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ABOUT DIVERS ALERT NETWORK
www.DiversAIertNetwork.org

Divers Alert Network (DAN®) is a 501(c)(3) non-profit organization associated with Duke
University Medical Center in Durham, North Carolina. Since 1980, DAN has served as a lifeline for
the scuba industry by operating the industry's only Diving Emergency Hotline, a lifesaving service
for injured scuba divers, available 24 hours a day. Additionally, DAN operates a diving Medical
Information Line, conducts vital diving medical research, and develops and provides a number of
educational programs for everyone, from beginning divers to medical professionals.

Divers Alert Network is supported through membership dues and donations. In return, members
receive a number of important benefits, including access to emergency medical evacuation, travel
and personal assistance for both diving and non-diving needs, DAN educational publications, a
subscription to Alert Diver magazine and access to diving's premier dive accident insurance
coverage.

Your Dive Safety Association, DAN currently has more than 200,000 members worldwide.

The DAN Vision

The DAN vision is to be the most recognized and trusted organization worldwide in the fields of
diver safety and emergency services, health, research and education by its members, instructors,
supporters and recreational diving community at large.

The DAN Mission Statement

Divers Alert Network (DAN), a non-profit organization, exists to provide expert medical
information and advice for the benefit of the diving public. DAN's historical and primary function is
to provide emergency medical advice and assistance for underwater diving injuries and to
promote diving safety.

Second, DAN promotes and supports underwater diving research and education, particularly as it
relates to the improvement of diving safety, medical treatment and first aid.

Third, DAN strives to provide the most accurate, up-to-date and unbiased information on issues
of common concern to the diving public, primarily, but not exclusively, for diving safety.

i i i
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DAN NITROX WORKSHOP
INTRODUCTORY REMARKS

Michael A. Lang
Smithsonian Institution

Office of the Under Secretary for Science
900 Jefferson Drive SW

Washington, DC 20560-0415 USA

As Workshop Chairman, and on behalf of the Divers Alert Network (DAN) Board of
Directors, I take this opportunity to welcome you to the DAN Nitrox Workshop. I am pleased to
acknowledge the Divers Alert Network for providing the financial support and sponsorship of
this event. I also formally thank each of you for your participation and contribution to this
diving safety effort.

The use of nitrox has vested itself as a mainstream recreational diving activity since it was
first introduced to sport divers in 1985. How much so? PADI, SSI and NAUI now support
recreational nitrox training programs in addition to their traditional open-circuit compressed air
programs. The focused technical diving training agencies, IANTD, ANDI and TDI, have
amassed several additional years of experience in providing nitrox training to the recreational
diver.

Why was this diving safety project of interest to the industry and prioritized by means of
DAN's support? As with any emerging technology that has found a broader market appeal,
controversies invariably arise. Ignorance, myths and misconceptions often fuel opposite views.
A critical examination of the current issues surrounding nitrox diving was in order to disseminate
credible diving safety information. This forum was provided to objectively debate the issues and
to discuss the available nitrox operational and physiological data, risk management, equipment
and training parameters.

An approximation of the magnitude of nitrox consumption was essential. This seemed
achievable by our ability to provide a denominator of nitrox divers and nitrox dives, as a sub-set
of the overall level of recreational diving activity. Many other discussions of nitrox topics flow
from these numbers, e.g., nitrox DCS incidence rates compared to air, and nitrox training and
equipment sales growth.

Physiological issues such as carbon dioxide retention and oxygen toxicity were also in need
of critical examination. Consideration of nitrox training and equipment issues contributed were
needed to comprehensively address risk management and legal considerations regarding the use
of nitrox.
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The recreational diver will be the ultimate beneficiary of our improved collective knowledge
of the state of the art of nitrox diving in 2000. The intermediary beneficiaries of this information
will be the providers and manufacturers of nitrox products (instructors, equipment, dive stores
and nitrox dispensers). To these entities we collectively direct this up to date expert knowledge.

In effect, we are trying to paint a more accurate picture of nitrox diving in the year 2000 with
specific emphasis on its use by the recreational diving community. In order for us to start on the
same wave-length, a self-introduction of workshop participants and a review of the workshop
agenda are in order (see Appendices). The development of this agenda was an iterative process
that resulted in the main topics most participants felt were in need of discussion. The topic being
nitrox, we're all going to look green and yellow after a day and a half of discussion, which is why
all PowerPoint slides are those colors.

I invited Dr. Bill Hamilton to give us a brief historical overview of nitrox (oxygen enriched
air) use. Next, one of the most important sessions is a review of the nitrox operational data. We
are attempting to get a much better approximation of the amount of nitrox diving actually
occurring in the recreational diving community. I wanted to not only examine the numbers of
nitrox certifications of instructors and divers, but also make a first attempt to determine how
much nitrox diving is taking place. Dr. Vann will then start with a factual presentation of the
DAN database as it relates to nitrox diving.

The organizational data follows next, which I have separated into three groups: The first
being the recreational nitrox training agencies. We have tabulated the submitted data and will
project it on the screen for discussion. The second group represents the scientific diving
community. I feel it is important to give this perspective and compare the recreational nitrox
experience to more controlled programs that have done a significant amount of nitrox diving.
Finally, we will get a glimpse of liveaboard nitrox diving, that deals with essentially a short-term
captive population of recreational divers.

The third session is nitrox physiology. Dr. Kerem is here to discuss CO2 retention as the first
speaker. The second topic, maximum PO2 limits, is a discussion session. I've asked Jon Hardy,
who is currently performing a project on testing nitrox as a product, to share his preliminary
results. For the discussion of risk management issues, we have Bill Turbeville and Karl
Shreeves who will give us the milestones on the recreational nitrox variance from the
Occupational Safety and Health Administration. Legal considerations and particular cases will
be discussed by Bill Turbeville and Jon Hardy. Finally, the nitrox curriculum surfaced as a
suggested topic of discussion.

In the nitrox equipment session tomorrow, Bill Oliver will inform us of what he is currently
doing on behalf of the Diving and Equipment and Marketing Association (DEMA) with regards
to the equipment manufacturers' nitrox issues. Elliot Forsyth is here to talk about oxygen
compatibility and the 40 percent oxygen cleaning rule.

I appreciate that many of you have personal opinions on these topics, but we want to provide
factual data, technical specifications, authoritative reports or reliable information that will assist
in the separation of fact from fiction. A review is then provided of the currently available nitrox
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compatible dive computers. Finally, I have scheduled a roundtable workshop discussion for the
promulgation of recommendations.

My objective is to prepare these workshop proceedings as a deliverable end product in time
for public release at DEMA 2001 in New Orleans.

A self-introduction of workshop participants followed:
• Bruce Wienke, Los Alamos National Laboratories, also representing NAUI.
• Morgan Wells, Undersea Research Foundation.
• Dick Vann, Research Director of DAN.
• Karen Van Hoesen, UCSD Medical Center and DAN Board of Directors.
• Bill Turbeville, attorney at law specializing in diving legal matters.
• Ed Thalmann, Assistant Medical Director of DAN.
• Karl Shreeves, PADI and Diving Science and Technology (DSAT).
• Dick Rutkowski, Hyperbarics International and Undersea Research Foundation.
• Drew Richardson, PADI and Diving Science and Technology.
• Bill Oliver, representing DEMA.
• Tom Mount, IANTD.
• Richard Moon, Medical Director of DAN.
• Alessandro Marroni, President of DAN Europe and European Committee for Hyperbaric

Medicine, DAN Board of Directors.
• Doug Kesling, National Undersea Research Center at the University of North Carolina,

Wilmington.
• Dan Kerem, three years retired from Israeli Navy Medical Institute and President of Israel

Marine Mammal Research and Assistance Center.
• Walt Jaap, American Academy of Underwater Sciences and Florida Marine Research

Institute.
• Jon Hardy, representing SSI, and Rodale's Scuba Diving Magazine.
• Bret Gilliam, TDI.
• Evin Cotter, Aggressor Fleet.
• Elliot Forsyth, Wendell Hull & Associates.
• Mike Emmerman, Special Operations Support Group and Chairman, DAN Board of

Directors.
• Dave Dinsmore, Director of the NOAA diving program.
• Petar Denoble, DAN Research.
• Chris Borne, Johnson Space Center Neutral Buoyancy Lab.
• Bart Bjorkman, EnviroDive Services.
• Ed Betts, ANDI International.
• Michael Lang, Smithsonian Institution, and DAN Board of Directors.
• Peter Bennett, President of DAN.
Observers:
• Jacob Freiberger, Duke Medical Center
• J. D. Hobbs, Duke Research.
• Klaus Torp, Duke Medical Center.
• Bill Clendenen, Training Director, DAN.
• Dan Orr, Executive Vice President, DAN.



A BRIEF HISTORY OF DIVING WITH OXYGEN-ENRICHED AIR
USING OPEN-CIRCUIT APPARATUS

R.W. Bill Hamilton
Hamilton Research, Ltd.

80 Grove Street
Tarrytown, NEW YORK, 10591 USA

Breathing mixtures of oxygen and nitrogen that have more oxygen than air were
undoubtedly used by some of the developers of early diving equipment, and such
mixes were studied by the U.S. Navy; most of these were oriented toward use with
rebreathers. The first serious investigation of oxygen-enriched air as a breathing
mixture for use with open circuit breathing apparatus was by Dr. Morgan Wells
of NOAA, beginning in 1977. The benefit of such mixtures is only as an
improvement of the decompression situation, manifested as longer no-stop times,
shorter decompressions, or more conservative dives when used with tables
designed for air. Techniques for making and using such mixtures, particularly
32% and 36% oxygen, were developed and promulgated by the NOAA Office of
Undersea Research and its Center at the University of North Carolina at
Wilmington. Terminology for use with these mixes has been confusing. The term
"nitrox " introduced by Dr. Wells and widely adopted elsewhere was originally
intended for mixtures lower in oxygen than air. Other terms are enriched air
nitrox, EANx, and oxygen-enriched air (OEA). Although the use of OEA was
accepted by the scientific diving community, when offered for recreational diving
it met with considerable resistance and controversy. Realistic concerns were that
mixing and handling the gas could be dangerous, and that using mixtures
enriched in oxygen could invoke oxygen toxicity. Several methods for making
OEA are now available without having to handle high pressure oxygen. Several
organizations were set up primarily to provide training in diving with OEA, and
recently the major recreational diving training "agencies " have embraced OEA.

Introduction

This workshop was convened to address the matter of recreational diving with a special
category of breathing gas, described as oxygen-enriched air and popularly called "nitrox." For
recreational diving the implication is that the divers are using open-circuit scuba apparatus. This
paper reviews the history of the technology of using this set of gas mixes, beginning with a brief
review of the practical considerations of what is needed to do it and how it is done, followed by a
review of the milestones in its development.
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I am indebted to many colleagues, some named and some not named here, for virtually all of
the information collected over many years on this topic. Even so, these comments represent my
own perspective and opinion, and no one else is to blame. My sincere apologies to anyone
whose toes I tread upon.

This group was assembled to investigate many of the elements of the "practice" of
recreational diving with oxygen-enriched air or "nitrox." The practice involves several aspects
of diving that are not part of normal recreational diving, and because of this there was some early
controversy about "nitrox" for use by recreational divers. Some doubt still persists as to how
best manage the many steps and functions of recreational use of oxygen-enriched air breathing
mixtures.

It might be useful to define "recreational" diving. Recreational diving in the USA is
generally defined as the type of diving taught by the organizations or "agencies" that train these
divers. Traditionally, this has been limited to open-circuit scuba diving with air as the breathing
gas to a depth no greater than 40 msw (130 fsw), and without requiring decompression stops. (In
other countries the limits may extend to 50 msw and allow limited decompression patterns.)
These limits are not established by law, but rather by tradition; they just represent the scope of
normal training activities. It should come as no surprise that the suggestion that divers breathe a
mixed gas instead of air might not be well received by some people brought up in the
recreational diving community.

Background Considerations: Physiology

By way of background information the physiology of diving in the recreational range with
oxygen-enriched air (OEA) is reviewed.

Decompression
The incentive for using an oxygen-enriched breathing mixture is to improve decompression.

This is not just the primary incentive, it is the only reason to do it. There are several facets to
this. If the decompression obligation is based on the nitrogen fraction only, as seems to be the
case, then a mix with more oxygen and less nitrogen should be better.

Although these are aspects of decompression, the use of such mixes has several
manifestations. The most common situation is for no-stop dives (dives not requiring
decompression stops), which allow for greater bottom times when oxygen-enriched air is used.
If the dive is one where decompression stops are required, the total decompression time will be
shorter with OEA. For repetitive dives, OEA may allow a shorter surface interval, and/or more
no-stop time on the second dive.

These are cases where the no-stop time or decompression is based on the actual nitrogen
partial pressure, determined by using the "equivalent air depth" or by calculations or tables
designed for the appropriate gas mixture. Another situation prevails when enriched air is
breathed and decompression tables for air are used. In this case, the decompression times are not
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affected, but the dives done with OEA are considered to be more conservative. This benefit can
apply to repetitive dives, flying after diving, and diving at altitude.

Oxygen toxicity
Oxygen exerts its toxic effects on divers in two different ways . The first category is a set of

effects on the central nervous system (CNS) from exposures to high levels of oxygen for
relatively short times. The important manifestation of this CNS toxicity is an epileptic-like
convulsion that may occur without warning. The other category is predominantly characterized
by effects on the lungs (chest pain, coughing, and a reduction in vital capacity), and this category
also includes a more diffuse set of symptoms (paresthesias, numbness of fingertips and toes,
headache, dizziness, nausea, and a reduction in aerobic capacity). These symptoms collectively
are called "whole-body" oxygen toxicity. They may develop after many hours of exposure to
levels not high enough to invoke the CNS effects. Whole-body exposure is monitored in "units"
(UPTD or OUT). Diving with OEA in the recreational mode is not at all likely to invoke the
whole body syndrome, but the exposure can be tracked (the OTU count) and the chance of
getting symptoms can be predicted (Hamilton, 1989).

CNS toxicity represents a very real and possibly very dangerous risk. It is a real risk because
it is possible for divers on OEA to breathe gas mixtures high enough in oxygen to get a toxic
dose. It is dangerous to a scuba diver because a convulsion usually causes a diver to spit out the
mouthpiece, in which case the diver is quite likely to drown unless rescued. Fortunately, it is
possible to eliminate or greatly reduce the risk of a convulsion by managing the diver's exposure
to oxygen.

Narcosis
Another physiological effect of air or enriched-air mixtures is inert gas or nitrogen narcosis.

Narcosis is not an important issue in enriched air diving because the depths where these mixes
are efficient are too shallow to invoke serious narcosis in most divers. Even so, a claim made by
some proponents of "nitrox" is that it reduces narcosis. There is no objective evidence that this
is the case. It is not likely because the properties of oxygen suggest that this gas should be even
more narcotic than nitrogen, and limited experimental work supports this idea (Bennett, 1970;
Linnarsson et al, 1990).

Carbon dioxide buildup
Buildup of carbon dioxide is not really a unique concern of diving with nitrox mixes, but

CO2 has been cited as a hazard for divers in the deeper range of enriched air nitrox diving
(Lanphier and Bookspan, 1996). One of those recognized as a pioneer of diving with oxygen-
nitrogen mixtures is the late Dr. Ed Lanphier. While studying use of these mixes for diving he
discovered the phenomenon of CO2 retention. This condition causes a person to have a reduced
ventilatory response to CO2, such that breathing a dense mix while exercising can lead to
unconsciousness. The conclusion is that these divers are better off with helium-based mixtures.
A remaining problem is that it is not a trivial task to determine which divers are CO2 retainers,
and this begs the question of whether there should be screening for this condition.
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Background Considerations: Making and Handling OEA Mixes

Before physiological issues can be of concern, it is necessary to prepare and handle the
oxygen-enriched breathing mixtures. There are several aspects to this.

Air to be mixed with oxygen
Breathing mixtures for some of the early operational use of OEA at the NOAA Undersea

Research Center at the University of North Carolina at Wilmington were made by mixing pure
gases, oxygen and nitrogen, to form 32% or 36% oxygen-nitrogen mixes. This is expensive, and
inherently dangerous because it involves using a pure inert gas. This was done because a source
of air clean enough to mix with oxygen could not be identified or even specified. This was later
resolved.

Use of mixes up to 40% oxygen
From the earliest use of oxygen-enriched mixtures it was considered that mixtures of up to

40% oxygen could be handled in the same way and with the same equipment configurations as
for air. Although this "40% rule" has been widely disseminated (for example, it is in the OSHA
standard for commercial diving), it appears that limited testing has been done to validate this,
and it remains a matter of uncertainty in the minds of some.

Mixes should be analyzed
Unlike medical prescriptions, in the present-day recreational diving industry it is considered,

and experience has shown, that the diver should check the analysis of tanks of mix prepared by a
dive shop or gas supplier. The custom is for divers to confirm the analysis of the oxygen fraction
in OEA mixes in their scuba tanks. Normally this is performed at the shop providing the "fill" at
the time a tank is taken. When to do the analysis and the procedures to be followed should
somehow meet some as-yet-undefined minimum standards.

Tanks should be properly and prominently labeled
The analysis has essentially no meaning unless the user of the tank is aware of it. To ensure

this, it is essential that scuba tanks containing gas other than air be labeled unambiguously.
Names such as "NNI" are not unambiguous. Some diving groups also label tanks with an
indication of the maximum operating depth (MOD) for a given mix, based on the PO2 selected as
the "limit" of exposure. The MOD, in large letters, is visible to other divers for added safety.
The MOD banner is useful, but the actual values of each of the major components should show
on the tank.

History of Diving with Oxygen-Enriched Air

The history of diving with oxygen-enriched, nitrogen-based mixtures can be roughly divided
into 3 phases. The first would include the early operations and studies that used rebreathers.
This phase, as a part of the development of enriched air diving, goes to about the 1960s.

The next phase was commercial operations, most of which were using conventional hose and
mask apparatus with on-line blenders. This was done mostly in the 1970s and 1980s.
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The last phase, the use of enriched air mixtures in the open-circuit scuba mode began in the
1970s and continues today.

Early OEA work based on rebreathers
The great physiologist Paul Bert first suggested the use of oxygen to improve decompression

in the 1870s (Bert, 1943). The early OEA diving was with a variety of different types of
rebreathers (remember that open circuit apparatus was not widespread until the 1950s). For
these, in virtually all cases the objective was to provide a gas for a diver to breathe under water,
and decompression efficiency was not considered at all or was a secondary objective. Henry
Fleuss probably made the first OEA dive somewhere around 1879. He developed a self-
contained rebreather apparatus that used oxygen, and later made the transition to an air-based
mix (Bachrach, 1975). His apparatus actually worked, and was used for at least one salvage job.
Probably the first modern promotion of oxygen-rich mixtures was by Dr. Chris Lambertsen, who
recommended this approach in the early 1940s (Lambertsen, 1947). His orientation on this topic
was based on rebreather use, but there is no doubt he had a broader perspective.

Another widely recognized series of studies on oxygen-nitrogen mixtures was the work at the
U.S. Navy Experimental Diving Unit during the 1950s by Dr. Ed Lanphier (1955a; 1955b;
1958). The Navy's original motivation to use oxygen-nitrogen mixtures (they called them
"nitrogen-oxygen mixtures") was the same as ours today, to improve decompression. Lanphier
described the equivalent air depth (equivalent PN2) method for using a standard air table with an
enriched air mix, and was well aware of the different benefits a lower nitrogen fraction might
bring. However, Lanphier found an increased sensitivity to the toxicity of oxygen's partial
pressure when the exposure was based on a mixture than when pure oxygen was breathed. PO2S
that were tolerable when pure oxygen was breathed seemed to cause more convulsions when
breathed in oxygen-nitrogen mixes at greater depth.

Lanphier attributed the problems to CO2, and set about to study that. He devoted the later
phases of the project to methods of measuring CO2 and to trying to screen out the "CO2
retainers" in order to permit higher oxygen levels to be used and thus allow more aggressive
decompressions. Lanphier also suggested both in his original reports and in a later analysis
(Lanphier and Bookspan, 1996) that using helium or an oxygen-helium-nitrogen trimix would
make the breathing gases less dense and would therefore cause less CO2 buildup. The actual
experiments were done with open circuit apparatus in the laboratory, but implementation of the
results by the Navy would likely have been done mostly with rebreathers.

At about the same time Logan did some limited studies at the NEDU to evaluate the question
of being able to ignore the oxygen in determining a decompression, and could not show
statistically significant evidence that oxygen contributes to decompression in the range being
used for OEA diving (Logan, 1961).

Commercial development of OEA
The benefits of decompression based only on the nitrogen fraction was not lost on the

commercial diving industry. This was normally done using standard hose-supplied breathing
gear with gas prepared by on-line blenders. One of the innovators was Andre Galerne, whose
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company IUC International used it as a "secret weapon" since other operators were not
convinced that the equivalent air depth process would work (Galerne et al, 1984; Galerne, 1989).
Andre had developed this technique as early as 1958 with colleagues in a French company
Sogetram, who still use it. The OEA techniques were found to be most cost effective under
special circumstances such as a need to dive during a tidal window.

A major diving job on a pipeline landfall was performed by a Norwegian construction
company, F. Selmer, in 1982 and 1983. This operation used a Drager Polycom on-line blender
with standard surface-supplied masks and helmets (Hartung, 1982; Bae and Hartung, 1983) and
using tables developed by Arntzen and Eidsvik (1980). The outcome was quite satisfactory.

Commercial use of OEA in the offshore oil industry came more slowly. This was in part
because of the formulas used for payment for diving services, which left less incentive for the
contractor to use OEA. Oceaneering has done many thousands of OEA dives offshore on
suitable projects, also using a Polycom blender but with the U.S. Navy Standard Air tables as the
basis for equivalent air depths or equivalent PN2 (Overland, 1989). A few other companies have
done this sort of diving using similar procedures. An occasional operation is still done using this
technique, but it is not widely used at the present time.

In 1989, a consortium of Swedish commercial ("civil") diving companies sponsored a proof
of concept test program at the Swedish Naval Diving Center (Ornhagen and Hamilton, 1989). In
a week of fairly stressful simulated diving, 8 commercial divers showed no decompression
problems and tolerated the oxygen exposure well (although not without some effects), but since
then the procedures have not been put to much productive use.

Scientific diving with OEA
The real development of diving with oxygen-enriched air as we know it was within the

scientific diving community, and by far the bulk of this activity was specifically within the
diving program of the National Oceanic and Atmospheric Administration (NOAA, 2001, in
press). Dr. J. Morgan Wells, then Director of the NOAA Diving Program, felt that NOAA's
scientific diving operations were quite limited when they were performed using the procedures in
the U.S. Navy Diving Manual. In 1977, Dr. Wells proposed to use breathing mixtures enriched
with extra oxygen for NOAA diving operations. The initial proposal was to use a fixed mixture
of oxygen and nitrogen containing 32% oxygen. This was designated "NOAA Nitrox I", or
more properly, "NN32." Using an upper partial pressure limit of oxygen of 1.6 atm this mix
gave a maximum operating depth of 40 msw (130 fsw), which is the maximum depth limit for
NOAA scuba diving.

Decompression tables were developed for both no-stop and decompression diving operations
using the 32% mix, based on the U.S. Navy Standard Air Decompression Tables, and have a
similar format. Limited testing using Doppler bubble-monitoring techniques tended to confirm
the validity of the tables. NN32 was approved for NOAA-wide use in 1978. The decompression
tables were published in the NOAA Diving Manual (1979). Later, NOAA authorized a second
mix (36% oxygen) for use by NOAA divers.
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The National Undersea Research Center at the University of North Carolina in Wilmington
(NURC/UNCW), with the assistance of Dr. Wells, was the first to develop a comprehensive
enriched air nitrox diving program to support their undersea research efforts. They developed
standards and procedures, EAD tables, mixing capability, and a training program. This became
and has remained the most active OEA nitrox diving program in the U.S. The NURC/UNCW
program actively promoted the use of OEA in the scientific diving community, and they assisted
other organizations in developing similar programs. Much of the credit for the recent widespread
acceptance of enriched air nitrox in the scientific diving community belongs to NURC/UNCW.
In due course the American Academy of Underwater Sciences (AAUS) issued standards for
diving with oxygen enriched air, and the practice is now widespread.

The whole history of this diving technology has been threaded with gas and equipment
development. UNCW originally began with partial pressure blending, mixing oxygen with pure
nitrogen. They used pure N2 because they did not have a source of oil-free air. Later, they
implemented a continuous mixing system of the type developed by Wells (1989 patent). In
1992, UNCW collaborated with Florida State University in conducting a comprehensive program
on blending of breathing gas mixes.

In addition to the partial pressure and continuous mixing methods and the more precise
method of mixing by weight, two new methods of producing oxygen enriched air have come
along recently (Wells and Phoel, 1996; Raftis, 2000). These methods both actually produce an
oxygen-enriched mixture by removing some of the nitrogen. Both use atmospheric air as the feed
gas, so neither require the use of high pressure oxygen. One method works by forcing a feed
gas, here air, through a differentially permeable membrane. By adjusting flows and pressures,
mixes of up to 40% oxygen can be prepared. The other method utilizes preferential adsorption
on a clay-like mineral ("molecular sieve"). By sequencing the adsorption and evacuation stages
of alternate beds of sieve, this method can produce mixtures of up to 95% oxygen.

One other element in the development of enriched air diving needs to be mentioned. Early in
1990, a new magazine, aquaCorps, appeared on the scene and addressed the new practice of
"technical diving." Technical diving is extended range diving using advanced techniques and
equipment to go well beyond the traditional recreational diving range, involving planned
decompression and the use of more than one breathing mix on a dive. Although diving with
enriched air is not itself technical diving, the concept of diving outside the normal range was
becoming well established. This had a big impact on the spread of the practice of enriched air
diving outside of the military and scientific communities.

Troubles with the Name

The word "nitrox" was originally used to describe the atmosphere in a seafloor habitat, where
the oxygen has to be kept to a lower fraction than that in air because of oxygen toxicity concerns.
Dr. Wells undoubtedly borrowed "nitrox" from habitat diving, but he might well have been the
one who started using the term in that context, since NOAA was a leader in that technology
(NOAA, 1979).
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"Nitrox" is an unfortunate term because it emphasizes the nitrogen component and, in a
sense, implies that nitrogen is the beneficial component, whereas it is the nitrogen that we are
trying to get rid of. It sounds a bit strange when that word is used in a context of a high-oxygen
mixture. Further, the term "nitrox" is not specific. However, it is in wide and general use, and
despite this ambiguity, for the sort of diving addressed by this workshop it is well understood by
almost everyone. Since the word is a compound contraction or coined word and not an acronym,
it should not be written in all upper case characters as "NITROX."

Not so easily understood are terms like "NOAA Nitrox I" and "NNII." The chance that
designations like this can lead to real problems is small, but since some fatal accidents with
oxygen or oxygen-enriched mixtures have been attributed to the diver's breathing the wrong mix
or the right mix at the wrong time, it is wise to label tanks with the actual composition as well as
a code. NOAA has accepted new designations "NN32" and "NN36" for the 2001 edition of the
NOAA Diving Manual.

One attempt at compromise with the term "nitrox" is the term "enriched air nitrox" (agreed
on at the Harbor Branch Workshop, vide infra). This was abbreviated as EANx . The "x" was
originally the "x" in "nitrox" but more recently it has been converted to a subscript with the
oxygen percentage, e.g., EAN36 is 36% oxygen enriched air.

The U.S. Navy and others have stated these as "nitrogen-oxygen" mixes whereas "oxygen-
nitrogen" is now preferred; international convention recommends that the oxygen component in
a mix be stated first.

Dick Rutkowski Took It Downtown

In 1985, Mr. Dick Rutkowski, retired Director of NOAA Diver Training, developed and
began to market a "nitrox" training and certification program for recreational divers. This met
with considerable resistance, but today most recreational scuba training agencies have some type
of enriched air diver training program, and the gas mixtures are extremely fashionable and
widely used by recreational divers.

Rutkowski's program was not well received, for several reasons. First, the concept was
directly contradictory to the traditional and venerable limits of recreational diving. It was not
well understood, and "Not invented here." The promotion was too strong, and included some
benefits that were not well documented to say the least. To some, perhaps, "nitrox" posed a
competitive threat, but the main objections were probably based on a perceived compromise of
safety. Skin Diver magazine took an editorial stand against it, and heavyweights in the
recreational diving community like Dr. Fred Bove and Dr. Peter Bennett (Bennett, 1991) felt it
was too soon at best. Dr. Bove urged caution and said the UHMS Diving Committee was "not
ready to recommend nitrox for recreational divers" (Bove, 1992). Dr. Bennett was quoted as
saying that a diver who had been diving nitrox "could not be treated" (for decompression
illness). A number of myths developed. It seems that those opposed to enriched air were just as
imaginative as those promoting it.
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Some Activities and Relevant Workshops

In 1988, at the Harbor Branch Oceanographic Institution, NOAA's Office of Undersea
Research sponsored a workshop of experts to address some of the issues of enriched air. This
group addressed experience within NOAA and its programs, commercial use of OEA, oxygen
tolerance, physiology as related to decompression and the equivalent air depth, experience of the
U.S. Navy and the Canadian Forces, use in rebreathers, a little about mixing, and activity
summaries from diversified groups. This clarified for the first time many of the poorly
understood issues, with generally favorable findings. The name "Harbor Branch Workshop" is
not on the cover because of an administrative glitch, but this is the popular name for the
proceedings (Hamilton et al, 1989).

During this time several organizations specializing in training for enriched air diving were
formed. They had widely ranging philosophies, but all were able to function in this capacity.
One company, ANDI, took the "high road" with a more conservative stance on oxygen safety,
but uses an unrealistic term for enriched air, "SafeAir." Given the complexities of mixing,
handling, analyzing, and using oxygen enriched air, it is hardly appropriate to consider that this
is "safe" or even safer than diving with air. It has a decompression advantage, and that's it.

Harbor Branch and the intervening developments were not enough to silence the critics. As
the 1992 DEMA show was organizing for its meeting in Houston, DEMA management rejected
applications of those organizations wanting to promote "nitrox" at the show. They were told
they could not participate. Seizing on this opportunity, Michael Menduno, publisher of the now
defunct aquaCorps, organized a workshop at DEMA dedicated to oxygen enriched air for
recreational diving. Dick Long, of The Scuba Diving Resources Group, who were behind the
"Responsible Diver" program, provided funding, and once again a group of experts gathered to
deal with the facts about OEA for recreational divers (Hamilton, 1992). While the Harbor
Branch workshop concentrated on physiology and operations, this workshop focused more on
mixing and handling. Not related to the workshop, DEMA relented and the OEA training
organizations were permitted to show, but certainly without resolution of the concerns.

The group endorsed some existing concepts and practices, disapproved of some practices,
and called for action on some issues. Endorsements included:

• the EAD principle,
• the NOAA limits for oxygen exposure (but lower limits were encouraged),
• using normal DCS treatment procedures for air diving after OEA dives,
• that oxygen exposure of recreational OEA dives should not affect treatment, and
• pending confirmatory testing, mixes up to 40% oxygen could be used in equipment

suitable for air provided the equipment was clean and oxygen-compatible lubricants
were used.
dry OEA will not corrode tanks and other gear appreciably faster than air,
air for mixing should be "oil free,"
tanks used for OEA should be compatible with oxygen,
mixes should be analyzed properly before use
mixing in standard tanks by adding oxygen and topping with air is considered unsafe.
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