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Rebreathers are sweeping through the recreational and technical diving marketplace. Some experts are forecasting that in 5 years, up to 30% of recreational divers will be diving rebreathers. Since July 2000, I have been diving an 'Inspiration' Closed Circuit (CC) Rebreather (manufactured by 'Ambient Pressure Diving Ltd.' of England, used to be made by 'AP Valves'). 

I have just finished editing the teaching slides for the IANTD Inspiration Course (each rebreather has a specific course or courses). Therefore, it seems like a perfect time to do a column or two on rebreathers. I actually wrote a column on the medical aspects of rebreathers, but discovered that divers who did not understand how rebreathers work, could not understand the medical aspects! Therefore, in this column we will explore how two kinds of rebreathers work and the physiological advantages of them. Next time we will talk about the third kind of rebreather and other physiological advantages of rebreathers. Finally we will discuss the medical problems associated with rebreathers. 

Why were rebreathers developed? In normal Open Circuit (OC) diving, the diver takes a breath from the regulator and then breathes out through the regulator. All of the gas in that breath is released into the water (i.e., none of it is rebreathed). Actually, that last statement is not totally true as the residual gas in the regulator is rebreathed. More accurately, the same amount of gas is released into the water as is breathed by the diver. So what really happens when an OC diver breathes on the surface? The air the diver inspires contains 21% oxygen (O2) and 79% nitrogen (78% nitrogen and 1% argon). In the lungs, the body absorbs approximately 4% O2 and replaces it with 4% carbon dioxide (CO2) (really closer to 3.6% CO2). Therefore, expired gas contains approximately 17% O2, 4% CO2, and 79% nitrogen. 

If the diver is breathing nitrox, trimix, or heliox, the only difference is in the composition of the residual gases. The body still absorbs approximately 4% O2 and replaces it with 4% CO2. Therefore, on the surface, if the diver breathes 100 cubic feet of gas, they are only absorbing and using 4 cubic feet of O2. The other 96 cubic feet of gas are there just to dilute the O2. This is amazingly wasteful. 

Wouldn't it be nice to only need the 4 cubic feet of O2 you actually use, and to simply rebreathe one breath of O2 over and over again, adding O2 as required? That is exactly why rebreathers were developed. So how do we build a rebreather? The concept is amazingly simple. You breathe in and out of a bag, use a chemical to absorb the CO2, and replace the O2 as you use it. 

STOP!!! Before you run off and build your own rebreather, please read the rest of this column and the next two. These things can kill you quicker and in more ways than you can imagine. There have been 9 deaths on the Inspiration that I am aware of (over 1,000 Inspirations in use) and many more deaths on other kinds of rebreathers. All of the deaths on the Inspiration have been due to diver medical problems or diver error and not due to malfunction of the set. But, some of these divers were EXTREMELY well trained and HIGHLY EXPERIENCED. 

Let's look at the simplest kind of rebreather, closed circuit pure O2. On this kind of a rebreather you simply breathe in and out of a bag that is filled with 100% O2. A double hose mouthpiece is used with one way valves so that as you breathe out, the expired air (96% O2, 4% CO2) passes through a container of chemical that absorbs the CO2 (calcium hydroxide, sodium hydroxide, lithium hydroxide, etc., there are several commercially available brands). 

The gas is collected in a breathing bag (counterlung) and O2 is added to replace the O2 that was absorbed by your body. You then breathe the 100% O2 back into your lungs and repeat the cycle. Great! Now you can take a 4 cubic foot bottle of O2 and do the same dives as your OC dive buddies who are carrying around 100 cubic foot tanks! Unfortunately, it is not that simple. Oxygen is toxic when the partial pressure exceeds 1.6 ATA, and even at that level you can only breathe it safely for 45 minutes. Therefore, the maximum safe depth on an oxygen rebreather is only 20 fsw! That might seem like a severe limitation but military divers have been using oxygen rebreathers for decades. You make no bubbles and therefore you can sneak up and put mines on the bottoms of ships and sink them! In addition, with a small tank of oxygen you can dive for hours, so anyone who has to do very long but shallow dives might use an oxygen rebreather. For most of us however, 20 fsw is an unacceptable depth limitation. Fortunately, there is a solution. 

The next kind of rebreather we will discuss is the fully closed circuit rebreather (like the Inspiration). To avoid the danger of oxygen toxicity, we have to keep the PO2 less than 1.6 ATA. Therefore, we have to add some nitrogen or helium to the oxygen we are breathing. This requires us to have a tank of pure O2, and a tank of some diluent gas, like air. Fortunately, we do not need very much diluent because we will be rebreathing the same diluent gas again and again. In addition, we need to be able to monitor the PO2 we are breathing so we will need an O2 sensor in the counterlung, and a display to show us the number. Remember that the danger is not just too much O2, too little O2 can also kill us. These sets can be relatively simple. We use the same mouthpiece and two breathing hoses with one way valves as the oxygen rebreather. When we exhale, the gas goes through a scrubber of chemical to remove the CO2 and into a counterlung. The O2 sensor in the counterlung tells the diver the PO2 and if it is too low, the diver adds O2 until the PO2 is at the desired level. If the PO2 is too high, the diver adds diluent to reduce the PO2. The diver then breathes in from the counterlung and the cycle is repeated. A simple set like this works, but it would be extremely dangerous. What happens if theO2 sensor is not accurate? The PO2 could be higher than the sensor is reading and the diver could convulse and die, or the PO2 could be lower and the diver could pass out and drown. Therefore, most CC rebreathers use three O2 sensors. All three readings have to be close or the diver knows that they are suspect. Three sensors are used because usually only one sensor fails at a time. Therefore, the two sensors that read the same are probably correct and the one that is different is wrong (abort the dive and replace the defective sensor). 

A second reliability problem is the display. What happens if it fails during the dive? Again, the diver does not know what the PO2 of the gas they are breathing is and they could convulse or lose consciousness and die. Most CC rebreathers use two completely separate displays to reduce the risk of this problem. Finally, it would be extremely useful if the rebreather not only measured the PO2 in the counterlung but could automatically add O2 as required to maintain a specific PO2. Therefore, most CC rebreathers also have an O2 injector and monitoring electronics, in both of the displays (now called controllers). 

As you can now see, the simple rebreather is not so simple. We have a tank of O2 and a tank of diluent (air, nitrox, heliox, or trimix). We have a counterlung, scrubber canister, three O2 sensors, two controllers and an O2 injector. Finally, the counterlung is usually divided into two counterlungs, one located in front of each shoulder as this arrangement gives the easiest breathing. This kind of rebreather is very expensive (10 to 30 thousand dollars) but is also an amazingly efficient diving machine. 

At the beginning of this column, we showed that a 'perfect' rebreather would be 25 times more efficient on the surface than OC (4 cubic feet of O2 instead of 100 cubic feet of air). At depth, the efficiency of a CC rebreather is much better. The reason for this is that the amount of O2 the body absorbs is a specific number of molecules, not a specific volume. What does this mean? 

Just for illustration, let's say that one breath on the surface contains 100 molecules of gas (in reality it is an impossibly large number). The body absorbs 4 molecules of O2 and releases four molecules of CO2. The other 96 molecules of gas are not used (wasted). At 100 fsw, the absolute pressure is 4 ATA, four times surface pressure. Therefore, when the diver takes a breath, instead of inspiring 100 molecules of gas, he will inhale 400 molecules of gas. The body will still only absorb four molecules of O2 and replace them with four molecules of CO2. The other 396 molecules are wasted. The diver is only using 1% of the gas breathed! Therefore, at 100 fsw, the perfect rebreather would be 100 times as efficient as OC (the rebreather diver would use four cubic ft. ofO2 and the OC diver would use 400 cubic ft. of air). At 300 fsw, the perfect rebreather would be 250 times as efficient as OC (four cubic feet of O2 instead of 1,000 cubic feet of trimix or heliox). 

The performance of a fully closed circuit rebreather is very close to this 'perfect' rebreather. When I was cave diving in Florida a couple of months ago, my OC dive partners were using approximately 300 cubic feet of gas during each dive and on the Inspiration, I was using two or three cubic feet of O2, and five to 10 cubic feet of air (diluent and dry suit inflation). Our average depths were in the 60 to 90 fsw range. I am out of room in this column. Next month we will explore the semi-closed circuit (SC) rebreather. This is a kind of rebreather whose efficiency, complexity, and cost is in between the pure O2 rebreather and the closed circuit rebreather. We will also discuss several unique features of all rebreathers that make them superior to OC diving. 


