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EDI TORI AL

I f Medical publications such as this appear to dwell unduly upon the ni shaps that
afflict manin his passage through |ife, one nmust renmenber that just as without crime
there coul d be no police so would a truly trouble free environnent make the nedi cal
profession redundant. 1t is in this sense a matter of benevol ence on the part of
I nscrut abl e Providence that such a plethora of interesting yet tricky problens
bedevil our attenptstoexploreandutilisethe portions of our planet that are covered
by the waters. Luckily the dangers cause nore norbidity than nortality and appear
t o be capabl e of avoi dance, though al ways at t he expense of creating even nore conpl ex
probl enms. Once upon a time subnersion created a sinple surface-or-drown option.
Thanks to mankind s ingenuity our choice of evils is greatly expanded. Pandora
appears to be the patroness of Man, the Master of Hi s Wrld, and to have a speci al
interest in diving nedicine!l These conplex problens are being progressively
illum nated by the extracts from*“Di vi ng and Subaquati c Medi ci ne”, a further chapter
of which appears in this issue.”™ “Accidents” are the rawore fromwhich we fashion
our Speciality.

The recent Mel bourne neeting provides two articles, covering Hi gh Pressure Oxygen
and Dysbaric osteonecrosis (a disease of nmany names). The bone damage is still
regarded by many divers as sonething that only effects other people, so we can
confidently expect nmany cases to “occur” inthe near future nowthat it i s bei ng sought
by doctors. The only known prophylaxis is the conservative interpretation of the
diving tables for “shall ow dives and great and continued cauti on when deep dives
are undertaken. You can get deconpression sickness from “no-deconpression” dives
and this is one reason for the rethinking nowoccurring regardi ng t he desi gn of safer
tabl es of depth/tinmes/stages. This new approach was applied to the Deep Dive we are
kindly permtted to reprint and is the basis of new deconpressi on neters now bei ng
designed in Texas. Only onethingis certain, diving by | uck and acceptance of m nor
synmptons of DSi s stupid and damagi ng. Dr Kni ght keeps DS before us with a case report
of an incident.

Accidents are by definition unexpected by the victim Just how unexpected is
illustrated in the case of Pul nonary Barotraunma due to a diver at the surface being
alternately covered and exposed by | arge waves while hinself remaining at a fixed
poi nt and breathing fromhis air supply. This practical application of the pressure
differential cause of air enbolismis not one usually considered. The Provisional
Report on the 1975 diving rel ated deat hs cont ai ns ot her exanpl es of the unexpected
bei ng potentially preventable.

Qur curiosity concerning thesetragediesis justifiedonlyif we usethe informtion
to further our understanding of the factors that nost critically effect the outcomne
of the ever present context between the pro and anti-life forces of the environnment,
Di vers, even nore t han nost, nust be aware of this critical equati on while about their
busi ness within the waters.

" Extracts from“Di ving & Subaquati ¢ Medi ci ne” will appear inthe next i ssue of SPUVS
Newsl etter.



SUBSCRI PTI ONS

Menbers pay $15 yearly. Associate nenbership for those neither nedically qualified
nor engaged i n hyperbaric nor underwater rel ated research i s avail abl e for $10. The
journal is sent up to four issues yearly to both full and associ ate nmenbers. Those
resi dent outside the i mmedi ate Austral asi an area should wite for the special terns
avai | abl e.

Treasurer: M Phillip Rubenstein, 4 H ghfield Crescent, Kew, Victoria 3101.

* *x * % * * *x *

Not es to Correspondents and Authors

Pl ease type al | correspondence and be certainto gi ve your nanme and addr ess even t hough
they may not be for publication. Authors are requested to be considerate of the
limted facilities for the redrawi ng of tables, graphs or illustrations and should
provide sane in a presentation suitable for photo-reproduction direct. Books,
journals, notices of Synposia, etc will be given consideration for notice in this
journal .

Address correspondence to: Dr Dougl as Wl ker
PO Box 120
NARRABEEN NSW 2101

* *x * *x * * *x *

Di scl ai ner
Al'l opinions expressed are given in good faith and in all cases represent the views

of the witer and are not necessarily representative of the policy of SPUMS,

* *x * *x * * *x *

OFFI CE BEARERS

DR | AN UNSWORTH - PRESI DENT
DR JOHN KNI GHT - SECRETARY
DR W LLI AM REHFI SCH - EDI TOR

DR DOUGLAS WALKER - TREASURER
DR RJ LEI TCH

DR VI CTOR BRAND
DR CHRI STOPHER LOWRY



OXYGEN TOXIA TY
Dr John Kni ght

Ceneral Effects of Hyperbaric Oxygen

If the arterial partial pressure of oxygen is raised to over 2.25 ATA there is
sufficient oxygen dissolved in the plasma to supply the body's needs. So a person
can be kept alive even if his haenpoglobin is useless. This effect is nade use of
intreating carbon nonoxi de poi soning wi th hyperbaric oxygen. At the same tine the
partial pressure of oxygen throughout the body will be rai sed wel |l above normal, which
is used clinically in the treatnent of gas gangrene.

However high partial pressures of oxygen have their inevitable effects. Above 2.25
ATA t he haenogl obi n renai ns ful |l y saturat ed so carbon di oxi de transport isinterfered
with. Thereis vasoconstriction and danmage to vari ous organs and enzynes. The organs
t hat have been shown to be adversely effected by rai sed oxygen partial pressures
i ncl ude the central nervous system the | ungs, the eye, the bone marrow, the ki dneys,
the gonads and the liver. | wll mainly be discussing the effects of oxygen on the
central nervous system and the |ungs.

Ti ssue Effects of Hyperbaric Oxygen

Li f e devel oped when t he at nosphere contained little or no oxygen but pl enty of carbon
di oxi de and water. Oxygen release into the atnosphere started as a result of
phot osynt hesis. Enzyne systens devel oped and are now adapted to work at 0.21 ATA
oxygen. It is not surprisingthat we get troubl e when we expose these enzyne syst ens
t o hi gher pressures of oxygen. Oxygenis known to be biochem cally toxic at a nunber
of sites. Some of these are sul phydryl enzynes; thio containing co-enzynes, such
as lipoic acid, co-enzyne A and reduced gl utathione (GSH); flavoprotein enzynes,
particul arly t hose cont ai ni ng non- haemi ron and sul phydryl groups; enzymes requiring
pyri doxal phosphate as a co-enzyne (of particular interest here is glutanmic acid
decar boxyl ase (GAD) which forns ganmma-ami no butyric acid (GABA) in the nervous
systenm); and lipids undergo peroxidation. Possi bl e nechani sns involved in the
i nactivation of enzymes by oxygen are; firstly an enzyne with two SH groups coul d
have t hembot h oxi di sed to forma di sul phide |inkage, this nay be the nechani smfor
the inactivation of dyceral dehyde phosphate dehydogenase (GAPD); secondly, an
enzyne with a single SHgroup coul d react wi th another enzyne nol ecul e al so carrying
a single SH group but this reaction is not as likely as the third reaction which
represents the prior oxidation of non-protein cellular conpound such as gl ut at hi one,
foll owed by m xed di suphi de formation. This |last reactionis reversible andis also
the reaction by which oxidi sed SH enzynes can be reactivated, by a substance such
as reduced gl utathione (CSH).

There are two possible ways that sul phydryl groups can be oxidi sed. I ncreased
concentrations of oxygen may drive, by mass action, reactions such as the oxi dation
of glutathione towards the right. An alternative is that free radicals are formed
during hyperbaric oxygenation and that these inactivate the sul phydryl groups by
form ng disul phide |inkages and wat er

Car bohydr at e nmechani sns are susceptible to the toxic effects of oxygen in at | east
five places.

1. In glycolysis, glyderaldehyde phosphate dehydrogenase is quite easily
inactivated. |t can be reactivated by incubation with an SH donati ng agent.
2. The next step that has been found to be inactivated by oxygen is the oxidation

of pyruvate, and this may invol ve the oxidation of either |ipoic acid or co-enzyne
A



3. Inthe tricarboxylic acid cycle several dehydrogenases contai n SH groups whi ch
have been denonstrated, in vitro, to be inactivated by oxygen

4. In the respiratory chain there are a nunber of flavoprotein enzynes that are
exceptionally vul nerable to oxygen toxicity.

5. Fi nal I y oxi dati ve phosphoryl ation, the formati on of ATP linked to the reactions
of the respiratory chain, is also vul nerable to oxygen as it depends on t he presence
of free SH groups.

Not all enzyne systens are oxygen sensitive, sone are oxygen resistant such as the
gas concentrating nechani smof the sw nbl adder of fish. Below 100 netres (11ATA)
swi bl adder gas i s 85-95%oxygen. The sw nbl adder P O2 can be approxi mated to 0. 09
x depth in nmetres, which gives pressures of 100 to 200 ATA in sone species. It is
t hought that the | ow tenperature at which deep sea fish exist (less than 5°C) may
protect agai nst oxygen toxicity as may pressure itself by preventing any oxidation
in which water is an end product.

Ceneral forns of Oxygen Toxicity

The two maj or forns of oxygen toxicity were both descri bed nmany years ago. In three
years tine it will be 100 years since Paul Bert described convulsions in aninmals
exposed to high pressures of oxygen. Twenty years later in 1899 J Lorraine Smith
described the other inportant effect of breathing increased partial pressures of
oxygen. This cane on at | ower pressures and was the inevitable result of breathing
oxygen at nore than 0.5 ATA. This formof oxygen toxicity affects the |ungs | eadi ng
through a sequence of sore chest, a decreased vital capacity, cough, increased
respiratory rate and eventually to respiratory failure and death. That is of course
in animals as experinmental hunmans are not usually exposed | ong enough to devel op
respiratory failure. If an aninmal is exposed to high oxygen pressures and convul ses
to death it does not live long enough to devel op the toxic changes in the |ungs.

Oxygen toxicity can creep up on us conpl etel y unexpectedly. Thereis adi sease cal |l ed
retrolental fibroplasia which causes blindness in babies. |t occurs occasionally
and the pathology is a growth of fine blood vessels into the vitreous hunour of the
eye, whichis normally w thout bl ood vessel s, andthen cellular infiltration bl ocking
light fromreaching the retina. About 25 years ago there was a sudden epi deni c of
retrolental fibroplasia in premature infants. After a fewyears it was worked out
that this was due to the apparently commendabl e practice of giving extra oxygen to
all premature babies as they lay in their humidicribs. Stopping the oxygen stopped
t he epi deni c, al though sporadic cases still occur. That was oxygen at |less than 1
ATA.

Oxygen at 3 ATAis toxic to the eye and t hree hours exposure has led to a symetri cal
contraction of the visual fields. Vision remained but had been reduced to a cone
of 10° and the normal field is a cone varyi ng between 60° and 80°. The subjects in
this experiment retained their limted vision until they went unconscious fromthe
other central nervous systemeffects of oxygen. Wthin an hour of being returned
to sea level their vision had been fully restored. But another nman was not so
fortunate. He had had eye synptons, due to retrobul bar neuritis, sone tine previous
to his exposure to oxygen at 2 ATA. By the end of two hours he had devel oped al nost
conpl ete | oss of visioninthe eyethat had been af fected before. He had been exposed
to | ess oxygen than nopst patients having hyperbaric oxygen therapy. He was nost
unl ucky and was left with a permanent visual defect in the niddle of the field of
the affected eye.



Even i f we keep t he oxygen partial pressure down bel ow 0.5 ATA we can cause t he body
trouble if thereis no other gas present. Genini 4, 5 and 7 were space flights where
t he oxygen pressure was below 0.5 ATA and above 0.21 ATA. There was no ot her gas
present in the space craft. The crews all suffered froma | arge decrease in the red
bl ood cell mass. There was a sinmilar but smaller decrease in red blood cell nass
inthe crewof Apollo 9 but no change occurred in the crews of Apollo 7 and 8. The
di fference was that the Apoll o missions started with 0.6 ATAof nitrogeninthe cabin
at nosphere. Apollo 7 and 8 retained this nitrogen for the whole trip but Apollo 9
was depressurised in flight for a space wal k and repressuri sed with oxygen only. So
the crew was exposed to 6 days of pure oxygen.

Central Nervous System Oxygen Toxicity

We know t hat hi gh oxygen partial pressures decrease GABA | evel s in the brain, that
t he decrease precedes the convul sions, and is reversible, the decrease is specific
for GABA anpng anmino acids. Susceptibility to convulsions correlates with the rate
of GABA decrease for different species, for different pressures and for different
car bon di oxi de concentrations. The same oxygen pressure that produces convul si ons
decreases GABA. And GABA given intraperitoneal ly protects sonme ani mal s fromoxygen
convul si ons.

GABA oxygl utari c transani nase, the enzyne that destroys GABAis nornally only found
inthe mtochondria. dutam c acid decarboxyl ase, the GABA formning enzyne i s found
normally in the nerve endings astride the mtochondria. GABA levels are nornally
determi ned by the GAD activity rather thanthe ABA-T activity. Menbrane perneability
probably plays a major role in the control of GABA | evel s by keepi ng GABA away from
GABA-T. Extracellular GABA is involved in the inhibition or nodul ati on of nerve
transm ssion. The reductions in brain GABA, i nduced by hi gh oxygen partial pressure,

coul d be brought about by any one of the foll owi ng nechani sns.

1. I nhibition of glutanmi c acid decarboxyl ase
2. Activation of GABA oxyglutaric transani nase.
3. I ncreased nenbrane perneability which would all ow GABA nore rapid

access to GABA-T.

There i s good evidence that gl utani c acid decarboxyl ase i s inhibited by hi gh oxygen
pressures and t hat i ncreased cat abol i smby GABA oxygl utari c t ransani mase al so occurs,
which is thought to be due to greater perneability of the nenbranes to GABA

GABA is an inhibitory transmitter in the central nervous systemand it is assumed
that the oxygen induced decrease of GABA reduces CNS inhibition so allow ng the
i ncoordi nate actions that |ead to convul sions.

For the diver the npst inmportant formof oxygen toxicity is the acute nervous system
ef fect as this can | ead, w thout warning, to convul sions and if you have a convul si on
underwater and |ose your breathing apparatus you drown. It is also highly
i nconveni ent for a patient to have a convulsion in the confined space of a single
man hyperbaric chanber.

The t oxi c effects of hi gh oxygen pressure onthe central nervous systemcan be | i kened
to acut e poi soning. The victi msuffers cerebral changes, twi tches, inco-ordination
and convul sions. The synptons often occur i nmedi ately after the oxygen pressure has
been reduced and before the arterial partial pressure has had time to drop. [|n one
series 40% of convul sions occurred during deconpression. W know that there is an



extreme variation of tolerance to oxygen not only between individuals but also for
the sane individual on different days. The tinme of exposure before the onset of
synptons i s decreased as the pressure is increased. Synptons occur sooner with nen
inwater than with men in a dry chanber. Wrk greatly reduces the tol erance to high
oxygen pressures. Both these effects are probably due toincreased P CQ2, the result
of the inability of the standard oxygen diving set to absorb conpl etely hi gh carbon
di oxi de out puts.

I n one experinment firenen, who m ght have had to fight fires in pressurised tunnels,
were exercised wearing oxygen sets in a pressure chanber at the RN Physi ol ogi ca
Laboratory at pressures equival ent to depths of 20- 47 feet of seawater. They were
wearing 57.5 | b of equi pnent and were exercised for 40 m nutes, 2 minutes work and
one mnute rest, at arate that |eft themal nost exhausted. They had approxi nately
87%oxygen i n t he breat hi ng bag. There were no si gns or synptons i nthese nen wor ki ng
hard at pressures equivalent to 20 to 23 feet of seawater. The first signs of oxygen
toxicity that occurred were fasiculations and snmall tw tches of the facial nuscles
(described as "the lips"). After 29 feet, which is just below two atnospheres,
approxi mately 50%of the nmen had "the |ips". They were not usually noticed by the
subj ect, appeared during rest periods and di sappeared during exercise. There was
no troubl e keeping the nout hpi ece in place. These were the ninor synptons.

Young defined nmajor synptons as those that endanger a man under pressure, severe
nausea, dizziness, |ight-headedness, confusion, euphoria and convul sions. One man
convul sed during exercise and one during deconpression. These serious synptons
started at 35 feet, just over 2 ATA, and becane nore frequent after 41 feet. The
signs that these nen had intensified during deconpression while they were stil
br eat hi ng oxygen. 14%of the signs started during deconpression, usually within 5
seconds of starting deconpression and always within 10 m nutes. They di m ni shed
rapi dly during deconpression and were gone by surfacing.

In the Navy oxygen sets are linmted to a depth of 25 feet, a total pressure of 1.75

ATA, which has been shown to be safe for

_ the endurance of the sets. This graph

O m 10n|z0or  REDUCTION IN VITAL CAPACITY shows the levels of oxygen exposure,

expressed as pressure and tinme, at which

one may expect central nervous systemand

pul monary toxicity. The dotted line
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central nervous systemtoxicity |eading

t o convul si ons can be expected. The solid

Iine across the bottomshows the | evel at

whi ch no toxic effect on central nervous

system or lungs have been reported,

SAFE al t hough bl ood changes do occur at this
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reductions in vital capacity. A snmall reduction in vital capacity devel ops quite
qui ckly even when breathing oxygen at 1 ATA
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Patients in hyperbaric chanbers are usual ly exposed to pressures of 2.25t0 2.5 ATA
for periods of not nore than two hours which gives themall the advantages of, and
as few of the disadvantages of, hyperbaric oxygen treatnent. They are in the safe
zone. Safe fromcentral nervous systemtoxicity, unless they are very intol erant



of oxygen, and safe fromthe pul nonary effects while their bodi es are bei ng drenched
in oxygen. They are at rest which reduces the chances of CNS synptons.

Di vers being treated for deconpressi on si ckness are usual | y gi ven oxygen at 60 feet,

2.8 ATA, and oxygen breathing is interrupted every 20 mnutes by 5 minutes air
breat hi ng, which retards the onset of oxygen toxicity and also all ows the patient

todrink if he wants to. He doesn't always want to, as nausea and vonmiting are sone
of the earliest synptons of oxygentoxicity. My authority for this statement i s Geoff

Macf arl ane, who has had consi derabl e experience treating di vers who have devel oped
deconpressi on sickness in Bass Strait. Even with air breathing to delay the onset

of toxicity, therapeutic exposureto oxygen at 60 feet, 2.8 ATA, islinmtedto atotal

of 60 minutes, inall 75 mnutes at 60 feet after which the chanber is depressurised
to 30 feet, 1.9 ATA. Again the patient is at rest. Divers who have deconpression
si ckness are exposed to high oxygen levels in an effort to increase the excretion
of inert gases fromtheir bloodintotheir lungs. Sooneiswal kingatightrope between
oxygen toxicity and i nadequat e excreti on of inert gas. This becones quite a problem
after long exposures to high pressures.

Pul nonary Oxygen Toxicity

Di ver s breat hi ng conpressed ai r are breat hi ng nore than 0. 5 ATAbel ow50 feet. However
the effects of nitrogen narcosis will cone on and i ncapacitate theml ong before they
reach 300 feet, the | evel at which the partial pressure of oxygen in conpressed air
is 2 ATA. 2 ATA of oxygen is known to have caused convul sions in divers. Luckily
humans are nore resistant to the pul nonary ef fects of oxygen t han nost experi nent al
animals. A few hours exposure to a rai sed oxygen partial pressure, followed by a
rest period on the surface, does not appear to do any permanent danage. But for
saturation dives it is normal practice to keep the oxygen |levels below 0.5 ATA to
prevent the onset of pul nonary oxygen toxicity.

One situation where non-divers nay devel op pul nonary oxygen toxicity is in being
rescued froma submarine. Australian submarines are fitted with buoyant ascent
equi pnment. The sub has an egress hatch surrounded by a twill trunking conmi ng down
close to the deck. To escape the conpartnent is flooded, conpressing the air init
to the outside pressure when it is possible to open the hatch. The twill trunking
prevents the air fromwhooshing out of the line hatch. Each man in turn di ps under
the trunking, inflates hislife jacket, andis borneirresistibly upwards. Over his
head is a plastic hood, open at the bottomto vent excess gas, which allows himto
breathe nornmally on the way up. Such ascents have been nmade by the RN fromas deep
as 300 feet. But the escapees are exposed to the risks of deconpression sickness
and of being | ost when they surface. Another approach is that used by the USN and
t he Swedi sh Navy. They have built and are bui | di ng underwat er rescue vessel s desi ghed
to mate with a hatch on the stricken sub and transfer the crew at failure. So we
are forced back to the ani mal nodel and the nearest aninmal to humans that has been
wel I docunented histologically is the nonkey (Macaca Mul atta).

Many reports of patchy col |l apse as a conplication of breathing pure oxygen 1 ATA have
been published based on postnortem evi dence. However Kapanci and his co-workers
showed t hat thisis apostnortemeffect, andthat if thelungsarefixedintheinflated
positionimediately after deaththereis quiteadifferent picture. It isfromtheir
work that this section of nmy presentation is taken. Their nmonkeys were exposed to
oxygen at 1 ATA for up to 13 days.



Changes in Lung Tissue in Mnkeys

In the nonkey 15% of |lung volune is tissue and the rest is air. After a week of
breat hi ng oxygen there is a vast decrease in normal lung tissue. After twelve days
the ungs have virtually no nornal tissueleft andthe total tissue volune has nearly
doubl ed. Sone nonkeys renoved fromoxygen and al l owed to recover. To get them out
of the oxygen envi ronnent saf el y t hey had t o be weaned by gradual | y reduci ng t he oxygen
partial pressure as rapid reductions made them anoxic. The nonkey which was
sacrificed 56 days after its 7 day exposure recovered so that al nost three-quarters
of its lung was normal tissue but it still had nore lung tissue than the controls.
The nonkey sacrificed 84 days after its 13 day exposure had about 90% of its |ung
ti ssue normal and the septal vol ume was al most back to nornal. Both had patches of
abnormalities scattered haphazardly t hroughout the lung. The abnornalities were of
vari ous grades of disorganisation

Bot h nonkeys and humans have a destructive and exudative phase as the first signs
of pul nonary oxygen toxicity. There was a steady increaseininterstitial thickness
wi th exposure to oxygen. During the first few days this was due to an increase in
interstitial fluidwhichnore than replacedthe volune of the cells destroyed. This
was the early destructive and exuderive phase. |f the nonkey survived this there
was a later proliferative phase in which there was a steady i ncrease in the vol une
of cells and fibres.

After four days the alveolar walls were severely damaged. The al veoli contained
oedena fluid and cel lul ar debris and nmacrophages. 90% of the menbranous, type 1
pneumat ocyt es were danmaged. The cells were swoll en and had ruptured nmenbranes and
fragmented cytoplasm Sone were detached fromthe basenent nenbrane which was | eft
bare or covered with fibrin strands. There was a snmall increase in the air-blood
barrier. By seven days the type 1 pneunat ocytes, nornal |y 85%of the al veol ar |i ni ng,
had been al nbst conpletely destroyed. Their replacenent by type 11, granular,
pneunat ocytes t hi ckened the alveolar walls. The epithelial part of the air blood
barrier was now 1.7 mu instead of 0.6 mu in the controls. The endotheliumvaried
in thickness fromregion to region and the interstitumwas filled with fibrobl asts
and | eucocytes. About this stage many of t he nonkeys died fromrespiratory failure.

At 12 days the alveoli were lined by cuboidal, type 11, cells. The al veol ar spaces
were decreased by increase in volune of the septa which were thickened by many
fibroblasts and inflanmatory cells as well as by the thicker epithelial cells. The
air blood barrier was over three tines as thick as in the control aninals.

Fol | owi ng exposure to oxygenthereis alargeincreaseinthevolune of the epithelium
conpl ete destricution of the type |, nenbranous, pneunatocytes and overgrow h of the
type ll, granul ar, pneunatocytes. |nthose animals that survived exposure the nornal

proportion of epithelial cell types was not restored even after nany weeks.

To recap. The nmain changes in nonkey's lungs are a large increase in epithelia
thickness, a lesser increase in interstitial thickness and little change in
endot hel i al thickness. The process can be divided into an early destructive and
exudati ve phase, peaking at about 4 days, and a |later proliferative phase.

Speci es differences exist in response to the sane exposures. The rate doubles the

t hi ckness of his blood air barrier in three days while the nonkey in the same tine
has no significant change.
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Hunan Synpt ons and Signs

Now to | eave the animal world and conme to humans. C ark and Lanbertsen reported the
synptons that were conpl ai ned of by peopl e exposed to oxygen at 2 ATA. The synpt ons
started with nild carinal irritation on deep inspiration, went on to occasiona
coughing, then pain on inspiration, then frequent coughing, intense carina
irritation, uncontroll abl e coughing, severe pain on inspiration and then dyspnoea.
The decrease in vital capacity was correlated with the synptons but came on before
t he subj ect conplained. Cark and Lanmbertsen chose the decrease in vital capacity
because it was sonet hi ng t hat t hey coul d neasur e, whereas synptons are very di fficult
to nmeasure. It would be very nice to have this early evidence of oxygen toxicity
when treating patients in a reconpression chanber. But there are problens. Water
spironeters are excellent until the pressure is reduced and the air in themexpands
and water goes everywhere. El ectrically driven portable spironmeters |ike the
Vi t al ograph cannot be used in pressure chanbers if you do not want to risk a fire
as it is inadvisable to take electric nmotors into high oxygen environnents. There
is a nmechanically driven recorder on the market but it is nmade by the Japanese for
t he Japanese and has a maxi nrumof 4.5 litres which is not |arge enough to cope with
t he average Australian diver. Vane spironmeters, such as the Wi ght Respironmeter and
the Drager Voluneter, are affected by the increased density of the conpressed gas
and the rate of flow past the vanes.

The vital capacity decreases and other oxygen toxicity effects do not clear up
i medi ately. The vital capacity changes in three individual s who had been breat hi ng
oxygen at 2 ATAwere all different. Al subjects had a continuing decrease in vital
capacity in the first four hours post-oxygen when they were breathing air. The nan
with the | east decrease in vital capacity had returned to a normal vital capacity
by the third day after discontinuing oxygen. The man with the greatest decrease
however had a normal vital capacity by the second day, while the man with the
i nternedi ate decrease took el even days to regain a normal vital capacity. This
enphasi ses the individual variation in susceptibility to oxygen toxicity.

To sum up

Oxygenis not aharmess drugif givenfor | ong periods at norethan 0.5 ATA. Certainly
if given for 24 hours at 0.75 ATA the subject will conplain of chest synptons and
wi Il have suffered a decrease in vital capacity. At higher pressures pul nonary
toxicity cones on quicker and progresses nore rapidly. At pressures above 2 ATA
central nervous systemsynptons and si gns can be expected. Thisis alintationin
hyperbaric therapy. Intreating deconpression sickness in divers who have been deep
and so require a prol onged therapeutic deconpressi on pul nonary oxygen toxicity can
be a complication of great severity preventing the use of raised oxygen partia

pressures. The only way to avoi d oxygentoxicityistokeepwthinthe experinmentally
determined safe lints and even then there can be surprises owing to the great
variations in individual susceptibility.

O yde Caneron, when M nister for Science (Septenber 1975) put the case against il
considered scientific prograns very succinctly. “To repose confidence in crash
prograns in scienceis as realistic as advi sing a wonan t hat she coul d produce a baby
inanonth by putting nine men on the job.” Such renmarks surely require no relating
to diving to be worth repeating!
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Commons’ Speaker: “Rigs are Ships”

The UK House of Commobns was in uproar (28 May 1976) , the votes evenly decided as
to whether G| Rigs were ships, so should be Nationalised, or Gl Rigs. The Speaker
had the casting vote and di sregarded the Governnment’s wi shes by H s deci sion that
such platforns would be i ncluded in the assets that would be Nationalised. He also
voted to ensure that the bill was passed. Everyone bei ng di spl eased, a braw ensued.
As Divers in Australia seemto be governed under the Scaffol ding Acts we can hardly
| augh too | oud.

Graene Henderson, the Perth maritine archaeol ogi st investigating the weck of the
James Matt hew i n Cockburn Sound, has di sproved the cherished mariners’ theory that
if youtickle an octopus it becomes your friend. M Henderson was neasuring tinbers
when a | arge tentacl e grabbed his steel tape neasure. He tried the tickle test, but
t he oct opus nmade a grab for his watch. M Henderson wants to pass on the i nformati on
t hat octopuses are the bowerbirds of the sea.... so avoid swi nmm ng weari ng anyt hi ng
that glitters. (Australian 31 March 1976)
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DYSBARI C OSTEONECRCSI S
Dr CGordon Donnan

AETELOGY

It has been assuned that all types of deconpression sickness are due to the fornmation
of bubbl es of nitrogen during deconpression and that nore efficient deconpression
woul d prevent this. These assunpti ons are bei ng questioned and al ternative theories
of the pat hogenesis of deconpressi on sickness are bei ng put forward, but at present
no convincing and coherent explanation of all these phenonena of deconpression
si ckness has been constructed. Effect on serumenzynes and coagul ati on factors nmay
be significant.

The earliest radiographic features are areas of increased density adjacent to the
articular surface and these result fromnew bone | aid on dead trabecul ae resulting
inanoverall increasein bone bul k. These devel op about ei ght nonths to a year after
initial exposuretoahyperbaric environnment and may be seenw thinfour nonths. These
| esions may remain static or progress to a structural failure of the joint surface
and then to secondary osteoarthritis. A lesion of the shaft causes no synptons or
disability.

The di agnosi s of dysbaric osteonecrosisis not usually difficult but all other causes
of aseptic necrosis of bone nust be kept in nmind. The npbst inportant ones to be
excl uded are those foll owi ng fracture of the fenoral neck or dislocation of the hip,
the idiopathic form sonetines associated with l|large doses of steriods, the
haenogl obi nopat hi es, Gaucher’s di eases and Schandl er’ s di sease.

Revascul ari zati on of both nedullary and juzaarticular |esions nmay begin but halt
short of conpletion, the revascularization front beconing collagenous. Bone
trabecul ae adj acent to this fibrous tissue are often greatly thickened and nay gi ve
rise to a sclerotic line on clinical radiographs. Wen such a radio-dense lineis
seen traversing a bone and it is highly probable that the tissue between it and the
joint surface is often followed by formati on of osteophytes at the living joint
margi ns. At first thejoint spacerenmains normal andthe articul ar cartil age covering
dead bone is relatively well preserved but later it and underlying dead bone nay be
ground away, the end result sonetines being difficult to distinguish fromprimary
osteoarthritis. A simlar pattern of events and norphol ogi cal changes may be seen
followi ng juxaarticular bone necrosis due to other causes.

REFERENCE: J. din. Path. 25: 1004-1006

A RAN Di ving Achi evennent

A teamof nine divers fromHVAS Curlewrecently took it in 45 mnute duties to march
back and forth al ong a 200m | ength of rope underwater off Bal noral Beach, Sydney.
They required 9 kg | ead shoes and 13 kg | ead weight belts so were, as a spokesman
said, pretty tired when they finished. The ai mhad been to achi eve 40 kmin 32 hours
but in fact they did 72 km As the team supervisor said afterwards, “W are very
pl eased with the distance. Civilians would find that very hard to beat.”

Some peopl e hope that nobody is going to try.

13



I nvestigation during and after construction of the Type Road Tunnel (1962-66)
Report of Deconpression Sickness Panel, Medical Research Council (British Journa
of Industrial Medicine 28: 1-21, 1971)

| NCI DENCE
15/ 124 devel oped definite | esions
7/ 124 suspected | esions
10 had 1 definite |esion
1 had six |esions
4 required operative treatnent
First definite lesion nine nonths after starting work in conpressed air
Not earlier than 4 nonths
Definite or suspected | esions:

LOCATI ON
Upper end of fenur 14
Lower end of fenur 30
Bot h ends i nvol ved 3

Since the Cyde Tunnel experience of 1963, all conpressed air workers in the United
Ki ngdom have had a radi ographi ¢ skel etal survey and t he MRC Deconpressi on Si ckness
Regi stry has examined 1694 nen showing an incidence of 19.7% with definite
osteonecrosis and 11%w th a juxta-articular |esion

RADI CLOG CAL REQUI REMENT OF THE VI CTORI AN M NI NG ACT

Al'l persons working in or entering conpressed air shall have an X-ray of the chest
at intervals of not nore than 12 nonths.

Al'l persons working in or entering conpressed air where the gauge pressure is over
13 psi shall have an X-ray of the heads of the I ong bones to detect bone necrosis
not | ater than six nmonths after first comenci ng work i n or entering such conpressed
air and at intervals of not nore than six nonths thereafter

SKELETAL SURVEYS PERFORMED FOR THE BOARD OF WORKS

First record of Skeletal Surveys, January, 1969.
Number of exam nations up to and including 23 July 1975 = 608

(This is the nunber of patients not all of whom were subsequently enployed in
conpressed air)

X-rayed 6 or 12 nont hly dependi ng on the pressure - 28 ppsi | owest and 38 ppsi upper
limt to date.

Ful | size chest X-ray initially, Mcro each 12 nonths.

One case of bone necrosis. Many di sc degenerations and spondyl ol i sthesis. Wrkers
are no | onger excluded because of bond islands at initial exam nation
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H story of patient

(whose filns were denonstrated by courtesy of M Leo Lenaghan)

6 Cctober 1970 No previous experience. X-rays NAD

16 April 1971 860 hours at 14 psi

24 February 1972 1150 hours at 29 psi

29 January 1974 851 hours at 38 psi. No synptons.

23 May 1974 Evi dence of aseptic necrosis. X-ray appearances unaltered but
has pai n. Continued enpl oynent out of pressure. Utimtelytotal

hip replacenent. Filnms denonstrated

The pati ent had been a professional diver for 30 years. His usual depth of operation
was about 50 feet belowthe surface. However, whilst he was working in the Eildon
Damin 1953 and at a depth of 200 feet the hose broke and he had to surface quickly.
He then went down again to a depth of 200 feet and said that after this episode he
suffered froman attack of the bends. He said that after this episode he suffered
froman attack of the bends. He said that he was seni-consci ous for a period of four
to five days. He had cranping painin his arnms and | egs. After this episode in 1953
he had no special treatnent, just went home and was of f work for some weeks. He said
that he had had no trouble with his hips and shoulders prior to this incident but
after this incident in 1953, he used to get sonme pain in the shoulders and in the
legs and, in particular, inthe right leg. He said his right leg used to go weak
on him

He t hen descri bed anot her epi sode of bends in 1970. At this tine he was working on
t he sunken ferry, the “Wahini” and it was at that time that he was taken to Auckl and
to the naval establishnment and was reconpressed i n a chanber for a period of sixteen
hours. He was then fl own back to hi s previ ous pl ace of work and conti nued on wor ki ng.

The patient is now aged 57 years and is working as a taxitruck driver.

Cinically, the patient is a person of slender build and is rather tough and wirey.
He had a consi derabl e reducti on of nmovenment i n both shoul ders and both hi ps and pain
inall four joints. He al so had a consi derabl e anount of coxa vara defornmity in his
right hip. He also had sone arthritis in both knees but only of a minor nature. |
could not find any evidence of arthritis in other joints.
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BOUNCE DI VING I N 450 - 600 feet WATER DEPTHS AND DEEPER
Donal d M Tayl or, Editor

Recently, four divers in a hyperbaric chanber at Duke University made a sinul ated
diveto 1,000 feet inonly 33 minutes. The nen were breathing a newmi xture of helium
oxygen and nitrogen. They arrived at the simu-depth with none of the usual |osses
of nmental or physical capacity that afflicts divers breathingthetraditional helium
oxygen ni xture. They returned to the sinulated surface pressure in 96 hours.

By t he way of conparison, the nornal tinme for conpressionin 1,000 feet i s 24 hours;
and t he deconpressi on period now used by the US Navy for a sinmlar dive is 11 days.
Thi s anpbunts to a reduction of 7 daysintotal elapseddivingtine. At |esser depths,
t he percentage reduction in time runs even higher.

What will this nean to the of fshore oil industry? It could nean plenty. Oficials
of Cceaneering International, Inc., one of the participants inthe Duke experinents,
say t he newt echni que coul d ext end non- sat urat ed di vi ng beyondits present depthlimt
of 600 feet to as much as 1,000 feet. And this could reduce diving costs by al nost
$300, 000 per year for rigs operatingwi thinthis range. The basis for this reduction
incosts can be found in current diving practices. To beginwith, the tine required
on bottomfor actual work is usually quite short. “An analysis of 4,000 drilling
rigdives showed t he average ti ne spent on bottomwas only 17 m nutes,” says DM chael
Hughes, Cceaneering' s chairman. “The expense of diving then, is alnost entirely a
function of thetinme, effort and materi al s expended in goingto and frombottom This
i s why non-sat urat ed or bounce di ves hol d such proniseinthe 400 to 600 f oot depths.”

The time required for a bounce dive may run as little as 10%of that for a saturated
dive. In the bounce dive, the diver is conpressed to bottompressures in a matter
of minutes, quickly does his work, and usually starts deconpressionwithinthe first
hour. Because of the short exposure to high pressures his body does not becone
saturated wi th t he breat hi ng gas, and t he peri od of deconpressionruns only afraction
of the tinme that woul d have been requi red had he stayed | onger under hi gh pressure.
Wiy then, aren’'t all dives bounce dives? Hughes, atall affable man in his nid-30s
who started as a diver inthe Gul f of Mexico, explains, “Primarily, it’s because we
| ack preci se know edge about short-duration diving beyond 400 feet. Although al arge
nunber of short duration dives have been nmade in the 500 to 600 feet range, nost of
t hemproduced an unaccept abl e i nci dence of bends. The ones whi ch were not successf ul
poi nt ed up a need for further work i f these dives are to becone a conmerci al service.”

One of the nost difficult problens starts with the conpressioncycle. |n depths bel ow
430 feet, high speed conpression in the heliumoxygen mxture can produce high
pressure nervous syndronme (HPNS) which is characterized by nausea, dizziness and
trenors. The synptons becone nore severe withincreasing depth, eventually resulting
i n sommol ence or convul sions. Evenif thediver’snindis clear, he may be physically
i ncapabl e of working or even of saving hinself.

To Dr Peter BBennett, Professor of Anesthesi ol ogy at Duke Uni versity Medical Center,
this represented a chall enge. Aninmal experinents had previously indicated that the
ef fects of HPNS coul d be negat ed by addi ng a certai n anount of anaesthetic or narcotic
gas such as nitrogen tothe helium oxygen diving m xture. Experinents had al so shown
that the effects of nitrogen narcosis, which would then result, could be relieved
wi th increasing pressure.

I n August, Bennett, who is an international authority on the physiol ogy of diving,
began a seri es of sinmul at ed human di ves desi gned t o see whet her just the ri ght bal ance
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coul d be found between heliumand nitrogen so that narcosis and HPNS mi ght both be
negat ed. Four divers participatedinthe dives, three fromHarbor Branch Foundati on
and one, Erik Ceerts, from Cceaneering.

Surprisingly, success cane early. During a dive to 720 feet in August, using the
three gas mi xture, the four divers showed no si gns of HPNS but di d conpl ai n of slight
nar cosi s.

In the 1,000 foot dives that followed later in the year, the nitrogen content was
decreased. “This greatly reduced the narcosis they had experi enced wi t hout causing
any of the synptons of HPNS t o cone back,” Bennett said. “The divers had no trenors,
gi ddi ness or sickness and felt no pain in their joints.”

Advant ages of New M xture

Everybody involved considered the experinents a nearly perfect success. Lad
Handel man, Qceaneering’ s president was particularly happy with the possible tine
savi ng because hi s conpany has a contract to provide diving services in water depths
to 1,000 feet. |If divers can be conpressed to 1,000 feet in 20 to 30 minutes, then
spend 20 mi nutes working on bottom they can be deconpressed in a fraction of the
11 days normal |y required. Because divers woul d not be tied up for such | ong peri ods
i nthe deconpressi on chanbers, the size of the diving crews coul d be reduced by, say,
25% This is a much needed savi ng which can be passed along to the custoner.

Anot her saving conmes fromthe speed of response to energencies. “It costs $40, 000
to $50,000 a day for a drilling rig to operate in the North Sea,” Handel man sai d,
“I'f it typically takes a diver 24 hours to conpress to 1,000 it, that’'s a waste of
a day right there.”

Cceaneering believes the new technique can lead to still another saving. A non
saturated dive to 600 feet would require only half the charging gas and no
repl eni shment gas during deconpressi on. A 60%reductionin consunption of expensive
gases i s possi bl e usi ng bounce di ving rather than saturation dive techni que. At two
di ves per nonth, this new technique could effect a najor yearly saving.

The divers, too, prefer the non-saturated for obvious reasons. Follow ng a bounce
to 600 feet, the diver will need only about 15 hours in the deconpressi on chanber
A saturated dive at the sane depth will require a stay of about 6 days. And this
brings up anot her factor of keeninterest to M ke Hughes. That is the natter of diver
safety. “Long periods under pressure i ncrease the diver’'s exposure to possiblerig
cat astrophes such as fire or blowut,” says Hughes. “Can you inagine the feelings
of adiver if afire breaks out when he has ei ght nore days to go i n t he deconpr essi on
chanber!”

The newdiving m xturetakes onstill greater i nportanceinlight of theoil industry’'s
expansi on i nto deeper water. As Dr Bennett put it, “One thousand feet has been the
limt of man’s working capacity in water, but even this has not been practical
comrerci al |y because the di vers had to go down and cone back so slow y they | ost rmuch
of their functional ability at that depth.”

But this depth linmt has been set by the conbi ned effects of heliumand pressure,
he says, and no one yet knows how far man can dive with the heliunf pressure effect
elimnated by the use of the three gas mixture. It could be considerably deeper

More research i s needed t o conpl et e st udi es of rapi d conpressi on beforethistechnique
can be consi dered safe for field use, but the potential savings coul d be trenendous.
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Provi sional Report on Diving Related Deaths in 1975 (Stickybeak Project)
Dr Dougl as Wal ker

Overvi ew

Ten fatalities have been identified as having occurred in Australian waters during
1975. There were two (2) breath-hold divers, three (3) Scuba divers and five (5)
hose supplied divers. Al the hose-supply divers were Professional inthe sensethat
they were so diving for their enploynent: thereis no evidence that any had received
trai ni ng, though special instruction was presunmably given to Case H5/75 before his
enpl oynent. His death, froma heart attack at the early age of 34, was not foretold
by the full “Diving Medical” given about el even nonths previously. |t could well
have been fatal to hi meven hadtheill ness occurred at the surface. Onthe admttedly
i nconpl et e evidence avail abl e it woul d appear that inall cases the victi mwas al one,
t hough that was not the critical factor. The causes included a shark attack, drink
conpetition spearfishing, total inexperience with scuba, failure to heed warni ngs
of danger, ill health and i nappropriate reaction to an out-of-air situation. Wen
consideration is given to the fact that this total of deaths covers the whol e of
Australia and the envi ronnent underwat er i s unsupporting of life, the extrene safety
of diving is worthy of coment.

Case Reports

Case BH1/75. This was the only fresh water fatality. The victim aged 30, borrowed
a speargun froma nei ghbour and went to a nearby river with his wife and one of her
friends. It was late afternoon before he started to dive at a spot well known to
him This gave tine for the party to refresh thensel ves, his consunpti on bei ng 10-
12 stubbies of beer. This explains his later cooment “I'’mtoo full, | can't hit
anything”. After a while he placed the speargun and spear shaft back on the river
bank and announced his intentionto nake one final diveinorder toretrieve the | ost
spear head. His failure to energe fromthe water caused al armand several sw nmers
triedtofind him The Police were call ed and one of themdived to investigate. The
victims armwas felt within a hol e beneath the bank.

Thi s hol e, about 4 ft 6 ins belowthe surface, was knowntothe victim Its entrance
was about 2 ft 6 ins diameter and the cavity extended beneath the roots of a tree
for about 6 ft. The policenan correctly avoi ded entering the cavity hinmself, pulling
t he body out wi t hout undue difficulty. It cannot nowbe known whet her he had entered
in search of the spearhead or through error.

Case BH 2/ 75. The Inquest report is not yet avail abl e but witness reports have been
used as basis of the comrents that follow The victi mwas aged 29 and presunmably
an experienced spearfishernman for this was a Chanpi onship Conpetition. The chief
wi t ness was on shore patrol with awal kietalkieandthe other wi tness was a conpetitor
at that tine al so ashore and talking to him The |latter commrented that a diver, to
whomwas attached a fl oat and diving flag by regulation line, seened to have surfaced
and i ndi cat ed need for assistance by waving his arns. The wi tnesses considered the
situation for atine but decided that no action was required. He was about 50 yards
fromt he nearest ot her di ver and 30to 40 yards fromt he beach. Athird personrenarked
that the swi nmer was no | onger visible sothe witnesses decided to swimout to offer
assistance if this was required. The first witness reached the float and pul | ed on
the Iine, thereby discovering that the diver was |ying unconsci ous on the sea fl oor
10- 15 feet below. There was no kel p or ot her possi bl e cause for entangl enent in the
area. Hepulledthevictimto the surface and commenced to tow hi mback to t he beach.
The trailing line entangl ed one of his feet and he woul d have been in peril had not
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anot her diver arrived and cut himfree. EAR was comrenced on t he beach, but w t hout
success. The second witness had to del ay his assi stance because his bootees had to
be renmoved before he could safely swim The absence of efficient boat cover/buddy
di ver cover relegates the float to the function of a floating tonbstone and in no
way an aid to safety, save from boats.

Case SC 1/75. This 16 year old boy canme down fromthe country and hired diving
equi prent.  Neither he nor his conpanion, who also hired Scuba equi prent, had any
trai ni ng or experi ence of scuba diving. Wile his conpanionsat onarock, thevictim
entered the sea for his first dive. The newspaper report states that he dived once
to 40 feet, surfaced, dived again. Hi s body was not recovered till next day. Comment
i s superfluous.

Case SC 2/75. At 18 1/2 he was an enthusiastic and frequent scuba diver, with 3-
4 years experience of diving with others. He and a non-diving coll eague were sent
to a coastal town in connection with their regul ar enpl oyment, so he naturally took
hisdiving kit with him After a day-long journey they arrived at their destination,
going straight to their hotel for a four course neal. Following this the victim
dressed in his wetsuit etc and the two youths nmade their way to the harbour. 1t was
now ni ght. He had only to don his tank and he was ready to dive, his first solo and
possibly first night dive (the latter is conjecture). He entered the water about
hal f way along a wharf but shortly after this returned to the wharf to find his
conpani on agai n. He spoke to a passing sailor to ascertainthelikelihood of a noored
ore ship starting its engines. The reply was presunmably satisfactory because he
entered the water beside the shipwith the apparent intent of viewingits hull. Hs
prol onged failure to surface fromthis dive caused his conpanion to raise the al arm
(after 90 minutes). The initial police search was unsuccessful, but the body was
washed ashore el even days | ater. Mst of the equi prent had becone det ached and | ost
during the interval so could not checked. He was in good health.

Case SC 3/75. This was a planned C ub Di ve under i deal weather conditions on an old
and well known wreck lying in 50 feet of clear water. There were 10 actual divers
onthe hiredboat, some non-di vers and t he experi enced ski pper. The divers were paired
and t hei r nanes and water entry/exit ti nes noted on al og by a non di vi ng nenber deput ed
to the task. Such was the excellence of the visibility and the Iimted area of the
wreck that no true buddy-diving procedures were t hought necessary or followed. As
everyone coul d see everyone el se such cauti on was deened superfluous. This is comopn
di vi ng procedure one may think. There were nany artifacts beneath the sand, hidden
inlunmps of pitch-like material. Their collection was the object of each diver, and
all set-to with a will.

I't isthought that one of the di vers was usi ng hookah, the renmai nder scuba. One wi t ness
descri bed how he was approached by another diver, |ater thought to have been the
deceased, for help in opening a lunp of naterial. Shortly afterwards the w tness
made a hurried sol o ascent, reaching the dive boat in an exhausted condition. It
was this diver’s “buddy” who was shortly afterwards approached by the victim who
was nmaking signs to indicate that he was short of air and wi shed to buddy-breath.

The New President: Dr |an UNSWORTH, 22 McGowan Ave, Mal abar NSW 2036
The New Secretary: Dr John KNI GHT, 20 Lanbert Rd, Toorak VIC 3142
The New Treasurer: Dr WIIliam REHFI SCH 5 Al l awah Ave, Frankston VIC 3199
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The victi mwas doubtl ess confident of his skill inthis matter because he had acted
as the “patient” in a recent Scuba Safety Skills conpetition which involved buddy
br eat hi ng and rescues. The donor diver was wearing a borrowed set, atw n hose unit,
t he absence of purge val ve nmaki ng sharing nore difficult than woul d ot herw se be the
case. After sone 5 minutes (?) of sharing, ascent was attenpted . The donor forebore
toinflate the victims buoyancy vest or drop his weight belt | est panic be caused,
but he indicated the need to inflate the vest and to drop the trophy bag. It was
found inpossible to ascend nore than 10-15 ft fromthe sea floor, which could be
expl ai ned by the fact that the bag was found to contain 45 | bs of souvenirs. Wen
the donor’s air supply began to fail the victimbecane unwilling to relinquish the
nout hpi ece so the donor decided to nake a free ascent. He dropped his own wei ght
belt and was preparing to ditch his tank al so when he found that he was fl oating free.
He surfaced exhausted, and hel d onto the anchor chain until the skipper reached him
inthe dinghy. He was then abl e to give the al armabout t he di ver bel owwi thout air.
Bef ore any real response could result fromthis information another diver surfaced
with the victinms body. This was rapidly taken into the boat and EAR started. The
rescuer had seen the deceased | ying on the sea floor, his nouth-piece floating free
bet ween his |l egs, the cord of the trophy bag lightly entangled init. The buoyancy
vest may have been inflated at this tinme. The weight belt and tank harness quick-
rel eases worked faultlessly and the body, free fromthe bag, ascended easily. The
victimwas aged 19. He had been diving with the club nonthly for 2 years and had
a“C cardcertification. He had dived on this weck on several previous occasions.
This tragedy quite possibly illustrates the “Tunnel vision of Thought” that can
afflict and bl i nker anyone under stress conditions. He was skill ed above t he aver age
i n buddy breat hing but coul d not use the tine gained to plan the necessary ditching
of his souvenirs and weight belt. His skill nmerely postponed his drowning. A tank
contents gauge, if consulted, woul d have saved him as al so woul d an awar eness t hat
one shoul d never dilly dally whenair isrunninglow for theonly placethere’ s plenty
nore of the stuff is at the surface.

Case H1/75. This 40 year old diver made his living diving for scallops fromhis
boat. It is not known what know edge or traini ng he had or for howl ong he had practi ced
his craft al one, | eaving the conpressor working in the boat while he used t he hookah
supply below. One day he failed to return as expected and a search was made. The
boat was found with the conpressor stopped fromfuel exhaustion. The hookah airline
was over the side, leading to the weight belt and attached denmand val ve assenbly.
There was no trace of the diver hinself. The body was found floating the next day.
The aut opsy showed sever e pul nonary bar ot raurma and t hen drowned. He was still wearing
his fins and facenask when recovered. The reason for his naking a rapid ascent from
his 50 ft di ve cannot ever be known, but several suggestions have been offered. There
was the possibility that he saw a shark (there were said to have been sonme in the
areain previous days) or becone al arnmed t hrough i nterruptionof his air supply. This
coul d have occurred t hrough the conpressor running out of fuel, for the air reserve
tank was not connected and the engi ne was di sadvantaged by a nodification of the
exhaust outl et which produced increased back pressure. The correct nodification
woul d have beentoraisethe air inlet rather than tanper with the exhaust. The hose
was ki nkable but readily resuned function when tension was released. The quick
rel ease of the hose were too readily activated but in fact were not at fault. The
wei ght belt had so nany lead weights in it that the quick rel ease was very easily
wor ked; this could have led to the | oss of weight belt with the attached air hose
and denmand val ve wi thout the diver expecting any trouble. There was no non-return
val ve on the hose to protect the diver, but this fault al so was not a present factor.
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Case H 2/75. This abal one diver was apparently attacked and totally destroyed by
a shark, supposedly a white pointer, in 7-8 fathons of water, 20 yards off shore.
H s tender was | eft with one gl ove, a glinpse of afin, an area of bl oodstai ned wat er
and a hookah |line attached to a backpack with its thick rubber attachnents torn. No
shark was caught but there had been seals in the area and the suggestion was made
that the diver was nistaken for one of themby the shark. He was 37 years ol d.

Case H3/75. No inquest report is yet avail abl e concerning the death of this 19 year
ol d abalone diver. It is said that evidence of pro-existing di sease was noted at
t he autopsy but no other information is avail able.

Case H4/75. The last words of this diver were “She’ll be right!”, but such was not
to be the case. At 36 he had been earning his living by diving for 18 years and had
experienced aw de vari ety of jobs. He had al so suffered at | east two seri ous epi sodes
of deconpressi on sickness and been warned not to di ve deeper than 30 feet in future.
Thi s i nstruction he observed, not increasing hisrangeto 60 feet till he had a D vi ng
Medi cal in August of the last year. The linmitation was of a prophylactic nature,
based on di scussi on of hi s diving nethods vis avisdivingtables. Heregarded hi nsel f
as a careful diver, very safety conscious

He becane involved in the task of entering the part flooded ballast tank to free a
val ve when the tanker’s diving contractor asked hi mand another diver if they were
avail abl e for the job. The contractor ran his air conpressor froma boat al ongside
the ship and the divers were hose supplied with their air. They had the choice of
using their own nasks or those provi ded, choosing to use their own. The victimhad
a new mask but it was found | ater that he had used an ol d one. The tank hel d several
feet of water above the valve and there was a high concentration of petrol vapour
above this. The task and ri sks were expl ai ned to both di vers before the second di ver
entered t he tank and undertook the task. However the val ve remai ned cl osed because
it required nore turns to open than was often the case. Wiile he retired to shower
of f the petrol that was causing skinirritationthe victimpreparedto enter thetank
He ent ered t he t ank hol di ng hi s nask i n one hand and proceeded wi t h hi s descent despite
t he war ni ng shouts of the others present warning hi mof the dangerous funes. It was
only when he began to cough that he put on his nmask. Despite further coughing he
conpl eted his descent and entered the water, again refusing to return to the fresh
air on deck. It was soon observed that he was in trouble, holding onto the valve
stemfor support. The ot her di ver was summoned and i nmedi ately started tot he rescue,
m nus wet suit but using the second hose supply mask. The rescue attenpt failed
because this diver hinself collapsed shortly after reachi ng hol d of his coll eague’s
shoul der and wei ght belt. At this stage the ship’s energency breathi ng apparatus
was used by the First Oficer and both divers were renoved fromthe hold by rope.
This was a gall ant action by the First Oficer, and the crewal so worked efficiently
intherescue and the resuscitation attenpts. The second di ver recovered, the victim
did not.

I nvestigation reveal ed that the personal nmasks of both these casual -contract divers
were old and ill fitting. The victins mask | eaked when used in water, requiring
frequent clearing, because the feathered edge of the mask had becone worn and been
cut away. The masks were tested i n a gas chanber and both all owed the test tear gas
to enter. The second diver’s mask had an additional reason for ill fitting, for he
had several days beard growth present. Hi s collapse nay have been due to the
excitenment and rush of the descent into the tank to his colleague, plus the petro
vapour entering the nask. These masks are demand supply, not free flow, so vapour
within the mask is not imediately flushed away. 1t is obvious that the increased
necessity for a perfect air seal of the mask in a gaseous environment occurred to
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nei ther diver, accustoned as they were to regardi ng thensel ves as “divers” rather
t han “users of hose suppliedair” inthis particular job. Asenmantic error with fatal
consequences.

Case H5/75. This appears to have been a truly “unavoi dabl e” death. The diver was
aged 34, working froma bell (SDC) at 240 ft using a Heliumm x. He had a hot water
supplied wet suit and good comuni cations with the surface diving controller. He
had passed a “Diving Medical” examination in the early part of the year. The task
was heavy, requiring himto pass a somewhat inflexible cable twice round a broken
pi pe. Until theincident occurredthe nonitoringof respirationreveal ednil unusual .

H's failure to respond to orders and a change to a | aboured type of breathing caused
the surface control to request the diver/tender inthe SDCto investigate and report

what he found. The victi mwas found |ying on his back on the seafl oor, unconsci ous.

The t ender dragged the victi mback to the position of the SDC, whi ch was then | owered
to 5 feet fromthe sea bed. A block and tackle were attached in the SDC for such
emer genci es and t he hook was nowconnectedtothevictimsliftingharness. Thetender
had not only the exertion of pulling the victimbut had needed to di sengage the
trailing umbilical from some debris. The victimcould only be raised head and
shoul ders into the air space of the SDC. the mask and equi pment were there renoved.

The vi cti mwas no | onger breathing at thistime. Asthelower hatch coul d no be cl osed
the rate of ascent was according to the USN deconpressi on schedul e, halting at 120
feet to allow a standby diver to enter to assist the diver/tender already present.

Together they pulled the victimfully into the SDC and cl osed the | ower hatch, EAR
and ECC bei ng used al though they believed that death had occurred. The victinms
unmbi | i cal had been deliberately severed after a few feet of ascent as it had again
shagged on debris but |later testing reveal ed no failure of the hose or comruni cati on
links. After the SDCreached the deck the divers were brought to “40 feet” and t hen
straight to surface pressure and the SDC opened. They then proceeded to the main
deconpressi on chanber (DDC) whi ch was about 60 feet distant. This chanber has a | ock
for entry but no facility to mate the SDCto it directly. The tender suffered mld
“bends” pains in the | egs and arns of onset before | eaving the SDC on deck. The DDC
was taken to 70 feet, EAR and ECC bei ng conti nued until a doctor arrived and certified
that death had indeed occurred. The police were notified of the fatality and
i nvestigations started. The autopsy reveal ed that death was due to | schaem ¢ Heart

Di sease. No evidence was given of ill health preceding the fatal incident. There
was no equi prrent mal function and not hi ng t o suggest t hat anything further coul d have
been done to i nprove survival chance. There are two points of additional note. Wen
the diver/tender was notified that he had to don a mask and | eave the SDC he felt

di zzy and part fainted. This helater ascribedtothe sudden apprehension at realising
t hat he woul d be shari ng the sane hose supply gas as was being suppliedtothe victim
so any mstake inits conposition would effect himsimlarly. A nonment’s use of the
emer gency bib mask and a fewwords with the surface very rapidly revived hi mand he
made a good job of recovering the victim Hi s report of the effect of psychol ogi cal

factors is of great help. The other matter was the nention that the SDC and t he DDC
could not “mate”, a potential risk factor of inmportance. Sixty feet separation
bet ween t hem was quot ed.

Coment

These cases are fewconpared to the | arge nunber of divers at risk, but any avoi dabl e
factors are worth consi deration. Undoubtedly many “near m sses” have occurred. The
reports are made on the basis of information at present available. This is always
i nconpl ete, sonetines grossly so. It is hoped that readers will recogni se t he val ue
of considering these tragedies as anirror to conmon di ving practices and so i nprove
safety to even higher levels. It is hoped al so that they will recogni se that w t hout
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nore full and truthful reports of incidents of all types this investigation cannot
achieve much. All reports are treated as confidential, all the informationinthis
report being avail able fromopen sources with a little trouble. The confidentia

reports assist in better understanding the underlying factors that influence the
outcome of incidents. It is noted that the holding of an inquest often clarifies
matters witten in depositions. The practice of not holding an I nquest when the
fatality seems “a natural death” is correct but regretted because nmany matters
effecting the understandi ng of why the outconme was fatal remain for ever unresol ved.
The function of the Coroner as an inportant link in the prophylaxis of accidenta

deathis worthy of further enphasis. |Inconsideringthese cases further one can divide
theminto breath-hold, scuba, hookah and deep diving. The ignorant solo diver wll

al ways be a probl emand wel | representedinany acci dent survey. Suddenill ness cannot
be predicted but the availability of assistance may critically effect its outcone.
Those who organi se breat h-hol d spearfishing conpetitions should be aware that the
conpetitors are at greater risk of hyperventilation blackout than are the ordinary
sport spearfishers. It should be apparent by now that a one-for-one check on
conpetitorsistheonlyeffective safety node, a surface cover requirenent that shoul d
be obligatory however difficult this my be to apply. Conpetition deaths are NOT
to be regarded as “unavoi dabl e acci dents”.

The C ub dive (Case SC 3/75) brings out two points. First, it is not sufficient to
go through the notions of safe diving, one nust actually dive safely. The buddy
procedure was only given |lip service, as is probably a very common natter in diving
everywhere. The | ack of knowl edge of one’'s air reserve status is a negative safety
factor, at least two of the divers on this dive running short of air. The second
point is of wder significance, concerning the very philosophy of Enmergency
Procedure. This diver had been involved in recent exposure to testing of divers in
rescue and buddy breathing, yet he died. 1In the emergency situation he reacted in
the wong nmanner. An “overlearning” is required evidently so that one cannot help
but react by a stop-think-ascend deci sion over-riding all other thoughts. Here the
t hought seized-up at the getting of air stage, forgetting the inperative need to
surface. Thisis simlar to a deep dive fatality in a previous report. The failure
to drop the weight belt and trophy bag and i nflate the buoyancy vest were aspects
of this inappropriate response. Undoubtedly ANYONE coul d do t he sanme under sinilar
conditions. So please PLAN NOWNfor your next accident.

That conmerci al and amat eur users of hookah are bl asé shoul d be no surprise. Until
di saster strikes there is no skill required to use the apparatus. The resultant
emer gency ascent can be relied upon to cause the occasional fatality frompul nonary
barotrauma. Those who sel | such hookah appar at us shoul d advisetheir clientstolearn
sonet hi ng about diving. It is remarkable, and a conplinent to the equi pnent, that
so few fatalities do occur.

O her points have been noted in the case reports. It is hoped that the statenents
of fact and opi ni on are both accurate and hel pful. Further details on these and ot her
cases are of interest and comments are wel cone.
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PRQJECT Sti ckybeak

Further reports are al ways wel come and will al ways renain confidential as to source
and victim Cases are wel conme whether serious or mnor. O the greatest interest
are reports of i nstances where an Energency Situation either occurred or seenmed | ikely
to occur. Conments and additional advice concerning cases in this or previous
Provi si onal Reports are wel cone.

Pl ease wite to: Dr DG \Wal ker
PO Box 120
NARRABEEN NSW 2101
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Anxi ety I nduced Hyperventilation Danger to Divers
Boris I nnocenti
(NAUI A-78)

Any condi tion which can render a diver unconscious or inmmobile should be of great
concern to the diving public. These effects can result fromhyperventilation. The
production of unconsci ousness fol |l owi ng t he vol untary hyperventilating practiced by
breat h-hol d divers intending to increase their underwater breath-hold tinmes is a
probl emwel | coveredintexts on Underwat er Physi ol ogy, but theresult of involuntary
hyperventilation due to anxiety, stress through apprehension or other strong
stinmulus, anticipation, excitenent or other cause has not been docunmented well (if
at all) relative to divers. This is despite its common occurrence on land. It is
naive to assune that it neither does nor could occur in diving. This form of
uncontrol l ed breathing may result in nmuscle cranps, aches, stiffness, convul sions,
tingling of the feet, hands, nouth and tongue and carpal spasns. The changes in the
bl ood chenistry and lung filling/buoyancy effects are outside the scope of this
article.

If the victimis caught in tinme and can be brought to dry | and or a boat and al | owed
torest, the (tetany) synptons wi |l gradual |y subsi de and t he personreturnto nornal.
This returnto normal with regard to breathing and t he ot her synptons can be speeded
by admi ni stering 5% Carbon Di oxide or forcing the victimto rebreathe expired air
by breathing into and out of a paper bag for a short period of tine.

| f adiver undergoes such an occurrence, quite apart fromthe obvi ous danger to hi nsel f
there is a severe scare to the diving buddy or instructor, they at once suspecting
that air enbolismor sonme other of the denons they were told about in scuba course
| ectures has struck. |’ msurethat every diver has seenarelative novice di ver suffer
extreme anxiety at being presented with a new and | ess than satisfactory diving
situation. This is the perfect set up for trouble if that diver is also prone to
hyperventil ate under stress conditions. The follow ng incidents, seen through the
eyes of a nmedical layman, will hopefully serve to bring out the significance of this
reaction to stress. | have trained many thousands of students during ny 20 years
of teaching and have not |ost any in a diving accident. In fact there have been so
few “cl ose shaves” that it is not too difficult to recall them Until a few years
ago all such close calls for which I could find no satisfactory answer were filed
away nmentally with the appropriate question nmarks. However, about that tine a cl ose
relative started to hyperventil ate during nonents of stress and arnmed with this new
experience and with a nmental picture of the synptons, etc of the “new affliction”
of the divers, the many pi eces of a puzzle began to fit together, albeit in a loose
manner. | hesitate to class the followi ng as Case Histories but they appear to be
worth presenting as evidence for incrimnating involuntary hyperventilation as a
cause of diving accidents.

Case 1 Afellowscubainstructor was personally conducting several novices on a tour
of a shel f 60-70 feet bel owthe surface. One diver was not rel axed so the instructor
cane in close and decided to escort himto the surface. On approaching the diver
he noticed that he was quite stiff. He grabbed hi mby t he armand proceeded t o ascent.
As he was not breathing the instructor forcibly pushed himin the abdonmen, causing
hi mt o exhal e. The ascent conpl eted, after surfacingthe diver adnm ttedto near panic.
The instructor felt that the victi mwas unconsci ous of events at the start of the
ascent.

Case 2 M Jack Al bert was acconpanyi ng a group of surgeons diving fromthe 85 footer

“Caynman Di ver” when one of the group surfaced, apparently in great distress. He
stiffened up and passed out (though not necessarily in that order). Hi s coll eagues
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felt that the gentl eman had undergone a heart attack. Upon returning to New York
the diver consulted a nunber of heart specialists. Results indicated no
abnormalities. Inthe nmeantine he also got intouchwith M Al bert, who of f handedl y
mentioned my concern about apprehension and possi bl e bl ackout, tetany, etc, from
hyperventilation. He inmmediately felt that this could well have been the case with
hi msel f since he was extrenely apprehensive prior tothe dive. He further comented
that failuretorecognisethe synptons di d not surprise hi msince he and hi s col | eagues
had been away from di agnostic medi cine for nany years.

It is surprising how frequently tetany and paral ysis are confused by both [ay and
medi cal people, at least in the situations | have encountered. Conversations wth
a nunber of friends in the nmedical profession were the first to bear this out. The
confusion seenms to be not with the general practitioner or the internal nedicine
specialist but with highly specialised surgeons. M relative spent several hours
on pur e oxygen i n a hospital energency roombecause t he only doctor present, a highly
qual i fied surgeon, erroneously felt she was undergoing a heart attack. |If thisis
areal situation, as| feel it is, perhapsit m ght bew setoeducate scubainstructors
and divers into recogni sing the synptons of hyperventilation and the use of a paper
bag or whatever to restore normal breathing.

Case 3 The diver surfaced next to his instructor and shouted “1’ mparal ysed! | can't
nove, | can't breath!” Since the boat was very cl ose he was rapi dly brought aboard,
theretolie stiff and having a difficult tine breathing. The instructor and other
observers assuned al | sorts of possi bl e reasons for such behavi our, nostly associ at ed
with those “denons” of the diving nedicine lectures. The first thought was to
adm ni st er oxygen but fortunately it was late i n com ng and recovery was uneventful .
The consensus of opinionis that the use of oxygen would prolong the trouble. This
i ncident was followed up and it was found that the victimhad had other bouts of
hyperventilati on associ ated with excitenent and anticipation.

Case 4 A dive at a deeper than nornmal depth resulted in a witnessed anxiety with
subsequent passing out of the diver. The witness, a doctor, was not certai n whether
or not exhal ati on bubbl es were present during the ascent of the unconscious diver.
Possi bly | aryngeal spasmhad occurred, for |ung danage and evi dence of air enbolism
were found at the autopsy.

Case 5 This may throwmay throwl i ght on the preceedi ng case. The di ver was expl oring
a depth not reached by hi mbefore. 1t was dark and barren. He was observed to becone
stiff and “frozen”. An instructor who happened to be present grabbed hi mand started
to bring hi mup. As heremai ned stiff and neither breathed nor exhal ed, theinstructor
had t o squeeze hi mt o ensure that he exhal ed during ascent. It is possiblethat during
such an anxi ety period the throat nmay cl ose through |aryngeal spasm

Case 6 This diver adnitted later that she had felt apprehensive on this her first
dive in the Catalina island kel p beds. She felt that sonething was wong with her
regul ator as she was unabl e to satisfy her breathi ng demands. She therefore headed
for the surface, inflated her vest, renoved her nouthpiece and breathed directly
t hrough her nouth. But she found that she was still unabl e to satisfy her breathing
demands. Her plight was recogni sed by the Dive Master, John Schul tz (NASDS, PADI),
who inmediately junped in and brought her to the boat. Upon reaching the boat
breathing returned to normal. The regul ator was checked and found to supply nore
than sufficient air for (nornmal) diving at that depth (25 feet.)

Case 7 Thi s | ady was hangi ng fromt he anchor Iine waitingfor anescort for her snorkel

swi mback to the shore. She was very apprehensive, for it was her first tineinthe
water. All those on the boat faced in the opposite direction for a mnute: when
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t hey next | ooked, she was gone. Several divers present junped into the water and
di ved to searched for her but it was several m nutes before she was | ocat ed i n about

30 feet of water with her weight belt still on. Several nore minutes passed before
nmout h-t o- mout h resuscitati on coul d be adni ni stered. Despitethe del ay she responded
successful |y and showed no residual ill effects, although the doctor who treated her

had feared t hat anoxi ¢ brai n damage woul d occur. Her successful survival nmay be due
to the increased partial pressure of the al veol ar oxygen at 30 foot depth (plus the
dive reflex). The victimdid not renmenber passing out but admitted to anxiety
preceeding the event. Hyperventilation is a possible cause of this incident.

There are nunerous situations where difficulty of breathing has been reported to
mysel f or my teaching staff. | have now incorporated a screening of anxious or
apprehensi ve divers. On the nedical questionnaire we inquire as to the existence
of a history of hyperventilationandinthe pool we screen for the presence of anxi ety.
Buddy breathing is a good test, a positive direct correlation existing between
apprehension and reluctance to part with their regulator. Rate of breathing is
anot her indicator used. Students who fall in this category are handled on an
i ndi vidual basis. If the probl emseens permanent they are asked to give up. W al so
spend a lot of tinme in assuring our students that at no tine will they be asked to
nmake any radi cal entrance into this newenvironnent. This has been found necessary
since sensitive, intelligent peoplew thactiveinaginationanticipate anore radical
experience on their first open water introduction. | feel the use of extensive
snor kel i ng experience prior to scuba would | essen this probl emconsi derably. The
i nstructor whorai ses his or her entrance standards too high (ie. previous snorkelling
experience) will nerely | ose the prospective student to another instructor who is
not so strict. | feel that higher standards of prerequisites will alnost certainly
have to be enforced by the certifying agencies.

Several of the people in these incidents later proved to have had a bout wth
hyperventil ati on before. Most all had consuned a far greater anount of air thantheir
buddy. Perhaps we should also | ook at that “air hog” in a different Iight.

It is interesting to speculate whether or not this tendency to involuntary
hyperventil ati on under stress conditions m ght not exclude a person fromtaking up
the sport of scuba diving.

* *x * % * * *x *

* This article first appeared, for a lay readership, in NAU News June 1974. W
are greatly indebted to both the Author and NAU for the opportunity to republish
it. It has been amended by the i nserti on of sone addi ti onal case hi stories nost kindly
supplied by the author. This article not only draws our attention to a negl ected
facet of diving nedicine but al so denonstrates the val uabl e role that can be pl ayed
by observant divers/instructors in the identification of problens otherw se
over | ooked.

* *x * % * * *x *

Davi d Brown, the Queensl and Gol d Coast marine bi ol ogi st and curator of namal s at
Marinel and there, is to open an underwater oceanariumin Tahiti. The project, the
first of its kindinthe world, is to be devel oped in a | agoon where peopl e descend
in nobile underwater observatories to spy on narine creatures. Al ready the
observatory nodul es are being built in Sydney. “In Tahiti, instead of peopl e going
to see creatures intanks, the peoplew Il beinthetanks”, says M Brown, who adnits
he “cheri shes” such an idea.

The Australian, 5 May 1976
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Case Report of an Untreated Type 1 Bend
John Kni ght

One Saturday two divers dived at Picininny Ponds. They went to about 110 feet and
t hen | ooked about, going up and down a bit before starting for the surface. They
di d not go any deeper as the | i ght was poor bel owwhere they were. They did the proper
deconpressi on stop by going into a cave at about the right depth for a while. Their
dive lasted about 20 minutes. Four hours later they were at the Little Blue Lake
and did adiveto 100 feet. Because it was arepetitive dive they added the two tines
together to obtain the correct deconpression. The deconpression stop was carried
out usi ng a dept h gauge i nst ead of a shot rope. They wereinthe water about 20 m nut es.
15 minutes after | eaving the water one of the divers devel oped a pain in his right
el bow. At first hethoughthat it coul d not be a bend as hi s buddy was qui t e unaf f ect ed.
However when the pain had | asted three days he decided that it nmust be a bend and
sought nedical advice. Wthin 24 hours of tal king on the tel ephone to a doctor his
pain went and he did not keep his appointnment. The history was obtai ned over the
t el ephone.

He cl ai ned to have done the proper deconpression, but he was only sure of one tineg,
the tine to onset of his pain. Assuming that he was using the RAN tabl es published
in CZ18, which he was not, his dive to 110 feet which required a deconpressi on st op,
nmust have been for a bottomtine of nore than 17 minutes. Adding this to a 4 mnute
dive to 100 feet on his second dive he shoul d have had two stops on the way back to
the surface. Hi s second dive would count as 21 minutes at 110 feet, which if taken
to the next higher tineis 25 minutes and the stops for that are 5 nminutes at 20 feet
and 5mnutes at 10 feet. Hewas infact usingthetables printedon his Fenzy buoyancy
vest. The tables are netric and the instructions are in French, which he coul d not
read, but he “could understand themalright”.

As the dive was being limted by poor |ight he did not have the best of conditions
for reading his unfam liar tables. Kiessling and Maag showed in 1962 that there is
approxi mat el y a 25%l| oss of performance i n reasoni ng at 100 feet i n a chanber. Davis,
Baddel ey and Hancock have shown t hat there i s a mar ked performance decrenent i n nment al
arithmetic and other tasks with cold. The water in the Mount Ganbier area is cold.

On the second dive the two divers were aware of the need for care and were trying
totreat their dive as a “repetitive dive” according to the RAN tables. They were
aware that the rule is to add the two tinmes together and use the greater depth to
obt ai n t he deconpression profile. However cold forcedthemto cut short their second
dive and all the factors nenti oned above were worki ng even nore agai nst themon the
second occasion. But one nust not forget that bends do happen to peopl e who have
followed the tables precisely. This diver was probably not in that class, on his
own adni ssion he did not knowthe depth of the stops nor the I ength of the dive or
of the stops.

He was advised to plan his dives before | eaving the surface when there is plenty of
light and no narcosis or cold to conplicate mental arithmetic. He was advised to
di ve wi thi nthe no-deconpressionlinits andthat i f he was goingto do a deconpr essi on
di ve he shoul d work out his bottomtinme and stops before |l eaving the surfaceandwite
down his available bottomtine and the depths and tines of the correspondi ng stops
on a pi ece of plastic with a waterproof pencil inletters |arge enoughto read easily
i n poor |light. Then when di vi ng he woul d not have to do nore than start for the surface
at a known tinme.

Furt her nor e he shoul d use a shot rope for deconpressi on and have spare air for hinsel f
and hi s buddy on the shot rope in case he used nmore air than he expected at depth.
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He vol unteered that he and his buddy had di ved a nunber of tines at Munt Ganbi er
and had been letting their diving standards drop and were not as careful on this
occasion as they had been in the past.

Ref er ences

1. Davi s FM Baddel ey AD, and Hancock TR Di ver Perfornmances: the effect of cold.
Undersea Bi onedi cal Research. 1975; 2: 195-214.

2. Kiessling RJ, and Maag CH. Perfornance inpairnent as a function of nitrogen
narcosis. Journal of Applied Psychol ogy. 1962; 46: 91-95.

* *x * *x * * *x *

Elixir of Youth

Acertainhyperbaric“unit” talkedfreelytothelocal Pressrecently. Inanunguarded
nmonent someone nentioned that HPO had a rejuvenating effect, bringing people back
supposedly fromthe linbo of senility with sharpened wits. The therapeutic use of
the Unit was nentioned, in passing, to also include carbon nmonoxi de poi soni ng, gas
gangrene and non-healing ulcers. A few days later the Director was reported as
requesting a cessation of the requests for such treatnment of senility as it was not
bei ng practicedthere. Afurther fewdays passed and an even snal | er noti ce appear ed,
a statenment by thereporter that hedidn’'t edit thearticle. Visitors are nowadvi sed
not to nention their contacts in the newspaper industry when asking for favours!

* * *x k% * * % *

Thor Heyerdahl, the Norwegi an scientist and explorer who crossed two oceans in
primtive craft, says that insecticides and detergents are debilitating the seas.
Heyerdahl was the mai n speaker at a weekend programin honour of the visit of King
A av V of Norway to M nneapolis, USA. He said future generations coul d be t hreat ened
wi th a shortage of fish and eventual | y oxygen when chemi cal s destroy vital ocean pl ant
life.

Austral i an, 13 Novenber 1975

* * *x k% * % % *

David Niven recently sawthe fil mJAWS. The next norning while swimrnginthe notel
pool he spotted a black formlurking under the water. “I was wal king on the water
toget out. Then | found it was a mai ntenance man in a scuba suit fixing the drain”,
he said.

Australian, 16 March 1976
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