HYPERTHERM A | N HYPERBARI C CHAMBERS

Two divers died in a deconpression chanber foll owing a 400 foot dive. The cause of
their death was not inmedi ately obvious. Sone of the evidence suggests that the
i medi ate cause of death may have been hypertherm a (heat stroke).

The deat hs occurred i n a chanber with a vol une of approxi mately 400 cubic feet. The
partial pressure of oxygen in the chamber is estimated to have been 0.4 to 0.5
at nospheres. The bal ance of the m x was heli umsave for 0.8 at nospheres of nitrogen.
The t enper at ure of the at nosphere at thetime of transfer is esti mated to have between
110°F and 120°F degr ees.

Man's tol erance to high tenperature may be related to his tenperature sense, his
ability to | ose heat by regul atory sweating, and his ability to nove heat fromhis
body core by blood flow to the skin surface, where cooling is nost effective.

Cool i ng by evaporation of the sweat produced makes short exposures to extrenely hot
environnents tol erable. However, when the anbi ent vapour pressure approaches 44 mm
Hyg (ie. A dew point of 36°C or 97°F) or that typically found on man’s skin while
sweating inthe heat, toleranceis drastically reduced. Atenperature of 50°C(122°F)
may well be intolerable if the dew point tenperature is greater than 25°C (77°F, 24
mmHg) and i f both deep body tenperature and heart rate rise rapidly within mnutes.

The proteins in the delicate nervous tissues in the hypothal anmus of the brain which
functioninthe body’ s tenperature regul ati on may be danmaged i f core t enper at ure goes
too high, ie. above 41°C (106°F). | nappropri ate vasoconstriction, cessation of
sweati ng i ncreased heat production by shivering, or sonme conbination of these nmay
result. Such heat stroke damage is frequently irreversible and carries a high risk
of fatality.

A heat storage by the body of 80 Kcal (320 BTU) (or a rise in body tenperature of
1.4°Cor 2.5°F degree) for an average si zed man represents an average voluntary limt.
Col | apse can occur at about 160 kcal (640 BTU) of storage (2.8°Cor 5°F degree rise).

A final problem is the hyperventilation which occurs predomnantly in hot/wet
conditions and results i n washi ng out nore of the CO; in the blood than is desirable.
This can lead to sensations of tingling and nunbness of the skin and result in
vasoconstriction in the brain with occasional |oss of consciousness.

Total sweat rates in excess of 2 litres per hour can occur in short exposures, but
about 1 litre per hour is an average naxi muml evel sustainable for an acclin nated
nman.

The partial pressure of water vapour at 120°F (49°C) degrees is 88 mmHg and has a
specific volume of 203 cubic feet per pound.

A400 cubic foot chanber will hold 0.9 litres of water in the atnosphere at a
tenperature of 120°F (49°C) degrees.



Humi dity control inthe conmpl ex was nornmal |y acconpli shed by al | owi ng t he at nosphere
to circul ate by convection between the mai n chanber and the transfer chanber, the
noi st ure condensi ng on the transfer chanber walls. The dew point tenperature woul d
be perhaps 50°F degrees or higher. (Vapour pressure 9 nm Hg).

When the door to the transfer chamber was cl osed hum dity control stopped. |If the
divers started to sweat at the high rate of 2 litres per hour due to the high heat
it would take 5 m nutes for the vapour pressure to reach 44 nmHg at whi ch poi nt skin
cooling due to sweat evaporation would be negligible. This does not count water
carried in fromwet diving gear or water generated by the sodalinme canister

Fromt he above it can be assuned t hat no ski n cool i ng occurred due t o sweat evaporati on
after five mnutes.

A man doi ng work equi val ent to house cl eaning will produce heat at the rate of 180-
300 kcal / Hour (800-1400 BTW Hour). |If all this heat is retained by the body a heat
storage of 160 kcal could be reached as soon as 32 minutes resulting in collapse.
If heat is being added through the | ungs and skin, coll apse can occur even sooner

A man i s breathing Hel i um Oxygen at 300 feet with a ventilation rate of 1 cubic foot
per m nute and a gas tenperature of 114°F, 16°F above body tenperature, will add heat
at arate of 0.5 kcal/nminute. |If the breathing rate increases due to an increase
of core tenperature the rate of heat addition will increase nore.

Consi der an extrene case with a breathing rate of 2 cubic feet per m nute, and a gas
t enper at ur e of 130°F degrees, col |l apse coul d occur as soon as 23 m nutes after initial

exposure.

One’ s body nust al ways be abl e to gi ve up heat. At no tine shoul d chanber tenperature
be allowed to increase above 35°C (95°F) degrees.
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