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3.4 Physical agent - Extreme environments 


1) Diving to the top
Mr. Grandbleu is diving in a mountain lake located at an altitude of 2400  meters. His equipment is in perfect condition and he dives respecting scrupulously the profile indicated by his usual dive tables. 
A few minutes after getting out of the water, however, Mr. Granbleu began to feel tingling and joint pain. What happened?     

It is a decompression illness. The respect of the dive profiles calculated at sea level is not sufficient to guarantee the safety of divers at altitude. The ratio between the surface pressure P0 and the pressure corresponding to the depth of the dive (x meters) is indeed decisive in the oversaturation mechanism.

During a surface dive:		 

At higher altitudes, the ambient pressure drops by about 10 kPa per 1000 meters. The pressure ratio becomes:


Since the absolute pressure variation at altitude is negligible compared to the pressure of the water column, it follows:


Whatever the duration and depth of the dive, and therefore the value of R likely to produce supersaturation, the situation at altitude will always be more unfavorable. A diver who goes to the limit of the dive tables used at sea level is therefore likely to find himself in supersaturation. 






2) Nitrogenation of tissues 
The partial pressure of nitrogen in the tissues increases progressively during the dive (according to an exponential relationship). Assuming a constant depth dive, the evolution of the partial pressure of nitrogen in a tissue can be written as:



How long do you have to stay in the water for the tissue to be in equilibrium with the pressure of the surrounding environment? We consider here that equilibrium is reached if 90% of the initial pressure gradient is compensated:
Schematically:
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The tissues will gradually become loaded with nitrogen. We speak of nitrogen tension (T) in the tissues to designate the concentration of nitrogen corresponding to a Ptissus Pressure (for simplification, only Ptissus  is used here)

For 90% of the equilibrium to be reached: 

or:



which leads to : 

t becomes :
 




3) Another nitrogen story 
After filling a Dewar with liquid nitrogen at the nitrogen generator in the basement of the building, a lab technician takes the elevator back up to the lab. The elevator breaks down. Knowing that the volume of the elevator is 3m3, the air renewal negligible and that the Dewar loses 3ml of its content per minute (fictive case). What will be the volume content in O2 of the elevator after 1h ?
for the record, 1 liter of liquid nitrogen produces ~0.7 m3 of nitrogen gas (odorless and invisible)

Considering the behaviour of gases as perfect, the leakage of liquid will correspond after evaporation to approximately (with 0.7 m3 of nitrogen gas per lt of liquid nitrogen): 


If we carry out the balance (here volumetric) on oxygen, we obtain 


Qout being the quantity of air leaving the elevator (equal to the volume of air entering). O2 being the % volume of air in the room. initial volume of oxygen in the room. 
in its integral form: 

we obtain  






