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Editori al

The basic simlarity of the probl ens facing divers wherever they are around t he
world is illustrated by the general applicability of the matters reported by
our contributors. They wite fromthe USA, the UK and South Africa as well as
Australia and New Zealand, yet the subject matter show no such gl obal
| ocalisation. W wel come and thank not only the authors but al so the origina
publ i shers of sone of these papers for their kind pernmissionto reprint. Qur
t hanks, therefore, to the Supervisor of Diving (US Navy), NAU (USA), the
Bar ol ogi a Soci ety (BSA), Crdr Warner (Dept of Energy, UK) and t he New Zeal and
Under wat er Associ ati on

The question of risk in diving is often raised, usually being evaluated in a
far frominpartial manner. It is therefore with special pleasure we can report
on the recent investigation by a study group of the Insurance Institute of
Victoria, a pleasure rather heightened by the satisfactory nature of their
findings. That they have nade their report public is an unusual and public
spirited action for which we can be grateful. Naturally their (relatively)
gol den opi nions of the diver’'s chances of failing to get a pay-out on an on-
dept h policy have not, sofar, ledtoany fall in premuns! The report has useful
comment s concerning the significant added ri sks of certain types of diving and
suggests that better recording of diving incidents woul d be rather hel pful if
t he di vi ng communi ty hoped for a better acceptance by Insurers. They al so noted
the need for training before diving. This is an altogether adm rable effort
by a group of non divers, people who put their noney behind their opinions and
expect to cone out |aughing all the way to the bank

Fitness for Divingis nowbeing assessedinanoreliberal manner by many doct ors,
a better awareness of the health profiles of actual safe divers now | eaveni ng
the original overstrict mlitary type eval uations of “Al or QUT”, itself in part
a reaction to the previous non-nmilitary cavalier attitude to nmedical fitness
incivilian circles. There will always be nmargi nal cases to consider and the
papers by Bangasser and Curl ey consider sone such factors. And peopl e being
what they are, sone will seek/need to “top up” their fitness by nedications.
The ol d adage that “there ain't no such thing as a free lunch” operates here,
as Dr Adair explains and our cartoonist Peter Harrigan nore obliquely
illustrates. However the seais never a favourabl e environment i n which to make
m st akes and norbidity and nortality are always possibilities. Avoidance of
trouble is al ways the best policy, followed closely by acquiring an ability to
recogni se and renedy di vergences fromthe optimal situation with m niml delay
and distress. Such |earning can only followthe observation and eval uati on of
the diving situations that occur, which brings us back to Incident Reporting.

The case presented by Dr Dries Jones illustrates the conpl ex clinical situations
that arise in practice, and offers an opportunity for retrospective di agnostic
i nsights fromour readers. Such reader participation will be wel comed. The
cases described by Hunter et al, Duplessis, WIles and Wal ker deal wth
deconpression problens, stress being laid nmore on the critical factors
i nfluencing its occurrence than on the actual treatnent. It is hoped that sone
of the bold, lucky divers will heed the nmessages of these papers.

Escape fromt he deepis a matter of i ntense and personal interest to subnmariners,
who are wel | aware of their possible problens shouldtheir craft strike trouble.
The brief article by Kerne et al introduces newconers to diving anong our readers
to the continued Naval interest in safe energency ascent from subnarines



However divers seemin general to diein situations where such enmergency ascents
were not the answer to their problem  The Provisional Report on the 1978
Australian diving-rel ated deaths makes interesting reading (it is hoped!) in
that the brief case reports indicate the chain of events leading to the fata
situation, the result being avoidable had the chain been interrupted. It is
agai n apparent that the | one diver on the surface is far frombeing in a safe
situation, especiallyif heis wthout abuoyancy aid. It is hopedthat awareness
of the factors present in these present in these, and other, fatalities wll
encourage all Instructors tostress such factors duringtraining, and di scourage
“kind friends” and others fromtaking the untrained for a dive. This latter

factor is worth frequent repeating during the instruction of all divers. It
is apparent that much of the information we now have results from the
i nvestigations nade by the Police to assist Coroners. Such reports are,

i nevitably and t hankful Iy, not avail abl e concerni ng non-fatal incidents. Here
only the active interest and involvenent of divers thenselves can produce
results.

But even professional divers can cone to grief and destruction, as Cndr \Varner
reports. He hasrecentlyreceivedthe John Galletti Award for Di vi ng Leader shi p,
this being presented at the Ninth Annual International Diving Synposium ( New
Ol eans, February 1979) on the occasion of his presenting tis paper. W are
pl eased to congratulate him on this award, so well deserved. The active
i nvol venent of the UK Department of Energy in the diving safety is further
illustrated by the Diving Safety Menos and the present investigation into the
occurrence of unconsci ousness in divers.

Thi s paper by Dr M chael Davis, reprinted by kind perm ssion fromthe New Zeal and
Journal of Sports Medicine, was given in 1976, but remains a useful and tinely
rem nder of the probl ems produced by a wat er envi ronnent. The aut hor al so brings
our attention to the influence of hypotherm a on the occurrence and treat nment
of deconpression sickness, inhis letter in the Correspondence section of this
i ssue. Although Australian di vers can beconme hypot herm c, New Zeal and ones are
at greater risk of this insidious danger. The in-water treatnent by oxygen of
deconpressi on sickness has, naturally, never been presented as the nethod of
primary choice. It is a useful alternative to along and hazardous road or air
journey or a prolonged, deep air table treatnent. The dangers Dr Davis outlines
gi ve point to the observation that the best treatnment is not to put oneself at
ri sk of DCS

And finally we have the possi bly nundane, but vital, matter of the Treasurer’s
Report, to which nmust be added the renm nded that SUBSCRI PTI ONS ARE NOW DUE

* * *k K% * *x % * *x % * *x * * %

Hi ss of Life?

When Adel ai de reptile farmowner Joe Bredl transported sone of his specinens
in sacks in his truck he forgot that the term “peer group pressure” could be
translated to nean that those at the bottomof the pile get squashed. He was
di smayed on arriving at his destination to find that his favourite tai pan, the
deadl i est snake in Australia, had seem ngly expired. Never onetofail afriend
in need, Joe pushed a straw down the snake”s wi ndpipe and revived it by EAR
nmet hods. Could you successfully resuscitate a friend?



AVO DI NG THE BENDS
Errol Duplessis, NAU 5307 Massachusetts

(This article was witten in response to a diver of the New Engl and Aquarium
Dive Club in Boston who experienced the bends after a repeat dive, and is
reprinted from NAU News March/ April 1979 by ki nd perm ssion.)

Usual I y, whenever a sport diver gets the bends, it is due to the cardinal rules
of diver safety being conpletely forgotten or ignored. It’s really not easy
to get a “hit” when you observe the diver safety rules. But let nme al so stress
t hat when you do get a case of the bends, it is usually because a nmultitude of
rul es are broken and the bends becone a consequence of poor judgenent.

A di sturbing fact about any case of the bends is the realization that sone of
our sport divers are sinmply not prepared enough to go out and performdeep or
repetitive dives. There are great risks involved in doing this kind of diving.
You nust know howto use the US Navy Air Diving Tables, and just as inportant,
you must know the rul es about using the tables safely.

Now | et us di scuss therules first. These rul es can be a val uabl e t ool i n pl anni ng
repetitive deep dives. |If you are not a bonafide US Navy diver, well trained
i ndivingprocedures, anal ebetween 18- 26 years of age, i ntop physical condition
wi t hout an ounce of fatty tissue on your body, and very near a reconpression
chanber at the dive size, then the standard table is not neant for you. It’s
just a guide. Just remenber to plan your next deep dive or repetitive dives,
and not really press the limts. That is the first rule of no-deconpression
diving. You could get bent five tinmes out of every 100 dives you nake, even
t hough you qualify as a US Navy diver. The second rule stresses the non-
deconpression linmts for all depth penetrations to 130-feet, the maxi numdepth
penetration for sport diving. The third rule is to avoid pushing the tables
so that you end your dive well within those linmts prescribed by the tables.

The tables are a guide for sport divers use, and were designed on the bodies
of young Naval nmen to conpute the tine-depth ratios. So wonen, keep that in
m nd. Not all sport divers fit the nould required of UDT Navy divers. 1In fact,
nost sport divers never attainthis | evel of fitness, so who are we ki ddi ng when
we tal k about using the standard table? Let us play it safe by planning our
dives well within those limts. |If the depth is to 40 feet, use the 50 foot
table to calculate tine and depth. If it is a cold and arduous dive, and nost
diving in northern climtes is cold and arduous, add another ten feet and ten
mnutes to depth and bottomtinme before consulting the tables.

In regards to repetitive diving, you should use the dive tables, a watch, and
a depth gauge. You cannot cal culate your surface interval tine accurately
wi t hout using these three instrunments together. Therefore, you shoul d own and
know how to use these three instrunments before you get involved in repetitive
di vi ng.

It is ludicrous to think that any Di venaster can keep an accurate account of
your tine and depth on any repetitive dive without your help. Al the D venaster
can do i s check to see that you have the right equi pment for the particul ar di ve
and knowhowto use it, reviewthe di ve pl an wi th you and check your actual bottom
time and depth against the dive plan. The rest is up to you.

conti nued on page 42
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The Sel ection of Underwater Diving Risks

An Insurance Institute of Victoria Report

An advanced Study Group of the Life Assurance Assessnment O ficers Di scussion
Group was formed in May 1976 foll ow ng an address to themby Lt Cndr JJ Asker
retired RANon underwat er di vi ng hazards. The group t ook al ong and very t hor ough
| ook at the available information, in particular that relatingto Australia and
New Zeal and, concerni ng t he organi sati ons of divers, training, regul ati ons, and
known nortality and norbidity. The conclusions they reached are noderate in
tone and acconpani ed by the rider that better information is required before
afirmrisk rate can be cal cul ated

The introduction rem nds readers that diving is not a new activity, pearl
tradi ng, i mplying diving, being recorded fromChina as early as 2000 BC, while
t he Pharaohs of Egypt got their pearls fromdivers in the Persian Gulf and the
Red Sea. Diving apparatus was used by Andreas Peckel in 1644 to reach the weck
of the Vasa at 30 netres in St ockhol mHar bour’ s col d, bl ack wat ers, a consi derabl e
technical feat at any tinme. The death rate anong old tine divers was hi gh and
innost parts of the worl d they were sl aves driven bel owby brutal masters, even
(sic!) in Europe being regarded as a poorer class of |abourer of a rather
di sposabl e kind. The status of the diver did not rise till the invention of
the full diving suit in England in the 1830’s, when the hel net diver becane a
skill ed master tradesman. Even so the death and injury rate continued so high
that for the next 100 years divers were considered uninsurable by insurance
conpani es. Between 1908 and 1917 the pearling fleet operating out of Broone
| ost 145 divers, and an unrecorded nunber were left crippled, and fleets were
operating fromseveral other ports also. Today divers on oil rigs around the
wor | d work | ong hours at great depths but their accident rateis | ower than that
of nmost workers ashore, apparently. (Editor: this statement is debatable.)

The study group attenpted to estimate the nunber of recreational divers in
Australia, making an esti mate of 60, 000. They concl uded that possi bly 53%have
received little or no instruction, relying on “a book” or “a friend”, though
there are now several reputable organisations of instructors offering fornmal
instruction to agreed standards. Consideration was given to divers under the
groupi ngs of Recreational, Abal one and Professional with recognition of the
differingtypes of divingw thinthese categories. The non supply of information
by St ate Harbour Trust, Police Department (Search and Rescue) and RAN sources,
whi ch may wel | be t he saf est groups, was depl ored. Their reasons were not known
for non-co-operation. The six nonthly medi cal exam nation of professiona
di vers was noted, with an aside that this does not appear to be well documnented
fromstate to state, or assisted by enployers

I nformation concerning the Abal one divers was that the industry had rapidly
decreased since 1968/69, apparently due to nmarket factors, conbined wth
decreased diving hours by increasingly older divers with greater concern for
their personal health. The rigour of the Taxation Departnent was an addi ti onal
supposed factor! (The nunber of fatalities anmong abal one divers may be | ower
than that stated in this report, however.)

Inthesectionrelatingtonortality statisticsandcurrent LifeOficePractice,
G Wi ttaker FI A takes the known fatalities and estimated nunbers of divers as
a base to calculate crude nortality rates. The Australian figures conpare
reasonably wi th t hose fromUSA and New Zeal and sour ces (ski n and scuba conbi ned:
0.07 to 0.3 per 1,000), being:



Breat h- hol d and snorkel amateur divers 0.1 per 1,000
Scuba usi ng amateur divers 0.3 per 1,000

These ri sks, when | oaded for of fi ce prem uns, woul d be bel ownormal m ni mal extra
prem uns. There is supplied alist of presently quoted “l oadi ngs” by di fferent
underwriting groups. It is noted that the judgenment of individual underwiters
would be called into play in considering the nore risky diving conditions
associ ated with cave, ice and night diving, or the untrained use of surface-
air-supply equi pnent. This accurate recognition of the differing risks within
t he di vi ng experience i s nade even cl earer with t he suggestion that in assessing
the “risk” for recreation divers, while dive depth may be a factor, additiona
i nformati on, such as the diver’s training and the type of diving, also require
consi derati on.

Australian Professional diving nortality appears to have been |ow but one
overseas report indicates that sonme types of professional diving may carry a
risk of 20 per mlle per annum or nore. It is concluded that, judging by
i nformati on made avail able by the PDAA, norbidity may be significant. This
relates in large part to bone changes and ENT disabilities. For this reason
cautionis urged concerning the witing of sickness disability cover, permanent
disability cover only being offerable at acceptable rates in a *“pooled
experi ence” schene. Australian rates for professional divers are probably too
hi gh at present, but are | ower than shoul d be offered if the di ver noves to work
inthe UK(presuming anentry intothe off-shore oil industry diving). However,
to quote verbatim “until some authority or group takes on the onerous task of
identifying and recording accident and sickness statistics relating to al
underwat er divers, it is desirable for Life Ofices to avoid underwiting Total
and Permanent Di sabl enent and Doubl e Benefit riders to Life contracts”. It is
particul arly noted that any Questionnaire for applicantsto conmpl ete shoul d show
whet her the diver |ife has received formal underwater training and i s aware of
the i nmportance of diving safety, as well as type of diving, depth, locality,
extent, etc. as presently required.

The report concl udes wit h auseful sectionondivingsafety, present | egislation,
| og books, some case histories, andthe PDAAdi ving i njury health survey summary.
This is a docunent that shoul d be studi ed by anyone interested i n safer diving
(and cheaper Insurance cover!). It provides a unique view of diving risks as
t hey appear through the unenotional eyes of those skilled in backing their
opi nions in the market place. A repeated and very significant comment concerns
the need these persons see for nore investigation of the true occurrence of
diving-related nortality and norbidity before better rates can be negoti at ed.
So don’t say “nobody don’t told ne!”

(Copi es of this Report can be obtained direct fromthe | nsurances Institute of
Victoria, 410 Collins Street, Ml bourne, at a nomnal price yet to be
det erm ned.)

No 9. UNDERWATER JETTI NG PRACTI CE Conti nued from page 21.

Safety will beincreasedif noves are made t owards adaptationtothe use of RCV' s
or stand-off techniques - particularly for high pressure applications. Mre
| iai son between manufacturers and di vers woul d be an advant age and shoul d be
encour aged.



PSYCHOLOG CAL STRESS I N DI VI NG
Lt M chael D Curley, Msc USC
Naval Medi cal Research Institute

(Reprinted by kind Perm ssion of the Supervisor of Diving, USN, fromFACEPLATE
Wnter 1978)

US Navy divers are often call ed upon to performstrenuous work under difficult
diving conditions to ensure that m ssion objectives are net. Each diver nust
t her ef ore be both physically and nmental | y capabl e of respondi ng to energenci es
qui ckly and correctly. The often-heard term“nmental toughness” refers to the
ability of the Navy diver to cope successfully with circunstances that, if |eft
unchecked, can lead to a psychol ogi cal stress state.

The formati on and pattern of psychol ogical stress anong Navy divers is under
i nvestigation at the Naval Medi cal Research Institute, Bethesda, Maryl and. The
effects of water tenperature, exercise, breathing gas, pressure, and the |ike
on diver performance have been the subject of extensive research by diving
physi ol ogi sts, but it is only within the | ast decade that the psychol ogi ca
stress include apprehension, fear, panic, and anxiety.

Stress traditionally has been defined as a state of bodily upset or imbal ance. 4
It isadisturbance of the body’s normal state of functioni ng and can be nmeasur ed
by vari ous psychol ogi cal and physi ol ogical tests. Fam |iar exanpl es of stinuli
that can trigger a stress state are the appearance of a great white shark or
t he sudden devel opnment of a 5-knot current. Mboreover, even the t hought of being
approached by a hungry great white while in the water cab be stressful to the
individual. It should be pointed out, however, that stress is not always a
negative state. Under certain conditions stress may relieve boredomand serve
as a nmobilizing force for future strain. An exanple of the |atter woul d be the
physi ol ogi cal state of test pilot Scott Crossfield, whose heart rate peaked at
185 beats per minute just before take-off in the X-15 experinmental plane.!

Psychol ogi cal stress results fromvarying conditions that di srupt or endanger
wel | established values: such conditions may or may not affect physiol ogica
survival and wel | being. Thus, acognitive conponent is addedto the traditional
definition of stress. The psychological term“threat” seens ideally suited to
express the condition of the diver when he is confronted with a stinulus that
he perceives as endangering inportant values and goals.® Threat inplies a
cognitive interpretation by the diver about the harnful significance of the
situation (eg. deciding in the mdst of a 150-foot dive that his reasoning is
becom ng affected by nitrogen narcosis) as conpared to direct tissue assault
(stress/shock induced by a shark bite).

Psychol ogi cal threat to the diver can take many forns, including a perceived
attack on the diver’s status, orientation, confort, val ues, and standards. His
threat may | ead t o t he devel opnent of a diver stress statethat is adebilitating
as that arising fromdirect tissue assault.

An exanpl e of psychol ogical threat famliar to many Navy di vers occurs during
t he harassnent portion of Navy scuba training. Although this harassnent takes
pl ace i n shal |l ow depths with m ni mal physical disconfort. It is the formation
of a psychol ogi cal stress state which makes this phase of training one of the
nmost difficult for many diver candidates. For, not only nust the diver be
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physi cal |y capabl e of handling enmergencies, but he nust also be able to cope
successfully with the psychol ogical threat of |osing his air, equipnment, and
di ve buddy, as well as the apprehension he feels at the prospect of drowning.

Most Navy divers are intuitively aware of individual differences in reactions
to stressful diving situations. Wy do sone divers remain cal mand coll ected
inthe presence of dangerous marine life, yet others display extrene agitation?
Psychol ogi sts bel i eve that t he behavi our displayed by a diver is determ ned by
that diver’'s previous learning history, biological tenperanent, and ‘he
particul ar environnental setting in which the diver finds hinself. In other
words, thereis aninteractionof | earned, genetic andcultural factors.l Stress
nmust be defined in terns of an interaction between the diver and the situation
— not either alone. Any stinulus may be stressful in a given situation for
a particular individual. And, except for extrene and |ife-threatening
situations, no one stimulus is stressful to all divers exposedtoit. To alter
a popul ar phrase, “Stress is in the eye of the perceiver”

Now t hat we have defined psychol ogi cal structure, let us turn to the probl em
of recognizingit inthe diver. Behavioural indicators take many forms. O ten
the diver will verbally indicate his stress prior to the dive, or just before
entering the water. A diver may conpl ai n of various physical ail ments such as
headache, nausea, insomia, or gastrointestinal distress. Oher divers or
tenders may notice an increased hostility and/or irritability in the affected
diver. “Gallows hunmour” may be present, a phrase referring to the practice of
j oki ng about the possibility of severe injury or death in the water.2 Anxious
di vers may verbal i ze strong concern over rel atively routine matters or probl ens
easily corrected.?

Physi cal ly, manifestations of diver stress may include profuse perspiration,
pupi| dilation, and trenmor (shakes). The psychol ogically stressed diver may

funmbl e inefficiently with his gear and seem*“all thunbs”. Changes in nood are
often present: the normally out-going, |life-of-the-party diver suddenly nmaybe
wi t hdrawn and qui et. Sim|ar changes may be apparent in normally quiet
i ndi vi dual s who becone extrenely active. Once in the water, a diver who is
experiencing stress
may display jerky, abortive novenents, as well as frequent gl ancing a t

t he surface, equi pnment adj ustments, and conmuni cati on checks. Increasesinair
consunption and heart rate may al so occur. >

Di vers who cope successfully with psychol ogi cal stress generally display nost
of the follow ng characteristics.3 They possess an accur ate perspective of the
risks and benefits attendant to diving and actively seek out the |atest
i nformati on regardi ng di ver equi pnent, training, and safety. These divers are
able to express freely both positive and negative feelings and can tolerate
frustration. When faced with a difficult problem these nmen break down the
pr obl emi nt o manageabl e bits and wor k t hrough t hemone bit at atine; they accept
assistance from others and show flexibility and wllingness to change.
Successful divers are in tune with their physical state, can pace thensel ves
and are able to recogni ze the onset of fatigue and t he acconpanyi ng t endenci es
towar d di sorgani zation. Finally, divers who can cope with psychol ogi cal stress
have a basic trust in thensel ves and possess a basic optim smabout Iife. Valid
trust inone’'s ability as adiver tocopewithstressis arrived at through hard
wor k and i ntensi ve preparation. Successful experienceincopingwthstressors
during Navy diving training is a good insurance policy.
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There are several "direct action" tendencies that may be utilizedincopingwth
stress.® Adiver may take actions ai med at strengthening his resources agai nst
harm such as proper physical conditioning, advanced traini ng, and preventative
equi prent mai nt enance. Some di vers may becomne aggressive and attack the source
of stress. Aggression may be verbal or physical, subtle or obvious. Many Navy
di vers are known for their “can do” attitude in tackling difficult situations.
Anot her manner of coping with psychol ogical stress is to prevent contact with
or avoi d the agent of harm This copi ng behavi our may t ake t he formof cognitive
action (ie. not thinking about sonething) or physically avoiding the area (eg.
not diving in an area where sharks are present). Joking may al so be used as
an avoi dance device. Lastly, a diver may resort to inaction - doing nothing
at all - when stressed. For exanple, adiver may be totally resigned that there
are no direct ways of preventing harm Reports from near-drowning victins
indicate that there is no panic when all exits are closed.

Current Navy research i nto psychol ogi cal diving stress i nvol ves t he psychol ogi -
cal and physiol ogi cal testing of men involved i n extended saturation dives. A
better understandi ng of the nature of psychol ogi cal diving stress will assist
Navy di vers and t heir supervisors insafely carrying out the Navy di vi ng m ssi on.
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Update on NSW Oyster Health

Readers wi Il renmenber the recent report fromthe Public Health Service i n NSW
reference the purity testing of Oysters, and may be curious concerning the
progress of this experinental reintroduction of the post of Food Tester.
According to a recent report (The Daily Tel egraph, 11 July 1979) one can feel
sonme synpathy for these gallant volunteers who did eat oysters in the Public
interest, for they are falling sick and not being given the credit for their
sacrifice. Perhaps the Health Departnent feels that the trial was not set up
correctly, with placebo oysters for a randomgroup of sanplers. Be that as it

may, the sal e of the oysters has been al | owed despite attacks of violent illness
anong the tasters. This was def ended on the grounds that there was no evi dence
that the illness was due to the oysters that had been consunmed. “We felt it

was reasonable to let the oysters through”, a spokesman said. The tasters,

conti nued on page 18.
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Diving in the North Sea during 1978. Situation Report.
Commander SA Warner, MBE DSC
Chi ef Inspector of Diving, Dept of Energy UK

(Thi s paper was originally presented at the Annual neeting of the United States
Associ ation of Diving Contractors in New Ol eans)

Early in the New Year a diving operation was conducted in a Norwegian fiord to
denonstrate the ability of divers to weld underwater in depths in excess of 1000
feet. Unfortunately during preparation for the wel ding denonstration a diver
lost hislife at depth. This accident was i nvesti gated by the Norwegi an Di vi ng
I nspectorate and their investigation showed that the wel ding techni ques were
in no way invol ved.

After the investigation the Norwegian Di ving | nspectorate gave perm ssion for
the denonstration to continue. However this perm ssion was retracted but
perm ssion was given to recover all the heavy equi pment fromthe sea bed using
divers. This was done successfully.

In the interest of advancing diving know edge and techni ques the conpany
concerned were keen to continue the denonstration and requested perm ssion to
conduct diving operations within UK territorial waters. They showed t hat
scientific and work-up trials had al ready been conducted to the depth of water
in which they intended to operate and that, on other diving operations, they
had al ready | ogged 14, 400 man hours in saturation at the 1000 foot depth range
i n support of open sea constructions. Three hundred and thirty hours of this
time were enpl oyed with divers perform ng various tasks actually in the water
In my opinion this had already verified the procedures and the ability of the
divers to work safely at these depths.

Fol | owi ng di scussi ons wi t h t he conpany concerned, and t he vari ous UK gover nnent
departnments, it was agreed that there was no sound reason why t he denonstration
shoul d not be allowed to continue in UK waters.

It was considered that a successful denonstration of the ability of divers to
produce a pi pel i ne wel d i n dept hs of 1000 f eet woul d be a si gnificant step forward
in underwater engineering involved with the oil industry and would be of
consi derabl e inportance when it conmes to the devel opnent of oil and gas
di scoveries in deeper waters around the world and, as you all know, this
denonstrati on was successful

At the back of ny mind was the occasion, nany years ago, when a diver lost his
life at the very start of a major deep diving experinment and because of this
t he whol e experiment was cancelled. |In my opinion this delayed the progress
of diving and eventual inprovenent in diving safety for nany years.

M nor incidents, near m sses and dangerous occurrences continued to occur in
the UK sector in 1978 at a |l evel not unlike that of previous years but, we were
all extrenely pleased to acknowl edge, in Cctober of |ast year that there had
been a conplete year in the UK sector without a fatality. |If only to prove one
must not be conpl ai sant, at the end of Novenber, there was an i nci dent in which
two divers lost their Ilives. This particular tragedy occurred during the
application of a conparatively new technique of diving from a dynamically
posi ti oned vessel

The enpl oyment of t hese vessel s on pipeline work, or work i nthe close proximty
of an installation where the seabed is covered by the various accoutrenents of
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the trade of offshore oil exploitationis extrenely attractive. In many cases
t he enpl oynent of an anchor nooring systemis either undesirabl e or inpossible.

However, it is clear that diving operations fromadynami cally positioned vesse

nust be carried out withinthe safety envel ope of the di ving system the vessel,
dynamic position system and the prevailing and anticipated weather and sea
condi tions.

Bot h t he Norwegi an Di vi ng | nspectorat e and the UK | nspect orat e have been tryi ng
toanticipate the problens involved with di ving fromthese vessels andonly | ate
| ast year the UK i ssued a gui dance note drawing attention to the probl ens of
a single acoustic system It is a fact that we are all still on the | earning
curve with this type of operation

Qur efforts in investigating and assessing the safety paraneters of this
particul ar techni que have naturally been increased by the unfortunate tragic
happeni ngs recently. The UK has nowinitiated a research project to perform
arisk anal ysis study of diving fromdynam cally positioned vessels. The object
of this analysis being to: establish paranmeters for the design and operation

The study will take into account and advi se on requirenments for redundancy in
thrusters and screws, propul sion nmachi nery, power supplies, sensor systens and
i ndi vi dual sensors and conputer hardware. It will also consider the design
requi renents for conmputer software and wi | I make r ecommendat i ons upon t hese and
on operating procedures to be adopted in relation to such facts as operating
inthe vicinity of fixed structures, both surface and subsea, the proximty of
anchor cables and wires, changing the ship’'s position both laterally and in
asmyth while diving operations are being performed and the liniting weather
conditions. In addition it will study and make reconmendati ons concerning on
board and diver comuni cati on systens.

The results of this project will be published as soon as they are avail abl e.

The conti nuous process of anal ysing the facts and fi gures gat hered fromacci dent
reports and investigations is showing little change and human error still
continues to head the list at about 50% However, | nust stress that when
quote “human error” | do not mean just the “diver’s error”. Human error covers
every aspect fromthe human invol venent in the nmanufacture of equi pnent right
t hr ough t he whol e process of divingto the actual maninthe sea. W have started
a punch card recording systemin the UK as a neans of collecting as mnuch
i nformation as possible on accidents. One nust however renenber that the end
results are only as good as the information that is put intoit. Eventually
it is hoped to include all this information in a computer

One particularly worrying aspect in the North Sea in 1978 was the fact that 3
di ving bells were dropped for various reasons. This once again generates the
al nost continual debate on “to have or not to have slippable weights”. It is
a fact that nore divers have lost their lives through accidental slipping of
bell weights than those saved. Because of this sone conpanies have fitted
addi ti onal external keep pins or chains to bell wei ghts which require the diver,
inthe event of an emergency, tol eave the bell and to renove t he external safety
devi ce before returning and cl osing the bottom door or doors before actually
slipping the weights.
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UK | egi sl ation requires a nethod of recovery in the event of a main wire break
and providing there is at |east one additional nethod of bell recovery (for
exanpl e, recovery by unbilical or guide weight wires) the external pinning of
slip weights is acceptable. However, diving conpani es nust take into account
t he design of the bell system For bells that sit off the bottomby the by the
application of an under slung weight or those that stand on, but clear of the
bottom by the use of |egs or sone such device under sone circunstances it is
acceptabl e to have external safety devices. Were the straight forward bel
suspensi on technique is used it nmust be appreciated that if the bell is dropped
on the bottomthe divers my well be unable to |eave.

It woul d seemsensi bl e to ensure that where slippabl e bell wei ghts are enpl oyed
as a neans of energency surfacing, the slipping procedure shoul d consi st of two
positive actions neither of which can be carried out accidentally. It is also
desirabl e to have an i nterl ock between the slipping device and t he bottomdoor
to prevent slipping with the bottom door open

This automatically | eads t o anot her practice that appears to be creepinginwth
sonme conpani es, and that is the practice of renoving the bell bottomdoor when
operating in saturation diving. There are many attractions for doi ng this and,
general |y speaking, it is acceptable when the storage depths of the divers is
seabed dept h.

However there is increasing activity at the inspection and mai ntenance rol e,
much of whichis carriedout at i ntermedi at e dept hs and di vers ar e bei ng sat urated
at these depths. A dropped bell under these conditions with only an interna
pressure seal ed door could be disastrous. Prevention nmust surely be the first
Iine of defence.

Al'l of these probl ens suggest that a newl ook at bell designs nay be desirabl e.

During ny talk | ast year | told you that it was the intention of the Governnent
to introduce a new unified set of diving regulations therefore tidying up the
present situation which included 4 different sets of statutory instrunents.

The proposed regul ations will apply to all diving operations whilst at work,
bot h of f shore and i nshore, including those carried out by enpl oyees of the Crown
but not, and | repeat not, to sport or amateur diving.

The new proposal s include the | egislation which the offshore industry in the
United Ki ngdom have accepted and learnt to live with.

Wthin the proposals there are certain points which tighten up the activities
of thediving“inshore” but, inthelongterm it is hopedit will not only inprove
diving safety but introduce a career structure for people involved in the
i ndustry.

Some difficulties are being encountered in trying to cater for “scientific
diving”. One of the biggest problens has been to define “scientific diving”

Long termfuture investigations

The Chi ef Scientist of the Departnent of Energy, Sir Herman Bondi, has set up
an Advi sory Group on t he t echnol ogi cal devel opnent necessary for the progressive
repl acenent of man under water in the long termfuture. The Advisory G oup has
been set up to advi se on the research and devel opnent support necessary to assi st
t he devel opnent technol ogy required for underwat er engi neering to nove t owards
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t he progressive repl acenent of man underwater by renotely controll ed systens.

| believe that we all support the policy that if a task can be conpleted
successful |y and econom cal | y underwat er wi t hout subj ecting nman to pressure it
shoul d be done that way. | would agree that this should apply, in particul ar,
to very deep water. | do not know where the economically break point is but
the present state of the art in deep diving and with the introduction of helium
conservation systens | woul d esti mat e that manned di ver i nterventi on underwat er
will continue to be economically viable down to depths of 1000 feet for the
foreseeabl e future.

H story has al so shown that “non diver techni ques” have provi ded an excel | ent
source of diver enpl oynent.

Currently in the North Sea manned free sw ngi ng submersi bl es, sonme with diver
| ock out facilities are being used. The capability of this class of submersible
has i nproved a great deal in arelatively short time with advances in battery
technol ogy, control system underwater navigation, lighting and view ng
systens, and vehicl e design. However, the happenings in 1978 suggest that the
mar ket was over suppli ed.

Subrer si bl e operations in 1978 inthe North Sea were not wit hout their incidents.
Early in the year a two nanned observati on subnersi bl e becanme foul ed on the sea
bed but was safely recovered after several hours. Early on Christmas Day | was
informed that a two man non | ock out subnersible was foul ed i n about 400 feet
of water but, fortunately the nessage cane through at 3 o’ cl ock i n the afternoon
that the vehicle was safely recovered.

There was very little activity by the one man one at nosphere type subnersi bl es
during 1978 but | anticipate that this type of activity will increase
considerably in the future.

Remotely control |l ed vehicles are beingusedinalintedway, mainly inthe task
of inspection and these consi st of:

(i) tethered and untethered free sw nm ng vehi cl es;
(ii) tethered bottomcrawl i ng vehicles; and
(1ii) towed vehi cl es.

Some have denonstrated a capability to performinspection, survey, and sone
recovery tasks. However, general acceptance of the RCV' s as such have not been
fully achieved in the oil industry.

Di ving Safety Menoranduns

Gentlenen, it would be very wong of nme to conclude a diving safety survey of
operations inthe North Sea wi t hout nmenti oni ng saf ety nenoranduns t hat have had
to be issued.

I ndi vi dual diver carried deconpression neters are extrenely attractive for use
by divers carrying out inspection and mai ntenance of structures. However, we
had to draw attention to the fact that some neters avail able on the narket are
not necessarily safe for this particular diving application

In February of | ast year it becane obvi ous that there had been t oo many seri ous
“near msses” as a direct result of using electrically heated undersuits. W
had to say that these suits were not to be used in the British Sector unless
the control circuit is so arranged that adequate electrical protection is
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provided to m ni m se the danger fromthe failure of theinsulationandfromover
current.

Some concern has been expressed on the subject of “diagnosis of deconpression
si ckness”. W have drawn attention to that excellent section of the US Navy
Di vi ng Manual headed “Pati ent Exam nation”.

The fact that the seais sonetinmes very rough and that it i s necessary to secure
equi prent in a seamanli ke manner al so had to be pointed out.

The fact that this has been necessary may wel | refl ect on the standard of diving
supervisors and this | intend to | ook into.

Di scussions on the desirability of having a hyperbaric |ifeboat for use in the
event of ship or installation evacuation continues. W still believe in the
UKthat, withthe state of the art today, the application of “prevention” backed
up by a “flyaway” capability and a shipto ship “lift off” capability fills the
requi renent of providing “every reasonable practicable precaution”

During 1978 we al so had to drawthe attention of diving conmpani es and equi pnent
manuf acturers to various defects in equipnent. In every case there was arapid
response fromthe conpani es responsi bl e.

| also found it necessary to draw attention to the activities of some “diving
consul tants”

I would now | i ke to touch very briefly on the research projects which we are
supporting.

The investigati on of unconsci ous episodes in divers and nmanagenent of diving
acci dents conti nues.

I nvestigations on anaesthesia at high pressure is progressing well and
successful trials have been carried out under controlled conditions at
equi val ent depths of 1000 feet. (This work is being done by Dr CR Dundas of
Aber deen University).

The i nvestigationinto safe thermal conditions of divers is also continuing and
I hope that by this time next year one woul d have sonme very definite results
to report. (This particular project is being carried out by Dr V Fl ook al so
of Aberdeen University).

The i nvestigationinto diver fatigue at the work site has been broken down i nto,
first of all, thetechniquefor nonitoringthediver. Itiscertainlyinteresting
tonotethat, withtheinformationthat we have today, there appearstobelittle
nmedi cal reason for restricting divers’ activitiesinsaturation, |length of tine
in saturation, and nunber of saturation dives per year

Car bon di oxi de retentionin divers and hel i umbr eat her war ni ng devi ces ar e bei ng
i nvestigated by the Adm ral ty Mari ne Technol ogy Est abl i shnent. Dr MW nsbor ough
of the same establishment is responsible for producing tables for oxygen/
nitrogen saturation

I nvestigations into electrical safety underwater continues and | hope that in
the very near future we shall know the areas in which we have little or no
know edge and will therefore know where to direct future research

As | toldyouearlier aresearch project has been generated to cover the probl ens
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wi th operating divers fromdynam cally positioned vessels.

Finally investigations still continue into the long termenvironnmental effects
of diving. This is going extrenely well and certainly, at this stage, there
is no reason to anticipate serious future problens.

The results of all these projects will be published when the projects are
completed and, if any particular point of safety arises during the research
period this will be published at once.

As you know from some of my statements in previous years | sincerely believe
that we should aimfor harnonisation of all diving safety regulations in the
of fshore industry. | still believe this but | think that a word of warning is
per haps necessary. M idea of harnonisation is not the production of detailed
| egislation. Too nmuch detail can only lead to a restriction in progress and
the delay in the introduction of new techni ques.

I shall certainly be taking a keener interest in the 1LO and | MCO committees
in the future.

Finally |l cantell youthat the Englishtranslation of the Norwegi an Regul ati ons
i s now avail abl e.

EYE TESTS FOR PENGUI NS

Penguins are well known for their ability to “fly” underwater and catch fish,
the mainstay of their diet. Because of their expertise at such aquatic
manoeuvres, it has been thought that the penguin eye was optically adapted for
underwat er vision, suggesting that their vision in air nmust be greatly near-
si ght ed.

Fi ndi ngs by Dr Jacob G Si vak of the School of Optonetry, University of Waterl oo,
Ontari o, Canada, however, appears to refute this theory. |Inpressed by the
ability of sone penguin species to recogni se individual birds on land and to
travel great distances over featureless ice using celestial navigation, Sivak
decided to test the aerial and aquatic vision of penguins. Bl ackfoot penguins
were given a series of intensive optical tests, theresults of which showed t hat
the birds’ eyes were well adapted for aerial, rather than underwater, vision.
Si vak al so noted, however, that the penguin eye has a very flat cornea, which
could function simlarly to a skin diver’s mask, reducing the far sightedness
that is usually introduced by subnerging an eye designed for aerial vision.
St udi es of addi ti onal pengui n speci es (rockhopper, gentoo, ki ng and Adel i e) have
indicated a simlar pattern.

(Reprinted by kind perm ssion of The International Oceanographic Foundation’s
SEA SECRETS vol ume 22, no 6, 1978).

Update on NSW Oyster Health continued from page 12.

who are drawn fromt he ranks of Sydney’s public servants and are all vol unteers,
are covered by Governnment sickness and workers conpensation benefits. The
suspect bat ches seemt o have been uncont ani nat ed when assessed by chemi cal tests.
The article concludes with the corment that despite the well-publicised support
for the oyster fromnenbers of the St ate Cabi net, includingHealth M ni ster Kevin
Stewart, the industry has only just managed to regain the public’s confidence.
It will be a great relief to nmany oyster eaters to know t hat however ill they
may get, the chemical tests were satisfactory!
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Dept of Energy (UK) Safety Menps 1979

No. 6: DYSBARI C OSTEONECROCSI S

As aresult of recent publicityinthe UKabout divers and dysbari c ost eonecrosi s
the Diving Medical Advisory Committee of the Association of Ofshore Diving
Contractors obtained up to date informati on fromthe Medi cal Research Counci l
Deconpr essi on Si ckness Central Regi stry i n Newcast!| e-upon-Tyne. This registry,
whi ch has been col | ecti ng bone and j oi nt X-rays of di vers since 1968, nowobt ai ns,
and conments on all the X-rays taken of the bones of professional divers having
medi cal examinations in the United Kingdom 1In 1977, 2,174 X-rays were deal t
with by theregistry. Inall, records exist for 4,030 divers, this representing
the total since the founding of the registry.

Before commenting on the figures obtained as a result of its request, DMAC
considers it relevant to make some general observations on the problens of
interpreting the available statistics. It is, for exanple, important torealise
that the figures should be seen as representing a crude neasure of accessing
the overall preval ence.

Whil st the information held in Newcastle can be conputed to relate incidence
to age, diving experience and types of diving carried out, such an exercise
depends on several years of accunulated information before realistic
i nterpretation beconmes possible. It is therefore probably too early to present
a detailed breakdown of the information in such a form

What is clear fromthe figures is that dysbaric osteonecrosis inall its forns
i s lesions which have no long-termsignificance to a diver’s health and well -
being. There are differences of viewregarding the possible linmting effects
of “shaft” lesions. Sone doctors take the viewthat a diver with these | esions
should belimtedinhis diving activities. One possible interpretation of the
data held in Newcastl e is that the presence of a shaft | esion does not indicate
that a diver is nore likely to suffer froma joint |esion subsequently than a
di ver who has not got a shaft | esion.

There i s general agreenent that divers with “joint” | esions shoul d stop diving.
These | esions may or may not progress to produce severe damage in joints but
conti nued di vi ng probably i ncreases therisk of suchanoutcone. Asit is, divers
are now routinely picked up with the earliest X-ray signs of “joint” |esions
and who suffer in any way from dysbaric osteonecrosis.

The figures fromthe Newcastl e Registry, as of Decenber 1978, are as foll ows:

Total number of divers screened: 4030 100%
Normal X-rays and minor abnormalities unrelated to diving 3973 94. 1%
Suspected “shaft” |esions (possible early signs) 61 1. 5%
Definite “shaft” |esions 95 2.4%
Suspected “joint” |esions 42 1. 0%
Definite “joint” lesions but with joint surfaces intact 32 0. 8%
Definite “joint” |lesions with damaged joint surfaces 4 0.1%
Joint damage with disability 2 0. 05%
Joi nt damage | eading to surgery 1 0. 25%
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DVMAC consi ders these figures nust be regarded as reassuring. |In particular,
only three out of 4030 divers had definite and di sabling joint damage and there
is no reason to suspect a dramatic change in this figure in the future.

Furt her, the incidence of dysbaric osteonecrosis inthe United States Navy and
the Royal Navy is fully in accord with the above figures and confirms the | ow
risk to divers.

In conclusion, DMAC believes that the publicity could have given rise to
m sunder standi ng. What is clear is that the area of najor concernis over that
of the diver with “shaft” lesions suffering a |oss of earnings followi ng a
restriction to air-diving only. This problemis not new and may be resol ved
favourably from data being collected at Newcastl e.

* * *k * * % % * *x % * *x * * %

No. 7: SH P DYNAM C POSI T1 ONI NG SYSTEM

A further report of a serious “near m ss” situation where two divers in a bell
were put at risk through afailureinaDPsystemenphasi ses the need for caution
in the enmploynent of the techni ques of operating diving froma DP vessel.

Furt her incidents may necessitate the restriction in the use of this technique
or possibly a total ban.

Diving Safety Menb No. 19 1978 refers.

* * *x * * % % * *x % * *x * * %

No. 8: DI VER HEATI NG

Experi ence shows t he i nport ance of al ways mai ntai ni ng the diver in safe thermnal
bal ance and, inparticul ar, i nan oxygen/ hel i umpressurised envi ronment. Al nost
certainly, many of the unexpl ained incidents in the past have been in sone way
due to the effects of cold.

Research is continuing into the need and the application required to maintain
divers in safe thermal bal ance.

Hot wat er systens are used wi t h sone consi der abl e neasure of successonamgjority
of deep diving spreads in the North Sea. Many of the systens use a techni que
of punpi ng hot wat er strai ght fromthe heating unit tothe diver. This technique
has certainlimtations and can, accidentally, produce hot or col d wat er “sl ugs”
tothediver. Inaddition, thefailureof the heatingunit canresult inconplete
| oss of heating for the diver.

Research shows that with a |loss of artificial body heat under oxygen/helium
pressure conditions that there is a rapid reduction in the skin tenperature.
This is usually recogni zabl e to the di ver and he should be instructed to return
i medi ately to the diving bell under such circunstances. Enthusiasmto conpl ete
a task by continuing work under these conditions can put the diver at risk.

In order to increase diver safety where the hot water technique is used,

consi derati on shoul d be gi ven t o provi di ng a mai n and secondary hot wat er supply,
and incorporating a “hot water reservoir” in the diver heating system

* % * *x % * *x * * * *x % * * *
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No. 9: UNDERWATER JETTI NG PRACTI CE

Saf ety Consi derations

The use of water jets for underwater cleaning is inherently a dangerous
operation. The situationis nade worse because of the effect of the associ ated
tur bul ence and noise on the vision and comunication of the diver. Future
i ncrease in operating pressures or addition of abrasives will only marginally
increasetherisktothediver. Adequatetrainingandappreciationof thehazards
are therefore very necessary. In the absence of alternative procedures the
Department’s Diving Inspector and the Health and Safety Executive accept the
use of water jets in the offshore environnent.

Oper ational Hazards

Acci dents coul d occur inthe splash zone where it is possibletoget theretrojet
in air and the main jet in water. An automatic cut-off device for such an
eventuality nmight be worthwhile.

Jetting guns are activated by a trigger nmechanism It is reported that hol ding
the trigger rapidly causes hand fatigue so there is a tenptation to “nodify”
the systemtorelieve this. It is suggested that the activating trigger should
be redesi gned - for exanpl e, atwo-pressure device; positive action throughthe
first action and light pressure action to maintain the flow

One probl emvery specifictosafetyrelatestothe use of trigger-operatedvalves
of the water guns. Mbst of these are of the pressure bal ance type and even with
excessive trigger pressures (whichare difficult to use for extended peri ods),
have a tendency to stick in the ‘on’ position. Wth abrasives being in the
locality (even though nominally not being passed through the valve) the
possibility of valve sticking is enhanced. Valve designs that are | ess prone
to this particular problemneed to be expl ored.

Desi gn Suggesti ons

For certain straight forward cleaning applications, the incorporation of a
shoul der butt shoul d be considered to ensure that the retrojet is directed over
the shoul der. On certain guns, the retrojet shroud can unscrew in operation;
it should be positively pinned.

Wth nodified nozzles, etc it is possible that the filter to the header and
bet ween header tank and punp (where fitted) coul d pass solid material capable
of bl ocking either the main or retro-nozzle. The size of the filter nmesh should
be specified and a shut-off or dunp val ue shoul d be i ncorporated agai nst such
an emner gency.

Much useful power is lost in present designs; perhaps 25%in transm ssion and
50% of f the remainder in the retrojet. The retrojet could in principle be
repl aced by a |ow power shrouded propeller or venturi thus increasing the
avai |l abl e power and elimnating one inherent danger of the device. Such a
repl acenent woul d, however, need an inbuilt control systemto establish and
mai ntai n the bal ance of forces.

Ceneral Safety Considerations Regardi ng Future Devel opnents

The carefully controlled use of higher pressures and abrasives will only
mar gi nal |y i ncrease the hazard of underwater jetting. The problemnms of rigidity
and the risk of blow out due to higher pressure feed hoses can be reduced by
the use of a pressure intensifier at the gun end.

continued on page 9
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Di scussion of a case
Dr Dries Jones
(Seni or Medical Oficer, SAN Medical Centre, Sinonstown, RSA)

(Reprinted by kind perm ssion of BAROLOG A).

D ver GJE, age 19, perforned acontrol |l ed ascent during histrainingin Septenber
1975. This followed 18 minutes at 21.3 netres (70 feet). Wthin mnutes of
surfaci ng he devel oped an acute headache, pain in the right side of his chest,
partial blindness, and becane unconsci ous. He was inmmedi ately put onto 100%
oxygen and transported to the SAN D vi ng School. On arrival, within 10 m nutes,
he was noted to be disorientated and to have a severe headache.

Therapeutic reconpression was initiated according to Table 62 (Oxygen at 18
metres. Total time 4 hours 45 minutes). Di sorientation, chest pain and
bl i ndness had di sappeared after 5 mi nutes at 18 netres. Pul se 60/ mn, BP 120/
80, ENT: NAD. Fundoscopy nornmal. Respirator system NAD. CNS-absent abdoni nal
refl exes, hyper activityinpatellareflexes and hypaest hesi a of thel ower |i nbs.
Severe headache persisted and vomiting started after 30 m nutes.

The headache and vomiting persisted even after 3.5 hours. A bl ood- sugar
eval uati on reveal ed bl ood gl ucose of | ess than 40 ngn?%so 20cc of a 50%Dextrose
solution was given intravenously, with i mediate relief of both headache and
vomting. After 4 hours 45 mi nutes he was synptomfree. M| d weakness was felt
inthelegs but could not be denonstrated. Afull clinical exam nation reveal ed
no abnormality. X-ray of the chest was norrmal. Di agnosi s: pul nonary barotrauns,
with arterial air enbolismeither aggravated or sinulated by hypogl ycaeni a.

Four hours | ater the patient suddenly coll apsed with acute headache, becom ng
unconscious with flaccid paral ysis of thelower extremties. He was placed onto
oxygen and taken down to 18 nmetres. Roused with difficulty, but then
disorientated. Still flaccidparalysisof | ower | egswi thconpl etesensoryfall-
out bel ow the wai st and absent abdomi nal reflexes. Level of consciousness
i nproved and he coul d nove hislegswithdifficultyafter 1 hour. Onthis occasion
i ntravenous dextrose did not inprove the patient’s condition.

On advice fromthe UK the patient was taken down to a depth of 50 netres for
treat ment according to Tabl e 55, after 2 and a half hours at 18 netres breat hi ng
oxygen intermttently. On arrival at 55 netres again, conplete paralysis of
legs with pains in | egs and worseni ng headache. Medical treatnent was started
after half an hour at 50 netres:

Dextran 40 ivi —Heparin 5,000 U subcutaneously

Dexamnet hazome 100 ngm 8 hourly

Fur asi mi de 20 mgm i vi

Maxol on 2 cc statim

After 2 hours the patient could stand with difficulty.

After 3 and a half hours synptoms of urine retention, but due to
exposure by all doctors, a catheter couldonly be introduced 2 hours
|ater (at 18 netres).

After 2 hours at 18 netres the pati ent devel oped an acute paininthe right side
of his chest, with paral ysis of bothlegs. The breathi ng m xture was t hen changed
to 100%for 20 mnutes and air for 5 mnutes for the third hour and again for
the sixth and | ast hour of this stop. The synptons cl eared whil st on the first
20 m nutes of oxygen. The sane reginme was foll owed the hour before and after
dept h changes from18- 15, 15-12 and 12-9 nmetres. From9-6 netres t he dept h change
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was made on oxygen for 1 hour. At the 6 and 3 netre stops, air and oxygen for
1 hour stops alternately w thout shorteni ng deconpression (as in Tabl e 54) has
been used due to the seriousness of the synptons.

Seeing that the | ast synptons and/ or si gns were found 24 hours bef ore surfacing,
it cane as quite ashock whenthe patient haddifficultyinwalkingduetowakness
of hip nmuscles, and to sone extent al so weakness in the left leg. He also had
sonme sensory fallout intheright legin the segnental distribution of the L4-
S5. However a full neurological examination after 3 nmonths revealed no
neur ol ogi cal residuae and the diver was declared fit to dive again.

Di scussi on

1. Di agnosi s
2. Ther apeuti c deconpression: air or oxygen
3. Medi cal Treat nent
4. Advice re diving fitness
5. Preventi on: a) training

b) Di agnosi s of tendency
1. Di agnosi s

The maxi mumno- deconpression divetine at 70 feet (21.3 nmetres) on US air tables
is 50 mnutes, and on RN air tables 40 mnutes. The dive tine in this case was
18 m nutes. Inquestioningthediver after theincident it seenedthat he started
followi ng a smal |l air bubbl e by hol ding his thunb underneath it. As the bubble
expanded on its ascent he adnitted that he had difficulty in keeping up with
it. It can only be surm sed that he had closed his glottis for the crucial tine
to achi eve a pressure of 90/150mmHg=1, 18-1, 97 mswto cause t he over-di st ensi on
to produce |lung damage. There is also the possibility that a rmucus plug, etc
coul d have caused obstruction of one of the smaller bronchi, this causing the
injury, ie. rupture of alveoli with air bubbl es bei ng sucked i nto t he pul nonary
veins and so being distributed to the systemc circulation, causing arteri al
air enbolism The di agnosis this seens to be pul nonary barotraumawith arteri al
air enbolism causing cerebral and spinal cord enboli.

According to Spencer (1976) any excess inert gas stressed the nucl eation sites
wher e bubbl es are formed. One can thus assune that the i ntroduction of air from
t he pul nonary bed may have caused these nucleation sites to grow and rupture
causi ng secondary bubbl es, dependi ng on howcriticallythey were stressed before
the tine.

The concept of bubble/blood interface effects causing protein denaturation,

formation of lipid enboli, red-blood cell sludging in mcro-vessels, platelet

aggregation and activation of both coagul ation and fibrinic systens has becone
wi dely accepted. So the initial release of small quantities of gas froma few
over-di stended alveoli may be the trigger for severe and life-threatening
synpt ons devel opi ng.

2. Ther apeuti c Deconpression Air or Oxygen

The treatnent of pul nonary barotraunma with air enbolismhas enpirically been
on conpressed air at 50 netres. The argunent is: at 50 netres (6 ATA) there
wi Il be a reduction in bubble dianmeter as volunme is reduced to one sixth, and
this will allow the bubble to pass through the capillary to the lungs, or to
a point | ower down, where it woul d cause few synptons. This argunent is based
on spherical bubbles. Accordingto Buckles (1968) the intravenous bubbl es have

23



alength-to-diameter ratio varying froml-1to 1-30. Bubbl e di aneter reduction
seens to be beneficial only under certain circunmstances. For this possibly
beneficial effect it was proposed by Wal der (1967) and the Bureau of Medicine
and Surgery Instruction (1976) to take divers with [ow inert gas |evels down
to 50 metres for a short tine and then bring themback to 18 netres to conplete
one of the therapeutic oxygen schedul es.

The beneficial effects of oxygen at 3 ATA as conpared to air at 6 ATA are:

a. To keepthe partial pressure of nitrogenas|owas possible, tomninse
any cont ri buti on whi ch absor pti on of nitrogen duringthereconpression
itself may make to the recurrence of the |esion.

b. St udi es by Wman and Van Liewindicated that the lifetime of a bubble
shoul d not vary appreciably with pressures in excess of 3 ATA

C. The bubble reduction of an oxygen breathing patient is 4-5 tines
greater than with air breathing at 3 ATA

d. The gas tensi on gradi ent frombubbletotissueis maintainedoptimlly
t hr oughout reconpression, therefore unlikely to permt bubble growth
wi th re-occurrence of synptons.

e. Oxygen breathing at increased pressure is specific treatnment for
adequat e oxygenati on of hypoxi c ti ssue, preventing further oedemaw th
an increased hypoxic area.

f. It has further been shown that oxygen at 3 ATAis a specific treatnment
for cerebral oedema (Thi ede and Mahl ey 1976).

One incident in which the use of oxygen tables seens to be contra-indicated is
after | ong deep air dives where the ti ssue pp of Np woul d be such that a pressure
of 3 ATA would not arrest bubble grow h.

The recurrence of synptons in this case could have been attributed to:

1. The presence of bl ood/gas interface action with haenoconcentrati on,
red cell aggregation, increased clotting tendencies wi th devel opnent
of dissem nated intravascul ar coagul ati on.

2. I nadequat e tine under pressure

a. Wor kman hi nsel f advocated the | engthening of the Table 62 by
adding an extra 5 minutes air and 20 m nutes on oxygen at 18
nmetres, an extra 15 m nutes air, 60 m nutes oxygen at the 9 netre
stop, or to include both, in slow responding patients.

b. Per haps i f Tabl e 54 or 55 had been fol | owed, there mi ght have been
no | apse.

3. Medi cal Treat nent

Thi s shoul d al ways be supportive totherapeutic deconpression and shoul d be used
al one only when no reconpression facilities are available. There is, however,
more and nore evidence that in all cases of acute deconpression sickness
concurrent nedical treatnment is mandatory (Elliot 1974 COVEX Medi cal Handbook;
Boor man 1968 et al). Medication as nentioned has been advocat ed for many years
not only for deconpression accidents but al so as treatnment of cerebral oedena.
Heparin seens to be nore effective in snall er doses, ie. 2000 Ugiven as a bol us
i ntravenously, 6 hourly. The dose of dexanethazone seenms to have been
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unnecessarily high: after an initial dose of 100 ng, 8 ng 8 hourly seens to
be sufficient. Steroids used in conjunction with hyperbaric oxygen have been
reported to increase the |likelihood of CNStoxicity. The use of D azepampri or
tothe start of deconpression shoul d overcone this problem d ucose 50% apart
fromthe val ue of its use in hypogl ycaem a, has a direct effect in the reduction
of intracranial pressure. Unfortunately arebound phenonenon occurs duetoits
rapi d met abol i sm this causing hypo-osnmolarity with subsequent i ncreaseinbrain
wat er. \Wen used for hypogl ycaem a it should be given in saline. The question
ari ses whether our use of 50% Dextrose had well given the initial relief of
synptons by its effect on the brain oedema, but caused a rel apse t hrough causi ng
brai n oedenma afterwards.

4. Advi ce regarding diving fitness after a deconpression incident.

a. It has been shown by Elliot and ot her researchers that changes in the
bl ood conpositiontake upto 10 days before returningto normal | evels.
It thus seens wise to prohibit diving during this period.

b. I f any neurol ogi cal residue persists after 6 nmonths the diver should
be advised to stop diving altogether, due to an increased suscepti -
bility to future damage by an al ready hanpered nervous system

5. Preventi on of acci dents.

a. Training in all emergency procedures in diving shoul d be perforned so
regularly and so strictly that it beconmes a second nature.

b. Di agnosi s of energency procedures shoul d be the first priority of the
exam ni ng MO, The Doppl er systemusi ng ul trasound to pi ck up bubbl es
after supposedly safe dives could in the future provide help in
di scovering, for exclusion, bends-prone divers.
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Provi sional Report on Australian Diving Deaths in 1978
Dr Dougl as \Val ker

Overview Thirteen (13) diving rel ated deaths have been identified as having occurred
in 1978, though additional cases may have escaped detection by this survey. There were
four (4) breath-hold diving deaths, seven (7) while using scuba, and two (2) with a hose
supply of air. The comnmonfactor linkingthemjority of thesefatalitieswasthevictins
i gnorance of the dangers of the type of activity he was undertaking. There was one
i nstance where a total |y unpredictabl e acute nmedi cal energency was the critical factor,
t he probabl e out conme being death, even if correct buddy procedures been followed. In
two cases the buddies were present and offered imediate assistance and deserve
conmendati on despite the fatal outcome. According to avail abl e evidence, none of the
victims were trained or experienced nor had an appropriate buoyancy aid. Four of the
scuba divers managed to drop their weight belts and two also attenpted to ditch their
scuba backpacks. One becane entangled in the straps. Both the hose supply victins died
because their hose connections parted, causing themto receive water inhalation with
their next breath. It is apparent that the seenming sinplicity of breath-hold, scuba
and hose-supply diving results, even nowadays, in peopl e negl ecting to obtain conpetent
instruction in the skills required to survive nisadventure, and even nore required in
order to minimse the risk of getting into a dangerous situation.

Brief Case Reports

As in previous reports these notes are based largely on the evidence presented at

Coroners' Inquests, though such reports are not yet avail abe for towof the fatalities.

Such i nformation sourses usual |y contain the significant facts necessary to reconstruct

the cirtical path of the events and the factors influencing this outcome rahter than
survival. Where the Coroner has accepted the depositions of evidence but not actually
questioned the witnesses there is a greater pobability that there will be om ssion from
the record of some desirable information thought unnecessary for the Coroner's
consi deration in decidingthat the death was "natural, unfortunate and accidental". The
very thourough and efficient nature of investigations by interested Coroners is a
confirmation of the val ue such personal invol venent to conpl enent to basic facts of the
case detail edin depositions by witnesses. The true experience of bothe the victimand
hi s conpani ons is not always elicited, unfortunately, though | ack of a cl ear statemnent

al nost certainly indicates the absence of certificates of attainment and training. The
type of buoyancy ai de, though obvi ously known, is usually not recorded. It is suggested
that in readi ng theses reports one i nagi nes the different secnario that coul d have been
fol l ownedhad all those involved work effective buoyancy aids.

Case BH 78/1

It was the usual practice of this young nman, aged 27, to dive off his father’s boat to
attach the line to a rock nooring. This nooring was subnerged and | acked a float. The
tide was high and it took himthree short dives to locate it. H's father shouted to
himto give up the search and they woul d use an anchor, but he seens not to have heard
this and he was seen to subnerge once nore. After a short tinme it was noticed that he
was spendi ng an unduly long time underwater and two people dived in to search for him
The body was di scovered | ying on the sea bed, at a depth of 7.5 netres (25 feet), still
wearing the wei ght belt and ot her equi prment. He was descri bed as bei ng a good sw nmer
and a skin diver with five years experience. It is highly likely that this was a post-
hyperventil ati on bl ackout drowni ng, an ever present danger to breath-hol d di vers seeki ng
extended time underwater.

SOLO NOWET SUT. COLD, ROUGH WATER. FATI GUE. ALCOHOL. FAI LED TO DROP WEI GHT BELT.
POST- HYPERVENTI LATI ON BLACKOUT.

Case BH 78/2

When these two fishernmen found that they were unabl e to rai se one of their | obster pots,
one of them aged 30, nade a breath-hold dive to freeit. He surfaced to report finding
the pot, then dived again. This tinme, however, he failed toreturnto the surface. The
ot her fisherman then dived but was unable to see himso returned to the nearby beach
in his boat and asked two swimers to help him They found the victimentangled in the
rope that was attached to the pot, which was caught between rocks. The body was then
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brought to the surface by pulling on this line. The victims experience is unknown,
but as he had brought a wet suit, goggles and fins with himit is likely that he had
made such dives previously and was confident of his ability to undertake the freeing
of a pot in 9 nmetres (30 feet) of water. His friend considered himto be a conpetent
di ver.

SOLO  ENTANGLED I N ROPE. POST- HYPERVENTI LATI ON BLACKOUT
Case BH 78/3

Thi s group of four friends went to the sea for a sw mbut had only two face masks bet ween
them They deci ded that one should be worn by the nost experienced while the others
had the other mask, using it in turn. Wen his turn came the victim aged 19, deci ded
to keep near the other diver as he was not a strong swi Mmer. The experienced swi mer,
however, saw a squid and swamunderwater after it. When he surfaced he sawthe victim
about 1 netre (3 feet) away, standing waist deep in the water, and after his next dive
saw hi m swi nmi ng again, about 6 nmetres (20 feet) fromthe water’s edge. He then swam
a further 1.5 netres (5 feet) and | ooked once nore. His friend was no | onger visible.
An i medi at e but unsuccessful search was nmade. Eventually the body was di scovered on
the sandy sea floor with the mask still on and the snorkel still held in the mouth. He
had not been wearing any wei ght belt. At the autopsy it was di scovered that a congenital
type cerebral artery aneurysmhad ruptured, this causi ng subarachnoi d haenorrhage. There
was no history of previous ill health to gi ve warning of the presence of this condition.

SURFACE SEPARATI ON. CALM WARM SEA.  NO BUOYANCY VEST. NO WEI GHT BELT. S| LENT SUDDEN
DEATH FROM SUBARACHNO D HAEMORRHAGE.

Case BH 78/ 4

Fi shernen, when keen, will let nothing keep themfromtheir prey. This nman of 46 was
al so a good swi mrer so he bought a speargun so that he could really get in anongst the
fish at a good spot he knew. A fewdays | ater he decided to try out his new acqui sition.
He entered the water fromrocks, wearing shorts and goggl es but w t hout snorkel or fins.
The speargun was attached to himby a line, though he held it in one hand on this, his
first dive. Soon after entering the water he found that the swell had increased due
to achange inw nddirection, tendingto sweep hi maway. Afriend sawwhat was happeni ng
and ran to fetch a rope, which he threwto the victim However, despite entreaties,
he woul d only grasp it with one hand whil e hol ding his newgun in the other. The power
of the waves soon proved too great and he was drowned. Al though included in this survey,
this victimcould equally be regarded as a swinming accident. It illustrates the sad
result of misreading the sea conditions and of fixing on the wong priorities in an
emer gency situation.

SOLO | NEXPERI ENCED. ROUGH WATER. NO SNORKEL. NO FI'NS. NO BUOYANCY VEST. ALCOHOL.
FAI LED TO DROP SPEARGUN SO ONLY ONE HAND FOR RESCUE ROPE. NO | NQUEST CONSI DERED NECESSARY.

Case BH 78/ x

The snorkel is usually considered a sinple and fool proof aid to surface swi nm ng, one
that requires noinstructioninits use. Cccasionally this is disproved and a fatality
occurs. The victins sonetines being children.

In this instance a child of 8 years was snorkelling in 1 netre (3 feet) of water in a
| agoon, watched by his parents. They |lost sight of himand assuned that he had left
the water to play el sewhere. Unfortunately they were wong, for a snorkeller chanced
to find the body |ying on the bottom The victimwas in such shallowwater that it had
been assuned that he woul d have been able to stand up if he got into any difficulties.
Al'l his equi pment was on but the snorkel did not have a nouthpiece. Presumably water
was inhaled and a very natural panic reaction blotted out rational action before
unconsci ousness and death intervened.

SOLO CALM SHALLOW WATER. SNORKEL W THOUT MOUTHPI ECE. | NClI DENT UNOBSERVED.
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Case SC 78/1

This 17 year ol d boy bought scuba equi pment to i nprove his retrieval of golf balls from
the water traps on the local courses. It had previously been his practice to |ocate
themby wal kingwith bare feet inlikely areas. Two days after this purchase, acconpani ed
by a friend, who had recently come out of hospital and was still wearing a back brace,
he went to a damon a nearby golf course. The friend noted the presence of a profuse
growth of water weeds and tried to persuade himnot to swimthere but he entered the
water and started towards a small islet 15 metres (50 feet) away. However after going
only about 5 netres (16 feet) he surfaced and screaned for hel p, then di sappeared agai n
underwater. The friend was naturally unable to effect his rescue, beinglimted by his
disability. The police divers were called and even they found the condi ti ons danger ous
and body recovery difficult, by reason of the water-weed. |t was probably the victinms
first ever dive with scuba, but this is not known with any certainty.

SOLO  UNTRAI NED. NEWY PURCHASED EQUI PMENT. NO BUOYANCY VEST. NO FINS. BARE FEET
TO FEEL FOR GOLF BALLS. ENTANGLED IN WEEDS IN DAM  FAI LED TO DROP WEI GHT BELT.

Case SC 78/2

Thi s di ver’ s buddy had a C-Card certificationand 10 nont hs di vi ng experience. Thevictim
was consi dered a poor swi mmer and an i nexperi enced scuba diver. |ndeed his buddy stated
later: “Before the dive |l showed himthe el ementary safety precauti ons but he got into
difficulties”. They spent time snorkelling, then donned their scuba equi prent and had
a dive, surfacing about 35 minutes | ater when | ow on air. They started back towards
the shore, on the surface, with the buddy |eading. The sea was now choppy, limting
visibility to 1-1.5 netres (4-5 feet). Near to the shore the buddy | ooked back but was
unabl e to see his friend, so got up on a rock to obtain a better view. He saw hi mabout
45 netres (150 feet) away, apparently swi mrming towards him so re-entered the water and
swamto join him \Wen he found that he could not |ocate his friend after a search,
he gave the alarm A full search was organi sed but soon had to be abandoned because
of the very poor visibility that had devel oped. The body was found floating the next
day, supported by the enpty tanks and wi thout the weight belt. He was 24.

UNTRAI NED. SECOND USE OF SCUBA. POOR SW MMER. FEARFUL OF DEEP WATER. NEW.Y PURCHASED
EQUI PMENT. NO BUOYANCY VEST. CHOPPY SEA. POOR VI SIBILITY. SURFACE SEPARATI ON. HAD
CONTENTS GAUGE BUT RAN QUT OF Al R

Case SC 78/3

Having recently conpl eted a scuba diving course these two divers planned a dive in a
smal | nei ghbouring bay. They surfaced after 45 minutes underwater to find thensel ves
far out fromshore, in the turbulent water at the nouth of the bay. The water here was
15 metres (50 feet) deep, whi ch was nore thanthey desired. They decidedtoreturntowards
shore to quieter and shall ower conditions, by sw nming underwater. However during
descent the buddy, who was | eading, found hinself too |low on air to continue and was
forced to return to the surface. Al though they had agreed that separation nmeant that
both should returnto the surface to regain contact, the second diver failed to surface,
hi s buddy bei ng forced to concl ude that he had conti nued al one t owar ds shor e underwat er.
There was poor visibility so the victimcould have been unaware that his friend, who
| ed, had ascended. Neither diver wore a buoyancy vest or had a contents gauge on his
tank, though such had been used during their training course. The buddy on the surface
rai sed the alarmwhen his friend failed to surface, his calls bringing others to the
scene: he himself was out of air and exhausted so had to | eave the search to others.

The body was found on the sea bed in about 15 netres (50 feet) of water, the wei ght belt
of f and lying across the air hose to the denmand valve. The mask was pulled down from
the face. The speargun, which he had been carrying, was found nearby. The visibility
was so poor that the search had to be done by touch rather than direct vision. The
experienced di ver who found the body was unable to raise it until he had first cut the
webbi ng to ditch the backpack, but it is not stated what prevented himfromusing the
qui ck-rel eases that are usual on such equipment. This equi pnent was | ater recovered
and tested but no record of the results is in the records: presumably therefore it
functioned correctly.
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For a very recently qualified diver to become out of air at 15 nmetres (50 feet) depth
innil visibility, and while alone, would have been an extrenely dangerous situation
even had he not al so been tired and troubl ed by rough water. The victimwas aged 21.

TRAI NED. | NEXPERI ENCED. ROUGHWATER. NOBUOYANCY VEST. OUT OF Al RAT DEPTH. SEPARATI ON.
POOR VI SIBI LI TY. MASK DI SPLACED. WEI GHT BELT DROPPED.

Case SC 78/ 4

Four friends went on a holiday together. One day they hired a boat and some scuba
equi pnent, kittingupinthe boat at the dive site. One of the group had sone ear troubl e
and swam on the surface only while the three others prepared for their dive.

The nost experienced one instructed the other two on the use of the equi pnent while on
the boat. The victimto-be claimed to be experienced, but was apparently far frombei ng
so. For the other diver, this was his first ever scuba dive. They checked that they
all had their air turned on, then made their water entries by backward rol |l off the boat,
fully dressed except for fins. The victimwas the last to enter the water, apparently
leaving hisfinsinthe boat. He nade a brief returnto the surface near the boat, wavi ng
his arns in an apparent expression of distress before again di sappearing beneath the
surface. There was sone swell and current, murky water greatly reduced the visibility.
When | ast seen he did not have the demand val ve in his nouth.

There i s no evidence that any of thistriohadeither snorkel or buoyancy ai d. Animmedi ate
sear ch was nade when the victim s al armand i medi at e di sappear ance were noted, the nore
experi enced di ver bei ngj oi ned by nearby di vers. The body was found on t he sea bed several
hours later, minus mask and the 7 kg (16 Ib) weight belt and with the arns seemngly
pi nned behi nd his back by the webbing of his scuba set. No evidence was presented to
show whet her the qui ck-rel ease functioned on this equi pnent or whether it had been tied
in such a way as not to be easily |oosened. Subsequent testing established that the
scuba set functioned correctly. At the autopsy, fresh m ddl e ear haenorrhages wer e not ed.
The victim aged 22, may have been suffering some sea si ckness di sconfort before diving.
As the neophyte diver of the trio entered the water with apparent excess wei ghts and
no fins, and found that one of the fins he was gi ven was usel essly |l oose, it is indeed
fortunate that he lived to say: “l went through everything that (ny friend) showed ne
(before entering the water) because | had never dived before”. Sonewhat naturally he
remai ned clinging to the side of the boat and nade no attenpt to join in the search.
Water depth was 7.5 nmetres (25 feet). Lack of fin-power was one of the critical factors,
negative buoyancy and middle ear barotrauna from an uncontrollable descent being
simlarly lethal in their effects.

UNTRAI NED. | NEXPERI ENCED. HI RED EQUI PMENT. NO BUOYANCY VEST. OVERWEI GHTED. ENTERED
WATER W THOUT FINS ON. DI TCHED WEI GHT BELT. ARMS TRAPPED VWH LE DI TCHI NG BACKPACK.
EQUI PMENT HI RED TO UNTRAI NED DI VERS. ONE ( SURVI VI NG WAS USI NG SCUBA FOR THE FI RST TI ME.
ONLY | NSTRUCTI ON WAS | MVEDI ATELY BEFORE WATER ENTRY FROM BCAT.

Case SC 78/5

Because he had recently conpl et ed a di vi ng cour se and shown hi nsel f to be a good st udent,
this 21 year old diver was included in a boat dive with five nore experienced divers.
As events turned out he nade hi s descent i n conpany wi th two ot hers, one of whomretrieved
the fin he |l ost during descent. Wen this diver returned the fin, the victi mhad reached
the sea floor. At 12 nmetres (40 feet), the victi mindi cated he wanted to buddy breat he
with the buddy still present. There was no apparent sign of any panic and air was seen
com ng fromhis regul ator. After a coupl e of successful exchanges there was a rel uctance
to return the nout hpiece to the donor. Wile the donor was taking a necessary couple
of breaths the victimwas seen to go suddenly |inmp, probably follow ng inhal ation of
water. The victi mmade no attenpt toinflate his CO vest, drop his weight belt, or start

ascending. It is not known why he desired to buddy breath at this tine. 1t seens that
deat h struck as unexpectedly for the victimas for his buddi es. These two divers brought
himto the surface, ditching his equipnent, before getting himinto the boat. The

equi pnent was recovered later. Resuscitation failed to restore himto consci ousness
and al t hough he reached hospital he di ed fromthe effects of water i nhal ati on and cerebral
anoxi a the next day. Although he had a history of easily induced concussion, which he
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had withheld fromthe doctor at his “diving nedical”, this is unlikely to have been
significant to his decease. The coroner’s remarks concerning dangerous sports are
reproduced later in this report and are worthy of consideration by all instructors and
di ve | eaders, or even taken as a philosophy for |iving.

NEWY TRAI NED. VERY | NEXPERI ENCED. EQUI PMENT CHECK BEFORE DI VE. LOST A FI N DURI NG
DESCENT. UNEXPLAI NED PROBLEM ON SEA FLOCR. EXCELLENT BUDDY RESPONSE. BUDDY BREATHI NG
PROBLEM DI D NOT | NFLATE VEST OR DROP WEI GHT BELT. SUDDEN UNCONSClI QUSNESS. DELAYED
DEATH.

Case SC 78/ 6

Once nore the surface is shown to be a Zone of Danger. These two divers had been scuba
di ving, the victi mwatching his friend spearfishing. They becane | owon air and ascended
shortly after the buddy shot a fish that escaped into a cave with the spear. The buddy
told his friend to either wait where he was on the surface or to start to snorkel back
totheir boat, 60-90 netres away. Hethendivedtoretrieve bothfishandspear, surfacing
to find no trace of the other diver. Having regained his boat wi thout trouble he then
noticed a man on the shore who i ndi cated that there was a di ver in troubl e near the rocky
shore, so he cut the anchor lIine and drove to the place indicated. There he found the
victimfloating mnus all equi prent except for his wet suit. The victimwas too | arge
a man for himto get into the boat single handedly so he sent a Mayday call for help.

A police boat soon arrived and, after towing the other boat a safe distance fromthe
rocks, one of the poli cenen cane aboard and hel ped get t he vi cti mon board. Resuscitation,
inthe small boat, was difficult inthe rough conditions. Shortly after this ahelicopter
rescue teamarrived but it was not possible to restore signs of Iife. The victimwas
aged 40 and was said to have been navy trained in time past, but he had not undertaken
any diving for several years. The water was choppy at this time. The equipnment was
never recovered for test and the suggestion that his snorkel nmay have separated into
two pieces cannot be evaluated. He had no buoyancy aid.

TRAI NED. FOUR YEARS S| NCE LAST DI VE. CHOPPY SEA. NO BUOYANCY VEST. SURFACE SEPARATI ON.
SURFACE PROBLEM QUT OF AIR DI TCHED ALL EQUI PMENT. FOUND FLOATI NG DEAD.

Case SC 78/ 7
The sudden tragic turn of events that occurred during this seem ngly sinple training

di ve underlines the necessity to correctly assess all possible factors before starting
any dive, especially where those involved | ack experience in the type of diving to be

undertaken. In this case, four divers attended a dive in a dam A greater nunber of
cl ub nenbers had been expected. The diver, who was both instructor and dive | eader,
took the three others to a snmall islet, then dropped a shot Iine froma 2 gallon float.

This Iine was 22 nmetres (75 feet) long and weighted with a weight belt. Although it
was not expected to touch the bottomhere, the |'i ne appeared to becone firmon sonet hi ng
underwater. \While he remained on the islet with one of the part-trained divers, the
ot her two swamout to the float and comrenced their dive. The victimhad been receiving
club instruction in scuba diving for about 7 nonths and had nade several sea dives,
possibly to 15 or 18 netres (50 or 60 feet), but was not yet a fully qualified diver.
The experi ence of the buddy i s uncertain, but possibly simlar. They were joinedtogether
by a buddy |ine and wore buoyancy aids. The victimwas |eading the descent, holding
onto the line w th one hand and holding atorchinthe other. This he shone on the second
di ver’s face during descent. The water was cold and dark, |ight not penetrating bel ow
3 metres (10 feet), so the second diver could not read his depth gauge, his ears being
the only indicator of their descent.

Those ashore sawthe fl oat submerge, reappear, then descend again for a period of tine.
Wienit finally reappearedit was crushed, which al arned t he observers. They i medi ately
rowed to the float, arriving as the survivor diver “bounced up” fromthe water. The
i nstructor dropped another marker, presumably noting that the original one was free,
and dived in an attenpt to locate the missing man, but his search was unsuccessful.
Several subsequent police diver searches were simlarly unavailing and it was a week
before the body was | ocated on the damfloor at the foot of a large tree, at a depth
of 36 netres (120 feet).
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The buddy descri bed how their descent halted before reaching the end of the shot |ine.
The victim(l eader) then started to shake and cal | ed out the buddy’s name. This alerted
himto the fact that the other no | onger had t he demand val ve i n his nouth, so he reached
forward and replaced it. This failing, he offered his own nout hpi ece. Believing that
ent angl ement had occurred in the line or in the branches of atree, he tried to cut his
friend free with his knife. This included severing the shot line and float. Next he
tried to drag the victimfree by inflating his own vest. Beconing alarmed for his own
saf ety he cut the buddy |ine and ascended, the rate becom ng such that he had to puncture
his vest (the type of vest was not stated, but it worked efficiently) to slowhis ascent.

The subsequent very thorough investigation established that the victimhad nmenti oned
some ear synptons earlier that weekend, had 12 kg (20 I b 10 oz) on his wei ght belt, and
had suffered bilateral perforated ear drums during the incident (evidence noted at the
autopsy). As the float was insufficiently buoyant to support the divers they coul d not
use the line to arrest their rate of descent, and neither could the line fulfil its
secondary purpose of being a stable reference point in a md-space, nil-visibility
situation. The excessive wei ghts woul d cause uncontrol | abl e descent and t he vi cti mwoul d
had have no chance to equal i se hi s ears before pai n and verti go conpl et ed hi s di sabl enent.
There woul d be col d, darkness, spatial disorientation, entangl ement, ear pain, vertigo
fromcold water entering the mddle ears and | oss of air supply, rapidly followed by
i nhal ati on of water. A fatal conclusion was unavoi dable in these circunstances. The
way t he buddy reacted was renarkabl e and deservi ng of hi gh commendati on. The victinis
vest was later foundto | ack a CO; cylinder. The coroner made recommendati ons i ndi cati ng
his view that all dives below 9 netres (30 feet) should enploy the full RAN diving
procedures: linestothe surface, buddy |lines, aready kitted up surface di ver on standby,
etc. Such precautions are hardly likely to gain wide currency outside disciplined
organi sations, but at | east dive pl anni ng shoul d i ncl ude correct wei ghti ng, havi ng regard
for the equi pnent worn, the intended depth, di ve purpose and whet her salt or fresh water.
An effective buoyancy aid should be worn, and at | east one of every diving pair should
be sufficiently experiencedinthe type of diving bei ng undertaken to be able to predict
and manage all probable problens. And to be of nore than token val ue, any shot line
should be firmy fixed, both top and bottom |If you fly a sky anchor, fly it right!

PARTLY TRAINED. | NEXPERI ENCED. DI VING I N FRESHWMATER. COLD. DARK. OVERWEI GHTED.
| NADEQUATELY SUPPORTED SHOT LI NE. UNCONTROLLED DESCENT. KNOW TO HAVE TROUBLE
EQUALI SI NG RUPTURED EARDRUMS. NO CO, CYLI NDER | N BUOYANCY VEST. ENTANGLEMENT | N LI NE
AND TREE. FAI LED TO DI TCH WEI GHT BELT. BUDDY AVO DED PANI C, CUT SHOT LI NE, | NFLATED
VEST BUT COULD NOT FREE VICTIM CUT BUDDY LI NE TO ESCAPE.

Case H 78/1

These two divers were experi enced hookah di vers, but neither of themhad ever received
i nstruction in hookah diving. The victim aged 27, had been diving for possibly 5 years
and his buddy for 10 years. Both had usually dived with different partners, this being
only their third dive together. They had been usi ng hone-constructed hookah units, as
was apparently the | ocal custom On this occasion, both the unit and t he boat bel onged
to the buddy. The was 10 years old. They proceeded to spearfish, though with only one
gun between them in 15 netre (50 feet) deep water.

They each had 60 netres (200 feet) of air hose fromthe conpressor, which was | eft worki ng
in the unattended boat. Each diver checked his own equi pnent. They wore two wei ght
belts each, their normal custom About half an hour after starting the dive they saw
“the first decent fish” they had encountered so far and the victi mwas seen to start
to drift after it. Due to poor visibility, of about 3 netres (10 feet), he was | ost
fromsight. The buddy held back so as not to frighten the fish and spoil his friend s
chances of a kill. After swi nm ng about a further 6 metres (20 feet) he noticed that
his air supply had i nproved and supposed fromthis, that his friend nust have returned
tothe boat. As he started his return swi mhe soon cane upon the victi mon the sea bottom
not far fromwhere he had | ast been seen. H's hose was not entangled in any way. The
victinm s demand val ve was not in his nouth and he still wore both weight belts. His
facemask was still on, though there was water and blood init. The victi mwas too heavy
for the buddy to rai se so he returned to the boat and pull ed t he body up by the air hose,
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whi ch was still attached to one of the belts. Resuscitation was unavailing. The demand
val ve and the short |length of attached air hose was | ater recovered fromthe incident
site and all the equi pnent was tested.

I nvestigation reveal ed that the brass snap-lock connection had devel oped some rust and
deposits during its years of service and failed to |ock home securely unless extra
pressure was usedto mat e t he pi eces. The general condition of the equi pment was descri bed
by the police expert witness as “poorly maintained”, with specific corment to nearness
of the air intake to the engi ne exhaust. However although the air conditions woul d have
encour aged car bon nonoxi de to be drawn into the intake, this was not a factor effecting
the incident. The weight belts totalled 12.8 kg (28 I b 5 o0z), and al t hough one had
an efficient quick-rel ease the other had been secured by passing the running end of the
belt through the buckle itself, the belt having a nick that engaged the buckle, then
back through the buckle. Sea conditions were calm

It is supposed that the victi mexerted sonme added strain on his hose, possibly catching
it with his el bow while |oading the speargun, and caused the connection to separate.
Hs first intinmation of trouble would be when he i nhal ed water instead of air, for the
non-return val ve woul d be no saf e guard agai nst such a | i ne di sconnection. As the demand
val ve nout hpi ece and short hose section were not attached to his equi pnent, they were
found separately fromhim Being over wei ghted, untrained, and taken by surprise, his
chances of reaching the surfacewerevirtually nil. The coroner itemi sed all these points
in his summ ng-up.

UNTRAI NED. EXPERI ENCED. NO BUOYANCY VEST. OVERWEI GHTED. POOR VI SIBILITY. NO QU CK
RELEASE FOR WEI GHT BELT. SEPARATI ON UNDERWATER. SUDDEN Al R LCSS WHEN HOSE UNCOUPLED
DUE TO CORROSI ON. UNATTENDED BOAT.

Case H 78/2

Thi s crewran, on a foreign ship, undertook to cl ear the bl ocked wat er i nl et pi pe openi ng.
The bl ockage had occurred while his traw er was noored at a wharf in port. The work
dept h being only about 3 netres (10 feet), though water depth was 15 nmetres (50 feet).
It is uncertain whether he had actually used this particul ar equi pnent before despite
his protestations of experience and belief inhis own ability. The apparatus was rarely
used and seeningly not the responsibility of anyone to maintain in good order. For his
task he wore neither weight belt nor lifeline. The facemask was of the gas nask type,
firmy maintained in position by straps, such that it would be inpossible to quickly
remove it in an energency. The air hose was of two |lengths joined over a netal tube
with the aid of wire. Nobody was in specific control of the conpressor but a crew man
was tending the air hose.

The di ver was seen to surface and hold up a handful of jellyfish, presumably fromthe
inlet, and then to subnerge again. It was supposed he was checki ng whet her the job been
conpl eted successfully or not. The line tender noticed that an apparently excessive
| engt h of hose was being paid out, and | ater realised that the diver had been lost. A
pol i ce diver search later found the victimon the harbour floor beneath the ship. The
hose was di sconnected at the junction and it was supposed that the diver’s lack of a
wei ght belt woul d have necessitated himpulling hard to get round the hull and he put
too nuch strain on the connection, resulting inits conmng apart. H's mask woul d have
i medi ately fl ooded with inevitable drowning of the unfortunate diver. The |ack of a
Iifeline made any surface assistance quite inpossible, in fact any pull on the airline
woul d have caused j ust such a hose separation that occurred. There was a current working
at the critical tine of the dive.

UNTRAI NED. PROBABLY | NEXPERI ENCED. POOR EQUI PMENT. UNSAFE MASK. NO WEI GHT BELT. NO
FI'NS. NO BUOYANCY VEST. Al R HOSE DI SCONNECTED.
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Di scussi on

The four breath-hold divers illustrate well known danger factors viz. entanglenent,
inability to survive in rough water, hyperventilation resulting in anoxic |oss of
consci ousness and sudden di sabling illness. None of these are survivable in the absence

of i mmedi ate appropri ate assi stance by anot her person, and all these victins were al one
and w t hout buoyancy aids at the critical tine.

The scuba divers died as a result of a range of problens. Significant conmon factors

bei ng the inexperience of the victins and their |lack of effective buoyancy aids. It
can be reasonably surnised that the toll coul d have been hi gher, several of the buddies
being in high risk situations. It is noteworthy that death, when it strikes, is very

rapid. Water inhalation appears to be the major road to the Mansions of Eternity, an
event whose consequences are hard to escape. Wight belts were successfully dropped
by four divers, two of whomal so intended to ditch their scuba sets. One succeeded but
the ot her becane entangled with the webbing during his attenpt and drowned thus. It
i s debat abl e whet her such ditching was appropriate action in the circunstances: the
presence of effective buoyancy ai ds woul d have ensured surface safety, and the tank is
either heavy with air, or light and buoyant if enpty. There are not any adequate
descriptions avail abl e concerni ng the qui ck-rel ease aspects of the sets involved. Two
fatal cases were associated with excessive weighting of the victim and sonme of the
buddi es are thought to have been simlarly at risk.

The i nexperience of these unfortunate divers in no way prevented them from obt ai ni ng
scuba equi pnent. That basic training in scuba diving was gi ven on two occasi ons while
actually inthe boat awaiting water entry, is an al arm ng pi ece of information for those
interestedinreducingfatalities andindicates that nany di vers remai n unconvi nced about
the necessity for training before starting to dive.

In two i nstances ear troubles were shown to have been significant. |n both cases, this
being the result of uncontrolled descent due to overweight. These cases have been
described in detail and involve a nunber of other inportant breaches of safe diving
practices.

In conclusion, one cannot better the words of one coroner, who put the problemin
perspective when he stated: It wouldbeasinplemtter totakethe viewthat the deceased,
by engaging in this particular recreational pursuit with its inherent dangers, had in
some way brought about his own denmi se. Mich the sane sort of consi derations woul d apply
to those who, for recreational pleasure, pursue such activities as hang-gliding,
parachut e junpi ng, nountain clinmbing and the like. But, inall these seem ngly
danger ous activities, where acci dents can and do occur, the questi on nmust al ways
be asked: “How well trained, instructed or prepared was this person for the

particular activity in which he was engaged?” It would seema perfect sumary
of what diver training is all about.
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Proj ect Stickybeak

Readers arerequested to support thisinvestigationby sendingreports of diving-
rel ated incidents, however mld and apparently well known they may seemto the
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person reporting to the address given bel ow Confidentiality is assured.
Al t hough non-fatal incidents are not the subject of thisreport they are of great
i nportance and wi I | be reported upon at alater date. Safer divingistheresult
of learning frompast experience, and sharing of such experiences can inprove
the recognition of developing risk situations while it is still possible to
i nfluence the outcone to a safe conclusion. No problemcan be renedi ed until
it has been identified as being a problem and I ncident Reports are essenti al
for this to occur. Please wite:

Dr Dougl as WALKER
PO Box 120
NARRABEEN NSW 2101

* *x * % * % *x * *x * %

VWhales: Dr Sylvia Earle on Radio

Inarecent ABCradiointerviewDr Sylvia Earl e was questi oned about the ability
of whal es to dive deep and | ong, and whether they are intelligent. Her brief
remar ks pointed out the interesting facts now known and t he much | arger cor pus
of information of which we are ignorant. Apparently the song of the whales
(Hunmpback) evol ves during the season but is common to all the whales in that
area for the season, changi ng conpletely the next year. It is thought that the
sound i s created by air nmovenents withinthe air passages and no air i s expell ed.
The sound can be heard for possibly hundreds of niles by other whal es and can
be experienced al so as a pai nful vibration by a diver near a “singer”. (It has
taken the el ectronic era for human pop songs/nusic to reach this intensity, she
m ght have added, but didn't!). The hunpbacks have al so i nvented bubbl e- net
fishing, swi nming round di spersed krill exhaling bubbles to frighten theminto
a tighter packed school, then rising inthe centre to feed. The ability they
have t o descend i nto col d, deep wat er for prol onged periods of tineis not fully
expl ained, for till recently, biologists tried to understand |iving things by
exam ning the dead only. Having seen the young, and ol d, whales play and cone
to realise the individual personalities of the whales, Dr Earle is naturally
in the forefront of the canpaign to stop their slaughter.
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Deconpressi on Sickness: Four brief cases
Dr Dougl as \al ker

There is a general, persistent, and probably irradicable belief anong nost
experienced divers that their years of diving w thout having reconpression
therapy i ndicate that not only are their diving techni ques safe but that there
is a margin of safety present that allows discretionary variation wthout
penalty. This belief illustrates their possibly natural |ack of understandi ng
of the basis upon which the conventional diving tables are constructed. Both
Naval and Commerci al tabl es are, ingeneral terns, desi gnedto acconmodat e di vi ng
by heal t hy young nmen naki ng vertical ascents and descents at specified rates,
di ve depth and duration being accurately known, and work being of a noderate
intensity. Any “deconpression stops” will be taken at accurately neasured
dept hs, confirmed by trained surface support divers. |In case of doubt about
depth, time, environmental or work factors the appropriate increase in table
“obligation” will be followed. Under such circunmstances a few cases of
deconpressi on sickness will still occur but will be notifiedandtreated w thout
delay. Any suggestion that such a description is appropriate to many dives
conducted by recreational or professional divers (other than those in
Governnental enploy or of exceptional careful ness) would stretch credulity,
al t hough many divers certainly approxi mate adequately and suffer no apparent
synmptons. Mddern beliefs concerning deconpression incline to the acceptance
of pressure-reduction i nduced bubbl es form ng even when foll owi ng the present
day di vi ng schedul es, the “bubble score” relating in general to the |ikelihood
of devel oping synptonms. It is known that there is a wi de and unpredictable
variability in synptomoccurrence after identical dives, that frequent diving
i ncreases tol erance of a given di ve schedul e, this tol erance being rapidly | ost
after the diver ceases such dives, while the threshold for “noticing” synptons
of deconpression sickness is effected by a nultitude of factors. The foll ow ng
cases are presented to i ndicate that the Mantl e of I nmunity can wear thin, many
years of diving notwithstanding. As the ill effects of many year’s of “rough
di ving” have still to be evaluated, the wise diver will continuetotry to avoid
troubl es, known and unknown, by heedi ng even the nost gentle of synptons.

Case A

Aged 35 and with a 14 years diving history without clinically diagnosed bends,
t hi s hookah di ver spent 7 hours at 21 netres harvesting abal one. Shortly after
he surfaced he started t o experi ence severe synptons, whi ch he apparently hoped
woul d go away. Despite his disabl enent he renmai ned physically active, driving
his boat and then his car as he nade his way home, apparently in the conpany
of ot hers who one woul d expect to be able to assist himif allowed. The severity
of his alarmultimtely forced himto call an anmbul ance and attend a Hospita
for reconpression therapy. His residual hearing deficit would seemto be a
slight price to pay for his type of diving. (This case is reported nore fully
in the separate article).

Case B

This 43 year ol d diver with 15 years of hookah di vi ng experi ence undert ook t hree
dives to 30 netres in a 2 hour period. Their individual durationis not known.
During this tine he was spearfishing, this being his usual habit. Synptomonset
was 1 hour after his |ast dive.

Case C

This diver, aged 30, had 13 years experience of conpressed air diving w thout
recei ving reconpressi on therapy, the purpose of his diving being searching for
shells. He was diving alone in an area well known to hi mand for which the depth
had been triple checked on previous occasions.
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The dive plan was for 50 mnutes at 70-80 feet with stops of 5 mnutes at 20
feet and 10 feet. In the event, because he began to feel cold, the actual dive
was 45 minutes at 65-82 feet, with the planned “stops” unchanged. About half
an hour after surfaci ng he experienced a slight painin his right knee, 4 hours
| ater an aching right shoulder. Hi s right ear also felt painful. He apparently
first contacted nedical aid 12 hours after surfacing and started treatment over
48 hours post dive, as expl ai ned bel ow

Some nodification became necessary in this apparently clear story after
additional facts were reveal ed. |In fact there had been three previ ous occasi ons
where m | d “bends” synpt ons had been recogni sed as occurring by thevictim these
produci ng nunbness in his forearns. One was treated at a Hospital with 1 ATA
Oxygen overnight. He also revealed that the | esser dive tine “possibly made
me get alittle slack”. It is probable in fact, that di ve maxi numwas 85 feet
“for a very short tinme”, and he actually ascended direct to his boat to pl ace
hi s heavy “goody bag” init, then descended to nake hi s schedul ed deconpressi on
stops. There had been di ves on each of the previ ous two days, surface intervals
being 24 hours, the first being 35 mnutes, at 80 feet, with a 5 mnute stop
at 10 feet, the nost recent for 50 minutes at 80 feet with 5 minute stops at
20 and 10 feet. His daytine job, performed as usual before this incident dive,
i nvol ved heavy physical work with his arms. Depth were stated with certainty,
t he di ver havi ng seen others get i ntotroubl ethroughrelyingonDCMor i naccurate
depth neasuring. H s actual actions after synptons devel oped were to cont act
the nearest hyperbaric facility after 12 hours, to be told to contact the
Hospital. However before he reached the Hospital his synptons had abated so
he made hi s way back hone (150 miles), as detention for observati on woul d have
caused his workmates to | ose ti me because of his absence. However on t he second
nmor ni ng back he could no | onger ignore his synptons and therefore attended for
his treatnent. This was an Oxygentable (2 and a hal f hours), fol | owed by oxygen/
air alternate hours for 12 hours. MIdjoint pains persistedfor 4-5 days after,
and occasional disconfort still occurs. He has not yet resumed diving, though
heis at his regular work. He is a careful diver and never nakes di ves requiring
deconpressi on (now) when usi ng hookah air supply unl ess he wears a scuba supply
as back-up in case there is a hookah problemduring his “stops”.

Case D

Thi s 28 year ol d scuba di ver of undetail ed experi ence was crayfishing. He nmade
a 70 foot dive for 1 and a half hours, had a 1 and a half hour surface interval,
then nade a further dive at 70 feet, for 1 and a quarter hours this time. There
were no deconpression stops with either dive. Pain in the |left shoul der and
form cation of the upper anterior chest occurred 5 m nutes after surfacing.

Comment

It is apparent that none of these were sinple, single depth dives of the type
for which the tabl es were desi gned and agai nst whi ch they had been tested. It
isverylikely that these divers habitually foll owed sim | ar dive patterns, and
bel i evabl e that they had not accepted the possibility that they had suffered
m | d*“bends” synpt ons on previ ous occasi ons. The cases are present ed as a war ni ng
t hat deconpression sickness lurks in the background and extra exertion; cold;
m stakes with depth/tine/rate of ascent; tiredness; or sone other factor, may
result in a penalty that the victim cannot shrug off. Spi nal bends have
term nated the careers of “tough” divers and will do soto others inthe future,
as well as sone careful divers. Afree and rel axed rel ationship with the Dive
Tabl es can go remarkably sour w thout the diver feeling he deserves his fate.

conti nued on page 42.
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Diver tells of his Black Friday bends ordeal
Jo Wles

(This article is reprinted by kind perm ssion of The Age, Ml bourne)

Al l an Reynol ds was “bent” for the first tine at Easter and he did it in text-
book style. A bubble in the brain gave the 35-year ol d professional abal one
di ver stabbing pains in the joints, a searing headache, tunnel vision and the
“chokes”. He says it was too dark to see if he went blue in the face, but he
did go a bit loco and is still deaf in one ear

M Reynol ds was struck by the “bends”, or deconpression sickness, about 15
m nutes after his final dive off Cape Schanck on Friday. It was supposed to
be his Good Friday, but after seven hours diving and only 13 bins of abal one,
it turned out to be his Friday the Thirteenth. He ended up spendi ng nore than
two hours in a deconpressi on chanber at Prince Henry's Hospital after steering
his Sharkcat across Westernport Bay and then travelling home in a car from
Hast i ngs.

A diver for 14 years, he said yesterday he had tried to ignore the first pains
of his “bends” which startedinhisright legjust off Flinders. “Wen you know
it'salittlebubbletryingtoforceits way throughajoint, you re noreworried

about that than the pain,” M Reynolds said. “l suppose you'dcall it a stabbing
pain. It peaks, then goes, then comes back again. After that, | got this
i ncredi bl e headache —Iike a top notch bad m graine —and ny sight went. It

made it terribly difficult to drive the boat with things |ooking watery.”

By the tine M Reynolds, his wife, Arleen, and brother-in-law John Fenske, had
reached Hastings and started back on the road to Ml bourne, the “chokes” had
set in. “I just couldn’t get enough air. Al | wanted to do was to get back
here, get an anbul ance and go to t he deconpression chamber. | was out of it.”
He said that he was so disorientated by the bends that he could not renmenber
his friends’ nanmes or thi ngs he was sayi ng. “You knowyour nmout h runs away wi t hout
your head in gear. You start shouting and yelling because you' re deaf and you
keep shouting.”

M Reynol ds, whois still deaf inhisright ear, said he believed he had m sj udged
the depth of his |ast dive and ascended too quickly. Deconpression sickness
i s caused by gas bubbl es which formin the body tissues if a diver rises to the
surface w thout taking proper deconpression procedures.

(This story was al so reported by at | east two ot her papers, these providingthe
foll owi ng additional details:

He had been diving in about 21 metres from 10 amtill 5 pm collecting
abal one. When he surfaced he conpl ai ned of painsinhis arns and | egs,
his wi fereported, and whenthe party started back i n hi s boat “he coul d
hardly see and it was difficult to nake any sense out of him \When
we got hone, and on the way to the hospital, he was goi ng hysteri cal
He was tot al | y deaf and desperatel y gaspi ng for breath. He was yelling
and screaming. | was pretty scared”, she said. Dr Gavin Dawson said
treat ment was at 20 nmetres depth (gauge) pressure for 75 m nutes, then
65 m nutes at 10 netres, followed by overnight stay in hospital for
observation. He was the 11th bends patient treated at the hospita
since the machine was installed 10 years ago.)
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“Doi ng” what cones naturally -
An Air Conpressor Sem nar reviewed

This particular neeting had been well prepared by the NSWbranch of the SDFA
and took place in Sydney in April 1979. It was a di sappoi nt nent, but possibly
no surprisetothe organi sers, that attendances by di ve shop conpressor operators
was | ess t han t hat hoped for. Under t he Chai rmanshi p of Dr Doug Harri s the nmeeting
proved of interest to those attending, even if few ended up buying new
conpr essors

The first speaker was M John Bi shop of Ingersoll-Rand, his subject being the
conpressor his firmthought nost appropriate for dive shops. His financia
fancies as to costlags may have left his l|isteners sonmewhat benused, but
convi nced t hat sonehowt hey were on a | oss-1 eader unl ess t hey got good t ax advi ce
concerning wite-offs of their expenses.

Then Dr Doug WVl ker added a veneer of nedical respectability tothe matter under
di scussion by listing some of the nasty “extras” one can get with the air you
buy. He refused to be drawn into sayi ng how much oil you could safely inhale
wi t hout increasing risk of lung cancer above the normal, and suggested that
nobody shoul d ei ther accept or use “dirty air” whatever its supposed anal ysis.
H s brief attenpt to amuse, by telling of the Tasmani an Abal one di ver’ s advi ce
that use of sanitary pads was cheaper than other nore conventional filter
mat eri al , was capped by one of the audi ence who rel ated that such divers don’t
al ways renmenber to renove t he pl astic bag fromaround t he product, and therefore
somewhat reduce the efficacy of the filtration. Strangely, none of the
representatives fromlndustry had used such nodifications of basic filtration
nodes. Infact the descriptionof Hopcalitecartridges by M Ral phWarrenrel ated
to a rather nore costly, though undoubtedly nore efficient purification system
for conpressed air. Amazingly nobody col |l apsed when he stated the cost of the
cartridge, and said that the chanber to hol d themwas not t oo cheap either. Those
present becane nore wedded to their present methods, it seens likely, after
hearing the price of nore perfect equipnent.

M Bob Spar ks of Castrol described the function of oil inaconpressor soclearly
that he invested the matter with interest not hitherto thought |ikely outside
the Corridors of G| Power. They certainly design oils for every purpose, even
a special one for use incoal mne drills. These drills distribute water and
oi |l over their users. This was an unexpected insight into industrial medicine;
make the pollution non-lethal but don’t elimnate it! The human body nust be
t ough!

Messrs Barry McMahon and Ross McCl eary represented Cl G singing a duet in favour
of Alum niumcylinders and only briefly suggesting that the easiest way to get
pure breathingair wastobuy it fromC G It becane apparent that such cylinders
areterribly good but need al ot of tender | oving care, such as bei ng unhar nessed
after diving and given a good fresh-water wash. Wile this was self evident
to CIGit certainly was news to the diving conmunity, which seens to have read
the adverts wi thout seeing the small print. It was noted that pressure vessels
were ill protected by regul ations and the amazing situation existed that an
i gnorant inspector could bore a hole through the cylinder as the |egal test
met hod. Crazy, man, crazy! But a little gentle instruction, and calling a
pressure vessel a mobile tank, would solve this problem and al so nake one
Insurable. 1t was said that any conpressor operator could get his air tested
by the Heal th Commi ssion if he knewwho to ask, but there was evidently no great
effort exerted by any Authority to initiate testing.

conti nued on page 42
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I nvestigation into Loss of Consciousness in Divers
Department of Energy UK - Statenent of interest

The st udy has est abl i shed a mechani smfor surveyi ng and i nvestigating i nci dents
of medi cal and physi ol ogi cal inportance occurring during operational diving.

1. Surmary of incidents studied

I nf ormati on has been col | ect ed concerni ng 151 i nci dents. 114 have been st udi ed,
t he remai nder bei ng excl uded as RN oxygen di ves or deconpression table tests.

In 42 incidents the diver |ost consciousness. The period of unconsci ousness
vari ed between a few seconds and 40 minutes. In 72 incidents the diver did not
| ose consciousness, but unusual synptons or problenms were reported.

Aclose sinmlarity has been shown between i nci dents i n which consci ousness was
| ost and the other incidents by conparing the synptons reported by the diver
or his attendants.

No synptonms at all were reported before nore than half the incidents in which
the diver |ost consciousness. Evidence fromattendants before the remai nder
of the incidents strongly suggests that deteriorationin the diver’s condition
of t en render ed hi mi ncapabl e of hel pi ng hi nsel f, puttinghislifeat considerable
risk. Diver attendance is of paranount inportance in ensuring diver safety.

The commmonest probl ens associated with all incidents were rel ated to breathing,
and included breathl essness, hyperventilation and difficulty in breathing.
Hyperventil ati on, which may be noticed over the conmuni cati ons system is the
nmost accurate indicator at present available of a potentially dangerous
si tuati on.

Two further groups of problenms, including unsteadiness or weakness and
neur ol ogi cal probl ems, cannot be satisfactorily expl ai ned by evi dence fromthe
retrospective study.

Conpr essi on and deconpr essi on probl ens, such as difficulty inclearing ears and
pain from sinuses, were |largely excluded fromthe study. Simlarly obvious
mechani cal breat hi ng appar at us may be i nadequat e f or operati onal useinthe North
Sea.

The majority of i ncidents occurredto diversinthe age range 21-25 years. There
i s evidence that psychol ogi cal unsuitability or | ack of experience to cope with
unf oreseen situations can cause hyperventilation. Psychol ogi cal problens can
af fect a diver’s performance i n ot her ways, for exanpl e by causing i nattenti on.

2. Summary of Causes of Incidents shown by the Study

Below are listed the causative factors thought to be involved in |oss of
consci ousness and the occurrence of other synptonms in divers. These factors
are related to appropriate research in the report on the study.

a. Hypoxi a or Hypercapni a: Due to equi pnent probl ens, particularly
rel ated to the magni t ude of external breathingresistance and the
ability to provide adequate peak flow

b. Hypoxi a or Hypercapni a: Caused by additional external and
i nternal breathing resistance due to increased gas density at
pressure.
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C. Ti ssue hypoxia: The effects of hard physical work under cold
conditions may increase oxygen demands by the tissues to | evel s

whi ch woul d require nore than maxi mal cardi ac output. Insuffi-
ci ent oxygen woul d then be delivered to the brain and the heart
m ght fail.

d. Carbon dioxide effects: The respiratory responses to carbon

di oxi de i n normal and abnor mal i ndi vi dual s require further study;
sone i ndi vi dual s, if carbon di oxi de retai ners, may have a reduced
respiratory drive from hypercarboxaem a

e. Cold: Oher research has shown that cold is responsible for
i nattention or distraction and poor manual performance. It may
al so have a direct effect on cell netabolismreducing tol erance
to work and other stresses.

f. Psychol ogi cal probl ens: Especially in inexperienced divers
these may result in inattention, confusion and inappropriate
actions.

g. Dysbarism Some synptoms characteristic of deconpression
di sorders have been noted. Some problenms may have been due to
| ess obvi ous dysbaric epi sodes.

3. Desi gn of Prospective Study

The study should now continue as a Prospective Study, information from which
will be nmore reliable and conplete than from the retrospective study. The
Prospective Study shoul d al so act as a framework for research and i nvestigati on
of the medi cal aspects of operational diving. The functions of the Prospective
Study are nore fully described in Abstract 11 and in the report.

In operating the surveying aspect of the Study a nunber of reporting systens
will be necessary according to the timng and |ocation of accidents and
incidents. |If the personal attendance of a doctor is not possible, it will be
necessary to make use of standard forms returnable fromthe accident site.

Reports of incidents either in the formof a questionnaire or as the result of
exam nations by doctors will be returned to the Study Centre where they wll
be processed in a fashion simlar to that of the retrospective study. In the
design of questionnaires it will be possible to elicit nuch nore specific
i nformati on t han has been possi bl e fromthe retrospective study. The study will
request reporting fromdoctors and di ving conpani es of any abnornal incidents
occurring during operational diving which m ght have nedi cal or physiol ogi ca
explanations. It is not anticipated that pure deconpression disorders will be
i ncl uded.

At present inthe United Ki ngdomthere i s no systemfor the constant surveillance
of operational diving for nedical and physiol ogi cal problens, and there is no
common referral point for i nformati on and advi ce. The proposed Prospecti ve St udy
wi || serve both functions. Therew || be a conputerisedregister of i nformation
about previous incidents and t he Study has al ready begun to use this in defining
probl ens requiring research. The Study will al so be abl e t o coordi nate nedi cal
advi ce about problens encountered during operational diving.
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Oper ati on PANTYHOSE
from The FI SSH Chroni cl e by “Pappe Topsi de”
Institute of Diving Newsletter, April 1978

Early this day, all went as if especially ordained. The sea was m |l pond in
character, and no |l ess than 16 divers set forth on their assigned m ssions. By
noon, radio reports were very encouraging, so | set about alittle experinent
pl anned some days previously. The equi pment was finally in order, and our four
vol unt eer subjects were currently unenployed. Accordingly, at 1330 hours,
Oper ati on PANTYHOSE got under way.

Since we had the one-tinme occasion to surface the PTC with human cargo a few
of us have had deep concern about the reliability of the CO scrubber system
of the capsule. Looking ahead to the ever-present possibility that a | oaded
PTC mi ght have to survive as |ong as eight hours wi thout ventilation, we cast
about for a passive systemof CO, scrubbing, quite independent of electrica

power. Cearly, a systemof randomscattering of Sodasorb wi thin the habitat
was unt enabl e. Li kewi se, individual closed circuit breathing units seened
i nadvi sabl e. Howabout sinply fillingafewl adies’ nylon hoses w th absorbent,

and handling themin the capsul e? The i dea had appeal, despite its naivete, so
we | aunched t he project, using two pairs of pantyhose, one bl ack, onered, filled
with a total of 8.6 kilos of sodasorb

continued on page 45
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AVO DI NG THE BENDS conti nued from page 5.

Di ver educati on semninars on Avoi di ng t he Bends m ght be hel pful. Such a semi nar
shoul d cover deep diving procedures, standard US Navy dive tables, repetitive
di vi ng, avoi di ng t he bends, and deconpressi on si ckness and treatnent. Ask your
club President, Divenmaster, or NAU Branch Manager to consider a sem nar |ike
this in your |ocale.

Finally if ever you feel pain or itchiness anywhere, however slight, follow ng
a dive, call your divenaster or instructor i mediately. Witing coul d possibly
aggravat e your condition. Your instructor or divenmaster will know what to do.

Each diver should carry a list of inportant telephone nunbers in case of
energency. Agood placetostorethese nunbersis insideyour | og book or wal | et.
Make sure your di ve buddy knows where these nunbers are | ocated. This |ist of
i mportant nunbers shoul d consi st of | ocal police, state police, |ocal hospital,
Coast Guard, and nearest | ocation of areconpressi on chanber. Your |ocal Branch
manager can hel p you | ocate these inportant tel ephone nunbers.

Remenber: the US Navy Di ve Tabl es are just a guide. Knowthe no-deconpression
limts for sport diving. Mdify the tables sothat you end your dive well within
the linits of the dive table. Play it safe!

(Errol Duplessis, NAU 5307, is a doctoral candidate at Boston University
maj ori ng i n Physi cal Education. He is currently Di venaster for the New Engl and
AquariumDive Club Inc., of Boston, Massachusetts. After graduation he plans
to teach college | evel aquatics and swiming to ninority children.

* *x % *x * *x * * *x *

DECOVPRESSI ON SI CKNESS Conti nued from page 36

There i s no guarantee that therapy will be conpletely successful, so don’t bet
your health agai nst a ness of bubbles.

* * *x K% * *x % * * *

DO NG WHAT COVES NATURALLY Conti nued from page 38

This Seni nar reveal ed the exi stence of sone of the conplex factors effecting
the production of Medically Pure Air for divers. It is probable that divers
will only get pure air if they insist onit by only going to those who provide
such an article.
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ESCAPE FROM THE DEEP

Lt. Phillip Kern, USN

HM (DV) Dani el E Mane, USN
US Naval Subnarine School

(Reprinted by kind perm ssion of the Editor, FACEPLATE)

The USS NUCLEARFI SH has just surfaced off the coast of New Engl and and begun
her transit of Long |Island Sound, making her way toward the submarine base at
G oton, Connecticut. Her patrol at an end, she now faces what has historically
becone t he nost frequent setting for a subnmarine accident. |n the busy shi pping
| ane, the NUCLEARFI SH i s accidental ly rammed by a nmerchant shi p headed for the
open sea. She sinks and cones to rest in 120 feet of water.

The Subnmarine Rescue Ship HAWK s dispatched to assist the downed submnari ne.
Under wat er conmuni cati ons bet ween the submarine and the rescue ship indicate
t hat bl owi ng bal | ast wi || not rai se t he NUCLEARFI SHand t hat her severe st arboard
list will not allowthe McCann Rescue chanber or the Deep Subnergence Rescue
Vessel to mate with her escape hatch. Deep-sea divers fromthe HAW enter the
water to investigate and have confirmed the report.

Al t hough the preceding is a hypothetical situation, history has proven that it
has happened, and that it may happen again. Large ships oftenfail toidentify
the small sil houette of a submarine and, thinking it is a highly nanoeuvrabl e
smal| craft, fail to avoid it.

The staff at the Escape Trai ni ng Tank at t he US Naval Submari ne School in Groton,
Connecticut, knows that crews will be able to safely exit from stricken
submarines |li ke the nucl earfish and be returnedto port - they have trai ned every
US Navy subrmarine crewin the individual Free-Breathing Buoyant Escape Met hod
of Subnari ne Escape.

Escape net hods have been taught at the tank since 1930. A need existed then,
as it does now, for training submarine crews in nethods of escape in the event
that all other methods of rescue fail or are deemed inpossible.

Wien Submarine School students arrive at the escape tank, they change into
swi nmi ng trunks and go directly to a cl assroomwhere they are given instruction
inthe use of the Steinke Hood. This device protects the escapees head and face
fromthe water, allow ng hi mto breathe easier, alleviate his apprehensi on, and
reduce the incidence of air enbolism

Upon conpletion of the classroom phase, the students enter the tank and
denonstrate that they can safely and expeditiously nake an escape from50 feet
through a lock or hatch sinilar to those on submarines.

The St ei nke Hood provi des a rate of ascent of 425 feet per m nute. Because air
enmbolismis a very real factor at this rate, the student is observed closely
t hroughout his training in the water. The student is also instructed in the
proper operation of the escape hatch, or | ock. Nitrogen narcosis andair enbolism
are cumul ative effects of exposure to pressure, and too much tine spent in
preparing the escape hatch can be as damaging to the escapee as i nproper use
of the hood.

Once t he student | eaves the 50-foot | ock (or any of the shall ower | ocks) during

hi s course of training, heis always within reach of aninstructor ready to stop
his ascent and pull himinto a safety | ock should he fail to exhale properly
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or experience trouble. |If the student should be afflicted with air enbolism
a diving corpsman on continuous duty during tank operation stands ready to
initiate nedical treatnent with a reconpression chanber | ocated at the top of
t he tank.

The individual nethod of subrmarine escape has been used in the past and is
credited wi th savi ng hundreds of |ives. The ot her met hods i n use are: The McCann
Rescue Chanber, a cable-controlled escape | ock carried by rescue vessels; and
t he Deep Subnergence Rescue Vessel (DSRV), a nobil e escape | ock carried by the
nost nodern rescue vessels.

| mprovenent in escape nethods were pronpted by the sinking of submarines F-4
in 1915, the S-51 in 1925, and the S-4 in 1927. These disasters led to the
devel opnent of the McCann Rescue Chanber nenti oned above, and t he Monmsen Lung,
whi ch was successfully used in 200 feet of water of f Key West, Florida, in 1929.
Thi s device was a vast inprovenent over the Siebe-CGorman apparatus devel oped
in 1914. But, the Modmsen Lung had an ascent rate of only 25 feet per mnute
and provided no protection for the escapee’s head, thus making all but
experi enced swi nmers apprehensive and the potential for air enbolismgreat.

In 1956, the “bl ow and-go” net hod of escape was devi sed. The escapee was still
conpl et el y exposed to t he wat er and exhal ed conti nuously during the ascent. The
met hod was tested in the open sea in 302 feet of water from the submarine
ARCHERFI SH of f Key West in 1958. It increased the rate of ascent in excess of
400 feet per minute through the water using a life jacket with 46 pounds, of
positive buoyancy and relief valves for air expansion. It was a mjor step
f or war d.

In 1960, Lieutenant Steinke, Oficer-in-Charge of the Escape Training Tank,
devel oped a devi ce whi ch protected the head and face fromthe water. The Stei nke
Hood was successfully tested in the open sea in 1961 in 309 feet of water from
the USS BALLAO again off Key West. The hood remains the primary method of
i ndi vi dual submari ne escape and has suffici ent buoyancy to carry several people
safely to the surface. The “Dbl ow and-go” method is an acceptabl e back-up
techni que shoul d sonet hi ng happen to the hood itself.

The escape training tank’s primary mssion is to teach escape procedures.
However, over the years its mssion has been expanded to include scuba
i nstruction for the Submari ne Force. On a space-avail abl e basi s, Marine Corps,
Coast Guard and Arny personnel are al so gi ven scuba training, alongwi th sel ected
| aw enf orcenment personnel.

The t ank and st af f have t he capability of training 8,500 individualsinsubmarine
escape each year. The instruction staff is made up of two diving officers, one
master diver, three medical deep-sea diving technicians, and 23 qualified
di vers. Each nmust undergo an arduous qualification period after reporting for
duty. It takes an average of six nmonths for a diver to becone qualified as an
instructor ineverythingfromsystens and cl assroomi nstruction, to actual water
station practice. The diving at the escape tank is unique inthat the majority
of dives nade are breath-hold dives at depths of 25 to 50 feet.

The escape tank mai ntai ns two reconpressi on chanbers: a doubl e-1 ock al um ni um
and triple-lock steel chanber. Their primary function is to performstandard
pressure testing for Submari ne School students, conduct oxygen tol erance tests
for diving candi dates and hyperbaric treatnent for | ocal diving operations and
escape training. The chanbers also constitute the primary treatment facility
for diving casualties in the New England area. The escape training tank is
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supported actively by doctors from the Naval Subrmarine Medical Research
Laboratory and mai ntains |liaison with the National Guard, Arny, Air-Sea Rescue
and State | aw enforcenent agencies in the event that evacuation or treatnent
of diving casualties is required. This arrangenent provides patients with a
speci al i zed staff of diving nmedical officers, along with the conpl ete support
of the Naval Subrmarine Medical Center and its hyperbaric facilities.

The history of the escape tank has not been all snmooth sailing. In 1969, the
el evator shaft experienced a fire that required the conbined efforts of the
submari ne base and nmuni ci pal fire departnents to extinguish. In 1977, the tank
was given its first major overhaul, a task requiring 13 nonths to conplete.
During this period, the 135 foot tower, enpty and acting |like a gigantic sail,
was threatened by adverse weat her and extrenely high gusts of wind. However,
all turned out well, and as a final step of the overhaul, insulation and siding
were added to the side of the tank to pronote.

The escapetrainingtank officially startedtraini ng students againinJuly 1978,
but only after a thorough instructor training period. Just six hours after
receipt of formal systens certification, the staff commenced hyperbaric
treatment on a civilian diving casualty. The tank has been in full operation
ever since.

* * *x % * *x % * * *

OPERATI ON PANTYHOSE continued from page 41

For the actual experinment, we | ocked four volunteers (one fermale) in the inner
| ock of the Draeger chamber, with 3000-litre volune, supplied themw th an G
noni t or and a batch of Draeger COp sniffer tubes, andleft it up tothe pantyhose
array to do its bit. To provide for netabolic O requirenents, | naintained
a constant flowof 2.5 1itres per mnute of oxygen, which perfectly kept their
at nosphere at 21 percent throughout the procedure. Both CO and O | evel s were
det ermi ned i nsi de t he chanber at 15 mi nuteintervals, andrecorded outside, while
I mai ntai ned nore or | ess constant visual and voice contact with our subjects.

As you m ght guess, Morgan Wlls and | were a bit edgy at first, since the CO
levelsinthissituationcouldbeexpectedtoriseat arate of 0.82%every fifteen
m nutes, which gives little leeway. Still, we had plenty of safeguards, so we
started the show on tine.

Both Morgan and | were a little stunned when the first 15 nmi nutes readi ng cane
out at a fat 1.5 percent, and rose quickly thereafter to 2.25 percent. Still,
we had sone faith in the system and stuck to our guns. Sure enough, as chanber
hum dity commenced to rise, the gall oping sl ope si mered down, and after al nost
t hree hours stayed steady between 2.75 and 3.0 percent. By this tinme, we had
al ready desi gned the Mark Il pantyhose scrubber, capabl e of 75%efficiency, so
we cal | ed t he gane and r el eased our vol unt eers, nonethe worse for the experi ence.
Tonmorrow the MK I will be nade up, sealed in plastic bags, and duly installed
in the PTC

| mprovi sed, and at-the-scene experinmental work is fascinating. I find it
instills a sense of confidence in the aquanauts as well.
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DECOVPRESSI ON SI CKNESS and DEEP Al R DI VI NG
WIlliamL Hunter, Jr, CDR, M, USN

Gene B Pope, HMC(DV), USN

Danny A Arsu, HM (SS), USN

Naval Subrarine Medi cal Research Laboratory, G oton, Connecticut

(This paper is reprinted by kind perm ssion of the Editor of FACEPLATE, the
quarterly publication by the US Navy Supervisor of Diving).

NSMRL Resear chers showt hat the occurrence of deconpressi on anong US Navy Di vers
maki ng deep air dives is extrenely | ow, but that when it occurs, it is probably
caused by individual differences in susceptibility rather than by pushing the
deconpression table linits.

The overal |l incidence rate of deconpression sickness anong US Navy divers is
consistently well bel ow one-tenth of one percent, a figure which is anong the
| owest in any diving organization in the world. This very |lowincidence rate
attests not only to the safety of the Navy' s deconpressi on schedul es but al so
to the manner in which diving operations are conducted in the Fleet.

However, deconpression sickness casualties do occur, and we have the
responsi bility for exani ning such accidents in order to deternine the possible
expl anations for themand to devi se met hods to prevent sinilar accidents inthe
future.

The vast majority of Navy dives (over 97 percent) utilize air as the breathing
medi um and are conducted at relatively shallow depths. Approximately 97 per
cent of all air dives are to depths shall ower than 150 feet of sea water, gauge
(fswg). By contrast the majority of deconpression sickness casualties occur
i n deeper dives. |If air dives to 150 fswg and deeper are conpared to air dives
shal | ower than 150 fswg, the i nci dence of deconpression sickness in the deeper
dives is nore than ten tines that seen in the shall ower dives.

Such a finding probably fails to surprise Navy divers. They know (sonetines
frompersonal experience) that deeper dives are generally nore dangerous than
shal | ow di ves. They also know the inportance of selecting the correct
deconpressi on schedul e. The Navy Di vi ng Manual Section 7. 4.2 addresses schedul e
sel ection by stating:

“... As assurance that the selected deconpression schedule is always
conservative —(A) al ways sel ect the schedul e depth to be equal to or the next
depth greater than the actual depth to which the dive was conducted, and (B)
al ways sel ect the schedul e bottomtine to be equal to or the next | onger bottom
time than the actual bottomtine of the dive ...”

The manual goes further by stating;

“NEVER ATTEMPT TO | NTERPOLATE BETWEEN DECOVPRESSI ON SCHEDULES. |f the diver
was exceptionally cold during the dive, or if his work |load was relatively
strenuous, the next | onger deconpressi on schedul e t han t he one he woul d nornal | y
foll ow shoul d be selected ..."

This suggests that if there is any question (for exanple: cold water, heavy
wor k | oad), the next |onger schedul e should be chosen

Navy divers are actually taught to be even nore conservative. The procedure
taught at the Naval School, Diving and Salvage, is as follows:
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If the diveiswithin2 feet or 2 m nutes of the appropriate schedul e, the next
deeper and/or |onger schedul e should be used.

I n ot her words, don’t “push the tabl es”. This procedure was recently enphasi zed
i n FACEPLATE (see “The A d Master” colum, Wnter 1976), and allows for depth
gauge i naccuracies and so forth. Coming very closetotablelimts is thought
toincreasethelikelihood of deconpression sickness, whil e droppingtothe next
deeper and/or |onger schedule is believed to add a neasure of safety for the
diver. Closelyrelatedisthebelief that nost divesthat result i ndeconpression
si ckness are those which do “push the tables.”

6, 600 Di ves Anal yzed

During ot her work invol ving deconpression principles, we became interested in
whet her or not there is any rel ati onship between “pushing the tabl es” and the
devel opnent of deconpression sickness.

We obt ai ned data for air dives | ogged from1971 t hrough 1975. This i nformation
was supplied by the Naval Safety Center and consisted of selected itens found
on the OPNAV 9940/1 forms (“Diving Log-Conbined Accident/Injury Report).
Because t he maj ority of deconpressi on si ckness casual ti es occur in deeper dives,
we decidedto | ook at all air dives that were deconpressed ont he 150/ 10 schedul e
or nore (that is, 150 fswg or greater for 10 or nore mnutes). Atotal of 6,600
such dives were | ogged during the 5-year period studied.

By conparing the actual depth and bottom time of the dive to those of the
deconpressi on schedul e used, we were able to classify a dive into one of three
cat egori es:

1. Under Schedule Limts

The actual depth was 3 or nore feet shall ower than the schedul e and the
actual bottomtinme was 3 or nore m nutes | ess than al | owed by t he schedul e.
(Exanple: Dive 146 feet for 17 mnutes. Schedule 150/20 used.)

2. Near Schedule Limts

a. 2o0r 2- Either the actual depth was within 2 feet of the schedul e
depth, or the actual bottomtinme was within 2 mnutes of that
al | owed by t he schedul e. (Exanple: Dive 146 feet for 18 m nutes,
or for 20 m nutes. Schedul e 150/ 20 used.)

b. 2 and 2 - The actual depth was within 2 feet of the schedul e depth
and the actual bottomtinme was within 2 m nutes of what the table
allows. (Exanple: Dive 149 feet for 18 m nutes, or 150 feet for
20 minutes. Schedul e 150/ 20 used.)

3. Exceeded Schedule Limts

Ei ther the actual depth or the actual bottomtinme exceeded the depth/ tinme
limts of the schedul e. Inother words, i nadequat e deconpr essi on was gi ven.
(Exanple: Dive 149 feet for 23 mnutes. Schedule 150/20 used.)

. Less than 20 percent appear to have followed the NSDS recomendation to
use deeper/longer tables if close to the limts (Category 1).
. Over 80 percent of these deep air dives, which are known to be nore

danger ous, were not deconpressed on a deeper/| onger schedul e even t hough
they were very close to all owabl e dept hs and/or tines (Category 2a + 2b).
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. Over 1 percent of deep air dives received inadequate deconpression
(Category 3).

The data colums 2 and 3 of the tabl e showthat the percentage of deconpression
si ckness casualties in each category (under, near, and exceeding the linits)
isvirtually identical to the percentage of the nunber of dives that were nade
inthat category, and there is no statistically significant difference between
the two. (For any statistics buffs out there: Yates corrected chi square =
0. 255, df=3, p 0.95)

Col umm 3 shows, in addition, that the deconpression sickness rate remains nearly
t he sane across al | categories. Andsoit istruethat nost cases of deconpression
si ckness occur in dives that are approaching the table limts. But that would
be expected, because nost dives approach table limts. In addition, the
casual ties appear to be independent of the “2 or 2" rule.

What t his may mean i s that t he Navy schedul es work very wel | when used correctly,
and that nost of the tinme deconpression sickness casualties may be related to
factors other than the dive/deconpression profile itself. W already have
scientific evidence that sone divers are nore susceptible to deconpression
si ckness than others (another example of science “discovering” what field
personnel al ready knew). These differencesinsusceptibility arelooselytermed
i ndi vi dual variation, and could possibly be related to factors such as age,
physi cal condition, anatom cal patterns of small bl ood vessels, or sensitivity
of the body’s chenmistry to stress.

At any rate, since the data indicate that the rate of deconpression sickness
is nearly the sane whether dives are close to table linmts or not, the “2 or
2" rule (admttedly unwitten) may not offer as nmuch of a safety margin as
t hought .

O course, the anal ysi s does not take i nt o account work | oad, wat er tenperature,
or other dive-related factors, but it is assunmed that such factors woul d bal ance
out between the categories. These conclusions may give di ve supervi sors nore
|l eeway in their choice of schedules or at |east |ess anxiety when dives are
approaching schedule limts.

Speci al comment shoul d be made about Category 3. Although no casualties were
reported, all 88 of these dives involved actual bottomtinmes in excess of the
schedule time (for exanple, a dive to 150 fswg for 34 mnutes that was
deconpressed on t he 150/ 30 schedul e). The average excess was 5.08 minutes. In

no dives was the recorded dive depth in excess of the schedule depth. It is
i npossible to determine whether this is a real finding, or whether this
represents recording errors - either infilling out the 9940/1 report forns or

intranscribingthemintothe conputer format. W suspect that it is arecording
probl em especially in viewof the fact that no deconpressi on si ckness occurred
inthis category. But, if Fleet divers are actually follow ng such practices,
t hey shoul d di scontinue them and foll ow standard procedures.
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TABLE 1

DEEP Al R DI VES AND DECOVPRESSI ON Sl CKNESS
CASUALTI ES BY CATEGORY

Colum 1 Col um 2 Col um 3
Al'l Dives Di ves Leadi ng Deconpr essi on
to Casualties Si ckness Rate
Nurber Number Cases per 1000
CATEGORY % Logged %
Logged Di ves
1. Under Schedule Limts 17.0 1119 19.0 12 10.7
2. Near Schedule Limts
a. Wthin 2 min. or 2 ft. 30.7 2028 28.6 18 8.9
b. Wthin 2 mn. or 2 ft. 51.0 3365 52. 4 33 9.8
Total Near Limits 2a + 2b 81.7 5393 81.0 51 9.5
3. Exceeded Schedule Limts 1.3 88 0.0 0 *
TOTALS 100.0 6600 100.0 63 Overal | Decom

pression Si ck-
ness Rate = 9.5
Cases per 1000
Di ves.

* The nunmber of dives in Category 3 is not |arge enough to calculate a
meani ngf ul deconpressi on sickness rate.

* * *x K% * *x % * * *

Question: \hat specific evidence is there that whal es descended from | and
manmal s? \Wen did these small terrestrial “whal es” col onise the sea? Al so,
how were whal es able to evolve their i mense size?

Answer : It is generally believed that mammal s evol ved fromreptil es on | and.
Among t he pi eces of evidence for cetaceans are t he presence, on vari ous speci es,
of vestigial hind|linbs, dentition and certain cranial characteristics typica
of early land dwel |l i ng carnivores, and foetal hair. Al so, the general internal
anatomy of cetaceans is simlar to that of |and nmamal s.

The ol dest fossil that can definitely be identified as being part of a cetacean
was found i n Egypti an deposits of the Early Eocene (50 to 60 nmillion years ago).
Since the animal fromwhich the fossil came had undergone some evolution (it
was a cetacean, not aterrestrial mammal ), this neans that the ancestors of the
cet aceans col oni zed t he seas over 60 m|lion year ago. The exact tinme of their
entry into the sea, however, is unknown.

The renmote origin of the Cetacea has not been directly established because the
fossil Iinks between themand ot her mammal s are m ssing. The cetacean protein
structures, however, indicate that they may have had a conmon ancestor al ong
with the even-toed ungul ates (cattle, sheep and canels, or artiodactyls).

conti nued on page 67.
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| MVERSI ON  HYPOTHERM A | N SCUBA DI VI NG

Dr M chael Davis
Depart ment of Anaesthesia, Christchurch Hospital, New Zeal and

(This paper is reprinted by kind pernission of the Editor, New Zeal and Jour nal
of Sports Medicine).

Loss of body heat in a cold environment results not only in physical distress
but al so in slow ng of thought processes, |oss of nuscle power and, if all owed
to continue, eventually incoma and death. To alesser degreeit is aninportant,
but often unrecogni sed cause of exhaustion and a contributing factor in many
di ving accidents. Since the thermal conductivity of water is nore than twenty
times that of air, a naked swimer will tol erate a nuch narrower range of anbi ent
tenperature during i nrersion than a man would in an air environnent. For many
i ndi vi dual s thermal bal ance cannot be maintai ned bel ow a wat er tenperature of
about 24°C (Beckman, 1965). The use of a diving suit somewhat nodifies the
responseto coldinmrersionbut it can be sai dthat hypothernmiaindiversis always
areal possibility at water tenperature bel ow about 18°C. This, then, defines
t he probl embot h physi cal | y and geographi cal ly. As nost of NewZeal and’ s waters
rarely exceed 20°C, the majority of sportsdiversinthiscountry will experience
“cold water” conditions at sonme tine. For many this is a regul ar occurrence.
In both cormercial and military diving there was until conparatively recently,
asurprisinglack of awareness of i mrersi on hypot herm a, col d was si nply accept ed
as one of therigours of lifethat adiver put upwith., Rawins (1972) has stated
that col d stress probably constitutes the major risk factor incold water diving
operations and suggested that cold may have been a prine factor in the death
of one of the Sealab Il divers. A simlar |ack of know edge can be assuned
in sports diving. This brief review, therefore, will cover those aspects of
t enper at ur e physi ol ogy rel evant to col d wat er i mersi on and descri be the effects
of hypothermia and its inplications for sports divers. Finally, first aid
managenment wi ||l be described. For fuller reviews of various aspects the reader
is referred to the excell ent nonograph by Keatinge (1969), and to papers by
Benzi nger (1969) and Gol den (1972).

Physi ol ogi cal Responses to Cold Stress

The vital organs such as the heart and brain function well only within fairly
narrowmy defined limts. Many nechani sns anongst whi ch the regul ati on of body
tenperature is particularly inportant exist for the mai ntenance and stability
of this internal environnment. The heat produced by netabolismis |ost fromthe
body by neans of conduction, convection, radiation, and evaporati on. Expressed
inits sinplest formthe rate of heat | oss (H) i s proportional tothe tenperature
gradi ent between the centre of the body (body “core”) and the skin (dT) and to
t he heat conductance of the tissues (C). A functional representation of the
t hermoregul atory systemin response to cold stress is shown in Figure 1. In
additiontothose mechanisnsillustrated, body buildand fat content play avital
role in heat conservation. Although in air, heat |oss through the respiratory
system anounts to 15-25% of the total, in water this contribution becones
relatively very small, except in deep oxyhelium diving, and can be largely
i gnor ed.
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COLD RECEPTORS BLOOD
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Figure 1. Aschematic representati on of the thernoregul atory systemin response
tocoldstress. (Central nervous systempat hways not shown). The two nechani sns
for mmintaining heat balance, peripheral vasoconstriction and shivering
t her nogenesi s, inportant on dry | and play a secondary rol e to subcut aneous f at
insulation in determining heat [ oss during inmersion in cold water.

Peripheral Circulation

Functionally the body, inits response to cold stress, nmay be divided into two
parts. A periphery, consisting mainly of the |linbs and skin and subcut aneous
ti ssues of the trunk, the extent and tenperature of which varies considerably
wi t h anmbi ent conditions, and t he “core” (whi ch cannot be defined precisely) the
tenperature of which tends to remain constant. Tenperature gradients between
t he “core” and peri pheries al ways exi st eveninrelatively warmconditions, but
in acute cold stress the periphery essentially is “sacrificed” in the attenpt
tomaintain the stability of the “core”. This is achieved by peripheral vaso-
constriction, involving both skin and nuscle blood vessels. The cutaneous
vascul ature possess a rich synpathetic innervation and is highly reactive,
changes in skin circulation occurring primarily in response to the demands of
tenperature regul ation. Peripheral vasoconstriction reduces heat | oss by three
mechani sms. Firstly, the total blood flow to the linbs falls dramatically
(Barcroft and Edhol m 1943). Secondly, the skin possess greater insulationin
the presence of vasoconstriction. Thirdly, in reduced flow states there is
evi dence for an effective counter-current heat exchange nechani smin the deep
vessel s of the linbs, and this further reduces heat flow (Hong et al., 1969).

Consequent on the peripheral vasoconstriction which occurs imediately upon
i mrersion there is pooling of warmblood centrally. This results in a small
but distinct risein“core” tenperature whet her measured rectally (Skreslet and
Aar| fford, 1968) or via the ear drum (Craig and Dvorak, 1966). This rise is
nmost marked in very cold water when an extrenely vigorous vasoconstrictive
response occurs. Wiilst inair this peripheral vasonotor response is the main
ef fect or of heat bal ance over a wi de range of anbi ent tenperatures, in coldwater
t hi s mechani smi s only of tenporary benefit andistotallyinadequateto naintain
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central body tenperature for any length of tine. Figure 2 denonstrates both
the initial rise in rectal tenperature and the subsequent progressive fall.
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Figure 2. Skin and rectal tenperature changes (° Cel si us)
for a wet-suited diver during a cold water (5°C) dive.

The Rol e of Sub-cutaneous Fat | nsul ati on.

Most of the heat |oss fromthe body in noderately cold water takes place from
the trunk, and the rate of this | oss depends upon the amount of subcutaneous
fat. Studies of Channel sw mrers (Pugh and Edhol m 2955; Pugh et al., 1960)
denonstrated nost clearly the role of subcutaneous fat in providing effective
i nsulation during inmrersion. This group of sportsnen possess in general an
unusual body build, being thick-set, even frankly obese, with a greater than
nor mal subcut aneous fat | ayer but al ower than predicted total body fat content.
When a channel swi nmer and a thin individual were conpared i mersed at rest in
16° water, rectal tenperature dropped in both but sooner and at a faster rate
in the thin subject. VWen exercised in 16°C water, the swimer’s rectal
t enperat ure renai ned constant or rose slightly whereas that of the thin subject
fell even nore rapidly than it did at rest. Keatinge (1969) showed that the
fall inrectal tenperature of inmersed subjects was i nversely proportional to
mean skin fold thickness. Upon inmmrersion skin tenperature of a naked sw nmer
rapidly equilibrates with the water (Crai g and Dvorak, 1966) whereas in air the
body at any given anbient tenperature is always greater in water than in air.
It is easy to see how, under these conditions, subcutaneous fat deterni nes heat
loss. Inthe fat swimrer heat | oss across the trunk is small conpared with the
t hin subj ect. Theincreased nmetabolic heat production of swi mming, fiveto eight
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times resting levels, is sufficient to conpensate for these losses and to
mai ntain“core” tenperature. Inthethinsw mer theincreasedconvectivel osses
due t o wat er turbul ence around t he body and t he conducti ve |l osses duetoi ncreased
linb muscle blood flowwi th exerci se consi derably exceed the increase in heat
production and therefore he | oses heat nore rapidly.

Met abol i ¢ Heat Producti on

The mechani sns descri bed above are concerned wi th reducing heat |oss fromthe
body. Contraction of skel etal nuscle, whether in shivering or active exerci se,
constitutes the body’'s only significant neans of increasing heat production in
response to an acute cold stress. Heat is a problemof netabolism A highly
trained athleteis abletoincrease metabolicratetosonefifteentines resting
| evel s, whilst shivering will produce a maxi mumof five or six fold increase.
(Resting nmet abol i ¢ heat production is approxinmately 30kcal per square netre per
hour.) The rol e of non-shi vering thernogenesisinman s response and adaptati on
to cold is not fully understood. However, there is evidence that divers
habi tuated to Arctic water show progressive adaptation to the cold (Skreslet
and Aarlfford, 1968), whil st the Ama divers of Japan and Korea show di fferences
i nheat transfer inthelinbs (an enhanced count er-current mechani smi s proposed)
an i ncreased basal netabolic rate and an i ncreased response to synpat hom netric
am nes when conpar ed wi t h non-di vi ng wonen fromt he community (Kang et al ., 1963,
1970). Wthin the context of acute cold i mmersion these nmechani sns probably
play little part.

Measurenments of “core” tenperature

It isworthconsideringat thisstagesoneof thedifficultiesof nmeasuring®“core”

tenperature. The body coreis a conveni ent concept but it i s by no nmeans uniform
inits behaviour and it is only accessible for external neasurenent at a few
sites. Mst commonly rectal tenperature is used as indicative of core changes,

but this nethod has definite linmtations. Wen the body is cooling rapidly,

rectal tenperature may fall nore slowy than that of the brain or heart and t hus
be mi sl eadi ng. For instance, Davis (unpublished observations) neasured rectal

and ear drumtenperatures in seven wet-suited divers before and after diving
in9°Cwater. Rectal tenmperaturefell by 0. 75°Cwhil st ear drumt enperat ure which
provi des a good i ndi cati on of brain tenperature (Beninger, 1969) fell by 1.8°C

An ei ght h subj ect who was a | ong di stance sea swinmer, with the characteristic
bui | d descri bed, showed ariseinrectal tenperature rose 2.4°Cduring the dive.

As rectal tenperature continues at present to be the convenient yardstick for

nost i nvestigators, “core” and rectal tenperature are used synonynmously inthis
paper. A useful alternative is the tenperature sensitive radio pill which the
subj ect swal | ows. Transm ssion frequency varies withtenperature andthe signal

can be readily picked up with an aerial strapped externally to the abdonen.

Again, there are sone difficulties in interpretation of gut tenperature, and
the use of this technique in divers is reviewed by Davis et al. (1975).

The Diving Wt Suit

It is useful to consider three questions at this stage:

1. To what extent does a wet suit nodify the physiol ogical response to cold
i mersion?

2. How does one type of suit conpare wth another?

3. What are the effects of hypothermia on the diver?
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The wet suit is constructed of neoprene rubber 5to 8 mmthick within which are
trapped countl ess ti ny bubbl es of nitrogen gas to provide i nsulation. The suit
i s not designed to prevent water ingress but rather traps a thin | ayer between
it and the diver’s skin, this layer being rapidly warnmed by the body. The net
effect of thisinsulationis produce a water/skintenperature gradi ent and t hus
reduce the skin/core gradient (see Figure 2 where skin tenperatures are
consi derably hi gher than the anbi ent water tenperature of 5°C). However, the
wet suit has a nunber of disadvantages. Beckham (1965) showed that even in a
2.5 cmthick wet suit the average diver was unable to mai ntain core tenperature
in 4°Cwater. Davis, et al. (1975) calculated that the nean heat |1 oss froma
resting wet suited diver i n 5°Cwat er was appr oxi mately 250 kcal per square netre
per hour. Webb (1973 using a whol e body cal orinetry nmethod i n the | aboratory),
quot es 210 kcal per square netre for aforty-five mnute dive at 5°C. At a water
tenperature of 20°C heat |oss was approxi mately 95 kcal per square netre per
hour Davis (1975). Even at this water tenperature nmany divers are unable to
mai ntai n thermal bal ance and rectal tenmperature falls. Consisting as it does
of many mi nut e gas bubbl es, the wet suit is subject to conpressi on and expansi on
wi th changes in anbient pressure. As hydrostatic pressure increases by one
at nosphere absolute (1 ATA) for every 10 netres depth of sea water then the suit
becones progressively thinner (Boyle s Law) and | oses its insul ative properties
at depth. Thus at 30 netres its thickness is reduced about 50% and heat
conductance is three tines that on the surface (Rawlins, 1972).

Crai g and Dvorak (in press) have recently investigated the function of the wet
suit during i mrersion using a whole body cal orinetry technique. The suit, by
provi di ng a wat er/ ski n tenperature gradi ent preventstheinitial rapidheat | oss
seen in the naked swi mmer, but does not alter the subsequent steady rate of | oss.
The study al so confirmed that the suit jacket contributed nore to reduci ng heat
|l oss than did the trousers in keeping with the viewthat the majority of heat
| oss during cold water imersion is fromthe trunk. Pilmanis (see next issue)
usi ng heat fl owdiscs on wet-suited di vers has provi ded provisional information
on the areas of greatest heat | oss. These appear to be fromthe head and neck,
upper trunk and shoul der girdle, proxinmal parts of the arns, the cal ves during
swi nmi ng, and t he groi ns and ant ecubi tal fossae. Thisis consistent withcurrent
concepts of the mechani snms of heat |oss during inmersion.

The Diving Dry Suit

As its nane inplies this type of suit is designed to prevent ingress of water
and i s nade of a strong rubberised material with close-fitting seals at the neck
and wists. Boots are incorporated and nost current nodels are single-piece
designs. Suitable clothing is worn beneath to trap a |l ayer of air between suit
and skin to provide insulation. To allowfor the conpression of this air with
i ncreasi ng depth, nodern suits are fitted with aninflation device to maintain
the gas volumewithinthe suit nore-or-less constant. Itsefficiency, therefore,
deteriorates little with depth. The dry dry suit (or constant volunme suit)
provi des better col d water insulation than does a wet suit as evinced by rectal
tenper at ure neasurenents. Davis (unpublished observations) found that rectal
tenperature ineight diversfell duringathirty m nute 5°Cdi ve by 1. 2°Cweari ng
wet suits, but only by 0.5°C wearing constant volunme dry suits. Despite this
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advant age, the | ack of conveni ence, |oss of nobility, and considerably higher
price conpared with awet suit has limted the constant volunme suit’s popularity
insport diving but they are used widely in comercial and research diving. In
addition, insulation is seriously inpaired by |eaks tears, and diuresis.

37 Subjectively cold; Shivering starts
| Shivering++; V0 T; Muscle cramps
36 2
Loss of memory
351 Difficulty concentrating
Speech siurred
Disorientated , Hallucinations
Delirious . Drowsy
Shivering ceases
33} Muscle rigidity

34—

BODY

CORE 32} Progressive coma

TEMP ¥ Respiratory rate
°C il v Heart rate

y Blood pressure
30§
Unconscious

29 Cadiac arrhythmias
28} Death below 26°C it not resuscitated

Fi gure 3 The general effects on nman of progressive hypot herm a.

The Effects of Hypothermia on the Diver

The general effects of hypotherm a are sunmari sed in Figure 3. These are often

subtle in onset and pass unrecogni sed for what they are. It is, therefore,
worthwhile attenptingtodefinesafelinmtsindivingpractice, andto el aborate
on the results of noderate degrees of hypothermia. It is commbnsense that in

di ving any situationis dangerousthat resultsindifficultiesinconcentration,
di sorientation and i npaired judgnment. Thus, a core tenperature of 35°C can be
taken as an absolute lower linmt beyond which the safety of the diver and his
conmpani on will be very seriously in question. Were the rate of heat loss is
rapi d a di ver may becone prostrated by the col dl ong before hisrectal tenperature
reaches 35°C. O fifteen subjectsinacoldwater perfornmance experinent (Davis,
1975) two had to be renoved fromt he wat er i n serious di stress, before conpl eting
their 5°C dives. Both were shivering uncontrollably, breathing rapidly,
exhi biting slurred speech, and exhibiting repetition of ideas and inadequate
response to questioning.

In one, rectal tenperature fell by 2.7°C (Figure 2) to 35.7°C and in the other
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by 2. 2°Cto 36. 8°C. Several other divers exhibited nuchless distress with | ower
end- of -di ve rectal tenperatures, but in every case the drop in tenperature was
| ess than 2°C over approxinmately the same | ength of tine (40 mi nutes). The nore
severe the cold inmersion the nore rapidly will brain tenperature fall and the
less reliably will the single nmeasurenent of rectal tenperature reflect this
change. Despitethis, a strong case can be argued for the conti nuous nonitoring
of body t enper ature duri ng extensive col dwat er di ving programes i ntheinterest
of safety. The Canadi an Navy and t he Canadi an Arcti c di vi ng resear ch programes
have both adopted just such an approach using the radio pill.

The “After-Drop” Following Cold Water | mersion

Rectal tenperature continuestofall after exit fromthe water. This phenonenon,

known as the “after-drop” (Keatinge, 1969), is characteristic of acute cold
stress, and canbe seeninFigure2inwhichit is about 0.5°C. Its extent depends
ontwo factors: (1) the severity of the cold stress, and (2) the effectiveness
of efforts at re-warm ng foll owi ng i mrersion (see below). |In extrenme cases it
may reach 3°C. Failure to recognise this problemhas led to fatalities from
exposur e t hat coul d ot herw se have been avoi ded (Pugh, 1966). Anunber of reports
exits in which shi pweck survivors have been taken fromthe water conscious,

only to lapse into coma and di e subsequently. Even in optimal re-warm ng
conditions such as active re-warning using a hot water circul ation suit, Wbb
(1973) found that at |east one hour was required for conplete re-warmnng
followingdivestotolerancelimtsinb5®°to 15°Cwater, andthat coretenperature
continued to fall during the first fifteen m nutes of the re-warni ng phase.

Di ver Performance in Cold Water

The subtle effects of nobderate hypothermni a have been alluded to earlier. As
t hese have such ani nportant bearingondivingsafetyitisworthwhiletoconsider

themin greater detail. Only a fewreports on cold water perfornance exist in
the literature (Bowen, 1968; Stang and Wi ner, 1970); Vaughan and Mayor, 1972;
Baddel ey et al., in press; Davis et al., 1975) and the reader is referred to

thesefor further details. Divers areless efficient at manual tasks underwater,
evenin optinal conditions, when conpared with that ondry |l and. This has becone
known as the “i mersion” effect. Superinposed on this are other factors such
as nitrogen narcosis (Baddel ey, 1967), anxiety (Davis et al., 1972) and cold
that further inpair a diver’'s abilities. Cold water exposure may influence
performanceinthreeways. First, thereis aperipheral effect ontheextremties
impairing tactile sensitivity and weakeni ng nuscl e power (Bowen, 1968; C ark,
1961). Second, thereis acentral effect onthe brain as core tenperature drops
sl owi ng netabolism Third, thereis what has been called a “distraction” effect
(Tei chner, 1958), that is, the perceived threat of cold exposure may distract
attention and interfere with the continuity of performance.

The way i n which performance is altered should be different for each of these
nmechani sns. Peripheral effects on manual skill are dependent on the anbi ent
t enper at ure (St ang and Wi ner, 1970) and showprogressiveinpairment withlength
of exposure. There appears to be a critical tenperature at about 15°C above
whi ch manual performance is unaffected (dark 1961). Davis (1975) using a
screwpl ate dexterity test found a sl owi ng of 17% bet ween 20°C and 5°C by Dusek
(1957). These results are in keeping with the other reports cited. Central
effects on intellectual ability should only show thensel ves after a variable
| at ent peri od si nce the physiol ogi cal responses outlinedearlier tendto prevent
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coretenperature fromfallingright fromthe start of exposure. Thereis scanty
evidence for a central effect developing in cold water dives of | ess than one
hour. Only Davis (1975) has shown any correl ati on bet ween core tenperature and
performance. A deterioration of 11%in post-dive recognition of words froma
i st presented underwat er occurred bet ween 20°C and 5°Cdi ves and t hi s correl at ed
with the conconmitant drop inrectal tenperature in each diver. The distraction
effect, on the other hand, should nmake itself apparent fromthe start of cold
wat er exposure, inpairing performance at a stage when body tenperatures have
not yet dropped to any extent. Thereis rather nore evidence for this hypothesis
fromboth the studies of Baddeley et al. (in press) and Davis et al. (1975).
The inmpairment of intellectual performance using such tests as sinple
arithmetic, |ogical reasoning, and verbal nenory appears fromthe start of cold
exposure. Inat | east onetest - sinplearithnetic - subjects appeared, in fact,
to be at their worst at the beginning of a cold (5°C) dive (Davis et al., 1975).

In practice divers often have to conmit to nmenory in-dive information whichis
t hen processed at adivede-briefing. Theresultingloss of datais considerabl e.
Hemings (1972) found it essential to adopt a diver-to-surface radio
conmuni cati on systemwi t h t apes of i n-di ve reports during fish behavi our studies
inthe North Sea. He conpared tape transcripts with de-briefing reports and
found the | atter grossly deficient and inaccurate. This situation was m m cked
inthe above two studi es using word |ists or prose passages present ed underwat er
for subsequent recall post-dive. Inone study the overall deteriorationinword
recall fromdry |l and to 5°Cwater was over 70%¢(i ncl udi ng a 48%i nmer si on ef f ect)
and in the other 30%from20°C to 5°C water. This deterioration of menory in
cold water is probably a state-dependent effect, that is, recall is optinal when
it occursinthe sane environnent as the origi nal | earning process. This context-
dependent hypot hesis has recently been confirnmed by Godden and Baddel ey (in
press).

First Ald Care for Acute Hypothernia

The treatnent of hypotherm a can be a conpl ex problemparticularly foll ow ng
prol onged exposure or where it is conplicated by near-drowning. Only the
i mportant aspects of first aid care will be reviewed here, and the reader is
referred to Golden (1972) for a thorough pathophysiol ogical review of the
subject. Fortunately, in diving one is dealing nostly with acute cases of a
few hours’ duration at the nost, and for these sinple and vi gorous nethods are
the nost effective.

(1) The first priority is to renove the victimfromthe water as quickly
as possi bl e.

(2) Determine the state of the respiratory and circul atory systens and
perform cardi o- pul nobnary resuscitation (CPR) as required.

(3) Every attenpt shoul d be made to reduce further heat | oss once out of
the water by getting the victi munder cover and especi ally out of the
wi nd. This can be achi eved even in snmall open boats by w appi ng him
inatarpaulin, polythene sheet or bag, sails, etc. Renmpbve diving suit
or wet clothes and dress in dry clothing as soon as possi ble. These
steps place the subject in a neutral environnent and al | ow r ewar ni ng
of the patient’s netabolismto proceed slowy.

(4) Wierefacilities are avail abl e the nost effecti ve met hod of rewarm ng
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is inmrersion of the trunk in a hot bath (40-42°C) with the |inbs out
of the water. This is aimed at re-warming the core as quickly as
possible, while slowing down the re-opening of the peripheral
circulation. Conversely warnming the body surface, for exanple with
hot water bottles, etc., should not be used as it is relatively
ineffective in getting heat into the core but encourages vasodil at a-
tion. The latter results in an increased heat | oss exaggerating the
“after-drop” phase and also allows cold acidotic blood from the
peri pheriestoreturntothecoreleadingtocirculatory collapse, with
cardi ac dysrrhythm as including ventricular fibrillation.

(5) Hot sweet drinks can only be recomended if the diver is fully alert
and responsive. If there are any si gns of drowsi ness or confusionthen
fluids (and food) should be wi thhel d because of the risks of vomting
and aspiration into the lungs. Al cohol should not be used as it
i ncreases therisk of voniting and pronot es peri pheral vasodil atati on.

Practical Inplications for Diving

(1) Incoldwater diving, wet suits provi de i nadequat e thernal protection
for the diver. Afall in core tenperature to 35°C or by nore than 2°C
i s dangerous and even snuall er decreases will have sone influence on
diving safety as the cold diver is liable to panic and exhausti on.

(2) Severecoldstressresultsinanmarkedincreaseinnetabolicratewth
a rai sed oxygen consunption and hence nore rapid use of air supplies.

(3) Manual dexterity is seriously inpaired and this my nmake even routine
procedures difficult and may linit the diver's ability to respond
rapidly to an energency situation.

(4) Thereis evidencethat judgnent isimnpairedfromthestart of col dwater
exposure and that the diver’s general nental faculties are sl owed.

(5) Menory for events underwater is grossly inpaired in cold conditions,
and thiswill seriously limt the value of observation and i nspection
wor k, unl ess in-dive records are made. The concomi tant inpairnment in
manual skills make witing difficult and therefore in-dive tape
recordi ng or diver-to-surface conmunications are the only effective
net hods avail abl e.

(6) Al divers and physicians should be aware of the occurrence of the
“after-drop” and nust appreci ate the safety i nplications of returning

a cold diver to the water without fully rewarmng in the interval.

(7) The first aid care of accidental hypotherm a should be taught in all
di ver training courses.
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Drugs and Diving
Allan C Adair, MB, ChB
Auckl and

(Thi s paper was given at the New Zeal and Underwat er Associ ati on Conference and
has been printed in the New Zeal and Journal of Sports Medicine, to which
organi sations we are indebted for permission to reprint).

There is a remarkabl e | ack of information on the subject of drugs and depths
t hat are associ ated with sport scuba diving. This, of course, is quite aserious
situation, because al t hough t he physi ol ogi cal stresses that a sport scuba di ver
is subjectedto, are alot less than that inflicted on a deep comrerci al diver,
there are:

(1) More sports divers than comerci al ;

(2) There arelikely to be a considerabl e nunber of people w th conditions
whi ch require drugs to control, who want to go sport diving;

(3) There are likely to be anbngst sport divers, a significant nunber of
these crazy peopl e who abuse either legal or illegal drugs;

(4) Inbothcategories- comercial and sports - there are peopl e who snoke,
and there is no doubt that this nmust be counted as a drug.

Drugs have become an integral part of nodern day life, both in the nedicinal
sense, and as a source of social problem Diver training prograns as a rule
reject the use of pharnacol ogi cal agents in any formwhile diving, but inspite
of these warnings, many divers do take drugs routinely. The nunmber of scuba
deat hs wor | dwi de, i s increasing. howmany of these acci dental deaths are rel ated
to drug consunption is not known, but there is no doubt that in many cases there
is sone involvenent in this direction. Wen discussing the effects of drugs
on a diver in a neaningful way, it is necessary to know sonething about the
physi ol ogi cal state of the body. Placing a personin an underwater environnent,
produces a conpl etely newset of variabl es each of whi ch can be expected to have
physi ol ogi cal effect of i s own which may be additi ve or subtractiveto each ot her,
and to the pharmacol ogical effect of whatever drug or drugs that may be
circulating in the individual at that tine.

There are two major effects on the body in this situation:

(1) Hydrostatic Pressure - Straight hydrostatic pressureinitself can produce
consi derabl e bi ol ogi cal effects. To quote a few al beit extrene exanpl es,
enzynes, viruses and toxi ns can becone i nacti vat ed about 1, 000 at nospheres
(ATM . The contractile properties of muscles becone rigid and stiff. The
viscosity of blood and the dissociation of electrolytes are increased,
surface tension is decreased, pHis decreased and nmany others. Mst of
these are measurable only at pressures far higher than a diver is likely
to encounter, but the subjective sensations and the psychol ogical
performance of a diver are so sensitive and involve so many conplicated
reactions that any slight abnormality may have some rel evance (MacDonal d,
1975).

(2) Pressure - Gas Interaction. The effects of pressure becone nuch nore
relevant for a diver when they involve interaction with gases in the
breathing m xture. This involves Dalton’s Law and Henry’'s Law and their
effect on the anmount of gases dissolved in solution. When the partial
pressure of certain gases becones sufficiently increased, serious
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di sorders may occur. | quote such obvi ous ones as oxygen toxicity, nitrogen
narcosi s and carbon di oxi de poi soning. There is great variation in the
sensitivity of individuals to these disorders.

Experi ments have shown that changes in hornmonal, metabolic, neurol ogical and
cardi ovascul ar paraneters occur in humans while breathing air at relative
shal | ow dept hs, and apart fromthose that are neasurably repeatable, there are
t hose whi ch i nvol ve t he i nevitabl e psychol ogi cal overl ays whi ch are associ at ed
with the generalised stress response to increased pressure, and i n sone cases
to anxiety associated with the diving situation. 1In other words, there is a
wi de range of changes occurring in the human in the hyperbaric and water
environnents, which result in a “nodified organisni. Mny of these effects are
wel I known and documnent ed, but ot hers, and by no neans | east t he psychol ogi ca
ones, are not so well understood and are variable. |If you then further nodify
the situation by adding a drug, the pharmacol ogy of which under hyperbaric
conditions s~ not predictable, you may wel | produce a very confused and possi bl y
danger ous situation.

The Effects of Drugs on an Organi sm

The basic effect of drugs on the body differs fromthat of pressure. Wth drugs

there i s no physical change produced in a cell, rather there is a nodification
of cell function. Mst drugs are distributed in the water phase of the bl ood
plasma . They gain access to this usually by swallow ng but, of course, may

be i nhal ed, applied to the surface, or injected. They are distributed around
t he body, the rate depending firstly on the absorption rate and then on bl ood
flow, and then they affect the target organ or organs. Once again the effect
isrelated to the absorption of the drug across the cell nenbrane, which is a
conpl ex process. Therate of elininationis not sinpleandis dependent onthree
main factors: nmetabolism storage and excretion. These renove the drug from
itssiteandultimtely dispose of it. There are a wi de range of vari abl es whi ch
can have an effect on all the above. First there are the naturally occurring
ones whi ch include age, sex, height, weight and sensitivity or tol erance, al
of which lend to any one drug varying inits effect on different individuals.
If a drug is then used under hyperbaric conditions, all the nodifications of
t he physi ol ogy of the person nmust then be taken into account. The end result
in nost circunstances is not predictable. Very little work has been done so
far to assess different drugs fortheir efficacy or their relative safety in
relation to divers.

Two nmai n cl asses of eval uation of the effects of a drug in these circunstances
really need to be done, that is Toxicol ogi cal Evaluation which is the direct
ef fect on the working off the cell and Behavi oural Eval uation or the effect on
t he whol e body.

(1) Toxicol ogi cal Evaluation. Mst of the work done in this field so far has
been at pressures of 19-20 ATM (ie. around 180 netres depth), and helium
has been substituted for nitrogen in the breathing m xture. Mich to the
surprise of the investigators, the toxic and pharmacol ogi cal effects of,
for exanpl e, norphine, at 19 ATMwere not substantially altered fromthose
at the surface although there is sone evidence that the rate of netabolism
may have increased (Tofano, 1975). Also, the LD 50 (ie. the | ethal dose
(LD) where 50% of subjects die follow ng adm nistration) of barbiturates
and et hyl al cohol were not substantially different. Al of the above, of
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course, has been done using | aboratory aninmals soit is not always directly
applicable to humans. It has all been applied to the deeper environnent
wher e hel i umi s needed and t here appears to have been very littl e work done
inrelation to the 2-7 ATMrange with air as the breathing m xture. An
interesting fact at this stage can be related. During the 2 year period
1972-73, 99%of all recorded dives were by the US Navy (over 125, 000) all
to depths of 60 netres or less, breathing air. Less than 0.1% were nmade
to 180 netres or nore. In viewof this, and of the incredible nunbers of
sports divers in existence, the | ack of work into the shallower depths is
nost di sappoi nti ng.

(2) Behavioural Evaluation. This really involves the objective changes in
behavi our and subj ective changes in nmood and attitudes. In other words,
t he changes i n behavi our that woul d be evident to a trai ned observer, and
the changes in nmood and attitudes that the person thenselves feel in the
conditions prevailing. Both are usually conbi ned, and provi de potentially
| ethal situations for a diver. Exanples involve the sedative effects of
drugs combi ned wi t h any neuromuscul ar | ack of control brought about by the
drug and the effect of pressure. That the diver nay al so have a feeling
of euphoria and the |l ack of caution in these circunstances is well known

tous all. Mre work has certainly been done in this field as opposed to
the toxicological field, but mainly with animals. The technique of this
is as follows: it is known that conplex behavioural patterns can be

devel oped both in | aboratory conditions and under hyperbaric conditions.
This baseline nmust be established and then dose-response curves are
obtained with sone surprising results. The results of these studies show
that the behavioural effects of drugs do change even with depths as | ow
as 50 feet, but that the effects are not predictable when conpared with
their effects at the surface. Sone are potentiated and sonme ant agoni sed;
that is for one conpound t he behavioural effect of a 1.0 ngmdose at depth
may be the same as a 10 ngmdose on the surface, or with another conpound
the effect of 1.0 ngmat depth may be the sane as a 0.1 ngm dose on the
surface. However, the nost inportant feature to be borne in mnd is that
the effect at depth is not predictable. Al the basic neasurenents are
made on ani mal s and as such may not be directly applicable to humans, but
each diver at some stage is going to be faced with the question, “Is it
safe for ne to dive today?”, inrelation to some treatnment that he nmay be
recei ving, or to make his own individual decision whether to go diving in
relation to sonme drug that he may be abusing.

An i ndi cation of the rel evant dangers associ ated with a sel ecti on of these drugs
wi || be given, bearing in mndthat the information cannot be relied on as bei ng
100%accurate in all circunstances due to | ack of reliable information. First
is to define what is meant by a drug. The dictionary defines a drug as “any
substance used in the conposition of nedicine; a substance used to stupefy or
poi son or for self-indulgence”. If thisis carriedtoits |logical extreme, it
can be taken to nean any foreign substance ingested, inhaled, or applied
topically, withthe exception, of course, of food, and even food i n excess coul d
al nost be included in that definition.

To exam ne the effects of these various substances on the body, a | ogical way

of doing so would be to divide themup into separate categories according to
the particul ar systemof the body that they affect. It nust also be realised
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that when the effect of a drug is being considered in relation to its effect
in a hyperbaric situation, the condition for which it is being prescribed (if
that is the case) nmust also have a very |large effect on the end decision. 1In
other words, to quote an exanple: if a person goes to a doctor and asks if the
digoxin he is taking for his heart condition will be affected by pressure, it
is obvious that the nobst inportant thing is not the digoxin but the heart
condition. There are many such exanpl es where t he medi cal conditionis of greater
i nportance t han t he pharmacol ogi cal effect of the medication. The best way of
classifying the whol e subject istorun through alist of the drugs nost likely
to be encountered, and discuss their effects on the main systens of the body,
whi ch are:

(1) Nervous System

(2) Respiratory System

(3) Cardiovascul ar System
(4) Gastrointestinal System

One of the nost inportant single systenms is the nervous system and anything
whi ch has an effect onthisis likely to have far reaching effects on the diver.
Alist of the nore comon drugs which can have an effect is al nost endl ess, the
nmore common of which are (1) Alcohol, (2) Narcotics, (3) Hallucinogens, (4)
Tranquillisers, (5) Anphetam nes, (6) Hypnotics, (7) Barbiturates, (8)
Ant i depressants, (9) Antienetics, (10) Anti hi stam nes, (11) Decongest ant sprays
and tablets, (12) Antiasthmatic treatnents, (13) Cardi ac drugs, (14) Tobacco.

ALCOHOL

This is probably the nost cormmonly used drug associ ated with diving. How many
of us have been out on a diving expedition, particularly onawekendtrip, where
t here has been a real I y good party one ni ght and there is a di ve t he next nor ni ng
when quite a few people plunge into the water nursing anything froma mld to
a severe hangover. Ethyl al cohol is a cerebral depressant. Contrary t o popul ar
opinion, it does not stinulate the person who consunmes it, but rather |leads to
this inpression, by depressing inhibiting factors in a personality. Sone
ordi narily inhibited peopl e, under the influence of al cohol feel freed of soci al
restraints and believe thensel ves to be stinmulated. Al cohol being a cerebral
depressant has a directly additive effect with nitrogen narcosis which may be
quite unpredictable. To return to the hypothetic case of the party the night
before a dive, assuming that it has been reached at 2-3 am The di ve goes on
at 9 am It is not generally realised that alcohol falls only slowy (15-18
mgm hour), so at 9 amit is quite likely that our partygoing diver is still over
thelimt for driving a car, whichindivingterns is nothing short of suicidal.
American records state that a significant percentage of diving deaths have sone
al cohol associated with them (D etz). Alcohol also has other side effects.
It causes peripheral vasodil ati on or opening up of the circul ation of the skin,
| eading to an increased | oss of heat fromthe body, with the end result of
potentiating hypothermia. It also causes a reduction in the surface tension
of the serum and will encourage the formation of bubbles and deconpression
si ckness. I n other words, al cohol is absol utely contraindicated associatedw th
di vi ng.

NARCOTI CS ( Mor phi ne, Pethidi ne, Heroin, Methadone)

Usual Iy, when associ ated with di ving, these will have been t he subj ect of abuse,
al t hough net hadone may have been | egal | y prescri bed as bl ockade therapy in the
treatment of narcotic addiction. Very little work has been done on the effects
of hyperbaria related to these drugs, and the only references relate to rats
and mce. There is sone evidence related to the toxicol ogical effects in that
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inrats the nmetaboli smof narcotics may be stinul ated but no behavi oural studies
appear to have been publishedintheliterature. However, it would be a foolish
person who woul d go diving while under the influence of a narcotic drug with
i ts known depressive effects onthe cerebral cortex and brai nregul atory centres,
in particular the respiratory centre.

HALLUCI NOGENS

Ther e has been no work publishedinrelationtothe effects of LSDand hyperbari a.
Probably, of nore practical inportance is the effect of pressure in relation

to marijuana. This hallucinogenis incomon, althoughillegal, use. The main
psycho-active ingredient is tetrahydrocannabinol (THC) It causes perceptual
distortions to those using it. It has been shown that the effect of pressure

reverses the behavioural toxicity of THC. In other words, the deeper a person
goes, the less he is affected by Marijuana (Wal sh, 1977).

It is obviously ridiculous to suggest that this is an open invitation to all
pot snokers to take up diving, because the effects are reduced only, and there
are still the dangers of diving to consider. 1In addition, one other fact has
surfaced related to marijuana in that it causes dilation of the peripheral
vascul ature with its associ ated i ncreased heat | oss and nmay contribute to the
devel opnent of hypot herm a.

TRANQUI LLI SERS

Thi s subj ect has beenalittle nore thoroughly researched but by no nmeans fully.
Some work has been done on Chlordiazepoxide (Librium which is a mnor
tranquilliser, and on chl orpronmazi ne (Largactil), amjor tranquilliser. There
has been shown to be a consi stent reduction in response rates in rats when the
drug i s conbined with depth. This study was done with rats trained to depress
a lever for food rewards and is shown in the graph with two different animals
who were tested at surfacel evel withthe drug and at a dept h of 250 f eet breat hi ng
air. Asteadily decreasing response rate is shown with increasi ng dose of drug
in this case Librium (Thomas, 1973).

AMPHETAM NE (ie. Speed or Benzedrine):

Oiginally it was thought that Anphetanmi ne, a cerebral stinulant, nmight reverse
t he narcosi ng effect of nitrogenat depth. Miuchtothesurpriseof i nvestigators,
the resul ts showt here was an i ncrease i n behavi oural dysfuncti on when a subj ect
was pl aced under i ncreased pressure. |n other words, anphet am nes do not reverse
the narcosing effects of nitrogen, but that they increase it (Thomas, 1973).

HYPNOTI CS AND BARBI TURATES

Hypnoti cs ar e sl eepi ng t abl et s of vari ous types, the nost conmonl y used one t oday
bei ng nitrazepam (Mbgadon). Ohers which are used, although not so comonly
t hese days, arethe various barbiturate hypnotics, and a snal | er nunber of ot hers
whi ch are not rel atedto either of the above twotypes. The only one whi ch appears
to be described inthe literature is one of the barbiturates, pentrarbarbital
(Hart, 1974) and this has been shown to increase significantly the awakeni ng
time of mce, but not of cats, guinea pigs or rats. No hunman studies are
avai | abl e. Nitrazepam is chemcally simlar to chlordi azepoxi de and could
probably be assuned to have sinmilar properties. There is no description
avai l abl e for any other hypnotics. In general, however, the hypnotics are
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central nervous system depressants and probably could be expected to act
additionally with narcosis and cause a greater brain depressive effect.

ANTI DEPRESSANTS

There appears to be no literature describing the effects of hyperbaric on these
compounds. These drugs act by alteringthe anounts of adrenalin|ike substances
in the brain, and their pharnmacol ogy is conplex, and the relation of this to
the hyperbaric situation is not easy to predict. However, sone of them have
a side effect of sedation and this could well act to conpound ni trogen narcosis.
One al so wonders at the advisability of allowing a potentially or actually
depressed person to dive. Each case would need to be thoroughly assessed by
a conpetent nedical adviser.

ANTI EMETI CS AND ANTI HI STAM NES

Antienetics are the anti seasickness pills of which the nunbers and varieties
are |egion. They are chemically, in nost cases, closely related to the
antihistamnes or antiallergy pills and so can be included in the sane
description. Once again, the only published work has been with test animals
(Wal sh, 1977), and it has been found that there is no | oss of perfornmance with
pressures up to 7 at nospheres. The test substances were Dramani ne and Benadryl .
However, these are not the only drugs of this type avail abl e and any di ver who
takes either an antienetic or an anti hi stani ne and finds hi nsel f sedated, woul d
be unwi se to entertain thoughts of diving to any significant depth. Sone of
t hese drugs, however, do have a peripheral vasodilatory effect and as such may
contribute to the production of hypotherm a

DECONGESTANT TABLETS AND SPRAYS

One of the nobst conmonly used decongestant tablets is pseudo-ephedrine. This
inits trade nane appears as Sudonyl. It is also available in other m xtures
where it is conmbined with an anti-hi stam ne, the commonl y used one i n New Zeal and
being Actifed. This can, at tines, have a sedati ng effect and shoul d be treated
with sone caution initially, until the diver is famliar with it. There is
anot her simlar mxed tabl et call ed Eskornade and t he sane advi ce shoul d apply
here. Returning to pseudo-ephedrine inits “pure” state. Recent tests in the
USA (Wl sh, 1977) have shown that there is no performance loss in rats taking
t herapeutic doses of this drug down as far as 7 ATM The toxicol ogi cal side
effects are not discussed. Decongestant sprays are quite commonly used, and
serve a very useful function, but are subject to certain pitfalls which a diver
shoul d be aware of and note to avoid running into trouble. They can be used
t o decongest noses and thus decongest the | ower ends of the Eustachi an tubes.
The great danger with preparations of this type is the fact that they may wear
of f whil e underwater and a reverse block condition arise. To help avoid this,
only the long acting types shoul d be used, and these thensel ves shoul d be used
fairly close to the tinme of diving. The comon |ong acting ones available in
New Zeal and are Drixine or Orivine. Oher short acting ones are not advi sed.
A note of caution should be sounded here. These types of products should be
used only when there is a minor abnormality to be corrected. They shoul d never
be used to enabl e a personto go divingwhois suffering fromafull flown attack
of sinusitis or a cold. There appears to be no research on the side effects,
i f any, of these decongestants.

ANTI - ASTHVATI C TREATMENTS

There was no reference in the literature to the study of the effects of anti-
asthmatic drugs. This is probably because no person who suffers from asthma
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woul d ever be considered as a candidate for a professional diver. Practical
facts nust be faced and there are a | ot of people who suffer from asthma who
go diving. One of the main risks for these people is that of air entrapnent
ei t her by bronchi al spasmor nucous pl ugs, with theresultant danger of enbolism
Medi cation can reverse the effects of asthma in sone cases, but should never
be used to do so for the purpose of a dive. Inother words, a person with active
ast hma shoul d never go diving (Kindwall, 1977)

CARDI AC DRUGS

These conprise the drugs which affect the heart. There is little mention of
themonce againinthe literature. The reason beingthat sufferers fromcardiac
di sease do not qualify as professional divers. Kindwall (1977) states in an
article onthe subject of diving and heart di sease that “he nust have no angi na,
arrhythm a or heart failure and nust have a normal exercise tol erance. Astress
ECG shoul d be normal .” Al this would exclude a person who was using this type
of drug.

SMOKI NG

No review of drugs and diving woul d be conplete without a nention of snoking
whi ch, despite the objections of chronic snmokers, nust be considered as a drug
of abuse. The ordinary snoker is faced by the dangers of heart di sease, |ung
di sease, and peripheral vascul ar di sease, that this damage to and narrow ng of
thearteriesintheextremties. It isnowsuggestedby sone Anerican authorities
(Triton, 1975) that divers who snoke face extra hazards. The nicotine and tars
in tobacco snoke are potent irritants of the respiratory tract and cause
consi der abl e mucus producti on and bronchi al spasm It has al so been shown t hat
snokers are particularly liableto devel op small airways obstructi on even after
m nor infection such as the common cold, and this effect can | ast for over one
nonth i n sone cases. The result of the abovenenti oned can | ead, as with ast hna,
to an entrapment with the correspondi ng dangers of pul nonary barotraunma.

Al so, it has been shown t hat a 30 ci garett e/ day man has sonme 15%of t he haenpgl obi n
i n his bl ood occupi ed by car bon nonoxi de t o f or mcar boxyhaenogl obi n whi ch bl ocks
t he haenogl obi n-oxygen transport mechanism This is not usually evident in
ordi nary day to day |iving, but when heavy exercise is undertaken coul d be quite
significant. The coment is madeinone articlethat, “It i s anazingthat divers
wi Il go to considerable lengths to ensure that their breathing air is free from
inmpurities, but will voluntarily pollute their ungs and circul ationthis way”.

There are many divers who snoke and di ve successfully, but the risk taken by
t hese peopl e nmust be higher than the non-snokers.

CONCLUSI ON

Thi s has been a di scourse on the rel ati onshi p of drugs and diving. Mention of
t he | ar ge range of drugs which areusedtotreat conditionsthat arise fromdiving
has been avoided, as have also the large nunber of drugs that have been
experinmented with, for the purpose of preventing such conditions as
deconpr essi on si ckness and oxygen toxicity. It will be apparent, that many of
t he drugs whi ch may be used whi |l e di vi ng have quite unpredi ctabl e side effects,
even when these are well known and docunented in surface pressure conditions.
None of the side effects appear to be of any use to the diver, and nost of them
appear t o be hazardous i n sone degree at | east. The British Sub- Aqua C ub Medi cal
Committee has issued the following statement - “The use of synpatho m netics
bet abl ockers, steroids, digoxin, nmuscle rel axants, antihypertensives, diuret-
ics, and all diabetic drugs are definite contra-indications for diving.
Ant i hi st am nes and anal gesi cs shoul d be used with caution. |f a candidate has
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been wusing psychotropic drugs, including tranquillisers, sedatives and
hypnotics, he should not dive for at |least three nonths after cessation of
t herapy, without the consent of the Medical Referee.” This indicates the
seriousness with which they viewdrugs associated with diving. This statenent
may well be too inflexible for sonme people who will argue for sone flexibility
in the prohibitions. To a certain degree, this could be agreed with and each
case should be individually assessed by a conpetent authority, and the diver
made aware of such limtations as may be necessary for himto be safe. There
will, however, always be the total and absolute contra-indications, and with
t hese, without exception, nust be included all the drugs of abuse. This paper
has concentrated on the types of drug which are liable to be associated with
the ordi nary diver and his diving. Mny of the drugs which will be encountered
wi | I have been prescribed for nedi cal conditions, which thenselves will be nore
i nportant in saying whether a person can do diving than the theoretical side
effects of a drug. You will note the word “theoretical”. This has been used
advi sedly right throughout as very little work has been done on the interaction
of commonly used drugs and hyperbaria, especially inrelation to the types of
conditions and depths that sports divers, who constitute the vase majority of
all divers, will encounter. Inthefutureit is hopedthat much nore information
wi |l be avail able.
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WHAT PILLS HANE YoU GOT FOR SIDE EFFECTSP

Dl VI NG MEDI CAL CONFERENCES

The Diving Medical Centre will be holding the foll ow ng neetings:

1980 Noverber 15-29th. Diving Medi cal Sem nar hel d i n New Zeal and ( Bay
of Islands - Poor Knights) one week. One week extension for tour
of new Zeal and or one week in Tonga.

1981 First two weeks of June or last two weeks of Novenber. Diving
Medi cal Congress held on Oahu, Hawaii in combination with the
Uni versity of Hawaii, for one week. Optional week extension either
to the outer islands or on the main island.

Informati on available from Bi onedical Mirine Services Pty Ltd, 25 Battle
Boul evarde, Seaforth, NSW 2092.

Tour Operator: Allways Travel
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MEDI CAL PROBLEMS PECPLE CAN DI VE W TH
Ronal d P Bangasser, NAU 3909, California

(Reprinted form NAU News May 1979 by kind perm ssion.)

As an instructor, |I'’msure you have been approached by potential students who
want to learn to dive, but who have a nmedi cal probl emmarked on their physi cal
form Wat do you do? You probably aren’'t famliar with sone or nost of the
medi cal terns used on the standard associations’ forns. So you tell themto
see a doctor and, usually the doctor, knowing little of the effects diving will
have on t he pati ent and bei ng cautious, will not clear the student. Nowyou' ve
contributed to preventing a person fromenj oyi ng t he underwat er envi ronnent and
you have al so | ost a student.

Wl |, then, who shoul d or shoul d not di ve? Can everybody di ve? There are several
definite absolute contra-indications to diving:

1) Persons subject to spontaneous pneunothorax;
2) Persons subject to epileptic seizures or syncopal attacks;

3) Persons with lung cysts; enphysenm; or air trapping | esions on chest
X-rays;

4) Persons with a ruptured ear drumw th a permanent hol e;
5) Persons subject to active acute asthma attacks;
6) Persons addicted to drugs of any Kkind;

7) Personswith brittle diabetes if theindividual is or has been subj ect
to insulin shock or diabetic comg;

8) Per sons who have had ear surgery with placement of a plastic strut in
the air conduction chain.

If a person has any of the above, they should not dive. But nost people with
medi cal problens don't fit the categories above. |n nmy experience as a physician
inthediving comunity, as well as adivinginstructor, several areas of nmedi cal
probl ems often crop up.

A nore common problem | am presented with is a
person who has a learning disability. There are
many di fferent types of |earning problens, but |
have found this problemrather easy to handle.
First, as an instructor, you nust sit down, take
sone time with the student, and find out where
t hei r understandi ng breaks down. Usual |y the
student will know that he wll have trouble
under st andi ng your notes or understandi ng your
oral teaching or witing down his own notes fast
enough. Whatever type of problemthey have, you
can usual ly find an easy way to circunvent it. For exanple, if they have trouble
keepi ng up wi t h not es, gi vet hemt apes of your | ecturesto study at hone. Usually,

| have found these students very enthusiastic and they do very well, pass the
witten exam and nake excellent divers. The key to solving the |earning
disability problemis taking extra tine. |If you are willing, the rewards are

great. Agood side effect of teaching a di sabl ed personis that you have a chance
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... JUST BEING OLD
IS NOT REASON ENOUGH TO
PREVENT DIVING

to assess your teaching ability. 1t can be a very interesting. M experience
i ncl udes hypertensive patients, many all ergic-type problens, and ot hers, even
i ncluding arenal transpl ant patient on several toxic nedicines. Probably nore
i mportant to a person’s success or failure in a diving class than the nedical
probl emi s t hei r physical condition. If they are preparedfor the course, know ng
the required physical activity then the student usually succeeds.

Oten | will be called concerning the student who has been disqualified from
the diving class by a doctor, who says they are “too old” to dive. Sometines
there may be a nedical problemrelated to age that may prevent a person from
di ving, but just being old is not a reason. Having taught several people in
their 60's to dive, | have found they are sonetinmes better than students half
their age. Here again, major reasons for their success were ent husi asm physi cal
fitness, and an awareness of their limtations. And you, the instructor, are
an integral part of each one of those three areas.

Finally, | would like to discuss the problems associated with physical
di sabilities, i ncl udi ng anput ees, parapl egi cs, and cerebral pal sy patients. Can
t hese people dive? In this case, the answer is yes they can dive. However,
to become successful divers, they will take lots of instructional tine and
pati ence, sonetinmes on a private or sem -private |l evel. Sonme instructors may
not want to tackle this type of student, but in nmy experience, these students
are the nost satisfyingtoteach. Inthe water, many can overcome nost of their
on-land probl ens. They can find a nowfreedom It can betruly exciting. Care
must be taken here concerning whether these students may receive full
certification. Renenber, they may be required to save a buddy or get a person
who is in trouble back to shore.

There are many individual problens that nmay conme up that aren’t possible to
specifically discuss here. Usually nost people who are interested in diving
and have sone idea of the energy output needed in this sport, can becone
certified. Mostly, it comes down to our attitude toward nedi cal problens as
instructors. The solution can be foundinour interest inthe student, expendi ng
alittle extra encouragenent and tinme. But the pay-off is that these will be
some of the best and nost grateful students you will ever teach.

* * *x K% * % % * * *

Reprinted fromthe |1 Q@ Proceedi ngs.

Dr Ron Bangasser is a graduate of Chicago Medical School and is currently
specializinginFanm |y Practice. He was certifiedas a NAU instructor in 1974,
and has experi enced many di ff er ent phases of sport divi ng nedi cine. Heis sharing
the Pacific and South Pacific Branch Managers position with his w fe Susan.
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