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The physiological responses of two volunteer subjects exposed to an
extreme cold water environment (0°C) while wearing the 3/16" Chloroprene
Wet Suit, 1/8" Chloroprene Wet Suit, and the Polyvinyl Chloride Wet Suit
were investigated under two conditions of use. constant immersion-flota-
tion (COND I) and immersion-flotation for a two-minute period followed
by raft occupancy (COND II). In view of exposure duration ranging from
0.5 to 1.0 hr and from 2.0 to 3.0 hr under CONDITIONS 1 and 1I, respec-
tively, the results indicate that survival and tissue damage protection
is afforded, within expected limits of time under both emergency condi-
tions for search and recovery, by any of the clothing assemblies tested
It 1s recommended, therefore, that the 1/8" Chloroprene Wet Suit be con-
sidered as the most acceptable on the basis of such physical cnaracter-
istics as reduced weight and bulk.
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Introduction

In determining the adequacy of thermal protective assemblies for
aircraw personnel, subjects equipped with the 3/16" Chloroprane Wet
Suit (n§), 1/8" Chloroprene WS, and the Polyvinyl Chloride Wet Suit (PVC)
ware exposed to severe water-air temperatures under two conditions of
use: constant immersion-flotation (COND I) and a two-minute immersion-
flotation period followed by raft boarding (COND Il). In addition to the
basic suit assembly, the subjects were equipped with an inteqrated torso
harness and an LPA! 1ife vest. Conventional head, hand, and foot gear
completed the protective suit assembly. Various body surface temperatures,
used in the determination of mean weighted skin temperature (MNST?. and
ractal temperature (Tr) were measured by means of a multipoint thermistor
indicator (YSI). Despite the fact that target time of exposure was preset
at 1.5 hr in COND I and 2.5 hr in COND 11, the subjects were informed
prior to exposure that tests would be terminated upon reaching a rectal
temperature of 35°C, extremity temperature of 8°-10°C, or upon an
expressed unwillingness to continue in the stressful envircnment.

Results

Under COND I, exposure time was increased to slightly beyond one hour
when the 3/16" WS was worn; using the 1/8" WS and the PVC, exposure time
varied between 20 and 35 min. Among the different suit assemblies, the
average 10ss in MWST ranyed between 12° and 14°C. Changes in Tr using the
3/16" WS and the 1/8" WS varied slightly between +0.1°C and 0.3°C; the
greatest change in Tr (-0.8°C) was observed in one test using the PVC.
Under COND II, exposure time was as follows: 1.50 to 2.25 hr using the
3/16" WS, 2-3 hr with the PVC, and 2.25 to 2.75 hr with the 1/8" WS.

A decrease of about 4°-7°C in MWST was observea in tests using the 3/16" WS
and the PVC; in the case of the 1/8" WS, MWST loss ranged between 5.2° and
6.2°C. The greatest change in Tr (-1.4°C) was noted using the PVC; with
the 1/8" WS and 3/16" WS, Tr changes were within -0.9° and -0 7°C,
respectively. Generally, tests were aborted because of the temperature
state of the extremities (foot and toe).

Conclusions and Recommendations

Test exposures in any case were not extended in time sufficient to
attain target objectives of 1.5 hr under COND I; exposure duration of 2.5
hr or more was reached in five of twelve tests conducted under COND II.

It 1s considered, however, that extrapolation of time-temperature curves
of critical body areas indicates that neither death nor tissue damage would
ensue under the conditions of use of the protective suits, as described,
for the projected time of search and rescue. On the basis of thickness,
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weiﬂht. and general physical characteristics, it is recommended that the
1/8" WS be considered as the sutt assembly ot choice for limited thermal
protection in extreme water temperature environments. It 1s further
recommended, despite the fact that imminent tissue damaqe 1s not i1ndicated
as a result of this study, that more adequate insulation protection be
developed for tne lower extremities, especially the feet and toes, in
order to attenuate further the effects of cold water immersion

- 3i1 -
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INTRODUCT1ON

The search for a wholly acceptable aircrew suit assembly affording
adequate protection in a cold water environment has led to the development
of different wet suit assemblies as potential configurations to replace
the standard MK5A exposure suit. The latter suit has been characterized
as bulky and burdensome and, therefore, unacceptable in a normal cockpit
environment by some pilot groups, despite its cold protective capabilities
in the dry cold and water immersion emergency conditions for extended
periods of time. The protective assemblies used in this study represent
a departure from the dry suit concept of the MK5A assembly 1n that an
acceptable level of water influx is allowed, accompanied by the consequent
physiological effects of such water intake. [t is considered that the
different suit types, fitted properly, are indicative of a high level of
user acceptance by virtue of a diminished encumbrance under normal flight
conditions. The composite protective system herein considered incorporates
additionally a one-man 1ife raft with an inflatabie floor and canopy.

The use of a raft subsystem is intended to afford a higher level of thermal
protection during emergency exposures, where and when it is most required.
The objective of this study, therefore, is to investigate the physiological
responses of subjects exposed to extreme water-air temperature conditions
while wearing different protective suit assemblies alone and in conjunction
with a Tife raft subsystem with an inflatable floor and canopy.

METHODS

The tests were conducted in the Weather Room Facility of the laboratory
wherein the ambient temperature conditions were established well in acvance
of the start of the individual test. In addition, the cold chamber facility
incorporated an immersion pool (18' diameter x 4' deep) wherein water
temperatures were established prior to the start of the test. The desired
level of wind velocity was attained by the use of fans positioned at the
edge of the pool and directed on the exposed subject. The ervironmental
conditions for all tests were as follows: 0°C (32°F) water temperature (Tw),

’ -6.7°C (20°F) air temperature (Ta) and a wind velocity (WV) of 20 MPH
directed on the immersed subject or the subject enclosed 1n the canopied
raft, depending on the conditions under which the tests were run.

Two volunteer subjects from the eniisted complement of the laboratory
were used as test subjects. Each man was well indoctrinated in the test
procedure and was familiar with the rigors of cold water exposure, having
participated as subjects in programs previously conducted. Nevertheless,
they were instructed prior to the commencement of the test program to abstain
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from alcoholic beverages for 12 hr prior to the scheduled test and to
assure themselves of an adequate night's rest followed by their customary
breakfast and lunch, between which time heavy work was to be avoided.

The subjects were further instructed to tend to their personal needs in
regard to urination and defecation prior to reporting for duty. In this
fashion, it was anticipated that the subjects would report for test duty
in the most acceptable physical condition as might be normally expected.

The protective suit assemblies used in the program were designated
as follows: (1) the 3/16" Chloroprene Wet Suit (3/16" WS); (2) the 1/8"
Chloroprene Wet Suit (1/8" WS); and (3) the 3/16" Pelyvinyl Chloride Wet
Suit (PVC). The polychloroprene and polyvinyl chloride material used in
the construction of the protective suits are foams of closed-cell designed
to provide a level of thermal insulation. The physiological advantages to
be gained by the use of wet suit types have been investigated in experi-
mental programs concerned with the effects of cold water immersion on
exposed personnel (1, 2). 1In addition to the basic suit assembly, the
subjects were equipped with Rhovyl underwear, an integrated torso harness,
a life vest, and a survival vest. Conventional head, hand, and foot gear,
represented by wool inserts and anti-exposure mittens, woo! socks and
flight boots, flight helmet, and anti-exposure inflatable hood, completed
the personal protective suit assembly.

In tests involving the subjects in the non-inmersed condition main-
tained for the duration of the run, the one-man 1ife raft (LRU-8P), equipped
with an inflatable floor and canopy providing a dead-air space barrier
between the man and the frigid air-water environment, was used. In cases
where loss of air in the inflatable floor and canopy was encountered, the
subject supplied oral infiation to the specific area as required in the
course of the run. MWater taken into the raft during the boarding maneuver
was bailed out by means of the conventional container and/or the flight
helmet in cases of large volume intake. In any event, the constancy of
the bailing out of water from the raft was maintained.

The schedule of testing for the cold water immersion program is shown
in Table I. Two subjects, wearing the three different suit configurations
under two sets of conditions, were exposed to a constant set of ambient
conditions as follows: 0°C (32°F) Tw, -6.7°C (20°F) Ta, and 20 MPH WV.

In COND I the subjects were in the immersed-flotation attitude for the
duration of the test and in COND II the two-minute immersion period was
followed by the raft occupancy for the duration of the run. The 24-run
program was conducted over a period of six weeks on the basis of four runs/
week, the first day of the week allowing for the establishment of air and
water temperature conditions in preparation for the week's testing.

In only two cases were runs postponed to the seventh week by reason of
subject indisposition. It was predetermined that the immersion tests be
conducted during the first half of the testing period and that the raft
studies follow during the second haif of the six-week period. Under either
condition, the subject, suit type, and replicative test were randomized in
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order to reduce any biasing effect of the environmental stress and personal
equipment on the subjects to a minimum.

The protocol of each test in the experimental program followed the
same general pattern, except for the starting time of tests under CONDITIONS
I and II. For the immersion condition (COND I), tests were begun in the
afternoon in order to assure further the constancy of the environmental
conditions; for the raft condition (COND II), tests were begun *n the
morning in anticipation of the extended duration of the particular test.
Upon reporting for duty, the subjects were weighed nude and their rectal
temperature (Tr) and pulse rate were noted in order to assure an accept-
able physiological state in regard to these parameters. A series of
thermistor temperature sensors was adhesed to different parts of the body,
including the pads of the index finger and great toe, for the measure of
skin temperature (Ts); an in-dwelling thermistor rectal probe was inserted
to a depth of 6-8 c¢cm for a measure of deep body temperature (Tr) Skin and
body temperatures were read directly using a YSl-Tele-Thermometer.

A measure of mean weighted skin temperature (MWST) was derived from the
individual skin temperatures according to the weighting factors indicated
in Table II.

Following the instrumentation of the subject with the various tempera-
ture sensors, the appropriate protective clothing was donned as shown in
Figure 1. Upon completion of the dressing sequence and prior to the actual
exposure, the subject was ventilated by means of a portable conditioning
device (Figure 2) in order to dissipate any heat buildup generated in the
course of dressing, thereby assuring to some degree a level of thermal
equivalence for all subjects at the start of the actual exposure. The sub-
ject was then disconnected from the ventilating unit and was directed to the
environmental chamber and the immersion pool. The run lasted unt1l certain
physiological endpoints were reached (extremity temperature = 8--10°C,
core temperature = 35°C) or until the subject indicated an unwillingness to
continue in the stress environment (Figures 3, 4, 5). At the conclusion of
the test, the subject was rewarmed in an immersion tank in which water was
maintained at 40.6°-43.3°C (105°-110°F) temperature (Figure 6)

RESULTS

The results -oncerning exposure time and various body temperatures for
tests under COND I are presented in Table 11l . When the 3/16" WS was worn
by the subjects, the order of exposure time ranged between 30 min and 1 hr
10 min; in the case of both the PVC and 1/8" WS, exposure time was of the
general order of 30 min under the same environmental conditions While
decreases in MWST from initial to final levels were of the same order of
magnitude using the 3/16" WS and the PVC (11" -14°C and 11--13°C, respectively),
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the qreatest losses in MWST were observed in tests using the 1/8" WS
13°-16°C). Decrease in Tr using the 3/16" WS, the 1/8" WS, and 1n three
of the four tests using the PVC, varied only slightly from 0170 3°C;

in the remaining test using the PVC, a drop of 0 8 C 1n Tr was observed.
Generally, in this phase of the program (CbND 1), the reason for tha
termination of tests was attributable to the temperature state of the
great toe, foot, or both, as shown in the tempeorature data presented in
Table IIT. In all tests conducted der COND I, except in one exposure
when the 3/16" WS was worn, the temperature state of the index finger and
hunds did not contribute towards the delimiting of exposure time; the
observed temperature values of the finger and hand at the end of exposure
in each test of COND I are shown in the same table.

In Table IV, the results concerning exposure time and various body
temperatures for COND Il are presented. When the 3/16" WS was worn by the
subjects, the order of exposure time ranged between 1 hr 30 min to 2 hr
15 min. In the case of the 1/8" WS tests, exposure time varied between
2 hr 20 min and 2 hr 40 min; the range of exposure time when the PVC was
worn was of the order of 2-3 hr. The change in MWST from initial to fimal
levels during the various exposures ranged from -4.1° to -6.7°C when the
3/16" WS was worn; in exposures using the 1/8" WS and the PVC, decreases
in MWST of -5 2° to -6.4"C and -4.6° to -7.2°C, respectively, were observed.
In three exposures using the 3/18" WS, decreases in Tr ranged between -0.1°
and -0.7°C; the measure of Tr in the fourth test was invalid due to the
retraction of the rectal catheter probe during the course of exposure.
Rectal temperature changes using the 1/8" WS ranged between -0.3“ and «0.9°C;
wher the PVC was worn, observed decreases in this parameter varied between
~0.3° and -1.4°C. Under COND II, foot and toe temperatures eached levels
(<10.0°C) which indicated the termination of the run in eight of twelve
tests conducted in this phase of the program. In all runs using the PVC,
toe temperatures attained levels indicative of abortion, while in the case
of both the 1/8" WS and 3/16" WS, only in two of four tests each was this
level of toe temperature observed. While the temperature of the hands and
fingers dropped naturally to cold levels in all exposures, none was so
severe as to dictate the termination of the run In four of twelve tests
in this phase of the program, wherein neither extremity (hand or foot) had
attained temperature levels indicative of abortion of che trials, the runs
were terminated because of extreme cold discomfort, as reported subjectively.

DISCUSSION AND CONCLUSION

The duration of each exposure in the experimental program was based on
the attainment of critical body temperatures or on the subject's expressed
unwillingness to continue in the stressful environment. In all except two
tests using the 3/16" WS and two using the 1/8" WS under COND II, wherein
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the tent was terminated at the vequest of the subject, tolerance time was
dictated by the critical tenperature of the exteemition (10 ()

The measure of sutt proteciton in terme of tolerance tine, theretore,

war Timited tn most caxan by the move tmediate and Jdivect response of the
untformlysaqguipped sxtramition (o the sxposure conditions 1U I suge
gestud that sutt proatection may more valtdly have heen assessed (1 the
design of extramity tieutation would have allowed for more extended expo.
sured under the savivonmental conditions and attytudes of testing

The datermination of survival time and onset of Cissue damage was
basad on the axtrapolation of time. temperature curves, as omployed in
pravious studies concerned with the phystological evaluatfon of submayine
ascape suit systems (3, 4) In none of the tests conduc ted was the core
or rectal temperature so aftected as to indicate a threat to survival
within the projected time ~nvelope of | h he tor COND | and 2 5 hye top
COND 11. Likewise, the te perature level veached by the oxtremi!isy at
the end of vach test did not indicate the onset of tisaue damage within
the time envelope requirad under CONDITIONS § and 11 Under the experts
mantal conditions of the progrdam reported heretn, both the /8 WS and the
PVC affected an exposure time of 25.30 min in tmersion.flotation tests
and, under the same conditions, the 3716 WS allowed for at least one
exposure of siightly heyond 1 0 hr in duration, natwithstanding the greater
lossas abserved in foot and hand temperatures  In any case, results
Iindicated *hat the hazards to Survival and tissue damage were well beyond
the required 1imit ot time (1.5 hr) under experimental conditions of
immersion-tlotation in the low teamperature water envivonment  Under
COND 11,a two-minute immersion followed by raft occupancy, average exposure
time for both the PVC and the 1/8" WS was of the order of 2 5 hr, under the
same conditions, the 3/16" WS effected an averaqe exposure time ot slightly
Tess than 2.0 hve. Thase differances in exposure duration are attributable
to the limiting temperature condition ot the extremities in most cases, as
mentionad previouslv, and not to the protective chacacteristics ot the
different suit assemblies per se In this regard, a lesser order ot MWST
decrease (av - 5.2 'C) was observed when the 3/16°' WS was worn than when
either the PVC or the 1/8" WS was worn by the subjects during tests ot
immersion followed by raft occupancy With average decreases in rectal
temperature of less than 1 0 C 1n all tests under COND 11, and with limit.
ing extremity temperatures attained atter | 5.2 4 hr ot exposure, 1t is
considered that any question ot survival or tissue damage is well beyond
the required limit of time (2.5 hr) under conditions of ratt occupancy,
preceded by a two-minute immersion period, in the extreme cold water
environment .

It has been established, therefore, that the ditferent esposure suit
assemblies considered in this program of study possess the themmal insula-
tive qualities needed to protect aircrew personnel exposed to a frigid
water environment. in a selection ot the suit assembly most acceptable in
all aspects, it would appear that tactors other than those of concern in a
physiological assessment must be considered ihese characteristics may




NADC-AC- 7100

tnetude such qualition ax welght, bulk, and eaxe of repair  While observa-
tions concarning thexe phyntcal characteristics in the diffecent sult
ansemb ) {on were not germane to the prasent study, {t would appear, never
thelesn, that the V/B" WN {s chavacterized by acceptable phystcal qualities
and, at the same time, can supply adegquate thermal protection, within the
time conatratnts mentioned heretofore, under extreme cold water conditions
of tmmerafon=rlatation and raft occupancy, preceded by a two-minute perfod
of immerston-flotation.

An important factor in the Jdetermination of thermal protection in a
told water environment under COND 11 18 the length of time spent in the
water prior to raft watry.  If the time of exposure in friglid waters were
extendod appreciably beyond two minutes, an interval of time considered
sufficient for raft entry under anticipated emergency conditions, tests
indicate that exposed individuals equipped with aithar the 178" WS or the
PVC would be mora seriously affected than those wearing the 3/16" WS, as
avidenced by the vesults under COND I  Under these gonditions, the therma)
protection afforded by the inflatable life raft would he expected to over-
come the more sovere {evuls of cold strass resulting from axtended immers
sfon time. Emphasis is placed, therefore, on a two-minute immersion prior
to raft entry in arder to prevent an appreciable reduction of the protective
capabilities of the suit assemblies in a cold water environment

The removal of water taken into the raft in the boarding maneuver is
1ikewise important in a consideration of the overall protective system.
As mentioned in the approach to this investigation, the constancy of water
removal was maintained in order to eliminate any biasing effects attribut-
able to varying amounts of cold water taken in or retained in the life raft
among all tests in the program. This removal of raft water was accomplished
by the use of heimets, plastic buckets, and sponges. In the real omergency,
even greater amounts of water than those under controlled laboratory condi-
tions, and most probably at more frequent intervals than just at raft
boarding, may be taken into the rafi as a result of unfavorable sea-state
conditions. Since unraeported tests indicate that adverse thermal effects
can occur in potential pooling areas in the raft, it is imperative that
more efficient methods be devised to remove raft water in order to enhance
the thermal protective capability of the entire system.

-6 -




NADC-AC 71

ACKNOWL T DGMENT

The authors gratefully acknowledge the conperation of J W Mooring,
AME=1 USN, and V£, Stapleton, PRI U4, who volunteored as subgects in
thae stressful anvivonment of cold water wwersion  The authors |ikewise
appraciate the support of Me I Catroppa, Head of the 'hight Clothing
Branch, ACED, who was vesponsible for the design of the experimental
clothing assemblies, and of Mr 0 Mellon, Head of the Arorew Rescue and
Survival tiranch, ACED, who was responsihile for the design of the ratt
subsystem used in the study




NADC-AC-7101

Backman, F. L., E. Reeves, and R. F. Goldman. Current concepts and
practices in control of body heat loss in aircrews subjected
to water {wmersion. Aarosp. Med. 37.34R-357, 1966

Reeves, E., M. P. Stephens, and E. L. Beckman. An evaluation of the
Foamed Neoprene Diver's Wet Suit as a survival garment for
helicopter uircrews. Aerosp. Med. 38:599-606, 1967

Hall, D. A,, J. J. Nobel, and L. J. SantaMaria. A physiological
evaluation of the British Mark VII Submarine Escape Immersion
Suit during immersion. Naval Submarine Medica) Center Rpt.
No. 514, 1968,

SantaMaria, L. J. Physioloyical evaluation of the ACED Submarine
Escape Suit-Raft System. Naval Air Development Center Rpt.
No. NADC-AC-7006, 1970.




NADC-AC-?

TABLE

m

SCHEDULE FOR COLD WATER IMMERSION PROGRAM

1
COND II = immersion a

NS

nd raft

oy 2 DAY 3 DAY 4 DAY b
u-‘ﬁ"mmiwﬂ'\i‘ TEary T ATV LAIVET W W l?‘ WIEMNTITT AR -‘\I“ TR R Jhﬂﬁw'
q ' S‘ Sl. {
o e - 1230) Sft 1| Sait ) | Suit ) osnt
a COND § | COND I | COND I | COND I |
..... 1 SIS SIS _+___n-p.n__ﬁ
Y s Y 51
?g;“rﬁn Cvesoy | Sult 3l Suit2 | oSuit2 | Suit3 !
2 COND 1| COND I | COND I | COND I |
[ . - e i T L LA R
) S 52 Y 52 :
Yom ron - 1230) | Suit2 | Suit3 | Suit3 | Suite |
: COND I | COND 1 ! COND T | COND I J
--——---—~——w-—qT.-«‘_———.«_-.‘ B it fhadteci sl S bl
52 3 | s2 3 |
e an - 0030) | Sult2 | Suit | | Suit3 & Suit? |
- COND Il | COND Il | COND 11 | COND II !
s2 | si —'——T“_géuwn_‘w? g
(i ron - 0030) | Uit 1 | Suit3 | Suit3 | Suit 2
- COND II | COND Il | COND II | COND II
e L
52 3 52 3
o eon - 0030) | Sult1 | Suit3 | Suit2 | Suit
O) | COND IT | COND II | COND II | COND I
SUBJECTS: 1, S2
SUITS: Suit 1 = 3/16° WS
Suit 2 = 1/8" WS
Suit 3 = PVC
CONDITIONS. COND = immersion




e b o

WO N O OB W N
e e e «c sz =

-

o

— — —
° . e

—
w
P

—
-3

-
(8]

NADC-AC-7101

TABLE 11

THERMISTOR LOCATION AND WEIGHTING FACTORS USED
IN DETERMINING MEAN WEIGHTED SKIN TEMPERATURE

LOCATION

Rectal

Right great toe, pad
Right foot, dorsum
Right calf, lateral
Right mid-thigh, lateral
Right mid-thigh, medial
Xiphoid area

Right upper chest

Right scapula

Lower back, kidney level
Right index finger, pad
Right hand, dorsum
Right mid-forearm, anterior
Right upper arm, lateral
Forehead

WEIGHTING FACTOR

O O O O O O O O O o o 2 o o

.0350
0350
.1300
. 0950
.0950
.0875
. 0875
.0875
.0875
.0250
.0250
.0700
.0700
.0700

nmiorec
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FIGURE 1 ~ Subject instrumented with thermistor sensor
harness and wearing twoepiece Rhovyl underwear,
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FIGURE 2 - Fullyeequipped subject being ventilated with
a portable blower before immersion exposure,
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