21.5k

@

BACK ACCLIMATIBED.

Subject
Ho .

i

&

Hours

3

3%

b

b

28215
125121
70k32
70459

75.68
Thié 85
11.25

hag.ho

176.56
g%:ﬁoﬁ&
286.81
205 . 84

226 .40
héb 2y
il 58
515.67

456.71

506,39
49176

ﬁfgﬁ ® ‘%‘5
abl oy
235. 34
371.33

303.97

3957
174 .32
#1313

27800

6145
15742
29547

156.88
19.38
7716

185.35

207 .43
BB.20
31.9C

215 .09

Total
Fi% g

1262.26
31555

1653 .29

513.07

1547 .64
586 .96

1hsh .86
b8k, 95

1179.11
204 .78

T30 .99

182,75

789 .34
19734

£38.77
109 .69

L8762
12i.91




CHEST UNACCLIMATISED.

TABLE

NUMBER OF ACTIVE SWEAT GLANDS PER CM2.

1

Hours

3

3%

io1
59
51
72
7h

52
99
57
73
87
57

86
37
70
81

2L
82
59
62
78
61

29
66

55
75
77

L8
57
59
71

831
72

a5
71

294
74

363
61

35?

320
33

- ACCLIMATISED.

i

106
61
71

67

&7

47
55

50

39
79
35
47
33
35

305
76

309
32

308
51




TABLE IIT CONTD.

KUMBER OF ACTIVE SWEAT GLANDS PER (M2.

BACK URNACCLIMATISED.

ﬁmhg@c %
No o

Hours

1%

2

2L

35

28215
125121
70432
70459

Lo
77

96

116
80
8¢

39
80
ég
65

.’32

82
60

i5
25
Lo
47

26
19
28
23

i8

29
31

25
27
17

Tobtal
AV

230
58

284
71

253
63

17k

58

1%?
32

96
2k

123
- a1

™

ig

BACK ACCLIMATIBED.

Sub ject
¥o.

L e

Howmrs

13

2

2%

28215
125121
70432
70k 59

51
130
30
93

101
91
89

74
104
80
91

69

-

79
ok

&2
98
66
&0

62
90

76

o
63
29
&2

ko
8y
21
2

FTotal
AV

0L

337
84

349
&7

243
81

306
77

27k

69

238

19%
k9

208

52

O

3



TABLE IV

COMPARISON OF THE NUMBER OF ACTIVE GLANDS OF SUBJECTS BEFORE AND APTE

LR ACCLIMATISATION

oy e % 4 Hours
Subject Fosition % 1 13 2 23 3 3 L ni
28215 Back HS 8 98% NS 8 95% S 99% NS 5 99% 8 99% Ng
Chest NS NS NS 8 95% - 599 S5 99% S 99% 8 95
125121 Back 8 904 NS S 99%- - NS S 99% NS N3 8 95%
Chest NS NS NS NS NG NS NS N8 S 99%
125105 Chest NS NS NS s NS HS NS s s
7olia2 Back NS NS Ng it NS NS NS§ NS NS
Chest & 99%- NS s ¥S NS NS N8 Ng NS
70459 Back NS 8 95% NS S 99% © 99% B 99% S 99% 8 99% S 99%
Chest NS NS NS NS NS NS $ 95%~ & 90%- NS
70548 Chest NS NS N3 NS - Ks 8 95%= & 95%~ 5 95%=-

5 95% indicates significantly more active glands when acclimetised at 95% level.

8 95%- indicates significantly fewer active glands when acclimatised at 95% level.

The guantity considered was the "m" inae%iv% glands out of the "n" observed glands

and pot the number of active giands/omT.




Chest —
3.8&8*£$)

Aeai&m&tﬁa&é
tmacelimatised

Acclimatised
Chest ~ Fack 25133(3)

——lE ST Back
Qa§?2€$> 5.§31{§}

Acclimatised
Tnacclimatised

, limatis Unacclimatised
Chest - Back 1:532 yq 3.833(%}

NO _OF ACTIVE GLANDS/CM®.

. SO #1111 2% 5 . Back
Aﬁalmgaﬁia&é ) £-559*E$ ) 3.731

Unacclimatised A

Chest = Back

#  PBABED ON 6 SUBJECTS. OTHERS ARE BASED ON 4 BURJECTS.
(8) sdgnificant at between 90 ~ 95% Confidence Limits.
N8 Not significent at between 90 -~ 95% Confidence Limits.



TABLE Vi

Uhest

28215
125121
125105

70432

70459

70548

Total
A

Eack

28215
125121
70432
70459

Total
Ay .

wzag,



APPENDIX A,

Detailed figures for the pulse rate,
rectal temperature and sweat rate (ce./hr.)

for the six subjects before and after acclimmtigation.



FULSE BATE.

RECTAL TEMPERATURE

Subject

R

1 2 E)

by

3

2

28215
Unacelimat.
Avclimstized

106

.72

166
118

176
132

i72
120

176
138

178

99,4
9%.8

i0i.2

99.4

104.7

1@2 » 5
i06.8

3.{33 ®
190.

o

1253121
Unagelimat.
soclimatised

&4

68

162
148

143
bk

184
132

176
148

176
156

100.9
101.2

161.0
101.6

102.9
101.6

103.7
102.0

125108
Inacelimat.
Apelimatized

o

66

156
12z

160
154

160
kb

1&@
ish

e

166

i0r.1
100.5

102.6
i02.6

ﬁﬁ&imm&tiz@d

67
64

iz7 1=y
10k 124

130
12k

137
132

150
134

97 .4
97.2

&«{:‘*Cﬁ ® fﬁi
160.2

i01.8

& 100.4

70459
nacolimat.
soelims tizmed

60
70

147
1k

iy
118

147
130

160
E

163
1hh

970

70

100.6
10G.3

101.1

100.%

102.3
100.6

70548
Unacelimat.
Acclimatiged

57
56

120 127
98 110

130
112

133
iz2

143
130

70
972

ot

&

&

100.8
100C.0

10%.1
100.3

A01.7
i00.7

Total Unsecel.

AVEe. w

354
71

Total Apelim. 396

AVEE - B

66

836 873
139 146
692 772
115 129

905
151
810
335

9ish
157
8k
i1

’gﬁék

161
728

ke

589.8
98,53
587.0
7.8

®

$858 w5
‘@%gw @@
=3 %5 Ehl | Lo

-3 ®

6057

101.0
602.8
100.5

609.3
101.6
604 .8
100.8

61k .8

102.5
&6 .7
i01.1

s O e



SUEAT RATE

Subject i 2 3 b ;
28215
Unacelimatised 595 709 393 357 85
Acclimatised 312 765 682 Log 312
125121
Unacolimabised %12 428 300 215 140
Acclimatised 907 754 hya b 170
12%10% )
naceiimatised 996 1381 1122 810 h1s
Acclimatised 765 2499 1961 1834 - 564
Foka2 ,
Unacclimatised 227 240 25 407 &5
Acelimatised ih2 TEG 555 Loy 272
Fohso
Vnacclimatised haos 28l 165 335 113
Acclimatised haes gu Log hia 57
20548 «
Unaccelinmatised aho 315 288 222 113
Acelinatised 210 %13 590 300 158
Total Unaccelimastised Qﬁﬁﬁ 25k 2585 2ohs 959
Averago " b5 5&2 hsa 394 158
Total Acclimatised 2761 6532 LE08 24917 1593
Average ® k6o 1055 F68 620 246

5 ":}zp{ﬁm



APPENDIX B.

Detailed values for glandular activity on the
chest and back before and after meclimatization.
On subjects 125121, 125105 and 70442, the same
sweal glands of the chest were sbtudied before

and after acclimatization.



BUBJECT 28215 CHEST UNACCLIMATIZED

Gland , , Boure
No. % 1 1 2 2 3 - 3% & 4%
i 2.25 .00 2.25 B.00  2.35  0.3% 0,00 G.00  0.25
2 P25 Leoo 4,00  2.25  4.00  2.2% L.00  4.00  2.25
% §.00 G000 H.2% 9,00 12.25  6.25 9.00 1.00  1.00
5 2,25 2.25 0.25  0.00  0.00 0,00 0.00 0.00  G.00
5 .00 L,00 0.00 4,00 0,00 Q.25 0.00  0.00  0.00
’ﬁ iwﬁ?@ ﬁogf’; g}wi}{} ‘?af?ﬁ %ogf} @eg}%} ﬁmgﬁ iaﬁﬁ? ﬁ’ﬁgfﬁ
7 625  12.2% h.00 4,00 6.35 9.00 .00 2.2% 2.25
8 500 B,00  B.00  L.00  0.00 2.05  h.00 1.00  1.00
9 2.25 Lot 2,25  0.00  0.00 0.00  0.29 0.00  0.25
10 1.00 BoOO 12.2% 000 0,00 Q.00 0.00 C.00 0 9,00
3% .00  12.25 b.00  L,00  A.00 .00 2.2%  4.00 4,00
iz 2.25 2:.25 " 2.25 2,35 G.25  G.00 0.00  $.2% .00
13 L.00 B00 BO0 9,00 900 Lo00 2.2%5 0.00 0.00
14 2.2% o0 h.00  9.00 L4000  6.25 4.00 L,00 2.25
1?_’3 ?p?% ?a% ‘ga St zﬁ-m{}{} :iké*a{?’ﬁ‘ ?w% i?a@ﬁ ‘}‘g'@g}{} in%
i6 o5 6025  h.00  9.00  $.00  6.25 6.25 L,00 G.00
17 225 6.25 h.00  A.00 2.2%5 0.00 0.00  0.00 0.23%
i8 2o 25 E.O0  2.25 0,00 2,25 0.00 0.00 0.2% 9.00
19 2.25 9,00 625 225  H.00  0.00  0.00  ©.00 0.00
Mk 3.96}{3 ‘%aﬁ{} &t{}ﬁ Em%ﬁ (EPR 414 SR 4 ’ﬁwgg ﬂ“*m g}ni}ﬂ
21 kooo 025 0.25 0.00 0.00 2,25 025 .00 0.80
pibe] 225 Za28 0.0 .00 000 G000 0.00 0.00 ©0.00
23 B .00 6.25 B U0 0.00  B.0U  A4.,00 6.25 0.00 1.00
24 & 00 2.25 4.00  0.060  ©0.00  0.00 0.00 0.00 0.00
25 1.00 .00  2.25 2,285 Q.00 0,25 0.00 0.00  $.00
Total 65.29% 125.75 89.50 76.25 F9.75 56.2%5 34.00 25.75 15.75
2.61 5.8% 3.58  4.0% 2.2%  2.16 0.6%
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SUBJECT 28B21% CHEST ACCLIMATIZED

iﬁlémﬁ Houre
No. § 1 1% 2 2 3 34 4 W
1 .oo 2,25  1.00 G.2% - hoovw  2.2% e 25 Oo25
2 2.5 6.2%  L.00 Q.00 = 6.2% G285 1.00 6.25
k] 225 HL.25 1.00 G288 - 4,00 1.00 262%  h,00
S k.00 228 R.2% GoOr = D.25 1.00 k.00 9,00
5 h.00 625  2.25 D00 - b.oo 4 .00 2,285  6.25
& ho00 .00 4,060 12.2% = 6.2% 4.00 C1.0 2.25
’? émﬁﬁ ﬁwgﬁ l&% Rﬁ&ﬁﬁ% s girmﬁ@ﬁ i%,,,{}{j! g&*a% ' ﬁe%
& G200 G000  2.25 ? GO0 = 12.2%  12.2% 9,00 .25
o 6,25 G225 225 - 900 .25 6,25 h.0o
io 6.25 2,25  2.25 g oo = 6,25  12.2% 6.25 G.25
i1 6,25 6.25  2.25  12.23% = £.25 16.00 G.00  12.25
12 ko0 Lot = 6.2 = 2,25 0.25 §.00 O .00
i3 6.25 L.00 - GO0 = .00 12.25 12.25 GO0
lf}. ‘ﬁ @ Q’ﬁ fg, L O30 'ﬁ‘va Eﬁ 5%‘% & E7EY e 9 mﬁ@ 9 « {502 :ifi . ‘5‘-}* o 553
1§ f‘,?aﬁ{; % am ﬁa :%ﬁ é 233 el 5 gﬁ f?ag}@ ?9@@ ﬁaﬁf?ﬁ
15 9. 00 G.00 h.o0 12,25 - 12.2%  12.2% GO0 6.25
i7 &.25 6.25 2.25% 9,00 - 6.25 12.25 6.25
18 b, 00 2.25  2.25 G 00 = 1.00 G0 400
3‘.? gi g?ﬁ g‘%a{}ﬁ 29 25 ﬁiaﬁﬁ s iwﬁ& }u 0@% g »ﬁ@
20 6025 285 1.00 H.25 - b O0 9,00 L.00 000
21 G L0 6.25  2.2%  12.25% - G.00 E.25 b .00 025
22 6.25 .00 h.ot 12,25 = & .00 1.00 000 1.00
24 B.00 = 2,25 1.00 P00 - 1.00 2.25 .00 k.00
2h 2.25  2.25 1.00  6.25 - 1.00  2.25  1.00  4.00
25 G 00 Goi 25 1.00 12,23 = 6.25 G0 .00 D00

Total 142,25 123 00 50,00 217.25 -~  134.75 iﬁamﬁﬁ 13k .75 3%& 75
Av, 5. 60 5,92 ﬁ;&? G085 - 5,59 6,92 B39 booy




SUBJECT 125121 CHEST UNACCLIMATIZED.

Gland " " Hours .
Heo. % 1 x% b 2% 3 %% 4 hé

1 Lo h.00 6.25 G 00 GO0 6.25 k.ot B.2%  2.25
2 h.oo 6.25 6.25 k.00 .00 b 00 L.00 9.00 12.28
3 h.00 9.00 GO0 900 Q.00 G.U0  12.2% 9.00 G.25
& 2.2% 2.25 4 .00 L4 Ga2% 6.25 2,25  0.00  0.00
5 285 6.25 6,25 oo f.25 6.25 YO0 BB 6,25
& 1.00 2.25 225 B .00 GO0 .00 6.2% 2.25 £.25
7 R.2% h.00 6.25 &.25 6.2% G060 12.33% 0.00 6.2%
& h.00o 4.25% b .00 GO0 4.00 .00 GO0  0.00  0.00
g 225 12.2% .00 2,25 6,25 2,00 F.00  L.0C 9,00
14 400 4.00 k.00 2025 ©.25% %.00 L.00  2.25 2.25
13 6.25  9.00 9,00 b0 G0 5.2%  12.25  h.00  h.00
iz ‘& Qﬁ{} i‘%*&fﬁﬁ% %‘} R 12. gﬁ é’ ® ;gf,’; 41;% o Qﬁ 3‘«@& gﬁ § ‘pw zf' vm
i3 2.25 2,25 & .00 225 1.00 2.25 0.00  §.00  0.2%
14 0.00  0.00 .00 0025 0.2% 000 0.00 0,00
15 hooo  h.ooo 6.25  12.25 9,00 b .00 .00 625 k.o
1é B.00 $.00 Do 00 900 6.25% G025 0%  0.00 0,00
17 6.25 h.00 6025 b 00 3 .00 BoGt  0.00  0.00  0.00
18 oot 6,38 4,00 2.25% 0.00 100 G.25  0.00 0,00
19 b.oo  L.0o ko0 6.25 6.2% b o0 .00 0.00 0.0
20 2.2% h.00 . k.00 .25 0. 00 0. 00 0.00 Q.00 0.00
21 2,25  2.25 Q.00 2.2% G200 ©.00 G.00 0.00 0.00
22 2.2% 6.25 GO0 6.25% & .00 o 00 900  6H.2% h.0D
29 2.2%  h,00 5 .00 oo b 2425 hoovo G.2%  2.2%
oh 2.25 900 .25 G 06 .25 6.25 .00  1.00 0.00
25 oo 4.00 B 00 G285  D.00 0.25 0,00  1.00 0,00
26 2.2% 4.00 225 4,00 b.00 1.00 B.oO  31.00 2,29
27 h.oo h.oo 6.25 G.25 b .00 1.0G0 b0t .25 k.00
26 2.2%  4.00 4 .00 4 .00 L.00  1.00 heh 0.00 hB,00
29 2.25 5.25 400 & .00 2.25 0.00 G,00  G.00  2.25%
a0 2.2%  h.00 §.85 k.oo .25 6425 1.00  G.00 0.00
31 2.25 6.25 Looo .  2.2% 2,25 1.00 100 000  0.00
a2 L,00 h.oo G.25 L 00 2.25 1.00 0,00 1.90  G.00
33 P %ﬁ éﬁ &0 }@‘aﬁ“{} &aﬁ@ ; wg}i} @n%ﬁé {3@% ﬁ(n@{}
34 000 5,00 0,00 0,25 .00 0,00

r 8200
Total  101.50 1?ﬁu@ﬁ 173.00 161.00 13% ie i G a«w &
AV . 3 %9 5.12 . :%a@§ ol a?ﬁ ? ? 38 %ﬁ?ﬁ? : ?3

w ff e




SUBJECT 125121 CHEST ACCLIMATIZED

Hours

 ﬁ&,4 % 1 2 2k 5 53

1 6.25 12.25 12.25 12.25 12.2% 16.00 16 : s 12.25
2 Lo0O 12.2% 12.25 12,25 12.25 9.00 ‘12¢g§. 9,00  9.00
3 6,25 16.00 9.00 16.00 12.25 9.00 12,25 $.2% 12.25
4 - 12.25 hL.00 1i2.25 9 00, 6.25 . 0.00 0.00 4.00
8 - 12.25 - 12.25% Qﬁ} 12,28  4.00  0.00 9.00
é— L Ead bl ?n{ﬁ{} . észfi . é’»gﬁ . i%mm . ﬁmﬁf’
7 000 20,25 - 12.2% 20.2%  20.2% 16.00 12.25
8 12.25 16.00 - 12.9% 2500 0 - .00 LoD
5} 3&&;25 3.&4»%& .00 muﬁﬁ Qﬁﬁgﬁ . 3& « 080 ﬁ&gﬁ ﬁwgﬁ
10 Lo Q.00 6.25 6.25 000 . 1.00  0.00 1.00
11 12,25 12.25 B.00 25.00 20.25  12.2%  9.00  9.00
1z 12.2%  16.00 16.00 12.25 12.2% 4.00 h.o0  6.25
143 G.25 H.00 E.25 6.25 GO0 . 285 000 B.00
14 4,00 12.25 6.2%5 9.00 6.2% . R2.25% 0.00 6.2%
15 12.2% 16.00 16.00 12.25 16,00 16,00  92.00 12.2%
16 12.2% 16.00 13 Eﬁ 12.25 G.00 L. 0.00 L.00
17 G.00 12.25% 12.25 16.00 12.25 ©0.2% 9.00
18 G 00 16.00 é 25 12.25 G.25 0,00 2,25 1.00
ig ﬁ@gfi igagﬁ 6. 25 G0 120%& oS00 I%mi}vg} &agﬁ
20 6.25 12,25 - 12.25 6.25 (.85 2,25 1.00
21 Q00 12.25  9.00  2.2% 2.25  0.080 0.25 0.2%
] 12.25 16.00  6.25 16.00 12.25 12.25 0.25 0.2%
2% 2.00 12.25 6.25 9,00 12.28  9.00 6,28 6.2%
24 9,00  G.00 .80  9.00 12.25 12.2%5 6.25 9.00
2% 12.25 12.25 6.25 12.2%  12.25 G.25 6.25
26 Q.00 .00  6.25  9.00 h.OoU  2.2%  2.2%  1.00
a7 GL.U0 20.25 16.00  9.60 12.2% 0,00  ©.00 k.00
28 F.00 900 .00 6,25 2.25  0.00 0,00 b.00
29 G.25 12.2% 6.2% 6.25 0,00 Q.00 .00 0.2%
30 6.25 12.2% 6.25 9.00 GO0 0,00  1.00 h.0o
31 6.25  5.00 h.00  G.25 12.25 12.25 6.25 2.25%
o FL.00 Q.00 1Z.2%  9.00 D00 H,25  1.00 @a%ﬁ
15 énﬁﬁ 2,00 6,25  §.00 1.00 Q»ﬁ% &»@% 6025
2:2% 6.2% G 00 .00

. S \ D28 0L.00 oD ,
Total ﬁ§é 3§ $19.25 g@@.ﬁg 362.25 283.75 358.75 a&£$“§ iﬁ'»ﬁﬁ 175.25
&’Vh 8. Q? }.ﬁ ?i} mﬁg 1@*&3 Ba 55 @#?ﬁ f‘}? 3mﬁ*§ ﬁui}




BUBJECT 125105 CHEST UNACCLIMATIZED.

¢ Bours
e e % i if 2 24 | 3 3% & bd

gty iy 243
L AT

.00 .o0 9.00 20.25 16,00 30.25  12.25 6,25 12.25%
oo 6025 k.oo 6.2% 6.2%5  12.2% % .06 00 %, 00
§ &« 030 9o O 12 2::‘@ 13 2:’5 f'? o 33 12 35 9o O é«a 5425 G S
12.25 1225 12.25 16,00 16,00 1600  36.00 12,25  12.2%
1228 12.2%  12.2%5  25.00 16.00 25,00 &.0% G225 L.00
GO0 12.25 9,00  16.00 5,25  16.00 6.2%5 D00 12,23
12.2%  12.2% 9.00  16.00 12.2%  16.00 16.00 9o 00 .00
G.00  20.25 $.2%  16.00 1,00 G .00 G425 PO 625
&.25 b .ou G.25  16.00 .00  36.00 900 D200 .00
w0 4,00 k.00 9,00  16.00 hooo  12.2% 9 o O 908 6.25
it b .00 6,25 9.00 12,25 6.25%  16.00 DO &.85 ba.2%
iz 200 900 G.25  16.00  12.2% G 00 6.2% GO0 .00
1 G.2%  12.25% 4. 00 6.25 GO0 G.25 G.2%  12.02% Gazy

SO Oped PR B D b

kL 5 .00 6.25 kOO 6.25 h,oo k00 9400 Lo & 00
i5 625 baoo 6425 G 00 900 6425 4 W00 L o 50 Looo
16 Qo G0 900 HomH .00  16.00 12:25  12.25 6.%5 b .00
17 a3 12,25 D00 1R.2%5 20.2% 16,00 16.00 GO0 G .00
18 ,00 16.00 6.25 6225 heoo  16.00 L.oo 6.25 L woty
19 .00  16.00 GO0  16.00 S.2% 20.25 12,25  16.00  12.8%
20 Q.00 GO0 o0 0.2 0.25 025 D.2% 0 o 530 G

Totel 146.50 196,50 153.25 253.23 178.00 271.25 173.25 153.00 138.25

AV . 7233 .83 To66 12,66 B.90  13.55 .66 F.65 6.91

- 8L =



SUBJECT 125105 CHEST ACCLIMATIZED.

Gland Howrs
Woeo % i is Z 2% 3 3% B %
i 12,25 20,25  25.00 16.00  12.23% 20,25  25.00 900
2 9,00 900  20.25  20.25 12,25 Q.00 12.725 G2 00
3 IS - 20.2% 12.25% G o 00 16.00 16.00 9 GO
b - 20.85 16,00 20.2%  25.00  12.8%  2%.00 16.00 9o G0
5 @ D00 = 2025 20,25 16,00 20.2% 12,25 6.29
& 5 9.00 wa 20,325 2023 285 1R2.32% G .00 e
¥ O i3 g:’*}% et gﬁﬁ Eﬁwﬁ@ Eﬁ 2 £33 .00 i3 IS g:ﬁ R ETH G .00
8 g 16,00 18,00  25.00  20.25 16,00 16.00 16.00 D00
g & b .00 P00 9400 G 00 100 15.00 - 9200
o @ G000  L6.00  16.00  1H.00 5:2%  12.35 16,00 b .00
it 2,25 13,85 8.25 900 400 5.2% 1.00 L .00
iR i2.25% iéaﬁi} 16,00 G 00 D25 lﬁmgfﬁ 12.28 2 2%
i3 2.00 16,00  20,2% 16.00 hoon D00 2600 12.25%
14 500 12.25% 12.28 Bh.25% Ga 25 S e ¥ 12.8% Do 30
15 G.00 12.25 625  1H.00 G.00  12.23% Is o0 2.00
16 1225 12,25  20.25  20.25 Lot  32.8%  12.25 1.00
17 12.25  16.00 0,25 B0.25 G.00  16.00 36.00 12.8%
18 S0.85  16.00 16.00  20.23 .00 20.2% 2.2% 9. 00
19 D00 IRe25 12,33 16,00 225 16.00  20.25% 9.00
20 12,25 9.00  6.25 & Lon 1.00 20,25 G.25 12.25%
Total 203.25 280,75 33723 335.25 137.00 300.75 2A5.25 153.2%

10.16

%16

16.86

16.76

6.85

1504

12.91

B.07




SUBJECT 70632  CHEST UBACCLIMATIAED.

Ghaand

.
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3 5%
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Wi wy b O W0 G wd OhAR BRLD B B
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e
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i

b fod fook
S g

pra sl
23
gy

23
24
25

0.25
fHe 2%
1.0
F.25
D625
100
Ga25
{3‘&@:‘%5
Gallt
©.25
LN
0.2%
10
&’aggﬁ
225
0.25
100
103
Ce25
108
300
L.00
100
Ga2%
2015

Fe 2%
ot
b 00
§,00
baon
2.9%
H.25
2,35
Da2b
L
b L00
B0
D25
Ga 2%
Ga25
2. 2%
-0
1,00
P 25’%
k.00
.00
2.25%
Ze %ﬁ
1060
§§, gy

Zo2%
00
?‘% P
ReZ
Doy
Bod%
2.9%
2o B
B B%
1.0
2 agﬁ
ReBh
b o 00
P B%
B o060
e85
B RG
Beo2%
2225
He2h
2a ﬁf&
Fe 25
b 00
100
e

2 R5
b0
b 030
& .00
D25
B0
o0
% e
2.25
k00
ﬁ%, 2 1303
b .00
225
5‘%‘ oM
2 .40
.25
B L00
B o0y
225
ﬁ, @ ﬁéﬁ?
b oO0
*é-i' o533
2.2%
b 00

% o0
5’-’% R
G225
225
2.25%
£.25%
625
b 00
D25
E W
b 00
b
.00
Go25
fHe8n
% &%t?g
FeB5
e Y
Fo it
4600
295
500
b 0
B0
625

’% & E¥3 ’éﬁ @ ’&éﬁ
625 D00
.25 £.2%
P 4 heon
e 51 & .00
H.25  6H.2%
Lo  6.32%
100 b .00
% e} b 00
L0000
oty BoOO
Z2aR% AL
2:25 .25
100 (.00
ZeR% &, 00
2.8%  2.25
1.00 2.2%
e Peo Z@ﬁ
Ze8% koo
0.2%  0.00
BaZh Ha2H
Yoty ALDO
Loty  B.0D
285  2.25
Z.2% .25

koo
Go 84
Go2n
b OO
ég* a3y
ReB%
‘i”; Py f;;
GoR%
& 4 o L
b
DeRB
6oty
01 o 303
Ho2s
& 00
225
2085
Bo O
G003
2.25
o Pt
b Lon
Fe2B
& S0

225
R ]
B o OO0
L
M & &
LEPE ¢
E&‘ wiH
3 e
D23

€1 o434}

6.25
6.5
G.25
$ha U
2,85
1 o023
0 {0
025
i3 w8300
LEIN o
2 alil
.00
Tha (3
&« 00

Total
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6,67

FE.25
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61.25
2.45

8G. 00
B2
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T3e30 9875
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85.25
353

k2.5
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SUBIRCT Johk32  CHEST AWLX%&?&&%@

Gland o Hesrs
Ho. % i 1% 2 @% 3 3% & b

6. 00 I o 650 b.00  ho00 2.25 4 .60 400 Ze2%  1.00
000 Loo0  9.,00 2,00 G.2%  12.35 6.35  S.00 6.2%
0.25 k.00 .25  6.25 &.00 G50 000 Gall Za25
0025 .25 6.2  6.2% Ga25 P GO E.25  12.2% h.00
’ Bt B .00 6.2% 00 9.00 GO0 TG00  6.25
0.00  4.00 .00  9.00 .00 G2 00 000 E.25 h.oo

000 2.25 2.25  6.25 %e 25 .00 pe 13 .o  0.00

1.00 2.25  A.00  2.25 2.25 koGO IR .00  0.00

G.00  0.25  2.2%5 2,25 2.25 Hon D25 1.60  0.00

1o 0 .00 6,25  E.25  6.2% G.00  IR.49%5  In.2y GO0 2,25
it @.@ﬁ baoo 2,25  6.25 2.25 6.25 GO0 oot hooo
¥ E.25 o0  9.00 GO0 900 GO0 SO0  Z.25

H.25 hoovo  9.00 h.ovo  12.3% G 00 Ca00 .00
2,25 A0 6.35 6.25 6.25 12.25 12.25 12.25
; 6,25  6.2%5  L.,00 G.25%  13.%5 S0 12.25 1Z.23
16 000 5,00 k.00 6425 & .00 G . G0 6025 G.25  0.00
17 0.00 26 2% b0 k.o b oo 6.25 625 LoD G.00
18 0.00 & ,00 L.oto  G.25% 6.25 Y00 & .00 Gl 000D
19 000 6,25 k.00 b W09 2.235  h.O0 b .00 R .28
20 000 6,25 hootr &.25 .00 6.2% b 00 1.00 Q.00
21 000 2258 .00  6.2% koo i 00 k.00 L1006 0.25
22 o O I 030 B0 % 00 ko0 G .00 & 00 .00 k.00
23 G 00 kLoo 100 1.00 G 00 225 0,00 025  1.00
24 000 & ,00 G.25 .25 .00 b a0 G.25 2e25  2.2%
25 G OO .25 6,25 H.25 6.25% GO0 &0 TG00 0,00

Mo Ched GRGE ETLE B
i
»
v
o

Total 200 10850 11025 18275 10000 187.50 131.25 126,00 06450

Ava O 08 Ay 5@?2. &*ofﬁé ?aﬁﬁ ﬁ,@ &% ﬁ‘y{}i& %wﬁﬁ



SUBJECT 70439 ChEsT O

NAG

CLIMATIZED.

Gland
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2,25
.00
G o 30
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L 00
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b 00
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B .00
é?" S0
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2,029
0. 00
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b0
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& 00
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b Lo0
6.2%
&.25
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.00
b 400
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4 00
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Howrs
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2eR5
625
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G..85
bo 00
6.25
9600
Do GO
9o 00
h.oo
G.25
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é%?s PR
GL 00
a0
Ga 25
.25
Ga ()
12.25
00
6.25
k.00

2225

;’5 w0l
300
W ]
b 00
2.25
:2 2 2§
2,25
6025
4 .00

hLon

D.25
& 00
225
P 2%
& .00
Z.35
b .00
.00
4‘04;‘2:‘55
b ,00
2.25%
Z62%
300
0.25

- GO0

W00
CBang
a2
400
L
.00
 B.25
625
9400
225
.00
C2.2%
e 25
! 3% e
4 W00
Ty
4 L00
6.5
.25
kW00
Wy
1..00
H.25

6.25%
180
Gas
G529
G285
2o B8
4200
Be2%
§a%§
4 47
1,00
L0
B85
2.5
i 200
b o0
6.25
2.2%
Qo T3y
.00
L .00
LoD
Fa 25
4200
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.00 .
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6.25 .
BaD0

b .00
&.25

12,25
.00
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.25
% & Lk
2.25

b o0l

e
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SUBJECT 7ok59 CHEST ACCLIYMATIZED.

Gland T Hours
Mo e i gaf%‘ & L&

il
e

3 5% 4 b3

G0 .00 2,00 L.ob 12.2% £.25 12.25% GO0 6,25
12.25 9600 G.00 h.o0 13.2% D0 G.00 Boot 00
b oGO 4 .00 Ba25 | B.o0 K00 DGO U000 G.00 G.00
5 .00 4 .00 1,00 2.2% 4,00 2,35  2.2% Ga25 .00
G35 b, oo G.28 6,38 L,on 1.00 0.00 G200 0,00
b o0 He2% B.00 koo  &L.00 6.25  G.2B .25 6,25

L o0 L.00 Re25% | 2.25 2,25 2e25 .00 Ra00 0,00
.00 h.oo A.00  hoon k0O B.00  S.28  h.ov  AL00
kW00 L A.00 k.00 koo k.00 9.00 .00  0.00
10 kG0 k.00 h.00 2,25 5.28% Ba0C 9.00  h,00  A.00
11 2.25 k.00 100 2625 2.25 2225  £.25 b0 2.2%
iz " 6.25 2.25 L 9.00 G.25 13.25 Fa00  316.00 12.23% A ,00
13- C Ba.23 b .00 6,25 B, B.,00 Ba00 12,25 £.28 6.25
% b .00 Leoo  haDO | 2.3%5 4.00  2.235 k.00 2.2%  O.R5
is L o i b oo he0n AL00 B0 BaBs  La28 G 28 Ha85
148 .25 2.25 2.85  2.25  2.28% ReBE 2,85 G285 .25
17 2e25 2.2% Ge2%  Ba23 BL0O Aa00 9,00 .25 5,25
ie G O3 £.25 900 6.2%  6.25 BL00 0.00 0.00 0.25
i9 12,25 12,25 900  12.25% D.25 (2.25%  0GL.00 QaB5 0,00
20 b .00 225 48.00 BoO0 4,00 Ae00 b00 hooo koo
21 460 b 00 Ga35 6.3 2.00 Ba25  G.25 G225 k0D
za k.o 5..00 R-Welv 000  0.00 HaB5  0.00 G0 1,00
2% 2.25 1.00  6.25 900 225 Re28 k00O 225 1.00

W2 Epwd O B B e

ol 00 150 2,00 A4.00 2e25 Re25 G W0 G025 2628
25 £.25 .25 a2y S.2%  6G.25 ha0o 6.2% 1.00 0,35
26 b a0t 0,85 &, 00 booo  h.GO §.00 9.00 2eRE  ReRH

Total 152.50 ‘1@2g3§ 140,25 112.25 12h.00 :ﬁéazﬁpskﬁaﬁﬁ
Av. 5.10 .70 '5.39 .92  b.yy 3.6% 571




SUBJECT ?ﬁf‘;ﬁ% CHEST UNACCLIMATIZED.

Gland ‘ Howrs
Be o % 1 15 2 2t % ] 4 b
1 Lo  5.25 %200 6025  $.25 4.00 GO0 9.00 6.25
2 hoeoo  b.00 | hoo GO0 6.25  A.00 12,25 12.25 4.00
3 225  0.25 2,25 L.0¢ 2,25  2.25% B 00 T8 0.00
& oo 6.2% Ho.25% .00 - H.25 6485 12.2%  16.00  4.00
5 2,05 2.2% 4,00 8.25 H5.2%  2.25% .00 H.2%  2.25
& 2.25 b0 b.00 h.oo h,on 3,28 2. 25 L.00  h.00
¥ G825 2.28 koo 2e25  2.2%5  2.25 4,00 H.258  2.2%
8 1.00 2.25 2.25 2e25  2.25  2.25% 2.25 .00 0.25
] 1.00 0.00 1.00 100 0025 L.00 2.2% DeRy  Bauy
10 1.0 Ra25 b .00 G.25 B0 2.2% .25 So25 2,25
i1 b oo - 2,25 6.25 - h.oo  z.2% 6,25 4,00 2,28
iz Loty 2.2% 6,25 L.DU - 2.25% G.00 .25 Lot 0,00
i3 2.25%  2.2% B, 00 h.oo h.ov  2.2% 6.25 6.2% 4,00
ik G068 0.00 0 o 363 - D00 .25 1043 1.00  0.00
1% D25  0.00 2,25 DLRBE - DL00 2,25 b 00 2.35 0.25
ié .00  h.00 6,25 6,25  h,00  1.00 G, 00 .00 4,00
17 L0060  1.00 506 2.2%  0.25  2.92% B .00 5,00  2.25%
18 2.2%  h.on | k.00 Lo koo @ 2.2% & .00 G R.25
19 haot  hoon  12.25% G000 6.25  B.0O G o Ga03 4,00
20 oot haoo | B.0O DeR5 2,25  1.00 B o O H.25  2.25
21 225 2,2% 2.25 Bty  2.2%5 0.25 booo G925  1.00
24 Pe25  1.00 6,25 D25 2,35 6,00 T oo  h.oo
23 B0t 1.00 .25  6.25 £.25 h.o0 G.00 - 4,00
2k L1.0G  1.00 2.25  B.0D 2.2  2.2% k400 1. 2% B.2%
25 hoot  B.oo 6.2y oo $.25 2.25 6,25 - Ga%
26 f.25%  0.2% 0,00 225 000  L1.00 320U 1.00 0,25
Total 67.50 60.75 104.25 106.25 B86.25 Eﬁﬁﬁ@ i%@gﬁﬁy 13@@§} ﬁéa
AW =5 a0 5 B é%; o b on P 2,«, : ”j}nf% %‘
EES o BpLd At ] &3 . i e

0
&g

L%



SUBJECT 70548 CHEST ACCLIMATIZED.

Gland | Hours ,
Wea i i 1% 2 2% 3 W I hi

i .25  12.25% G006 - .00  h.oo Ga3 B 00
2 .00 16.00 16.00 - 12,25  6.25 12.2%  9.00
k 225 G.00 12.25 - 16.60  16.00 16.00  9.00
b .00 9.00 12.35 - .00 B.00 12.2%  B.0D
5 0 2.28  20.2% 16.00 G35  L.00 G.00  6.2%
& 1.00 &.00 G.28 12.2% = 4,00  2.2% 6.25 h.oo
b B.ov  2.25 $.25  H.25 - hao0  2.25 §.25  0.00
8 G.00  $.25  16.00  12.25 - 6.25  6.2% 9.00  9.460
9 225 225  9.00 H.35 - 6.25 k.00 .00  §.00
10 .00  4.00 G.00  12.35 - 6,25 h.00 12,95 L.,00
LA 2,2% A.00  16.00 Bo00 - G0 0,08 8,00  0.00
i2 2.2% 0.2% 12,25 BeDE 2.2% 0025 1200 (.00
15 G.00  12.2% 16.00 BELOG - G000 .00  18.090 12.%%
14 Bo00 225 L .00 5o85 - 5.00 0,00 Ga00 .00
is hooo  2.2% 12.25% 12.82% - 2.25 4,00 6.2%  1.00
i6 1.00  1.00 .25 Bo00 - 2,25  0.00 000 0.00
17 .00  2.25 G200 B.2% - QB0 .00 SL00 0.00
18 L.oo  2.2% 12.2% 12,25 - .00 4.00 G.00  2.2%
19 Bt 1.00 625 Geli) = 2225 GO0 000 GO0
40 k.o hooo 2.85 Gl = Q.00 G.00 G008 GO0
2% 2.5 U253 hoop 18.25 e D.8%  0.25% 106 0,00

i':’%f;} ::‘;3 -] ?ﬁ 1 @ ‘:}@ F;&% ¥3 Qiﬁ :i.% 3 :‘%3} bt 5}3 @ gf‘:& ﬁ - ﬁfﬁt é} ¥ ﬁ‘:} {? ™ {}{}

50 71.25  215.73 230.30 - 102.75 72.75 133.50 6B.75
. ‘:?} ﬁg,féﬁ% %sﬁ% i{}aii?& i g?wé? i}nﬁi {i&i}? 3@13




SUBJECT 28215 BACK UNACCLIMATIZED.

Gland Hours
Y¥o. % i % 2 24 3 3% & At
i G285  0.25 0.00 0.00 £.00 0,00 ©0.00 0.00  2.25
2 6.25 1.00 L.00 k.00 2.25  h.00  2.25 4.00 2,25
3 .00  0.2%5  4.00 0,00  0.00 0.25 0.00 0.00 0.25
i L.00  0.00 2.25 L.,00 0.00 Q.80 ©.00 0.00 2.25
) E.25 0,00 2.25 1.00 0.00  02.00 0,00 0.00 0.00
& .60 0.25 6.25 6.2%  0.00 h.00 0,00 0.00 2.23
7 2.25  0.00 400 0.00 .00 0.00 0.00 ©.00 0.00
8 2.25  0.2%  6.25  2.25  2.25  0.25 000 .00 2.25
g 2.25  0.25 025 0.2% 0.00  ©.25 0.00 0.00 0.00
10 1.00  1.00 4.00 2.25 £.00 .00 0.00 Q.00 0.00
ik 2.2%  0.25%  1.00 6.2% 0.25 4.00 2.2% 0,00 2.25
i2 G, 00 G.00  1.00  0.00 $.00 0.00 0.00 ©0.00 (.00
i3 1.00 0,00 L.0o0 2.2%  0.00 k.00  0.00 0,00 0.00
1% E.OC 0.2%  0.25 6.25  0.00 0.0 ©.00 0.00 ©0.00
15 225 0.00 2.25  5.00 0,00  0.00 .00  0.00 0.00
16 L.OO  0.00 ©.25 6.23 0.00 L.00  0.00 0.00 0.25
17 %.00  0.00  1.00 2.25 0.25 h.00 2.25 0.00 0.25
18 B.00  0.25  1.00 6.25 0.00 2.25 0.25 0.00 1.00
19 2.25 0.00  h.00  G.00  0.00 0,25  1.00 ©.00 ©.25
E@ é‘i’ <O O c{}t} %af}i} {}»ﬁ@ Q»@ﬁ’ {}affzﬁ @tﬁ§ ﬁ»f}{} ﬁ?aﬁﬁ
21 .00 G.00  0.25  0.00 0.00 L.00 L.00 ©.00 2.23%
Total 70.25 h.00 A38.25 53.50 L.50 18.2%  L.00 1B.00
AV 4.35 <19 2,30 2.558 1,50 - 58 219 .86

m&gm



SUBJECT 28215 BaCK ACCLIMATIZED.

Gland ‘ HOUrs »
¥o. 3 1 1% 2 K 3 3% k ]

@sngg ﬁ»Q{:} ' ﬁ.% ' E‘&i} 2;;25
5:@5 ) I‘l’wm Ga 0y @&?ﬁ G0
2.25 0.25° k.00 h.00o L.00-
L.oo L0 h.oo h.ooo 6.25
CBL0D 12.2% 0 6.2% h.00 1.00
12.2%  L.00  2.00 6,24 k.oo
.00 9.00 6.25 4.00 L4.00
025 2.25 2.25 L.00  6.25  ©0.25 ©.00 0.00
1.00 1.00 h.0o L.oo  L.00 . 6.25%5 6.2%  6.25
io 0.25 A.00 2.2% 6.25 6.25  0.00  2.25 0.00 0.00
11 5,00 4,00 h.oo . 6.28% 6.25  6.25 12.8% 9.00 6.25%
12 1.00 &.00  h.OO 6.2% Looo  2.2% 6.25 4.00 L.oo
i3 0.00 h.00 0.2% 6.25 .00  0.25 0.25 0,00 0.00
is 1.00 2.25 2.2% - £.25 5,25 2,25 2.2%  0.00 ©0.00
15 2.25 4.00 k.00 9,00 6,25 k.00 6.25 2.25 6.25
15 3. oﬁ‘ﬁ &' v 35; e%’ § m{}@ iag' ag‘iﬁ 3@ S‘ﬁ{} ' iﬁ oﬁ{} .Q e:?éﬁ é @ 25
17 .25  4.00  1.00 6.25 .00 - 0.00 0.00 0.00  0.00
18 1.00  4.00  2.25 FO0 - RB.25% 0 9.00 6.25 L.00 6.5
19 .00 B.00 £.25  12.2%  9.00 4.00  4.00 B8 2.3
20 1.00  h.,00  2.2% &.25 2.00 6.25  6.25 9.00 2,25

1.00 2.25 2.25
0.25 2.2% k.00
2.25  2.25 4,00
2.8%  2.25 1.00
2.85 = Ay OO
2,85 - &.00
1.00  2.25 L.00

= 5 8 @

S oMM DO
2 G R R &32{3

& G DWW O ¢

5 @

&

k2

OO a8 O\ W B b
NG O ERND O O B e
o

21 G325 - 225 b .00 oo 6.25 h.ooo o 2.2% 2.25
G

Total 28.50 56.75 64.25 179.00 111.25 88.25  90.00  62.7% 63.50
AV, 1.96  3.15 3.06  6.62 5.%0 k.20 4.29  2.99 3.02




SUBJECT 125121

BACK UNACCLIMATIZED.

Gland ‘ Hours
No. ¥ 1 1% 2 24 3 3% b i
i 2:.25 2.25 0.25 0.25 C.00 0.00 0.00 0.25 0,35
2 0.25 2.25 hL.00  0.25 0.00 0.00 0.00 0.60 0.25
3 0,00 2.25 L.00 A.00  6.25 .00  6.25 0.25 0.25
4 1.00 4,00 6.25  0.00 000 0,00  0.00 1.00  2.2%
x5 Q.25 2.25  2.25  0.00 1.00 0,00 0.25 0.00 0.25
& 2.2% 2.25 L.00 0.00 1.00  0.00 ©9.2%5 0.00 0.00
i 1.00 2.25 0.00 0.00  0.25 0.00 (.00  0.00 0.25
8 0,00  2.25  2.25  1.00 G.00 0,00 0.00 0,00 0.00
3 1.00 2,25  6.25 4.00 .25  0.00 B.00 1.00 0.25
10 .25 2.25 .00 ©0.25  0.25 0.00 Q.00  0.00  0.95
11 025  1.00 0.00 0.00 0.00 Q.00 0.00 0.00 0,00
i2 1.00  1.00 5.00 1.00 0.25 Q.00 1.00 0.00 0.00
13 0.25  1.00 0.00 0.00 0.00 0.00 0.00 0,00 ©0.00
1k Ce25  0.25 2,25 0,00 0.00 ©0.00 0.00 (.25 2,25
15 0.00  2.25  0.25  1.00  1.00  0.00  0.25 0.00 ©.00
16 1.0 ©.2% 2.2% 2.28 0,00 0,00  0.00 0.00 0,00
l? la@ﬁ Q&gﬁ {}aﬁ{} Ge% {}a‘i}% f}sﬁ{} Ueg‘f} @aﬁf‘? ﬁnﬁﬁ
i8 ©.25 h.,00 4,00  L.00 1.00 0.00  1.00  1.00 .00
19 2.25 L.00  9.00 - 6.25  0.25  2.25 0.25 2.2%5 0.2%
20 0.25 Z.25  A.00 6,25 h.OD  0.3%  1.00  0.00 0.00
23 $~g§ @eﬁﬁ ga%fé O, 0 .00 1.00 .00 0,00 8. 00
22 0.25  1.00 1.00 1.00 0.25% ©.00 0,25 0.00 0.00
ﬁf% @l2§ Qezﬁ 2‘?‘&*:} 3@0{}{} @egfi TG0 Qegﬁ 0,00 {}925
2k 0.00 2.25 2.25  0.00  0.00 0.00 0.25 1.00 (.25
25 1.00  1.00 0.25 1.00 0,00 ©.00 0.25 1.00 0.25
26 1.00  ©25  1.00 0.00 0.25 0.00 0.00 0.00 0.00
a7y 0.25 0.25 0.00 0,00 0.090 0.00 000 0,00 .00
28 0s25  1.00 1.00 1.00 ©0.25 0.2% ©0.25 0.25 0.00
20 0.25 2.25 2,25  0.00  0.25 0.00 0.25 0.00  $.25
30 0.25  1.00 0,00 0,00 $.2%5 0,00 1.00 0.00 0.25
%l l»{}ﬁ‘ (}»@ﬁ la{}@ ﬁsﬁﬁ i}pgﬁ @qﬁf} {}@%5 {?a@{} ﬁa@@
Total 19.50 52.00 74.00 37.75 23.25 8.00 17.25 8.50 8.00
AT ga@ﬁ lﬂég 2&39 1.22 @w?ﬁ &»25 ﬁeﬁﬁ @aﬁ’? @a%




SUBJECT 125121 BACK ACCLIMATIZED

Gland : - Howurs ‘ ‘ '
¥o. % T ¥ 2x 2% 3 3 &
i 6.25 12,25  6.23 - | 1.00 0.25 0.00 0,00
2 G000 900 0,00 - TG00 025  0.25 0.00
3 é & 25 . {} aﬁ}ﬁ . @a‘g(} - f} :Q@ Q &ﬁgh {‘? @ ﬁfb {3 9{}{3
4 .00 .00  6.25 - 0,00 0.00 2.25 0.00
5 1225 12.25  6.285 =~  0.00 0.25 1.00 0.00
& 9.00  6.25 0.00 «  A.00  0.25 0,00  0.00
T 6. 25 | 900 , Quﬁ@ i L.00 O agﬁ T Rﬁ D040
8 G.2% 12.25 1.00 =~ .00 0,25 0.2% 0.35
g 6.25 6.25 6,25 = 7 B0 $.00  1.00  0.25
e ?ﬁ&ﬁﬁ ) ?»Q{i ) ﬁa@éﬂ - ‘ @f%ﬁ? {f‘mﬁﬁ i}xi}ﬁ %Gﬁﬁ
iz 6.25 12.25  6.25 = 5,00  0.25 023 0.00
iz 6.25 h,00 hH.00 = S 9.00  0.25 0.25 0.0D
&E ( ‘E; P4 13] §f » O . T fﬁ?ﬁ e o 35‘ e Q;‘% Te ?35 a3 *{}{}
i4 6.25 £.25  0.00 =~ 0,00 0.00  1.00  0.25
is5 TL.00 1R2.2% 900 = 025 (.25  1.00 0.25%
16 £.25 12.25 k.00 - 2.25  0.25  1.00 0.25
17 $.00 9.00  12.25 = 0.00 0.85  0.2% 0.2%
1B 6.25 9.00 @ 2.25 = 0.00  0.25 1.00 0.00
l@ S}m%}g’?’ . 32&25 R gsgﬁ e };1&@{} ﬁmﬁﬁ iscﬂi} {‘%wgﬁ
a0 .00  9.00, 000 = 0,00  0.00 0.00 0.25
21 C ho0o 16,00 6.2 - 025  0.00  0.00  0.2%
22 4,00 ©.00 .,  0.00 = 0.00 0.00 Q.25 0.00
23 . r%i sﬁ@{} '{3 3%}{3 , {}gﬁﬁ hind 'ﬁ n{}?{‘} i?wﬁ‘{? i} 2 ’&:3{; {:3 » {}E}
2% L 1.00 . 2.25 . 0.00 - 0.00 0,00 2.25  0.2%
25 k.00 2.25 0.00 - 0.00  ©.00  0.00  9.00

C/R. .. 165,00 201.00  F2.50 - 27.2%  5.25 1275 275



BUBJECT 125121 BACE ACCLIMATIZED CONID.

Gland Hours :
¥o. 4 i 13 g 2% 3 5% b ki
B/F  1635.00 201.00 9T2.50 - 2TV 2%5 3.2% 12.78% 2,75 5.50
26 2,25 G.25  ©.00 - Da25  0.25 Q.25 1.00 0.25
&7 2.25% G.25% 0,00 - 0,00  0.00 0.00 0.00 Q.00
28 b .00 R.00  H.25 - Gol D25 D35 000 D.25
29 b 0o .25  0.00 - 025 0,00 .00 0,00 0.00
30 2.8%5 9.00  6.2% o 6225 2,885 0,25  0.00 0.00
43, 2.25 Q.00 G.00 - 228 0,28 025  0.25 0.25%
32 L.oo 6.25 £.25 - 0225 1,00  ©.25 0.25 0.25
39 G.2% 9,00 0.00 - 2.25 0,00  0.23 0.25  0.25
3 6.25 G.00  0.00 - Z+25 000 0625 0.25%  G.25
a5 ba 2% 6. 2% T 00 - DeiB De 25 D25 G225 Q.25
16 G.2% .00 Q.00 - Qo0 ©a25 085 .25 0,25
37 1.00 B.00  1.00 - 0.25 0.00 0.25 025  0.2%
38 &.25 .00 0,00 - 025 Q.00 1.00 000 0,00
3G 900  12.25  ©.00 - 0,00 0425  1.00 0,00 Q.00
Lo .00  12.2%  ©.25 - 12,25 2425 2.2%5 1.00 2.2%
b1 4 .00 0.25 0,00 - D25 025 LU0 025 0.25
42 4,00 12.25 0.28 - 1,00  ©a.28  0.00  0.00  1.00
& & 00 1.00 Q.00 - 1.00 0.00  0.85  0.00 1.00
bl G200  25.00 000 -~ 0,00  0.25 0.00  0.3%  1.00
hx 2.25  16.00  ©.00 - 0.00  D.25 0.25 0.2 0.25
gié {5@’2_3 6@1%‘{3 Qa{;}@ e Ewgf} @a@ﬂ:} Qagﬁ ﬁ:}w{:‘[.} %w?&;
Ly h.ou L.oo  1.00 - L,oO  0.2% Fa28  0.25 0,00
&%} 12"93% 3.35 2 30 G, 00 e Qmﬁﬁ 300 Ze gfﬁ ﬁw%ﬁé iﬁagﬁ
ho b .00 16.00 0.00 o 6.25  0.00 0.00  0.00 ©.25
50 6.25 12.25% 0,00 - 6.25 0.25 1.00 0.2% 0.25%
Total 287.25% h06.75 93.75 - F7e25 12.7% 26.75 8.00 1h.5%50
AV 5.7% 8.14 1.88 - 1:5%5 ©.26  0.54 0.18 (.29

*  This strip was discerded as it

was unsultable for sbudy.



SUBJECT 70432

BACK UNACCLIMATIZED

Gland Hours
No . 4 1 1% 2 2% 3 3% k b
1 G.25  4.00 6.25 6.25 0.2% 0.00 1.00 2.25 (.00
2 0.25 2.25 h.00 0.25 0.25 0.25 2.25 4.00 1.00
3 0.00  2.25 h.00  1.00  0.00 0,00  0.00 0.00 0.00
4 0.00 1.00 4.00 0.2% 0.00 0.00 0.00 .25 0.25
5 G.00  4.00 6.25 L.00  0.00 0.0 0.00 0.25 0,00
6 0.00  2.2% 4,00 2.25 0.00 (.00  0.00 0.00 0.00
7 0.25 4.00  0.25 Li00  0.25  0.25 0.00 0.00 ©0.00
8 0.25 2.25 4.00 2.25 0.00 0.00 0,00 2.25  0.00
9 0.25 6.25 9.00 6.25 0.35 0.00 0.25 1.00 0.25
10 0.00 225  2.25  2.2%5  1.00 1.00 2.2%  (,2% 0.25
i1 0.00 h4.00 0.25 4,00 2.25 A4.00 1.00 4.00 0.00
i2 0.00 1.00  6.2%5 2.25 0.25 0.00 0.00 0,00 0.00
13 C.00  0.25 4.00 2.8%5 0.00 000 0.00 000 ©.25
1k 0.25 k.00 6.25 2.25 0.00 00  0.25 ©0.25 0.25
15 0.00 - .00  2.25 0.25 ~ 1.00  1.00 0,00
16 D.00  1.00 6.25 L4.00 1.00 ( 025 0.25  0.00
17 0.00 - 2.25  1.00 2.2% 1.00 0.2% 2.25 0.2%
18 G.25 - 1.00  L4.00  2.25 0,00  0.25 1.00  0.00
i9 0.25 .00 1.00 L.00  2.25 0.00 0.25 0.00 0.00
2@ {}#{}ﬁ Eé-.ﬁ?‘;ii 1«7{}@ ‘!@n{}{} ﬁagﬁ gﬂgﬁ {}u{}‘ﬁ @eﬁ@ @am
Total 2.00 43.00 P6.25 S88.75 14.75 9.00 9.00 19.00 2.50
Av. 0.10 2.53 3.81 2.94% o7k O.43 0.4%  0.9%  0.13




SUBJECT 704532  BACE ACULIMATIZEED

Gland Hours : :

%o . & i 1% 2 2k 3 ad i hid
1 1.00 @,@ﬁ 4,00 .00 0.00 0.00  0.25 0.00 0.00
2 GO0 2.25 225 L.oo  0.00 C.00 -% 00 0,00 0,25
3 C.25 %@&5 b0 b &.25% P25 025 0.00 5.006 0,25
4 1,00  L,00 6.0% 9 .00 éasg h.oo iﬁ¢ 2% i2.2% 0.25%
5 0.2%  h.0o m,gﬁ Lot  2.25 2.35 2.28% 2,35 0,00
& Q.25  2.28% k00 Bo00 4,00 2.25  0.00  0.25 0.25
7 0.00  0£.25 2,25 h.on C.00 0L.00 0.00 1.G0 0.00
8 0.25%  h.00 G.25  16.00  6.25 6.25% 12.2% 2.23 6.25
g 0,00 B.00 6.25 6,25 &awﬂ .00 9.00 1.0G 0.00
0 G.25 k.00 .00 6.25 éaﬁﬁ 025 G.00 0.00 0.00
i1 0.25 L,00 .00 12.2% b ZeBH GO0 2.2% 0.25
iz 0.2%5 4,00 625 k.00 &e@@ .00 0.2% 1.08 0.25
13 0.2%  h.,oo 9.00 12.25 6.25 1.00 0.25  0G.00 $.00
1h 0.00 h.00 6.25 16.00 6.25 12,25 12.28 6.2%5 h.0O
15 0.25  h.00 k.oo 6.25 LoD 6.25 2.25 0.2% (.00
16 ©.25  L.o0 6.25 0.00  UL.00 0.00 0.00  0.00  0.00
1% 0.00 L.oo L.oo 100 Fa8%5  R.25  0.25 0.00 2.25
18 G.00  h,00 .00 Q.00  £.00 b0 9.00 L.00 1.00
19 D25  1.00 2425 6.25  2.25 6,25  9.00  L.00 225
20 025 2,25 L.oo £.35 235 5625 0.00 0.00  0.00
21 1.00 4.00 2435 22% H.00 4.00 0,00 0.00 0.00
22 .00 h.00 La.oo 9.00  1.00  L.00 1.00 0.00 0.00
23 0.25 k.0 4 .00 1.90 0,00 0,00 0.0G  0.00 0.00
nh 8.25 2,25 ko0 GL.00 .00  0.00 0,00 G.00 O.00
25 0,00 2.2% 2,25 024 0.00  0.25  1.00 D25 D.25%
26 .00 2.25% .25 225 .25 0.00 0,00 0.0D  $.00
27 0.2 2,25 0,00 0.2% 0.00 0.00 0.00 G.00 0.00
ﬁfﬁ a3 100 I 00 o gfj (s {f’{:& e (02 .00 e Qf} e gfé
Total H.75 58,25 115.25 160.25 67.75 T2.00 81.25 37.25  19.75
AV . G.2h 3.15 % iz 572  2.h2 395? 2,90 1.33 .91

A
L



SUBJECT 70459 BACK UNACCLIMATIZED.

Gland , Hours ‘ :

No. tl 1 13 2 24 3 3% b S
i h.oo 0.25 6.25 Q.25 ©.00 0.00 0,00 L.00 2.2%
2 2.25  0.00 1.00 0.25 0.00 0.00 0.00 0.00 0,00
3 2.25  0.00 2.28 G.00 000  0.00  0.00  0.00  0.25
) L.o00 - 4,00 2.2%  0.25  A.00  2.2%  2.2% ©.00
5 hooo h.oe B.00 L.oo 6.25 0.25 1.00 ©0.00 2.25%
& 2.25 - .00 00 1.00 0.00 0.00  0.00 0.00
7 1.00  1.00 4,00 3 2.25  0.00  0.2%5 0.25 1.00
8 1.00  0.25 2.25 o {3 1.00  1.00 1.00 2.25 4.00
9 h.oo 2.25 L.0oO 1.00 0.00  ©.00  0.00 ©0.25 0.00

10 Lot 0.00 L4.00 1.00 2.25 0.00 0.00 9,25 0.25

1% 2.25  h.o0 1.00 0.00 0.00 .00 ©0.00 0.00 0.25

12 .00 2.25% 2.25% .00  2.2% 0.25  0.25 0,00 .00

13 2.25 2.25 6.25 .00 .00 .00 L.0OO 0.G0 0.00

14 B0  2.25 1.00 2.2%  1.00 0.00 0.00 0.00 0.00

15 2.25  2.25 0.00 Q.00 0.00 0.00 4.00 1.00 2.25%

16 .00 1.00 4.00 o0  2.2% 0.00 0.00  0.00  0.00
17 L.oo  2.25 1.00 .00 L.00 2.2% 0.00 0.00 0.00

18 4,00 2.35 2.25 2.25 k.00  L.00  0.00 0.00 0.00

19 6.2% 2.25 k.00 225 225 0.25  G.00 0.00 0.00

20 2.25 0.25 0.25 025 225 0.00 0.00 0.00 0.00

g;l 2025 1¢§ ﬁo@{}‘ .00 Tho 2 Qu@ﬁ {Z}o@ﬁ 0¥ 30 {3&35

?2 lnm ’ﬁng}f} (}s{}@ ﬁ}c{?{} ,‘Q‘{} ﬁs% .}w&ﬁﬁ @ug‘@ ga@ﬁ‘

249 &.00 - L .00 0.00  0.00 0.00 .25 0.00 0,00

2h 4,00 2.25 6.25 4,00 4,00 0.00  0.25 0.00 0.00

25 .00 2.2% 0.25% 1.00  0.00 O, .00  0.00 0.00

26 2,25  0.00 1.00 2.25 0.00 0O ©.25 0.00 0.00

27 L.ooo & 2.25 4.00 .00 h.oo 1 Ze2% Q.25  1.00

28 L.00 0.00 .00 0.00 0.00 €, 000  0.00 0.00

2? ?egﬁ ﬁ&gﬁ 2@,{}& @xﬁ L D 4 {:}a% %e{m}ﬁ a;@@

Total 88.75 38.75 77.25 50.25 43.00 17.00 16.75 10.50 13.75

Av. 3.06 1.49 2,66 1.73 1.48 0.59 0.58 0.36 0.47

ey

&



SUBJECT 70459 BACK ACCLIMATIZED.

Gland ' ‘ " Hours , ~
Ho. ] 1 14 2 % 3 . 3% 4 b3

1.60  %.00 k.oo hooo koo 4.00 0 0.25 0.00 1.00
2,85  2.253 400 oot  6.25 4.00 | £.2% 0.25 0.00
9.00 .00 G o O} 6.25 6.25 2.2%  L.O0 .00 1.00
.00 2.23% b.oo .00 2.00 4,00  6.25 0.25  0.25
12.25 .25 G .00 €.25  6.25 6.25  6.285 $.25 9.00
1.00 h.po 0o 225 025 0.00 | G.00  0.00 0.00
2.25  2.25 &.25 2.25 Loo Lot @ 0.00 L4.50 4,00
H00 2,25 h.oo 2.25 hooo  1.00  H.00 1.00  1.00
F.00  6.25% $.00 5.80  6.25 h.oo @ 6.2%5  h.o0  h.oo
boo0  B.00 6.25 .00 BeOO  1.00 0.25 2.2%  h.op

o
T30 GO A SN2 B e

11 h.0o  h.oo G .00 .25 .00  1.00 G.2% z2.2% h.oo
12 Lo 2.2% k.00 4,00 1.00 &4.00 kOB 0.25 L.00
13 hooo koot .00 .00 R.oo koo 2.25 1.00 0,00
3.-5#' %»f}i} iﬁvo% éagﬁ @w%@ g%#ﬁ@ g@&% } é ?_,;: 5@ A &, 00
15 2:25  h.00 6.25 b 00 6.2%  2.25 hooo h.o0o 6.3
16 b00 KOO 6.25 4 .00 B.00  2.25% .00 L.00 4,00
17 .00 0.25 2.25 .00 h.00  1L.00 h.o0 6.25 9.00
18 2.25 h.00 6.25 6.25 .00 1.00 hooo  R.OD 9,00
19 6.25 1.00 5.00 B.ooo  h.ooo 4,00 h.oo 4,00 2.2%
20 6.25 400 h.00 h.0o0 4,00  2.2% .00 0.2% 1.00
21 G.25% 2.28 4 .00 4.00 h.oo  1.00 2.2% 1,00 (.00
2z .00 6,25  12.2% 9.00  0.23 225  6.25 6.25 12.2%
% 2.00 4.00 6.25 G .00 GO0 = 6.2%5 h.00 h.00
2k 9.00  h.00 .25 6.25 6.2 = Looo koo 1.00
2% 2.25 L (30 2. 25 6.25 2425 o 0o 00 @&w@ 4o 030
26 L.oo  2.2% .00 h.oo ELooo  1.00 500 2% h.op
o7 1.00 1.0D 6.25 4 .00 .00 4.00 2425 %mﬁg % .00
Total 125.25 B89.75 153.00 141.25 125.25 64.50 110.2% 71.75 97.00

AV b,64  3.32 567 5.2% L.6h ﬁZé@ k.08  2.66  9.59




APPENDIX C.

Photographs of the sweat gland activity and
density of two differemnt subjecits for the chest
(Subject No. 125121) end for the back (Subject
No. 70459) to illustrate the units for measuring

relative activity and changes due to accolimatization.



(1)
SUBJECT 125121, CHEST 2 HOURS.

UNACCLIMATISED.

ACCLIMATISED.,

26 -




(2)
SUBJECT 125121. CHEST 3

HOURS .

UNACCLIMATISED.

ACCLIMATISED.

-97-



(3)
SUBJECT 125121. CHEST 4%

HOURS.

UNACCLIMATISED.

ACCLIMATISED.




SUBJECT 70459. BACK 4 HOUR.,

UNACCLIMATISED.

ACCLIMATISED.
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(6)

SUBJECT 70459. BACK 4% HOURS. NI

UNACCLIMATISED.,

ACCLIMATISED.




