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Abstract
One of the factors affecting length of stay under water of a diver is heat comfort. During scuba diving there 
is an increased risk of hypothermia. Hypothermia is one of the most life threatening factors of a diver and 
significantly affects his performance. The body heat loss runs by different mechanisms. One of them is the 
respiratory mechanism, which is often overlooked. Compressed dry air or other media is coming out from 
the cylinder, which have to be heated and humidified to a suitable value. Thus the organism loses body heat 
and consequently energy. Based on literature search the article will describe safe dive time in terms of hypo-
thermia in connection to respiratory heat loss. 
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Souhrn
Jedním z faktorů ovlivňujících délku pobytu potápěče pod vodou je tepelný komfort. Během výkonu přístro-
jového potápění hrozí zvýšené riziko hypotermie. Hypotermie představuje jedno z nejzávažnějších ohrožení 
života potápěče a zásadně ovlivňuje jeho výkon. Ke ztrátám tělesného tepla dochází různými mechanismy. 
Jednou cestou tepelných ztrát je ztráta tepla dýcháním, která je často opomíjená. Z potápěčského přístroje 
vychází suchý stlačený vzduch nebo jiné médium, který je třeba při dýchání ohřát a zvlhčit na potřebnou 
hodnotu. Tím organismus ztrácí tělesné teplo a potažmo energii. Tento článek, na základě literární rešerše, 
popíše bezpečnou dobou ponoru z hlediska hypotermie a v souvislosti se ztrátou tepla dýcháním.
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Introduction
SCUBA diving is a sport with many specifics. Firstly 
it runs in a water environment which is not natural 
for human organisms. Water has different physical 
characteristics than air and the human body is ex-
posed to different conditions than is used to (cold, 
pressure, limited supply of oxygen, etc.). These con-
ditions must be taken into account and the diver 
must deal with them while his performance. Water 
conducts heat 26.7 times faster than air and the heat 
capacity is 3330 times higher. Furthermore, majori-
ty of world´s waters are considered as cold (Pender-
gast et al., 1996), even some tropical waters (Doubt, 
1996). Thermo-neutral temperature of the water, for 
a naked man in steady state, is between about 35°C 
(Orhagen, 2004); differences according to indivi-
dual characteristics can appear. So the scuba diving 
is held mainly in cold environment and practically 
every dive has the potential of loss of a significant 

amount of body heat. Almost every diver had felt 
heat discomfort during his performance, and many 
of them experienced hypothermia, unconsciously 
or consciously (Somers, 1986). The body heat loss 
while this specific sport is higher than in normal 
conditions and maintaining body temperature is 
more demanding. Human as a homoeothermic or-
ganism is in a constant interaction with the tempe-
rature and conditions of the external environment. 
To ensure the heat balance between the body and 
external environment, heat generation within the 
body, heat transfer into the body and heat output 
from the body must be equal (Parsons, 2014). The 
equation of body heat balance is shown in Figure 1.
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Figure 1: Equation of body heat balance (Melikov, 2010)

Respiration as a mechanism of body heat 
loss
      There are several different mechanisms of body 
heat loss underwater. The most significant in ter-
ms of the amount of heat are conduction and con-
vection. Another one, which is often overlooked, is 
the respiratory heat loss. Air entering to the lungs 
must be heated to the temperature of the internal 
environment (37ºC) and sufficiently saturated with 
water vapor (Ornhagen, 2004). Heating and humi-
dification the air during inspiration ensures largely 
the nasal cavity and it’s mucous. Respiration while 
scuba diving is ensured by SCUBA – self contained 
underwater breathing apparatus. SCUBA provides 
the inhaled media and flow of oxygen to a  diver 
from cylinder which is held on his back (Pendergast 
et al., 1996). The compressed media comes throu-
gh the first and the second stage where the pressure 
is being regulated. The second stage, usually used 
for breathing, is a mouth regulator. In which case, 
a diver breathes only through his mouth. That re-
moves the function of the nasal cavity for warming 
and humidifying the inhaled media. The result is in 
higher heat loss (Ornhagen, 2004). There are also 
whole-face masks, where breathing medium enters 
directly into the mask and it allows the nasal inhala-
tion. These are not very frequently used in common 
diving performance.
      The breathing media is cooled by the adiabatic 
expansion of the SCUBA cylinder and simultane-

ously by the ambient water temperature. It is cold 
and almost absolutely dry. Sládek (2009) indicates 
the relative humidity of the media inhaled from the 
cylinder about 5%. In contrast, the exhaled media 
has a relative humidity about 100%. As was descri-
bed the breathing media must be heated and humi-
dified to suitable values before entering the lungs. 
By this action the organism looses a part of body 
heat and consequently energy.

      Respiratory heat loss, described in this article, 
includes two parts:
• Heat loss by heating of the inhaled media.
• Heat loss by humidifying of the inhaled 
media.

It was found that for the humidification of inha-
led media (air and trimix) it is used three times 
more energy than for heating it. Sládek (2009) is 
making the count based on theoretical knowledge. 
No practical experiment was done.
      There are two types of SCUBA, open circuit and 
closed circuit. The one which is more often used 
for the purposes of recreational and sport scuba 
diving is the open circuit SCUBA. Open circuit 
means that the media is inhaled from the cylinder 
and exhaled directly to the environment. For a di-
ver it means that with every breath he has to heat 
and humidify the inhaled media to a suitable value 
again. With every breath he is losing a part of body 
heat. Schema of open circuit SCUBA is shown in 
Picture 1. In case of closed circuit SCUBA, so 
called re-breather, the media is exhaled back to the 
apparatus. Thus some heat - energy for the action 
of breathing is preserved. The values of respiratory 
heat loss can differ by diverse breathing media due 
to the particular heat capacity of used gasses. For 
performance of scuba diving different breathing 
media - gas mixtures can be used; air, nitrox, tri-
mix.
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Influence of depth
      Respiratory heat loss is increasing with incre-
asing depth. By depth increases also the ambient 
pressure which means the increase of density of in-
haled media in the diving cylinder (compression). 
With increasing pressure the specific heat capaci-
ty of air is changing which affects the rate of heat 
loss (AAUS, 1987). Also consumption of inhaled 
media is higher according to increasing pressure. 
During the dives to great depths, while breathing 
from the open circuit SCUBA system, the human 
organism is not able to compensate incurred energy 
requirements. Diver is getting into negative energy 
balance. The energy loss is normally compensated 
by increasing the metabolism. But in depth the 
increase of metabolism leads to increase of inha-
led media consumption and so on to increase of 
respiratory heat loss (Ornhagen, 2004). Metabolic 
heat production is not sufficient for compensation 
of continuous heat - energetic loses (Scubish.com, 
2010). High conductivity and thermal capacity of 

hyperbaric gases increases the respiratory heat loss 
through convection. During the dives to higher 
depths they get to such a  level that causes major 
problems to maintain the thermal balance (Pianta-
dosi et al., 1981). The resulting respiratory heat loss 
causes a drop in body core temperature and the risk 
of hypothermia. A possible solution is heating the 
inhaled media in the bottle or using a closed circuit 
SCUBA system. Closed circuit breathing apparatus 
is using the exhaled media that is freed of carbon 
dioxide and re-used. Exhaled media was already 
heated and saturated which significantly reduces 
the respiratory heat loss. In connection with dives 
to greater depths and increased gas compression 
the list of minimum temperature of inhaled gas 
mixture of helium and oxygen was created (Pianta-
dosi, 1980), Figure 2. Piantadosi (1980, 1981) is one 
of the older authors, who is focusing on respiratory 
heat loss, effect of respiratory heat loss on the ove-
rall heat balance of the organism, hypothermia and 
problematic of compressed gases. 

Impact of cold gas breathing during 
diving on respiratory system
      Many researches are describing the impact of 
cold air inhalation on respiratory system.
The impacts were monitored as during diving as in 
the normal conditions on the air. It was observed 
bronchoconstriction and increased airway resis-
tance, secretion and reduction of purity of muco-
ciliar mucosa (Giesbrecht, 1995). Giebrecht (1995) 
further states that these changes are important for 
protection against the heat loss in animals. For hu-
mans they have a negligible function. Tetzlaff et al. 
(2001) described the influence of temperature and 
depth on the lung function after dive, according 
to cold air inhalation. One hour after a dive it was 

found out a  contraction of smooth muscles of re-
spiratory airways and increased airway resistance. 
Observed effects of breathing cold air on the respi-
ratory system are important for example in patients 
with asthma. During one of the experiments of bre-
athing cold gas, of 7ºC, it was found out that there 
is no cause of any health problems connected to it. 
Higher respiratory heat loss due to the higher heat 
capacity of inhaled gas was observed (Burnet et al., 
1990). Difference in heat loss while breathing air or 
trimix 10/70 (mixture of oxygen - nitrogen - heli-
um) in terms of heating and humidifying the inha-
led gas was described by Sládek (2009). The values 
can differ due to the heat capacity of particular gas 
but with not a big difference.
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Discussion
      Heat is a form of energy. Value of the respiratory 
heat loss - heat loss caused by heating and humidi-
fying the breathing media - is basically the value of 
energy spent on respiration; the mechanical work 
of respiratory muscles is not considered here. Every 
physical activity leads to energy expenditure. Scuba 
diving also does and respiration represents a certain 
part of it. Total energy expenditure of scuba diving 
has not been defined yet. Previous researches de-
fined the energy expenditure of locomotion under 
water, with different configuration of diving gear, 
for movement of different speeds, while diving into 
different depths and also the efficiency of locomo-
tion under water (Pendergast, 1996; Pendergast 
et al., 2003; Zamparo, 2002). The missing part of 
the total energy expenditure of scuba diving is the 
energy expenditure of respiration which is propor-
tional to the respiratory heat loss. Knowledge of the 
energetic demand of its two parts, heating and hu-
midifying the inhaled media, would enables more 
precise assessment of safe dive time according to 
potential risk of hypothermia. It could also mean 
more efficient work underwater and increased safe-
ty during decompression dives.
      During the performance of scuba diving the-
re are many factors influencing the human body 
which must be taken in sight. All of them are mu-
tually connected and influence one another. Higher 
depth means a higher heat capacity of gases, higher 
density and consumption of breathing media and 
consequently higher heat loss. Higher intensity 
of movement also causes higher consumption of 
breathing media which again leads to the higher 
heat loss. There is an unforgettable effect of ambi-

ent temperature. Individual characteristics of each 
diver play their role. The same is for configuration 
of diving gear, type of breathing media used. Also 
experience of a diver may affect the heat loss and 
hence the risk of hypothermia.
     Already in the year 1987 the AAUS mentioned 
that with the progress which had been reached in 
the technology of scuba diving the hypothermia 
should be almost technically impossible phenome-
non upcoming only as a  result of unforeseen cir-
cumstances. However, until today it is still one of 
the common reasons of diving accidents. Lovvron 
(2007) in much more recent publication notes the 
lack of research in the field of respiratory heat loss 
of diving organisms. Some of the cited authors fo-
cusing on the problem of respiratory heat loss and 
its influence on hypothermia are old dated. New 
research with use of modern methods and techno-
logies would allow more precise and reliable predic-
tion of respiratory heat loss.

Conclusion
      Scuba diving is very complex and very specific 
sport exposing human body to different conditions 
than is used to. It is evident that while staying in wa-
ter environment there is a higher risk of hypother-
mia and fundamental question of each diver is, how 
much time he can spend underwater without that 
risk. It depends on the profile of each dive, indivi-
dual characteristics of each diver and on configura-
tion of diving equipment used. Cold considerably 
affect the length of stay underwater of a diver. More 
precise assessment of respiratory heat loss as a part 
of total body heat loss would increase the comfort 
and preferably safety of a diver.
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