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SUMMARY
Laboratory amd sea trials were wsed 1o evaluate the effectivenessy of theee atrerew
cold water survival garmoents: the British Mark 10 swiv, the Unived Soates CW0 2P suit,
and the Canadian UV 1C Thermaofloar' juchet, 1t was conclided that the three alicrnativees
provided similar thermal protection but with regard (0 several other important features,
the U V1C Thermfloart jach et was siperior. Comsequent!v, in this evaluation the U3VI1C
Thermotivat jachet was shown (o provide the most effective form of wircrew protection.
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I. THE PROBLEM

Priots of the Royul Austrabiin An Foree will saon be reguined 1o wear cold water survival
suits during flights aver cold water, Information obtuined from the Australian Weather Bureau
(Figure 1) indicates that during winter the mean temperature of the water off the south of
Tasmanu falls to 10 C W pilot wearing normal flying clothing were forced down over water at
this temperature, his chances of surviving would be very poor, Rapid progress into hypothermia
would be wccompanied by loss of consciousness and tinully diowning even if adequate bouyuncy
were provided by a lile preserver. Keatinge! has deseribed incidents in which vietims of aircraft
ditehings or ship sinkings have been Tound deud, though supported by a life preserver with their
heads well aut of the water. Clenrly it is not-enough to provide adequate flotation for such
emergencies: steps must also be taken to keep the survivor warm, However, one difliculty is to
devise, for survivel in cold water, an anti-exposure suit which provides the wearer with adeguate
insulation when immersed, but does not induce o state of heut stress during normal flying in
bright sunlight,

The purpose of these trials was to compare and cvaluate three anti-exposure garments for
pussible use by the RAAL These comprised the British Mark 10 and the United States CWU
218 dry suits, and the LLVIC Thermaotloat jucket which was recently developed at the University
of Vietorin, British Columbia. The design of this latter garment is based on the * wet suit”
prmciple.

Bleat is Tost from the body at s considerably reduced rute iF the survivor is able (o use o life
caft. Lite rafls, however, are not included in the survival equipment of muny airerall, Conse-
quently tor tas evaluation i was assumed that the swearer sould be silmost totally immersed in
the water throughout the exposure,

tnitially the purpose of the study was to compare the three anti-enposure garments with
respect o their thermal insulation und operitional effectiveness and slso to estimate survival
thnes with amd without this equipment,

The evaluntion comprised two parts: Taboratory triabs, and sea trials, In both, the fall in
deep body temperiture was used sis the most important eriterion, Laboratory trindy enabled o
comparison of the suits to be made under similae and well controlled conditions whereas sei
triads pernutted the assessment to be entended to more realistiv conditions, Subjects, wearing in
turn vich of the three suits, were required o sitin i tank of cold water while rectal and skin
temperitures were meastired. Four of these subiects then participated in the sea trinls which were
carried out in Port Phillip Buy.

Estimiites of survival times shoudd only be made with reference to the refevant physiologicnd,
brochemical aad paychological variubles A briet aecount of some of these is provided alter a
deseription of the parmuents.

2, DESCRIPTION OF VHE SUITS

The British Mark ) st is w coverall made of a0 ventile fabrie which s permeable to
perspiration vitpours, Soft rubber seeds tee provided at the neck sind wrists to prevent the ingress
of water and waterproot boots are attached (o the bolioms of the legs. A urination tabe is fiited
wunder @ horizontal slide tastener just above the tevel of the croweh, Runting hotizontilly across
the back of the suit is o poasset stide fustener which aHows the baek to extend tor ease of donning,
To don the suit, the pusset slide fastener is opened and legs amd arms gee inserted through o
wuterproof shide tustener which s from the vight shoulder to the left hip. The head is then
passead utder the top of the suit white both hands are used 1o drnw the rubber neck seal over the
hewd, The gusset slide tustener is then closed wnd a seal which is intended 1o be waterprool is
obtaited by closing the front dingonal slide fustener. Size S (medinm) of the suit has a mass of
28\

booReatinge, W, R Nwrvival in cold warer, Blackwell Seicitilic Publications: London, 1964,
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The United States CWU 21/P coverall is similar in design. 1t is, however, somewhat lighter
and easier to don, The muin waterproof slide fastener at the front runs trom one shoulder to the
ather and the greater fexibility of the fabric enables the wearer 1o don the suit more quickly.
Soft rubber neck and wrist seads are provided in this suit also,

Spectal undergarments are worn under both oi these in order 1o provide an insuluting layer
of air between the fabric and the skin, Long mesh underwear is worn under the British suit
whereas a special undergarment is worn under the CWU 21/P suit. This undergarment ~onsists
of a finer having coarse mesh on one side and woven nylon on the side worn next to the skin,
A vertical slide fastener at the front extends {rom the neck to the crotch,

The U.VIC jucket has a woven outer covering und a foumed neoprene lining, An  xt~ Sap
of neoprene is tucked up inside the suit for normal wearing but when necessar; it :n be drevn
sround under the crotch and fastened to clips which are attached to the inside . iunt pockets.
This pravides some protection for the groins which are known to be high heat Joss areas, Further-
more a lightly coloured hood can be deployed from the collar of the jacket. A long vertical slide
fastener at the front, when closed, draws the neoprene firmly around the trunk. Photographs of
each of these parments are shown in Figure 2,

3. PHYSIOLOGICAL RESPONSE TO COLD STRESS

Inmimersion in cold water initially excites the thermoreceptors und via the hypothalamus
ciuses intense stimulation of the sympathetic nervous system, The result is generalized peripheral

* vasovonstriction. This efiect is assisted by

(a) the slowing in metabolic rate of the skin with a reduction in the concentration of metabo-

lites being produced, und

th) un increase in blood viscosity.,

The blood flow to the extremities is least ut regional temperatures of 10-15°C, Skin temperatures
below 10 C cause i sensution of pain and a protective phenomenon known as cold vasodilatation
is induced.! Thus when the skin is exposed to extreme cold, that is, regiona! emperatutes below
about 10 C, eyelic variations can oceur in the level of vasoconstriction, Intense vasoconstriction
is followed by a period in which the arterioles open momentarily allowing a greater bloodflow.
This hus been called the Lewis Hunting Reaction und its effect on normal performance has been
thoroughly investigated by Bensel and Lockhart.* Although this renction is useful in preventing
local tissue injury in conditions of extreme cold, it cun increase the rute of heat loss from the body.
Heat is conserved during exposure to cokd environments by a countercurrent method of heat
exchange, In the deeper tissues the arteries und veins lie side by side so that cold blood returning
to the heart is warmed by blood flowinrg towards the extremities,

Large individual variations have been observed in the ability of men to tolerate cold stress,
This ubility has been associnted with, amongst other things, body size and shape, and skinfold
thickness.® For exumple, in one experiment Keutinge found that a subject with a mean skinfold
thickness of 268 mm was able to stubilize his deep body temperature in water at 5°C whcreas
the most leun subject (skinfold thickness 68 mm) could only do so ut ten peratures greater than
200,

Keatinge also investigated the survival potentini of exercising in cold water, Exercising
increases the amount of heat produced by shivering but also raises tissue thermal conductivity as
the blood supply to the muscles correspondingly increases. In Keatinge's experiment each un-
clothed subject was immersed in water ut a temperature ut which previous exposures had shown
thiat he could just stabilize his deep body temperature, He was then told to exercise as hard as
possible, In this way, exercise was always found to increase the rate ut which deep body tem-
peruture fell, Consequently it would seem that excrcising is hazardous when done in water at
temperatures likely to threuten life, The main differences in responses between fat and thin men
in this experiment were in the water temperatures ut which deep body temperature could be
stabilized. Subcutuneous fut acts as a passive insulutor and the insulating air layer provided by

1. Folkow, B., und Neil, E. Cirerdation. O.U.P.; London, 1971,

2. Bensel, Carolyn K., und Lackhart, §. M. Cold induced vasodilutation onset and manual
performance in the cold. Ergonomics 17, 71730, 1974,

3. Keutinge, W. R, Survival in cold water. Bluckwell Scientific Publications: London, 1969,
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a. British Mark 10 suit b. United States CWU 21/P suit

c. United States suit undergarment d. U. VIC thermofioat jacket

FIG.2. THE THREE ANTI-EXPOSURE GARMENTS WHICH WERE EVALUATED AND
ALSO THE UNDERGARMENT FOR THE CWU 21/P SUIT.
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dry suits may be evpected to act similurdy. Consequently i the deep body emperature of an
mavtive subiect does not staordice swhide weanng the ant-evposure st exervising will devrease
his whanees of sunveval
f Acatinge’s voiiuviens e mahed contrast to those of Glaset! who asserted that exer
cisthg in cold water would be beneficial in maintaining body temperature. More recent work
reported by Haywird er ol * howeser, contirms Keatinge's claims, Hayward found that treading
water significantly wereased the rate of progress into hypothernvia,

Infra-red thermopeaphy carried out on subjects who had been immersed in cold wuter
showed that the areas of highest heat loss include the groins and lateral thorax® Consequently it
would e eypected that one's chances of survival could be improved hy adopting 8 posture in
whivh the hnees are pulled up into u foetal-like position and the upper arms are held firmly
against the trunk. Haywurd found that for subjects adopting such a posture, rectul temperature
vooling rate decreused 1o 667, of its mugnitude in the cantrol.

The effect of the exposure 1o cold on the urine exeretion vite is relevant in assessing the
potential effectiveness of anti-exposure suits. The combined etfects of peripheral vasoconstriction
and bydrostutic pressure results in o redistribution of blood to the body vore, This activates
certain physiodogical mechanisms which are sensitive to fluid volume, causing greater fuid
ewwretion T addition, rsed blood cortinol Tevels cause an muereinse in glomeralar filtsition rate
while o Jowering in blood temperature decreases the metabotic rate of the renal tubule cells and
fowers the rie of reabsorption ot the filtrate, Blaiv? has reported that fowering the renal tem-
periire to 13O caunes the urine eaeretion rite to double from 1 to 2 mbnun. de Borest and
Rechman® showed asperimentally that o drmatic imerease i aringe exeretion oveurs even when
subiects are immersed o wader at 23 Co This led Beehman e o/ % 1o state that immersion i
water i to nevhk fevel proaduces i protound and continuing diuresis of such urgeney as to rapidly
convert the so-vadled drysist i sery wet one™,

The effectiveness of the dey smts depends on o layver of imsulating aiv tapped between the
shitt il outer covertdl, A water has about twenty times the thermud conductivity of wir, © wet
Bner swould preath dumnsh the sint's msulating properties. Furthermore, other esaluations
lave shown these st o be sisceptible (o Jeahage.

In 1974 the Rovab Air Forve evaluated several mimeeston coverally including the stamdand
AMark T Dunng trads Tsting twenty -three mimutes three of the suits allowed @ water ingress
of between 250 and 630 grama. Five hundred grams st stated allowanee and this was
considered reasomable provided the swearer has aevess toa e radt Lenhage was foumd (o oeeur
nunnly at the seams but i s apparent that teakage at the nech and werist seals, uging porosity
of the Tabrie, wind of vourse the presence of uny tears would add 1o the problem.

Pertormance evaluation® carried out on the Mark 10 sait by the Roval New Zeatand Air
Forve alse shiowed that the suits Teaked o this case from the reliet tube. Furthermore the neck
seids were found to be quite uncombortable, A fight summer ying suit was worn under the
coverall in these trinds and the rectal temperature of the subject was observed to fall by 0-8°C .
durig one hotr of the immersion, Only one subiect was wsed and oo information about his .

=

= -
o,

- —.
A

booGliser, FoML Bmmersion aod suevivad in cold witer. Nature 106, 106K, 1950, 4
3 Hayward, o8 Eekerson, D and Colling Mo Eeet of behavioural vanables on vooling .

riate of man an cold water, Jowrnal of Applicd Phvsiology M, 1070 7701975, !
Lothawand, LS Cotlisg M and Eeherson, 3D Thermographiv evaluation of relative heat i

Towa areis of man during cold water imamersion, derospaee Medioine 44, 708 1], 1973,
40 Blur, ¥ Chmecad hvpothermia, MoGiraw Hill: New York, 1964,
S, de Forest, R, and Beehman, FoLSome conteindwations touse of fite jacket for survival,

P

SRR

Areh. of Fnv. Health 88, So b4, 1962, ;
6 Beehman, 1oL Reeves, boand Goldman, R EDCurrent concepts and practives applicable -&"
to the controd of oy heit Toss in aireres subjected to water immeesion, derospaee Medicine |
RYAREL L VARLH N )
1o Vere, R Baperimentid immersion coseradls, Roval Air Foree School of Combat Survival

and Rescue  Trials Report Noo SCS TR T4 November 1974,
8 Asibon Medicime Uit Clarke House Roval New Zeatand A Foree Base Aucklamd. Test
Report on MA 10 nnmersion siits TR 6023 81 Nosember {071




shinfold thickaess, height or mass was provided. As persons vary greatly from one 1o another in
therr tolerance Lo cold stress these resudts are of fitte vadue as reported,

Prids carried out ma cold sater tank at the Royal Naval Medical School! in 1975 were 1o
compie tao dry sits and o wet sutsancluding the U VT ThermefToat acket. The tempera-
ture of the water was 10 C und the assessment wis based on the compuatison of body teniperature
and metabolic rates of five volunteer subjects four of whom were immersed once while wearing
one of the suits. The fifth subject wore normal Navol working clothes as a control condition,
The U.VIC jacket was rated third in order of acceptability Unfortunately not much reliance
cun be placed on the conclusions that were druwn from this experiment. The percentage of body
fut varied from [2-4 for the subject who wore the U.VIC jacket 1o 23+ for the subject who
acted us the control, This elfect should have been counterbalunced by so designing the trials
that cuch subject was used as his own control, However, it is intergsting that by the end of one
of these trinls, one of the so-called dry suits contained npproximately one litre of water in cach
Jeg. Furthermore this was the suit thut was given the best performance rating,

Survival time for immersion in cold water has been detined by Hayward!? as the time taken
for the rectal temperature to reach 30°C. At this temperature loss of consciousness oceurs and
even il un optimum fotation posture is maintained—-head cleur of the water und inclined slightly
backwards - enough water wauld quickly be taken in to ciuse drowning,

Previous studies huve indicated that after o period of 15 30 minutes rectal temperature
follows u linear cooting rate 4 From these results Hayward® has derived an expression
which predicts survival time as o function of water temperature,

72
Thus ¢, 15 where to is the survival time in minutes "W
hus 0-0785 0003475 ( time utes and Tw iy

the water temperature in degrees Cebsius (<23 C) This, however, involves extrupolating (by
about § ) u cooling rite obtained over u drop in rectal temperature of ubout 2°C. For justificas
tion of this Haywurd quoted the results of some of the infumous experiments curried out by
Giermans on concentration camp inmates at Dachau? In these esperiments clothed and un-
vlothed subjeets were immersed in water at o temperature of about 4-5°C It wus found that
after wn initia) delay, rectal temperature fell at a constant rate to below 30°C, However, no
information is provided ahout the physical vondition of these subjects who furthermore had
probuably given up all hope of survival, These cooling curves ure therefore of doubtful value in
predicting survival times in cases of aecidental immersion,

Survival time probably also depends on the time between the onset of the exposure and the
last meat, Although the requirement of the superticial layers for oxygen would be greutly reduced,
this is more thun compensated by the demunds of the muscles involved in shivering, Thus
metiubolic heat production rises murkedly during the exposure, The resulting low blood glucose
levels vould cause dizziness and syneope, The conservation of liver glycogen far use by the
bramn would depend amongst other things on the response lutency of the metabolic pro-
cesses to raised blood cortisol levels, Although cortisol secretion would increase minutes after
the onset of exposare, its eltects on the breakdown of adipose tissue und the utilisation of amino
acids for glucose synthesis would probubly take two hours to oceur, Consequently it would
seem that initinl Jow glycogen levels could sometimes result in un carlier loss of consciousness,

1. Civil Aviation Auihority, Airworthiness Division. Survival  the cold fucts: Report on hypo-
thermia eviluntion of immersion suits carried out in cold water tunk ut Royal Nuval Medicul
School, Seafleld Purk. November 1978,

. Hayward, J. 8., Fekerson, J. Do oand Collis, M. L. Thermal bulance and survival time

prediction of man in cold water, Can., J. Physiol, Pharmacal, 83, 21 12, 1978,

O'Hunlon, J, F., and Horvath, S, M. Changing physiological relationships in men under

acute cold stress, Can. J, Physiol. Phormacol, 48, 1-10, 1969,

Alesander, 1. The treatment of shock from prolonged exposure to cold, especially In watey,

Combined Intelligence Objectives Sub-Committee, ltem No, 24, Office of the Publication

Board, Depirtment of Commerce, Washington, D.C. Report No. 250, 1946,
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In an experiment 1o assess the long term effects of immersion in cold water reported by
Bechman o2 ald some subjects developed blood glucose Tevels of 80 60 mp per cent and
experienced a ypival by poglycaene episode. Some of the subjects, alter being given some coffee
a0d supear, were able to continue the immersion tor another one or two hours, It was concluded
that this was the result ol an incredse 1 elabolisim caused by the “specitic dynamic action of
food”, In this experiment the subjects were nude but the water temperature wius 24°C  an
important fact to consider when ussessing the likely outcome of immersion in water at 7°C,

To summurize: Although at first sight the dry suits appear to provide excellent protection,
leukage and cold diuresis niay seriously detract from their performance. The U.VIC jacket
insulates the high heat loss ureas, is less susceptible to damage, and is unaffected by cold
diuresis. 1t does not, however, protect the legs and this may prove important if cold vaso-
dilution oceury or if painful muscle cramps result,

From previous experimental work survival times cannot be predicted accurately enough to
be of much value, They depend on many factors besides the type of clothing worn and the

temperature of the water. Consequently from the trils reported here only compurative perform-
unce assessments were made,

4. LABORATORY TRIALS
4.1 Subjects

Fleven medically fit male volunteer RAAF personnel participated in the evaluation but
only eight of them completed all three trials in the tank and four of these ulso completed four
trindy b sea. Four of the subjects were trainee pilots, one was an air traflic controller, and the
other three were from the Air Force trudes, Height, mass, age and skinfold thickness measured
at five sites were recorded for eiich subject and are given in Appendix 1,

4.2 Experimental Equipment

A peneral kiyout of the main equipment is shown in Figure 3. A tubular steel framed chair
with a canvas seat and roped back was clamped to the inside of u stainless steel tank. The tank
was approxsimately [0 m in diameter and 1 m deep. A vertical adjustment was provided for
this chitir o that the level of immersion could be maintained constant for all of the trials, The
tank was filled with water to within about 60 mm of the top rim and a cooling coil situated
just behind the chuir and about 07 m below the surfuce of the water mauintained the water
temperature close to 7 C, Continuous circulation of the water uround the subject was provided
by an electrically driven agitator, The agitator propeller was three bladed, approximately
110 mm in dismeter and immersed to 4 depth of 0-9 m on a vertica! shaft which rotated at
133 rev s, This provided circulation sutticiently turbulent to prevent the development of any
stable staghation points,

The refrigerution unit operated by cooling a water ethanol mixture in u heat exchanger,
This fluid was circulated through the cooling coil in the tank, Cotrse control of the water tem-
periture was provided by a thermostut which switched the refrigerator on and off when necessary,
Furthermore, by monitoring the temperature with a total-immersion glass thermometer and
adjusting the amount of cooling fuid circuluting necordingly, it proved possible to keep the
temperature of the water within 1 0:2 C ol 7C,

A Beckman Offner Type S Dynugraph chart recorder with type 481B preamplifiers was
used to record the ECG on one channel and EMG on another two. Only the integrated EMG
signal was recorded and for this the stundard Beckmun EMG couplers were used. Silver—silver
chloride electrodes were used with Electrogel electrode paste for both the ECG and EMQ
recordings. Readings from temperature measuring thermistors were obtained by switching them
in turn aeross the arm of o wheatstone bridge and finding the null with o sensitive galvanometer.
Details of the bridge and electrode positions are given in Appendix 2.

Two types of thermistors were used: one type, STC- M52 has a glass bead on o metal disc

. Beckmun, E, L.. Reeves, F., and Goldman, R. F. Current concepts and practices applicable

to the control of body heat loss in airerew subjected to water immersion. derospace Medicine
A7, MR 57, (9606,
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.3. AVIEW OF THE EQUIPMENT USED FOR THE LABCRATORY EVALUATION.
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und s suitable for surface tempersture measurenent; the other, Yellow Springs No, 401 consists
af s small round bulh on the ead of o long fead and was used for measuning tectal temperature,
and the temperttre of the water msade the UEVIC st Calibration curves for all ot the five
STC thermstors were obtamed and Trom these, two paramcters tor each thermstor charae-
ternstic were derived and used in conjunction with a smull programmed caleulutor 10 obtain the
correspontding temperatures, The Yellow Sprinigs thermistors were well matched 1o each other
and one set of purameters was used as a calibration for all of them,
Dretuils of these are also given in Appendix 2,

4.3 Procedure

For approsimutely forty-five minutes before the trial, the subject sat, almost naked, in a
room maintdined at o by bulb temperature of 20 22°C while electrodes amd thermistors were
placed in position, He was then assisted in putting on the anti-exposure suit, led into the next
room, and ashed to st in o chair next to the tink while the leads were being connected and an
initial set of readings recorded. The subject then sat in a tubular steel chair which was positioned
neur the contre of the tank. Care was taken to ensure that for each trinl subjecty sat in the same
position, that is, with shoulders and neck cleur of the water und with the elbows resting on the
chatr framework in such i wuy that the hands and part of the forearms were also clear of the
water. This approximates the desired flotation level in open water although other aspects of the
trinks were clearly different from those likely to prevail at sea, While seiated in the tank the suhject
had approximately neutral buoyaney wnd consequently barely touched the seat base or back,
This enabled the water to flow around the entire immersed part of the suit,

Readings of rectal temperature were recorded every five minutes and a complete set of skin
and rectal temperatures was recorded at intervals of ten minutes. The ECG (lead 1) und FMGs
were recorded vontinuousty at o chart paper speed of 1 ntmgs axeept tor several seconds directly
following cach complete set of readings which were recorded st intervals of 10 minutes, At these
times the puper apeed was set to [0 mns so that the wave forms of about 1) complete QRS
compleses would be examined. Fuethermore, signals from a complete set of ECG leads were
tauhen just before the subject entered the tank and again just before tne trind ended.

Each time a rectal temperatire was obtained, t was immedistely plotted on o praph of
rectad temperiture versus e and, frequently during the triale this geaph was shown (o the
subject. As little conscious control Gt be asserted over autotiomic Tunction it wa . considered
that giving the subject Knowladpe of resilts would not invalidate the conclusions. The purpose
wis rather to interest the subject in what was hippening and thereby to encourage him to stay
i the tank for as Jong iy possible.

At the end of the trin the subject wis driven several hundred metres to the Air Foree base
hospital for rewarming under & hot shower, Fach wrial was terminated:

(@) when the deep body temperiture haad fablen o 35°C; or

(0 on the subject's reguest; or

(e} where, it the opmion of either espernnenter, the subject was experiencing an un-

aceeptithle fevel of discomtort

4.4 Experimental Design
Eight suhjects wore cach of three clothing combintions onee, The three combinations
comprised:
() United States CWU 2L P coverall, stamdurd US undergarment, cotton underpants,
woollen socks, and service booty;
M Royal Air Force Mark 10 covernll, standard US undergarment, cotton underpants,
woollen sacks wid service boots;
te) LLVEC Thermofloat jucket, cotton flving suit, cotton underpants, woollen sochs and
service boots,
For Togastical redsons iF siis not possible 1o begin all of the tals ut exactly the same time each
diy but they all took plice durigg the late morning witd early afternoon, This minimised dif-
ferentia) elfects on deep body temperatare ciansed by the usaal divrat sarviation, Keele and Neil!

1. Keele, G AL and Neil, Eo Narmvon Wrigne's dpplicd Phvsiology Pwetfth Editlon, O.ULE
Iondon, 1971,
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stated that a Jivinal vatiation i temperature of -5 C can occnr in nny normal person. The
deep body tempentuie nidy mrease by as much i (% O fwo hours at certiun times of the
iy Usnally deep body gemperatire Bl tots fowest fevel i the carly hows of the morning
and rises o peakom the eveng These syvles viny shghtly i phase from one day to the rext
aml are a souree of extrincous uncontrolied varintion in experiments which require the monitor-
ing of rectal temperature, Furthermore, as the present trials were conducted during the phase of
normal temperature rise, the cooling rates observed would only apply to this time of the day.
As the purpose waus mainly to obtain dita on the comparative rather than the absolute perform-
ance of the suits and as the effect was practically the sume for all three conditions, the diurnal
changes could not invitlidate the conclusions,

Untortanately, it was impractivable to control the food intuke of the subject prior 10 each
exposure. However, it is certain that ne subject commenced a trial within two hours of the
previous meul.

Subjects were interviewed informatly about what they hud enten for break fast and it was
found that they tended to be consistent in their eating habits  Some did not eat breakfast at
ull, whereas others had a tight breakfust regulaely comprising, for exumple, tonst and coffee,
This consistency of eating habits and the fact that each subject was used as his own control, makes
it ualikely that suriations i blood glucose devels would huve introduced any important bias
wto each sithjeet’s cooling vates on the suceessive exposures, Five thermistors swere used to
monitor shan temperature and thereby give un indication of the level of viissoconstriction at flve
sites of particular relevanee;

te) o the left hiteral nech  on the midpaint of the stertio mastod muscle;

(M on the lettanille at the tevel o the nipple;

(e} on the back i the sadline at the lower limit of the scapulae;

Gy on the feft hnee  over the head of the tibula;

ted on the delt forcarmy one the body o the brachio radialis muscle 40 50 mm distal

the biveps tendon,
The neck and anillae wee snubiae in that both are areis of high heat loas: where they ditYer is in
the protevtion offered by the sints, Fhe tormer is patetly covered by the saits but the fntter are well
mside. The back was chosen as representative of o protected Tow heat loss area,

Pavidenve By been reported? to suggest that the degeee ol vinovonstriction in the un-
protected extrenuties is such that comparatively fittle heat is Jost from these grens, Conseguently
one wouhd expeet temperatures recorded from the leg of w subject wearing the U.VIC juchet to
appraich the temperature of the water, 1t follows that it this premise s correct there may be
Ittle pomt m supplementing the body's own defence mechanistn with extra unnecessary protecs
tion. The Anee tocation wis chosen to represent the extremitios.

Al o the saits provided protection for the arms and since arm muscles are important foy
the hind of manual desierity tegquired, tor example, to enter o lie et or attach a winch-hook it
wis cotsidered inportant to imeisare skin temperature at the forcarm,

I addstien, EMGs were recorded frome the sternomastoid and biceps muscles, Tt was
constdered that the mdication of shiovering intensity se provided would be useful when trying
to ritiomahse the rades of change of deep body temperature and other experimental results, It
fas beenr indicated, for eviomple, that FMGs recorded from the nech corvelate well with meta-
boliv tate.® I this evaluation three electtodes were used at both sites  two for the ditferential
sipnal wnd one to earth a pamt on the mscle aearby,

4.4 Resulis

Beowas apparent that despate elorts to minimize sobrees of extrancous variation, lrge
variations dud oveur. Nubjects differed in their ability to withstund fatigue induced by shivering
i alse din thew abilits o adapt physiologicatly o the cold environmient. Consequently some
subjects needed to be removed from the tunk long belore their deep body temperature would
have rewched 38 C whereas others cooled to this femperitire sery quickly. Figures 4, 8, and 6

[ Hayward, 3 8. Collis, ML and Feherson, 1D Thermopraphiv evaduation of relative heat
Tosy dreas of man dunng cold witer mnwersion. deravpace Medivine 44, 708 11, 14966,

2o Havward S Personal commumcation, 1976,
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show the rectal temperature couling curves corresponding respectively to the British Mark 10
United States CWU 217P, and the Canadian U VIC Thermofloat anti-exposure garments,

Euch of the three exposures of one subject had to be terminated within 1-2 hours owing to a
sudden fall in rectal temperature to 35 C. At the other extreme, another subject on one trial
{Figure 6) stayed in the tank for four hours without his cote temperature reaching 35°C, After
2:76 hours his temperature had fullen to 35:9°C but then rose to 36-5°C during the next {:25
hours, The immersion was then terminated at the subject’s request,

Thus exposure duration and temperature drop varied from trial to trial and since these are
highly interdependent, neither taken separately should be used a3 a criterion for comparing the
suits. Consequently it was necessary to combine these parameters in some reasonable manner.
Here this has been done by dividing the decrease in rectal temperature in degrees Celsius for the
trial (A7}) by the exposure duration in hours (Ar). However, it is stressed tha: this overall cooling
rate should not be used to predict survival times, It is used here as a criterion because it has
some physical significance and can be obtained for each trinl. However, the highly non-linear
nature of the rectal temperature versus time relationship precludes the interpretation of this as
# cooling rate on a minute by minute basis,

The summarised rectal temperature duta are given in Table 1. A Friedman 2-way Analysis
of Varinnce by Runks! on the AT)y/At values (where AT, is the temperature drop in degrees
Celsius and Ar is the exposure durntion in hours) showed thut the differences between the three
clothing combinations were not significant (ye¢ 175, p < 0:53), Consequently the differences
i insuliting properties of the three anti-exposure suits were too small to be detected in this
experiment using M7/ Ar as the criterion,

In Figure 7 the rectul tempernture meuns are shown for the initinl exposure period. These
have heen translated to begin ut 37:0°C. The apparent difference of approximately 0:3°C
between the mean for the U.VIC jucket and those of the two dry suits after 20-30 minutes, may
be consistent with un initinl penulty inherent in the wet-suit design of the jucket, The mean
cooling rates for ull three suits appear to be similar therenfter,

The increase in heurt rute during the exposure was also used for comparing the adequacy
of the suits since this, it was considered, would reflect the level of stress experienced by the
subject, An initiul full in heart rate wt the beginning of a sudden exposure to cold stress is to be
expected, Redistribution of blood to the core would incrense venous return to the heart und
hence carding output, This would cause u temporary rise in blood pressure which would be
udjusted buek to normal by u reduction in heart rate. However, with the onset of violent shivering
overall metubolic rate increuses and to supply the muscle with its metabolic needs, heart rate
could be expected 1o increase ugain, Table 2 lists the observed heart rate increases (AHR) and
the cotresponding exposure durations in hours, A comparison of the AHR/Ar data for the
three clothing combinations showed the differences not to be significant (xe? — 2:28,
p < 0:36). It is interesting und seems anomalous that the subject who wus able to stubilize his
rectal temperature in the U.VIC trial experienced a drop in heart rate in ull three tank triuls,

Reference to Figures 4, §, und 6 shows that in the majority of immersions u threc-part core
cooling puttern oceurred. The first part corresponds to the constancy of deep body temperature
which persists for 20- 30 minules ulter the onsct of the exposure, This is followed by u charue-
teristic linenr cooling period. The third part in which cooling rate decreases, in some cases
quite substuntially, has not been reported before. Whether all exposures, i continued, would
have progressed into the third phase is unclear. One subject ngreed (o stay in the tank somewhat
jonger to investigate this phenomenon. His core temperature fell to below 35°C during a
typleally linear second phase. At 34:8°C his cooling rute suddenly decreused ulmost to zero and
this temperature was muintained for thirty minutes until the exposure was terminated at the
request of the subject,

This three phuse cooling pattern was observed in exposures of longer thun one hour, and its
presence invalidates simple extrupolation of the more rapid second phase of cooting to determine
cither ubsulute or relutive survival times, 1t also indicates the importance of using prolonged
exposures in this kind of study, Further investigation of this etfect would uppear to be warranted.
The finul teduction in couling rate during exposures under these conditions can be rutionalized
as follows. When challenged by u potentially threatening situation such as an immersion in

1. Sicgel, S, Nonparametric statistics for the behavioural scionces, MeGraw Hill: New York, 1956,
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cold water the body's defences might not be able to maintiun the core temperature at its normal
level. Cooling then occtirs until the hypothalanue inputs are so intense as to result in a metabolic
heat produchon which is high enough to stubilize core temperature at a level which is lower than
normal. Whether or not this would occur in individual cases would depend on total insulation,
effectiveness of the metabolic heat production, and the temperature difference between the
water and body core. At extremely low temperatures, however, active insulation mechanisms
may be disrupted by cold vasodilatation,

A similar analysis was carried out on the skin temperature data. Each observation on which
the analysis was biased was obtained by subtricting the final temperature from that recorded just
before the subject entered the tank and dividing by the exposure duration in hours. Only the
differences based on back temperature were significant, Table J contains these results. The mean
(AT/ADs corresponiding to the U.VIC, US, and UK garments were 2-20, 6-85 and 7:03 respect-
ively. Consequently when the U.VIC suit was worn the temperature drop/unit time for the skin
on the subject’s back was less thun that occurring when either the British Mk 10 or the CWU 21/P
sults were worn, A Randomisation test showed this difference to be significunt at the p < 001
level, The mean temperature of the water measured inside the front of the U.VIC jacket was
11:33°C, only a little over 4°C above ambient. These temperature means are on trials of eight
subjects, two of whom are different from those in a't of the preceding analyses,

No cyeliv putterns of skin temperature variation were observed for any of the skin
thermistors in these triuls indicating that the Lewis Hunting Reaction was not detected at the
tocations and time intervals samplud. Moreover, there was no evidence of cold vasodilatation
in any of these trigls,

Both the “dry" suits lewhed in several of the trials, The leakage was not from the neck and
wrists iy these were Kept out of the water, Erom the shape of the wet putch on the inner garment
it was evident that leakage had occurred at the ends of the slide fasteners despite cure on the
part of the expecimenters to secure them properly. Furthermore, it wis found that the soft rubber
neck seals and boots were purticulurly susceptible to tearing, Several repairs hud to be made
during the experiment,

Most of the exposures were Tuirly short in duration but us expecied, some subjects needed
to wrinute during the trial, Consequently, after alimost every trial, the inside of the dry suit had
been wet ane way or another,

8. SEA TRIALN

£.1 Introduction

HMAS Ardenr, o naval patrol boat, was made availuble as an experimental platform on
four successive days, Hot showers were available so that the subjects could be vapidly rewarmed
and a small erane on dech wus used 1o winch them back on<bourd atter guch exposure. Four of
the subjects who participated in the tank trials also ook part in these trinls. Their masses, skin-
fold thivkness, und heights are given in Appendix 1,

The teinls were earried out in Port Phillip Bay und the conditions varied from overcast with
soime wind and mildly choppy seus to bright sunlight and fat calm wuter. During the experiment
the temperature of the water renuined fairly constunt at about 10-4°C,

Only rectal tempeenture and the teraperatute inside the LLVIC jucket were monitored
precisely in this part of the evaluation, A medical ofticer in u dinghy maintained a close surveil-
lanee of the subjects.

8.2 Experimental Design

Four vlothing combinations were used and each subject wore o ditferent one of these four
on each of the four days of the sea trinls, The four clothing combinutions comprised the following
garments:

) Royal Air Foree Mark 10 suit, US undergarment, cotton underpants, woollen socks

and Rying boolx;

(5 United States CWL 21:P coverall, US undergarment, cotton underpants, woollen sockys

und lying boots;
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{07 Canadian U VIO acket, cotton underpinnts, fonp mesh underwear, Austradion cotton
Mg st woollen sacks amd ving boots,
G normad v clothung comprismg thoge jacket, cotton underpants, RAAL cotton fiving
sui, long mesh wideiwear, woollen sachs and ying boots,
In each cuse o life preserver was also worn, The Yellow Springs 401 thermistor leads were
fengthened for the seir trialy and temperatures were taken every S minutes during immersion,
As in the tank evaluition, cach reading was obtained by switching the thermistor into one arm
ol a wheatstone bridge which was then bulunced by adjusting the settings on a decade box,

L3 Procedure

On the tiest day all Your subjects were in the water at the sume time but it was found teo
Jificult to maintain adequate surveitlnnee of wll four simuttitneousty, so on subsequent duys
they were tested two at a time,

Aldter dressing 1y the suits below deck the subjects stoad on dech while the lite preservers
were put on and the thermintors vonnected to e wheatstone bridge, They then entered the water
by climbing down some foot holds at the stern of the hoat and floated just sufficiemly far from
the side to be evposed o the wind and waves,

The erterin use -4 tor endiag the trinks were the same as these used for the tank trinls, At the
eid of the trinl the subjeet was hoisted ek on-board and immediately given a hot shower,

L4 Rewults

Difticutties with equipment on the fiest day prevented u complete set of data feom being
ebtained. Howeser, by dnterpolating between points it was posaible to plot graphs ot revial
tempernture sersis time for each subject,

Graphy of the memn revtal temperature versus fime charavteristic are given in Figure 8,
Lach point is the mean of four observations wdjusted so thut each graph starts wt 37°C0 1t cun
Be seen that the overall cooling rates vorresponding to the three anti-esposure stits appear to be
simtilie to one anothier bt substantially lower than those of the control conditions, that i, the
condition i which fyag pear only swas worn, These differences, when considered atone, are not
statistivitlly signiticant (see Vable B But they are in agreement with those of the tuok trinls
in s tar as the simitarity of protection nflorded by the theee suits iy concerned.

Phe mean temperature of the water inside the ULVIC ket was 17680 abowt 7°C
above the temperature of the witer. I is considered that this improvement in temperature dil-
Forentinl aerosy the jachet as compaead with the tunk trinls may result trom two causes, First,
the seu trinks requived the wearing of a dife preseever, the straps of which probably caused the

Jacket 1wy more gty around the trunk, Second, in the sea the subjects ended to wdopt o

mare extended postitre. Conseguently, with fess bernding at the waist, there would huve been less
temdeney o the suit to budge in the front and allow the vircalation of water. Tmportant Jdit-
Ferences were ohserved between sints i fotation posttion, The dey suits pernutted only o hon-
contitl posture to beomaintiined wheveas the LEVIC suit provided buosyiney only above the
groin, This enabled the subjects 1o maintaim u more upright posture i the water,

Only the st duy of the bay trinds provided conditions which were substntinlly ditferent
Front thase of te tank trialds, The shy wis overcast, there wats some wiid wmd the sea was slightly
choppy though calm enougn tor w sl dinghy 1o be used for survellinnee o the subjecty,
However, nostbjechive assessiment of e sibievts’ responses mide dy the investigantors amd the
subjevts on this day gives some insight into perfoimance himitations of the survisal egquipment,

As cach amall wave passed, the stole of the Bl preserser rolled up sronmd the side ot the
subject's head fnstead of providing the buoyaucey necessary to heep the head elear of the water,
Uhis meant that the smietl chop which wis superimposed o the waves catised constint splashing
of the Tuee o high heat Toss aren. Furthermaore, windehill aevelerated the couling of the taee and
hands which were utiprotected, AT four of the subjects neaded to be pemovead Trom the water
within ane hour of entering it und all clnimed that the conditions were mueh more sovere than
those wpplying to the tunk trints. Within the ting SO minutes the reetal temperatures of two of the
subjects  one wearing just ool fying gear nod the other weariog the US CWUH 2T P suit
had fallen to w point elose to 38 C, Furtherinore, the subjects were in consideruble discomiion
swhen st tiuhen Trom the water.
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These observations emphasize that absolute performance (survival times) uader operations!
vatiditions cannot be estimated from Giboratory resulte or even from those of seat s in cabin
condrtions, JEwas also apparent that none of the three sty provide adeguate protechion in their
present form Protection should be provided for the head and Tor the hands

6. CONCLUSIONS

Within the variability of this experiment the thermal insulating properties of the exposure
suils were found to be comparable. However, in several other respects the U.YIC jacket was
found to be superior to the two dry suits amd to have the greatest potential for further
development.

() The insulating properties of the U VIC jucket are less affected by damage than are those
of the two dry suits. Even if the neoprene lining is holed in several places it can still be
expectad to otfer substantial protection provided the lining is titted firmly around the
trunk, However, even a small leak in u dry suit would drastically reduce its ellectiveness,

(M) Cold stress results in u greater urine excretion rute, The thermal insulation of the U.VIC
jucket will be unativeted when the wearer needs to urinate, whereax that of the dry suit
would probably be markedly reduced,

{¢) The design of the dey suits renders them suseeptible to damage, During the trials on
several vecasions it was nevessary to repair teaes in the soft rubber neck seal und in the
boots. No apparent damage was sustained by the U VIC jacket.

(YA Tairly upright fotation position is possible when wearing the UVIC jucket. Subjeets
wearing the dey suits Noat ina horizontal position on their bachs and have less control
af their mosenment,

() The drey suits are more ditticalt wo put on and take ot than is the U.VIC jacket,

7. RECOMMENDATIONS FOR FURTHER DEVELOPMENT

The LEVIC ket provides about 75 N buoyaney whereas the minimum specitiedd in the
ASCC stasdard i 156 N Comequently o separate life prescrver must abso be worn, This com-
bined outtit is fuiely heasy and bulky regardless of whether the ULVIC jucket or one of the dry
suits are used. However, iis possidle to enhance the buosaney of the ULVIC jacket by providing
an inflatable bladder in ity upper hming. Pockets for fares, transmitter, tashlight and other
stirvival equipment could also be incorporated,

The most serious defiviency in the original design ol the juchet was the poor it around the
trunh, This allowed some circulation of the water around high heat loss areas. 1t the jucket were
tude tighter at the waist or if straps at the side could be tightened to pive the same effect, this
defivieney could be casily overcome,

Even i this moditied form howeser, the UVIC jucket would probubly be heasier und more
bulky than necessary. B insubition could be provided by means other than neoprene, it may be
possible to alleviate these problems, For example, depending on the availability of a suitable
material, i jacket could be nrade similiar in shape 1o the ULVIC jucket but with the neoprene
rubber repliuced by an inflatable lining divided into several air cells. When inflated, the lining
would displice much of the water from wround the trunk amd provide sutficient buoyaney to
preciude the necessity for u sepurate life preserver. This moditied jacket would provide excellent
thermal insulation whew inflaged, but still be lighter amd tess bulky for aormal wear,
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TABLE 1

AT,/At (rectnl temperature drop in "C/interval of time of measurement in hours) for the tank trials

Treut- u.vIC US CWU 21/p British Mark 10
ment jacket Suit Suit
Subject ATy At AT, /Ar} AT At ATyAr| ATy At ATyAt
W.M, 180 108 1 2:90 1-08 2:68 2:87 {08 2:65
P.B. 209 230 091 PARY ) 175 134 2:50 158 1:58
AM. 233 220 086 098 307 032 .23 233 083
S W. 117 392 0-30 2:974 2:25 1:22 199 2417 0:92
M.S. 2:40 267 090 1:75 1:83 0.95 |-0-04 1-58 --0-03
S.D. 103 153 068 165 1:92 086 1:29 175 074
DMl | 211 t:5§ 136 199 200 100 0:76 1:83 0.4l
D.B. 1:23 2:33 053 0-87 1+92 0:45 050 2:17 0-23
TABLE 2

AHR/At (rise In heart rate in beats per minute/interval of time of measurement in hours) for the

tank trials

Treat-
ment

Subject

W.M.

u.vIC US CwWU 21/p British Mark 10
Jacket Suit Suit
AHR At AHR/At| AHR At AHR/A AHR At AHR/At
13 108 12:04 | 1417 085 13 0:95 1368
8 155 516 6 160 378 19 1:50  12:67
5 2:73 183 7 2:95 2:37 16 2:32 6:90
21 )75 TR PA 30 1-95 - 15.38 16 200 ~703
2 2:53 870 27 173 15461 3 |:48 2:03
42 148 2838 8 178 4:57 -7 |-68 296
10 1:47 680 18 1'KS 973 21 1-80 11:67
6 1:43 4:20 ] 185 811 10 217 4:6]
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TABLE 3

ATy, Nt (drap in back skin temperature in - O hours of exposure for the tank trials)

W.M.

Treut-
ment

Subjects ATy

320

P8 4:41
AM, 553
S.w, 949
M. 9-40
5.0 30
D.Mel. | 300
D.B. 188

U.VIC
Jucket

At AT/ At
1410 2:91
2:38 1-88
2:82 1:96
400 237
2.67 3. 52
1:53 2:42
1:82 1:97
142 1:30

Us Cwu 21/p British Mark 10
Suit Suit
RY At LYNYAY ATy At AT/ Ar
10462 110 965 1130 103 10:97
2074 1-67 1242 | 13:58 158 8.38
t6-01 300 534 15-99 2 6:86
933 217 430 10-41 208 5:00
1199 168 714 | 1583 150 1038
928 170 5.44 9.57 1:73 3
130 2412 hERRY 71-14 18§ 3-86
986 190 59 114 218 S+

TABLE 4

AT, At (temperature drop in (' exposure durntion in hours) data for the sea trialy

Treatment A LUVIC CWwU ap Mark 10 Flying
jucket suit suit clothes
Subjecis B

5.0, 054 102 074 328 §.58

D.B. 119 164 108 1:95 7-86

D.Mel., 2:32 1:086 1:28 160 6:23

M.S. 0ey 1-00 1-587 183 At
4:74 6:72 464 863 2473

Analysis of Variance Table

Souree of varistion dff S8 MS F

A (treatments) ki 20 0897 0997 s,

B (subjecty) ki el 0:370

Error 9 R0 (- 89y

Totul 18 e

F(L9) 0-997, p < 0028,

Thus ditferences in cooling rates between the four clothing conditions ure not signiticant
avcording 1o this test,




APPENDIX 1}

Subjects
Skinfold thickness (mm)
Subject | Age | Height Mass ‘ —
(yr) {m) (kg) Triceps Sub- Biceps Iliac Costal
scapular crest margin
' Tank trials only
W.M. 2 176 735 11-6 12:4 4.2 10-$ 1.2
P.B 22 187 832 3.5 9.5 67 10:5 10:5
S.w. 22 117 769 68 10 65 15-§ 19.%
AM. 28 1:79 810 | 200 10-5 956 15§ 29:2
Tunk and bay trials
D.B. 27 173 600 72 95 4:5 58 82
D.Mcl.. 26 173 67-0 106 17-9 53 12:6 288
S.D. 28 179 62:0 78 97 39 83 15:9
M.S. 22 1:78 82:0 12:9 17-8 87 13-5 23:1
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