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If survival time is determined solely by body temperature (e.g. core<340 C), the
analyses show that the clothing, water temperature and body fat thickness are the
three most important factors determining the likely survival time in water. Various
multiple interactions involving clothing, temperature, fat and weight were involved but
were of less importance; the three single variables accounting for over 80% of the
variance in the predicted survival time.

If we are to continue to use mathematical models of thermal regulation as a technical
basis for the performance standards for immersion protection clothing, it is essential
that the physiological basis for the model is rigorously researched and validated. The
predictive models are only as good as the Information on which they are based and
therefore we require a thorough knowledge of the effects of clothing, body
composition, waves, water temperature and heat production on any change in body
temperature and susceptlbilny to coid injury.

This paper attempts to highlight, by example, areas of continued controversy and
experimental activity within cold physiology which are relevant to immersion protection.
Three areas are examined followed by a summary section suggesting the physiological
design criteria one could adopt for the optimum performance of immersion suit
protection. The three areas are: 1) Factors affecting heat production, which include
habituation and regional sensitivity, fatigue and physical fitness; 2) Insulation and body
fat, dealing with effects of lIushing and waves on the clothing insulation and the
measurement of body fat insulation by magnetic resonance imaging, and 3) The
measurement and impact of heat loss, with particular attention to the results found
during long slow cooling in water.

36 Temperature parameters for manned survival suit evaluation
A. Pasche and R. Jlmarinen, Department of Physiology, Institute of Occupational
Health, Helsinki, Finland

In 1984, delegates from seafaring nations on the Maritime Safety Committee of the
International Maritime Organization (IMO) completed writing the new lifesaving
requirements for the Safety of Life at Sea (SOlAS) 1974 Convention. These new
regulations introduce for the first time requirements for "immersion suits", "exposure
suits" or "survival suits" which are just some of the names of the same protective suits.
With regards to the thermal qualities of the suits the regulations require that the suit can
protect the wearer from a core temperature drop of more than i'C, and that skin
temperatures measured at hand, foot and lumbar region do not drop below 1DoC for a
test period of 2 or 6 hours depending on the type of suit.

It is clear from the regulations that the tests are to be pertormed using human subjects.

Test results of suits are not only of Interest to the approving authorities but naturally
also to the manufacturers during a development process. It. seems as if the parameters
specified have become the essential parameters for the manufacturers' development
work. Rectal temperature for the test subjects are in particular used as an "index" for
the suit's thermal qualities. Unfortunately the rectal temperature does not always rellect
the real properties of the suit, at least not when the test is pertormed for only a limited
time (2 or 6 hours). For instance, test results can show that a 2mm neoprene suit could
be equally good or even better than a 5mm suit when based on rectal temperatures
over a 2 hour test period. A Ventlle fabric suit has shown the same confusing results
when tested with or without a thinsulate inner lining as the rectal temperatures
indicated no difference.

The explanation for these unexpected results, is the fact that in the colder suits
shivering will compensate for the increased heat loss, and will manage to keep the
rectal temperature at a reasonably high level for the test period. This is clearly
demonstrated when oxygen consumption is included as a parameter. Including
oxygen consumption as a part of the test procedure increases the complexity of the
test with cost implications as well. Results have shown that the skin temperature at the
lower back region can be a better index of the thermal quality of the suits than rectal
temperature.
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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
A.M. Steinman, M.J. Nemiroff, J.S. Hayward, 1 and P.S. Kubilis, U.S. Department
of Transportatibn, United States Coast Guard, Washington, D.C., USA 1 Biology
Department, University of Victoria, Victoria, British Columbia, Canada

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


