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EDI TORI AL

Those readers who appreciatedthe printer’sinitiativeinaccidentally omtting
the greater portion of last issue’s Editorial will be highly delighted by the
present brevity. For this favour they can thank the contributors for being so
forthcoming. It is regretted, naturally, that so few nenbers have responded to
the call for articles. It is known that sone have contributed ably to other
publications and it is hoped that they will now favour their fell ow nenbers.

The policy of reprinting inportant articles that have probably not been seen
by nost nenbers is followed in this issue. Menbers areinvitedto comment, and
i ndeed to suggest articles for possible |later use. Menbers have been honoured
by the ready permission to print articles fromthe third Wrld Congress of
Underwat er Activities. This BS-AC sponsored neeting was held i n Cctober 1973
and t he Proceedi ngs are nowin print. Boththe BS-AC and the i ndivi dual authors

have been nost hel pful, for which we are nost grateful. In additionto the two
papers here printed there will be ones by Hannes Kell er, Ri chard Tuson, Sgn Cdr
John Rawl i ns RN and Prof . Johannes Kyl stra. Theyw |l i nform anmuse and sti nul ate

your thoughts it is hoped.

It i s planned to have a report of the Vila Conference inthe next i ssue, together
withavariety of other matters. So, dear reader, i f you are not al ready a nenber,
Joi n NOwW



H STORY CF DI VI NG
Extracted with perm ssion from Diving and Subaquatic Medicine (1975)
by Ednonds, Lowy and Pennefat her”

* Available fromthe Diving Medical Centre, 6 Hal e Road, Mosman 2088)

The origins of breathhold diving are lost in antiquity. By 4,500 BC it had
advanced fromthe first timd dive, intoanindustry that suppliedthe conmunity
with shells, food and pearls. During the ancient Geek civilisation sponge
fishernen dived for this versatile marine product, and have continued to do so
up till the present. |In earlier days sponges were used by soldiers as water
cant eens and wound dressings, as well as for washing. Breathhold diving for
sponges conti nued until the nineteenth century when hel net di vi ng equi pnent was
i ntroduced, allowing the intrepid to ganble their lives in order to reach the
deeper sponge beds. To the hazards of the sea were added an array of diving
di seases - ‘diver’s palsy’, ‘burst lung’, ‘sponge fishernman’s di sease’, ‘bl owp’
and nany nore.

The ancient G eeks also laid down the first rules on the rights of divers in
relation to the goods they sal vaged. The diver was entitled to a proportion
of the val ue and his share i ncreased with depth. Many divers would prefer this
arrangenent to that offered by nodern governments and di vi ng conpani es.

In other parts of the world industries involving breathhold diving persist to
thistine. Notabl e exanplesincludethe Ama, or di vi ng wonen, of Japan and Kor ea
and t he pear| divers of the Tuanotu Archi pel ago. The Ama have exi sted as a group
for over 2000 years. Oiiginally the nal e divers woul d catch fish and t he wonen
coll ected shell fishand plants. Innorerecent tines divinghas beenrestricted
tothewonenw ththe menservingastenders. Soneattributethe changeinpattern
to better endurance of the wonenincoldwater. Ohers pay homage tothe fol kl ore
that diving affects the virility of males.

There is a long history of the use of divers for strategic purposes. Divers
were involved in mlitary operations during the Trojan Wars from 1194 to 1184
BC. They sabot aged eneny shi ps by boring holes inthe hull or cutting the anchor
ropes. Divers were also used to construct underwater defences designed to
protect ports fromthe attacking fleets. The attackersintheir turnused divers
to renove the obstructions.

By Roman tinmes precautions were bei ng taken agai nst divers. The anchor cabl es
were made of iron chain to make themdifficult to cut, and special guards with
di ving experience were used to protect the fl eet agai nst underwater attackers.

Some Ronan divers were also involved in a rather different canpaign. Mark
Ant hony’ s attenpt to capture the heart of C eopatra. Mark Ant hony parti ci pated
inafishing contest held in Cl eopatra’s presence and attenpted to i nprove his
standi ng by having his divers ensure a constant supply of fish on hisline. The
Queen showed her di spl easure at thi s subterfuge by havi ng one of her divers fasten
a salted fish to his hook.

There are many exanpl es of the use of reeds and bamboos as a sinpl e breat hing
tube or snorkel. Colunbus reported that the North Anerican Indi ans woul d swi m
towards wild fow , breathing through a reed and keepi ng t hei r bodi es submer ged.
They were able to capture the birds with nets, spears or even with their bare
hands.
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The nost skilled of the American native tribes cane from Margarita |sland.
Travel | ers who observed themduring the 16th, 17th and 18th centuries reported
that the natives coul d descend to 30 netres and renai n submerged for 15 mi nut es.
They coul d di ve fromsunri se to sunset seven days a week. The divers attributed
t hei r endurance to tobacco! They al so cl ai med t o possess a secret cheni cal which
t hey rubbed over t heir bodi estorepel sharks. The Spani ards expl oitedthe native
divers for pearling, salvage and srmuggling goods past custom The denand for
di vers was indicated by their value on the sl ave narket; prices up to 150 gold
pi eces were paid.

The history of diving with equipnment is long and conplex in the early stages
it is mxedwithlegend. The exploits of Jonah are described with conviction
inone text but there is a shortage of supporting evidence. Further reference
is not nade to him on the technicality that he was an early submariner and not
a diver. As his descent was involuntary he was at best a reluctant pioneer
Sone claimthat Al exander the Great descended in a diving bell during the 3rd
century BC. Details of the event are vague and sone of thefishstoriesattributed
to hi mwere spectacular. It is nost unlikely that the artisans of thetinme could
make gl ass as depicted in sonme of the illustrations of the ‘event’. This may
have been a product of artistic licence, or evidence that the incident is based
nore in fable than fact.

Leonardo de Vinci sketched diving sets and fins. Hi s set was really a snorke
that had t he di sadvantage of a | arge dead space. Another of his ideas was for
the diver to have a “wine skin to contain the breath”. This was probably the
first recorded design of a self-contai ned breathing apparatus. Hi s draw ngs
appear tentative so it is probably safe to assune that there was no practica
di vi ng equi pmrent in Europe at that tine.

Another Italian, Borelli, in 1680 realised that Leonardo was in error and that
the diver's air would have to be purified before he breathed it again. He
suggested that the air could be purified and rebreathed by passing it through
a copper tube cool ed by the sea water. Wth this concept he had the basic i dea
of a rebreathing set. It might also be clained that he had the basis of the
experinmental cryogenic rebreathing set which carries gas in liquid form and
purifies air by freezing out carbon dioxide.

The first successful method of prolonging duration underwater, apart from
snhorkel s, was the diving bell. This consisted of a wei ghted chanber, open at
the bottom in which nmen could be | owered under the water. The use of bells
was initially linmted to short periods in shallow water, until a nethod of
supplying air to themwas devel oped. The first fully docunmented use of diving
bells dates fromthe 16th century.

In 1691 Ednmund Hal | ey, the English astronomer of conet fame, patented a diving
bel | which was supplied with air. Wth this devel opment, diving bells becane
nore w despread. They were used for salvage, treasure recovery and genera
construction work. Halley's bell was supplied with air fromwei ghted barrels,
whi ch were haul ed fromthe surface. Dives to 20 netres for upto 1.5 hours were
recorded. Halley al so devised a nethod of supplying air to a diver froma hose
connected tothe bell. Thelength of hoserestrictedthe diver tothe area cl ose
to the bell. It is not known if this was successful. Halley was one of the
earliest recorded sufferers of niddle ear barotrauna

During the second half of the 18th century, reliable air punps that were able
to supply air against the pressures experienced by divers were devel oped
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Several people had the i dea of using these punps for diving and devel oped what
are now cal |l ed open helnets. Air was punped down to the diver and the excess
air escaped round the bottomof the helmet. The diver could breathe because
hi s head and neck were in air, or at | east they ware until he bent over or fell.
I f this happened, or the hose or punp | eaked, the hel met fl ooded and t he diver
was |likely to drown.

In 1837 a naturalised Englishman, Augustus Si ebe, produced his “cl osed dress”
often cal l ed standard diving dress or standard rig. This equi pnment consisted
of arigid helnmet sealed to a flexible waterproof suit. Air was punped down
fromthe surfaceintothe hel net, and excess air bl ed off t hrough an outl et val ve.
The di ver could control his buoyancy by adjusting the flow through his outl et
and thus the volume of air in his suit. This type of equipnent, with a few
refinements, is still in use.

There is sonme doubt about who designed the Siebe closed dress. |t has been
suggested that it was constructed by Si ebe to desi gns supplied by one John Deane
who had earlier experimented with an old suit of arnour converted to a diving
suit. Siebe certainly deserves the credit for marketing the firstacceptable
equi prent of this type. Several types of diving suits and a bell were used by
t he Royal Engi neers on dives onthe weck of the “Royal George” whi ch was a danger
to navigation in Spithead anchorage. The Siebe suit was found to be greatly
superior tothe other designs. Siebe' s apparatus allowed the diver to bend over,
or even |lie down w thout the risk of flooding the helnet. Al so, the diver could
control his depth easily. A diver in an open helmet had to rely on his tenders
to do this.

The first diving school was set up by the Royal Navy in 1843. Corporal Jones,
who had gained his experience on the weck of the “Royal George” was the
i nstructor.

Wth the use of the Siebe closed dress and its rivals, cases of deconpression
sickness in divers were noted. This di sease had al ready been observed i n wor kers
enpl oyed i n cai ssons and tunnel |l i ng where the worki ng area was pressurised to
force out water. The history of deconpression sickness is discussedinalater
chapt er but nention shoul d be nade here of the work of Paul Bert and JS Hal dane.
Paul Bert published a text book “La Pression Baronetrique” based on hi s studies
of the physiol ogical effect of changes in pressure. H's book is still widely
used as a reference text although it was published al nost a hundred years ago.

JS Hal dane, a Scottish scientist, was appointed to a Royal Navy Committee to
i nvestigate the probl emof deconpression sickness in divers. At that tinme the
Royal Navy had a divingdepthlimt of 30 metres. Deeper di ves had been recorded;
Greek and Swedi sh divers had reached 58 netres in 1904 and Al exander Lanbert
had recovered gold bullion froma weck in 50 netres of water in 1885, but had
devel oped partial paralysis fromdeconpression sickness. Hal dane deduced from
Paul Bert’'s results that a diver could be haul ed safely to the surface from10
netres with no evidence of deconpression sickness. This involved halving the
pressure. He deduced fromthis that a di ver coul d be surfaced fromgreater than
10 nmetres in stages, provided that no stage involved a pressure reduction by
a factor greater than two. This was tested on goats, and then nen i n chanbers.
Later, practical dives were undertaken which culmnated in an open water dive
to 64 metres in 1906. This work led to the publication of the first acceptable
set of deconpression tables as well as several practical inprovenents to the
di ving equi pnent used. Ohers extended this work and in 1914 US Navy divers
reached 84 netres. The next year they raised a subnmarine near Hawaii froma
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depth of 93 nmetres. This was a remarkabl e feat considering that the sal vage
techni ques had to be evolved by trial and error. The divers used air, so they
wer e exposed t o a danger ous degree of nitrogen narcosi s as well as deconpressi on
si ckness.

The devel opment of sel f-cont ai ned underwat er breat hi ng appar at us ( SCUBA) whi ch
allows the diver to carry his air supply with himrather than have it punped
down to him dates back tothe early nineteenth century. Thereis abrief report
of an Anerican engi neer, Charles Condert, who nmade a type of SCUBA in which the
air was stored in a copper pipe worn round his body. Details of the method used
to control the air flow are unknown. He died while diving with his equipnent
in the East River in 1831

Anot her early devel opnent was t he Rouquayr ol and Denayr ouze devi ce of 1865. This
set was suppliedwith air fromthe surface i nthe sane manner as t he Si ebe cl osed
hel net suit, and was fitted with an air reservoir so that the diver coul d detach
hinself fromthe air hose for a few minutes. The first successful equi prent
wi th an i ndependent air supply appears to have been devel oped and patented in
1918 by Chgushi, a Japanese. This system could be operated with a supply of
air fromthe surface or as a SCUBAwith an air supply cylinder carried on the
back. The diver controlled his air supply by triggering air flowinto his mask
with his teeth. Another SCUBA was devi sed by Le Prieur in 1933. In this set
the diver carried a conpressed air bottle on his chest and released air into
his face mask by opening a tap

I n 1943 Coust eau and Gagnan devel oped the first SCUBAi ncorporating an autonatic
demand val ve to rel ease air as the diver inhaled. This valve was triggered by
the diver’s breathing and so the diver was no | onger required to operate a tap
to obtain each breath of air. Wth this valve, which was pressure conpensat ed
so that changes in depth did not affect its function. Cousteau and Gagnan
i nvented the SCUBA as we know it today.

During the time that these people were working to devel op the nmodern SCUBA,
ot hers were working on rebreathing sets that supplied the diver with oxygen
They devi sed a closed circuit set that supplied the diver with pure oxygen and
renoved t he carbon di oxi de he produced. These sets are often cal |l ed SCUBA, but
t hey shoul d be consi dered separately because of the difference in principles
i nvol ved.

The first successful rebreathi ng set was desi gned by an Engli shman, HA Fl euss,
in 1878. This was an oxygen set in which carbon dioxi de was absorbed by rope
yarn soaked wi t h caustic potash. Because of the absence of |ines and hoses from
the diver to the surface the set was used in flooded nmines and tunnel s where
the extra nobility, conpared to the standard ri g, was needed. Great risks were
taken with this set and its successors, because the work of Paul Bert on oxygen
toxicity was not wi dely publicised. This equi pnent was the precursor of oxygen
sets used in clandestine operations in both world wars and of other sets used
in subrmarine escape, fire fighting and ni ne rescue.

The mlitary use of divers in nodern warfare had, until 1918, been largely
restricted to the salvage of danaged ships, clearing of channels bl ocked by
wr ecks, and assorted ships’ husbandry duties. One significant clandestine
operation conducted during the First Wrld War was the recovery of code books
and nine field charts from a sunken German subnari ne. This was of nore
significance as anintelligence operation, althoughthedivingactivity was al so
kept secret.
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During the First Wrld War, Italy devel oped a human torpedo or chariot that was
used in 1918 to attack an Austrian battleship in Pola Harbour. The attack was
a success inthat the ship was sunk, but it coincidedwiththe fall of the Austro-
Hungari an Enpire and the ship was already in friendly hands! The potential of
this method of attack was not overl ooked by the Italian Navy who put it to use
inWorldWwar |l withdivers wearing oxygen rebreathing sets as underwater pilots.
Inpassing, it isinterestingto note that the idea of the chariot was suggested
tothe British Adnmiralty in 1909 and Davi s t ook out patents on a small subnarine
and hunman torpedo controlled by divers in 1914. This, in turn, was pre-dated
by a one-man submari ne desi gned by JP Holland in 1875.

Di vi ng research during the period of the Second Wrld War was | argely confi ned
to inproving equipnent for use in offensive operations. Exploits of note
i ncl uded those of the Italian Navy, using divers to attack ships in Gbraltar
and Al exandria. After a series of unsuccessful attenpts with loss of life they
succeeded i n si nking several shipsinGbraltar harbour innmd 1941. Later that
year three teans managed to ent er Al exandri a harbour and danmage two battl eshi ps
and a tanker. Even Sir Wnston Churchill, who did not often prai se his enem es,
said they showed “extraordi nary courage and ingenuity”.

InGbraltar aspecial type of underwater war evol ved. The Italians had a secret
base in Spain, only six mles away, and | aunched several attacks that were opposed
by a group of British divers who tried to renove the Italian nines before they
expl oded. On at | east one occasion the British arrived before the Italians had
left and an underwater battle ensued.

Divers fromthe allied nations made several successful attacks on eneny ships
but their nost inportant offensive role was in the field of reconnai ssance and
beach cl earance. |n nbst operations the divers worked fromsubnari nes or snal |
boats. They first surveyed the approaches to several potential |anding sites
and after a choi ce had been nade t hey cl eared t he obstructi ons that coul d i npede
the land craft. One of the nore fanmous exploits of an Anerican group was to
| and prematurely and | eave a “\Wl cone” sign on t he beach to greet the US Mari nes
spear headi ng the invasion of Guam

The research back-up to these exploits was |largely devoted to inprovenent of
equi prent and t he i nvesti gati on of t he nature and onset of oxygentoxicity. This
wor k was i nportant because nost of these offensive operations were conducted
by di vers wearing oxygen breathi ng appar at us.

The use of oxygen/nitrogen m xtures for diving was ori gi nated by Si ebe, Gornan
and Co. Ltd. between the wars for use by the Royal Navy in conjunction with
standard divingrig. It was based on an i dea proposed by Sir Leonard Hill. The
advant age of t hi s equi pment was t hat by i ncreasi ngtheratioof oxygentonitrogen
in the breathing gas one can reduce or elininate deconpression requirenents.
It is nornally used with equi pment in which nost of the gas is breathed again
after the carbon di oxi de has been renoved; this allows reduction of the total
gas vol une required by the diver. The self-contained sem -closed rebreathing
apparatus was a war-time advance and was first used extensively by divers
clearing mnes. This devel opnent was conducted by the Adniralty Experinental
Diving Unit in conjunctionwith Siebe, Gorman & Co. Ltd. The change to a self-
cont ai ned set was needed to reduce t he nunber of people at risk fromacci dental
explosions in nine clearing operations. The reduction, or elimnation of
deconpression ti ne was desirabl e in increasing the diver’'s chances of survival
i f sonmething went wong. The equi pnent used was constructed fromnon-nagnetic
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materials to reduce the change of activating magnetic nmines and was silent for
wor k on acoustically triggered m nes.

The search for means to all ownan t o descend deeper has been a conti nui ng process.
By the early twentieth century deep diving research had enabl ed di vers to reach
depths in excess of 90 netres; at this depth nitrogen narcosis incapacitated
nost nen.

After the First Wrld War the Royal Navy diving research was desi gned t o ext end
t hei r dept h capability beyond 60 netres. Equi pnent was i nproved, the subnersible
deconpressi on chanber was introduced, and new deconpressi on schedul es were
devel oped usi ng oxygen breat hi ng, to reduce deconpressiontine. D ves were nmade
to 107 nmetres, but nitrogen narcosis at these dept hs made such di ves unr ewar di ng
and dangerous.

In 1919, an Anmerican scientist, Professor Elihu Thonpson, suggested that
ni t rogen narcosi s coul d be avoi ded by usi ng heli umas a repl acenent for nitrogen
inthe diver’s gas supply. At that stage, the idea was hardly practical because
hel i um cost over US$2, 000 per cubic foot. Later the price dropped to about 3
cents per cubic foot, follow ng the exploitation of natural gas supplies which
cont ai ned hel i um Researchintothe use of heli umwas conduct ed duringthe 1920’ s
and 1930's; by the end of the 1930's conpression chanber divers had reached
150 netres and a wet dive to 128 netres was rode i n Lake M chigan. Between the
two World Wars the USA had a virtual nonopoly on the supply of helium and so
domi nated research into deep diving,

The possibility of using hydrogen instead of heliumin gas m xtures (for deep
diving) was first tested by Arne Zetterstrom a Swedi sh engi neer. Hi s pi oneering
wor k on t he use of hydrogenin adiver’s gas m xture has not been fully devel oped.
He denonstrat ed t hat hypoxi a and ri sks of expl osi on coul d be avoidedif the diver
used air fromthe surface to 30 netres, changed to 4% oxygen in nitrogen and
t hen changed t o 4%or | ess oxygen i n hydrogen. In this manner the diver received
adequat e oxygen and the fornmati on of an expl osi ve m xt ure of oxygen and hydr ogen
was prevented. In 1945, Zetterstrom dived to 160 netres in open water.
Unfortunately, an error was made by t he operators controlling his ascent. They
haul ed him up too far and he died from hypoxia and expl osi ve deconpression
si ckness. The error was accidental and was not related to his deconpression
schedule. Interest in hydrogen for use in deep diving has not been great, but
nm ce and nonkeys have been pressurised to over 1000 netres on oxygen/ hydrogen
m xtures. The relative cheapness of hydrogen conpared to helium and the
probability of a helium shortage, may mean that hydrogen will eventually be
wi dely used in deep dives.

The cost of gas, conbined with a desire to increase the diver’'s mobility, has
encouraged the devel opnent of nore sophisticated m xed gas sets. The nost
conpl ex of these have separate cylinders of oxygen and diluting gas. The
conpositionof thediver’'sinspiredgasiscontrolledbytheactionof electronic
control systens which regul ate the rel ease of gas fromeach cylinder. The first
of these sets was devel opedinthe 1950’ s, but t hey have been refined and i nproved
si nce then.

One of the nobst inportant devel oping fields in diving since the Second Wrld
War is that of saturation diving. Behnke suggested that cai sson workers coul d
be kept under pressure for |ong periods and deconpressed slowy at the end of
their job rather than undertake a seri es of conpressions, and ri sk deconpr essi on
si ckness after each. Bond and others adopted this idea for diving. The first
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of these dives involvedtests on ani mals and nen i n chanbers, thenin 1962 Robert
Stenuit spent 24 hours at 60 netres in the Mediterranean Sea off the coast of
France.

Progress was rapid with both the French inspired Conshel f experinents and the
Aneri can Seal ab experi nents seeki ng greater depths and duration of exposures.
In 1965, the forner astronaut Scott Carpenter spent nonth at 60 netres, and 2
di vers spent 2 days at a depth equival ent to al nrost 200 nmetres. Unfortunately
peopl e paid for this progress. Lives were |lost and t here has been a significant
i nci dence of bone necrosis induced by these experinents.

In npost saturation diving systens, the divers either live in an underwater
habitat or in a chanber on the surface. |n the second case, another chanber
i s needed to transfer themunder pressuretoandfromtheir work site. Operations
can al so be conducted from snmall submarines or subrersibles with the divers
operating froma conpartnent that can be opened to the sea. They can either
nove t o a separat e chanber on the subnmarine’s tender or renmain inthe subnarine
for their period of deconpression. The use of this offers several advantages.
The submari ne speeds t he di ver’ s novenent around the work site, provides better
lighting and carries extra equipment. Also, a technical expert who is not a
di ver can observe and control the operation fromw thin the submarine.

Qperations involving saturation dives have becone al nost routine for work in
deep water. The stinmulus for this work is partly mlitary, but the oher nmjor
requi renent is the exploitation of oil and natural gas fields in deep water.
The needs of the oil conpani es have resulted in strenuous efforts to extend the
depth and efficiency of the associated diving activities. Diving firms are now
prepared to sign contracts that may require themto work at 460 netres.

Man i s pursuing other avenues in his efforts to exploit the sea. One involves
diving in a suit in which the internal pressure is the same as sea |l evel and
there is the radical concept of liquid breathing.

Arnour ed di ving suits withstand the pressure exerted by the water and al |l owt he
di ver to avoid the hazards of increased and changi ng pressures. 1In effect the
di ver becones a snmall subrmarine. The nobility and dexterity of divers wearing
earlier arnoured suits were linited and they were not wi dely used. The newer
suits such as the British ‘Big Jinm may become an accepted piece of diving
equi prent m dway bet ween a diver and a srmal | submarine. They can be fitted with
claws for nanipul ati ng equi prent.

Experiments invol ving the breathing of liquids in which the |ungs are fl ooded
and the body supplied with oxygen in solution are still in the prelimninary
experinental stages. Sone of the results obtained show promni se; mce breathed
liquids for up to 18 hours and the first human subject survived experiments
i nvol vi ng fl oodi ng of one lung. Technical difficultiesinvolvingcarbon di oxi de
transport have hi ndered devel opnent of this concept. The potential advantages
of breathingliquids arethe elinination of deconpression sickness as a probl em
freedomto descend to virtually any depth and the possibility of the diver
extracting the oxygen dissolved in the water
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Provi si onal Report on the 1974 Diving Deaths
Dougl as \al ker

Overvi ew

The remar kabl y | ownunber of fatal incidentsthat occurredin 1974 i n associ ation
wi th underwater activities, eight in nunber, points to the paradox that in so
patently hostile an environment so few come to serious harm These brief case
histories are presented to drewattentionto the fact that failure to apply the
commonl y accepted rul es for safe diving carrieswithit the occasi onal exaction
of the suprene penalty, not withstandi ng the undoubted fact that a | arge nunber
of divers survive the making of sinmilar liberties with their underwater
environnent. Every node of civil diving practice save deep sea professiona
di vi ng has been represented this year and there are present indications that
this group is in active hazard fromthe slowy developing crippling arthritis
associ ated with dysbaric osteonecrosis.

The significant avoi dabl e factors associated with these deaths are the sane as
t hose denonstrated i n previ ous surveys. They are none the | ess tragi c because
others have trod the same paths to oblivion

In brief, there were three breath-hold divers, two scuba divers and three hose
supply divers (Hookah type). Causes involved included under-respect for the
power of the sea, hyperventil ation bl ackout, total i gnorance of scuba apparat us
used, the cutting of anair hoseandfailuretorealisethat deep sink-hol e diving
requirestreatingwthgreat respect, for therearetherisks of depth (narcosis)
added to ri sk of being unable to ascend directly to the surface, entangl enent,
loss of visibility, etc.

Brief Hi stories

To ensure mai ntenance of confidentiality in this small series these reports
i ncl ude not hi ng not al ready of public know edge. However, there is nmuch to be
learnt froma closer |ook at the events than is usually afforded to newspaper
itens.

Case 1 - (Breath-hold) The 22 year old victimtossed a coin to deci de whet her
or not to call off the dive. Unfortunately for himthe decision was nmade to
chance the el enents and nake t he dive. There was an 8-10ft swell and visibility
was poor underwater, but he was keen to do sone spearfishing and managed to
convi nce hi s buddy t hat he was sufficiently experiencedfor the conditions. They
arranged that he should enter the water first and wait outside the surfline,

and this plan was followed. Wen the buddy arrived at the appointed area he
was unabl e to see any sign of the first diver so, after naking a short search

he returned to the beach. After a fruitless search across the waves and al ong
the shore he alerted the rescue services. They too could find no trace of the
m ssing man. | n fact the body was not recovered for six days. The victi mwas
found to have bean weari ng a hone- nade wei ght belt whose rel ease nmechani smwas
difficult to operate, a factor that would di sadvantage hi m when seeking to
al I evi at e his buoyancy problemin the rough water. His i nexperience made him
| ess able to extricate hinself fromwater conditions he had m stakenly risked.
It is well known that anyone in trouble in water becomes i ncapabl e of rationa

t hought under the inperative desire to naintain their head above water. The
di sturbed, rapid, inefficient, shallow breathing reduces the buoyancy and
i ncreases panic. The possession of an efficient buoyancy aid could have been
lifesaving despite all the other adverse circunstances.
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Case 2 - (Breath-hol d) This spearfisherman had a good reputationfor hisability
inthe sport. He had ten years experience, though this was saidto be the first
time that he had worn a wet suit and a wei ght belt. He is known to have speared
a 45l b Kingfish at 30 ft depth and kept with it when it fought hard. A fellow
spearfi sher sawthe victim s gun, andthe attached fish, onthe sea fl oor a short
time after the kill. Then he observed the victi mabout 15 ft away fromthe gun,
slowy sinkingintoa50ft trench. He was unfortunately unable to breath-hold
dive sufficiently deep to reach the body so swamto summon hel p. Anot her diver
was able to reach the body but was unable to raise it even after rel easing the
wei ght belt, having to procure a hookah hose before effecting the recovery.
Naturally, by this tine all hope of successful resuscitation had passed. This
wi t nessed death was typical of the hyperventilation-blackout syndrone; a good
di ver over-extending hinself infightingavigorousfishandthendriftinggently
to the sea floor, unconscious. Survival fromsuch a circunmstance is entirely
dependent on the event being witnessed by soneone i medi ately able to dive to
the required depth, raise the body and performeffective resuscitation. Such
factors did not operate here. The better the breath-hol d spearfisher the greater
the need for such a buddy.

Case 3 - (Breath-hold) This spearfisherman and his friend had received sone
training in Skin and Scuba diving early in 1973. He was said to be conpetent
both as a swinmer and as a diver and to be aware of the dangers of pre-dive
hyperventilation, though he still practiced it. On this occasion they were
spearfishing about 20 ft fromthe rocks at the sea’ s edge, the water being cal m
The friendleft thewater with histhirdfish and becane i nvol ved i n conversation
wi th two passers-by who were intendingto goswinringinthat area. One of these
Wi tnesses sawthe victimat this time swiming normally on the surface. Ashort
time later one of the men entered the water to exanine a red float a little
of fshore. He was wearing goggl es and t he wat er was cl ear so he was abl e to see,
to his great surprise, a diver lying quietly on his back on the sea floor in
about 15-18 ft of water. A speargun was |ying nearby and t he facemask was still
in position. After shouting the alarmto those ashore he dived and rel eased
the victims weight belt, thus enabling himto surface the body. Together with
the hel p of the other swi nmer, he brought the body ashore, chest conpression
resuscitation being perforned, w thout success, both in the water and after
| andi ng. The period of subnersion was very possibly too |long for success to
be expect ed but EAR nmi ght have been a better choi ce of method. This quiet death
i n cal mwat er coul d al so be a hyperventil ation bl ackout. Once agai n, di ve al one,
die alone; ... and possibly unnecessarily.

There were two addenda to this story. First, one of those present was said to
be a divinginstructor yet he did not attenpt EAR  Second, a surviving fragnent
of t he onshore conversationtaking place as t he diver di ed: one of the strangers
sai d, on seeing the size of the speared fish, “Wy don’t you give it a chance
to grow?” The reply nade was “They are getting snaller all the tine”.

Case 4 - (Scuba) The circunmstances of this tragedy are al nost unbel i evabl e and
it is hoped they will never be repeated. The victimwas nmaki ng an i nspection
of a submerged outlet valve in a shallow freshwater dam He tried to do this
by breath-hold diving but found it too difficult so thought to use scuba
apparatus. It was no part of his duty, it would seem to be a diver and in fact
he was totally ignorant of diving. He borrowed a wetsuit and wei ght belt from
soneone and t hen approached a nei ghbour for the | oan of a scuba tank and denand
val ve, refusing the of fer of flippers because be i ntendedto both enter and | eave
the water by wal ki ng. The owner of the equipnment was aware of the total
i nexperience of the victi mso showed hi mhowto turnthe air on and howto breath
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usi ng the nmout hpi ece. There was no qui ck-rel ease on the tank harness. Being
not a fully equipped diver, he returned to the damand his first ever dive.

At the damhe dressed and entered t he water, t here bei ng handed a coupl e of | oose
spanners. He told his conpanion it would be only a short dive as he didn’t have
much air. The conpani on then rowed away on another job, |osing sight of the
diver. Wen he returned at the agreed tinme and was not net by his friend he
searched for the air bubbles. Sonething in their character alarned himso he
nmade sone breat h-hol d dives but was unable to locate himin the conditions of
nil-visibility that al ways exi stedinthe damwater. Being by nowhi ghly anxi ous
for the safety of his fell owworker, he rowed ashore and call ed the Police. But
by now the flow of bubbles had ceased.

The body was recover ed by a brave pol i ceman naki ng breat h-bol d di ves. The depth
was 20 ft, the water cold and opaque and the victimdead when reached. When
found he was noted to have his hands and forearns tied together by aline also
attached to the two spanners. This |ine had apparently been on the underwat er
val ve froma previ ous occasi on and renoved by the victi mfor use to prevent the
possi bl e | oss of the spanners. The |ight nature of the |line had done the rest,
allowingit tofloat freely but uncontrollably around him H s mask was di sl odged
t o behi nd hi s head and he had | ost the nout hpi ece of the demand val ve. Not only
was the tank harness w thout a qui ck-rel ease, the wei ght belt was too | ong and
he had the buckle to one side, so it would be difficult to reach even had he
been experienced and had his hands free. The nuddy bottom of the dam sl oped
such that a craw i ng escape to safety was i npossi bl e t hrough slipperyness. He
was al one, without air, hisarns tied and without alifelineto guide arescuer.
Even Houdi ni could not have escaped such a conbination of self-inflicted
ci rcumnst ances.

Case 5 - (Scuba) This deep dive at Mount Ganbier received the publicity usua
to all such deat hs. The circunstances of the di ve were probably not unlike t hose
associ ated wi th many di ves wi th uneventful outcome, if one nay judge fromot her
i ncidents on file.

The two di vers invol ved, of whomone di ed, were apparently experienced i n scuba
divinginthe seabut their experience of deep di vi ng and of cave/ si nk- hol e di vi ng
is presuned to be slight. In this they were possibly typical of the majority
of casual divers in these inland waters. There is sone el ement of conjecture
in the story of what occurred, no actual |nquest being held. The Coroner was
content to accept the statenments nade to the Police in their investigation as
adequat e basis for a finding of death by misadventure. Such a procedure was
his prerogative and conpletely proper but |eaves sone points relating to the
i nci dent undocunent ed.

I n essence, this death occurred because the dive plan left no margin for safety
therewas noair-timeto spare and no al |l owance for possi bl e probl ens of nitrogen
narcosis. Thus were the seeds of disaster sown.

The dive was to 200 ft using single 72 cft cylinders plus one reserve cylinder

hung at 30 ft. A 220 ft long shot line was used and the victimwore a reel |ine
on his belt. This was to be a bounce dive and in fact the ascent was started
after only 20-30 seconds at nmaxi numdepth. Both the shot end reel lines were

attached to the surface buoy. Before |l eaving the 200 ft | evel the second diver
swi tched on his reserve. Ascent was uneventful and hand contact was nai nt ai ned
till 150 ft depth. Here, where the |light coul d be seen above, the di ver wearing
the reel found his ascent suddenly arrested. Hi s conpani on was by now | ow on
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air end having difficulty in breathing and this nay have sinmlarly affected t he
victimas their rate of air consunpti on was usually simlar. The buddy assuned
that a Iine had snagged so tried to pull himfree. Wen this failed he never
thought to try to cut the line, shortage of air requiring himto ascend to the
waiting air reserve, there to deconpress. At this tinme thought of the need to
avoi d deconpression sickness over-rode all other considerations. When
deconpressi on steps were conpl eted, be surfaced and gave the alarm |t seens
reasonabl e to assune that his failure to rethink his assistance pattern when
the tugging failed was an exanpl e of the narrow ng of perception, or “tunnel
t hought”, w th obsessive concentration on one fact to the exclusion of all
others. This would be typical of nitrogen narcosis and i ncreased by the panic
stimulus of air shortage. Had the line in fact cone free this incident would
have been soon forgotten by both those involved. Had nore air been avail able
the victimm ght have cut hinself free.

Case 6 - (Hookah) The fatal and unexpected Shark attack on this Abal one diver
coul d not have been foreseen or prevented. It is presuned that a white pointer
nm stook himfor a seal, for he was gathering abal one fromthe sea floor with
his |l egs floati ng upwards when the attack occurred. The first that the man in
t he boat knew about it was when the di ver surfaced unexpectedly and called for
help. Until he had pull ed hi mback to the boat and was attenpting to get him
aboard he did not see the shark or realise that aninjury had occurred. At this

timethevictimstill lived but death fromshock and haenorrhage occurred before
shore was reached. There is no note that any attenpt was nmade to give first
aid but nost of the blood | oss nay have occurred while still in the water, so

not preventable. Seals had been seen in the area previously, though not at the
time of the attack. That therisk of attackis | ownay be gauged fromtherapidity
wi th which the vacant fishing |licence was applied for and taken up.

Case 7 - (Hookah) There were two divers here on separate hoses froman air
conpressor i nthe boat. The owner of t he boat and t he equi pnment becane the victim
t hough the only experienced person present. He had bought the equi pment new
about two years previously and kept it in good condition. Though by this tine
practicedinits use he may never have recei ved any fornmal diving training. The
ot her diver was totally inexperienced save for a quick | esson in a pool in the
use of hookah apparatus, while the friend left in the boat was a non-di ver who
was Wit hout prior experience withthe conpressor. The two di d not keep toget her
underwat er, the novice nmaking the valid point that as the other had a speargun
he intended to keep out of the way. Water conditions were good and depth 20
ft.

After afewnminutes the victimsurfaced, shouted, sank and t hen resurfaced. The
man i n the boat correctly interpreted this as a call for hel p and used t he hose
to pull himback to the boat. He was apparently conscious till within 8-10 ft
of the boat. By this tinme the other diver had cone across the speargun and one
flipper onthe seabedand surfacedw ththem Wen he observed what was occurri ng
he dropped his find and went to give assistance. Finding it inpossible to get
the victiminto the boat by pushing fromthe water while the other triedtolift,

he cane aboard and together they managed to bring the body inboard. 1In both
this and t he previ ous case great difficulty was experiencedingettinga helpless
di ver back into a boat. It was noted that the victims demand val ve was t hen

functioning nornmal ly and the novice at no tinme had any air supply problem The
total dive tinme was only 8 minutes. EAR was given but the victi mwas al ready
dead. Air Enbolismwas the cause of death but why the diver made an emnergency
ascent is quite inexplicable. He was certainly aware of the need for exhaling
on ascent, having instructedthe novicetothis effect. Once again, the extrene
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ease with which one can use hookah apparatus w thout training has been
illustrated, as also the node of death (air enbolismso typical of fatalities
in this diving group and the rapidity with which it can occur).

Case 8 - (Hose supply) Neglect of precautions is possibly inevitable when
undert aki ng routine procedures. Only the occurrence of the inevitable acci dent
brings areturn of a nore alert appreciation of the value of correct routines.
Such was here the case. This was a nornal harbour job of renoving a broken pile.
The surface barge was required to nove slightly and the order given.
Unfortunately on this occasion the diver had obtained an excessive | ength of
free hose fromhis surface tender and it had drifted, unsuspected, under the
barge. Wen the propeller startedtorevolve it inmediately tightened the hose
around itself. This not only cut off the diver's air, it alsoviolently jerked
him He was thus in no condition to close his inlet valve to retain his air.
It is easy to note the faults in hose nmanagenent, the risks of unprotected
propellers and the incorrectness of having a revolving propeller with a diver
in the water nearby. The sins were venal, the penalty nortal. This case is
reportedinthehopethat it will alert otherstoconsider their divingpractices.

Di scussi on

These cases illustrate once again the extrenmely short span of tine it requires
for death to occur. None of these victimdid anything that others may not have
done without a fatal outconme, yet all save the shark victim broke clearly
recogni sed gui delines for safe diving. The reader is urged to consider his own
di ving practices to see whet her, should he too prove nortal, others would say
of him “Wat an unnecessary thing it was that led to hi mdying’

The breat h-hol d di vers conti nue to hyperventilate and fewi nevitably bl ack-out.
In the absence of rapid rescue and resuscitation they will drown. Those nost
at risk arethe spearfi shernmen seekingto excel. Theinexperienced divers under -
respect the sea’'s power and ri sk sinple drowing. That so fewin fact do drown
may be a tribute to the buoyancy given by a wet suit, though there is no proof
of this.

That Scuba divers require training is nowgenerally accepted, and Case 4 shows
t he possi bl e consequences of | ending equi pment to the untrai ned. The | ender
inthis case obviouslyisignorant of every principle of saf e scuba di ving. Case
5illustrates the trueismthat still waters and deep lead nen to folly. Once
again, it is clear that every dive plan should include a very generous el enent
of safety. To have air availableis agreat confort intine of trouble. Perhaps
if tank fills were charged by quantity actually supplied rather than by tank
size divers would not mind returning froma dive with air remaini ng unused. It
is time that those intending to dive in sink-hol es/caves ensure that at |east
the dive leader is alert to the special risks end precautions of this type of
di ving and adjust their dive plan accordingly. To dive deep w thout adequate
air and without allowance for nitrogen narcosis is suicidal

One shoul d renmenber al ways that the diver without aline may get | ost, one with
a line get snagged. The only ready renedy to the deep-di ve nenace woul d seem
to beif sonme public spirited person put a notice on the shaft wall saying “200
ft; please sign here” ... at 100 ft.

Hookah diving is another diving discipline that merits special attention from
divinginstructors, despite the absurd sinplicity of the equi pnent, for the only
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thing that goes seriously wong for the diver is the abrupt cessation of his
air supply. But this little matter explains the relationship of air enbolism
wi th hookah diving fatalities.

I't i sapparent that athorough know edge of the first aidtreat ment of Haenorrhage
and of Resuscitation nmay be required at short notice. It should therefore be
a required skill.

It isthewiter’s opinionthat role of the Coroner in making verbal exani nation
of witnesses, based on their statements to the investigating police, fulfils
an inportant need. He can often elucidate points left unclear in statenents
and obtain information not thought significant to the basic investigation as
to whet her the death was m sadventure or cul pabl e, but of inportance and basic
to consi deration of the preventabl e factors present intheincident’s evolution.
The Coroner has a key positioninthe Safety Team He can al so, where necessary,
prevent ill-formed “Experts” fromhaving it all their owm way, a difficult,
skilled and i nportant task. The holding of inquests is as relevant to today’s
problemas it was to those of tines |ong past when the Ofice was initiated.
Not hing better has yet evolved for the investigation of the generality of
accidental deaths. This investigation certainly rests heavily on the work of
Cor oner s.
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Request for |ncident Reports

W thout a continued supply of information concerning incidents associated with
di vi ng there cannot be progress in further inproving the safety of diving, for

dangers wll remain unrecognised and uncorrected. Al though this report
concentrates on fatalities, reports of all types of non-fatal incidents are
equal ly required. Al are treated as confidential. YOUR reports could help

i mprove the safety of future divers. Please send reports, or queries, to the
foll owi ng address:

Dr DG \Wal ker

PO Box 120
NARRABEEN NSW 2101

* *x * *x * * *x *
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PANI C
Dr Arthur J Bachrach (Cceans 2000, 1973)

For sone time A en Egstromand | have been wor ki ng (on a sonewhat negati ve aspect
of diving - the destructive problemof panic. M/ remarks today are, in effect,
a distillation of our work. About 120 sports) divers are killed each year in
the United States and, of them cave diving produces 25 - 30 deaths in Florida
alone. There are perhaps two million divers, so this would not appear to be
much of a statistic, but if you conpare this with the five deaths each year in
an equal I y popul ar hi gh-ri sk sport - skiing - youw || see why we wi sh t o exani ne
what is killing our divers.

The probl emof panic has three el enents: training, which needs to be i nproved
i n many ways; physical condition, which is beconing nore and nore a source of
concern for us; and finally, equipnent.

Most deat hs occur at shall ow depths or on the surface and are to be associ at ed
invery large measure with | oss of control - panic. Most of the divers pulled
out of the Californiawaters still have their wei ght-belts on, yet when you | ook
into the training progress it would seemto be autonatic that a person should
jettison his weight-belt tosave hislife. Certainly, they have enough air |eft
intheir tanks, but frequently the nout hpi ece has been spat out, inplyingthat
there has been a | oss of control on the part of the divers.

This is not only true for sports divers, it also applies to a nunber of deep
di vers. Commander Carpenter will certainly renenber concerns expressed by sone

of the divers on Sealab Il: about scorpion fish, |oss or failure of equipnent,
failure of CO; sensors. These are things that are beyond the control of the
di ver but, above all, his greatest concern nmust be a personal | oss of control

whi ch woul d nean that it was beyond the diver’s capability to handl e a probl em

Conpet ence and sel f-confidence seemto be the two things that are inportant in
controlling panic. Wen an individual, who is basically aland mamual wearing
strange equi pment, isintroubleinthewater, hew Il begintostruggle- claw ng
the water, with his head held back, struggling to keep out of the water. He
has spat out hi s nout hpi ece and still has his wei ght-belt on. The hard struggling
results in keeping the head hi gher but al so i ncreases the wei ghtload, and the
body responds by increasing the heart and respiration rates. Therefore, the
i ndividual rapidly reaches the state where he cannot possibly sustain this
excessi ve workl oad, and becones exhaust ed. It has been estimated that an
i ndi vi dual can sustainaworkloadlikethisfor |essthananmninute, and exhaustion
can bring an additional psychol ogi cal stress which will nmean he nmay or nmay not
be able to perform another nanoeuvre such as ditching the weight-belt or
inflating a flotation device.

W have a theory, which is unproven, that it may well be psychologically
ant agonistic for a diver, with his hands up and trying to keep his head out of
the water, to put his hands back into the water to rel ease his weight-belt or
to pop the CO; cartridge. It could be that in engineering equipnent, it would
be nore practical to have such a safety feature on the shoulder or closer to
t he head.

Foll owi ng work at the Royal Naval Physiol ogical Laboratories at Al verstoke,
Pet er Bennett and I, worki ng at Duke Uni versity, conducted further researchinto
t he subject of apprehension as experienced during deep dives. W prepared a
speci al analysis of atrenmor and wi th diver-operated force transducers neasured
t he psycho- physi ol ogi cal changes experienced by divers in a chanber at 870 ft.
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The results showed that the professional divers, who had been saturated for a
while and were resting and waiting to travel to 1000 ft, produced peaks at 3-
5 Hertz. The normal frequency at which this takes place being 10 Hertz, this
suggested a pathol ogical trenor which does not necessarily mean that the
i ndi vi dual has suffered any per manent brai n changes, but t hat he was experi enci ng
what we nay | oosely call ‘apprehension’.

As they began to conpress to 1000 ft, the trenor and their | evel of perfornmance
returnedtonormal, suggestingthat the divers’ stress had been experienced pri or
to travelling on conpression.

During an eval uation of the Mk XIl, whichis a systemthat the US Navy may adopt
toreplace the old Mk V copper diving hel met, we listened to a diver’'s heart beat
whi | e wor ki ng a UCLA pi pe puzzle invery clear, warmwater with athree-quarters
of a knot current. As the telenetry recorded back t hrough the 60 ft deep wat er,
G en Egstrom w th whom! was preparing the prelimnary data, remarked that the
di ver probably hadn't been in the water for a while. On checking with the
Di rector, we found that the di ver had not beenin the water for about six nonths.
What gave G en this suggestion was that we were peaki ng 184 beats at one point
where he was working the old Mark V on the pipe puzzle. The nornal noderate
wor kl oad woul d probably be about 140, and the marked increase in heartbeat
suggested that the diver was not in good physical condition, had not been in
the water for a while, and was not functioning effectively.

I f we study t his aspect of stress, knowingthat it i s nornmal both to professional
and sports divers, we would assune that training is reflected in conpetence.
Competence is al so a refl ection of physical condition, and if you have a diver
who is what we call inthe United States, FOB (fat, old and bal di ng) he shoul d
not be in the water, or at | east the dive instructor should be aware that there
are going to be problens.

W feel that swiming pool trainingis not sufficient for ocean divers and t hat
specialities such as cave diving al sorequire further training. Thereis a need
for internmediate kinds of training in between pools and oceans - perhaps in
control | ed coves or quarries, or sonme area where an i ndi vi dual can get into nore
open water than the controlled, safe aspects of the sw nm ng pool.

How automatically one performs a task is very relevant to the experience of
apprehension and panic. It isinportant that atask belearnt tothe point where
a diver no longer has to give it much thought, so that he is relaxed and not
continually concentrating on noving the equi pnent, or hinself, through the
wat er .

There is an i nportant aspect of training which | think relates very definitely
to the psychol ogi cal problens that we neet in sports divers, and that is the
aspect of condition. Any individual who thinks that he is going to conpete by
sayi ng that he has gone further on | ess air than another diver, is a dangerous
di ver; he should be conpeting with hinself in ternms of his own skills and
abilities, and not in terms of depth and air consunption. Wth regard to this
aspect of conpetition, one should be aware and cogni zant of the fact that one
of the main notivators of human nature and behaviour is the fear of |ooking
foolish, andit is inportant that dive instructors stop individuals fromtaking
chances, or fromgetting into situations in which they may get into trouble
because they don't dare not to go.

W have t al ked about transportation - the neans of getting downtothe particul ar
brand of diving in which we are interested, the equi pment, and certainly the
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soci al aspects of diving, all of which are inportant aspects of training and
the enjoynent of the task. Finally, let me turnto the task itself, whichis
one of the problens in sports training that has still not been resolved. W
have trai ned people to use equi pnent to get down to depths, but we have never
trained themreally systematically to do anything.

To hel p control apprehensi on and panic a di ver shoul d have a functi on, whet her
it be underwater archaeol ogy, shell collecting, observation, photography or
, What ever, sothat heis not just downtherelistening nervously tothe harnonics
of his regulator, but rather, absorbed in taking photos or in doing sonething
pur posef ul .

Her b Prosser believes that hyperventilating is one of the | east recogni sed but
nost i nportant causes of drowning. Certainly, the diver whois claw ngthe wat er
and trying to get fresh air instead of tank air may hyperventilate, whi ch causes
al | sorts of physi ol ogi cal changes i ncl udi ng, possi bly, passing out within very
short period of tine.

W al so feel that thereis sone evidence that hyperventil ati on and hypogl ycaeni a
have simlar types of physiological effects andit nmay well be that sone dietary
aspects of hyperventilation and control nmay be inportant, so that beer nmay not
be the best thing to have just before a dive.

Let me turn to one other aspect of what happens when an individual gets into
a panic situation. Under stress, an individual’s narrowi ng of perception is
qui t e marked, he begins to focus in an al nost tunnel fashion, |osing periphera
visionto avery narked extent. Not only is the visionnarrowed but his problem
solving capabilities are also narrowed. Picture a diver whose reserve val ve
had been acci dental | y pushed down whi | e he was wor ki ng anong rocks: he may start
to breathe alast hard breath and put hi s thunb on t he handl e of the pull rel ease.
Not hi ng happens because his reserve is already pulled: a non-coping response
occurs - he keeps pulling, with noresults, and begins to panic. Once you have
this stereo-typed response, any problemsolving becones al nost inpossible.
There was a case i n Tucson, Ari zona sone years ago of a wonman di ver who was dr owned
in 12 ft of water in a |lake on a golf course. Wen she was pull ed out she not
only had on her weight-belt, she was clutching a bag of golf balls. This is
non probl em sol vi ng behavi our and very hazardous, but it happens, and this is
one of the things we are puzzled by in psychol ogy.

We know a good deal about experienced and i nexperienced stress responses. Sone
years ago a coupl e of psychol ogi sts did sone work on sky divers and found t hat
t he experi enced sky di vers were frequent!|y appr ehensi ve about goi ng out and doi ng
a junp. The interesting thing about their research was that the apprehension
occurred usually on the nmorning of the junp and if they felt sufficiently
apprehensive they would call and cancel, whereas the novice woul d peak their
anxi ety just beforetheridetothejunpsite. So, therewas atenporal difference
i n the apprehensi on of the two types of divers. Again, there may be sone factor
about | ooking foolish and not wanting to cancel. | have a feeling that there
may be this parallel between sky and scuba divers: the gallows hunour that you
see on the way to a dive site may well be the kind of apprehension rel ease that
the novice divers require. Probably, the experienced scuba diver who didn't
feel too confortabl e about goi ng out, doesn’'t go whereas t he novice diver tries
to overcone it and peaks his anxiety just before he is about to dive. These
are things that adiveinstructor shoul d be aware of and do sonething to control:
to cure the need for fool hardy face-saving and to be thankful for sinuses and
col ds, because they always provide an excuse for getting out of a dive.
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Finally, | would like to nention what | think is going to happen with regard
to sports diving in the future, and |I’mgoing to say a coupl e of things which
| amsure are controversial. | knowthat there is an argunment about controll ed

energency ascent or free ascent: nany of us believethat thereis averycritical
need for training in these areas, and the US Navy and the Royal Navy are not
very positive about this. However, for many of usinterestedin sports training,
the controll ed energency ascent is a very inportant potential |ifesaver

Secondly, | foresee that therewill be less and | ess training in sharing (buddy
breat hi ng) and nore and nore devel opnment of equipnment simlar to, but nore
ef ficient than, the octopus rig. Buddy breathi ng not only causes concern about
t he buddy who is running out of breath and the return of one’s regul ator, but
is also an inefficient nethod with which to handle this enmergency situation

Diving is a fine sport. Wth proper physical conditioning, equipnent and

training the individual can expect nmuch excitement and pl easure in diving - but
let’'s be certain the excitenent is of the positive Kind.

* *x * % * * *x *

Brief Profile

Dr Arthur J Bachrach is the Director of the Behavioural Sciences Departnent of
t he Naval Medical Research Institute, Bethesda, Maryl and.

H s diving research activities are |l argely concerned with deep dives and have
been centred around experinental nethods of assessing behavioural and
physi ol ogi cal changes in divers.

He has been involved in research on the 1000 ft Westinghouse chanmber dive in
1971 and, as Visiting I nvestigator at the Institute of Environnental Medicine,

a 1200 ft chanber dive after that. 1In 1973, he collected trenor data on the
Navy/ Tayl or 1600 ft chanber dive.

* *x * *x * * *x *

NOTES TO CONTRI BUTORS (BUT NOT COURS!)

The Editor of the Federation of Australian Anarchists’ “Bulletin” has advised
pressure groups seeking space in his publication in the foll ow ng words: -

“Conrades - only articles which provide interest for the people
who type out thesearticlesw |l betypedonstencils. If youthink
your articles are boring and egotri pping then woul d you type t hem
on stencils and then forward themto the city that is currently
publishing the bulletin.”

This informati on was noted i n The Australian, 20th May 1975. Neither the Editor
of The Australian nor of this Newsletter are maki ng any coments.
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DI VER NARCCSI S, FROM MAN TO CELL MEMBRANE
Prof. W Paton
(Cceans 2000, 1973)

| think there are nine hurdlesinthedivers Gand National and, of these, there
are two that may or may not prove to be insurnountabl e obstacl es, anaesthesia
by inert gases and the effects of pressure per se.

Firstly, to bring out two points about anaesthesia:

Some ti me ago we at t he Medi cal Research Council di d some work on car bon di oxi de
i ntoxication: three colleagues and | breathed carbon di oxi de at 20 per cent,
15 per cent, 12 1/2 per cent and 10 per cent in oxygen, meanwhil e signing our
nanes conti nuously. Delicate changes inour hand-witing became apparent al nost
i medi ately, and finally we reached a stage of total illegibility - at which
poi nt we were in fact unconscious, failing to respond to comands, and ammesi c.

What | want to point out here is that even though we were unconsci ous, we were

still tryingto dothe tasks allottedto us, still tryingtowite. So a person
can be quite fundanentally affected and yet still persist in his previous
behavi our.

The second point is that even when conpl etely unconsci ous i n these conditions,
we were far frombeing at a state of surgical anaesthesia. There is a great
di fference between the quantities of narcotic of these anaesthetic drugs that
will affect a man’s operational efficiency - his judgement, resourceful ness or
ability to adhere to a programme - and t he ambunts necessary to attai n surgi cal
anaest hesi a.

The reason that nost of us believe that anaesthesia is effected by nol ecul es
getting into the fatty part of the body is that if you nmeasure the tendency of
gases togointo fat, and correlate this with the potency of the gases, you get
an extraordi nary correl ati on whi ch devi ates fromt he expect ed by, perhaps, about
20 per cent, and | think one should rely on this to showthat it is a fatty,
as opposed to watery, part of the body that is really involved at the nol ecul ar
| evel .

Compari son of Rank Order of Inert Gases Low

Low Hi gh
Deconpr essi on sickness (1/Poo for nice) H N Ar SFg N0
Water solubility SFs He N Ar NoO
Fat solubility H N Ar SFg N0
Total body solubility H N Ar SFg N0

Poo i s t he maxi mumpressure fromwhi ch a rapi d deconpressi on to at nospheric
pressure is possible w thout hazard after |ong exposure.

Conparison of the liability of various gases to produce deconpression
sickness withtheir water and fat-solubility, showi ng the best correl ation
withfat solubility (or total body solubility, towhichfat solubility makes
the major contribution with nost gases).

The next question is, of course, what do we nean by a fatty part of the body?
Menmbranes are aninportant class of fatty material. Al our cells havealiniting
menbrane which i s a sheet of fatty nol ecules with a water-attractive head, and
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pairs of peripheral tails that dip down |ike double | eaflets. One can envisage
t he anaest hetic nol ecul e - whether it i s chl oroform xenon or nitrogen - getting
anong these leaflets and di sorgani sing them

There i s anot her sort of potential hydrophobic or fattiness and that isthelunps
- macronol ecules - in the menbranes, which transport glucose, carry ions and
nmedi ate the responses to drugs. Crystallographers have found that these big
protein nol ecul es (nacronol ecul es) can coil in a variety of ways so that the
wat er-attractive areas of the nol ecul e and t he hydrophobi c or fatty conponents
may | ocaliseinregions. If this occurs, thereis asort of bindingforce between
the simlar fatty nmaterials and it has been suggested that the fatty regi on nmay
even hold the nmolecule in position in the menbrane. Now, if one inserted an
intrusive nolecule which has an affinity for fat, it mght disorganise the
bi ndi ng whi ch hol ds the nacronol ecul es.

The next step in our researches both supported this theory and brought us into
the field of very high pressures. In our work at Oxford with Brian Smith, Ray
Smith and Keith M1l er we queri ed as t o whet her hel i umor neon coul d anaest heti se
if pressure were increased sufficiently, and we wanted to be able to conpare
t he ef fects of pressure appliedthrough a gas (which woul d di ssol ve i nthe body),
wi th pressure applied hydrostatically.

For our experinents we chose the Crested Italian Newt, which is anphi bious. The
newt, like us, if turned on its back, tends to right itself and if the aninal
is conpletely normal it has a hundred per cent response to this rolling reflex.

At pressures of up to 120 - 150 atnospheres, the newt only just began to be
af fected by neon. A sinilar experinment with heliumproduced roughly the sane
results with the newt 50% affected at about 150 at nospheres. This night have
been “anaest hesi a”.

Next, we exposed the same aninal to water - in which there are no strange gas
nol ecul es. This time the newmt responded fully at 100 at nospheres pressure but
agai n began to be affected at 120 at nospheres upwards. W concl uded, therefore,
that if helium and neon are anaesthetics one cannot prove this because the
pressure takes effect first.

Then we cane to an interesting question: suppose one conbi ned high pressure
and anaesthesia, would they add or even nutually potentiate, or nutually
ant agoni se? W began by exposi ng the newt to about 30 at nbspheres of nitrogen
this virtually blotted out its ability toright itself. Then the pressure was
further raised using helium regarding this as equivalent to hydrostatic
pressure; the aninmal presently recovered as the pressure was increased unti
it practically got back to normal. However, eventually the pressure effect re-
established itself and the newt was roughly fifty per cent paral ysed, but not
as originally, at approxi mately 150 at nospheres, but at about 250 at nospheres.
I't | ooked as though pressure coul d ant agoni se anaest hesi a, whi ch woul d support
the general theory of the noblecule getting into the fatty material, thus
impairing its function.

It is known that when anaesthetic dissolves, menbranes expand very slightly;
at a surgically anaesthetic concentration they expand by about 0.5 per cent.
If one estimates thernodynanically how much pressure is needed to neutralise
this expansion, one finds that it agrees closely with the pressure we needed
to antagoni se anaesthesia. Thus, it |ooks as though expansion is linked to
anaesthesia, and if you can prevent the expansion (by pressure) you prevent
anaest hesi a.
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One might think the pressure sinply drove the nitrogen nol ecul es out of the
menbr ane; but anal ysis shows that this effect (which can be cal cul ated) cannot
account for it. Instead it appears that in general the entry of inert nol ecul es
i ntothe menbrane expands it, that anaest hesi a occurs whenthi s expansi onreaches
a certaincritical level (estimted as around 0.5%, no doubt because of sone
di sorgani zation of the structure, and that reversing this expansi on by sheer
hydrostatic pressure reverses the anaesthesi a.

* *x * *x * * *x *

Brief Profile

Prof essor WIIliam DM Pat on has been Professor of Pharnmacol ogy, University of
Oxford since 1959.

After qualifying in nedicine in 1942, and undertaking progressively nore
i mportant radi cal jobs, his scientificresearchwork beganin 1944 when he j oi ned
Sir Lindor Brown's team on diving and submari ne physiology at the National
Institute of Medical Research.

Al though I ater attracted i nto pharmacol ogy, and di stingui shing hinself in that
field, he has renmai ned associated with high pressure work since then.

* *x * *x * * *x *

PHYSI CAL FI TNESS EXERCI SES

Proposed new unit of neasurenent:

There are unconfirmed reports that the SUMare shortly to i ssue details of new
Fi t ness St andards based on t he 50 yards sprint neasurenent unit proposed by the
Victorian M nister for Youth, Sport and Recreati on, M Brian Di xon. He had not ed
the general lack of interest by the public in inproving their health through
joggi ng or cycling, even by the use of stationary cycles. It is his hope that
people will be induced to undertake i ndoor athletics on a regular basis. That
the RAN should be in the van of this experinment is only natural.

A $30, 000 study has reveal ed that people can be considered in regard to their
attitude to this matter to fall into five groups. Goup 1 “the drifters”,
conpri ses the 59%who prefer food and listeningtorecords to makingthe effort.
Group 2, about 19% feel inadequate regarding their athletic performances
following failures during their school life. Goup 3 was called “the self
i mprovers” and was t he 11%who t hought their athletic activities were worthwhile
as a way of |ooking good. The fourth Group, about 6% gave an inpression of
great activity but tal ked rather nore than they performed. Only 5%were in the
“super-tuned young lions” category who are really active and get on with it,
finding the inactivity of others surprising.

M Di xon, who is a regular norning runner and father of four children, adnits
to being in the “super-tuned” group. He says that his Departnent nust nowtake
a new approach to physical fitness. “W need to enphasise activity as fun, and
just incidentally as useful”, he said, adding that he believed that sexual
i ntercourse as physical activity had the fitness val ue of a 50 yard sprint. “If
you are a bedroomathlete there i s no reason why your recreational activities
can’t be enjoyed”, he said.

Pronul gation of the newtests is eagerly awaited.
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Dl VI NG BLI ND
Robert R G ven, PhD

First of all, let ne tell you that | amnot professionally orientated toward
working with the blind or handi capped, although | do find it nbst interesting
and rewarding. | ama marine Biologist, and in that capacity was asked sone
years ago to | ead a group of children through an “intertidal experience’”. Now

| eadi ng 50 chil dren (ages 6-15) over wet rocks andtryingtotell themsonething
at the sanme time is chall enge enough, but when they are in various stages of
bl i ndness, mut eness and deaf ness, inadditiontosevere nental problens, | nearly
gave up. Fortunately, there were many counsellors to keep themgoi ng and from
hurting thensel ves, so | could concentrate on trying to show t hem sonet hi ng.
My first inpression was one of extrene di sappoi nt nent, because they seened to
be payi ng absolutely no attention, and |I thought | was getting nowhere. Then
one of the student counsellors took ne asi de and expl ai ned to ne just howthese
ki ds do respond, what to | ook for, howto get and capture their attention, even
for a fleeting nonment, and in essence to just “hang | oose” and do what cones
naturally. After that, it went beautifully - the kids would bring me things
- anything - and we would tal k about it until they lost interest, then go to
sonmething entirely different. | learned to live for that noment, and not to
fret because they were not |istening enraptured and taking copious notes, as
| expect nmy university studentstodo. Later intalkingagaintothecounsellors,
they said that some of the kids had responded that had not shown any enotion
innmonths. It was all inknowi ngwhat tol ook for inthem rather thaninthinking
of ny own ego and how! thought t hey shoul d react. The other thingthat inpressed
me was how the ki ds | ook after each other, and even acted as “transl ators” for
me to sone child that was nost interested in a crab or pi ece of seaweed but j ust
couldn’t understand what | was trying to show him They seemvery concerned
about each ot her, and are al ways | ooki ng around to seethat afriendis alright,
or that they all saw the animal or plant being shown at the noment.

My experience with the blind has al so been quite a | earni ng experi ence for ne.
We have a very active Lions I nternational O ub here on Catalina, and as you know,
Lions are sight-oriented. Several years ago, in co-operation with sone | ocal
yacht snen and the southern California blind organi zations, a group of about 15
(10-20 years old) came to Catalina for a weekend. They rode horseback, m | ked
a cow, and di d sone nature study. Then they visited our Marine Laboratory, where
we had some seawat er tanks set up with plants and ani mal s that they coul d “see”
(feel), guided on a one-to-one basis by our own si ghted Students. They “I| ooked”
t hr ough m croscopes, “saw’ thingsinthetanks, asked about col ors, shapes, “does
it bite”, etc.

As a result of the success of that, we decided to try sonething different |ast
year. We heard that the local Braille Institute was teachi ng sone of the blind
kids to swi mand snorkel dive. Their youth director and | worked out the idea
of a“Braille Trail”, so they could dive down and “see” the ani mal s and pl ants,
using their new y-acquired snorkelling skills. W particularly wanted themto
| ose any fear of the water, and of kelp or other things brushing agai nst them
underwat er, so we decided to keep it shallow, even w thin “standi ng-up” depth,
at least at first. Nowthisis all trial-and-error, renenber, and | will point
out our pitfalls and nodifications as | continue ny tale.

As a general plan, we decided to establish a series of 9 or 10 “stations” in
t he shal | ow wat er, over a rocky bottomin a sparse kel p bed. The stations were
to be buoyed lines attached to the bottom and connected to each other with a
floating pol ypropyl ene Iine. The divers could nove fromone to the next, al ong
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thelateral |line, thendive down the buoyedlinetothe bottomand feel the ani nal
or plant there.

Each stati on was conposed of a rubber tyre i nner tube, on the top of which had
been | ashed a 3 foot dianeter plywod disk, to forma sort of raft. On this
di sk was taped a | egend about the animal or plant to be “seen” there. One |l egend
was done in braille, on waterproof paper, the other on the same paper in large
type, for the partially sighted. The idea was that they woul d nove al ong the
line to each station, reach up and read or feel the | egend, then dive down to
the bottomof the Iine where the animal or plant woul d be waiting to be “seen”.
The setting up of the trail went well, and we had a long string laid out, with
stations about 30 feet apart, inaline parallel to shore in about 5 or 6 feet
of water. Then we sent a blind diver out - a sharp kid, about 12 years old -
asascout torunthetrail and seewhat it was |ike. Hi s coments were as foll ows:

1. Depth - fine.
2. Systens of lines and floats - good.

3. Braille legend could not be read-water was too cold (70°F) and
fingertips got nunmb and insensitive (m stake #1).

4. Or gani sns supposed t o be at bottomof |ine had noved away (m st ake #2).

Anot her comrent, whi ch shows t he sense of hunor t hese peopl e can have about their
handi cap - “water was nurky and | couldn’t see athing!!” So, even with those
comrent s, we sent the group of about 20 di vers t hrough anyhow (t hey had had about
an hour in the |l aboratory, feeling and “seeing” the aninmals and plants in the
aquaria, and being told what to |l ook for). They had a great tine, but all had
about the same comments - could not read the braille, and t he ani mal s had noved
away fromthe station. Se we said, okay, why not help us figure out a way to
doit soit works better. They really likedthis, and after nmuch nmessi ng around
and conversation, we finally ended up with this. String a surface |ine out
bet ween two points - can be as | ong as you want. Have “rest” floats al ong the
way. Blind students pair up with one of our sighted students, and t hey snorkel
along the line together. When the sighted student sees sonething underwater,
t hey di ve down together, and the sighted student “shows” it (puts hand on it,
or picks it up and hands it to) to the blind student. This put a very personal
touch to it, and greatly sinplified the |logistics of fooling with the wooden
di sks, etc. This thingcan be set up essentially anywhere, and any si ght ed person
can betrainedinavery short time to recogni ze the organi snms. The pretraining
in the |aboratory is inportant.

Thi s summer we plan to add anot her wrinkle —a couple of inflatable children's
wadi ng pools, filled with seawater and stocked with plants and aninmals, so the
blind ki ds can sit around t he edges and reach t hei r hands and pi ck up t he ani mal s,
turn themover, etc. Then, if they want to, they can go out on the “trail” and
doit inreal life. Again, Lions will be hel ping out, as will sone of our |ocal
town ki ds and students fromthe Laboratory.

* *x * % * * *x *

Brief Profile

Robert G ven is Assistant Director of the USC Marine Laboratory at Aval on,
California. Thisarticleistakenfromaletter describinghisinterest inblind
children. A nost renarkabl e achi evenent by both the sighted and handi capped
participants is nodestly reveal ed.
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| DLE THOUGHTS - NEVER TRUST A BUBBLE!

Ch for the days of Innocence when all was crystal clear and a quick sideways
gl ance at an open soda water bottle was a full and adequate refresher course
on the cause and treatnent of Deconpression Sickness (DS). The man who first
said that alittle | earning was a dangerous thing shoul d have t hought out the
consequences of trying to find out nore once one has discovered the Good, the
True, the Pure Faith. Perhaps one shoul d never seek too eagerly for those extra
facts once one “knows”, for no Scientifictheoryisentirely conplete and nowhere
is this nore apparent than in nmedical matters. The risks inplicit in seeking
know edge have been known since the time of Adam who | ost hi s sinecure through
bei ng curious. And now the Pundits of Hyperbaria have cast aspersions on the
parentage of DS. |s nothing to be sacred: Should any Gentle Reader, arelic
of the sinpler days of diving, choose to avoid the pain of neeting heresies
striving to becone orthodoxi es, such scrupl es can be net by readi ng no further.

The change in thought owes its origin to many factors. First there is the
i nescapabl e and undesirable fact of life that the nost faithful and devoted
servant of The Tabl es may suffer a rogue case of DS while many who carel essly
flout orthodox advice appear (unjustly!) to suffer no imrediate retribution.
Salt is rubbed into this sore point when it is additionally noted that their
continued diving to the same pattern increases their resistance to suffering
acute DS synmpt ons, though shoul d they take a few days absence fromdiving their
resi stance becones like that of ordinary humanity. That they are probably
qui etly acquiring bone damage is of little confort, for even the virtuous can
suffer fromsuch damage, though hopefully to a greatly reduced severity. Then
there is the observation fromolden tines that on occasion even spinal bends
coul d resol ve wi t hout reconpressi on, such treatnment bei ng unavail abl e t o sponge
di vers and t he early cai sson workers. Hyperbaric Oxygen i s hel pful at pressures
found ineffective if air is used for breathing, so sinple reduction of bubble
si ze cannot al one be invoked as sol e treatnment node. The failure of imedi ate
reconpression to guarantee primary total cure of DSis simlarly suggestive of
factors operative that transcend the purely physical space-occupyi ng effect of
bubbles. And there is that great Mystery that all true believers in The Bubbl e
must accept unquestioningly, the Supersaturation of Blood by N trogen that
defies the turbul ence of afluid(blood) containing many cells likelytodisturb
any equilibrium

The i ncrim nation of bubbl es with deconpression was first noted by Robert Boyl e
in1670, nearly two centuries beforethefirst recorded case of any deconpressi on
affliction in man. Philp has noted the evol ution of thought in the matter of
DS fromthat time. Starting froma belief in the nechanical effects of bubble
size there followed consideration of a bubbl e-blood interaction causing red
cellssludginginthefinebloodvesselsandthefornmationof enboli and petechi al
infarcts. End proposed that such enboli were the primary factor in DS. In 1942
t he aggr egati on of pl atel et s around gas bubbl es i n experi ment al ani nal s was not ed
and suggested as a nore |ikely cause of | ocal occlusion in regions of sluggish
circulation in snmall vessels, either with or wi thout the addition of fibrin.
However, a further 20 years or so el apsed before this i deawas really consi dered.

Wrk on rats and other animals subjected to severe DS has denonstrated the
benefici al ef fect of i ntravenous Heparin. This has beenlinkedwithits|lipaema
clearing effect because other surfactant agents are also effective while
anticoagul ants are not. The <circulating platelet count falls after
deconpressi on and exercise at altitude especially in test rats fed on a high-
fat diet. For thisreasonit has been suggested that i ntravascul ar bubbl es ni ght
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trigger platel et aggregati on and t he coal escence of plasna lipids, contributing
to obstructi on of the bl ood vessel s and | eadi ng to t he haenp-concentrati on not ed
in experinmental aninmals. Platelet aggregates and microthronbi in the |ung
vascul ature have been denonstrated in dogs after deconpression. The sl ow
i ntravenous i nfusion of air i ntoanaestheti sed rabbits caused a progressive fall
in circulating platelets which was rewarded by sinultaneous intravenous |ow
nol ecul ar wei ght dextran, a substance known to inhibit platelet and red-cel

adhesi on. Disseminated | ntravascul ar Coagul ati on (D C) has been suggested as
a conplication of bubble induced changes in the bl ood. Exanination of divers

has confirmed the fall in platelets and the occurrence of haenpconcentration
even in the absence of DS after a 300 ft dive with the ascent controll ed by the
Pneurati c Anal ogue Conputer. It has been shown by several workers that the

pl atel et count falls for adays after avery safediveto 100ft, thisdiveprofile
havi ng been used wi thout the occurrence of bends on 100 open sea dives, being
a 1 hour dive and stage-conpression over 122 nminutes. |n one case there was
no post dive platel et reduction, this man showi ng a | ack of the pl atel et rel ease
reaction, ie. the ability of platelets to rel ease their granular constituents
i n response to aggregati on agents such as Adenosi ne Di phosphat e was defi ci ent.
This abnormal ity may be associated with a nild bl eedi ng di sorder and is sinilar
to changes induced by ingestion of aspirin.

An unexpected problem facing researchers using aninals arises from their
i nexpertiseinthe field of veterinary science, coupl ed apparently with a lack
of qualified advice when needed. Martin tells of one occasion when he had to
rely on “consensus opinion” to evaluate the effectiveness of treatnent. This
was t he case of a goat used for a 1,000 ft sinul ated di ve whi ch was noted three
days | ater to be suffering fromprobabl e spi nal bends. As the alternatives were
to “put down” the victimor try sonme treatnent, he thought to try the effect
of intravenous Heparin about which he had recently been reading. The clinica
response was gratifying, the goat recovering the ability towalk. Thereality
of the inprovenent was confirnmed by the acceptance of the victimby the other
goats, who would have nolested a sick animal. It may be a little less than
reassuring that sone snall part of the evidence in favour of the use of Heparin
in DS is based on the no-butt of a herd of goats!

The influence of Carbon Di oxi de on the occurrence of DS was noticed at | east
as early as 1887 in Cai sson workers, being confirmed by |ater workers. This
is another fact inplicating biological factors in addition to purely physica
factorsintheconsiderationof the behavi our of i nert gas bubbl es i n body fl ui ds.
Car bon di oxi de i s known to i ncrease the i nci dence and severity of aggl utinati on,
while an increase in Oxygen will decrease or reverse the process. Such
observations are consistent with platelet function being of practica
significance in DS and are in line with the experience of divers.

Hal | enbeck has detail ed t he progressi on of studies concerning the causes of the
observed clinical picture of DS. These now centre on the changes that result
fromthe denaturati on of gl obular protein nol ecul es exposed to any gas-1liquid
interface, the bubble-blood interface being an inmportant instance of such
circunstances. The underlying derangenent in DS is still thought to be the
nucl eati on of bubbles, this having two major categories of effect. Firstly,
there i s the mechanical effect of bubblesinthe bl oodvessels, thelong accepted
cause which is the rationale for reconpression therapy, and secondly, such
bubbles nmay trigger pathologic reactions indirectly through interfacial
effects. The interface has a 40 - 199A | ayer of el ectromagnetic forces that
tend to orient exposed gl obul ar proteins so that their hydrophilic groups are
in blood while their nonpolar groups protrude into the gaseous phase. This
nol ecul ar reorientati ondi sruptsthenative secondary andtertiary configurations
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of gl obul ar plasma proteins. As biological specificity of functionis related
to structure, a functional alteration will result. This can generate a far
reachi ng sequence of pat ho-physi ol ogi c events that may play a ngjor role in the
production of clinical DS. Both increased and decreased enzyne activity can
result fromthe interfacial exposure of globular protein. A process causing
extensive and indiscrinnate enzyne alteration would be very disruptive to
enzyne systens that nornally exist in a state of dynamic equilibrium Kinin,
conpl enment, coagulation and fibrolytic systenms would theoretically be
vul nerabl e and their haphazard di sruption could be a factor in the individua
and tenporal variability of response to a single dive profile that is so
characteristic of deconpression sickness.

The occurrence of spinal synptons in DS points to venous rather than arterial
factors, as arterial bubble enmboli would preferentially reach the Brain. The
exact site of bubble formation remai ns uncertainbut Guyton' s work suggests t hat
interstitial fluid pressure and intral ynphatic pressure average 7 nmHg bel ow
anbi ent pressure when neasured at one at nosphere, sothereis reason to suppose
t hat bubbles mght nucleate in such areas at an early stage. Arturson has
observed intralynphatic bubbles during deconpression in dogs. I nert gas
tensions in capillary and venul ar bl ood are hi gh post-diverelativeto arteri al
bl ood and flowin themis intermttent: doppler studies suggest that venous
bubbl es occur prior to arterial bubbles. Once formed they will begin to exert
the above noted effects. Sone authorities believe that practically any
deconpressi onfromadepth greater than 30ft i s goingtoinvol ve bubbl e formation
whet her or not there are synptons.

The Iung has a very central rolein DS, oneinportant feature beingits activity

as what could be termed a netabolic organ. Serotonin, histam ne and
prostagl andins are inactivated as well as rel eased by | ung tissue (autol ogous
clot enboli in dogs caused serotonin release and consequent intrapul nonary

vasoconstriction). The consequences of alung dose rate of bubbl es and products
of bubble surface activity that exceeds the lung's capacity for bubble
el i mi nati on and net abol i ¢ degradati on of injurious substances are several. The
cumul ative effect on pul nbnary vessels of arriving bubbles, altered blood
proteins (including fibrin clots), cellular aggregates, vasoactive substances
and fat enboli is at least two fold, having nmechani cal and reactive el enents.
The reactive increase i n pul nronary vascul ar resi stance i s due to vasoconstric-
tion medi ated by the | ocal |y rel eased and bl ood- bor ne vasoacti ve substances and
per haps al so by vascul ar reflexes. Snooth nuscle active agents that provoke
bronchospasm al so cause an indirect reactive increase in pul nonary vascul ar
resi stance by decreasing transrmural capillary pressure. Several studies bear
on such changes. Hi st ani ne causes bronchospasm decreased transnural capillary
pressure, increased airways pressure and consequent increased pulnonary
vascul ar resistance in an isolated |lung preparation experinment. Lysozomne
rel ease froml eucocytes nmay wel | contri bute to pul nonary endot hel i al damage and
interstitial oedema, as in “shockl ung”

Rheol ogi ¢ di sturbances result frombubble surface activity. Fat enbolismcan
cause mechani cal obstruction of blood fl ow and has been noted in DS by severa
observers. Bubbles can not only accelerate clotting by platel et aggregation
but al so can accelerate it in the absence of platelets by the activation of a
pl asma factor, presumably Hageman. Experinents at seal evel have shownin-vitro
that |ipids can be released fromproteins and provoke a syndrome overl appi ng
clinical dissenminated intravascular coagulation (DI C). Wen plasna proteins
were deprived of their lipid content, platelet and red cell aggregati on and
“gastrauma” induced reactions were elimnated. Further, the nitrogen uptake
of bl ood sanpl es fromidentical subjects when conpared in a gaseous envi r onnment
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and invitro at identical hyperbaric air exposures showed uptake to be 1.6 tines
greater after a fatty neal than at basal conditions. After a standard
conpr essi on-deconpr essi on manoeuvre at 4 - 100A the infusion of Ilipidic
substances resultedinalinear relationshi p betweenthe anount of |ipidsinfused
and gas desaturation. At sea |level experinental fat enboli conprom se the
mcrocirculation of the lung. Fat enboli are now thought to originate from
| ocal |y produced triglycerides and not frombone marrowcells, their formation
bei ng i nfluenced by enzynme activity, colloid defects, osnotic pressure and an
i ncrease in | ynph production and flow. Platel et aggregationis favoured by the
appearance of plasna |owdensity |ipoproteins, these inducing changes in
pl atel et el ectro-phoretic nobility.

A new el enent in the discussionis the possibility of air mcroenboli fromthe
I ungs, t he mechani smby whi ch | ocal mi ni mal pul nonary overpressure (‘mcrolung’)
occurs being as describedinthe | ast i ssue by Prof. Wal der. Such small bubbl es
may have a “seeding” effect, for though they are too small to cause arterial
obstructive synptomwhen first forned they are capabl e of growth after passage
t hrough tissues containing increased tensions of dissolved gas, thereafter
behaving in the same way as bubbl es arising fromdeconpression of the tissues
themsel ves. |t has been suggested that sone cases of submarine “escape | ung”
accidents with synptons simlar to DS occurring within one to several mnutes
after surfacing are of such astiol ogy. Wen intrapul nonary pressure i ncreases
to 80 nmHg and drops suddenly 10 seconds | ater, bubbl es appear in the vascul ar
system of experinental aninmals. The passage of air through intact lung walls
has been observed in experinmental animals since 1883. The conscious nman can
safely raise his intrapul nonary pressure to 300 mm Hg because of the support
fromthe thoracic cage, but any areas of air trapping give rise to pressure
inequalities. Indeed it is entirely possible that snmall nunbers of arteria
gas enbol i occur during the nornmal and apparently safe deconpression of a diver
who has been exhaling nornmally on ascent.

It has been noticed that any diver who does not feel like a hearty neal on
conpl etion of a strenuous dive is a likely candidate for DS within the hour
Di sproportionate fatigue is a synptomoften precedi ng nore severe ones. |t may
be significant that both anorexia and fati gue are synptons noted by physi ci ans
in association with disorders of the pulnonary circul ation

In that severe pul nonary nanifestati on of DS, ‘the chokes’, inhalation may be
limted by a sharp “catch”. Sonetines it is first noticed when the diver lights
up a cigarette and attenpts to i nhale, a test |ong used by Geek sponge divers
after surfacing. Substernal distress, debilitating nal ai se, bronchospasmand
pal | or, apprehension and sweating may all occur. Usually in divers it follows
fairly soon after rapid deconpression froma relatively deep dive but del ays
of several hours are not uncommon, particularly if Iinb bend pains have been
left untreated. Wile nost believe that these synptons result from pul nonary
bubbl e enbolismthere is also the possibility of surface absorption effect on
t he bronchi al tree (of skin bends), the burning sensations being the result of
di rect nucosal danage.

In concl usion one can hardly better sumarise present views than to reproduce
verbati mpart of the article by Ricci and Massa: ‘It is our belief that the
pat hophysi ol ogy of some cases of DSrests with a conbi nati on of factors, nanely
haenodynam ¢ and hunoral changes, pul nonary stasis or hypertension and the
i mpact of CSF pressure and circul ati on upon the venous return in the vertebra
canal surrounding the spinal cord. W do not unequivocally support the theory
claimng growth and fusion of bubbles locally or through an enbolization via
the arterial system W muintain that there is overlap between sonme cases of
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pul nonary stasis, congestion and hypertension (chokes) with spinal paralysis
and shock. The possibility of mi nute al veol ar ruptures in pul nonary over pressure
and the establishnent of a “mcrolung” after noderate overinflation were
descri bed | ong ago and al so recently with the classical synptons of “traunatic
air enbolisni. Even when spinal cord inmpairnent is acute and severe, we cannot
deny an asynptonatic pul nonary etiology and primtive arterial enbolization,
via spinal cord afferents, cannot be excl uded”.

It is but an idle thought, but it seens to be a lucky break for divers that
reconpressi on t herapy was di scovered enpirically before the full conplexity of
the problemin DS were suspect ed!

This report was based on the Proceedings of a Synposium on Bl ood Bubble
Interaction in Deconpression Sickness (Decenber 1973) (DCl EM 73- CP-960)

* *x * *x * * *x *

AR FOR SOLO DI VER

The intrepid di vers who went seeking the Loch Ness Monster tried to be prepared
agai nst every eventuality, eventherather unlikelyoneof actuallyfindingtheir
quarry. Al though the search was cluttered with sophisticated electronic
equi pment there were still sone ni ce human t ouches. Divers invol ved were i ssued
with tiny harnonicas that would fit into their breathing tubes (sic), so that
if the nonster suddenly appeared and was unfriendly they could sooth it with
an instant imtation of Larry Adler.

( The Australian, 16 Novemnber 1970)
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Notice of Proposed SPUMS Meeting in Ml bourne

Menbers are advised that plans are being considered regarding the hol ding of
a neeting following the AGM of the Australian Society of Anaesthetists in
Mel bourne. The date would be 31st Cctober, 1975 and the Chairman, Dr Phil

Rubenstein. Subject to anmendnent, the programw |l be as foll ows:
9. 30 - 10.00 Oxygen Toxicity John Kni ght
10.10 - 10.35 Hyperbaric Medicine Gavi n Dawson

10.45 - 11.30 Visit Prince Henry's Hyperbaric Chanber

Morni ng Tea
11.30 - 11.40 Dysbaric Osteonecrosis in Ml bourne Gor don Donnan
11.45 - 12.15 The O R g Diver in Bass Strait Geof f Macfarl ane
12.30 - 1.30 Lunch in Cafeteria
2.00 Visit to Mel bourne Metropolitan

Board of Works Reconpression

facilities at Lower Dandenong Road, Braeside.

(Gavin Dawson will review the
experience at Prince Henry's

Hospital, Mel bourne)

The proposed venue is the Cinical Lecture Theatre at Prince Henry’'s Hospital.

* *x * *x * * *x *

1976 UNDERWATER MEDI CI NE SYMPOSI UM | N NEW ZEALAND

The first International Synmposiumon underwater nedicine in New Zealand is to
be held 8-14 February 1976 in Auckl and and Tukukaka. It is nowin the early
stages of planning and will be the Annual Scientific Meeting of SPUMS and run
by t he New Zeal and nenbers. Those wi shing to present papers or to obtain further
i nfornmati onshouldwitetoDr Noel Roydhouse, Ch. M, 118 Renuer a Road, Auckl and,
5 New Zeal and.

* *x * *x * * *x *

“ OCEANS 2000”

Copi es of the Proceedings of this synposium can be obtained fromthe BS-AC
Further particulars regarding cost by witing to: -

The Publicati ons Manager,
BS- AC

70 Bronpton Road

LONDON SWB 1HA

UNI TED KI NGDOM
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