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Abstract

LEVEN Lealthy ule volunteers were exposed
i environmaent of 570 DI, 35500 6 WE during
it breathing and  100%, oxygen breathing, The
fiter procedure reduced excess hieal storage at the
Wl ol the heat exposure, thereby  imereasing the
e taken to reach the level ol physiclogical strain
fwvhich perlormance decrement is likely w occur,
s dermonstrates an dncrease in tolerance o severe
pit stress,  urther experiments suggest that the
pndlicial effect of 100% exvegen iy due o an
rreasedl respiratory hear exchange (RITE) hecanse
fihe dryness ol e gus,

itradnction

IAT pilots fiying low level high speed missions
tthe swnmer have ofien commented that breathing
' psygen during such flights makes them [eel
comfortable and less fatigued. Such a pheno-
n could be due to psychological reasons, due
oling of the face produced by a stream of conl
nxvgen or ddoe to physiological eauses which
brually reduce heat induced physiological strain.

It was therelore thought it worthwhile to com-
the effects of I00% oxygen breathing and
ary air breathing during exposure to a simulated,
jonly encountered, inflight hot environment on
mised heat strain indices, The resuliz indicare
it 100Y, oxvpen breathing during heat exposure
guificantly attenuates Leat strain.

al amd Methods

Eleven healthy Alr Force male volunieers acted
putiects.  Their physical characeeristics are sum-

i Air Furce, Govl, ol lrag.
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marised in Table T, These men were well mativatad
and Tamiliarised with the hoat sres Euiur:'ulur}-‘ and
hence psychological [actors were nat expected 1o
play any significant role in their physiological ress

ponses o the severs heat stress,

TABLE 1

Phyxical characteristios of subfeets (n={41)

Age Heirht Weight Body surface

{yra) (Cans) (k) area (M7
Meun 21.9 170.2 63.0 .73
s.d, +3.1 3.1 +7.1 {2

Ezch subject was expozed on two accazions al
Ieast 5 davs apart, to o hot enviranment of 57°C drey
bulb (DB) and 33.30°C wet bulb (WB)- an Oxiord
Index of 38.7°0— for a perind of 30 minutes. This
temperature profile s commonly encountered during
our routing summer fAying condilions in fighter
sortics which usually lasr for abour Shminures,

Oin one pccasion, the subject breathed room air
through a Mk 176 oxygen regulator connectled Lo
his PO Osvygen wmask while on the other, he took
in 1009 exveen through the same regulator/mask
assembly, He also wore routine Hying clothing,

I'he sukjects were exposed to a thermally cont-
relled environment of 21°C DB, 19°C WH for § hour
prior to cntering the hot cockpil, as well as during
recovery afier the heat exposure,
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The following phvsiolopical parameters wore
vecorded jost prior to cntering the hot cockpit and
at It} minutes intervals during e heat exposure,
(During recovery only HR and temperatire were

recorded ar 5 minutes intervalst,

(7)) Heart rate (lead 3 FCG )
ded on one of the channels of a Girass medel
O Palvgrapl,

(B Shin rewmperatvre s From chest, arm, vight
thigh, right lefr wirh thermacouples whose ont-
put  was directly  recorded oun te an Ellab,
Flecrralialo utory (Gopenhagen) cleciric thermo-
meler.. 'The shin sites were chosen wo calculate
tnean skin tempersiure (Taky !

(e Chat temprerainre s This was recorded with
the Lielp of a thermistor probe whose output was
reacd f“'l'l"'f'lj}' ot o o Yellow Spriugx lastrumerits
Uelethenmumeter (Range 2000 10 42°C) The
prabie and thermometer were calibrated arainst a
standard nercury surface econtact  laboraiory
thenmommeter far remperatures 3070 wo 4570,

(d)}  Swwwrt foss © This was taken as the difter-
cnee in weight before and alter the experitnents
as olserved on an Avery halance (reading to
wilhin 1 10 prams) expressed as mgm/cm*Body
sarface area/min®. Frow the above parameters
the following heat strain indices were calenlared

i) Hean storage in kilocalsm?
= Wr g x LES ¥ rise in mean body temp®
Body surlace area m?

MET was calenlated as 2/3 Voo + 123 Tek'.
(i) Accumulative eirculatory strain index (ICY
83
(8 - & HRE )
was the coutrol heart rate and A HR isthe

change in HR,

-85 HO o where HO

{iii) Mrndificd Craigs indes (155%
i T
= 100 F oA Toesy + sweat loss in Kgs'hr,
In this equation Ta.: was nsed instead of T,
as T.m isa better indicator of core temperature in
conditions of rapidly changing T ...'",

Stativtice: Brandardised ‘17 test! was used m
compare (he mean differences of the heat sirain

L4

This was revor-

indices as observed in the two experimental condi
at the end of 30 minutes. Thuring recovery
slopes of the heart rare and mean body tewnperalurt
curves were compared by weighted averages: dl
values have been expressed as mean (X) -+ 540

Results

Two of the subjects developed symptoms of aculg
discomlore ar the end ol 40 minules and had t
taken out of e hot cockpHr, Wlhale they J'Ii
freen included in the calculation ol I8, 18
purameters are independent of the time factor, Hige
are  shown  sepurately  for heat  accumnla
(Table L)

TAKBLLE 11

Flear starage fn kilocalsf M= in sub foct numlioes!
Pand 10 Duration o f hear ox pesiee 980 minites

Suh, Breathing

Mns, air o LIRYERAS
2 G, | ]
1 170 2.0

feat Storgge : In 9 subjeets who complele
winutes of heat exposure in both protocols s v
in Fig. 1, In the aiv breathing experiments e
wis @ hieat gain of H54 + 10 (53d of i’} kitacals
while with oxygen breathing the heatr gain
W8 4 6.6 kiloealsim®.  The difference af 3 )
kilovals/m”® was' stavstically significant (I <0050
Two subjects who could net complete e
breathing zlsn <howed lesser hewt accumulation wilh
L00%; oxvzen breathing {Table TI). .

When the heat storage in 9 subjecesis p]tm_:
as & function ol time (Fig 2), it 15 seen that "-'-'.
PATAUELEY InCreases linearly for both the cxperimﬁﬂfé’
conditions,

Moditied Craigs Index (IS): At the codaff
heat exposure (Fig 1) IS was 3.70 + 0.5 (Sdof X8
with oxygen breathing, This was significantly
than an I8 of 453 < 0.33 incurced Jue 't
breathing (P-<0.01) (Fig 1).

Accumulative  Cirenladory  Sirain Index {Iﬁ'}
IC also indicated a significant reduction (P <t b
in heat strain (Fig 1) due to breathing 100% axy)
(IC = 19341 + 545.4 5d of X) ay compared o/t
1€ due ta air hreathing (24296 == 610,4), '
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The linear relationship of HE to the heat accu-
milation is given io g 3.

Sweat+ There was a slight increase in the
mount of sweat produced due o 1005 oxygen

reathing (0.714 - 0.38) mgm of sweat/ lem? fmin a3
pmparcd to the air breathing experiments (01,684 &
b7}, The difference (Tig 1)
mificant (F = 0,057,

however was not

The slope of recovery heart rate aller air breath-
showed a faster recovery as comparcd to oxygen
ing experiments as calculated by weighted
ages while there was no difference in the slope
secovery of MBT.  The recovery patierns of HR
Gl MBT are shown in Figs 4, 5.

lscnssion
| An exposarc to a severely hot environment as is
_}rtu be et with inflight, especially during tro-
I gummer conditions would impose a wus:dt: ablc

mee of Lieat strain upon the aircrew and compromize
farmance 15,
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Air Rreaathing & 10075 & Hreathing

It this series of experiments the hot environment
cimulated is the one mast likely to be recorded in the
actual flight situation'®. At the end of 50 minules
exposure ta thiz environment, while breathing
raom air, the subjects accumulated 88,4 ldlecalsim?
of excess hear, szt which perfarmance deterioration
is expacied to hegin,  Blockley eral® had suggested
that performance detcrioration occues at about B3,
of the heat storage level at toleranee limit, Heat ada-
pted subjects tend to reach the end of their tolerance
o severe heat when they have accumulated about 110

al

Lilocale'm® of heat, as calculated from Sinha &
Verghese!® and thus our values at the end of 50

minutes of exposure to the experimental environment

are a fairly the cxeess heat
storage wi the beginning of performance deteriora-

T,

accurace estipiate af

1009 oxygen breathing resulted in a significant
reduction ol heat at the end of the cxperi-
(Iiz, 1), The fact that twa of Lhe subjects
whe could not complete the heat exposure while
Lreathing air, did so while breathing 1005, oxygen,

storago
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Fig, 2 Buody heat storage (Kilo Cals/M®) i plotted against
time o Exposure in mints, {3 Alr Dreatling, (--) 0, Breathing
experiments. The equutions are Repression hqm:mm
(Reproduced with permission from Av Med Jume 1980)

goes to farther substantiate this evidence. When
the decrease in heat sccumulation due to 1007
oxygen breathing is considered on a wmpnra‘ hasts,
it 13 seen [rom Fig 2 that 79.6 kilocals/m® of excess
heat (which was accrued ar theend of 30 minutes
of oxygen breathing) was gained at the end of 41.3
minutes of air breathing, Thisindicates an extension
of heat tolerance Ly 8.5 minutes due to nRYECH
breathing. ‘Such pain wiil be a valuahle aid w a
pilot flying under adverse hnt weather conditions,
cepecially towards the end of 1he mission and i3
considered to be of significant benefir,

LThe mechanism by which 1009 oxygen produces
this heneficial efleet vould be due to fi) chapge In
quantity or quality of sweating (i) an increascdres-
piratory heat exchange (RHE) duc to the divness
of the gas or (iii) ‘a caombination of buth Factors.

Heat exposure increases oxygen Consumplion
though the increase ic not significant’™. Bur the
sweat glund metabolism nay be sensitive 1o even
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Fig. 3 The Relutionship of Body Heul Storage (Kilo Cd
und Heart Rate (Beats Min=') during Hest Lxposure |
Hreathing Air (—) and Hreathing 1003 0, ==k 7l
cyuations are Regression Equalions.

this slight increases in V. and therefore grey
amount ol sweat mav be produced due In
oxyren availability by 1009 oxvein breathi g
the vasedilatory ellect of hody heating!* whic
be couanteracting the peripheral vasovonstr
of 100% exvgent will Fartlher enhanee (he o)
availability of sweat glands, However, i
of experiments cventheugh there way some
in swearing, it was not significant (Fig. 1),

About 10% of body heat is lost by
hieat exchange®  This is dependent upon feto
as minuwe ventilation, waler contont ofthmm‘p e

and latent heat of warer vapour’, Itmay
breathing 1009, oxygen which is a very
promotes RHE, sided by an increase in ven
sehich ocours an cxposure to heat®, To ase
we exposed seven of our subjects ina separ
of experiments to the same degres of heat stres
hreathing air dried by passing it over silica
compared the lieal storape (R2.1 kilocalsim
that incurred hy them during their ambient
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DURIMNG RECOVERY

HR  hAlr "
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{a)

RECOVERY TIME IN MINUTES

% 4 Becovery Heart rule Min-' after Hem1 Exposure.
ieiebjects (M= 10) recovercd at 21°C DR 19°C WE with Air
i 1751t Min=* while breathing ambient air,

e Nreathing Air,— —Alier Breathing 100°) 0,

locals'm® and oxygen breathing (00) - 792
im’- experiments (Table Til), The div zir
Bthing also  significantly reduces heat starage
#lile IIT). Therefore the dryness of the breathing
piure plays a contribulory role in promoting the
WE and alleviating heat strain. This view is farther
rirthened by the fact that in 6 of our subjects
i breathed humidified oxvgen (OH) the hest
e was  significantly  higher than jo the 00
gmriments {L'able IV},

A5 wo single index of heat induced physioiogical
fin haz yet been formulated'?, two other indices
ithe modified Craizs Index (15) and arcumulative

tlatory strain (TG) wore also estimated . [t iz seen
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Fig. § Recovery of mean boddy temperaiore O (MBTYC)

Revovery after Ajr Breathing Fxperiments
Yamd afrer ©, Rreathing Fxaperiments ad (= -}

after Hear Exposure
iz denoted a3 |

(Fig.1)
recduction
gestion that 100% oxygen doesaid in reducing heat
induced phystological strain,

that these two indices also show a signilicant
and therefore strongly support our supg-

TAERLE TT1

Body hear storape (Kifoeals! M=) (n=7)

Sub. No.

Ambient Diy air L0OYS Qxvieen
atr (AA) (A (00}
1 8h.73 TT.AZ 67.50
3 7611 7T MG i
B 83.0 78.2 80.95
5 10%.48 101.5 83.93
6 7391 811 7713
b 06,12 PR 03,25
| 35:91 79.40 .Th
Mean 89.03 g2.07 T 20
=.d, + 11.08 & 68 + 7.16
Mean
Difference AN —DA = 096 (P=0.03)
A =T = -9 83 (=013}
XA £M) = 287 (P=0035)




TABLE IV

Bodly heat stovage (Kilocals) M2 - 100%;
Oxyvgen( 01y & Mhonidified oxygen (GH) (n=8)

sub. Nu, 1007 axvpen Humidified
{38 axvern (OH)

67,45 3.2
6.3 83.2
71.90 0a.7
31,00 H5.0
LA 7.4
00,30 N6

Mean TT.% 10
g, + 8.5 1 9.2

Mean dillerence 00 — OH — +
P =08

100Y% exygen breathiog st | ATA results in some
degree ol bradyeardia® ', Hoawever this change,
even though of signilicance, only amounts to ubout
0.8 beatsfin at the end of 40 minutes of oxygen
breathing', Tt iz seen from Fig 3 that ata body
heat storage of 798 kilocals/m® attained st the end
ol 1007 oxygen breathing for 50 minures, the N 1R

was 1169 beats/min. while, for the same degree of

body heat storage when breathiog air, the X HR as
read ofl' [romn Fig 3 was 118, Thizs small difference
aof 1.1 heats/min would be due to the bradveardia
effect of 100K, oxygen breathing, which could have
been sodilied due to the physiological cffect of heat
oo the cardiovascular svstem, which takes the Lrune
of the stress™'®, It isalse nteresting to note thar the
IC as incurred by our subjects was 2439 ara bedy
heat storage of B84 kilocalsim® while Gold®, far
the same degree of heal slursge, reports an TG around
7000, This c¢ould be atrributable to the fact (hat
individuals well adapted to severe heat conditions
exhibit a lesser degree of circulatory strain as they
may huve developed more efficctive sweating mecha-
nisms tn dispel excessive heat.

0%, oxvgen breathing does not hasten recovery
[rowr exposure (o severe heat stress (Tie 4 & 3) and
therefare is of no benefit it reduciog inter EXPUSUTE
period whicli may be ol copsequence during routine
operations,

L

Conclusions

These cxperiments have shown thar [00% oxvgen
breathing reduces heat induced physiological slrain
and is expected o be ol bencfit in helping a pilat lﬁ{{
increase his rolerance ro severe hear stress,  Minon
side cftects such as  delayed aero otitis', a0
atefeclusis'' can be  casily aveided by nsiog it
oxygen reeulator on the aironix mode on and off
during fight, for short durations.

The most probable mechanism ol aciion of thif
beneficial effect s due te a promotion in RHE
hecause of the dryneas of the pas.  Howey
eventbough insignificant, pmr oxygen seemy o |
more bunehcial than t.h}-' air in producing it Hﬂ'\‘ﬂ,
Also, the sweat output increases with oxygen though
insignilicantly. Therefore, apart eom the Ilr}'l!ti@_
axygen mav be producing s action, rhnughﬂ Ly
partly, by other physialogical mechanisms
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