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Table of Definitions  

Aqueous - Of or containing water. 

Bar - 1 bar = 0.1 MPa = 100 kPa = 1000 hPa = 105 Pa 

Barometric - Relating to atmospheric pressure or indicated by a barometer, 

‘barometric pressure’ 

Chemical agent - An agent that produces chemical reactions 

Compartment syndrome, Acute Trauma Ischemia, Ischemias - Crush injuries occur 

when body tissues are severely traumatised such as in motor vehicle accidents, 

falls, and gunshot wounds. These injuries frequently occur in the extremities. 

When such injuries occur and are severe the rate of complications such as 

infections, non-healing of fractures and amputations range up to 50%. 

Covalent - Relating to or denoting chemical bonds formed by the sharing of 

electrons between atoms. 

Cutis Marmorata - This is a condition where the skin has a pinkish blue mottled or 

marbled appearance when subjected to cold temperatures. It occurs in about 50% 

of children and is typically seen throughout infancy. Adults may also be affected. 

Rewarming usually restores the skin to its normal appearance. 

Decompression Sickness- Synonyms: the Bends - Decompression sickness describes 

a condition arising from dissolved gasses coming out of solution into bubbles 

inside the body on depressurisation. DCS most commonly refers to a specific type 

of underwater diving hazards but may be experienced in other depressurisation 

events such as caisson working, flying an unpressurised aircraft and extra-

vehicular activity from spacecraft. 

Equilibrates - Bring into or keep in equilibrium 

Equilibrium - A state in which opposing forces or influences are balanced 

Haber Process - An industrial process for producing ammonia from nitrogen and 

hydrogen, using an iron catalyst at high temperature and pressure. 

Heliox - Heliox is a breathing gas composed of a mixture of helium (He) and 

Oxygen (O2) 

Illicit - Forbidden by laws, rules or custom. 
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Inert - Chemically inactive. 

Lipid – any of a class of organic compounds that are fatty acids or their derivatives 

and are insoluble in water but soluble in organic solvents. They include many 

natural oils waxes and steroids. 

Narcosis - A state of stupor, drowsiness, or unconsciousness produced by drugs. 

Necrotizing soft tissue infections - Necrotizing soft tissue infection is a rare but 

severe type of bacterial infection. It can destroy the muscles, skin and underlying 

tissue. The word necrotizing refers to something that causes the body tissues to 

die. 

Nitrogen - Nitrogen is an element. At room temperature it is a gas. It makes up 

78% of the earth’s atmosphere and is the fifth most abundant element in the 

universe. Nitrogen gas is largely inert, at room temperature it is colourless and 

odourless. Nitrogen is a non-metal, as a liquid it resembles water. 

Nitrogen Narcosis – Noun - A drowsy state induced by breathing air under higher 

than atmospheric pressure eg in deep-sea diving. 

Nitrox - Nitrox is a mixture of nitrogen and oxygen. In recreational scuba diving, 

nitrox is usually a mixture of 21-40% oxygen and 60-79% nitrogen. A particular 

mixture of nitrox is referred to by the percentage of oxygen in the mixture. 

Therefore, two common nitrox mixtures, Nitrox 32 and Nitrox 36, contain 32% and 

36% oxygen respectively. 

No-decompression Limits – A no-decompression limit is a time limit. No-

decompression limits vary from dive to dive according with your profile. A diver 

who stays underwater longer than the no-decompression limit for his dive cannot 

ascend directly to the surface but must pause periodically to off gas otherwise he 

will have a high risk of decompression sickness. A diver should not exceed the no-

decompression limit without specialised training in decompression procedures.  

Opioid Receptors – Are a group of receptors in your brain which detect opium 

Osteomyelitis – Osteomyelitis is the medical term for a bone infection usually 

caused by bacteria. It most commonly affects the long bones in the legs but also 

other bones such as those in the back or arms.   

Partial Pressure - The pressure that a gas would make in a mixture if it occupied 

the same volume on its own. 
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Polymerizes - Combine or cause to combine to form a polymer. 

Pressure - Continuous physical force exerted on or against an object by something 

in contact with it. 

Semi-synthetic - Made by synthesis from a naturally occurring material. 

Skin grafts and flaps - Skin grafting is a type of medical grafting involving the 

transplantation of skin. This tissue which is transplanted is called skin grafting. 

Flap surgery is a piece of tissue that is still attached to the by a major artery or vein 

at its base. This piece of tissue is used in reconstructive surgery by being set into a 

recipient site (injured area where a flap is placed.) 

Spanish Flu – is influenza caused by an influenza virus of type A, there was a 

famous pandemic of Spanish Flu which began in 1918. 

Stupor - a state of near-unconsciousness or insensibility. 

Trimix – Breathing gas consisting of three pure gases in predetermined 

proportions. Most commonly these gases are oxygen, helium and nitrogen, and is 

often used in deep commercial diving and during the deep phase of dives carried 

out using technical diving techniques. 

Venting – Exhaling. 

Vertigo - A sensation of whirling and loss of balance, associated particularly with 

looking down from a great height or caused by disease affecting the inner ear or 

the vestibular nerve; giddiness. 
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Table of Abbreviations 

AGE – Arterial Gas Embolism 

ASD – Arterial Septal Defect 

ATA - Atmosphere Absolute 

BCD – Buoyancy Control Device 

BSAC –British Sub Aqua Club 

DCI – Decompression Illness 

DCS – Decompression Sickness 

DDRC – Diving Diseases Research Centre (renamed to DDRC Healthcare) 

DNA - Deoxyribonucleic Acid 

EL – Entry Lock 

HBO – Hyperbaric Oxygen 

HBOT – Hyperbaric Oxygen Therapy 

MDC – Midlands Diving Chamber 

p - Pressure 

PADI – Professional Association of Diving Instructors 

PFO – Patent Foramen Ovale 

RNT – Royal Navy Table 

TDI – Technical Diving International  

UHMS – Undersea and Hyperbaric Medical Society 

V - Volume 
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Section I: Abstract 
Nitrogen has been identifies as having significant impact on scuba divers as it can 

lead to disorders such as ‘Nitrogen Narcosis’ and illnesses such as ‘Decompression 

Illness’. As a diver it is important to be aware of the various risks of nitrogen 

associated with the sport and understand how to prevent and treat them. Research 

undertaken aimed to gain a better understanding of the various effects of nitrogen 

on the human body under pressure. A secondary aim is to hypothesise how to 

avoid the negative effects it has on the body. 

This project investigated the phenomenon of nitrogen narcosis and decompression 

sickness and then conducted two experiments. The first experiment assessed the 

development of the symptoms of Nitrogen Narcosis, stimulated in a hyperbaric 

chamber. The second study was undertaken in a traditional laboratory setting and 

investigated ‘Boyle’s Law’. Results from both studies correlated with previous 

academic research in these studies. 

On review of the results in relation to previous work it has become apparent that 

divers should be taught more about the risks associated with; the inhalation of 

nitrogen at pressure greater than at one atmosphere absolute, how to avoid 

problems, and treatment. Currently these areas are briefly touched upon in diving 

manuals but should be explained in more detail. This change could have the 

impact of reducing diving casualties and potentially also deaths.  
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Section II: Introduction 

Preface  

During the summer of 2013 I made enquiries on our dive boat and was unable to 
find a single person who could explain, scientifically, why nitrogen was the cause 
of some of our diving diseases and how it acted under pressure to affect our bodies 
as divers. Having recently achieved the PADI highest non-professional diving 
qualification of ‘Master Diver’ I was also still unable to say why diving diseases 
occur.  

There was nothing in the PADI text books which I had studied from and no one I 
knew was able to answer my questions. Through this Silver CREST project I will be 
researching and exploring why nitrogen affects the body under pressure and how, 
if possible, we as divers can act to prevent them.   
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History of Diving  

Throughout the history of diving humans have been trying to attain a better 
understanding of pressure related illnesses and why they happen. This history and 
research is very useful today in the understanding and treatment of these diseases.   

For centuries people have been interested in going beneath the sea. Ancient 
manuscripts contain depictions of early divers1. Century old artefacts imply people 
dove for valuable materials such as pearls. This interest pushed people to develop 
ever-improving methods of staying underwater for longer periods of time at ever 
increasing depths.  

                                                 
1 500 BC Scyllis demonstrates practical use of breat-hold diving by performing military style exploits 
for the King of Persia or Aristotle mentioned the use of the diving bell in 4th Century BC ‘…they 
enable the divers to respire equally well by letting down a cauldron, for this does not fill with water, 
but retains the air, for it is forced straight down into the water’ 
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•Heroditus tells the story of Scyllis, who used a reed to breathe as he cut the mooring lines of 
Persian ships

500 BC

•First diving bell was patented

1530

• Invention of the air pump; with this pump Robert Boyle is able to undertake experiments in 
compression and decompression of animals

1650

•Boyle observes bubbles in a Viper's eye after undertaking an experiment. He wrote 'I have 
seen a very apparent bubble moving from side to side in the aqueous humor of the eye of a 
viper.' This is the first everrecord of Decompression Sickness.

1667

•Edmund Halley patents the diving bell, a dive to over 20m (60 feet) for 90 minutes is 
recorded.

1690

•Dr. Andrew Smith first used the term 'caisson disease' when describing the 110 cases of 
decompression sickness during the construction of Brooklyn Bridge. 

•During this project, decompression sickness became known as 'The Bends' because victims 
characteristically bended their backs.

1837

• Paul Bert publishes ‘La Pression Barometrique, a 1000 page work showing that 
decompression sickness comes from the formation of nitrogen gas bubbles, he suggests a 
gradual ascent to the surface, he also shows the pain can be relieved through recompression. 

•Bert provides links between Boyle’s 17th Century observation on decompression sickness in 
the viper and the symptoms of the compressed air workers in the 19th Century

1878

•Leonard Hill used a frog model to prove that decompression causes bubbles and that 
recompression resolves them.

1900

• J.S. Haldane, A. E. Boycott and G. C. Damanthis publish their landmark paper on 
decompression sickness, ‘The Prevention of Compressed Air Illness’. Diving tables on their 
work were soon created.

1908

•The decompression chamber was invented by the Italian engineer Alberto Gianni.

1916

•The US Navy published the first standardised recompression procedure.

1924 

•Albert R Behnke seperated the syptoms of AGE from those of DCS

1930s 
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Diving Incidents 

Every year many diving incidents occur all around the world some of these are 

caused by nitrogen where as others are due to equipment malfunctions, diving 

technique or accidents with boats. Diving incidents are regulated by associations 

such as BSAC who release a yearly report where they assess the number of diving 

incidents according to the type of incident and other variables such as level of 

education and maximum depth of diving involving an incident.  
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Section III: Nitrogen Narcosis 

What is a Narcotic?  

In order to fully understand what Nitrogen Narcosis is it 

is important to understand what a Narcotic is and how it 

effects the body. 

The term narcotic originates from the ancient Greek 
‘ναρκῶ’ or ‘Narko’ to mean ‘I benumb’. The term 
Narcotic is believed to have been invented by the Greek 
physician Galen to refer to any agent that numbs or 
deadens. Galen listed mandrake root, altercus seeds and 
poppy seeds (opium) as some prime examples.  

A narcotic is usually referred to as any substance that 
relieves pain, dulls senses and induces sleep. Now, the 

term narcotic is used in many 
ways.  Some people refer to a 
narcotic as anything that binds at opioid receptors, 
while others refer to any illicit substance as a narcotic.  

From a legal point of view narcotic refers to opium, 
opium derivatives and their semi-synthetic substitutes. 
Though in US law, due to its numbing properties 
cocaine is also considered as a narcotic. From a medical 
perspective a chemical agent that induces stupor, coma 
or insensibility to pain classes as a narcotic. 

  

Figure 2: Heroin is an 
example of a narcotic 
(Narcotic) 

Figure 1: Different types of 
narcotics (Narcotics Effects) 
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What is Nitrogen Narcosis?  

 (See Appendix I: Nitrogen for information on Nitrogen and Nitrogen Cycle) 

Nitrogen narcosis, also known as inert gas narcosis, raptures of the deep, or the 
Martini effect, is a reversible alteration in consciousness, it mostly occurs when 
deep diving. It is caused by the anaesthetic effect of certain gases at high pressure. 
It can also occur during shallow dives but does not usually become noticeable at 
depths less than 30m (100ft). 

Except for Helium (H) and Neon (Ne) all the gases that can be breathed have a 
narcotic effect. As depth increases the mental impairment may become hazardous, 
divers can learn to cope with some of the effects, but it is impossible to become 

tolerant.  

There are no long term effects from Nitrogen Narcosis, with 
the effects being able to be completely reversed within a few 
minutes by ascending to a shallower depth, as long as divers 
are aware of the symptoms, and are able to ascend to 
manage it, a serious diving problem will rarely occur.  

By using mixed gases to breathe it is possible to go deeper 
without fear of narcosis. There are various helium-
containing gas mixtures such as trimix or heliox. These 
mixtures prevent narcosis by replacing some of the 
breathing gas with non-narcotic helium. 

  

Figure 3: Diver suffering 
from Nitrogen Narcosis 
(Nitrogen Narcosis: 
Raptures of the deep) 
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What Does Nitrogen Narcosis Mean to Divers? 

Narcosis results in relief of anxiety a feeling of tranquillity even in a possibly 
hazardous or life threatening environment. The effects resemble that of the effect 
of alcohol or marijuana. Such effects are not harmful unless they put the diver in 
immediate danger such as in an overhead environment.  

Effects generally stay the same at a given depth and only worsen when the diver 
ventures deeper. The most dangerous aspects of narcosis are the impairment of 
judgement, multitasking and coordination and the loss of decision making and 
focus. Other effects include vertigo and visual or auditory disturbances. 

The relation of depth to narcosis is informally known as ‘Martini’s 
law’ the idea that narcosis results in the feeling of having one 
Martini consumed for every 10m descended.  

 

Pressure 
(Bar) 

Depth (m) Comments 

1-2 0-10 Unnoticeable minor symptoms or none at all. 

2-4 10-30 Mild impairment of performance in unpractised 
tasks.  Mild euphoria possible and mild 
impaired reasoning. 

4-6 30-50 Delayed response to visual and auditory stimuli. 
Reasoning and immediate memory affected. 
Calculation errors. Over confidence, sense of 
well-being and laughter.  

6-8 50-70 Sleepiness, confusion, hallucinations, severe 
delay in response to signals, instructions and 
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other stimuli, occasional dizziness, 
uncontrolled laughter. 

8-10 70-90 Poor concentration and mental confusion, loss 
of memory and increase excitability. 

10+ 90+ Hallucinations, increase intensity of vision and 
hearing. Sense of impending blackout, 
euphoria, dizziness, levitation, manic or 
depressive states. Disorganisation of the sense 
of time, changes in facial appearances, 
unconsciousness. Death. 

 

(Nitrogen Narcosis, 2013) (Gibb, n.d.) (Nitrogen Narcosis, 2010) 
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Section IV: Gas Laws 
The Gas Laws are very important to our understanding of decompression sickness, 

the way they work together in the body enables us to understand how nitrogen 

works when under pressure and how it effects divers. 

Boyles’ Law  

Definition: ‘The absolute pressure exerted by 
a given mass of an ideal gas is inversely 
proportional to the volume it occupies if the 
temperature and amount of gas remain 
unchanged within a closed system’. 

 

For every ten meters of descent the pressure 
increases by one atmosphere absolute (ata or 
atm). Therefore total lung volume during a 
breath hold dive at ten meters is half of what 
it was at the surface. At 20m it is one third, 

at 30m it is 1/4, at 40m it is 1/5.  

When a diver surfaces or ascends these figures are reversed. But when breathing 
compressed gases, as in scuba diving, the mass of gas in the lungs is increased to 
fill the normal volume. An ascent to the surface without exhaling would cause the 
gas already in the lungs to expand further, but with minimal capacity to do so. If a 
diver rushes to the surface with full lung capacity at 20m the lungs would expand a 
further three times normal with the largest pressure change of all happening at the 
last ten metres when it would double.  

This is an important law to bear in mind to explain pressurisation and 
depressurisation issues and injuries. 

Depth Pressure Air Volume Air Density 

0m/0ft 1bar/ata 1 x1 

10m/33ft 2bar/ata 1/2 x2 

20m/66ft 3bar/ata 1/3 x3 

Figure 4: Boyle's law diagram (Chart 
1535, n.d.) 



 
© MADELINE ANDERSON               20 | P A G E  

 

30m/99ft 4bar/ata 1/4 x4 

40m/131ft 5bar/ata 1/5 x5 

The graph above is in all PADI (see Appendix IV) Open Water Manuals. Although 
no pupil is told that this is in fact Boyle’s Law in action, it is a table all divers 
understand and refer to. 
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Dalton’s Law  

Definition: ‘a law stating that the pressure exerted by a mixture of gases in a fixed 
volume is equal to the sum of the pressures that would be exerted by each gas 

alone in the same volume.’ 

Dalton’s Law is also known as Dalton’s 
Law of Partial Pressures.  

As a diver descends the total pressure of 
the air he is breathing increases, following 
Boyle’s Law, thus, the partial pressures of 
the individual gases in the breathing air 
are increased proportionally. As the diver 
descends deeper nitrogen dissolves in the 

blood, and is carried to all the body tissues until a new balance has been reached.  

At higher partial pressures the gas in the blood alters the electrical properties in 
the cerebral nerve cell membranes. This may cause a narcotic anaesthetic, 
Nitrogen Narcosis or a certain level of toxicity in the body.  

During descent the partial pressure 
increases and so the amount of 
dissolved oxygen in the body 
increases. Breathing 100% Oxygen at 
18m will cause oxygen toxicity in as 
little as 30-60 minutes. At 100m the 
normal 21% oxygen in the tank can 
become toxic to a diver because the 
diver is breathing in more oxygen per 
breath.  

For these reasons divers (mostly military or professional, but increasingly sport 
divers as well) learn to use specialised mixtures which can replace the nitrogen 
with helium. The percentage is so small and provides a partial pressure which 
supports life without inducing oxygen toxicity. 

  

Figure 5: Dalton's law diagram 
(Dalton's Law of Partial Pressures, 
n.d.) 
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Henry’s Law 

Definition: ‘a law stating that the mass of a dissolved gas in a given volume of 
solvent at equilibrium is proportional to the partial pressure of the gas.’ 

As the depth increases, nitrogen in compressed air equilibrates through the alveoli 
of the lungs into the blood and then into the tissues. 
Over time the nitrogen dissolves and accumulates in 
the mainly aqueous tissues or those with a large blood 
flow e.g. the brain, and then progressively into the 
lipid or fatty parts of the tissues. On longer dives 
tissues will become ‘saturated’ and then will not take 
up any more nitrogen. As the diver ascends there is 
usually a lag before the saturated tissues start 
releasing the nitrogen. It is this lag that creates so 
many problems for divers. 

When a large amount of nitrogen is dissolved in the 
tissues, reduction of the pressure when ascending 
causes the nitrogen to ‘outgas’ and form small 

bubbles in tissue cells, tissue spaces and the blood. Ascending too quickly causes 
the dissolved gas -nitrogen- to return to the gas form too quickly increasing the 
number and the size of the bubbles, while they’re still in the blood or the tissues it 
will cause damage and may be felt as symptoms of decompression illness. Further 
ascent in altitude may also contribute to bubble formation.  

The average airline cabin is only pressurised to 0.8 atm. If a person flies too soon 
after diving, this additional decrease in the pressure may be enough to allow the 
bubbling or allow the bubbles already in existence to enlarge.  

 

(Diving Physics and 'Fizzyology', 1997) (Robert Boyle, n.d.) (Boyle's Law, 2012) 

(Boyle's Law, 2009) (Johnson, 1996) (Dalton's Law, n.d.) (Dalton's Law of Partial 

Pressures, n.d.) (Henry's Law, n.d.) (Henry's Law, n.d.) 

  

Figure 6: Diagram showing 
Dalton's Law (Davis, n.d.) 
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Section V: Decompression Illness 

Diffusion 

Diffusion is also important to our understanding of decompression sickness as the 

rate of diffusion is influenced by the gas laws above. Gas laws and diffusion 

working together cause divers many problems underwater, including 

decompression sickness.  

Diffusion is the net movement of particles from low to high concentrations. This is 
essentially the particles spreading out; the greater the difference in concentration 
the faster the rate of diffusion. Pressure is a factor which effects the rate of 

diffusion. Diffusion is simply the movement of 
particles from high concentration to low 
concentration. 

Right now the air we breathe in enters the 
lungs, it dissolves into the lining of the lungs 
and diffuses through the lung membrane to the 
blood stream. Here it dissolves into the blood 
plasma. It diffuses into the red blood cells and 
binds to the haemoglobin. At the respiring 
tissue the oxygen disassociates and diffuses 
into the respiring cell. The oxygen is used in 
respiration to form CO2. The CO2 diffuses into 

the bloodstream and travels back into the lungs. The oxygen moved from where 
there was high concentration to low, carbon dioxide does this as well. Under 
pressure this also happens with the nitrogen that divers breathe in from their 
mixed gas air tank.  

When Henry’s Law and diffusion work together in a diver’s body the nitrogen will 
build up as the tissues become ‘saturated’ with nitrogen and are unable to absorb 
any more nitrogen. 

The body does not use nitrogen so what goes into the tissue will not come out of 
solution until the levels of nitrogen outside the tissues decreases. The only way to 
reduce the level of nitrogen in the blood stream is to ascend where the level of 

Figure 7: Diagram showing three 
stages of diffusion (Diffusion 
Current, n.d.) 
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nitrogen in your blood stream decreases and the nitrogen is able to diffuse out of 
the tissues.  

If the diver ascends slowly the nitrogen has time to diffuse out of the tissues and 
return to the lungs where it is expelled back into the environment, not causing any 
harm to the diver.  

If the diver, however, comes back to the surface fast the bubbles will come out of 
solution but the nitrogen will expand. The nitrogen does not have time to come 
back to the lungs before the pressure is reduced and expands into gas bubbles in 
the tissues and veins. Large bubbles of nitrogen in the veins block blood flow and 
cause pain to the unfortunate diver. This is called Decompression Sickness. 
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Why is Decompression Illness Significant?  

Decompression Sickness also known as DCI, Diver’s Disease, the Bends, 
Compressed Air Illness or Caisson Disease. 

Decompression sickness describes a condition that arises when ascending after a 
dive. When rising there will be a reduction of pressure and this will release 
dissolved gas from solution in the tissues and blood and thus form bubbles in the 
body.  

DCI happens when these bubbles form in the organ systems. These bubbles may 
disrupt the cells and cause loss of function in that area of the body. They may 

block circulation, especially 
in the capillaries. 

Most DCI comes on and 
shows symptoms in the 
first few hours after the end 
of a dive. It can sometimes 
start even before leaving 
the water. Most cases have 
developed symptoms 
within 24 hours of the dive. 
Yet it may take a diver 6-8 
days or more to recognise 

the symptoms and seek 
medical advice.  

If a diver feels unwell or has 
any symptoms of DCI after a dive it is essential for divers to remember that all 
signs and symptoms are pressure related until proven otherwise, usually by a 
diagnostic or therapeutic recompression, therefore most doctors will ask patients 
about pressure exposure as an aid to diagnosis. 

  

Figure 8: Decompression sickness in a rabbit's brain 
after being rapidly decompressed. (Newton, 2001) 
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Types of Decompression Illness  

DCI is divided into two categories. Lung over expansion injuries and 
decompression Sickness. Decompression sickness or DCS used to be divided into 
two categories. Type I was mild and described pain only, bends and skin bends. 
Type II included everything else. 



Decompression 
Illness (DCI)

Decompression 
Sickness (DCS)

Type I Type II

Lung Over 
Expansion 

Injury *

Pulmonary Gas 
Embolism

Barotrauma 
Gas Embolism

Arterial Gas 
Embolism 

(AGE)

Cerebral 
Arterial Gas 
Embolism 

(CAGE)

Pneumothorax

*Air Embolism 



It still seems useful to use the old names but the lines between Type I and Type II 
are blurred by a considerable overlap, the classification is not so useful and a 
description of the symptoms, their speed onset and their rate of progress are more 
use to rescue authorities and hyperbaric physicians and chamber operators. All 
DCI should be treated as serious even though the actual symptoms may appear 
mild. 
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DCS vs AGE 

In contrast to air embolism, DCS commonly presents itself gradually, starting as a 
tingling or a numbness. The median time for onset for the first symptoms of DCS 
is about 20 minutes after surfacing. By contrast the symptoms of AGE are almost 
always present within the first ten minutes of surfacing after the dive. 

Potential neurologic complications of DCS include stroke and spinal cord 
paralysis. The latter is most likely from the blood vessels surrounding the spinal 
cord. In a study of 117 symptomatic divers, 70 were judged to have neurological 
decompression sickness and 39 had an air embolism. The final 8 were ‘other’. 

After paraesthesia (skin tingling), the most common symptoms were limb 
paralysis, vertigo, unsteadiness, headaches and blurred vision. Of the 133 patients 
treated for DCS in England over a 20 year period, 81% presented with spinal cord 
injury, 27% with cerebral injury and 10.5% with inner ear symptoms. There are 
some overlaps between the sections, some people may have had several of the 
symptoms at once. 

Characteristic AGE DCS 

Cause Pulmonary expansion 
barotrauma. 

Excess nitrogen leaving tissues 
too quickly. 

Risks Breath-hold ascent; non 
communicating air spaces. 

Exceeding prescribed limits for 
depth and time under water. 

Location and 
nature of 
bubbles 

Air bubbles in arterial 
circulation. 

Nitrogen bubbles in tissues and 
venous circulation. 

Onset of 
symptoms 

Within a few minutes of 
surfacing. 

Ranges from a few minutes to 48 
hours, usually within 6 hours 

Clinical 
syndrome 

Unconsciousness; discrete 
neurology injury; or a cardiac 
event. 

Variable, usually pain or 
parenthesis initially; can progress 
to paralysis, shock may mimic 
AGE. 



 
© MADELINE ANDERSON               30 | P A G E  

 

Effect of first 
aid including 
oxygen 

Symptoms may improve or 
may go away altogether. 

Variable, often no effect. 

Definitive 
treatment 

Recompression in a hyperbaric 
chamber. 

Recompression in a hyperbaric 
chamber.  
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DCS and PFO  

To a non-diver a PFO (Patent Foramen Ovale) is not important, most people who 
have it are unaware of it and will go through their entire life without a problem. 
For a diver, however, theoretically, it could be a problem. Some divers (depending 
on the depth and the duration of the dives) produce bubbles in their venous blood 
during and after decompression. These bubbles are relatively few in number and 
do not give rise to any symptoms since they are trapped by the small blood vessels 
in the lungs and filtered out of the circulation. 

But recent evidence shows that after decompression many normal divers, with no 
symptoms of decompression sickness, may produce bubbles in venous blood. Why 
is this relevant to a diver with a PFO? Some people with PFO may actually pump 
quantities of their blood from the right atrium to the left through the hole. This 
suggests that divers who have PFO who also have venous gas bubbles during 
decompression may pass gas bubbles directly into the left atrium, bypassing the 
lungs meaning the small bubbles are not filtered out of the circulation. Gas 
bubbles are then carried from the left atrium to the body tissues where they could 

cause symptoms 
of a DCI.  

 

Figure 9: 
Diagram showing 
a PFO and blood 

flow direction 
from the right 

atrium through 
the interatrial 

wall and into the 
left atrium 

(Denoble, n.d.) 

As a foetus every 
person has a connection in their heart which runs between the left and right 
atriums (the two chambers of the heart). This passage allows the blood to pass 
through the foetus’ heart without passing through the lungs. Since all oxygen 
comes into the foetus’ body from the placenta (not from breathing air) the foetus 
has no need to use its lungs until it is born. As the child grows up the hole in the 
heart usually seals closed with a small flap of tissue, preventing the blood from 
passing between the right and left chambers directly. Patent Foramen Ovale (PFO) 
results from the incomplete closure of the hole. 



 
© MADELINE ANDERSON               32 | P A G E  

 

PFO is relatively common. Studies indicate that as many as 30% of adults have a 
PFO. Most adults who have a PFO are unaware of it as it usually has no effects on 
daily life. PFOs range in size, from a tiny opening to an opening of 10mm or more. 
Individuals who have a PFO have reported symptoms such as a shortness of 
breath, or faintness during strenuous exercise which may be indicative of a PFO 
and are sometimes misidentified as simply being ‘out of shape’.  

In some individuals the hole between the two sides of the heart does not close at 
all, this is called an Arterial Septal Defect (ASD). 

In a diver without a PFO, blood flows from the veins into the right side of the 
diver’s heart. The right side of the diver’s heart then pumps this venous blood into 
the lungs where it picks up oxygen. From the lungs the blood enters the left side of 
the diver’s heart where it is pumped back into the arteries.  

The blood flow in a person without a PFO is as follows: 

 

In a person with a PFO, normal blood flow may be disrupted. Some small amount 
of blood may ‘leak’ through the PFO. In a person with a PFO some blood might 
flow in the following way: 

 

Notice how the blood has skipped the lungs completely. 

Why might a PFO increase a diver’s chance of DCS? 

One of the many causes of decompression illness is arterial gas embolism. An 
arterial gas embolism occurs when a tiny bubble of nitrogen enters an artery, 
causing cell death, numbness, pain and a variety of other symptoms. 

Divers commonly have microscopic nitrogen bubbles in their veins (not arteries) 
after diving. A DAN (Diver’s Alert Network) study found that 91% of divers had 

Veins
Right side of 

the heart
Lungs

Left side of 
the heart

Arteries

Veins
Right side of the 

heart
Left side of the 

heart
Arteries
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venous nitrogen bubbles after a series of repetitive dives well within the 
recreational dive tables. These venous nitrogen bubbles are normally harmless 
because venous blood is eliminated by the routine gas exchange. 

The presence of a PFO can disrupt the normal flow of blood through the heart. 
Venous blood with tiny, normally harmless, bubbles can leak directly from the 
right side of a diver’s heart to the left side, where it is pumped back into arterial 
circulation without passing through the lungs. 

If nitrogen bubbles enter the arteries, there is now a risk of an Arterial Gas 
Embolism (AGE). A PFO may allow nitrogen to pass from veins, where they are 
harmless, to arteries, where they are potentially dangerous.  

DAN (see Appendix V) currently say a PFO is not considered as inadvisable for 
recreational diving, but this may change in the future. DCI is relatively rare, even 
for divers with a PFO. However, research suggests that a PFO may increase the 
small chance of a diver getting DCI by as much as 4-5%. Some research may also 
indicate that the larger the PFO hole, the greater the risk of DCI. PFO however can 
be inadvisable for technical diving. Concerned divers should speak to a 
cardiologist knowledgeable in diving medicine. 

Many divers continue to dive with a PFO and do not get decompression illness. 
Decompression is caused by nitrogen bubbles not by the PFO itself, for divers who 
choose to continue to dive with a PFO, doctors have given a list of suggestions to 
minimise the formation of venous nitrogen bubbles and reduce the risk of 
decompression illness. These are: 

 No decompression diving 

 Adopt conservative dive profiles 

 No exercise after diving 

 No Valsalva manoeuvres (equalising by pinching the nose and blowing 
through the nose) on ascent 

 Make extremely slow ascents and long safety stops 
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Causes of Decompression Illness  

Every diver has a different level of risk of getting decompression sickness. Many 
risks are still not understood, however there are a few basic factors, which doctors 
have found increase the chance of a diver suffering decompression sickness. 

Body fat 

Nitrogen absorbs more easily into fat and it takes longer for nitrogen to leave the 
body from fat than muscles. So an overweight diver is at a greater risk of 
decompression sickness. 

Exercise 

Exercise has both a positive and negative effect on the risk of decompression 
sickness. Exercise at least 12 hours before a dive produces proteins that protect the 
body and decrease the risk of decompression sickness. On the other hand, exercise 
less than 12 hours before a dive can raise the number of gas micronuclei on which 
bubbles form and this then increases the risk of decompression sickness. Exercise 
immediately after a dive increases the risk of bubbles forming as blood pressure is 
increased and bubbles can be more easily transferred from the venous to the 
arterial side of the circulatory system. 

Gender 

Theoretically, due to a higher proportion of body fat than men, women should 
have a higher risk of decompression sickness than men, however this simply is not 
the case. Most studies show that it’s possible that gender does not affect the 
chances of suffering from decompression sickness. 

Age 

Older people are generally at a higher risk of decompression sickness than younger 
people due to a less efficient circulatory and respiratory systems and a decrease in 
fitness. 

Fitness 

A fitter body is able to tolerate more stress than an unfit body, including 
decompression sickness. 

Dehydration  

Dehydration causes a decrease in blood available for gas exchange. This makes it 
more difficult for the body to off-gas, increasing the risk of decompression 
sickness. 
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Injury and/or illness 

Injury and illness can affect normal circulation, increasing the risk of 
decompression sickness. 

Alcohol 

Alcohol can cause dehydration, which makes it more difficult for the body to off-
gas. It also accelerates circulation, which helps the tissues load with gas. However 
alcohol also dilates capillaries, which can increase the rate of nitrogen released. 

Carbon Dioxide 

Improper breathing underwater can lead to higher levels of carbon dioxide, which 
interferes with the body’s ability to transport gas. This will lead to an increased 
chance of decompression sickness. 

Cold 

It is believed by diving doctors that diving in cold water will increase the risk of 
decompression sickness. This is due to the body working harder to keep warm as it 
becomes colder. When the body is warm it is able to absorb gas normally but as it 
becomes cold it has difficulty off-loading gas. 

Altitude and Flying after Diving  

When ascending on land or in a plane, the atmospheric pressure changes. This 
increases the chances of decompression sickness. It is best not to ascend above 300 
metres or fly after diving. It is recommended to consult current flying after diving 
guidelines (Appendix VII) to know when it is safe to fly. 

Patent Foramen Ovale (PFO) –Hole in the heart 

It has been found that a large proportion of divers who suffered from 
decompression sickness also had a PFO. 

Inadequate 

Inadequate decompression or surpassing no-decompression limit.  

Inadequate length of surface intervals (failure to decrease accumulated nitrogen 
before diving again). 

COMPARING CAUSES 1869 VS 2014 

In 1869 Dr Gent released a list of symptoms that he believed should exclude a man 
from working in the caissons list of symptoms, below is a table comparing his 
symptoms and the modern day symptoms. 
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1869 Modern day 

Short necks Obesity 

Suffer from headaches Fatigue 

Are slightly deaf and have recently had a 
running from the ear. 

Illness affecting lung or circulatory 
efficiency 

Have spat or coughed up blood Poor physical condition 

Have had a palpitation of the heart Dehydration 

Very pale Heated dry suits  

Often have cold hands or feet Prior musculoskeletal injury 

Bloodshot eyes Cold water 

High colour of the cheeks Heavy work 

Hard drinkers Rough sea conditions 

Suffered repeatedly from venereal disease Age 

Have had rheumatism or sunstroke Smoking 

PREVENTION 

There are many factors increasing the risk of decompression sickness and there are 
also many methods of prevention. Here is a basic checklist which will help lower 
the risk of suffering from decompression sickness: 

 Always ascend slowly and safely from a dive. 

 Do not push your limits. 

 Do all the decompression stops. 

 Keep physically fit. 

 Keep within a healthy weight range. 

 Do not exercise within 12 hours of diving. 

 Do not ascend to altitude or fly directly after diving. 

 Breathe normally during the dive. 

 Do not overexert yourself during the dive. 

 Make sure you are adequately hydrated before every dive. 

 Do not drink alcohol before or after diving. 

 Never dive with a hangover. 

 Get checked out by a doctor to find out if you have a PFO. 

 Avoid reverse profiling – just in case (Appendix VIII) 
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TREATMENT 

Immediate on the scene treatment consists of oxygen therapy and basic first aid. 
This should be followed quickly by recompression treatment in a hyperbaric 
chamber. When treating decompression sickness the delay in beginning 
recompression treatment can be the biggest single cause of residual effects. 
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Decompression Sickness and Decompression Tables  

Decompression sickness may occur even if the decompression tables and no-
decompression limits have been strictly observed. The decompression tables and 
no-decompression limits list the maximum time allowed for a dive based upon the 
maximum depth achieved. The limits take into account the nitrogen saturation of 
lipid (fatty) tissues.  

Once nitrogen has saturated the tissues, a standard ascent to the surface with 
decreasing pressure can allow the nitrogen to bubble out of solution according to 
Henry’s Law.  

Once the no-decompression limit has been passed one or more decompression 
stops are needed during ascent to allow delayed diffusion of nitrogen out of the 
lipid tissues back into the blood. Nitrogen is then exhaled through the lungs. 

The tables also include calculations based upon the surface interval and nitrogen 
off-loading during the time between the dives. But the original tables have three 
main problems; 

1. The tables are based on young, healthy and fit, navy volunteers. Since many 
civilian divers do not fit this profile there is still a possibility for them to get 
decompression sickness even if they stick to the tables. 

2. Dive computers take into account the actual time spent at each depth. This 
allows for more time to be spent at each depth and removes the built-in-
fact of the dive tables which helps divers keep in the conservative range. 

3. There is an increasing number of casual divers. 

The best defence against a DCI is diving conservatively, but divers may still 
develop DCI. 

Today, diving experts recommend a safety stop at 3 or 5 metres for 3 to 5 minutes. 
Safe divers may even do this for longer, using the safety stop as a possibility to 
practice buoyancy and trim (see Appendix VI) often playing games for as little as 
10 minutes or until tank air runs low, this is also a good chance to do a weight 
check.  

There are two types of dives, decompression dives and no-decompression dives. A 
safety stop on a no-decompression dive is essentially a decompression stop. Since 
the largest change in pressure per metre occurs in the last 5 metres just under the 
surface, this stop allows for additional nitrogen equilibration and off-loading.  
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Symptoms of Decompression Sickness  

DCI Type Bubble 
Location 

Signs and Symptoms 

Musculoskeletal Large Joints: 
Elbows, 
Shoulders, Hip, 
Wrists, Knees, 
Ankles. 

Deep pain, from mild to excruciating. 
Sometimes a dull ache but rarely a sharp 
pain. Pain may reduce when bending the 
joint. Pain can occur immediately or up to 
many hours later. 

Cutaneous Skin Itching; around the ears, face, neck, arms 
and upper torso. Sensation of tiny insects 
crawling on the skin. Mottled or marbled 
skin around shoulders, upper chest and 
abdomen, with itching. Swelling of the skin 
with scar like skin depressions. 

Neurologic Brain Altered sensation, tingling or numbness, 
increased sensitivity. Confusion or memory 
loss. Visual abnormalities. Unexplained 
behavioural or mood changes. Seizures and 
unconsciousness. 

Neurologic Spinal Cord Ascending weakness or paralysis in the legs. 
Tightened feeling around the abdominal 
area and/or chest 

Constitutional Whole Body Headache. Unexplained fatigue. Generalised 
illness, poorly localised aches. 

Audio vestibular Inner Ear Loss of balance. Dizziness. Vertigo. Nausea. 
Vomiting. Hearing loss. 

Pulmonary Lungs Dry persisting cough. Burning chest pain 
under the sternum, aggravated by breathing. 
Shortness of breath. 
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Onset of Decompression Sickness  

Although onset of DCI can occur rapidly after a dive, in more than half of all cases 
symptoms only start appearing after an hour. In extreme cases symptoms may 
occur before the dive has finished. The table below is released from TDI (Technical 
Diving International) and the US Navy indicating the onset of the first symptoms. 
Below is a table of the onset of symptoms in a percentage of cases. 

Time Onset Cumulative Frequency 

Within 1 hour 42% 

Within 3 hours 60% 

Within 8 hours 83% 

Within 24 hours 98% 

Within 48 hours 100% 

Below is a table of DCI symptoms with their frequency  

Symptoms Frequency 

Local joint pain 89% 

Arm symptoms 70% 

Leg symptoms 30% 

Dizziness 5.3% 

Paralysis 2.3% 
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Shortness of Breath 1.6% 

Extreme Fatigue 1.3% 

Collapse/Unconsciousness 0.5% 

It is possible that the diver may suffer from several of these symptoms at any one 
time. 
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How to Diagnose Decompression Sickness  

In most cases, the diving history (information on the number of dives, diving 
depth, dive time, rate of ascent and decompressions etc..) as well as the 
information on contributory factors such as cold, current, work and the diver’s 
physical condition, will give an indication as to whether it could be decompression 
sickness. After a thorough examination, which includes investigating balance, 
coordination, sense of touch, reflexes and muscular strength, (see below for the 5 
minute neurology examination) the doctor is then able to build a picture to 
evaluate whether decompression sickness is likely. The doctor will also decide if 
the diver requires treatment in a hyperbaric chamber. 

5 Minute Neurology Test from DDRC (see Appendix IX) 

 Orientation 
o Person: Diver can tell you own name and DOB 
o Place: Diver is aware of where they are 
o Time: Time to nearest hour 

 Eyes 
o Eye Movements: Diver can follow your finger as you draw a ‘H’ 

shape, eye movements should be smooth not jerky 
o Vision: Diver can count fingers held up in front of them. Test each 

eye in turn 
o Pupils: check they are equal and shrink in response to light. 

 Ears 
o Hearing: Rub your thumb and finger together 30cm from divers ear, 

check they can hear on both sides 

 Face 
o Sensation: Diver’s eyes closed, lightly touch the skin on their face ask 

them to say yes when they feel it 
o Movements: Get diver to do each of the following: 

 Raise eyebrows. Screw up eyes tightly. Show teeth 

 Mouth 
o Movements: Get the diver to do each of the following in turn; 
o Stick out tongue (tongue should not deviate to one side) Can the 

diver swallow a sip of water? If they choke keep them nil by mouth. 

 Torso 
o Sensation: Test several points on both sides of the torso, whilst the 

diver has eyes closed and says ‘yes’ each time they feel it.  

 Upper Limb 
o Sensation: Test several points on arms and shoulders 
o Movements: Get diver to do the following in turn note any 

differences between the sides; 
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 Shrug shoulders against resistance 
 Straighten and bend elbows against resistance 
 Squeeze fingers 

 Lower Limb 
o Sensation: Test several points on both legs 
o Movements: Get diver to do each of the following in turn 

 Raise and lower entire leg against resistance  
 Straighten and bend lower leg against resistance 

o Coordination/balance if no symptoms yet in the examination ask the 
diver to; 

 Walk normally 
 Walk heel to toe 
 Stand with feet together arms outstretched and eyes closed 

(ensure diver does not fall and look for any loss of balance) 
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Treatment of Decompression Sickness  

All assessment and treatment for DCI is free in the UK. The chamber will assess 
patients as soon as possible after contact has been made via telephone or email, 
treatment will begin immediately if a DCI is suspected. 

The first treatment is always the longest one, with further treatments on following 
days. These will continue until you have full recovery from symptoms. After each 
recompression the doctor will assess your symptoms. 

When the treatment is completed the doctor will recommend a certain time the 
patient must stop diving and will book a review appointment before you dive 
again. If other problems are suspected as the cause for DCI e.g. a PFO, the doctor 
will arrange a further investigation with you before you dive again. 

Finally a letter is written to the patient’s GP about the treatment. 

Treatment tables give the exact times and depths that the patient will be 
repressurised to in the chamber. In the UK we use the tables published by the 
Royal Navy, these are based on the original tables developed by the US Navy. 
Different tables are used for different conditions. 
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ROYAL NAVY TABLE 61 

(Royal Navy Treatment Table 61, n.d.) 

Treatment table 61 (US Navy Table 5) may be used in the following conditions: 

 Divers with decompression sickness presenting with limb pain or 
manifestations of cutaneous of lymphatic. If the diver does not have a 
complete relief from symptoms after 10 minutes at 18m the treatment must 
change to RNT 62. 

 Asymptomatic omitted decompression (missed stops from a decompression 
dive but with no symptoms) 

 Follow up retreatments of decompression illness 

 Carbon monoxide poisoning 

 Gas gangrene 

Procedure: 

 Descend to 18m over 2-5 minutes, stopping if the diver has difficulty 
clearing ears. 

 Treatment time starts once at 18m is reached. 

 Once at depth the diver should be re-assessed for any neurological 
symptoms, if any are present the treatment should be changed to treatment 
Table 62. 

 If the diver’s symptoms completely resolve within 10 minutes of breathing 
oxygen at 18m, table 61 may be completed. (In practical terms, the diver is 
unlikely to recover completely in 10 minutes unless the diver has been 
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recompressed quickly after the dive. This means most diver with 
decompression symptoms will be switched to table 62) 

 The diving tender should breathe oxygen during both ascents from 18 to 9m 
and from 9m to the surface. 
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ROYAL NAVY TABLE 62 

(Royal Navy Treatment Table 62, n.d.)

 

Treatment table 62 (US Navy Table 6) may be used in the following conditions: 

 Decompression Sickness 

 Arterial Gas Embolism 

 All divers with neurological symptoms of decompression sickness 

 Decompression sickness that does not fully leave after 10 minutes of Oxygen 

 Cutis marmorata  

 Asymptomatic omitted decompression 

 Symptomatic uncontrolled ascent 

 Severe carbon monoxide poisoning 

 Possible treatment for cyanide poisoning 

 Possible treatment for smoke inhalation 

 Divers presenting with decompression illness who have had a delay of more 
than 6 hours between surfacing from the dive and the recompression in a 
hyperbaric chamber 

Procedure: 

 Descend to 18m over 2-5 minutes stopping if diver has difficulty to clear 
their ears. 

 Treatment time starts once 18m depth is reached 

 Once at 18m the diver should be reassessed to establish any change in 
symptoms. 
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 If symptoms have remained unchanged or have not completely resolved 
after 3 oxygen sessions at 18m the treatment profile may be extended by at 
least two, twenty minute oxygen sessions, separated by air breaks. 

 If symptoms reoccur during the ascent to 9m, the decompression should be 
halted and the diver recompressed slowly until the symptoms leave or a 
maximum depth 18m is reached. 

 Symptoms may reoccur at 9m, depending on the severity and after 
consultation with the diving doctor the diver may be recompressed to 18m 
or the table extended to 9m. 

 The chamber tender must breathe oxygen on the ascent from 18-9m, 30 
minutes at 9m and the ascent from 9m to the surface. 
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ROYAL NAVY TABLE 66 

(Royal Navy Treatment Table 66, n.d.)

 

 

Treatment table 66 (US Navy Table 9) may be used in the following conditions: 

 Residual symptoms remaining after an initial treatment for decompression 
illness 

 Carbon monoxide poisoning cases whose condition impede long absences 
from critical medical care. 

Treatment table 66 is also the primary table used for elective therapy treatments 
such as: 

 Osteomyelitis 

 Radiation tissue damage 

 Skin grafts and flaps 

 Some thermal burns 

 Enhancement of healing in problem wounds 

 Necrotizing soft tissue infections 

 Crush injury 

 Compartment syndrome 

 Acute Trauma Ischemia 

 Sports Injuries 

Procedure: 
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 Descend to 14m over 5 minutes (being prepared to stop for patient 
equalisation problems) 

 Treatment time starts at 14m 

 Dive tender breathes oxygen for the last 10 minutes and the ascent to the 
surface 

The reduced the depth of this table allows it to be used repeatedly (sometimes 
twice daily for longer periods making it ideal not only for the re-treatment of 
decompression sickness symptoms but for elective patients who may require 40 or 
more treatments.  

The Royal navy also have a list of additional treatment tables (See Appendix X). 
Below is a flow diagram of the management of acute decompression illness 
released by the royal navy. 
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NOTE: if the diver has completed less than fifteen minutes of stops AND missed 
stops deeper than 18m compress straight to 30m. 
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What Does Decompression Sickness Mean to Divers?  

DCI is best known as a Diving Disorder that affects divers who have breathed 
gas at a higher pressure than the surface pressure. The risks of DCI increases 
when diving for extended periods or at greater depths, without ascending 
gradually and making decompression stops needed to slowly reduce the 
pressure of the inert gasses dissolved in the body. The specific risk factors are 
not much understood and some divers may be more susceptible than others 
under identical conditions. 

To prevent the excess formation of bubbles that can lead to decompression 
sickness, divers limit their ascent to 10m (33ft) per minute, and carry out a 
decompression stop as necessary for their particular dive. Humans, however, 
are not the only ones to get decompression sickness, it is possible for marine 
mammals such as dolphins and whales to also get DCI. 
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BSAC Decompression Sickness Incident Report 

The BSAC database contains 91 reports of decompression illness incidents in 2013, 
some of which involved more than one casualty. When these multiple cases are 
counted the result is 101 cases of decompression illness. 

An analysis of the casual factors associated with the 91 incidents reported in 2013 
indicates the following major features: 

 38 involved in repeat diving 

 15 involved rapid ascents 

 13 involved diving deeper than 30m 

 13 involved missing decompression stops 

Some cases involved more than one of these factors. 

The content and order of this list is virtually identical to previous years. In 
addition to these factors there seems to be a growing number of reversed profiles; 
dives where subsequent dives are deeper than earlier ones. This is contrary to 
recommended practice, this is a feature which needs to be monitored more closely. 

Below is a table of the decompression incidents by month: 

 

Below is a percentage analysis of factors involved in cases of DCI 
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(Diffusion, n.d.) (Diffusion, n.d.) (Diving Physics and 'Fizzyology', 1997) (Types of 

DCI, n.d.) (The difference between DCS and DCI, 2009) (Decompression Illness, 

n.d.) (Types of DCI, n.d.) (How to Diagnose DCI, n.d.) (Decompression Sickness, 

n.d.) (Navy) (Treatment of DCI, n.d.) (BSAC Diving Incident Report 2013, 2013) 
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Section VI: Hyperbaric 
Treatment 

Despite the fact that this section does not link directly to the title it is important 

for divers with decompression sickness and is one which would merit further 

investigation. 

Hyperbaric Medicine  

Hyperbaric medicine (also known as hyperbaric oxygen therapy (HBOT)) is the 
medical use of oxygen at a higher level of atmospheric pressure. The equipment 
required consists of a pressure chamber, which can be rigid or flexible in 
construction, and a means of delivering 100% oxygen. The operation of the 
chamber is performed to a predetermined schedule by trained personnel who 
monitor the patient and may adjust the schedule during the treatment as required.  

The traditional type of hyperbaric 
chamber used for HBO is a hard 
shelled pressure vessels. These 
chambers can be run at absolute 
pressures as much as 6 bars. 
Navies, diving organisations, 
hospitals and dedicated 
recompression facilities typically 
operate these. 

They may range in size from one 
patient units to room-sized units 

that can treat eight or more patients. Hard and soft chambers should not be 
considered as equivalent due to their efficiency and safety. 

 A hard chamber may consist of  

 A pressure vessel that is generally made of aluminium or steel with 
windows made of acrylic 

 One or more human entry hatches, small and circular or wheel-in type 
hatches for patients on gurneys 

 The airlock which allows human entry – a separate chamber with two 
hatches, one to the outside and one to the main chamber which can be 
pressurised independently. 
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 A small airlock for medicines, instrument and food. 

 Glass ports or closed-circuit televisions for technicians and medical staff 
outside to monitor the patients on the inside. 

 An intercom allowing two-way communication 

 A control panel outside to open and close valves that control air flow to and 
from the chamber and regulate the oxygen to masks. 

A soft chamber may consist of: 

 A nylon-bonded flexible acrylic pressure vessel 

 A full length dual zipper-sealed opening 

 An over pressure valve, if the oxygen is fed into a small mask and expired 
gas has to be circulated towards the end of the chamber and out through 
the pressure regulators.  

There are risks associated with HBO which are not dissimilar to some diving 
disorders. Pressure changes can cause ‘squeezes’ or barotrauma in the tissues 
surrounding trapped air inside the body, such as the lungs, behind the eardrum, 
inside the paranasal sinuses or trapped underneath dental fillings. Breathing high 
pressure oxygen may cause oxygen toxicity.  

Patients inside the chamber may feel discomfort inside their ears as a pressure 
difference develops between their middle ear and the chamber atmosphere. As the 
pressure increases further the air inside the chamber will become warmer. 
Increased pressure may cause ear drums to rupture, resulting in severe pain. 

To reduce the pressure a valve is opened to allow the air to pass out of the 
chamber. As the pressure falls the patient’s ears may squeak as the pressure inside 
the ear equalizes with the chamber. The temperature will fall. The speed of 
pressurisation and depressurisation can be adjusted to the patient’s needs. 

HBO is used to treat many illnesses such as decompression sickness, gas gangrene 
and carbon monoxide poisoning. Most recent research has examined the 
possibility that it may also help for conditions such as cerebral palsy and multiple 
sclerosis, but currently there is no significant evidence which has been found. 

MEDICAL USES 

In the USA the Undersea and Hyperbaric Medical Society (known as UHMS) has 
released a list of approved uses of hyperbaric therapy: 

 Air or gas embolism 

 Carbon monoxide poisoning 
o Carbon monoxide poisoning complicated by cyanide poisoning 

 Clostridial myositis and myonecrosis (gas gangrene) 
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 Crush injury, compartment syndrome and other forms of acute traumatic 
ischemias 

 Decompression sickness 

 Enhancement of healing in selected problem wounds 
o Diabetically derived illness, such as diabetic foot, diabetic 

retinopathy and diabetic nephropathy. 

 Exceptional blood loss (anaemia) 

 Intracranial abscess 

 Necrotising soft tissue infections 

 Osteomyelitis 

 Delayed radiation injury 

 Skin graphs and flaps 

 Thermal burns 

As of 2013 there is insufficient evidence to support HBO’s use in autism, cancer, 
diabetes, HIV/AIDS, Alzheimer’s disease, asthma, Bell’s palsy, cerebral palsy, 
depression, heart disease, migraines, multiple sclerosis, Parkinson’s disease, spinal 
cord injury, sports injuries or strokes. 

THERAPEUTIC PRINCIPLES 

In the hyperbaric chamber there are several therapeutic principles which are put 
to use. 

 The increased pressure is useful for therapeutic value when hyperbaric 
chambers are used in the treatment of decompression sickness and air 
embolism as it provides a physical way to reduce the volume of inert gas 
bubbles in the patients’ body. 

 For many other conditions the therapeutic principle of hyperbaric 
treatment lies in its ability to drastically increase the partial pressure of 
oxygen in the tissues in the body The oxygen partial pressures achievable 
using HBO are much higher than those achievable while breathing pure 
oxygen at normal atmospheric pressure.  
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The History of Hyperbaric Medicine  

The word ‘hyperbaric’ literally means ‘high pressure’. Whilst the use of high 
pressure in medicine is often viewed today as being somewhat new and 
controversial, the concept of hyperbaric medicine has actually been in existence 
since 1662. 

The industrial revolution, when bridge and tunnel builders worked in compressed 
air, saw a great development in hyperbaric chambers. It was at this time when Paul 
Bert reported bubbles forming during rapid decompression (1876) and was called 
‘The Grecian Bend’. 

Since the later part of the 1900s hyperbaric medicine gained most of its respect for 
the treatment of certain common illnesses specifically related to diving, including 
decompression sickness and air embolism. 

It was only in 1670 after Robert Boyle’s experiments that the first studies into the 
cause of decompressions sickness which would begin. 

HYPERBARIC AIR  

The use of air at raised ambient pressure for the treatment of illness is recorded in 
1662 for afflictions to the lung, by Henshaw. But is unlikely to have had any 
significant effect on the interests into hyperbaric medicine. 

Junod built a chamber in France in 1834 to treat pulmonary conditions at pressures 
between 2 and 4 atmospheres absolute.  

During the century following this ‘pneumatic centres’ were set up in Europe and 
the USA which use hyperbaric air to treat a variety of different conditions. 

Orval J Cunningham, a professor of anaesthesia at the University of Kansas in the 
early 1900 observed that people suffering from circulatory disorders coped better 
at sea level than at altitude and this formed the basis for his use of hyperbaric air. 

In 1918 he successfully treated patients suffering from the Spanish flu with 
hyperbaric air. 

In 1930 the American Medical Association forced him to stop such hyperbaric 
treatment since he did not prove acceptable evidence that the treatments were 
effective. 

HYPERBARIC OXYGEN 

In 1775 the English scientist Joseph Priestly discovered oxygen. Shortly after its 
discovery there reports of toxic effects of hyperbaric oxygen on the central nervous 
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system and lungs, which delayed therapeutic applications until 1937, when Behnke 
and Shaw first used it in treatment of decompression sickness. 

In 1955 and 1956 Churchill-Davidson, in the UK, used hyperbaric oxygen to 
enhance the radio sensitivity of tumours, while Ite Boerema successfully used it in 
cardiac surgery. 

In 1961 Brummelkamp published some information on the use of hyperbaric 
oxygen in the treatment of clostridial gas gangrene.  

In 1962 Smith and Sharp reported successful treatment of carbon monoxide 
poisoning with hyperbaric oxygen. 

The Undersea Medical Society formed a committee on Hyperbaric Oxygenation 
which has now become recognised as the leading authority on indications for 
hyperbaric oxygen treatment. 

DR CUNNINGHAM 

The most famous chamber and the most used chamber was that of Dr 
Cunningham in Kansas City during the 192os. Cunningham first used the chamber 
to treat the victims of the Spanish influenza epidemic which spread across the USA 
during the end of the First World War. Cunningham had observed that mortality 
from this disease was higher in the areas of elevated land. He believed therefore 
that a barometric factor was involved. He 
claimed that there was major improvements 
in the patients he treated.  

One night, however, a mechanical failure 
occurred and it resulted in a complete loss of 
compression and all of his patients died. This 
was a lesson for Cunningham but his 
enthusiasm for hyperbaric air continued and 
he started treating diseases such as syphilis, 
hypertension, diabetes and cancer.  

In 1928 Cleveland Cunningham built the 
largest chamber ever, it was five stories high 
and 64 feet in diameter. Each floor had 12 
bedrooms and it was built like a hotel. At that 
time it was the only functioning hyperbaric chamber in the world. 

The Cunningham chamber was dismantled for scrap in 1937 after Cunningham 
repeatedly refused to present evidence of the medical uses of his chamber. This 

Figure 10: Dr Cunningham's 
famous hyperbaric hotel (History 
of Hyperbaric Oxygen Therapy, 
n.d.) 
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brought around a temporary end to the era of Hyperbaric Oxygen therapy for 
medical uses. 

The Midlands Diving Chamber 

The Midlands Diving Chamber is a hyperbaric decompression chamber offering 
NHS funded recompression to divers with Decompression Sickness together with 
Hyperbaric Oxygen Therapy (HBOT) treatments.  

Midlands Diving Chamber specialises in Diving Medicine and also complete BSAC 
and HSE diving medicals for divers, free consultation for divers with suspected 
DCI, phone advice and Hyperbaric and PADI recompression chamber courses. 

Not only do MDC give 
diver decompression 
therapy but can also give 
Hyperbaric Oxygen 
Therapy (HOBT) this can 
treat illnesses such as brain 
injuries, strokes and carbon 
monoxide poisoning. 
Hyperbaric oxygen can 
treat a child with cerebral 
palsy or traumatic brain 
injury.  

Divers can self-refer 
themselves to Midlands Diving Chamber, meaning they do not have to go through 
a doctor or the hospital. They can arrive at the centre and ask for treatment 
without previously seeing a doctor. 

The chamber, due to being a multi place chamber system (as opposed to a mono 
place), can also be used for research and recreational use. 

Relief valve set to 58m but the working pressure goes to 50m. It has descended to 
70m for tests. 

The hyperbaric staff at the chamber are some of the most experienced in the 
country with an accumulation of 50 years knowledge between the team. All of the 
hyperbaric staff and doctors specialise in only hyperbaric medicine and are not 
brought in to work from the hospital.  

Nearly all the staff at MDC are scuba divers, with the staff coming from military 
and commercial diving backgrounds. 

Figure 11: MDC Hyperbaric Chamber 
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(Hyperbaric medicine, 2014) (Hyperbaric history, n.d.) (DCI Treatment, n.d.) 

(Hyperbaric Oxygen Therapy , 2011) (Hyperbaric Oxygen Therapy, n.d.) 

(Hyperbaric Beginnings, n.d.) (MDC, n.d.) (History of Hyperbaric Oxygen Therapy 

Center, n.d.) 

Section VII: Practical Work 

Practical Work I – Nitrogen and its Effects in the Hyperbaric 
Chamber  

A Hyperbaric chamber is a great 
environment to do an experiment in as it is 
safe and an area which is water free, as well 
as distraction free without any fish or other 
distractions which could affect the test 
results. 

Decompression illness can sometimes 
result from a diver’s inability to handle 
nitrogen narcosis, if a relatively new diver 
experiences nitrogen narcosis for the first 
time they can panic and risk 
decompression sickness. A dry dive can 
prepare divers mentally for what can 

happen underwater as well as teach divers about the chambers in case they were to 
get decompression sickness. 

There are two types of dry dives available a depth to 40m and a depth to 50m. For 
the best results we chose to do the deeper dive heading down to 50m. 

Once we had arrived the divers filled out self-declaration medical forms.(Annex 
XVI) Any questions that were ticked YES had to be covered by the dive doctor’s 
clearance form. Afterwards the divers were given a briefing stating what the dive 
would include, a little bit about MDC and a few anecdotes.  

Figure 12: Inside MDC hyperbaric 
chamber 
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Divers then changed into scrubs and 
were accompanied by an MDC 
supervisor into the chamber. The plan 
was to start bottom time then compress 
down to 50m. At 50m we would play our 
‘mind games’. 

Our ‘mind games’ included spelling out 
simple words with magnets, running 
through the alphabet whilst tapping 
each finger in turn, touching your nose 
then touching your partners nose. The 
rate at which these were performed at 
50m would be compared to the rate at 
which these were performed at 6m. 

The tests aim to show if the nitrogen has 
any effect on the body, if the rate of the games is slower at 50m then we know that 
nitrogen has had some anaesthetic effect in brain or muscles.   

After the maximum time was attained the decompression would begin, with divers 
placed on oxygen at various points and during the long decompression at 6m the 
games would be played again to hopefully see a difference in the reaction times 
with the divers. 

After coming out of the chamber there would be a post-dive briefing and time for 
questions as well as log book stamping. 

The dry dive, similarly to a wet dive, carried risk of decompression sickness, 
although due to such a controlled environment the risk is extremely minimal. Due 
to insurance reasons divers must be 17 years of age so because of this I was unable 
to take part in the experiment, however I watched from the outside and saw what 
happened during the entirety of the dry dive. 

During the dry dive we are trying to found out the anaesthetic effect of high levels 
of nitrogen in the body.  

Figure 13: Robbie, chamber operator, at the 
controls 
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Literature suggests that people’s brain processing is slowed down, and that this is 
manifested in increased reaction 
times and cognitive process delay. 
The high amount of nitrogen will 
mean that the divers will almost be 
drugged, I expected them to work 
slower than at the surface, 
potentially making mistakes in the 
games they have to complete. 

The independent variables in this 
project will be the partial pressure 
of the gas, which we will increase. 
As the pressure increases in the 
chamber we are forced to accept 
that the temperature will increase, 
this is not something we will be 

able to change and it may also affect the results. We are going to measure the time 
difference it takes the divers to complete the challenge at depth and at the surface. 
We are conducting this experiment in the hyperbaric chamber so as to avoid any 
external risks or distractions which we would have if we went on a normal dive and 
this may improve the quality of our results. 

Risks 

Risk How to minimise 

Decompression Illness Slow decompression with short periods 
on oxygen, do not cross legs (which 
restricts circulation)  

Oxygen toxicity Only spend short periods on the pure 
oxygen taking breaks in between 

Fire Do not take forbidden objects into the 
chamber. Do not smoke in the 
chamber 

Worsening of illnesses already present Complete a pre dive medical, anything 
marked with YES will need to be 
checked over by a dive doctor. 

My equipment will include a hyperbaric chamber, different sized balls such as 
tennis balls, footballs and Ping-Pong balls. The balls will be photographed at 50m 
to show the gas laws acting in the chamber. 6 divers. This is the dive profile of 
MDC which we will be following during our dive: 

Figure 14: Outside of MDC hyperbaric chamber 
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Figure 15: Dry Dive Profile 

We would take our time to descend to 50m, hoping to reach the depth as quickly 
as possible. 7 min would be our maximum bottom time and we would take 4 
minutes to ascend to 12 m. We would not ascend quicker than 9m per minute. 
Their first decompression stop would be at 12m for 1 minute. This would be on 
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normal air. A 9m stop for 4 minutes will then be required, this time it will be on 
oxygen. Finally a stop at 6m for 23minutes on oxygen will be used to ‘flush out’ any 
excess nitrogen gained during the dive. Ascent to the surface and then the end of 
the dive.  

During the 50m stop we will be playing the ‘mind games’, the results will be 
compared to the results we collect at the 6m decompression stop. 

In the end our dive profile went a little something like this:  

Time Depth (m) Comment Deco stop/Gas Run time 

12:19 Dive start Left Surface - 000 

12:20 3  Ears  - 001 

12:21 1.6 Left - 002 

12:22 2.8 Ears - 003 

12:22 2.1 Left - 003 

12:23 4.4 Ears - 004 

12:24 1.7 Left - 005 

12:25 5.3 Ears - 006 

12:25  Entrance lock sent down - 006 

12:25  Michael and Amelia 
entered EL 

- 007 

12:26 4.7  - 007 

12:26 6.6 El left - 007 

12:27 9.4 Ears - 008 

12:27 9 Continued descent - 008 

12:28 11.7 Ears - 009 

12:28 10.9 Continued descent - 009 

12:33 50 Arrived, all well - 014 

12:38 50 Left, all well - 019 

12:43 12 Arrived, all well (first deco) 1 min/air 024 

12:44 12 Left all well - 025 

12:44 9 Arrived well (second deco) - 025 
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12:45 9 On Oxygen 6 min/O2 026 

12:51  Left 9m - 032 

12:51 6 Arrived well, (third stop) 25 min/O2 032 

13:16 6 Left - 057 

13:17  Off Oxygen - 058 

13:18  At the surface, all well  059 

During the dive a few things did not go to plan such as, Amelia and Michael had to 
abort the dive due to ear pain in the chamber. This left us with four divers and one 
attendant in the chamber.  

We spent a minute longer at 50m than scheduled so Robbie (chamber manager) 
had to rework the depth times and decompression stops. 

Overall the dive went as I had been expecting it to, at 50m the games which were 
played were done much slower than at 6m. Fridge magnets were used to make 
words and at 50m the divers found it difficult to find the correct letters for the 
word and also to spell out words correctly. 

 

Figure 16: Bottom left 'molfed' 
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Such as ‘molfed’ rather than ‘surfed’, at 6m there was no problem to do this. Whilst 
moving along the fingers the divers had to run through the letters of the alphabet. 
My mum for example was unable to get any further than ‘m’ in the alphabet.  

During the dive due to the pressure people’s voices changed pitch and 
consequently there was a lot of laughter, this may have contributed as a distraction 
and may therefore be the reason why the divers were slower at depth. 

Despite this I still believe that the pressure played a huge factor to the diver’s brain 
and therefore we can conclude that the nitrogen was acting as a type of 
anaesthetic on the divers during the dive. 

We could have improved the dive by timing each diver to see how long they took 
to do each activity and then having concrete evidence to secure how much the 
divers were affected by the nitrogen, also diving at different depths, not only 50m 
and 6m but having various other depths with timings. Yet on the practical side of 
things this may not have been possible due to the longer decompression needed if 
we were to extend our stays at different levels. 
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Practical Work II – Investigating Boyle’s Law  

To show that pressure is inversely proportional to volume when temperature is 
kept constant.  

If pV (pressure x pressure) is always constant then as 
pressure increases I would expect volume to decrease 
in a proportional manner. 

I will change the volume of oil during this experiment 
and will record the pressure. I hope to keep the 
temperature the same but by having the experiment 
spread over two days I do not think this will be 
completely accurate.  

I will be measuring the pressure when the range of 
volume is from 14-40cm³. I will 
repeat the experiment 3 times so 
that I have strong averages with 
limited anomalies. 

Equipment includes column with 
oil, pressure gauge and bicycle pump. 

With all valves open fill pump with the bicycle pump till the 
pressure reaches about 250kN/m2. Close the valves to retain 
the air. Open the valves to let out air at various points and 
write what the pressure is in accordance with the volume. 
Until it returns to atmospheric pressure of 100kN/m2.  

The table below shows my results after testing Boyle’s law. I measured the pressure 
after changing the volume on the apparatus, I repeated this three times and 
calculated an average. Boyle’s law would be correct if pxV was equal throughout, 
but due to a few errors the result is close and not exactly the same. Underneath the 
table is a graph representing my results in a more aesthetically and understanding 
way. 

Pressure 1 Pressure 2 Pressure 3 Average Volume pxV 

250 240 230 240 17 4080 

220 220 220 220 18 3960 

- 210 210 210 19 3990 

190 200 200 197 20 3933 

190 190 190 190 21 3990 

180 180 180 180 22 3960 

180 170 170 173 23 3987 

Figure 17: Boyle's Law 
experiment equipment 

Figure 18: 
Pressure gauge 
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170 170 170 170 24 4080 

- - 160 160 25 4000 

150 150 150 150 26 3900 

150 150 150 150 27 4050 

150 140 140 143 28 4013 

- 140 130 135 29 3915 

140 130 130 133 30 4000 

130 130 130 130 31 4030 

115 125 125 122 32 3893 

110 120 120 117 33 3850 

120 120 120 120 34 4080 

110 115 110 112 35 3908 

110 110 110 110 36 3960 

110 110 105 108 37 4008 

105 100 100 102 38 3863 

100 100 100 100 39 3900 

100 100 100 100 40 4000 

 

In my results as the volume increases the pressure decreases. I think I have enough 
evidence to build an understanding of Boyle’s law, the curve is regular enough to 
get a feeling for what my results should have been in ideal conditions. My results 
also agree with my prediction and Boyle’s Law. 
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I think my experiment went well but I believe there are a few things I could have 
improved, the accuracy on the pressure gauge was not very high so it was very 
difficult to work out more precise results. I also missed some numbers out due to 
accidentally missing them out during this experiment, this left temporary gaps in 
my results and may have made my averages less accurate. I did the experiment on 
two different days, the weather was different and so the temperature in the 
classroom was different, to improve the results next time I would have to do all my 
experiments on one day. 
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Section IX: Discussion 
Why did I look at this area? 

I looked into this topic because as a diver I was keen to understand how diving 

diseases related with nitrogen occurred. I, along with many divers, understood 

what decompression sickness and nitrogen narcosis were, but not how they 

occurred. The research I did during this project has answered the how and also the 

why and when.  

What did I find out? 

During this project I found out what decompression sickness and nitrogen 

narcosis are and how to avoid them, I researched treatment and was able to make 

links between the topics we study in class and my own research.  

What did I do really well? 

I think on the whole my research was very thorough and well explained. I 

understand the topic better and have also passed on what I have learnt to the 

people around me. I have researched from many different sources, including 

books, websites, conducted my own experiments and talked with people who work 

professionally in the care of people with nitrogen related illnesses. I approached 

specialists in the subject and they referred me to reliable sources where I could get 

more information from. 

What could I have done better? 

On reflection I could have improved my experiment in the diving chamber by 

timing the divers whilst they did the ‘mind games’ during the dive, that way I 

could have more reliable data to look at and compare. I could have done more 

experiments and a little less research from other people and I could have 

interviewed people who had first-hand experiences of decompression sickness. 

Next time I could also improve my survey, I conducted a survey during the 2013 

DIVE show at Birmingham but due to the small amount of people who completed 

the survey I was unable to include it in this project, next time I should improve 

this. 

Where should this work go now?  

If I were to carry on with this project I would do more experiments and talk to 

more people. I would also repeat experiments like the Boyle’s Law experiment to 
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get more reliable results. If I were to continue this project I may look into different 

gases and compare the anaesthetic effect of nitrogen compared with other gases 

and gas mixtures.  
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Section VIII: Conclusion  
During this project I hoped to research the effect of nitrogen gas on a diver’s body 
when it was subjected to a higher than atmospheric pressure. All divers are 
effected by nitrogen at one point of their life, whether they are aware of it or not. It 
is important to understand how nitrogen effects the body during diving. 

Nitrogen narcosis is potentially a life threatening illness especially in overhead 
conditions and symptoms will only improve when the diver ascends. 
Decompression sickness is not understood very well and whilst the science of it is 
mostly understood no one really understands why one person is more likely to 
suffer from DCI than another.  

Throughout this project I aimed to grasp a better understanding of the pressure 
related illnesses and nitrogen on diver’s bodies. My knowledge before on this topic 
was very limited but over the course of this project development I have extended 
my knowledge on the topic and now understand a considerable amount more of 
the laws which act upon each and every diver’s body during a scuba dive. I now 
understand how serious nitrogen related illnesses are and how important it is to be 
careful before, during, and after dives as this could make the difference between 
enjoying your diving holiday and having to spend time in a recompression 
chamber. 
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Section X: Appendix 

Appendix I: Nitrogen  

Periodic Symbol: N 

Atomic Number: 7 

Melting Point: 63.15K or -210.00°C 

Boiling Point: 77.36K or -195.79°C 

What is Nitrogen?: Nitrogen is an element. At room temperature it is a gas. It 
makes up 78% of the earth’s atmosphere and is the fifth most abundant element in 
the universe. Nitrogen gas is largely inert, at room temperature it is colourless and 
odourless. Nitrogen is a non-metal, as a liquid it resembles water. 

The nitrogen cycle describes movement of the element from the air, into the 
biosphere and organic compounds, then back into the atmosphere.  

History: Nitrogen was discovered by a Scottish physician named Daniel 
Rutherford in 1772. Nitrogen gas was so inert that Antoine Lavoisier referred to it 
as ‘mephitic air’ or azote, from the Greek word ‘azotos’ meaning ‘lifeless’. In it 
animals died and flames were extinguished. 

Uses: The largest use of nitrogen is for the production of ammonia. Nitrogen is 
combined with hydrogen to produce ammonia, 
through a method known as the Haber process. 
Ammonia is then used to create fertilisers, explosives 
and nitric acid.  

Nitrogen occurs in all organisms, primarily in amino 
acids and also in the nucleic acids (DNA). The human 
body contains about 3% by mass of nitrogen. 
Nitrogen is the fourth most abundant element in the 
body after oxygen, carbon and hydrogen. 

The nitrogen cycle is the process where the nitrogen 
is converted between its various chemical forms. This 
transformation is carried out through both biological 
and physical processes. Important processes in the 
nitrogen cycle include fixation, ammonification, 
nitrification and denitrification. The majority of 

Figure 19: Nitrogen cycle diagram 
(Nitrogen cycle, n.d.) 

http://en.wikipedia.org/wiki/File:The_Nitrogen_Cycle.png
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Earth’s atmosphere (78%) is nitrogen. However, atmospheric nitrogen has limited 
availability for biological use, leading to a scarcity of usable nitrogen in many types 
of ecosystems.  

THE PROCESS OF THE NITROGEN CYCLE 

Nitrogen gas is converted to a nitrate compound by nitrogen-fixing bacteria in soil 

or roots. Lightning also converts nitrogen gas into nitrate compounds. The Haber 

process converts nitrogen into ammonia to be used in fertilisers. Ammonia is 

converted to nitrates by nitrifying bacteria in the soil. 

Plants absorb nitrates from the soil and uses these to build up proteins. The plant 

may be eaten by an animal, and its biomass used to produce animal protein. 

Egested material is broken down by decomposers. The result is the nitrogen being 

returned back into the soil by ammonia. 

Decomposers also break down the bodies of dead organisms resulting in nitrogen 

being returned to the soil as ammonia. 

In some conditions detrifying bacteria in the soil break down the nitrates and 

return nitrogen to the air. This is usually soil which is waterlogged. Improving 

drainage reduces this effect, making the soil more fertile. 

  

Figure 20: Diagram showing nitrogen cycle (Nitrogen 
cycle, n.d.) 

http://en.wikipedia.org/wiki/File:Nitrogen_Cycle.svg
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Appendix II: Famous People 

EDMOND HALLEY 

In 1691 Halley built a diving bell, a device in which the atmosphere was replenished 
by a set of weighted barrels of air sent down from the surface. In a demonstration, 
Halley and five companions dived to 18m in the River Thames and remained there 
for over an hour and a half. Halley’s bell was not very useful for salvage work as it 
was very heavy but over time he made improvements to it. Halley suffered one of 

the earliest record cases of middle ear 
barotrauma.  

Before Halley’s invention diving bells were 
simple constructions, unlike Halley’s bell they 
had no fittings other than a rope by which to 
suspend it and a platform hanging from three 
or four chains underneath it for the divers to 
stand on. The purpose of Halley’s dive in 1716 
was to show the improvements he had made to 
this design. Halley’s bell was large enough for 
five men to enter at once, a bench around the 
inside for the diver’s to sit on, and a glass 
porthole in the top to admit light. His most 
important improvement was a system of 
maintaining the bell full of fresh air. He 
achieved this by sending down air to the bell 
from the surface in weighted barrels with a 
hose fitted in the top. When the barrel arrived 
to the bell the diver would take the hose and by 
opening the tap in the end of it, cause the air to 

flow upwards in the bell. The hot stale air which accumulated into the top of the 
bell was released. By this invention many divers could fit in the bell and stay 
underwater for as long as they wanted.  

Halley had invented this system in 1691, but it was unknown to many people at the 
time, only becoming known during his dive in 1716. 

Figure 21: Portrait by Thomas 
Murray 
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MÅRTEN TRIEWALD 

Mårten Triewald was born on 18th November 1691 in Stockholm. 
Mårten was educated at a German school in Stockholm but did 
not go to university. Triewald’s mechanical activities took him to 
London and in 1716 he was employed as an inspector at a coal 
mine in Newcastle, where he studied mechanics and the steam 
engines. He returned to Sweden in 1726 and built a steam engine 
at Dannemora mine. This is believed to be the first steam engine 
in Sweden that was put to practical industrial use. 

The year Triewald went to London he witnessed the descent of 
Edmond Halley in the diving bell. There is nothing remarkable 
about the event apart from the fact that there was no record of 
Halley diving in a bell or even his bell being used since 1691, 20 

years earlier. In that year he also published his paper on the diving bell, why was it 
now that he was reviving his interest in the diving bell? It may seem that it was the 
young M.Triewald (who called Halley ‘my friend and patron’) who prompted 
Halley to dive again.  

Triewald was impressed with Halley’s bell and later introduced it in Sweden, but 
his talent in mechanics set him thinking as to how he could improve it further. 

Triewald, after having made many modifications to his bell, was eventually pleased 
with it and published his own book about his diving bell, the name of which he 
borrowed from his ‘friend and patron’; ‘The Art of Living under Water’ which was 
dedicated to the king Friedrich I.  

 

Figure 22: 
Mårten Triewald 
in 1740 (Mårten 
Triewald, n.d.) 



 
© MADELINE ANDERSON               78 | P A G E  

 

J.S.HALDANE 

John Scott Haldane was a Scottish physiologist who was famous for self-
experimenting which led to many of his discoveries about the human body and the 
nature of gases. He also used his son J.B.S.Haldane as a test subject, even when he 
was quite young. Haldane locked himself in sealed 
chambers breathing potentially lethal cocktails of gases 
whilst recording their effect on his mind and body.  

Haldane often visited the scenes of many mining disasters 
and investigated their causes. When the Germans used 
poisoned gas in WWI Haldane went to the frontline at 
the request of the British secretary of state and attempted 
to identify the gases which were used. One outcome was 
his invention of the first ever gas mask. 

In 1907 Haldane made a decompression chamber to help 
deep-sea dives safer and produced the first 
decompression tables after extensive experiments with 
animals. 

In 1908 Haldane along with Boycott and Damanthis 
produced their landmark paper on decompression sickness, ‘The Prevention of 
Compressed Air Illness’. 

ROBERT BOYLE 

Robert Boyle was an Irish Natural Philosopher (chemist, physicist and inventor) he 
is noted for his many works in physics and chemistry. Boyle was born to the 

richest man in Great Britain and received an education 
at Eton and throughout Europe, Boyle is still regarded 
today as the first modern chemist.  

Boyle is best known for his law of physics experienced 
by all divers describing the behaviour of an ideal gas. 
Boyles Law appears in an appendix for his work ‘New 
Experiments Physio-Mechanical, Touching the Spring 
of the Air and its Effects’ (1660). The text came about as 
a result of three years of experiments conducted with 
the help of Robert Hooke. Using an air pump designed 
by Hooke, Boyle was able to discover a series of 
important facts, such as sound not travelling in a 
vacuum, a flame requiring air and investigating the 
‘elastic properties of air’. Boyle also first described the 
effects of decompression illness in 1670. 

Figure 23: 
J.S.Haldane 
(National Dive 
League, n.d.) 

Figure 24: Robert Boyle 
(Robert Boyle, n.d.) 
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Appendix III: BSAC 

BSAC stands for the British Sub-Aqua Club their motto is ‘dive with friends’ and 
they were established 60 years ago on 15th October 1953. They focus on providing 
recreational diving services and training. They serve at an international level and 
have over 50,000 members. They reached their peak in the mid-1990s reaching 
over 50,000 members although this declined to over 30,000 in 2009. Charles, the 
Prince of Wales is their president. 

 

It is a diver training organisation that operates through its network of 1,100 local, 
independent diving clubs and around 400 schools worldwide. The logo features 
the Roman of Neptune (Greek God Poseidon) who is the God of the sea. 

Due to the waters of the UK are relatively cold and have restricted visibility BSAC 
training is regarded, by its members, as more comprehensive than some 
organisations. Specifically its emphasis on rescue training very early on in the 
programme. Yet BSAC is unusual for a diver training agency in that most BSAC 
instructors are amateurs, operating in diving clubs as opposed to professionals 
operating in diving schools. 

  

http://en.wikipedia.org/wiki/File:BSAC_logo_2012.png
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Appendix IV: PADI 

PADI or the Professional Association of Diving Instructors is the diving association 
which I learnt to dive with. Their motto is ‘The way the world learns to dive’ and 
they have a membership of over 130,000 dive professionals and 6000 dive centres 
and resorts worldwide. PADI often do courses in cooperation with DSAT, Project 
AWARE and Emergency First Response (EFR). 

 

PADI is the world’s largest recreational diving membership and diver training 
organisation founded in 1966 by John Cronin and Ralph Erickson. Cronin was 
originally a NAUI instructor who decided to form his own diving organisation with 
Erickson and to break diver training down into different courses instead of the 
single universal course which was present at the time. 

PADI courses range from ‘Open Water Diver’ to the highest level of non-
professional diving ‘Master Scuba Diver’ and afterwards a range of instructor 
certifications. PADI also offers various technical diving courses.  

  

http://en.wikipedia.org/wiki/File:Logo_of_PADI.svg
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Appendix V: DAN (Diver’s Alert Network) 

The Diver’s Alert Network is a non-profit organisation devoted to helping and 
assisting divers in need of help. It is supported entirely by donations, grants and 
membership dues. Its research department contributes to medical research on the 
safety of recreational scuba diving while its medicine department helps to find 
answers to diver’s medical questions 
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Appendix VI: Buoyancy and Trim 

BUOYANCY – Buoyancy is an object’s tendency to float. In diving we use the 

term buoyancy not only to describe the object’s ability to float but also its 
tendency to sink or do neither. Divers use the following terms: 

 Positively Buoyant: The object remains at the surface of the water floating 

 Negatively Buoyant: The object sinks down to the bottom of the water 

 Neutrally Buoyant: The object is neither positively nor negatively buoyant 
and remains suspended in the water at a single depth 

To swap between the different types of buoyancies divers use different objects to 
help them where they want to go such as using weights, to help them be negatively 
buoyant and descend beneath the surface, a BCD (buoyancy control device) which 
allows air to be filled and released, air is positively buoyant so helps the diver to 
remain off the bottom of the sea bed and their lungs, divers who are correctly 
weighted are able to use their breathing to either float or sink in the water. 

TRIM –Many people (unless they have undergone technical scuba training) have 

not learnt about proper trim in the water, it requires practice and the application 
of basic principles and techniques. Excellent trim will increase dive time and leave 
you feeling less tired after diving, it also improves you buoyancy control (and 
makes you look pretty awesome underwater).  

Proper trim is a perfectly horizontal 
body position in the water. The 
diver’s legs are bent at the knees so 
that the fins are higher than any 
other part of the body and his hands 
are the same level as his stomach. 
No part of the diver’s body should be 
below the horizontal line.  

All divers should have proper trim as 
it minimises drag, because the 
streamlining of the body requires 
less effort to move through the 
water, it lowers the diver’s 

consumption rate and having the fins slightly elevated reduces stirring up silt, 
sand and other sediments. Elevating the fins helps to prevent the damage to coral 
and other delicate life from accidental fin hits. The most important thing a diver 
should care about is that trim allows divers to have better control of all aspects of 
their diving. 

Figure 25: DIR modified flutter kick with 
correct trim (DIR Modified Flutter Kick, 
2010) 
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Appendix VII: Current altitude and flying guidelines 

The US Navy tables recommend that you wait at least two hours before you board 
a plane after diving; the US Air Force says you should wait 24 hours; DAN 
recommends a 12-hour minimum surface interval before flying. Which guideline 
should you follow? If you fly after diving you want to know: 

 What are the chances (or probability) of getting a decompression injury; 
and 

 If I do get an injury how severe will this be? 

These two factors will help determine the risk you are willing to take. You need to 
consider many different factors before making your decision, how many dives have 
you done already this holiday? What is your general health? What is your age? Is 
there a chamber near to where you are landing?  

There is simply so little information available that many people simply act on 
hearsay and speculation. What do we really know about flying after diving? DAN is 
currently conducting and experimental research study. Although this study is far 
from complete it is possible to look at the preliminary results to discuss safety and 
the practical application of the data. 

As divers what we want to know is how our probability of getting DCI changes as 
we increase the length of the pre-flight surface interval. The first series of 
experiments conducted by DAN consisted of one dive followed by a flight. 

 A dive to 18m for 55 minutes was performed followed by a predetermined surface 
interval. The altitude exposure of the flight was 2,440m for four hours, this is the 
maximum cabin altitude allowed in a commercial aircraft. 

The information is used to estimate the probability of decompression sickness, 
although they cannot accurately measure the probability, they can only estimate it 
from experimental data. Decompression sickness that occurs in laboratory 
experiments is usually mild and easy to treat. DAN has a responsibility to not 
expose the volunteer research subjects – who are all recreational divers – to 
experiments that are likely to give a DCS that does not resolve completely. The 
only way it is possible to remove this risk is to not do the experiment at all, but 
this leaves us where we started, with uncertain information about flying after 
diving. Without research, thousands of people would continue to take the risk of 
flying home from holiday without the benefit of medical supervision provided in a 
scientific study. 

Protecting the volunteer divers is a very important issue. DAN subject the divers to 
experimental protocols that will produce some DCS, so DAN protects these 
volunteers in several ways. First, before anyone can take part in a study, a 
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comprehensive medical history and physical are performed by a hyperbaric 
physician. Anyone with severe medical problems is not allowed to participate. 
Some of the problems which may prevent a diver from taking part are neurological 
problems, chronic injuries and lung conditions which means gas trapping. Plus, 
because diving is a hazard to an unborn child pregnant divers are not permitted, 
all women of childbearing potential must undergo a pregnancy test. 

The next issue of the experiment is to decide when DCS has occurred. Since there 
are no lab tests for DCS it must be diagnosed by the presence of signs and 
symptoms. Unfortunately, the milder forms of DCS have signs and symptoms 
which are not dissimilar to normal every day aches and pains which we 
occasionally suffer from, especially as we get older. Because of this DAN has asked 
the divers to report any and all symptoms they feel no matter how mild they feel. 
After the experiment these are placed into three different sections: ‘Not DCS’, 
‘Ambiguous DCS’ and ‘Definite DCS’. 

‘Not DCS’ refers towards any signs or symptoms that are clearly unrelated to the 
experiment such as the diver sprained their ankle playing basketball in the 
preflight interval. (DAN no longer allow sports to be played during the surface 
interval.) ‘Ambiguous DCS’ refers to any signs or symptoms which may have lasted 
only a short amount of time, were very mild and were uncertain in the judgement 
of the hyperbaric physician, or may not have responded to the recompression 
therapy. ‘Definite DCS’ is referred to as clear and certain signs and symptoms that 
improve or resolve completely with a recompression. 

One of the most important factors in protecting the diver is of protecting the diver 
himself. Complete and timely reportings of any and all signs and symptoms 
enables the earliest possible recompression, if needed, and the collection of good-
quality data. To reduce the chances of testing a pre-flight surface interval that may 
have too high a DCS probability, DAN have established acceptance and rejection 
rules that define how many times they should test a surface interval based on the 
occurrences of Definite DCS in previous tests. These rules must be approved by the 
Duke Medical Centre Institutional Review Boards, which oversees all human 
experimentation. 

The acceptance/rejection rules are for a surface interval in the flying after diving 
study, based on Definite DCS, are: 

Accept 

 0 pain-only incidents in 23 trials 

 1 pain-only incident in 25 trials  

 2 pain only incidents in 46 trials 

Reject 
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 Any neurological incidents 

 2 pain only incidents in 10 trials 

 3 pain-only incidents 

Acceptance of a surface interval only applies within the Flying after Diving study 
and does not imply acceptance for actual use in recreational diving.  

The three hour surface interval had one pain-only and two neurological incidents 
of Definite DCS, and seven incidents of Ambiguous DCS. A single incident of 
neurological Definite DCS occurred at six and at nine hours, and one Ambiguous 
DCS incident occurred at six hours. Because of neurological DCS, the surface hours 
for three, six and nine hours were rejected.  

10-, 11- and 12-hour surface intervals, however, were considered acceptable 
according to the acceptance/rejection rules described above. The 10-hour surface 
interval produced one ambiguous symptom in 23 trials, but the 11- and 12-hour 
surface intervals had no symptoms in 23 and 27 exposures. 

As with all research, the proof lies in the numbers. The more trials made at a given 
surface interval increases the confidence in the accuracy of the data. 

 There were three Definite DCS incidents in 36 trials of the three-hour 
surface interval, for an 8.3 percent DCS occurrence. 

 When the surface interval was increased to six hours there was one 
neurological incident in six trials, for a DCS occurrence of 16.7 percent. 

 At nine hours there was one neurological incident in seven trials, for a 14.3 
percent DCS occurrence. 

The DCS occurrence was higher at six and nine hours than at three hours because 
the six and nine hour intervals had to be rejected after the single case of 
neurological DCS. The three-hour surface interval was not rejected until 36 trials 
were conducted. This may be due simply to luck, but this is a classic example of 
having a very low level of confidence in the data for the six- and nine-hour surface 
intervals because there were so few trials. It is reasonable to suppose that if we 
could conduct more trials at six and nine hours, the DCS probability would be 
lower. 

The correlation between the percentage of Ambiguous DCS and the surface 
interval was statistically significant, suggesting that the Ambiguous symptoms may 
have been a mild form of DCS. AT a three hour surface interval, for example, there 
was a ten percent estimated risk of Definite DCS and nearly a twenty percent 
estimated risk of Ambiguous DCS. The observed DCS percentage at six and nine 
hours does not follow the estimated trend due to the low number of studies that 
were conducted. 
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You could then decide to wait 12 hours before your flight and have an estimated 1 
percent risk of Definite DCS and approximately 2 percent risk of Ambiguous DCS. 
If the diver wishes to keep the level of risk to zero, then simply do not dive and do 
not fly. Every time the diver dives they subject themselves to a risk of DCS. No 
tables can guarantee absolute safety. 

DAN have now moved on to focus their attention on technical diving and onto 
new levels of studying flying after repetitive diving to hopefully clear up the 
uncertainty and rumours associated with flying and diving. 
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Appendix VIII: Different Types of Dive Profiles 

Below some of the types of dive profile have been named and are given with a 
diagram. 

 

SQUARE PROFILES 

The diver descends directly to the maximum depth, spends most of the dive at the 
maximum depth and then ascends directly at a safe rate. The sides of the 'square’ 
are not truly vertical due to the need for a slow descent to avoid barotrauma and a 
slow ascent rate to avoid decompression sickness. 

Square Profiles

Mulit-Level 
Dive Profile

Repetitive 
Diving

Decompression 
Profile

Reverse Profile

Saw Tooth 
Profile

Bounce Profile
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MULTI-LEVEL DIVE PROFILE 

Where the dive sites and the underwater topography permit, divers often prefer to 
do a more triangular dive profile, where they descend to the maximum depth and 
then slowly ascend throughout the dive. 

A slow ascent and therefore slow pressure reduction, is a good decompression 
practice. When using a dive computer this type of profile often results in no need 
for deliberate decompression stops. 

 

REPETITIVE DIVING 

Repetitive diving occurs when two dives are separated by a short surface interval, 
during which the diver has not completely desaturated from the first dive. The gas 
loading from the first dive must be taken into account when determining no stop 
times and decompression requirements from the second dive. 

When a diver is completely ‘desaturated’ the level of those gases in the diver’s body 
have returned to normal at atmospheric pressure. The maximum interval until 
desaturation on the BSAC 88 dive table is 16 hours. 



 
© MADELINE ANDERSON               89 | P A G E  

 

 

DECOMPRESSION PROFILE 

When no stop depth or time limits are exceeded the diver must do decompression 
stops to reduce the risk of decompression sickness. Stops when breathing gas 
mixtures containing nitrogen tend to be in shallower water than stops when 
breathing gas mixture containing helium which tend to be deeper. The diagram 
below shows a square profile versus a decompression profile. 

 

REVERSE PROFILE 

A reverse profile dive occurs when a repeat dive is deeper than the earlier dive. 
Many dive training agencies discourage this profile because they are not the best 
way to plan for safe decompression; it is better to do the deeper dive first when the 
body’s tissues hold less absorbed nitrogen. 
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SAW TOOTH PROFILE 

In a saw tooth profile the diver ascends and descends a number of times during 
the dive. Each ascent and descent increases the risk of decompression sickness. 

 

BOUNCE PROFILE 

With a bounce dive the diver descends directly to the maximum depth, spends 
very little time at maximum depth and ascends directly at a safe rate to the 
surface. Bounce dives are the opposite of saturation dives which is where the diver 
stays at pressure for very long time before he ascends.  
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Appendix IX: DDRC 

DDRC Healthcare is a registered charity established in 1980 as the Diving Diseases 
Research Centre (DDRC). They aim to take part and promote in the medical 
treatment, training and research needed in association with the use of hyperbaric 
oxygen therapy.  

 

  



 
© MADELINE ANDERSON               92 | P A G E  

 

Appendix X: Additional Treatment Tables 
 
Introduction 
Experience over the past 30 years has shown that O2 tables are superior in most 
respects to air tables with the occasional exception of BRd 2806(4) Chapter 1 Table 
64. The Tables given in this annex should therefore rarely be needed or used. 
However they are provided for use if O2 is unavailable and on the advice of a 
Diving Medicine Specialist. 
Tables 52, 53 and 55: Air Recompression Therapy  
Table 52.   Air Recompression Therapy 
   

Gauge Depth (M) Stops 
Hours Mins 

Elapsed Time 
(Hours and 
Mins) 

Rate of Ascent 

50 
42 
36 
30 
24 
18 
15 
12 
9 
6 
3 

2 
2 
2 

30 
12 
12 
12 
12 
30 
30 
30 

00:00-00:30 
00:35-00:47 
00:52-01:04 
01:09-01:21 
01:26-01:38 
01:43-02:13 
02:18-02:48 
02:53-03:23 
03:28-05:28 
05:33-07:33 
07:38-09:38 

5 minutes between 
stops throughout 

Surface  09:43  

Table 53.   Air Recompression Therapy 
   

Gauge Depth (M) Stops 
Hours Mins 

Elapsed Time 
(Hours and 
Mins) 

Rate of Ascent 
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50 
42 
36 
30 
24 
18 
15 
12 
9 
6 
3 

30 
12 
12 
12 
12 
30 
30 
30 
12 
2 
2 

00:00-00:30 
00:35-00:47 
00:52-01:04 
01:09-01:21 
01:26-01:38 
01:43-02:13 
02:18-02:48 
02:53-03:23 
03:28-15:28 
15:33-17:33 
17:38-19:38 

5 minutes between 
stops throughout 

Surface  19:43  

Table 55.   Air Recompression Therapy 
   

Gauge Depth (M) Stops 
Hours Mins 

Elapsed Time 
(Hours and 
Mins) 

Rate of Ascent 

50 
42 
36 
30 
24 
18 
15 
12 
9 
6 
3 

2 
6 
6 
6 
12 
4 
4 

30 
30 
30 
30 

00:00-02:00 
02:05-02:35 
02:40-03:10 
03:15-03:45 
03:50-04:20 
04:25-10.25 
10:30-16:30 
16:35-22:35 
22:40-34:40 
34:45-38:45 
38:50-42:50 

5 minutes between 
stops throughout 

Surface  42:55  

Diving Table 71.   Modified Air Recompression Therapy 
   

Gauge Depth (M) Stops 
Hours Mins 

Elapsed Time 
(Hours and 
Mins) 

Rate of Ascent 
(metres/hour) 
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70 
70-63 
63-51 
51-39 
39-29 
29-20 
20-10 
10-0 

30 
7 
2 
4 
5 
6 
10 
20 

00:00-00:30 
00:30-00:37 
00:37-02:37 
02:37-06:37 
06:37-11:37 
11:37-17:37 
17:37-27:37 
27:37-47:37 

60 
6 
3 
2 
1.5 1 
0.5 

Surface  47:37  

Table 72.   Modified Air Recompression Therapy 
   

Gauge Depth 
(M) 

Stops 
Hours Mins 

Elapsed Time 
(Hours and 
Mins) 

Rate of Ascent 
(metres/hour) 

50 
50-39 
39-29 
29-20 
20-10 
10-0 

2 see 
Note  
3 40 

5 
6 
10 
20 

00:00-02:00 
00:20-05:40 
05:40-10:40 
10:40-16:40 
16:40-26:40 
26:40-46:40 

3 
2 
1.5 1 
0.5 

Surface  46:40  

Note.  The period of 2 hours can be reduced and decompression started earlier if the 
patient’s symptoms have cleared. 
Table 73.   Modified Air Recompression Therapy 
   

Gauge Depth (M) Stops 
Hours Mins 

Elapsed Time 
(Hours and Mins) 

Rate of Ascent 
(metres/hour) 
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50 
42 
36 
30 
24 
18 
17 
16 
15 
14 
13 
12 11 10 
9 
8 
7 
6 
5 
4 
3 
2 
1 

2 
6 
55 
55 
55 
55 
55 
55 
55 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

30 
30 
30 
30 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 

00:00-02:00 
02:05-02:35 
02:40-03:10 
03:15-03:45 
03:50-04:20 
04:25-10:25 
10:30-11:25 
11:30-12:25 
12:30-13:25 
13:30-14:25 
14:30-15:25 
15:30-16:25 
16:30-17:25 
17:30-19:25 
19:30-21:25 
21:30-23:25 
23:30-25:25 
25:30-27:25 
27:30-29:25 
29:30-31:25 
31:30-33:25 
33:30-35:25 
35:30-37:25 

5 minutes between 
stops throughout 

Surface  37:30  

 

  



 
© MADELINE ANDERSON               96 | P A G E  

 

Appendix XI: Self-Declaration Dry Dive Medical Form 

To the Participant:                                                                                                              

The purpose of this questionnaire is to identify any current 

factors in your health, which might be relevant to your safety 

during and after your Dry Dive at the Midlands Diving Chamber. A positive 

response will not disqualify you from the Dry Dive unless you have significant 

active disease. 

An honest and truthful response is required to enable us to look after you properly 

through the dive and afterwards. By signing this statement you agree to abide by 

the instructions given to you by the staff at the Midlands Diving Chamber during 

your visit. 

To enable you to dry dive, you should not be extremely overweight or out of 

condition. Diving can be strenuous under certain conditions. Your respiratory and 

circulatory systems must be in good health. All body air spaces must be normal 

and healthy. A person with coronary disease, a current cold or congestion, 

epilepsy, a severe medical problem or who is under the influence of alcohol or 

drugs should not dive. If you have asthma, heart disease, other chronic medical 

conditions or you are taking medications on a regular basis, you should consult 

with an MDC doctor before participating in this dry dive. You will also learn from 

the staff at MDC the important safety rules regarding breathing and equalization 

while chamber diving. If you have any additional questions regarding this Medical 

Statement or the Medical Questionnaire section, review them with MDC staff 

before attending. 

Please answer the following questions on your past or present medical history with a YES 

or NO. If you are not sure, answer YES. If you answer yes to any of the following, you must 

contact MDC before your chamber dive. 

___ Could you be pregnant? 

___ Are you presently taking prescription medications? 

Have you ever had or do you currently have…. 

___ Asthma or wheezing with breathing, or wheezing with exercise? 

___ Hayfever or allergy? Within last 5 days 

___ Colds, sinusitis or bronchitis? Last 7 days 
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___ Any form of lung disease? 

___ Other chest disease or chest surgery? 

___ Any form of Pneumothorax? 

___ Behavioural health, mental or psychological problems (Panic attack, fear of closed or 

open spaces)? 

___ Epilepsy, seizures, convulsions or take medications to prevent them? 

___ Recurring complicated migraine headaches or take medications to prevent them? *     

___ Any dive accidents or decompression sickness? 

___ Head injury with loss of consciousness in the last five years? 

___ Diabetes? 

___ Back, arm or leg problems following surgery, injury or fracture? 

___ High blood pressure, or take medicine to control blood pressure? 

___ Heart disease? 

___ Heart attack? 

___ Angina, heart surgery or blood vessel surgery? 

___ Sinus surgery? 

___ Ear disease or surgery, hearing loss or problems with balance? 

___ Recurrent ear problems? 

___ A colostomy or ileostomy? 

___ Recreational drug use or treatment for, or alcoholism in the past five years    

___ Have you had any accident, surgery or illness since your last dive? 

___ Do you today have any problems clearing your ears or have any problems with your 

sinuses? 

Please indicate the date of your last dive:  __/__/__ 
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* People who have migraine headaches may have a PFO (hole in the heart). PFO is also 
associated with Decompression Illness. While the risk of DCI after chamber dives is very 
low, we require an honest answer. 

 

Notes:  

1) Minimum age 17. 
2) No diving in preceding 24hours      
3) Bring with you: Diver certification, logbook showing recent dives and dive medical 

cert. (if applicable).  
4) No Flying for 48hours after the dive. 
5) You should understand that EVERY dive, including chamber dives, carries a risk of 

DCI. The risk of DCI after a chamber dive is very low and MDC employs extra 
safety measures to further reduce this risk. By signing this form and/or by entering 
the chamber and participating in the dry dive you show that you understand and 
assume the risk yourself. 

6) Upon leaving MDC’s premises, all unusual signs and symptoms MUST be reported 
to MDC immediately. 

7) The information I have provided about my medical history is accurate to the best 
of my knowledge. I agree to accept responsibility for omissions regarding my 
failure to disclose any existing or past health condition. 

8) MDC personnel will give you a full briefing about the dive. If you have any 
questions about any aspect of the dive, please feel free to ask. 
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Appendix XII: Dry Dive Dos and Don’ts 

A few dive dos;  

 Dive computers are to be put into the bucket provided.  

 Clear ears regularly similar to in water diving, before it becomes painful.  

 Divers need to drink plenty of water. 

 During ascent it is best to breathe through your nose and also use the 
hearing protection provided on ascent. 

A few dive don’ts;  

 Do not sit cross legged, could prevent circulation and may cause a DCI.  

 Do not take forbidden items inside (polyester clothing, watches, jewellery 
with stones or non-solid, smoking materials, mobile phones, batteries and 
electronic devices, fountain pens, aerosols, perfumes, hairspray, makeup, oil 
or petroleum based products, anything flammable)  

 Don not touch the red button 
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