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’I‘becaloncrequuementnfnmnmt.hemmormtbe
Ant.nn:nc is not appreciably different from thst of man living
in the temperate climates. The slight difference observedn 2
is po more than: what could be accounted- for by the added:
calorit requifement caused by the hobbling effect of the winter
clothing And t.be greater energy expe_ndltum mquued by
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Evuporuhon, Radiation Plus Canvedion, ond
Temperutwe for the Clothed Subject -

Metabal

ject, and below 85 F for the lightly clothed subject, evapora-
tion loss is minimal and constant. Burch'* has shown that this -
insensible perspiration reflects the permesbility of the skm
to the moisture of the body. Above these Oempemtum, con-
trol is obtained by the availability of sweat for evapomhom
The difference in the curves above 75 F i probably l:ugely
determined by the difference in clothing aed activity.

LOW TEMPERATURE HAZARDS.

Humx.n performance i in cxt:eme eold depend.s ultimately on
the of yu thermal balanee. The‘
ability to do so depends in tum pn.manly on extent of eold

eat p ilevel of activity), and

heat oonsarvaﬁon ('mc.ludmg insulation and* clothing). From'
a practical st.mdpomt +30 F is probably the lower limit for
efficient p d outdoor operati ‘At —60 F many kinda
of oittdoor activities bwome exceedmgly difficult, but by no
means impossible.® -
<" Knowledge' of both the magmbude" L (mcludmg e

tal low

p as well a8
m movemmt and wMer vapor. eontent) und ‘duration of é [
i cho—

ing the

logical and phyawloglcal adjustments of ‘man- n-to cold Misn
may become habifuated to cold; ie., learn how to survive
dunng mld penods 17 and he may also beeome wclxmatxmd,
ie., physi sduced in the man'so'as
to make him more wle.mnt to ool ¢ Available information

dicates that' man habi rather ‘than ‘acclimati 't.o
cold. !

+-There  are few xf aay, apemﬁc evidénces of large phymo—
logical ch in man! even in
groupe of ‘people habxtua.lly exposed to cold envuonmenta}
such as the Ealdmos and Indians in Alaska. Recent studies of
primitive peoples, such ss the Australian aborigines, have
found that these people allow excessive body cooling during .
sleep (2-4 F deg) which may be interpreted as representing
true physiological acclimatization to.cold.® However, physi-
bgm.lc.hmgummmmﬂhngfmm, longed ‘cold ' ex-

ugh snow, ete.
" Howaver; prulonged cold exposure of nude men to cold wag
far more severe ﬂmn f.!mt. eneounwred m nonnnl Arctic
living; and -.prod i bnhnee, and.
" dietary intake. Continuous ex exposu.re of nude men to sn'am-
bient’ temperature of 8 F for 3 to 9 days, caised a two-fold'
increase in metabolic rate, a significant increase in’pulse rate,
and markédiloss in body protein which persisted several days
after-the subject hed returned to normal room tempera-
ture.® Under.these conditions, food intake is most important.
A reduction in calories from 3000 to 1500 per day caused a
marked reduction in'phyzical work capacity, as judged by an-
all-out treadimill test.:* On the other hand, no appreciable de:
terioration:occurred in physical work capacity when 3000
caloriés and.70 g-protein were given daily for 9 days at 8 F.
Cokiuu\xryoeeunedmthafeetofthmsub;ect&,butwﬂa
mo6t p d in the subj adxe defici bot.h
in mlomas and: protem

HIGH TEMPERATURE HAZARDS

Bl oimenw high t t mhmxtedby
two different physiological 1) elevated skin tem-

peratiire résulting in pain and tissue dmmge and (2) elevated
body ten and the of heat

;i heatcra.mps,andhmtstmke.'l’heﬁmton.hm
imitations is most easily observed when thie skin temperature
pldlymlevdsof113F(450)orhxgher by mesans
of infrared radiation or by contact with hot liquids, gases, or
solids.. The second effect is that most eommon.ly associated
with working conditions in hot climates or in industrial md
xmhf.sry smhons requiring work in hot, huroid spaoes.
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Tolefume Times and Temperature Limits cf Un-
protede Sub|eds Exposed to Fast Heat Pulses with ‘an

posure are small, .compared with the importance of factors
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imate ‘Definition of the Yransifional Region’ behnreen
- Pain Limited and Body Heat Storage Limits® -

I

T ,-,oiagitalfpﬁndpiés

out on human voluiteers
e bvesmaﬂmn w“edcha.mber lined with quartz tube
radis easurements: were ma.de of mesn wall tempera-

istors: 12 skin body

; to pain. Slowly and 'rpﬁ
,.' Jiation pulses’ used, and the heat flux to the
oo Wemm n;.;t-lve and half convective,
o mulhm‘:uﬂuxmwthednnbetm 1000 and 3000

carried out at lower opera~
() = Other experim periments
Koal/ () s wer

body
were limited by the elevation of deep
ween d 125 C (221-257 F). “Fig. 3
bei of 1&5050 time at very
o the Limit and body heat storage
wnﬂ';e;;;rzzu; t.hepmuansxtxon region, both pain and
‘;::‘;%,w ‘may be factors hmhngc:;gminr 1
ormal "this area is rared
mﬁﬂﬂ;m&mf ton 7 tures in these experiments must be
tion oF ¥ f fman, -and clear-cut
dangerous gituation for & ,
eonsdere': f:r exposure kimils may’ .not, be svailable for ev;rz
mdpm:gl Anywvermgoh.he shnee.rvestnpm ot
individual,: :nd thicker, highly reflecting’ Wmmnmd
g:fesr additional pmtectaon. However, o:fﬂy wye“ ven
gAm of
ham; mdmeanf: 7;:. degree of protecuon that has ‘been ob-
2gned for various types of othing in the pain hn:xt::fsd mnwge
b hnghmm i l?fthls ty::?sunﬂi ﬁ; px:ﬁr::::mg power of
.t‘t::slk:n Fig. ;u;hoow‘ a eomposite of data from maoy auth?n:
for the reflection in the visible and near infrared regions Tge
fair, blonde type ekin, and for a‘dark, negro skm.d c
. or'dxﬂ'erenmm reflecting power are in the visible m:l nea
E(?ued because for wavelengths longes than 3, ';he umt;l
skin 'is - essentially” black (reflecting power 1-: -1.5 percent),
regardless of pigmentation.
WhemvexS(“m ) i ‘,mencnnoont.mueho
Mr{ until body wmpemhm:  reaches 102-105 F.# When these
my temperstures are exoeeded, men work with declining
efficiency and may be subject to heat stroke. . ous
Heat exhaustion is a circulatory failure in which e:;\x;ﬂ
rctumm(.he heart is reduced so that fainting resilts. hy
symptoms of heat exhaustion way include {atigue, headac) d‘:,_
disginess when erect, loss of appetite, nauses, abdfmmlfme snd
tress, vommng, chortness of breath, fushing of
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pulse d:sturb—
te above 150, glazed eyes, and mental
::f;, guch ar: apathy, poor judgment,. and irritability, which
usyally precede fain ainting (syncope). Unlesa* the mn.l:w hs
another illness, such as heart disease, he wﬂl usually Tecover
promptly if be i3 removed to & cool place and is permil
for a time. :
heg:::ﬂ mor ps are pamfu.l muscle spasms in the emmfi
back, and sbdomen, due, 8t least in part, to excessive ol
galt in sweating. Formerly common in hot mdusmu mdes e
manifestation of illness due to heat is pow' greatly redu
by drinking water containing 0.1 percent salt, or tgd%mﬁx-
use of salt mblew Heat cm:.‘ps are readily allevial Y
nistration of salt sol
- t.
effect of exposure to great hea
'I‘hl:el?(:dee ; s sen?'l::‘- rapudly to levels, often
above 105 F, .when, {or unkpown reasons, free sweaﬁ
suddenly stops. At such lngh ﬁp&u;um. coma m&ner-
be i
::ig; mnf;mm which quxckly reduce . body temper;hm
are necessary, in order to avoid irre dmnage
brain.®
The deleterious phymolopc effects of high wmpemdt:xnr:
exert & powerful influence upon physical activity, w:: onte
sickness, and mortality. Both laboratory and field dst, eﬁ .
that physncal work in warm at.mospherm is a great effo
and that p {alls prog > ely as the temp

HEAT ACCUMAT\ZAT\ON e
ove to deserts or to )\mgiu, some ad&pum;\
wmemtkes place. If worlk is graduslly mcm:led ‘::5
by day, andxfﬁhemencangetplentyofwﬁrmd' ‘t,m7
s Bt
:nw days.m’la‘}mmﬁmamed man works with & lov;var‘hea‘.rt_
rate, lower skin and rectal temperatare, s
thao when d. The pmc‘;? e
climatizatior reqlmesworkmtheheaL During recen!
war, :ﬁw :mops lived and did hard- physical work ‘for” t:::
penods in tropical conditions, when dxsesse hamds were
led. .
1‘mlu work tésts made at the ASHRAE Research IabOrnwrg” "
subjects were to perform light work undefim the
conditions for a: 4-hr penod each day. It was (f;:\m
sbxhty of a new subject to md‘;'mtmhsst ;O:eeh mHowevu,
after un ‘t fol'v:.ms 0‘ ? d,"several diys mt‘.:\‘d
work had no effect on the endumnee of the subject: Indi s




