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FOREWORD

These proceedings contain seven invited papers which were presented during a special
session on coldwater diving at the American Academy of Underwater Sciences' Coldwater
Diving for Science...1987 Symposium, October 29 to November 1, 1987 at the University
of Washington, Seattle. The Symposium proceedings of contributed papers were published
separately and are available from the AAUS.

The primary goal of the Academy is the safety of the individual diving scientist. The
United States of America maintains an active role in research programs in polar and
subpolar environments. A portion of this research is conducted underwater in waters that
are numbingly cold. Because of the extreme environmental conditions both above and
below the water surface, an extra measure of preparation and training is required. As
new researchers and diving scientists are attracted to such environments they must be
properly prepared if they are to productively pursue their research goals.

The Academy has produced this resource document to assist in preparing researchers for
what they might expect in coldwater environments. This document serves as a preliminary
written record by compiling the knowledge and experiences of long-time coldwater
researchers for the benefit of less experienced colleagues. In the past, this experience
has been passed down by word of mouth. In order to establish a more organized method
of information transfer, the Academy has also organized a Polar Diving Workshop, which
can be held at regular intervals.

In addition to the topics of coldwater physiology and diver training, new technology in
exposure protection suits and insulation are covered. The important aspects of logistics in
coldwater environments and Arctic/Antarctic regions are also addressed.

We thank the contributors for their efforts and input to these proceedings and for their
interest in advancing the practice of scientific diving in the coldwater environments.

Michael A. Lang
Charles T. Mitchell

Editors
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THERMAL PROBLEMS DURING COLD WATER DIVING

Igor B. Mekjavic

School of Kinesiology
Simon Fraser University

Burnaby, British Columbia
Canada, V5A 1S6

The maintenance of normal body temperature is imperative for the unhindered
performance of workers. Our understanding of the functioning of the
thermoregulatory system in normobaric conditions has led to the design and
development of equipment and protective clothing preventing excessive
displacements of body temperature of workers exposed to thermal extremes.
The effects of hyperbaric environments on the mammalian thermoregulatory
control system remain unresolved. The present review focuses on the thermal
problems encountered by cold water divers and suggests possible effects of
pressure and inert gas narcosis, respectively, on the maintenance of thermal
equilibrium. The frequent reports of hypothermia during diving may not only be
associated with the increased magnitude of heat loss as a result of the high
density air, or cold water environment, but may in part also be due to an
alteration in the autonomic responses to a cold stimulus. Cold exposure may
also significantly impair divers' performance, by affecting manual dexterity and
mental acuity, thus it may indirectly add to their risk of accident and injury.
With the progress that has been achieved in underwater technology and life
support systems over the past few decades, hypothermia should become a
technological impossibility, occurring only as a result of unforeseen
circumstances.

INTRODUCTION

Man initially dominated only the tropical regions of the Earth, and as a result is
considered a tropical animal. Thus, from an evolutionary perspective, the human
thermoregulatory system is most efficient in maintaining body temperature within the
fairly narrow limits of 37° ± 1°C in tropical climates. Though the efficiency and
versatility of the human thermoregulatory system assisted in man's migration to moderate
and thermally more extreme environments in search for food and new habitats, it is the
human traits of inventiveness and creativity which has enabled the human species to
survive and populate all regions of the Earth. Human ingenuity has enabled the
development of technological solutions to the problems of protection from the
environment.

The advance in recent decades of exploration of the polar regions and continental
shelves in search of natural resources has placed a greater reliance on technology to
sustain life under these adverse conditions. Undoubtedly, some of the greatest challenges
to life support technology have been posed by the harsh subsea environments, where
divers provide valuable support for offshore drilling operations.



1987 AAUS - Cold Water Diving Workshop

The susceptibility of divers working in cold waters to hypothermia or cold strain
may be analyzed by discussing the effects of hyperbaria on the major components
involved in the maintenance of their thermal equilibrium. Namely, thermal balance of an
individual exposed to any given environmental conditions may be assessed according to
the following equation:

S = M - W ± R ± C ± K - E ± RES

where, S = rate of storage of body heat.
M = rate of metabolic heat production.
W = rate of energy expenditure for work.
R = rate of heat exchange via radiation.
C = rate of heat exchange via convection.
K = rate of heat exchange by conduction.
E = rate of heat loss through evaporation of sweat from the skin surface.
RES = rate of heat exchange in the respiratory tract.

The role of the human thermoregulatory system is therefore to balance the above
pathways of heat loss and heat gain in order to maintain a thermal equilibrium (AS=O).
In the event of heat accumulation or heat dissipation, AS will assume a positive or
negative value, respectively. Autonomic and behavioral responses are initiated to
counteract any displacements of body temperature; the former involving changes in the
rate of metabolic heat production, sweating and vasomotor tone, and the latter involving
more complex responses ranging from altering the posture of the body to reduce or
enhance heat loss to developing complex life support systems. The contribution of each
component of the above equation to the overall heat loss and heat gain depends upon the
prevailing ambient condition. For individuals immersed in water, as would be the case for
divers, the radiative and evaporative pathways of heat exchange may be omitted.

THE REGULATION OF BODY TEMPERATURE

Information regarding the thermal status of the peripheral and core regions is
derived from cold and warm sensors, which transduce the thermal energy into neural
coded information and convey this information to the hypothalamic region. It has been
suggested (Benzinger 1969) that there are two distinct regions within the hypothalamus
responsible for the appropriate effector mechanisms to counteract any thermal
disturbance. The temperature sensitive pre-optic anterior region of the hypothalamus is
said to initiate heat loss mechanisms in response to elevation in body temperature, which
it senses by monitoring the temperature of the blood perfusing this region. In contrast,
the pre-optic posterior hypothalamus is predominantly concerned with the initiation of
heat preservation and heat gain mechanisms in response to the increased cold stimulation
of the peripheral and core regions of the body. As a result of the precise mechanism by
which body temperature is maintained at about 37°C, the human thermoregulatory control
system has been described as a "thermostat" with an internal reference point, this set-
point or reference temperature being normally maintained at 37°C.

Recent work by Bligh (1988) proposes that it is unnecessary to search the body for
an anatomical structure generating this reference point, but that the zone of
thermoneutrality (the range of temperatures through which deep body temperature may
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vary without the initiation of effector mechanisms) may be explained on the basis of the
reciprocal inhibition of the neural information emanating from the peripheral and core
cold and warm sensors, as depicted in Figure 1. The pattern of activity of the cold and
warm sensors is such that the warm sensors are increasingly quiescent below 30°C, and
as the temperature is elevated, they increase the frequency of discharge of action
potentials, reaching a peak at approximately 40°C and thereafter becoming silent again.
In contrast, the cold sensors have a peak of activity in the 20° to 30°C range, becoming
increasingly silent as the temperature is either reduced or elevated from this range of
peak activity. It is interesting to note that there exists a zone of equal activity, which
coincides with the thermoneutral zone. Should the temperature decrease below this
region, the increase in cold sensor activity initiates an increase in heat production (HP),
but also inhibits the warm sensor activity as indicated in Figure 1. Increasing the
temperature above the thermoneutral zone will activate heat lost effector mechanisms,
while simultaneously inhibiting the heat production pathway. It is this principle of
reciprocal inhibition which establishes a zone of stable body temperature and, as Bligh
(1988; see also Mekjavic and Bligh 1987) points out, eliminates the need for an
anatomical structure generating the reference temperature. Furthermore, it demonstrates
that the set-points or critical core temperatures for shivering and sweating may be
established by the relationship between sensor activity and temperature. The neuronal
model presented in Figure 1 introduces the concept that other thermoregulatory and non-
thermoregulatory excitatory and inhibitory inputs may influence the relationship between
the sensors and effectors, which may affect the magnitude of the thermoneutral zone,
the critical core temperatures for sweating and shivering, and the gains of the sweating
and shivering responses.
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Figure 1. A neuronal model of the human thermoregulatory system. The thermal
status of the body is sensed by the peripheral cold (PC) and warm (PW)
sensors, as well as similar sensors situated in the core regions (CC and CW,
respectively). This thermal afferent Information is integrated within the
central nervous system, along with other thermoregulatory and non-
thermoregulatory factors (represented by £ ) , to initiate appropriate heat loss
and heat production effectors. The range of overlapping activity of the
sensors may explain the zone of thermoneutrality, a zone devoid of active HP
or HL effectors. Such a theory of reciprocal inhibition of the cold and warm
sensor activity may also adequately explain the existence of set-temperature
(from Mekjavic and Bligh 1988).


