
Best Available Copy

oo

cy--2:2 i°



Unclassified
StCUITY CLASIAFCATM OI' TI'IIS PAGE

REPORT DOCUMENTATION PAGE f or " .48,, ,: , , , , ,, , Exp Date, funJ.3 198"

Ia. REPORT SECURITY .,.SPFICATIOf, N tb. RESTRICTIVE MARKINGS

Unclassified L
2a. SECURITY CLASSIFICATION AUTHORITY .3. 'STRIBUTION /AVAILABILITY OF REPORT

S..... ... DCELApproved for public release;
S 2b. DECLAS1FICATIONIDOWNGRAD4 ' LE "distribution unlimited.

*4. PERFORMING ORGANIZATION REPORT NIJM3ERftS) S. MONI1TORING ORGANIZATION REPORT NUMBER(S)NCR 1721L

*6.. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL 7a. N4AME OF MONITORING ORGANIZATION

Natick, NA 01760-2490 Washinton, DC 20593

Ba. NAME OF FUNDINGISPONSORING 8b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION (If appklrabk)

PROGRAM PROJC)ET TASK WORK UNIRT

ELEMENT NO. NO. NO. ACCESSION NO.

11. TITLE (iclude $ecurt Cuicabin)

Thermal Protection Afforded by Two Anti-Exposure Coveralls When Worn in Cold Water (U)
12. PERSONAL AUTHOR(S•

.Pimental, Nancy A. and Avellini, Barbara A., Ph.D.
13a. TYPE OF REPORT 13b. TIME COVERED 14. DATE OF REPORT (Year,. Month, Day) 15. pAr-r rOUNT

Final FROM Dec. 87 TOJUl 88 88 October 19

16. SUPPLEMENTARY NOTATION

17. COSATI CODES 18. SUBJECT TERMS (Continue on reveor if necessary and identify by block number)
FIELD GROUP SUB-GROUP Anti-Exposure Coveralls; Thermal Protection;

06 10 Physiological Testing; Cold-Water ImmersionI ~11 05 .y. ..

19. ABSTRACT (Continue on rew~le if necessary and dnti by block number)

. -The Navy Clothing and Textile Research Facility (NCTRF) was contracted by U.S.
Coast Guard Headquarters to evaluate the thermal protection afforded by two prototype
aircrew anti-exposure coveralls when worn in cold water. The coveralls were developed
by two different manufacturers to meet U.S. Coast Guard specification G-OAV-3-1401/A
of 15 July 1986. The coveralls were evaluated on seven male subjects immersed in
1O0C (50*F) water for 2 hours (with air temperature 13"C, minimal wind). When either
.f the two anti-exposure coveralls was worn, all subjects were able to complete the
2-hour water immersion. There were no differencas in the thermal protection afforded
by the two coveralls, as measured by rectal temperature, skin temperature, heart rate,
and oxygen uptake responses (P>O.05).., The decrease in rectal temperature after 2 hox6s
of cold water immersion averaged I.0*C; mean weighted skin temperature averaged 22.3 C.
Final heart rate averaged 77 b/mnn. Oxygen consumption, which was used as a measure

(Continued on reverse side.)

20 DISTRItTION 'AVAILABILITY OF ABSTRACT 21 ABSTRACT SECURITY CLASSIFICATION
SUNCLASSIFIEDiUNLIMITED U] SAME AS RPT 0 OTIC USERS Unclassified

22a. NAME OF RESPONSIBLE INDIVIDUAL 22b TELEPHONE (Include Area Code) 22c OFFICE SYMBOL
Jchn A. Mylotte 1,508-651-4680 OOP

00 FORM 1473. 84 MAR 83 APR edition may be used until exhausted SECURITY CLASSIFICATION OF THIS PAGE
All other editions are obsolete UnclassifiedV .2 a9 o2'. -



HI
DIM.Z 19: ABSTRACT

"of shivering, was the same when either coverall was worn. Both coveralls met
the Coast Guard requirement of preventing rectal temperature from dropping more
than 1ý per hour. _U)



TABLE OF CONTENTS

Page

List of Illustrations........................................ iv

Introduction ................... ...... .............................. 1

Methods ................................................................................ 2

Subjects .................................................... 2

Test Design ................................................. 2

Measurements .................................................. 3

Statistical Analysis ........................................ 3

Results ....................................................... 4

Exposure Time ............................................... 4

Rectal Temperature .......................................... 4

Skin Temperature ............................................ 4

Heart Rate ......................................................................... 4

Oxygen Uptake . ............................................... 4

Thermal Sensation ............................................................... 4

Discussion .................................................... 5

Conclusions ................................................... 7

Appendix A. Illustrations ..................................... A-1

Accession For
NTIS GRA&I

DTIC TAB
Unannounced 0
Justificat io

Distribution/ ao
Availability CodesL i a II or

Dist Special



LIST OF ILLUSTRATIONS

Figure

1. Test volunteers wearing anti-exposure coveralls in Water
Immersion Facility.

2. Change in rectal temperature from initial value for the
two coveralls.

3. Mean weighted skin temperature over time for the two
coveralls.

4. Heart rate at minutes 30, 60, 90 and 120 for the two
coveralls.

5. Thermal sensation ratings after 120 minutes of water
immersion.

iv



* i

THERMAL PROTECTION AFFORDED BY TWO ANTI-EXPOSURE COVERALLS
WHEN WORN IN COLD WATER

INTRODUCTION

U.S. Coast Guard Specification G-OAV-3-1401/A of 15 July 1986
describes requirements for a fire retardant, aircrew anti-exposure
coverall for wear by helicopter aircrews flying over cold water.
In December 1987, Navy Clothing and Textile Research Facility was
contracted by U.S. Coast Guard Headquarters to conduct an
evaluation of the thermal protection afforded by two prototype
anti-exposure coveralls when worn in cold water. The two
coveralls were the Model MAC 12 manufactured by Mustang
Manufacturing, Inc., of Bellingham, WA and the Model IFS-584
manufactured by Stearns Manufacturing Company, of St. Cloud, MN.
Both garments consisted of an aramid fiber outershell with a
closed-cell foam interlining. Both had an attached hood
(non-insulated) and included hook and pile adjustment straps on
the sleeves, legs, and waistband.
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FXTHODS

Subjects

Seven male test subjects participated in the evaluation. They
were informed of the purpose and procedures of the study, any
known risks, and their right to terminate participation at will

-- without penalty. Each expressed understanding by signing a
statement of informed consent. Their age, height, weight, body
surface area, and percent body fat are presented in Table 1;
percent body fat was estimated from skinfold thicknesses using the
equation of Durnin and Womersley (1).

In the present study, siubjects wore swim trunks, the anti-exposure
*: coverall, three-finger neoprene mittens conforming to Coast Guard

Specification G-OAV-3-1701/B, 75% wool/25% cotton sockS
(Specification NIL-S-405), insulated rubber boots (Specification
MIL-B-41816), and the U.S. Coast Guard survival vest assembly
LPU-26/P (Stock Number CG8415-01-171-0771). The arm and leg cuffs
of the coveralls were fastened over the mittens and boots,
respectively.

Test Design

Testing was conducted in December 1987 in Natick, Massachusetts in
the Water Immersion Facility at the Navy Clothing and Textile
Research Facility. Testing was conducted according to design and
procedures outlined by Headquarters, U.S. Coast Guard. Each of
the seven subjects was tested twice, once in each of the two
anti-exposure coveralls. The order of presentation of the two
coveralls was rando°ized. 0 Temperature of the water 0 in the
immersion tank was 10 C (50 F). Air temperature was 13 C (55 F)

* iwith minimal wind (0.5 m/s). Subjects entered the water by
climbing down a ladder and floated on their backs with their hands
resting on their chest (Figure 1). The combined buoyancy of the

"* survival vest and the foam-insulated coverall resulted in a
flotation posture with about 50% of the body above water. Unless
termination criteria listed below were obtained, each water

* immersion test was 2 hours in duration.

• .. (1) Durnin, J.V.G.A., and J. Womersley. Body fat assessed from
total body density and its estimation from skinfold thickness:
measurements on 481 men and women aged from 16 to 72 years. B
Nutr. 1974; 32: 77-97.
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Measurements

Rectal temperature was measured with a thermistor probe inserted
approximately 10 cm past the anal sphincter. Skin temperatures
were measured with thermistors placed at ten sites: forehead,
chest, back, upper arm, forearm, finger, medial thigh, lateral
thigh, calf, and toe. Mean weighted skin temperature was
calculated using the formula oZ Teichnez (2). Rectal and skin
temperatures were printed and plotted every 2 minutes using a
computer-controlled data acquisition system (Hewlett-Packard 3054A
and 9836). Heart rate was measured from chest electrodes (CM5
placement); heart rate and the electrocardiogram were displayed on
an oscilloscope and cardiotachometer unit (Hewlett-Packard
78501A). Oxygen uptake was measured every 30 minutes using an
automated metabolic measurement system (MMC Horizon, SensorMedics
Corporation). Subjects used a modification of an ASHRAE scale to
rate their perception of thermal sensation for their arms, back,
chest, face, feet, hands, head, legs, and overall every 30
minutes.

A water immersion test was tsrminated for any subject: if his
rectal temperature fell below 35 8 (95 F), if any individual skin
temperature fell below 4.5 C (40 F), who voluntarily withdrew, or
who was removed at the discretion of the physician on-call or
investigator. These safeguards are outlined in the US Army
Research Institute of Environmental Medicine Type Protocol for
Human Research Studies in the Areas of Thermal, Hypoxic and
Operational Stress, Exercise, Nutrition and Military Performance
(approved February 1987).

Statistical Analysis

The rectal temperature, mean weighted skin temperature, heart
rate, oxygen uptake, and thermal sensation data were analyzed
using two-way repeated measures analyses of variance (coverall by
time). Tukey's test was used to locate the significant
differences. Significance was accepted at the 0.05 level.

(2) Teichner, W.H. Assessment of mean body surface temperature. J.
ADDl. PhMsiol. 1958; 12: 169-176.
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RESULTS

Exposure Time

All seven subjects were able to complete each of the 2-hour water
immersion tests.

Rectal Temperature

Figure 2 presents the change in rectal temperature from initial
values when each of the two anti-exposure coveralls were worn.
There were no significant differences in rectal temperature
responses between the two coveralls (P>0.05). With both
coveralls, rectal temperature decreased significantly over time
(P<0.05). The decrease in rectal temperature over the 2 hours
averaged 0.9 and 1.0 C for the Stearns and the Mustang coveralls,
respectively.

Skin Temperature

Mean weighted skin temperature responses are presented in Figure
3. There were no differences in mean weighted skin temperatures
between the two coveralls (P>O.05). With both coveralls, skin
temperature dropped significantly by minute 20 and thereafter did
not change6  Final mean weighted skin temperature averaged 22.4
and 22.2 C for the Stearns and the Mu3tang coveralls,

* respectively.

Heart Rate

As depicted in Figure 4, there were no significant differences in
heart rates when the Stearns or the Mustang coverall was worn
(P>0.05). Heart rates did not change over time (P>0.05). Final
heart rate averaged 76 and 78 b/min for the Stearns and Mustang
coveralls, respectively.

Oxygen Uptake

There were no differences in oxygen uptake when either of the two
coveralls were worn (P>0.05). Oxy4-en uptake increased over time
(P<0.05), from an average of 0.55 1/min during the first 30
minutes, to 0.76 1/min during the last 30 minutes.

Thermal Sensation

Figure 5 presents thermal sensation ratings when each of the two
coveralls was worn. Comparing the two coveralls, there were no
significant differences in any of the individual or the overall
thermal sensation ratings (P>0.05). For the overall thermal
sensation rating and all of the individual ratings except the
head, thermal sensation decreased significantly over time
(P<O.05). Overall thermal sensation after 2 hours averaged -2.1
for the Stearns coverall and -3.0 for the Mustang coverall.

-4-



DISCUSSION

There was no difference in thermal protection afforded by the
Stearns and the Mustang prototype anti-exposure coveralls when
worn for 2 hours in 10 C water. Both coveralls elicited similar
core temperature, skin temperature, and heart rate responses. In
the present evaluation, oxygen consumption was measured as an
indicator of level of shivering; shivering has been shown to
increase oxygen consumption by up to 4-5 times resting levels (3).
In this evaluation, oxygen consumption was the same for both
coveralls, and increased during the 2-hour water immersion to
three times resting levels.

The Coast Guard requirement for thermal protection provided by
aircrew anti-exposure coveralls ýs that the drop in bodg core
temperature while immersed in 10 C water does not exceed 1 C per
hour; this must be demonstrated on three male subjects (U.S. Coast
Guard Specification G-OAV-3-1401/A of 15 July 1986). In the
present evaluation, seven subjects were used. These subjects were
of average body fat for males of their age (15%). As depicted in
Figure 2, rectal temperature remained stable for the first 20
minutes of water immersion. Excluding the first 15 minutes of
water immersion, the rate of cooling up to the first 60 minutes
was similar for theo Stearns and the Mustang coveralls, and
averaged 0.7 and 0.8 C per hour, respectively. The rate of
cooling for the second hour of water immersion averaged 0.3 and
0.4 C per hour for the Stearns and the Mustang, respectively (no
difference between coveralls). Both the Stearns and the Mustang
prototype aircrew anti-exposure coveralls, therefore, met the
Coast Guard criteria for thermal protection. Of the seven
subjects who participated in this evaluation, none of the
individual cooling rates failed the criteria.

Per U.S. Coast Guard specification G-OAV-3-1401/A, acceptance of
anti-exposure coveralls is based on body cooling rates during
water immersion; the duration of the water immersion test shall be
at least 60 minutes. In the present study, each immersion test
was 120 minutes. It should be noted that the cooling rate
observed during the first hour of immersion was greater than that
observed during the second hour. Therefore, cooling rates
obtained from water immersion tests of 1 hour duration may not be
comparable to those obtained from longer duration tests.

(3) Hayward, J.S. The physiology of immersion hypothermia. In:
Pozos, R.S.: Wittmers, L.E. Jr., eds. The nature and treatment of
hypothermia. Minneapolis, MN: University of Minnesota Press; 1983:
3-19.
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The thermal sensation data showed no differences between the two
coveralls in subjective ratings of thermal comfort. The head agd
face (which were above the water and therefore exposed to 13 C
air) were rated the warmest at "neutral". Hands were "slightly
cool", chest and back were "cool", feet, arms and legs were "cool
to cold". The overall thermal sensation was "cool to cold".

-- •° -6-



CONCLUSIONS

In the present evaluation, there were no differences in thermal
protection between the Stearns and the Mustang prgtotype aircrew
anti-exposure coveralls when worn for 2 hours in 10 C water. Both
coveralls met the Coast Guard requirement of preventing rectal
temperature from dropping more than 1 C per hour.

-7-
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