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One reason for measuring the skin temperatures on the sites given in the regulations is
to avoid cold damages. In that respect the selected sites may not give the
temperatures on the coldest part of the body. Subjective comments from participating
subjects have indicated that the heels get painfully cold during suit tests in cold water.

Heel skin temperatures as low asilc have been observed while the skin temperatures

as specified in the reguiations are still above 1<PC. Such observations confirm that
from a safety point of view, one should pay more attention to the skin temperatures of
these parts of the body during testing.

37 A comparison of the protection against immersion hypothermia
provided by Coast Guard anti-exposure clothing In calm versus
rough seas
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of Transportatibn, United States Coast Guard, Washington, D.C., USA 1 Biology
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The purpose of this study was to compare the protection against immersion
hypothermia provided by various types of Coast Guard operational clothing to survivors
of mishaps in calm versus rough seas. Eight garment ensembles were evaluated: 1)
flight suit (control); 2) full wet suit and 3) shorty wet suit (tight-fitting "wet" garments); 4)
aviation anti-exposure coveralls, 5) boatcrew anti-exposure coveralls, and 6) thermal
fioat coat (loose-fitting "Wet" garments); 7) dry suit, 8) survival suit ("dry" garments).

Mean calm-water temperalure was 10.70C. Rough-water mean temperature was

11.1 °c with 4-6 foot swells, occasional 4-foot breaks, 2-3 foot wind-waves and 0-3
knots current. Eight volunteer Coast Guard crewmen wore each garment~ensemble

once in each of the two sea conditions. Dependent variables were rectal temperature,
groin skin temperature, back skin temperature, heart rate, and subjective evaluations of
warmth, tightness of garment fit, and amount of cold water flushing. The .results
showed significantly faster mean rectal temperature cooling rates and significantly
larger declines in skin temperatures in rough seas than in calm seas for subjects
wearing the float coat, aviation anti-exposure coveralls and boatcrew coveralls. Heart
rates were signnicantly faster in rough seas than in calm seas for all garments. Rectai
and skin temperature changes were positively correlated with each other and with
subjective evaluation of cold water flushing, but they were negatively correlated with
warmth and tightness of fit. In general, "dry" garments provided better protection than
did "wet" garments in both sea conditions, and tight-fitting "wet" garments provided
better protection than did loose-fitting "wet" garments in rough seas but not in caim
seas. These results demonstrate that survivors in rough seas may have significantly
greater risk from immersion hypothermia than previously assumed based on survival
time projections from calm-water studies.

38 Functional characteristics of helicopter pilot suits during cold
water immersion and hot air exposure
1.8. Mekjavicand C.A. Gaul, School of Kinesiology, Simon Fraser University,
Burnaby, British Columbia, Canada

There is an increasing demand for the deveiopment of constant wear thermal
protective garments for aircraft personnel. Such suits are required to offer adequate
thermal protection in case of accidental cold water immersion and should not
precipitate heat stress during normal flight operations. Such a suit must therefore
incorporate an optimal balance between fabric permeability and insulation and should
allow adequate ventilation of the suit microenvironment. Two suit design solutions
have been suggested for aircraft personnel servicing offshore Installations: a) wet suit
concept and, b) dry suit concept.

Four types of helicopter pilot suits were Investigated, representing both the dry and
wet suit concepts: A) Goretex, B) Colton ventile, C), Nomexllnsulite, and D)
NomexlNeoprene. Suits A and 8 were of the dry suit type, whereas suits C and 0 were
of the wet suit type. The insulatlve characteristics of the suits during cold water
immersion were investigated in the first part of the stUdy. Rve subjects were immersed
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in 1DoC water on five separate occasions. During the first immersion, subjects wore
only shorts, while in the remaining four immersion trials they wore the four suits under
evaluation. In addition to the helicopter suit, subjects wore long cotton underwear, a
long-sleeved cotton undershirt, woolen socks, boots and gloves. Suit D was a thin
Nomex coverall, to be worn above a short long-sleeved neoprene wet suit.

The second part of the study evaluated the suit in simulated summer cockpit
conditions. Subjects were seated in an Environmental Chamber at an ambient
temperature of 200 C. The temperature of the chamber was elevated linearly to 40 0 C
over a one hour period and the subjects remained seated in the chamber for a total
exposure of three hours.

Results indicate that suits C and D (wet suit concept) offered better thermal insulation
during cold water immersion. SUbjects wearing suits A and B during head out

immersion in 10°C water had a much greater cooling rate. During the hot air exposure,
greatest elevations in core temperature during the three hour exposure were
observed in subjects wearing suit C (Nomexllnsulite). Suit assembly D (Nomex coverall
with a long-sleeved short wet suit) appeared to have the best overall performance
results. It offered adequate protection during cold water immersion and did not induce
excessive heat stress during the hot air exposure.

It is concluded that performance tests of constant wear thermal protective clothing
should inciude tests of ventilation and permeability characteristics. Clothing fit is
extremely important for adequate insulation, especially in suits based on the wet suit
principle.
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39 Does intermittent exercise during cold water immersion affect
the metabollo response to cold stress and the surface heat flux?
P.J. Sowood, Royal Air Force Institute of Aviation Medicine, Farnborough,
Hampshire, United Kingdom

Maintenance of body core temperature during cold water immer~ion depends upon the
relative rate of heat production and surface heat loss. Additional body heat is obtained
from shivering (and perhaps non-shivering) thermogenesis as well as a by-product of
exercise.

This paper reports the results of an experiment designed to examine the relationship
between shivering, exercise, surface heat flux, and change in core temperature during
cold water immersions. Thirteen maie subjects (aged t 9 to 39 years) were immersed to
the neck in thermoneutral water, and in water at 24'C and 18°C. Two immersions were
conducted at each temperature; one whilst sitting at rest in well stirred water and
another during which the subject pedalled an underwater cycle ergometer at set
frequencies for f 0 minutes followed by rest periods of tOto 20 minutes. For each
subject the pedalling frequencies used were identical in each of the 3 exercising
immersions. Oxygen uptake rV02 L'min- f STPD) was measured and total energy
expenditure was calculated (Weir, f 949). Mean surface heat fiux at 9 sites (Bell et. aI.,
1985), rectal temperature and ECG were monitored continuousiy.

For immersions conducted at 1SOC, reduction in the metabolic response to the cold
stress caused by the simultaneous exercise was significantly correlated with the
exercise level (R=0.80; p~0.001). Thus, a work rate that gave rise to an energy
expenditure of 500W in thermoneutrai water when performed in 1gOC water produced
a 50% decrease in the metabolic response to coid. In 240 C water, although the
metabolic response was less, simultaneous exercise produced a reduction which Was
not well correlated with the exercise level (R=0.45; p$0.001). In some SUbjects, even
the lowest exercise rates completely abolished the increase in energy expenditure
produced by immersion at 24°C. Of importance is the observation that mean surface
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