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EDITORIAL

A happy and prosperousNew Y ear with plenty of enjoyable
safedivingtoal our readers. Y ouwill haveseenacartoon
in afamiliar hand, that of the late Peter Harrigan, on the
cover of thisissue. It wasamong those commissioned for
ideas that were not used in editorials and now seems
appropriate to the topics of diver rescue and emergency
treatment, the report of divers being rescued because
someone heard their whistles being blown and the saga of
theinvention of the Safety Sausage. Thislatter showshow
easily aplanned dive and rescue can go wrong. However
lessons were learnt from the near disaster and quite
fortuitously astrip of plasticlying onthesurface of thesea
was found to be much more easily seen from the air than
a diver beside a red buoyancy compensator. It is a
worrying thought that a diver in his red buoyancy
compensator was not visible from the air. The last tria
showed how easily seen from both boat and air aninflated
Safety Sausage was. Unlike a flare which has a limited
timeof visibility the Safety Sausagewill still betherewhen
the rescue team eventually look in the diver’ s direction.

The advertisement for the Safety Sausage to be found on
the back cover isthefirst paid advertisement accepted by
the SPUMS Journal. The Executive Committee has for
some time considered that paid advertisements would be
accepted in the Journal .

Dr Parkinson’ s paper on Malariamakes excellent reading
and reminds us that avoiding mosguito bites by wearing
clothes that cover the whole body after dark is part of our
avoidanceof malaria. Hisadviceon prophylactictreatment
will also be of interest to our members as the Annual
ScientificMeetingwill certainly beheldagaininamalarial
area. Itissadto read of the recent spread of malaria back
into areas of the Solomon Islands that had been maaria
free in the recent past. Unfortunately this seems to be a
world wide pattern of malaria control failure.

Wal Williams takes us through the problems of getting
agreement on standards for sports diver training among
competing commercial and personal interests. This year
the West Australian government has had a task force
working onregulating thetraining of diversand avoidance
of decompression accidents, prompted by alargeincrease
inthenumber of peopl erequiring recompressiontreatment
inthechamber at HMASSTIRLING. Wewill bepublishing
apaper about thisexcursion of government into thediving
world in afuture issue.

On the other side of the Tasman the New Zealand
Underwater Association (NZUA), whichisnow affiliated
with the Professional Association of Diving Instructors
(PADI), has listened to the urgings of the New Zealand
Chapter of SPUMS and now insists on a medical, abeit
abbreviated compared to the recommendationspreviously
published in this Journal, before the novice can start a
diving course. We extend our heartiest congratulationsto
the New Zealanders for their actions and regret that the
fragmented nature of the Australian diving instruction
industry, with three organisations who do not see eye to
eye, continuesto prevent such a sensible procedure being
adopted in Australia.

The malign influences of Murphy’s Law are described in
the papers by John McKee, Douglas Walker and Chris
Lowry whileasuccessful defeat of Mr Murphy appearsin
the paper by thelate George Bond. Another notefromthe
past is the paper by Dr Graham Blick, “late District
Medical Officer at Broome, Western Australia’, published
inthe British Medical Journal of 25 December 1909. We
areindebted to Dr Tom Shields, thisyear’ s guest speaker
at the Annual Scientific Meeting, for bring thispaper to our
notice. Dr Blick treated, without recompression facilities,
many divers suffering from severe neurological
decompression sickness. When they died he carried out
post mortemsand recorded important observations. Asfar
aswe know thisisthefirst paper ever published about the
diseases of Australian divers.

In our attempt to keep on whetting the appetites of our
readers for more knowledge so that they can dive more
safely by learning from others, we reprint an article about
the West German hyperbaric research unit, also Diving
Safety Memoranda from the North Sea and selected
abstracts from the Undersea and Hyperbaric Medical
Society (UHMS) meeting earlier thisyear. UHMSisthe
new name for the Undersea Medical Society (UMS) to
represent more obvioudly that a large proportion of the
members of UM S were engaged in hyperbaric medicine
and had no connection with diving.

Finally we would draw your attention to the notices of
coursesin underwater and hyperbaric medicineto be held
in Australia and New Zealand and of the meeting of the
New Zealand Chapter in April and the Annual Scientific
Meeting in June. We hope that as many of our readers as
possiblewill attendtolearnandtopassontheir experiences
and knowledge.
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SPUMSNOTICES

INSTRUCTIONSTO AUTHORS

Contributions should be typed in double spacing, with
wide margins, on one side of the paper. Figures, graphs
and photographs should be on separate sheets of paper,
clearly marked with the appropriate figure numbers and
captions. Figuresand graphs should bein aform suitable
for direct photographic reproduction. Photographsshould
be glossy black and white prints at least 150 mm by 200
mm. The author’s name and address should accompany
any contribution even if it is not for publication.

The preferred format for contributions is the Vancouver
style(Br MedJ 1982; 284: 1766-1770[12th June]). Inthis
Uniform Requirements for Manuscripts Submitted to
Biomedical Journals references appear in the text as
superscript numbers.-2 The references are numbered in
order of quoting. Theformat of referencesat theend of the
paper is that used by The Lancet, The British Medical
Journal and The Medical Journal of Australia. Page
numbers should beinclusive. Examples of the format for
journals and books are given below.

1 Anderson T. RAN medica officers training.
SPUMSJ 1985; 15(2): 19-22.

2 Lippmann J, Bugg S. The diving emergency
handbook. Melbourne: JL Publications, 1985.

Abbreviations do not mean the same to al readers. To
avoid confusion they should only be used after they have
appeared in brackets after the complete expression, eg.
decompression sickness (DCS) can thereafter be referred
toasDCS.

M easurementsshould bein Sl units. Non-SI measurements
can follow in bracketsif desired.

REPRINTING OF ARTICLES

Permission to reprint original articles will be granted by
the Editor, whose address appearson theinside of thefront
cover, providedthat anacknowledgment givingtheoriginal
date of publication in the SPUMS Journal is printed with
the article.

Papers that have been reprinted from another journal,
which havebeen printed with an acknowledgment, require
permission from the Editor of the original publication
beforethey can bereprinted. Thisbeing the condition for
publication in the SPUMS Journal.

NEW ZEALAND CHAPTER OF SPUM S 1988
ANNUAL MEETING

For further details of this meeting, which will be held on
1- 4 April 1988 at Furneaux Lodge in the Marlborough
Sounds, write to the convenor,

Dr Mike Davis
PO Box 35
TAI TAPU
New Zealand

SPUM S JOURNAL BACK NUMBERS

Somecopiesof afew pastissuesareavailableat $2.00each
including postage.

Therelevant issues are

1984 Vol 14, No 1 (10 copies)

This contains Professor Brian Hill’s paper on
“DecompressionPhysiology” presentedatthe1983 Annual
Scientific Meeting.

1984 Vol 14, No 2 (11 copies)

This contains papers presented at the SPUMS-
RAN Mesetingin August 1983 andat theANZICS-SPUM S
Meeting in Rockhampton in October 1983.

1984 Vol 14, No 3 (8 copies)

This contains further papers presented at the
ANZICS-SPUMS Meeting in Rockhampton in October
1983.

1985 Vol 15, No 4 (15 copies)

This contains papers from the 1985 Annual
Scientific Meeting in Bandos and from the New Zealand
Chapter of SPUM SMeetingin November 1985, including
an account of the formation of the New Zealand Chapter.

1986 Vol 16, No 4 (13 copies)
This contains papers from the 19865 Annual
Scientific Meeting in Tahiti.

Orders, with payment, should be sent to

SPUMS

80 Wellington Parade

EAST MELBOURNE VIC 3002
Australia

PROJECT STICKYBEAK

Thisprojectisanongoinginvestigation seekingtodocument
all types and severities of diving-related incidents.
Information. all of which is treated as being
CONFIDENTIAL inregardstoidentifyingdetails, isutilised
in reports and case reports on non-fatal cases. Such
reports can be freely used by any interested person or
organization to increase diving safety through better
awareness of critical factors. Information may be sent (in
confidence) to:

Dr D Walker

PO Box 120

NARRABEEN NSW 2101

Australia
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MALARIA
David Parkinson

The Solomon Islands is spread over afairly wide area of
sea. Itisdivided into Provinces, (Western Province and
Y sabel Province) to the West and Makira and Temotu to
theEast. Most of themalariainthe Solomon|Islands, inthe
east, isvery low endemicity and in thewest isalso of very
low endemicity. Theplaceswehavetoworry about arethe
islandsinthe Central Group, Malaita, Guadal canal andthe
Floridas. Where you are right now and where you intend
to dive.

Malariahasalong history in the Solomon Islands. It goes
back as far as Mendana and his group of men who came
here in 1568. Many of these people died, mostly of
intermittent fever whichwaslater onthought likely tohave
been malaria. Mendana returned later to Santa Cruz
where, once again, his men fell ill with the dreaded
intermittent fever and many died. Thedescriptionsclosely
resemblethoseof malaria. Thereislittlerecord of malaria
inour history booksafter that, possibly becausethewestern
worldlost sight of the Solomon Islandsand it wasnot until
the 19th century, when the first missionaries, gold miners
and entrepreneurs visited the Solomons that we began to
hear again of thedreaded fevers. These peoplecametothe
Solomon Islands and tried to settle but found it was
difficult, mainly becausethey becameill withthefever and
many of them suffered for many weeks. Some of them
becameimmunetothediseaseand stayed, othersdevel oped
blackwater fever and died and thiswas about all we heard.

In the early 20th century, we had very little literature and
it was not until 1913 when hospital statistics began to be
collected that we began to learn a little of what was
happening with the fevers in the Solomon Islands.

BetweenWorldWarsl and |1, thereweremany admissions
tohospital. By that time, therewasameanstofind out what
the cause of the fevers and sickness was. There was a
tremendous amount of malariafound in Guadal canal and
in Tulagi. Therewas not so much found intheWest orin
other Provinces. In Guadalcanal, in fact, most of the
northern side was unpopulated or very lightly populated
because people got malaria when they tried to settle and
died. Thiswas the indigenous population, aswell asthe
expatriate popul ation.

During World War |1, the greatest causes of illness and
morbidity were malaria and dysentery but malaria took
first place and, in 1942, during the campaign on
Guadalcanal, the number of malaria cases was 722 per
thousand. 1n some casesthere were up to 3,000 cases per
1,000 per month during some months of that particular
year. In 1943, there was a dlight improvement due to the
use of stringent methods of malaria control which were

introduced to the US, Britishand Australian Armies. This
wastheresult of somevery astutework at Cairnsand onthe
Atherton Tablelands by the Land Headquarters Medical
Research Unit of the Australian Army.

By 1944, the number of malaria casualties was reducing
because of the intensive malaria control measures that
were being undertaken on the north coast of Guadalcanal.
However, in 1945, when all the hostilities had ceased and
the northern pan of Guadal canal was being used both asa
rest and recreation areaand asasource of fresh vegetables
for therest of the Pacific, theincidenceof malariacoul d not
be reduced below 20 per thousand.

AfterthesecondWorldWar, many surveyswereundertaken
of the various medical problems in the British Solomon
Islands Protectorate, as it was then known, including
malariawhich caused highmorbidity and mortality amongst
all age groups and, in particular, amongst children. A
comparison of north Guadalcanal and similar areas in
Papua New Guinea showed infant mortality rates of the
order of 250 per thousand per year, mostly dueto malaria
or malariarelated causes.

Asaresult, the Medical Department decided to establisha
pilot project tofind some meansof controlling thedisease,
mostly herein Guadal canal, on Savo | sland and someother
island groups. The methodsthat were used were based on
the spraying of DDT or aresidual insecticideinside every
household in the Solomon Islands. This required alarge
manpower force organised along military lines which
could carry around sufficient spray cans and spray the
houses. It might seem an easy task but, in actual fact, itwas
very difficult and required caution in the amount of
insecticideput onthewallsof each house. However, itwas
done and when the pilot projects were concluded, the
results were similar to those in Papua New Guinea.

Malaria prevalence rates came down from the order of
84% to around 10% in a matter of two years. The studies
that | did with Dr Schofield and othersin the Wam areain
Papua New Guinea showed that infant mortality ratesin
thefirst five years of such programs came down from 250
per 1,000, to 80 per 1,000 per year andinthenext fiveyears
to 40 per 1,000 per year.

Thepilot projectswere so successful that it wasdecided to
try and conduct a country-wide program in the Solomon
Islands. The people who undertook it, did so with agreat
deal of dedication and, within five years, theincidence of
malariawasreduced to very low levels, particularly inthe
Westernand Eastern Provincesbut never downtosuchlow
levels across the central part of the country. Hereit only
reached the figures that we saw at the end of the second
World War of 20 per 1,000 per year. Despite thisit was
decided during the mid-1970sto stop spraying in the East
and West of thecountry. Thiswasdoneat atimewhenthe
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next long term cycle of malaria was due to begin.
Unfortunately, the mass drug administration programs
whichwereal so conductedinthecentral groupsof islands,
were also stopped at that time. As aresult, the cases of
malariastartedtoincreaserapidly. Therewere 3,000 cases
in 1974 but the number of cases rose rapidly so that in
1983, only 9 years later, there were 84,000 cases.

What happened between 1974 and 1983? As| mentioned,
thefirst thing that happened wasthat spraying wasstopped
intheWestand East. Thisallowedtheanophelesmosquito,
which transmits malaria, to multiply in great numbers. In
addition, there was increased economic development
around that time. Population movement increased,
particularly betweentheWest of the country and theisland
of Guadalcanal and between the Florida Islands and
Guadalcanal. These were the main areas affected with
case numbersand case loads growing rapidly. Inaddition
tothis, chloroquineresistant strains of falciparum malaria
wereintroduced from Papua New Guinea. Thisoccurred
in 1978 and, gradually spread across the country, from
West to East. It was quite remarkable because in 1980
during in vitro sensitivity tests in the field we found that
there was no chloroquine resistant falciparum malariain
Guadalcanal, nor was there any in Malaita but quite alot
was found in the Western Province. We had to carry
around a generator weighing about 175 kg and had to put
it across a little canoe to take it from village to village
hoping that someone would overturn the canoe so the
Army would provideuswith anew, lighter generator. We
carried out thesetestsin thefield and found therewasquite
a lot of chloroquine resistant falciparum malaria in the
West, but nonein the central group of islands of Malaita,
Floridas and Guadalcanal in 1980. As there was an
epidemic of malariaat that time, by 1981 there was plenty
of chloroquineresi stant fal ci parum mal ariathroughout the
central group of islands. So, within oneyear, therewasa
complete change in the pattern of sensitive and resistant
strains and the parasite species ratio.

When malaria parasite species were first looked at in the
Solomon|slandstherewasapredominanceof Plasmodium
vivax, which does not kill but makes peoplevery sick. By
the time chloroquine resistant falciparum malaria had
appeared, the speciesratio had beeninverted and therewas
a predominance of Plasmodium falciparum which exists
today.

DrWilliam Osler wasprobably thefirst personto elucidate
the principles of malaria eradication around 1906. These
were(a) to protect peoplefrom bitesby infected mosguitoes,
(b) toreducethenumber of mosquitoes, and (c) toradically
treat patients. Thisisexactly what we are doing today but
with dlightly different technical means of doing it.

Whenwerefer todrug resistant mal aria, thisdoesnot mean
an absolute degree to resistance. The common parasite

which isresistant to the drugswe usein malariatreatment
is Plasmodium falciparum.. Unfortunately, it isthekiller
parasite and quite anasty parasite; it creepsupinsidiously
and it makes peoplevery sick, frequently causing death or
severely debilitatingthem. So severely that inareaswhere
you have apredominance of chronic malaria, most people
have a haemoglobin level of about 70%, therefore an
oxygen carrying capacity of around 70% and all the
repercussions of that.

Herein the Solomon Islands at the moment, about 50% of
falciparum malaria is resistant to chloroquine, this being
the most commonly used drug in treatment of malaria
About 50% is sensitive so that is not abad level. Of the
50% of resistant strains, 95% are resistant at the R1 level
or at thelevel of least resistance. About 2% or about 3%
areat R3level butwerarely seethesecases. They arefairly
easy to treat once you get them.

How do you recognise chloroquine resistant falciparum
malaria? Whenapersonfirstfallsill withmalaria, they are
treated with chloroquine for 3 days. After treatment, the
patient recovers both clinically and parasitologically. In
fact, the parasites clear completely from the blood. If the
parasiteis sensitive, there will be no further recurrence at
all and no relapse because falciparum malaria does not
haveasecondary tissue phase. Onceitistreated andit has
gone, it hasgone. However, withthe chloroquineresistant
strains there are a few parasites which remain in the
bloodstream at sub-patent level, so they cannot be
recognised by looking at theblood, they arejust there. The
malariarecrudescesfrom between 7 daysand amonth after
the first treatment and the patient will come in again
complaining of the usual prodromal symptomsof malaise,
flu-likeillness, joint pains, etc., which will progressonto
arigor and which will eventually become synchronised
and will re-occur about every 48 hours. At that stage,
having treated the case, knowing that the patient hascome
back with another rigor, another attack of malariabetween
7 and 28 days after the first, you suspect that he probably
hasan R1typeof chloroquineresistant falciparummalaria.
If it is the R2 type, there is a dlightly different picture.
Initially, after the treatment with chloroquine, the patient
respondsfairly well but, the parasitemiaonly comesdown
to about a quarter of the original level and then begins to
climb again and the patient’s symptoms return. With R3
type, thereiseither noimprovement or the patient just gets
progressively worse.

How does one treat it? The treatment of chlorogquine
resistant falciparum malariaisfairly simple. First of all,
withtheR1resistant strains, theresponseto chloroquineis
still very good, soonthethird day whentheparasitemiahas
gone down to avery low level, again usualy sub-patent,
you give Fansidar, a combination of pyrimethamine and
sulphadoxinein asingle dose and that is sufficient to mop
up theremaining parasites. Why dowegiveit onthethird
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day? Pyrimethamine and sul phadoxineare plasmodistatic
drugs as opposed to the plasmodicidal drugs like
chloroquine, quinine and amodiaguine. So, first of al, we
have knocked down the parasites to a very low level by
using plasmodicidal drugs and we only have a very few
parasitesremaining. These can then be mopped up, soto
speak, by the slow acting Fansidar which also remainsin
the blood for some period of time having a half-life of
approximately one week. Thisisthe simple treatment of
uncomplicated chloroquine resistant falciparum malaria.

If the person has an R2 or R3 resistant strain, then one
would use quininein thefirst instance. Quinineisavery
old and well tried drug. Itisvery rapidly absorbed and it
isplasmodicidal inits action and reduces the parasitemia
very quickly, so that within 24 hours the parasites come
down from the order of say, 100,000 per cu mm to about
1,000 per cumm, then further down sothat by thethird day
most of them havedisappeared and areready to bemopped
up by the Fansidar. Quinine alone could be used, but if
used alone, itwouldtake 7 daysof treatment. | do not know
whether any of you have taken quinine but, after the third
day, when you feel as though a railway train is rushing
aroundinyour head and thereare bellsringing all over the
place, you are having hallucinations and sweating like
blazes and thinking it isworse than the malaria attack you
havejust had you do not feel liketaking any morequinine.
Therefore, quininetherapy should be supervised to ensure
the drug is taken and dosage reduced where necessary to
relieve these untoward side effects of the drug.

So much for thetreatment of the uncomplicated case. The
complicated cases are much more difficult to treat and
would require a separate talk.

Malaria chemoprophylaxis. What should one do when
going to an areawherethereismalaria? Thefirst thingis
to find out whether there is any chloroquine resistant
falciparum malariaand find out which drugs are effective
in prophylaxis. The second thing to do on arrival in the
areaisto remember hat the anopheles mosquitoes have a
predilectionfor bitingat night. They bitearoundtheankles
mostly andif oneiscovered around the anklesthey tend to
try and bit further up but not so frequently. They also tend
to stay around the rural areasand not so much in the urban
areas so one will not find too many around the Mendana
Hotel. If you stray into the bush at night, you might find
some anophelesmosquitoesbiting. Thefemaleanopheles
isthe onethat bites because sheisthe only onethat sucks
blood. Themaledoesnot suck blood at all, soitisonly the
female that transmits malaria.

How do you protect yourself?. You should wear long
trousers and socks and long sleeves. 1f you do not do that,
| suggest that you use a repellent. These are the first
principlesof protectingyourself frommosguitobites. You
should also sleep in screened quarters at night or under a

net and if you do that, in most cases, you will be lucky
enough not to be bitten by an infective mosquito. In
additiontothat, in areaswheremalariaishighly prevalent
andwhereit istransmitted constantly throughout theyear,
it is wise to take some sort of chemoprophylaxis. Some
people do not but they aretempting fate and | havetreated
too many of them and brought them back from death’s
doorstep to know that they should be taking
chemoprophylaxis.

What does one take? Here in the Solomon Islands the
parasiteisstill very sensitivetothevery simpleantimal arial
proguanil, which isthe least toxic of all the antimalarials
and doesnot causemany sideeffectsand certainly doesnot
cause any nasty ones. Pyrimethamine cannot be used
because there are pyrimethamine resistant strains which
arehighly resistant. Chloroquine, despitethefactthereare
chloroquine resistant parasites here, can still be used and
it is very effective. Amodiaguine can aso be used and
belongsto the same chemical group as chloroquine, the 4-
aminoquinolines, and isjust aseffective. Thirdlinedrugs
will bediscussed later. Proguanil hastobetakendaily. For
people who cannot remember to take daily tablets, it is
pointless giving proguanil because it is excreted very
rapidly and the blood levels would fal too rapidly to
ensureprotection. Chloroquineistakenweekly. Fansidar,
a third line drug, is to be used only in treatment of
chloroquine resistant strains in combination with
chlorogquine or quinine since it is plasmodistatic and,
because of its mode of action, resistance develops very
rapidly. Asitis our only line of treatment for the drug
resistant cases at the moment, weliketo keepitinreserve
for that purpose.

Dr David Parkinson’s address is World Health
Organisation, PO Box 22, Honiara, Solomon Islands.

CEREBRAL ARTERIAL GASEMBOLISM OR
CARBON MONOXIDE POISONING
A CASE REPORT

John McKee

Thisisacasereport about a32 year-old diver, aVictorian
whovisitsthesouth coast of New SouthWalesperiodically
for sportsdiving activities. Hehashad 7 years experience
on hookah and on scuba equipment. Last year he was
having another sporting dive off thefar south coast of New
South Wales.

Ontheday of his“accident” we have noideaof the profile
of hisfirst dive. Webelieveit was probably not morethan
30 or 40 feet as he was diving on hookah equipment. We
know the second dive profile and that was also using
hookah, adiveto 20feet for approximately 5 minuteswhen
he was struggling with and trying to loosen an anchor
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which was caught on the bottom. He succeeded in doing
thisand wasthen observed to ascend rapidly. Onreaching
the surface complained of feeling nauseated. He was
helped aboard the boat, his nausea was then worse but he
attributed this to sea sickness. Within a further 2 or 3
minutes he collapsed onthediveboat. Thedescriptionwe
havefrom hisbuddieswasthat he soon went unconscious.
He was unable to speak. He was unable to open his eyes
and one buddy described him as going rigid in the back.
Thebuddiessaid that hewas* unconscious’ for perhaps90
minutes. When hewasbrought to shorehewassubsequently
transferred by air ambulanceto the Prince Henry Hospital
Hyperbaric Unitin Sydney. | expected that hewould have
been transferred to Morwell as he came from Bairnsdale.
Hearrived in Sydney within approximately 4 hours of the
diving accident, not pressurised, and when admitted to the
hyperbaric unit hewasfully conscious, it wasnoted that he
was not speaking correctly and he used incorrect words.
His mental processes seemed to be somewhat slow, his
blood pressurewas180/120initially but after restingfor 20
minutesthisfell to150/80. A chest x-ray wasdoneandthis
revealed no abnormality. Hewasimmediately put into the
hyperbaric chamber on oxygen.

In the meantime a full blood count and el ectrolytes were
normal. The most interesting thing in the first blood test,
which became availablewhile hewassstill in the chamber,
was the fact that his carboxyhaemoglobin was 20%. He
wastreated ontheusual tablesand by thefollowing day his
carboxyhaemoglobin had returnedtonormal. HisCT scan
showed a diffuse mild cerebral oedema but no other
abnormality and an EEG showed somemild abnormalities
on the left side with hyperventilation.

His treatment involved after the hyperbaric treatment, 2
daysin bed and hewasthen mobilized. Onthefourth day,
after being examined by aneurol ogist, hewaspermitted to
leave hospital.

I think it isworthwhile pointing out that carbon monoxide
is toxic, it is odourless and it is tasteless. The greatest
problemwithitisitsaffinity tocombinewith haemoglobin,
200 times greater affinity than oxygen, to form
carboxyhaemoglobin. Carboxyhaemoglobin displaces
oxygenand henceif sufficient combinationoccurshypoxia
will result. The hypoxia produces symptoms. Probably
some symptomsoccur asaresult of adirect toxic effect on
thecell.

Theinteresting thinginthetreatment of thispatient wasthe
fact that he, perhaps accidentally, received the correct
treatment by having hyperbaric oxygen. The amount of
oxygen in solution was increased so that the supply of
oxygen to the cells and tissues was increased and the
haemoglobin system was more or less bypassed. At the
sametimeof coursethe oxygen encouraged themorerapid
diffusion of carbon monoxide. Asyou know the correct

treatment for most casesfor carbon monoxidepoisoningis
hyperbaric oxygen.

In summary then, this was a sports diver who had two
dives, one and somehow or other his hookah intake was
contaminated with carbon monoxidefromthecompressor.
Presumably he had some symptoms at the end of the first
dive and they became much more pronounced on the
second dive. | would have thought that if he had a
carboxyhaemoglobin of 20% at | east four to six hours after
emerging from the sea, thelevel at thetime when he came
to the deck may well have been 50%. At 14%, divers may
have headache, dizziness and some breathlessness on
exertion. At 30% they usually become confused and
supposedly at 60% they becomeunconscious. Thispatient
maintains, during the 90 minutesthat his buddies thought
he was unconscious, that he was not unconscious but he
admitted therewasnoway hecould open hiseyesandthere
was no way he could speak.

So the suspected cerebral arterial gas embolism due to
pulmonary barotrauma after struggling with the anchor
and a rapid ascent turned out to be a case of carbon
monaoxide poisoning.

Dr J McKee' saddressis PO Box 265, Bega NSW 2550,
Australia.

CLAM MARICULTURE
David Davies
Introduction

For thousands of years, the seven species of Tridacnid
bivalves or giant clam, prevalent in the Pacific, have
playedanimportant roleinthediet, folkloreand mythology
of the Pacific Islanders. In some areas atraditional form
of farming of the clams has occurred on the fringing reefs
but, despite this, over harvesting hasresulted in depletion
of stocks and even in local extinction. During recent
decades, massive commercial exploitation, mainly for the
Asian market, has resulted in wide spread depletion of
natural stocks in many areas and total extinction of the
speciesin other areas.

Tridacnid harvesting for the Asian market is extremely
wasteful as the fishermen have been taking only the
adductor muscle. The shell, mantle and entrails are
discarded despite the fact that all the flesh, apart from the
kidney isquiteedible. The Chinesetendto prefer the meat
inthedried formwhereasthe Japaneseprefer tousetheraw
form for sushi and sashimi.

Until stringent regulations were introduced and enforced
by both the Australian and Taiwanese Governments, both
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the harvesting and importation into Taiwan was done
illegally and consideration of the 1985 figures shows the
reason. On the wharf in Taiwan a clam fisherman could
command US$22.00 per kg, for frozen clam adductor
muscle. Sun dried to about 30 percent of itslive weight,
this meat was being sold for US$120.00 akg. It hasbeen
estimated that there is a market in the ASEAN region for
about 3-4,000 tonnes of tridacnid meat per year.

Ratesof meat production by young giant clamsare similar
to those produced by European Mussel Farms. However,
because the clams can be raised without the high
management costs, tridacnid mariculture is potentially
more attractive than traditional ocean-based protein
production system.

In order therefore to overcome this exploitation and
devastation of the natural resources, programs have
commencedinseveral centresthroughout thePecificBasin
to try and breed the species back to some semblance of
normal numbers,

Thehabitat of thegiant clamislargely limited to the sunlit
shallow waters of the coral reefs of thelargely unpolluted
Indo-Pacificislands. For many yearsitwasconsidered not
feasible to artificially grow these animals because of the
limitationsimposed by low concentrationsof phytoplankton
and essential inorganic nutrients. Trench and others in
1981 showed that a dinoflagellate living in enormous
numbers in the blood sinuses of the siphon and mantle
tissues supplied not only the major nutritional needsof the
clams but were also responsible for the large size and the
rapidrateof growth of theclams. Thus, for thereasonsthat
the clams are sedentary, have very few predators, have a
high growth rate, a high market value and much of their
feedingisphotosyntheticthey becomeexcellent candidates
for domestic production.

Yamaguchi pointed out numerous similarities between
tridacnids and trees and suggested that giant clams should
be managed like intensive forestry.

Currently, research and development programs are
underway inPalau, Fiji, PapuaNew Guinea, the Philippines,
theSolomonIslandsand Australia. The Australian centres
are based on Orpheus Reef, run by Professor L ucas of the
James Cook University, and a small commercial venture
on Fitzroy Island, near Cairns. Figures from the
Micronesian Mariculture centre on Palau, suggests that
intensive farming of giant clamswill produce as much, if
not more meat than a comparable area of mussels.

Commercial production
Commercial production of large numbers of giant clams

occursin three separate phases, each of which hasitsown
reguirements.

The Hatchery

Thisistheland based section of the organisation. It needs
to be sheltered, closeto clean water, unpolluted by man or
fresh water, and close to afairly shallow reef suitable for
planting out the seed clams. Usually the hatchery isset up
withlargetanksthroughwhichfiltered seawater ispumped.

The broodstock clams are harvested from a nearby reef.
Because the Great Barrier Reef is a Marine Park and the
giant clams are protected species, it requires months of
negotiation and aspecial licencetodothis. Harvesting the
mature clamstooisquite adifficult manoeuvre asthey are
usually embedded in the reef and they are very heavy,
requiring either several men or amechanical lifting device
suchasacraypot hauler. Theseclamsarethenplacedinthe
spawning tankswherethey are covered with about 50 cms
of filtered seawater.

Clam spawning takes place usually in the second and last
quartersof thelunar month and occursthroughout theyear.
Prediction of spawning is made more accurate by needle
biopsy of the gonad through the mantle tissue as not all
clams spawn every month. As soon as spawning occurs,
the tanks are flushed with filtered seawater, until all
macroscopic evidence of semen disappears. About four
hourslater egg rel ease commences and fertilisation takes
place immediately with the residual sperm remaining in
the mantle cavities of the brood stock. On completion of
this phase the brood stock are replaced on the reef. The
water level israised to about one metre and the tanks are
then left undisturbed for about seven days.

In the tank thereis usually an algal bloom at about day 3
which coincideswiththecommencement of larval feeding.
Metamorphosis of the larvae then occurs on day 5 and the
resultant baby clams settle out onto the floor and sides of
the tank. Once settlement occurs the tanks are gently
flushed with filtered fresh seawater for about 8 hours per
day. Despitethisfiltration, many varietiesof other sealife
find their way into thetanks. Most of theseintruders need
to be culled to prevent predation of the vulnerable young
clams. However someother speciessuch asthetrochusare
useful to keep the tanks clean of excess algae.

Atabout 5-6 monthsof agetheyoung clamsarescraped of f
the bottom and sides of the tanks and are transferred to
special plastic trays, the bases of which are covered with
basalt gravel. The clamsat thistime are about 12-17 mm
in length so that about 1000 fit into each tray. The basalt
gravel inthetray allowsthe byssal threads of the clamsto
fix but till enables them to be thinned without disturbing
the clams or breaking the byssal threads. Over the next 4-
5 months the clams grow to 30-40 mm in shell length at
which stage they can be transferred to the waters of the
lagoon.



146

SPUMS JOURNAL Volume 17 No. 2 March-June 1987

SPUMS ANNUAL SCIENTIFIC CONFERENCE 1987

Itisessential that all the material sused inthe construction
of the tanks and trays are inert. Early work resulted in
losses of total populations of young clams until it was
discovered that the clams were being poisoned by the
chemicals leaching out of the plastic of the tanks.

The Nursery

In the sheltered, fairly shallow waters of the coral lagoon
the young clams are maintained in trays on basalt chips
until, over aperiod of 15- 18 months, they grow to 100-120
mm in shell length. To reduce attack by predatory snails,
crabs, octopus and fish, the trays are placed on concrete
bricksabout 30 cmsabovethe seafloor and apolyethylene
mesh lid is placed over thetrays. Asthe clams grow, the
trays become over-crowded so that, at regular intervals,
the trays need to be lifted to the surface and the clams
separated and thinned. Thisrequirestheservicesof adiver
but asthe water is shall ow, decompression sicknessis not
aproblem but gasembolismmay be. Our experienceisthat
most of the diving at this stage can be breathhold, thus
overcoming al these worries.

There was initially concern that overgrowth of algae and
weed on the mesh covers of the trays would exclude the
sunlight thereby reducing the rate of growth of the clams
but it hasbeen found that thisweedisagood sourceof food
supply for parrotfish, surgeonfish and the like which tend
to keep the weed growth under control. The screens are
also cleaned when the clams are decanted into other trays
sothat the potential problem hasnot, infact, beenrealised.

It has also been found that the trays with their protective
cover actasanartificial reef and many littlefishfindrefuge
insideand under thetrays. Thesefish, too, helptokeepthe
trays and screens clear of excessive weed growth.

Planting Out

The nursery stage is deemed complete when the clams
reach about 120 mm in shell length, usually at the age of
about two years. They arethen removed from the nursery
trays and planted directly onto the reef. In their natural
habitat clam densities vary between 10-100 clams per
hectare. Obviously such sparsity is not compatible with
efficient management. Sincemost of their nutrition comes
from the photosynthetic activities of the zooxanthellae,
densities much greater than this can be easily tolerated by
the reef as the clams are ecologically innocuous. By the
timetheclamsreach 120 mmin length they have very few
predatorsand areeasily ableto fend for themselves. They
areleft onthereef for afurther 2-3yearsduringwhichtime
they grow to the marketable size of 200-500 mm crown-
rump length. At this stage the survival rate is about 90
percent.

Marketing
Clam meat

TheAsianmarket currently takesabout 3000 metrictonnes
of clam adductor muscle meat each year. Thisisrequired
both as fresh frozen meat and as sun dried meat.

Clam shells

Shells are a popular collectors item and small ones, 100-
150 mmin length, retail for about $2-3.00 in the souvenir
shopsin Queensland. However larger shellsupto 500 mm
inlength, can bring up to $100.00 each. Heslingareported
that in 1984 Taiwanese brokers were offering US$600.00
atonne for 250 mm shells in quantities over 100 tonnes.
These shells are used for crafted serving dishes, bowls,
lamps and so on and, at this price, are more valuable than
the meat itself.

Seed clams

There is a growing demand throughout the Pacific and
Caribbean for seed clams in the 15-100 mm size range.
These are used for stock enhancement, repopulation of
denuded areas and experimental introductions by
appropriate governments.

Aquarium specimens

In the US alone, the aguarium industry generates over
US$1 billion annually and offers a potentialy lucrative
market. In Washington small specimens are fetching
US$20.00 each and in Europe these same animals may
bring up to US$50.00 each.

Whole live clams

Throughout the Pacific, small clamsare usually eaten raw
and have a clean, crisp, taste and texture. Therest of the
clam meat is popular as subsistence food and all can be
eaten except for the small kidney. This meat doestend to
taste rather strongly of algae. The soft tissues can be
readily used for soup or can bedried, chopped and used as
high protein stock feed for pigs, marron, crayfish, prawns
and barramundi.

Summary

Artificial culture of the giant clam aong the lines of
intensiveforestry isnow acommercially viableenterprise.
There have been many problems in the past with the post
larval stagesof production but with greater understanding
of the physiology and development of the clams and
control of predation by other marine species, the way is
now open for successful Australian production of this
previously threatened species.
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DIVER RESCUE, DECOMPRESSION SICKNESS
ANDITSIN WATER TREATMENT USING
OXYGEN

John Knight

Torescueadiver you first haveto find him. Itisdifficult
to see diversin the water from asmall boat. It isdifficult
for diversto see each other in the water, because of water
movement and waves coming between them. The New
Zealanders have had problemsin the past with lost divers
(seepage 163) and they have produced avery effectiveaid
in the form of an inflatable plastic tube called the Safety
Sausage. 1(Figure 1) The Safety Sausage rolls up into a
little bundle that fits easily in the pocket of a buoyancy
compensator. When needed it isunrolled. The open end
is put over the diver’'s regulator. One hand holds it tight
round the regulator hose while the other pressesthe purge
button. Suddenly there is a 2.4 m (8 foot) sausage of
plastic, 10 cm (4inches) indiameter, standing up out of the
water clearly marking thediver’ sposition. Itisvery much
easi er to see something sticking up out of thewater than to
see something on thewater surface. Itisquiteeasy to spot
amast against the horizon when oneislooking for aboat.
Itisjust aseasy to spot aSafety Sausageagainst thehorizon
whenlookingforadiver. The Safety Sausageiswider than
most small boats' masts, although not so high.

Itisimportant that the Safety Sausagebeheldtightly round
the regulator hose otherwise most of the air findsit easier
to escape underwater rather than go up the tubing. Itisa
device that will sell for around $10.00 in Australian dive

shops, soisalot cheaper than aflareand unlike aflare can
be used many times.

Having rescued thediver in an emergency, one hasto treat
any problems. One problem that is better avoided than
treated is decompression sickness.

How to avoid decompression sickness (DCS)

It is usually recommended that one should always do no-
stop dives. The next recommendation is always stay well
within the decompression tables. What this meansvaries
from speaker to speaker. Itisimportant, in fact essential,
when using tables that one knows the maximum depth
reached. This means using a recently calibrated depth
gauge. Depth gauges have been shown on many surveys
to beinaccurate. Therearetwo formsof inaccuracy. The
safe oneis where the gauge reads deep, because the diver
thinksheor sheisdeeper thanheis. Theunsafeoneiswhen
the gauge reads shallow. Thisis a very unsafe form of
inaccuracy asthediver thinksheisshallower than heor she
actually isand dives deeper than the planned dive. There
aresomegaugesthat areinaccurate over part of their range
only, soit is essential that one knows the inaccuracies of
one’ s gauge, which means regular testing.

The next necessity with tablesisto know the bottom time
which requires a waterproof watch, or one of the many
devices that automatically turn themselves on when a
certain pressure is reached, and turn themselves off when
they return to that pressure. These give atotal divetime
rather than a bottom time, defined as the period from the
leaving the surface to starting the ascent, which is needed
to work out most tables.

One should never ascend faster than 18 metres (60 feet) a
minute and preferably much slower. It is quite clear that
many cases of decompression sicknessin Australia, and |

suspect in other parts of the world, are associated with
rapid ascents. | believethecorrect ascent rateshould beno
faster than 10 metresaminute and preferably slower. One
should always do a stop at 5 metres, or thereabouts, on
every dive, sothat thereistimetolet thelungsfilter out any
bubblesthat have formed on the way from the bottomto 5
metres.

If one must do a decompression dive, one should
decompress for the next deeper depth and the next longer
time. A shot rope should be used becausethereisno other
way that one can maintain depth accurately. Remember
that currents and tides will swing the diver away from the
vertical, so that the marked position on the shot rope will
no longer be at that depth. One should always have extra
air on the shot rope in case the decompressing diver runs
out of air. After diving one should not fly or cross
mountainsfor at least 12 hoursanditisal ot better and safer
to make it 24 hours.
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Figure 1 Diver and Safety Sausage at sea.

READ THIS BEFORE USING THE TABLES

1. Bottom time starts on leaving the surface and stops on starting
the ascent.

2. Use the deepest depth of the dive as the depth of the dive for
calculation.

3, If the deepest depth of the dive is between two depthsin the table
use the greater depth for calculations.

4. if the time is batween two times in the table use the longer time
for calculations.

5. After a dive calculate the repetitive group.

6. After the surface interval calculate the new repetitive group.

7. Using the planned depth of the next dive enter the repetitive dive
table to find the no-decompression bottom time available for that
repetitive group and depth.

ASCENT RATE 10m A MINUTE.

ONALL DIVES DEEPER THAN 9m (30ft) DO A 3-5 MINUTE SAFETY
STOP AT 3-5 M.

USE THE TOTAL TIME UNDERWATER (BOTTOM TIME + ASCENT
TIME + SAFETY STOP TIME) TO FIND THE REPETITIVE GROUP AT
THE END OF THE DIVE.

TABLE 4
MODIFIED AIR DECOMPRESSION TABLE"

Depth  Depth Bottom Time Decompression Stops Repetitive

m test minutes minutes at 10 teset group
18 60 70 7 K
80 12 L
21 70 60 13 K
70 19 L
24 a0 50 15 K
60 22 L
27 90 40 12 J
50 23 L
30 100 3c 8 1
40 20 K
33 110 25 8 H
30 12 J
36 120 20 7 H
25 1" |
39 130 15 [} F
20 10 H
42 140 15 7 G
20 11 t
45 150 5 5 C
10 6 E

* FOR THOSE WHO ACCIDENTALLY EXCEED THE
NO-DECOMPRESSION LIMITS

TO CALCULATE THE REPETITIVE GROUP AFTER
" A REPETITIVE DIVE.

3rd DIVES BELOW 9m(30 feet) ARE NOT RECOMMENDED.
A REPETITIVE DIVE IS ANY DIVE WITHIN 12 HOURS
OF THE LAST DIVE.

1. Subtract the actual bottom time of the repetitive dive from the
bottom time available in table 3 to get an answer in minutes.

2. Subtract this time difference from the Bassett Bottom Time limits
in table 1. The answer is the equivalent bottom time of the
repetitive dive.

3. Add the ascent time and the safety stop time to the answer in 2.
This is the equivalent total time underwater of the repetitive dive.

4. Use this time to enter table 1 to find the repetitive group at the
end of the dive.

A 2B PENCIL WRITES WELL ON THIS PLASTIC AND IS EASILY
RUBBED OUT.

] .
§EXAHPLEN‘ 2nd dive | 3rd dive*

Repetitive Group : !

before the dive. . B .
Proposed depth of dive + 24 m

Bottom time avaitable 22 min min min
; Aclu;I_t;;t;ér;ﬁ time 20 min . min l min
= Difference A 2 min - min min
Bassett Bottom Time limit 30 min min min
- Difference ‘ 2 min min min
;7Equivalent Bottom Time 28 min min min
+ Ascent time 3 min min min
;0- gafety stop ;ime S min ‘ + 5 min » + 5 min
jnggumwgigpt total time ‘ 36 min min min
Repetitive group I

at the end of the dive i

The RESIDUAL NITROGEN TIME can be found by subtracting the MAXIMUM
TIME AVAILABLE FOR A REPETITIVE DIVE (Table 3) from the BASSETT
BOTTOM TIME LIMITS (column 3 of table 1).

Figure 3. Bassett Tables (Back)
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Staying “within the tables’, to make them safer, requires
thought and memory, both of which are affected under
water. It iseasier to use as safe a set of decompression
tablesasonecanfind. Atthemomentitismy opinionthat
the safest tables that are readily availablein Australiaare
the Bassett Tables that John Lippman and | have
published.(Figures2and 3) They haveanumber of safety
factors built in. No-decompression times are shorter
because alesser supersaturation ratio has been used inthe
mathematics. Thereisasafety stop at 3to 5 metresfor 3
to 5 minutes on al dives below 9 metres. We have
amended the ascent rate from 18 m (60 ft) aminute to 10
metres aminute. So there are three safety factors for the
firstdive. For thesecond diveoneusesthetotal timeunder
water for calculating the repetitive group. Then using the
United States Navy (USN) surface interval table, to find
the USN Residual Nitrogen time. Taking thistime away
from the Bassett Limits givesthetablefor the second dive
which only shows thetime available for that second dive.
This builds in two more safety factors.

To usethe tables one selects from column 1 or 2 in Table
1 the depth one intends to dive to, and from column 3 the
no-stop time available for thefirst dive. At the end of the
dive one runs a finger across the table to find a number
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equal to or greater than the total time spent in the water.
Runningthefinger downthat columnwill findtherepetitive
group letter at theend of thedive. Runthefinger vertically
down to find the same letter in Table 2, now the finger
travelsacrossto theleft to find the surfaceinterval. When
the surface interval is found run the finger down to the
letters at the bottom of that tableto find the new repetitive
group. Continuedown into Table 3 which showsthetime
availablefor each depthin that repetitive group so that the
second divedoesnot exceed theBassett no-decompression
Limits.

The table has the advantage of being very easy to read
under water, becauseof theyellow highlighting of alternate
linesand columns, sothat if one doesdrift deeper than one
intended one can recal culate the dive profileimmediately.
Besides being safer than the United States Navy Tables,
the table is extremely easy to use as it only requires the
diver to be able to read and move his finger horizontally
andvertically. Itisanunfortunatefact that many diversare
unable to work out for themselves the time available for
their seconddive. Somehavegreat difficulty evenworking
out thetime availablefor thefirst dive. If onedriftslower
than oneintended and finds one has exceeded the no-stop
limitsin Table 1 of the Bassett Tables turn the card over

Figure 2. Bassett Tables (Front). The tables are printed in waterproof ink on plastic and are varnished for extra
protection. They fold easily to fit a buoyancy compensator pocket. Y ellow highlighting makes rows and columns easy
to follow.
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andthereisashort decompressiontablefor thosewho have
drifted lower than they intended (Figure 3). Thereisalso
theway to usethetablesand amethod of calculating one’s
repetitivegroup at theend of thesecond dive. Sothat if one
wishesto do athird dive, which | do not recommend, itis
possible to work out the equivalent bottom time of the
second dive. Thisallowsoneto enter Table 1 (Figure 2)
and, using the equivalent total time underwater, find the
repetitive group at the end of the second dive then one can
use the surface interval table and Table 3 to get the time
available for athird dive.

How to recognise DCS

Most people who develop decompression sickness get
their symptomsfairly soon after emerging from thewater.
Thefiguresvary, but it isafairly standard statement that
80 per cent come onwithin onehour and 50 per cent within
30 minutes.

The symptoms of decompression sickness are extremely
wide ranging and include malai se, weakness, exhaustion,
skinitchingand skinrash, nausea, vomiting and abdominal
pain, numbness, tingling and giddiness, joint and limb
pains, disturbances of nerve function and difficulty with
breathing (the chokes). Disturbances of nerve function
can cover anythingfrompatchesof anaesthesiaor analgesia
to frank paralysis.

Two things that most of the text books do not yet include
is that the personality of the diver is often affected by
decompression sickness and that many divers have great
difficulty inacceptingthat they might havedecompression
sickness. Itisessential that adiver’s buddy, who notices
that the diver’ s personality has changed after adive, takes
stepsto get the diver to arecompression chamber as soon
aspossible.

It isbecoming more and more obviousthat [imb bendsand
skin bends are often accompanied by central nervous
system changes. That meansthat there are bubblesin the
central nervous system. CNS changes due to DCS are
often vague and subjective, but reverse dramatically with
recompression. Divers have to be encouraged to believe
that any problem occurring after adive areduetothat dive
until proven otherwise.

It is usually said that the presenting symptoms of
decompression sickness are mostly pain only. Rivera
published aseriesof 935 casesfromtheUSNavy in 1963.3
Presentation was with pain only in 82.7%; other 10.3%;
cerebral, including inner ear, 6.4%; spinal 0.2%; and
cardiorespiratory 0.4%. That was USN diving with very
carefully controlled divers (Table 1). Twelveyears|ater,
Erde and Edmonds,# who treated sportsdiverspresenting
for treatment in Hawaii and Sydney, had very different
figures. Pain only was 33%; other was 15%; cerebral,

including inner ear, was 33%; spinal was 13%; both spinal
and cerebral 5%; and cardiorespiratory 1%. Thesedivers
were doing deep dives and many of them made very rapid
ascents (Table 2). So it does seem that the way the diver
dives will influence the way heis affected.

Tablel

PRESENTING SYMPTOMS OF DECOMPRESSION
SICKNESS, USNAVY

From Rivera (1963) 935 cases

Cerebral (including inner ear) 6.4%

Spinal 0.2%

Cardiorespiratory 0.4%

Pain only 82.7%

Other 10.3%
Table2

PRESENTING SYMPTOMS OF DECOMPRESSION
SICKNESS, SPORTS DIVERS

From Erde and Edmonds 1975. 100 cases

Cerebral (including inner ear) 33.0%

Cerebral with Spinal 5.0%

Spinal only 13.0%

Cardiorespiratory 1.0%

Pain only 33.0%
Emergency treatment

Divers do not come to the surface wearing a little label
saying“| havedecompressionsickness’. They cometothe
surface feeling terrible or are unconscious, or develop
symptoms after they get out of the water. A flow chart
(F gure4)5starts, “Donotpanic”. Thisisbecauseaccidents
arerare occurrences to the average diver, and the average
diverisnot goingto practice hisdiving first aid very often
and when one is faced with frightening and unfamiliar
circumstances it is very easy to run round in circles,
metaphorically, doing very little.

Thefirst question onehasto ask oneself when dealingwith
adiver who hasbeen involved in an accident in the water,
is“Isheinjured and bleeding to death”. If heisbleeding
briskly, squirting blood, the first thing to do isto stop that
bleeding. Because no matter what other resuscitation you
do, that man or woman can die from blood lossif amajor
artery isbleeding. Oncemassive bleedingisunder control
thenext question thefirst aider hasto askis, I sthe patient
conscious or unconscious?’ and thisis rapidly answered
by speaking to the victim. If thereis no reply one hasto
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Figure4 Diver rescue flow chart
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assumethat heor sheisunconscious. Thenext questionis,
“Ishe or she breathing?’. If he or sheis, the next thing to
doistoroll himor her ontheir sideinthecomapositionand
observe how he or shedoes. If he or sheisnot breathing,
itisnecessary to give expired air resuscitation (EAR) and
the current recommendation in Australiaisto start with 5
quick breaths, thenfeel for apulse. If thereisapulse, carry
onwithEAR. If thereisno pul sethereonehasto start CPR.
Either is quite a performance to carry out in a crowded
diving boat. While giving EAR it is possible to give
oxygen enrichment. The rescuer takes a breath from his
own regulator attached to a Bendeez adaptor 6 screwed
intoan oxygen cylinder, between each puff intothepatient.
In thisway a high oxygen concentration can be given for
the patient.

A conscious patient has to be assessed for injury and if
there is none one has to observe to see whether he or she
develops symptoms that might be due to decompression
sicknessor air embolism, suchaspain, giddiness, difficulty
with breathing, paresis or paralysis and unconsciousness.
If the patient has an injury it has to be dealt with and the
patient observed.

All unconscious patients should be given oxygen as soon
aspossible. All patientshaving EAR or CPR should have
oxygen. Oncethepatient isbreathing on hisor her own he
or she should have 100% oxygen. With adiver itisfairly
easy to give 100% oxygen by putting a regulator on a
Bendeez and putting the regulator in the diver’s mouth.
There are problems with thisif the diver’s mouth will not
open, but usually it will.

If somebody devel opsdecompression sicknesssymptoms,
they must go on oxygen to try and slow down progression
of the symptoms while they are on the way to a
recompression facility. The aim of giving oxygen for a
decompressiondiving accidentistoexcludenitrogenfrom
that person’s lungs. If one can exclude further nitrogen
from that person’s lungs it vastly increases the outward
gradient of any nitrogen the diver has absorbed. Oxygen
ismost easily givenin Australiaby havinga'D’ or larger
sizecylinder of oxygenwiththediving party andaBendeez
adaptor which allowsthe diver’ s own regulator, which he
is certain to have with him, to be attached to the Bendeez
and so the diver gets oxygen through his own regulator.
This method works with divers because divers have been
taught to breath through their mouths. It does not work
with people who are not divers, as they do not like
breathing through their mouths. For them one must use a
bag and mask set up, whichisalittle bit more complicated
because one needs an oxygen regul ator, aflow meter,2m
of tubing, amask, a bag and an expiratory valve, and the
wholelot costsquiteal ot of money. Table3showstheCIG
Medishield Part Numbersand December 1987 prices. The
bag and mask has the snag that unlessit is put on by an
anaesthetist, an intensive care nurse, or mobile intensive

care ambulance officer, the mask is unlikely to achieve a
complete seal, and if the patient is bearded it is amost
inevitablethat it will not get acomplete seal except at the
price of extreme pressure on the person’sface. If thereis
any leak between the mask and the patient’ sface he or she
will not receive 100% oxygen. Intheefforttoavoidgiving
the patient more nitrogen, | prefer to use the Bendeez.

Table3

CIG-MEDISHIELD EQUIPMENT NEEDED FOR
GIVING 100 % OXYGEN BY MASK

Description Part number Price $A

Oxygen Regulator (to fit alarge oxygen cylinder)

518800 139.40
Flowmeter T™M 105 82.40
Tubing (2m) YR 62 per metre .60
Expiratory valve DF 655 163.20
4 litre bag OBM 372764 11.90
Male connector (to connect bag to mask)

OBM 1353552 32.05
Resuscitation face mask (adult)

515743 23.60
Clausen head harness OBM 301061 17.15

All divers should have a copy of the Diving Emergency
Handbook, by John Lippman and Stan Bugg. A new
revised edition’ has just recently been produced. On its
back page is aflow chart similar to the one in Figure 4,
which includes the Diver Emergency Service (DES)
number.

The Diver Emergency Service, is contacted by dialling
008088 200. A telephoneringsinthe Intensive Care Unit
of theRoyal AdelaideHospital. Itisansweredimmediately
and the diver is put onto the duty Hyperbaric Consultant
who may be in any part of Australia It is a highly
sophisticated system of switching telephone calls around
thecountry. TheAustralianUnderwater Federation (AUF)
publishesaplasticcardwhichisheaded” Diving Emergency
Service”, giving the phone number. This plastic card is
availableindiveshopsor fromthe AUF. Ononesideit has
thetelephone number, onthe other it hasthelist of what to
do. Theroutineisto telephone the DES number (008 088
200), statethat it isadiving emergency, provide detail s of
theincident, depth, time, location and symptoms, wait for
adviceand directions, act ontheadviceand directions, and
follow up by informing“ Project Stickybeak” by writingto
POBox 120, NARRABEEN NSW 2101. All information
is treated as confidential and all identifying details are
removed before any information is made public. Dr
Douglas Walker is interested in gathering details of all
diving accidents and accidentsthat have been avoided not
only infatal or nearly fatal ones.
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From overseas, one can contact DES by dialling ISD 61 8
223 28 555.

Thetreatment of DCS

The treatment of DCS is recompression, oxygen and
fluids, preferably very soon after the onset of symptom, as
this gives the best chance of recovery. Thistreatmentis
best given in a recompression chamber (RCC) equipped
with intensive care facilities, which means a hospital
hyperbaric unit. However, thisisnot always possible and
there may be long delays reaching a RCC from remote
aress.

Underwater oxygen therapy

Oxygeninthewater treatment, hyperbaric treatment, was
designed for remote locations, places where there was a
long delay before the patient could hope to get to a
recompression chamber. Thetypical scenario, when this
equipment was designed by Carl Edmondss in the late
1960s and early 1970s, was that people would develop
DCSintherelatively less remote parts of the Pacific and
even if they immediately got through to the RAN School
of Underwater Medicine, it would be over 24 hoursbefore
they could possibly be retrieved. There were delays
involved getting aHerculesairborneand flowntowherever
the patient was, and it had to arrive in daylight because
usually theisland did not havelanding lightsonitsairstrip.
Then it often had to then wait overnight and take off the
next morning. Sometimesit took two days or moreto get
apatient to Sydney. Remember that the sooner apersonis
recompressed, the better chance he or she has of a useful
clinical result.

What are the advantages of hyperbaric oxygen in water?
Therearenoneif oneiscloseto arecompression chamber.
The diver must be a long time from a recompression
chamber before in water oxygen has an advantage. By
longtime, | meanthat it will takemorethan 6 hourstoreach
thechamber. | think that if | had aparaplegial would bring
that time down to one hour. It isawarm water, tropical
island, treatment. Itisatreatment for out of theway places,
with long delays in reaching a recompression chamber.
Although Carl Edmonds has tried it in the Antarctic, |
consider that in southern Australian waters, without extra
heating, one would convert a decompression sickness
patient into a patient suffering from a combination of
decompression sickness and hypothermia. Its major
advantage is that no nitrogen is added to the body during
trestment. Thebubblesareapproximately halvedinvolume,
whatever shape of sizethey are. With round bubblesthe
diameter isreduced by approximately 20%. Thediameter
of along bubbleinablood vessel will not bereduced at all,
but the length will be reduced, so reducing the frictional
resistanceandincreasi ng thechancesof thebubblemoving
on. Thereisalarge nitrogen pressure gradient out of the

bubble. Thereisincreased oxygenation of thetissuesthat
arebeing perfused. Alsothereisincreased oxygenation of
thetissuesthat are not being perfused because oxygen will
diffusemuchfurther becauseof thehigh pressuregradient.

Thereissaidtobenorisk of oxygentoxicity. Theonly case
reported of oxygen toxicity using this system9 was some
yearsago and it isdisputed by somepeople.10 Thereisno
risk of decompression sicknessfor theattendants. Finally,
wet suits are still effective insulation at 9m.

What does one need to give the treatment in aremote part
of theworldwithwarmwater? Emergency decompression
in water using oxygen requires a full face mask. The
chances of a person having an oxygen convulsion under
water are low resting at 9m but it is always possible. A
person who has not got afull face mask on when he hasa
fitisalmost certainly going to drown. So afull face mask
shouldbeused. If the patient vomitsunder water, heor she
vomits into the mask. It is arelatively simple matter to
clear the vomit from the mask. A finger is put under the
chin and the mask lifted up alittle bit and the vomit will
trickle out into the water. The patient needs a wet suit
includingahood. He or sheneedsashot ropeto hang onto.
A ropeis needed to support the patient so that the patient
cannot drop. Preferably this should end in a seat for the
patient because sitting in a rope soon becomes very
uncomfortable. The depth must be limited to 9m and that
is achieved by putting a mark on the rope 9m from the
patient and keeping the mark at the surface. The patient
must beover weighted, and it isagood ideato put aweight
on each ankle so that his or her legs do not float up. An
attendant is needed in the water to watch the patient. A
communications system is needed. The simplest
communication systemisthat the patient talksinto thefull
facemask. Thisiseasily understood by theattendant. The
attendant must have some sort of slate to write on so that
he can write messages for the patient to read. When
information hasto betaken to the surfacethe simplest way
isfor theattendant to signal thesurfacefor another attendant
to besent down. When heor shearrives, thefirst attendant
goes up to the surface and gives the message to the
supervisor.

Theequipment SPUM ShasisaScubaPro Visionnairefull
face mask (Figure 5) and the hose comes off thetop of the
mask. Ithastobeled downthepatient’ sback and put under
theweight belt so that if the patient does convulseit isnot
going to bedislodged by the patient thrashing about. With
theVisionnairefull facemask theglassactsasaninhalation
diaphragm. Theinboard end of theequipmentispreferably
a ‘G’ size cylinder of oxygen which will last for a full
treatment, and an oxygen regul ator which hasto beadj usted
to asnear 100 psi as possible. Anaesthetic regulators are
set to 60 psi and can seldom be adjusted above 80 psi. The
oxygen hosemust beclearly marked infeet or metresso as
to control the ascent. There has to be a tender for the
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Figureb5. Diver in Visionnaire full facemask ready
for in water oxygen recompression.

oxygen hose, to keep an eyeonthepatient. Therehasto be
aminimum of asparetender. Someonehasto keeprecords
of times and depths. So there has to be a minimum team
of 4. Thenall thatisneededis9 metresdepth of water. This
can quite often be found alongside a jetty, and if not, one
has to take the patient out to sea.

The patient isput on oxygen. Thefacemask must befitted
tightly tothehead, becauseif itisnot tight water getsinand
thatisuncomfortableand may bedangerous. Theattendant
iskitted up breathing air, the patient islowered to 9 mwith
the attendant alongside him. The patient staysat 9 m for
30-90 minutes depending on the progress of his
decompression sickness. If it wasapain only bend and it
iscompletely cured by 30 minutes, the patient may start the
ascent. If the patient has neurologica decompression
sicknessand iscompl etely cured by 30 minutes, he should
be kept at 9 m for at least another 30 minutes. The ascent
rateiseither Lmetreevery 12 minutesor, whatisfractionally
slower, 1 foot every 4 minutes. These rates give ascent
times of nearly 2 hours, so it is a short oxygen treatment.

If the oxygen runs out the patient is brought straight to the
surface because the whole object of the exercise is to
exclude further nitrogen loading. The patient must not be
givenairwhileunder water. Oncethetreatmentiscompleted
the patient is given oxygen by mask for alternate hoursfor
the next 12 hours.

Hyperbaric oxygen inthewater isan emergency treatment
for use in warm water in places where achamber ismore
than 6 hoursaway. | have no intention of promoting it as
anything other than asecond best treatment compared with
chamber treatment. However, itisfar better for the patient
to be treated promptly than to have long delay. | am
unaware of any cases who have been made worse by this
treatment. Therearesufficient peoplewho do not approve
of in-water oxygen recompressionto makeit fairly certain
that should anyone have been made worse theword would
get out.
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RECREATIONAL DIVING STANDARDSIN
AUSTRALIA
A MOVE TOWARDS STANDARDISATION

WA Williams

The development of the underwater breathing apparatus
opened up theunderwater worldtothemasses. 1t suddenly
took what had beenthedomain of theprofessional hard-hat
diver and gave it a minimal cost to a large number of
people.

| am sure there are people here today who can remember
those intrepid adventurers of the late 40's and early 50' s
who made their own masks from inner tube rubber and
plate glass, and clad in bathers and an old jumper for
warmth and armed with a five foot long home-made
speargun, entered the waters around our coastline.

When the first scuba gear appeared on the market, these
spearoschanged from breath-holdto compressed air divers
and our sport wasborn. At that stage, little was known of
the effects of breathing compressed air and inevitably
accidents occurred. Them wasno formal training as such
and the need for adequately trained instructors became
apparent. Oneof thefirst national bodiesto get themselves
organised and create some form of progressive training
standard, and standards of the day in most British
Commonwealth Countries, including Australia, was the
British Sub-Aqua Club.

InAustralia, theAustralianUnderwater Federationemerged
asthe body which represented the sport of skindiving and
the growing offshoot of scuba-diving. At that time, the
variousclubsaround Australiajoinedtogether to createthe
Federation which controlled the skindiving competitions
and set thesporting rulesand standards. The AUF produced
a set of diving standards, initially based on the BSAC
standards, but modified to suit the unique needs of the
Australian diver. Our long, sparsely populated coastline
dictated that our diversneeded to beself-sufficientin areas
such as accident management, boat diving, dive planning,
etc. Thusour standards placed greater emphasis on some
aspectsof training thanthe BSAC, but westill retained the
club orientated system of scubainstruction.

These standards have been modified over the years based
on experience, reports on common accidents as revealed
by Project Stickybeak and on the changes in equipment.
Overall however, these standards have produced safe
competent diverscapable of diving with abuddy to depths
of 20-30 metres.

In the UK, it is relatively easy for the BSAC clubs to
maintain an even standard of club instruction as visiting
examinersfrom other clubslocated in nearby citiesensure
standardsarekept. InAustraliahowever, thelargedistances

between cities and thus clubs, proved impossible to fund
such visiting examiners and inconsistent standards of
diversresulted. We therefore had the standard, which by
that time had been accepted by the World Underwater
Federation (CMAS), but not real way of ensuring that it
was maintained at an even level around Australia.

By the early 1970's, the number of people being attracted
to scuba diving reached alevel where specialised diving
instruction on a commercial basis became economically
viable. Shops specialising in the sale of scuba equipment
emerged, and theownersset uptheir owninstructor course
based on the owner’ s knowledge and what was known at
thetime.

Therewere sufficient of these ownersand instructorswho
had trained through the AUF to create an Australia-wide
instructor body. Thus, the Federation of Australian
Underwater I nstructors(FAUI) wasbornandan agreement
which suited both organisations at the time was signed.
FAUI agreed to usethe AUF scubadiving standardsif the
AUF agreed to stop club instruction. Hence we obtained
professional diving instruction and were better able to
maintainastandard, issueinternational divingcertification,
and ensure safe diving in Australia.

Likeall monopolies, webecamealittlecomplacent, andin
thelate 1970’ sthetwo Americaninstructor organisations,
Professional Association of Diving Instructors (PADI)
and National Association of Diving Instructors (NAUI)
entered thefield and began to makeinroadsinto thediving
scene.

Both of these instructor bodies have the backing of their
parent organisationand havestandardsbased onanentirely
different philosophy. WhereastheBSA C originated AUF/
FAUI standards tended to be conservative and attempt to
fully train adiver in all aspects before granting him/her a
certificate to dive, the American courses were based on
progressive teaching using individual course packages,
that is, one could become a scuba diver without being
taught rescues or even have dived inthe sea. The courses
weredesigned in Americato suit American conditionsand
were well presented, easy to sell and generally less
expensive than the home-grown courses.

Thusthe AUF/FAUI partnership begantofeel thestrainas
the conservative safety-first AUF resisted change while
the FAUI shop owner felt the need to become competitive
with PADI and NAUI.

In the early 1980’s, the Australian Coaching Council
approached the AUF to produce a set of diving standards
which would be recognised under the National Coaching
Accreditation Scheme (NCAS). Naturally we used as a
basis our standards which had been designed around the
need of Australian divers. AsFAUI instructors taught to
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these standards, all were able to become a Nationa
Accredited Coach and other instructors who were able to
demonstrate that they had similar qualificationswere also
accepted.

However, our methodsof teaching and examinationdiffered
from those of both PADI and NAUI, and neither
organi sation were ableto change or amend their systemto
accomplish certification to the NCAS. As schools and
other government i nstitutionsbegantorefuseany instructor
who had not an NCAS qualification, a long series of
political arguments commenced which unfortunately is
still going on.

In 1985, FAUI, feeling the need for independence, broke
away from the AUF, but its standards are still such that
their instructors can become registered under the NCAS
should FAUI choose to apply for this. NAUI in the
meantime had gained a level of independence from their
parent organi sation and had reached an agreement with the
AUF to teach an additional package at their instructor
qualification courses and thereby also gain NCAS
certification. We had thus gained standardisation to some
extent, although PADI, by now thelargest of theinstructor
bodies, were still not eligible.

In 1984, the Standards Association of Australiareleased a
draft standard for theworking diver. Thisstandard, called
“Training and Certification of Divers’ was supposedly for
professional working divers only, in fact it included a
disclaimer that it was not meant for recreational divers.
Thedraft wasin four partsand was based around asimilar
standard in force in the UK for the teaching of North Sea
Divers. The parts were: 1. Air Divers, 2. Restricted
Commercial Air Divers, 3. Commercia Air Diving with
Surface Compression Facilities; and 4. Bell Diving.
However, the first part, ie. for air divers, appeared to
contain glaring discrepancies between what level of
competency was sought and the actua subjects to be
taught. By itsvery title, the AUF became alarmed that we
would be getting a pseudo new set of standards on which
someuninformed coroner would baseafinding, regardless
of the disclaimer in the standard.

Accordingly, wepresented the SAA with an 18 page series
of comments on the inadequacy of the standard and
proposed, asacounter, that the NCA Sstandardsbe used as
a start point on which to base Part 1. After al, the
professional diving student needs to be taught to scuba
divefirst of all just likeany other diver. Asaresult of our
submission, and many others from equally concerned
organisations, the SAA produced Parts 2, 3, and 4 of the
SAA Standard AS2815 and kept Part 1 for further
consideration.

| was then involved in negotiations with the SAA which
finally resulted inthe SAA Committee forming aseparate

sub-committee to investigate the feasibility of producing
Part 1 as a standard for recreational and professional air
divers, ie. thefirst section of the standard will adequately
train air divers while the second will continue with the
training to produce a professional air diver who can then
progressthrough Parts 2, 3, and 4 to finally become alock
out diver.

Theinitial meeting of thissub-committeewasin Townsville
on 18-19 June 1986 and in those two days almost
accomplished what we have been trying to achievefor 10
years.

All concerned bodies sat down, and using the AUF
Philosophy Paper which had been produced to show the
reasons for our standards, we were able to almost reach a
consensus. Naturally, there were disagreements, but in
many cases after discussion, we were able to reach an
agreed standard or test which athough different towhat we
were used to, had the same long term effect.

Duringthismeeting, and of interest tothisaudience, Dr lan
Millar, representing the Australian Medical Association,
(no SPUM S representative was on this sub-committee by
the way) had a very instructive discussion with the sub-
committeeontherequirementsof themedical examination
for the standards.

In Sydney on 12 and 13 February 1987, the sub-committee
met again and reviewed our original findings. There still
were some disagreements and we agreed at that stage to
disagreebut to present our findingstothe parent committee
for approval to send out for public scrutiny. lan Millar by
then had produced hisdraft medical testsand avery lively
discussion took place, mainly based around trying to find
afool-proof way of getting themedical result tothediving
instructor quickly without breaking doctor/ patient
confidentiality.

| have just been informed that the sub-committee will be
presentingitsfindingstotheparent committeeinMelbourne
on1July 1987. | expect that thedraft should becirculated
for comment by the end of the year. Areaswhich arein
disagreement are:

- The distance specified for the snorkel swim while
wearing scubaandif adiver should demonstratehis
fitness during the swim by being neutrally buoyant
or be allowed to use his buoyancy vest.

- Theminimumtotal bottomtimerequired by thetrainee
prior to certification. Thecurrent suggestionis140
minutes although the AUF would like 4 hours and
otherswould wish thisto bereduced to aslow as80
minutesincluding assessment time. (If anyonehas
any information on the period of learning a new
skill until it becomes second nature, | would be
pleased to be informed of it).
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- Theinstructor/student ratio is another problem.
- The standard of the scuba rescue test.

| would urgeyou, asthe peoplewho will beinvolvedinthe
medical tests and the unfortunate results if we make
mistakes with these standards, to examine the standards
when they appear with a critical eye to the safety of the
student.

Once circulated for public comment, the sub-committee
will need to re-convene to examine the results and make
the necessary adjustments. The second draft will then be
re-circulated for public opinion by which time hopefully,
afull consensuswill bereached and thestandard produced.

L et me state now that in many of these tests the standards
of thefour organisations are at amuch higher level andin
other casesequal. Each instructor organisation intendsto
continue to teach to their own standards. The Australian
Standard will merely state the minimum levelswhich can
betaught. Oncethe standardsarereleased, it will beupto
state legislation to legalise its use.

Perhaps then, we will have achieved our goal of a set of
safe standards for the Australian Scuba Diver.

Wal Williams is Chairman of the Technical Committee of

the Australian Underwater Federation. Hisaddressis46
O’ Rourke Street, WEETANGERA ACT 2614.

MINUTESOF THE EXECUTIVE COMMITTEE
MEETING

HELD ON MONDAY 2 MARCH 1987

AT THEHOTEL HILTON INTERNATIONAL,
SYDNEY

PRESENT

Dr C Acott, Dr C Lourey, Dr D Davies, Dr G Barry, Dr D
Walker, Dr A Sutherland, Dr JKnight, Dr P McCartney,
Dr L Greenbaum (Executive Secretary of the Undersea
and Hyperbaric Medical Society), Dr M Fraundorfer.

1. MINUTESOF LAST MEETING:

The minutes of the two previous meetings were
circulated and confirmed.

2. BUSINESS ARISING:

2.1 Dr Shields has not yet been in contact with the
Society. Dr Lourey will undertaketo contact himand

possibly arrange additional speaking dates around
Australia.

2.2 Rockdive. A successful meeting was held in
Rockhampton with over 80 delegates. Arrangements
for asimilar meetingtobeheldin other stateshavenot
cometofruition. ThePresident will investigate some
possibilities.

3. NEW BUSINESS

3.1 Annua General Meeting 1988. This being the
Centenary year, the Committeeagreed that themeeting
should beheldin Australia. The President will study
options avail able along the Queensland Coast.

3.2 List of Doctors trained in Underwater Medicine.

321 Itwasnoted that no New Zealanders were
onthelist. Thisisbecausenoneof theeligibledoctors
has contacted the Secretary.

3.22  The New Zeaand Chapter of SPUMS is
compiling its own list of doctors with appropriate
training.

3.23  Applicationsfor listing have been made by
doctors who have completed the WA Course. The
course was discussed. Dr Tim Anderson, Officer in
Charge of the School of Underwater Medicine, has
been approached and the Committee agreed, on his
advice, that the WA Course was equivalent to the
Basic Course run by the RAN School of Underwater
Medicine.

3.3 Bulk Billing for Diving Medicals. This was again
discussed at length. It was reiterated that such
examinations cannot be claimed from Medicare.

3.4 Journal Equipment. Dr Knight requested that the
Society purchase some ancillary equipment for his
Macintosh Computer so that all the layout and type
setting of the Journal could be done more efficiently.
Onthelast Journal he spent over 23 hours cutting and
pasting. The Committee agreed that the equipment
should be purchased.

3.5 Diving Medical Courses. It was brought to the
Committee’ snoticethat coursesin® DivingMedicine’
are being run by people with no qualifications or
recognised training in Diving Medicine. The
Committee felt that such courses should not be
supported.

NEXT MEETING:

To beheld in conjunction with the AGM in Honiara, June
1987.
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THE MINUTESOF THE ANNUAL GENERAL
MEETING HELD ON SUNDAY 7 JUNE 1987
AT THEHOTEL MENDANA, HONIARA

PRESENT All members attending the Scientific
Conference.

APOLOGIESDr A Slark, Dr JWilliamson, Dr C Lourey,
Dr P McCartney, Dr D Gorman, Dr A Sutherland, Dr D
Walker, Dr M Page, Dr A Bridger

1. MINUTESOF LAST MEETING

These had been previously published. Acceptance
moved: Dr JKnight; Seconded: Dr Logan. Carried.

2. BUSINESS ARISING

Nil.
3. REPORTS

3.1 Reports were presented by the President, Secretary,
Treasurer and Deputy Editor.

3.2 Discussionwasheld over thefinancial independence
of the New Zealand Chapter and its accountability to
the general body of the members. A motion was put,
“that a certified financial statement from the NZ
Chapter be published each year as soon as possible
after presentation by the NZ Treasurer”. Moved: Dr
Davies; Seconded: Dr Knight. Carried.

3.3 The costs of attendance at Executive meetings was
discussed and a motion put, “that an honorarium be
available for the Executive so that no one is out of
pocket for attendance at a Committee Meeting”.
Moved: Dr Leslie; Seconded: Dr Logan. Carried.

3.4 The possibility of holding Executive Meetings by
telephone linkups was discussed. This will be
investigated by the Secretary.

3.5 All reports were received. Moved: Dr M Davis;
Seconded: Dr G Davis. Carried.

4. NEW EXECUTIVE COMMITTEE

President Dr A Slark
Immediate Past President Dr C Acott
Secretary Dr D Davies
Treasurer Dr G Barry
Editor Dr D Walker
Deputy Editor Dr JKnight
Committee Members Dr D Gorman

Dr C Lourey

Dr P McCartney
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As Dr Slark was unable to be present, Dr Acott
remained in the Chair. Dr Daviesthanked Dr Acott
for his help and work on behalf of the Society.

5. DIPLOMA

The Chairman announced the award of the Diploma
of Diving and Hyperbaric Medicine to Dr T Dillon
who has satisfied the requirements of the Executive
Committee.

6. AUDITOR

Dr Barry discussed the problems of afull audit of the
bookseachyear. Instead, adetailed inspection of the
accounts will be made by a certified Accountant. A
motion was put, “that Mr David Porter be appointed
for this task”. Moved: Dr Barry; Seconded: Dr
Knight. Carried.

7. GENERAL BUSINESS

7.1 DrJLloyd suggested that the Society computer could
be connected to the Viatel network and be used to
promotethe Soci ety and perhapsreceiveapplications,
etc. The Secretary will investigate feasibility and
costs of this.

7.2 Dr McKee suggested there was disquiet about the
proposed venuefor thenext Annual ScientificMeeting.
A long discussion followed. A motionwas put, “that
the Executive reconsider the venue and make the
appropriate decisions over the next two weeks’.
Moved: Dr Logan; Seconded: Dr Westlake. Carried.

7.3 Dr Chesterfield-Evans expressed dismay about the
appearanceof thelobbying lettersduringtheelection.
The Secretary replied that the problem had been
discussed by the Executive and appropriate
recommendations made to prevent such occurrence
in the future.

74 Dr G Olsen considered the travel arrangements
unsatisfactory especially for NZ numbers. Suggested
that in future alternative arrangements be sought and
explained as required.

7.5 Dr M Davismoved avote of thanksto the Convenors
of the Conference for its success.

7.6 Moved: Dr R Leitch; Seconded: Dr Westlake that
Russell Kitt enumerate problemsencountered during
the Dive Program.

Russell Kitt said that the diving program was most
successful because of the warm water, the smooth
seas, and the need for few weights with thin wet suits
soreducing changesinbuoyancy. Themajor problem
was with equipment not being serviced before the
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conference. There was also some confusion as to
which tables should be used.

The Secretary addedthat all boatsshould carry correct
safety equipment such as life jackets and flares.

8. CLOSED:

There being no further business the meeting was
closed at 18.30.

THE KIWI APPROACH TO DIVING MEDICALS
Diving Medicals Mandatory in New Zealand

The New Zealand Underwater Association (NZUA) has
accepted the representations of the New Zealand Chapter
of SPUMS that a diving medical is mandatory before
starting the practical aspects of adiving course.

During the negotiationsthe diving medical form, whichis
reproduced aspages160and 161, hasbeensimplified from
that publishedin the SPUM S Journal in 1986.+~ A number
of investigations which are considered essential by
Australian Standard 2299, such aschest x-rays, pulmonary
functiontests, and audiograms have been madeoptiona in
order to reduce costs and to achieve acceptance by the
NZUA of amandatory medical examination.

REFERENCE

1. Adair A andSutherlandA. DivingMedicals. SPUMS
J 1986; 16(1): 19-20.

IMPERIAL AND METRIC MEASURES
RELEVANT TO DIVING

WEIGHT (MASS):

1 pound 0.454 kg
2.205 pound 1kg
LEAD WEIGHTS
21b 0.9kg
3lb 1.4kg
61b 2.7kg
* kg/cm2 and bar are not approved Sl units, but are

often found on imported pressure gauges.

VOLUME:

CYLINDER
72 cu ft
80 cu ft
88 cu ft

PRESSURE:

159

2000 litres
2250 litres
2500 litres

CYLINDER FILLING PRESSURES

2250 psi

2400 psi

3000 psi

16 MPa

16000 kPa
160 kg/cm?2*

160 bar*

17 MPa

17000 kPa
170 kg/cm?2*

170 bar*

21 MPa

21000 kPa
210 kg/cm?2*

INTERMEDIATE LINE PRESSURE

100 psi

0.7 MPa
700 kPa
7 bar*

CYLINDER RESERVE PRESSURE

500 psi

3.5MPa

3500 kPa

35 bar*

ATMOSPHERIC PRESSURE

1 atmosphere
14.7 ps
33 fsw

LENGTH:
DEPTH

1 foot
33 feet
1 fathom

DISTANCE

1lyard

100 yards

1 mile

1 nautical mile
0.62 mile

0.1 MPa
100 kPa
1 atmosphere
1 bar*
10 msw

30.5cm
10 metres
1.83 metres

915cm
91.5 metres
1.61 km
1.85 km
1km
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DIVERS MEDICAL CERTIFICATE

FULLNAME ...
ADDRESS ....... .. .

This is to certify that the abovementioned has been fully examined by me this day.
1) He/She has been found to be fit for diving

Advice to Instructor (where relevant)

2) He/She is permanently unfit for diving.

He/She should undergo a routine medical review in

Medical Practitioner
(print}

Address

Phone No. ..

" Tear along dotted line — Post/send to Diving instructor

NZUA COMMERCIAL LIMITED

[~ .

r Cnr Shaw and Collins Sts,
'N:.’ EU— Morningside,
‘ AUCKLAND.

P O Box 875 Auckland Ph 895-456

DIVERS MEDICAL EXAMINATION (SPORT DIVING)

(Revised 1987 in conjunction with the South Pacific Underwater Medical Society, N.Z )

SECTION A: (Diving candidate to complete prior to medical examination).

Full name: .
Address:
Phone:
Date of birth ( 1 i I
day month year age occupation
PREVIOUS DIVING EXPERIENCE:
(v)
HISTORY: NO YES NOTES

1. Have you ever suffered from:

any heartcomplaint ........... .
chestpain .. - . ... . .
shortness of breath . ...

asthma ... . e

any other lung condition .

nose or sinus disease ............ .

ruptured ear drum or ear surgery
dizziness fainting or blackouts ...
fits or epilepsy e .
concussion or head injury ...

k. diabetes . . .

L. any other illness or disability ... ...
m. any other operations or injury ... .
Do you smoke? ............... ... ... T no. per day
Are you on any medication?

Any known allergies? . .
Have you ever failed a medical exam?

Te ~eaoooe

QRN

NOTES: | hereby certify that the above information is correct, and authorise release of the
attached certiticate to my diving Instructor. Wrere appropriate, further medical information
may be released to the New Zealand Underwater Association Medical Adviser.

Date v+ 1
day month year

signed (Candidate)
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SECTION B: (Medical Practitioner to complete) DIVING MEDICAL — Guide to Medical Examiner

EXAMINATION Date
day month year

Height _______cm Weight kg BP.._/_mmHg PEFR ______L/m
normal (v') or describe abnormalities

1. Cardiovascular ............ .. ... ... ..

2. Respiritory system ........................ 1)  Diving frequently invoives heavy sustained effort, often without

3. Efforttolerance .. ... .. ORI . opportunity to rest. The diving gear is heavy awkward to lift and carry on
4. External, middle, innerear ................ _m:Q.oq _uom:_ Special m:..w::o: m:o”:a therefore be paid to the

5. Eustachian tube patency .......... ... cardiovascular and respiratory systems.

6. Mouthandtesth ... 2)  All air containing spaces must equalise pressure readily. Special

7. Abdomen ... attention should be paid to equalising middle ear pressure (Valsalva

8. Nervoussystem . .. ... ... manoeuvre), and obstructive lung disease (eg history of asthma).

d. Locomoter system .. ... ... ... . . . 4 . i
10. Idenification marks ... 3)  Even momentary impairment of consciousness un er water may result in

death (eg epilepsy).
Further notes:

4)  The following are contraindications to diving:

a. Epilepsy

b. Insulin treated Diabetes

c. Asthma

THE FOLLOWING INVESTIGATIONS MAY BE INDICATED IN SOME CANDIDATES: d. History of spontaneous pneumothorax
Date Result e. lschaemic heart disease
1. ChestX-ray ...................... _/_/__ f. Pregnancy
2. Pulmonary function . ... .. S — . . . ) . . .
3. ECG ... . S 5) Other medical conditions which may require special consideration are:
. - Previous middle ear or lung surgery, hypertension, impaired lung
4. Excerise ECG ... ——— function, severe migraine, severe motion sickness, psychological
5. Audiogram ... ... _/ J disorders, physical handicaps, visual or hearing impairment, obesity,
6. Urinalysis ... ... O A S heavy smoking, drug or alcohol use, and advancing age.
7. Other ... ... ... _/_J__
6) Some medical conditions (eg recent chest or ear infection, Trauma etc)
Instructions to Medical Practitioner: may render an applicant temporarily unfit to dive, and will require
Complete the medical certificate, detach and hand to candidate. Record certification reassessment at some later date.
details below, and retain sections A and B for your records.
RECORD OF CERTIFICATE ISSUED: Should there be any doubtastothe m::m.c_:a\ of a diving applicant please contact
e e Advice to Instructor- the NZUA to be directed to further medical advice.
UNFIT NZUA, P.O. Box 875, AUCKLAND. Ph: (09) 895-457.
or 895-456

Re examine in

yrs

A detailed guide for the medical examination of divers may be obtained from the
NZUA.

signed
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SOUTH PACIFIC UNDERWATER MEDICINE SOCIETY STATEMENT OF RECEIPTSAND PAYMENTS
FOR THE YEARS ENDING 30TH APRIL, 1985, 1986 AND 1987

1987 1986 1985
OPENING BALANCE
Standard Chartered Finance Ltd. 1,000 1,000
United Permanent 7,659
National Australia Bank 80 4,607
Cash on hand 60
Other deposits 5,763 8,427
8,799 11,370 8,427
INCOME
Subscriptions 22,945 18,992 13,887
Interest 1,680 1,057
24,625 20,009 13,887
TOTAL 33,424 31,419 22,314
EXPENDITURE
Secretarid 2,696 3,564 1,873
Stationery 240 864 30
Journal 6,481 5,808 4,793
Postage 2,465 3,156 1,738
Travel 4,415 7,504 2,274
Equipment (computer and 02 kit)see note 7,451
Miscellaneous 576 1,724 236
Bank charges 268
Returned cheques 42
TOTAL 24,634 22,620 10,944
CLOSING BALANCES
Standard Chartered Finance Ltd 1,000 1,000 1,000
United Permanent 7,361 7,361
National Australia Bank 403 80
Cash on hand 26 60
Other deposits 5,763
TOTAL 8,790 8,799 11,370
$33,424 $31,419 $22,314

NOTE: Equipment iswritten off as purchased.

| have conducted varioustestsand checksas| believe are necessary considering the sizeand nature of the Society and having
so examined the books and records of The South Pacific Underwater Medicine Society for the years ended 30 April 1986
and 1987 report that the accompanying Statements of Recel ptsand Paymentshave been properly drawn up fromtherecords
of the Society and give atrue and fair view of the financial activities for the years ended on those dates.

David S Porter, FCA

Chartered Accountant

13 May 1987
(Registered under the Public Accountants Act 1946, as amended). NEWPORT BEACH 2106
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ORIGINAL PAPERS

THE DEVELOPMENT OF THE SAFETY
SAUSAGE

Bob Begg
THE BEGINNING

MARINE SEARCH AND RESCUE EXERCISE
SUNDAY 22 July 1984

This exercise was organised by the Marine Search and
Rescue Advisory Committee with the object of involving
the Navy’s new Patrol boat “Moa’ in afull scale Search
and Rescue (SAR) Exercise.

| was involved firstly as training co-ordinator for the
committee and secondly as one of the missing divers. |
decided to be directly involved rather than an observer so
that | could follow through the exercise and try out the
system.

The plan wasfor two diversto bereported missing. They
weretobefoundby anair searchand droppedaliferaft then
picked up by theMoa. Asanextrapart of theexerciseone
of the divers would have bends symptoms and would be
transferred to hospital by helicopter and ambulance.

Asit turned out, all went according to plan except that we
really did get lost and it took two hours longer than it
should haveto find us.

We set out from Papanui Inlet on the seaward side of the
Otago Peninsula about 0830 in fine calm conditions with
a dight swell. We were in an Avon inflatable with a
boatman, radio operator and two divers- myself and Colin
Sutcliffe. We had two dives, one bounce dive to 80' then
another 5 minute dive to 100. On surfacing after the
second dive we were about 50 m from the inflatable and
they started letting off flares. The time was 9 am and
conditions were still dead calm.

We gradually drifted away from the inflatable and after
hal f-hour we could nolonger seethem although they could
see us. At about thistime 6 to 8 Dusky Dolphins arrived
and swam around usfor 15 minutesor so. At thisstagewe
were unconcerned although we were starting to wonder
why the plane had not arrived.

Between 1000 and 1030 we noticed the plane searchingin
an areawell away from where we were. At this stagethe
inflatable moved away from our position as we did not
want to make it too easy to find us!

Atabout thesametimethewind cameup, quickly increasing
to around 15 knots from the South West. The plane was
still searching the wrong area and we realised that we

really werelost and were going to bevery hard tofind. By
now we were about 15 km offshore and about 5 km north
of where we entered the water.

The difference in our equipment were now starting to
becomeimportant. | wasstill quite comfortableinmy US
Divers inflatable suit and cold water hood, new Moray
gloves and Neptune Octi boots without zips. Colin was
wearinganew Aquapro Topline7 mmsuit with cold water
hood, Mitchell |eather-palm gloves (not waterproof) and
Mitchell hard solebootswith zips. Hishandsand feet were
extremely cold and he was becoming cold al over. | was
usingaUSD Prolinecompensator which | wasabletotake
off and use as a raft. Colin was using a yoke type
compensator which did not allow him to keep his head
clear of thewater, as| could. Wetook Colin’ stank off and
attachedittothejacket compensator. Thewater temperature
was 11°C.

By about 1100 we could see the plane and a helicopter
looking for us and we aso saw the Moa had arrived
although it was miles away from us. We decided to start
swimming We realised it was pretty futile but it was
something positivetodo. By now wewerea most due East
of Taiaroa Head which is at the northern tip of the Otago
Peninsula. Thedolphinsstill swam aroundusoccasionally
but by now they had lost their appeal.

Over the next 30 minutes both the plane and the heli copter
flew over us at least once each. Aswe saw one of them
approaching we would put Colin’s yellow tank on top of
thejacket compensator and | would wavetheyellow catch
bag | had. It seemed unbelievablethat they could fly over
us and not see us. It was also extremely frustrating.

Colin was by now fairly concerned although | was
reasonably confident that they would find us pretty soon.
Thebiggest problemwastheweather. It wasblowingquite
hard and low cloud was starting to form over the land.

However at about 1135 we saw the plane flying directly
towards us. He circled around us and then we noticed a
fishing boat about 30 m away. It turned out it was the
fisherman who had found us and called in the plane. We
didnot evenrealisethat hewasinthearea. Theliferaftwas
dropped to us and very soon the Moawas also in the area.
Aswe now had the helicopter and the plane flying above
us and the Moa and a couple of fishing boats standing by
- we no longer felt lonely.

We were taken on board the Moa and examined. It was
decided that Colin had mild hypothermiabut | wasalright
and decided that the exercise should proceed. GeorgeL ay
was roped in as the “Bent” diver and we were flown to
shore by scoop net under the helicopter and taken to
hospital by ambulance.
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We had drifted from about 3 km east of Papanui Inletina
Northerly direction to a point about 5 km east of Taiaroa
Head, a distance of about 8 km in two and a half hours,
giving a drift rate of about 2 knots.

L essons

1. Mostimportant, diversaremuch harder to seefromthe
air than one would expect. Both pilots and their
observers were very experienced and said later that
they could see seals, dol phins and bits of seaweed but
could not see us. We were more visible than many
divers with the yellow catch-bag and tank and jacket
compensator floating on the surface.

2. Choice of suit and accessories is most important for
extended periodsin 11 degreewater. While Colin had
avery good suit hishandsandfeet werevery coldfairly
soon after entering the water. By the time we got out
his hands and feet were blue and he was very cold. |
wasstill quitecomfortableandfeel | could havestayed
in the water for a much longer period.

3. All diversshouldreview their safety procedureswhen
thereisany risk of becoming separated from their boat
or the shore.

Suggestions

A. When the support boat isnot anchored aweighted line
and buoy should be placed at the point wherethedivers
enter the water. This gives a reference point and is
most important if a search is needed.

B. If possiblethediversshould either tow afloat or carry
ahandspear or similar object and aflag or catchbag to
signal the boat.

C. In high risk conditions a dye marker or waterproof
smoke flare could be carried.

D. Someitem of gear should be dayglow orange.

E. A chemical lightstick should bestandard equipment on
evening or night dives and can easily be carried at all
times.

THE NEXT STEP

MARINE SAREX 19 MAY 1985

The object of the exercise wasto test two hand held flares
(supplied by Terry Corbett), one dye marker (supplied by
Bob Begg) and another dye marker. One other object, a
strip of orange tape, was also tried.

The exercise was carried out approximately 600 metres
offshore from Tairoa Head, between 1000 and 1300.
Weather conditions at thetime were perfect, with nowind
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and clear skies. The tide had a northerly drift of
approximately 2knots. Underwater visibility was3to4m.

Therewasaswell of about aone metre .For safety reasons
the divers held onto an anchor line and buoy to stop them
drifting.

Paul Y oung and George Lay were the divers conducting
the tests. Before the arrival of the plane, the orange tape
was unrolled and tied to the anchor line.

Whentheplanearrived, thefirst dye marker was activated
and appeared to be very poor. The plane turned and a
pinpoint (light) flarewas let off. Paul commented that he
had trouble unscrewing the cap and that when the flare
went off it let out alot of noise. Alsohadtheflarenot been
immersedtocool it down, severebumswoul d haveresulted.

He waited approximately 45 seconds and then activated a
smokeflare, which failed to fire. 1t should be pointed out
that this flare had hairline cracks in the cap, and was not
expected to fire. The plane then turned and the second
pinpoint flare was set off, with no problems. Then the
second smoke flare was let off. Both flares had been
carried by Terry Corbett for some time and had been
logged for each dive on duration and depth. Sealant had
beenused ononeflareand thiswasfoundto beunacceptable
to the divers. One of the caps that had been sealed had to
be put into aviceto be opened! It appearsthat asealant it
not necessary as the O ring fitted should do the job,
however further tests by Pains Wessex will confirm this.
The expected life of these flares under diving conditions
may not be 3 yearsas stated on theflare, asthistimeisfor
storing flares under optimum conditions. Flares are an
essential survival aid of thediver. Troublewasencountered
when trying to trigger the flares. One of the flares with
sealant was very difficult to activate, and the trigger
mechanismhadtobedug out withawatchstrap. Presumably
if one was logt, by the time it took for someone to search
inthegeneral area, handswould betoo cold to activate the
trigger mechanism.

The second dye marker was then put into action and it
worked reasonably well, but alot of effort in agitating the
package was needed to make it effective.

Thefirst dye marker package was dropped while opening
the second package, and sank very quickly. The colour of
the dye blended well with the milky green colour of the
water, and was not suitable for the conditions.

Thewhistlesupplied onthe Fenzy worked well and did not
reguire much effort to operate.

Pilot’s Comments

Don Macintosh wasthe pilot onthisoccasion. Because of
the local Albatross Colony, a 1,500 foot lower limit had
been imposed by the authorities.
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The streamer tape laid out by the divers was very visible
and seemed to be a very beneficial piece of equipment.

Thelight flares were easily seen, but smokein this sort of
weather was best seen.

Both buoyancy compensatorswerebright red. Georgehad
his compensator off and floating beside him, while Paul
wore hisin the usual manner. The compensator floating
next tothediverswasfar easier to seefromtheair thanthe
oneworn. Infact although Paul’ scompensator was bright
red, it did not show up fromtheair. Facesshowed up well
when the diverswerelooking at the plane, and an extra set
of eyesin the plane would have been helpful.

The dye was not effective in the conditions. It was only
visible flying towards the sun, and no good flying away
from the sun. Although the dye was not useful in these
conditions, it couldwell proveexcellent onother occasions.
Ground to air radio was absolutely useless and for the
entire exercise Don was transmitting blind.

Land Base Comments

The divers were barely visible to the naked eye from the
base when they were 600 metres off-shore. The basewas
approximately 150 feet above sea level. Whistles were
heard and it was commented that these could be a handy
piece of equipment for all diversto carry. However the
whistles used on this exercise have now been superseded
and anew whistlewill soon bereleased. 1t was suggested
that in asearch the motor on the boat could be switched of f
now and then on the of f chancethat awhistleisbeing used,
however, because of possibleenginemalfunctioninrough
weather the dangers of cutting the motor must be
remembered.

The ground to air radios were hopeless. Two were taken
and neither would transmit, however onereceived. Some
seriousthought should be put to finding abetter radio. CB
radio in the boat and on land was found to be invaluable.
Giving bearings to land base via CB radio was good for
fixing positions.

Boat Observer's Comments

When 200 metres from the divers Paul wearing his
compensator, rather than George with hisbeside him, was
more easily seen with the naked eye. Both were clearly
visible when viewed through binoculars. At 400 to 600
metresusing binoculars, shapeswerefound beforecolours
registered. After colourswere visible blue flippers stood
out very well.

Bothlight flareswerevery good and burnt for approximately
20 seconds each. The orange smoke was excellent, and it
wasthought toburnfor approximately 29 seconds, however
acloud hung abovethediversfor quite sometimeand was
still discernible for some ten minutes afterwards.
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The orange tape did not stand out from the boat.

When the second dye marker was activated, it wasvisible
ontheswell fromadistanceof 300to 400 metres, butit was
thought that if onedid not know wheretolook it would not
be seen.

Thewhistleswasheard fromtheboat at adistancewiththe
motors off.

L essons
Flares are an essential survival aid of the diver.

Theorangetapelying onthesurfaceof thewater wasfound
to be an excellent additional piece of equipment and
showed upvery well fromtheair. Thistapeisusedto show
whereburiedelectrical cablesare, andif thought worthwhile
further testswould have to be made with different colours
to find the most suitable.

Although the dye markers were not satisfactory on this
exercise, they should not bewritten off. The dyecould be
very effective in blue water.

Thebiggest troubleof thisexercisewastheperformanceof
theradios.

THE FINAL STEP

SAREX 26 May 1985

Heldtotestinflatableplastictubesfor visibility fromboats
and aircraft. 2 plastictubes, 1 orangeand 1 dark red, each
approximately 3 m long were tried.

At 1430 the weather was fine, cam, with high cloud
covert. Theseawascalmwith1.5to2mswell. Twodivers
were put in the water on an anchored line with the tubes.
The boats moved off until divers were only just visible
when on the top of swells, about 200 m. Then the tubes
wereinflated. The tubeswere found to be easily inflated
and easily held vertical by holding theend down besidethe
diver at arms length underwater. The tubes were
immediately visible when vertical and were often seen
when the divers were invisible. The vertical tubes were
easily seen from all angles although they were more
difficult to spot when looking directly into the sun. They
were gtill visible with the naked eye from half mile away,
andwereeasily visiblethrough binoculars at thisdistance.
Evenif thetubeisholed it will till float and be of usein
an air search.

The tubes were | eft flat on the water while the plane flew
over. The pilot commented that the tubes were easily
visible from 2,000 feet and that the divers were easily
found. Thediversappeared asdotsat the end of thetubes.
The divers would have been very hard to find otherwise.
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Asthe conditionswere calm moretests need to be donein
windy and rough conditions.

L essons

Inflated plastic tubes standing vertically in the water are
easily seen regardless of colour. Red tubes lying on the
water are easily seen from the air. These tubes would be
aworthwhile pieceof equipment for every diver. They are
cheap, easy to make and easily carried.. They aresimple,
haveno valves, areeasily blown up using aregulator or by
mouth. They are very visible from a boat, so preventing
divers getting lost, and from the air. However some care
is needed in storage.

CONCLUSION

Thesetubesarenow available as Safety Sausagesfrom TL
Beggand SonsL td, POBox 5216, Dunedin, New Zeal and.
The Australian distributor is Diving Security (abranch of
RJIKnight Pty Ltd), PO Box 6298, Melbourne VIC 3004.

Bob Begg's addressis TL Begg and Sons Ltd.

TWO POWERL ESS CHAMBERS
CASE REPORTS

Douglas Walker

Thesetwo cases, takenfromvery widely separated sources,
illustrate that arrival at a recompression chamber is not
necessarily theend of theaccident phasefor thevictim, and
that chamber operation is not immune from the effects of
Murphy’s Law.

Casel

Whileanaval diver was making aworking diveto change
avessel’s propeller he was crushed when it unexpectedly,
and for some unknown reason, dlid forwards. Histender
quickly recognised that hewasin trouble and the stand-by
diver was sent down. He managed to pull the propeller off
thevictim, who was now unconscious. Thevictim started
to sink as soon as hewasfreed. Hewas quickly hauled to
thesurfaceby hislinesby thetopsidecrew and brought into
the dive boat. He was unconscious, fitting, and had
suffered physical injuries so he presented them with avery
urgent, serious, and difficult management problem. He
was transported to a naval hospital and the staff of the
recompression chamber were aerted.

Hisconditionwasdeterioratingrapidly soitwasdecidedto
recompresshiminthe chamber despiteit being unready for
usebecauseof maintenancework. Themoistureseparators
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were out of the compressed air system so it was not
possible to refill the high pressure air bank by the usual
means. However, theair bank had beentopped upto 3,000
psi (43,050 scf) and was holding the equivalent of 1 at
IATA, so it was possible to commence treatment. From
here on problems plagued the operation.

Anoperationcall for assistancebrought diversfromsevera
ships. Thiswasnot an unmixed blessing asthey had never
practiced together for such an emergency situation. There
wasamalfunction of an O-ringinthehigh pressurevalves
which madeitimpossibleto ventilate the chamber. While
this was being replaced two surface supply umbilicals
were rigged from a dive boat to the gauge stop in the
chamber’s control panel to supply low pressure air to the
chamber. Thisproved adequate. Asaprecautionthelocal
fire brigade was asked to lend their high pressure
compressor, used for filling their emergency air breathing
apparatus cylinders. Thiscompressor was attached to the
chamber’s emergency air supply.

The treatment also was not routine, the scenario being as
follows. The victim was recompressed to 50 msw (165
fsw), towhereheshowed alimited response. Ashehad not
obtai ned acompl eteresponseby 30 minutesit wasdecided,
by the master diver and two medical officers, to bring him
to 18 msw (60 fsw) and place him on 100% oxygen. This
decision was based on the uncertainty concerning the
extent of his internal injuries. Two minutes after
commencing on this treatment he began to improve. The
treatment tablewasextended by threeadditional 25minute
periods at 18 msw (60 fsw) as he continued to show
progress. Upon arrival at 9 msw (30 fsw) the patient was
asymptomatic except for chest pain on inspiration.

After completing the chamber treatment the patient was
transported to hospital for acompletemedi cal examination.
The chest x-ray revealed the presence of a right
haemopneumothorax, mediastinal emphysema, which
extendedintothefight upper quadrant of theabdomen, and
apneumopericardium, so hewastransferred to the care of
a cardio-thoracic surgeon at another hospital. Four days
after the accident a further x-ray examination revealed
multiple fractured ribs and a fractured sternum. The
degree of recovery he achieved from these injuries is
unknown.

Case?2

The patient, a 56 year old diver, was being treated for a
spina bend when apower failure occurred. Asaresultthe
chamber operators were unable to prevent a build-up of
carbon dioxide in the chamber. Through the police they
contacted the diving team at a naval establishment and
were supplied with a two-ton generator complete with
crane. This source of emergency electrical power took 4
hours to arrive and in the meantime the diver had been
given an emergency resuscitation set. Mains electricity
was restored 1 hour later.
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The diver had been on mixed gas treatment for 72 hours
beforethe power failure. Therewould normally have been
sufficient reserve facilities available in the unit to cope
with a power failure, but on this occasion a second diver
was receiving treatment in their other chamber. The unit
isnow seeking to rai se sufficient money to obtainacarbon
dioxide" scrubbing” systemfor the chamber to take care of
such an eventuality should it ever occur again.

The diver had apparently been following an accepted
Table while he made a no-stop dive but suffered a spinal
bend and been flown by helicopter to the treatment centre.
Following therecompression treatment hewastransferred
toahospital near hishome. He hasbeen advised he should
never dive again.

Discussion

Thesecasesillustratethefact that thereisfar moreinvolved
in having arecompression chamber unit for local usethan
the chamber itself and astaff of willing volunteers. Those
who areto beresponsible for treatments must not only be
trained but be sufficiently experienced to be flexible in
their responseto the problemspeculiar to each patient, and
to unexpected external factors such as are reported here.
They must be a team with a clear basic management
protocol to ensure that the patient has correct evaluation
beforerecompressioniscommenced. InCase 1theincident
depth is unknown, nor how far he sank before being
recovered, but the depths can be assumed not to begreat or
therewould have been arecompression chamber (RCC) at
the dive site. The use of recompression down to 50 msw
(165fsw) gaugeatrial of 100% oxygen at 18 msw (60 fsw)
gauge made the case management more difficult than
necessary. However recompressionto50msw for suspected
air embolism is still recommended by many authorities.
Boththepatient andthosetreatment himwerevery fortunate
that his pneumothorax did not produce serious clinical
symptoms during the ascent phase in the chamber.

In Case 2, the fact that the patient was on a mixed gas
therapy implies that the staff of this recompression unit
was experienced in the management of serious and
complicated cases. Yet despite this it seems that their
“disaster plan” was quite inadequate to cover total power
failure when both their chamberswerein use. Therewas
too great atrust that a power cut would never occur while
their facilities were fully extended. They had forgotten
Murphy’s Law! They would have benefited from
remembering how “Papa Topside” anticipated just such a
problem and devised a simple answer. Wartime
submariners would have told them to scatter sodasorb on
the chamber floor.

In the post-war years of rapid developmentsin diving one
of the notable characters who entered the United States
Navy (USN) Medical Corps, after an active and unusual
stintin general practice, wasDr GeorgeBond. Herealised
that some problem might result in a “bell” (personnel
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transfer capsule or PTC) remaining an unexpectedly long
period underwater without adequate ventilation. This
situation would lead to a dangerous build up of carbon
dioxide, so he considered what would be the simplest
remedy. He proposed, and successfully chamber tested, a
simple no-moving-parts carbon dioxide scrubber. This
consisted of one or two pairs of pantyhose filled with
sodasorb. Lateral thinkersconsider theobjective(exposure
of sodasorb to the carbon dioxide loaded air) rather than
concentrating on modification of the mechanical method
whichisgivingtrouble. Dr Bond' s paper wasreprintedin
the SPUMS Journal 1979, April-Sept, p 41-45 and is
reprintedinthisissuefor thebenefit of our newer members
and asatributetothememory of anintelligent and humane
Diving Doctor.

These cases are presented because there is atendency on
the part of both divers and civil authorities to under-
appreciate the problems which may arise in association
withthemanagement of asafeand efficient recompression
facility. Thesourcesof thesecasehistoriesarethankedfor
makingthemavailablefor useinthispaper. Intheinterests
of confidentiality the sources are not stated here.

Dr Douglas Walker’s address is 1423 Pittwater Road,
NARRABEEN NSW 2101, Australia.

ASTHMA AND DIVING
A CASE REPORT

CJLowry
Diving Medical Centre, Sydney

The patient, aged 33 years, had been aqualified diver for
six years. He was a known asthmatic and had been
observedtouseV entolinaerosol frequently inthepreceding
week. He had no hospital admissions for asthma.

The dive was off Boat Harbour, near Kernell, on Sunday,
11 May 1986. His buddy was afemale friend, of recent
acquaintance and who had just completed her C Card
certification. At no stage did they descend more than 30
feet in depth, and they were underwater for approximately
20-30 minutes prior to the patient signalling that hewould
ascend and get his bearings. He proceeded to do this,
leaving the female diver on the seabed. Hethen returned
to her, in astate of some apprehension. He signalled that
they should surface, and then he proceeded to do so at a
considerablerate, faster than shethought safe. Nevertheless
she continued with him because he seemed to be in
distress, and arrived onthe surface soon after him. Hewas
thrashing aroundwith hishands, started swimming overarm
and had taken hisregulator out of hismouth. Sheattempted
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toditch hisweight belt (hewasnot wearingaBC) but failed
because he fought her off. She then tried to pull him
towards shore. She spoketo him but hedid not reply. His
face was white and he looked terrible. He then appeared
to lose consciousness and went quite limp.

She continued towardsthe coast line, which unfortunately
was avery rocky areawith waves beating on it. With her
own buoyancy vest inflated, she managed to hang on to
him until she got him to the rocky sea shore. The waves
kept pushing her onto the rocks, and then drawing them
both off. She feels that he probably aspirated some sea
water during this time, and they both sustained many
lacerationsfromtherocks. Several timessheattemptedto
give mouth-to-mouth ventilation. At times he appeared
quite stiff but it isnot clear whether he actually convul sed.

After approximately ten minutes they were rescued by a
group of on-lookers, and taken to the road. The patient
remained unconscious, and finally the ambulance and
Westpac helicopter arrived concurrently, but it wasdeci ded
to transfer him to HMAS Penguin by helicopter for
recompression therapy.

M outh-to-mouth respiration and external cardiac massage
were carried out once he had reached the roadway, and
during transport IV Haemaccel and oxygen were
administered. It was also continued until he was taken to
HMAS Penguin, where further assessment took place
prior to recompression. He was noted to be comatose,
unresponsive but breathing spontaneously. 1t wasdecided
to compress him to 18 metres on 100% oxygen.

There was great difficulty in maintaining adequate air
entry, and at 18 metres the arterial oxygen only reached
about 70torr. It remained around 50torr during subsequent
ascent. The arterial carbon dioxide levels were usually
above 100 throughout. The pH was below 7.01.

Thepatientwasgradually brought back tothesurface, with
only alittleworsening of the arterial oxygen levels, over a
period of five hours. At that stage he was on arespirator,
with an endotracheal tube inserted and with positive end
expiratory pressure (PEEP), of an indefinite amount
(chamber conditions made this difficult to assess).

On surfacing he was transferred to Royal North Shore
Hospital IntensiveCareUnit, whereventilationwith 100%
oxygen was continued. A radial arterial line and a Swan
Ganz pulmonary artery catheter were inserted.

0On 100% O2 (12 x 700 ml aminute) with 10 cm PEEP, the
blood gases were:

Arterial Mixed Venous
PO2 72 torr 35tort
PCO2 49 tort 58 torr
pH 7.30 721
Base excess -3.3 -4.8
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Hewasnoted to have been mildly hypothermic, with 35.4°
C and hypotensive with a systolic blood pressure of 80.
Araminebolusesand adopamineinfusionwereinitiatedto
ensure the blood pressure remained above 95. He had a
tachycardiaof 130-160. A spaceblanket wasusedtoretain
hesat.

On examination there was widespread inspiratory and
expiratory rhonchi. Nebulised Ventolin together and an
aminophylline infusion were commenced and PEEP was
increased.

The chest x-rays showed gross pulmonary oedema, which
was consistent with his widespread inspiratory and
expiratory rhonchi. There was no pneumothorax or
evidence of mediastinal emphysema.

The next day (day 2), there was some improvement in
respiratory and cardiovascular function, with maintained
urinary output. Hisarterial gases: onaFiO2 of 70% were

PO2 =144 torr, PCO2 =50 torr, pH = 7.33, Base excess =
+6.3

Several episodes of generalised fitting with myoclonic
jerks were noted and thought to be post-hypoxic.

He was then gradually weaned from 70% FiO2 and 17.5
cm of water continuous positive airway pressure (CPAP)
t050% FiO2 and 10 cm of water PEEP. Arterial gasesthen
were:

PO2 = 83 torr, PCO2 = 40 torr, pH = 7.43, Base excess =
+3.2

EEG showed flow waves consistent with hypoxiaand the
CAT scanwasnormal. Hehad devel oped atemperature of
38° C. He was weaned from the dopamine infusion.

Ventolin, aminophylline and hydrocortisone were
continued, as were the other supportive measures.

On days 3 and 4 he was still unresponsive to painful
stimuli, and there were severa episodes of generalised
fitting and frequent myoclonic jerks.

On day 5 he was neurologically lighter, the myoclonic
jerks were infrequent and arterial blood gases on FiO2
50% with CPAP were:

PO2 = 93 torr, PCO2 = 45 torr, pH = 7.46
A tracheostomy was performed.

Ondays7 and 8thepatient respondedto simplecommands,
looking around. Over the next few weeks he had several
setbacks with bowel obstruction, septicaemia, required
further respiratory support but continued to improve
neurologically sothat at 5 weekshewasorientated intime
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and space, with global cognitive problemsassociated with
moderate frontal (behavioural) problems. There was a
residual dysarrthria, aleft hemiparesis, and ataxic gait and
myoclonicjerks. Thespeechtherapist statedthat therewas
no expressive dysphasia, but jerky stuttering type speech
appeared to be related to myoclonic jerks. The EEG
irregularities with mixed theta and delta components of
low voltage. There was not specific localisation and no
myoclonic activity on the EMG.

He was then transferred to the Head Injuries Unit at
Lidcombe State Hospital. He claimsthat hewill continue
diving together with motor bikeriding. He said therewas
no previous history of head injury. He had been home on
weekend leave and had apparently got drunk with his
mates. His socia activities also included flirting with
other patients.

A psychometric performance was carried out and the
following report was made:

Due to the pronounced myoclonus, it is not possible to
administer the full test battery. Of the tests that were
administered, his motor difficulties produced slowed
responseswhichwerereflected intheresultsfor the Digits
symbol and Bourden-Wiersma tests, both speed and
tensions tests, the overall results were lower than our
normal range. His performancein the Bourden-Wiersma
tests, however, was extremely accurate showing that his
attention abilities are certainly intact.

The results for the CFF test are on the lower end of our
normal range. Thisresultisdifficult tointerpret ashewas
extremely variable, again most probably due to his
myoclonus. Thevariability wasmuch greater for hisright
eye and right hand.

The short-term memory was within normal limits as was
hisability tolearn new material. Theseresultssuggest his
problems stem mainly from the motor regions.

Further information obtai ned | ater indi cated that the patient
had had amedical from his own General Practitioner and
had completed adiving coursein 1980. Heused Ventolin
before every dive and indeed had a pocket built into his
wetsuit to hold the aerosol.

DIAGNOSES:
(1) Asthma

(2)  Cerebral arteria gas embolism
(3)  Near-drowning

Dr CJ Lowry's address is 133 Raglan Street, MOSMAN
NSW 2088, Australia.
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PAPERS OF INTEREST FROM OTHER
JOURNALS

EMERGENCY SCRUBBING

Dr George Bond

Since we had the one-time occasion to surface the PTC
(personnel transfer capsule) with its human cargo as an
emergency we have had deep concern about thereliability
of the CO2 scrubber system of the capsule. Looking ahead
to the ever-present possibility that a loaded PTC might
haveto survive aslong as eight hourswithout ventilation,
we cast about for apassive system of CO2 scrubbing quite
independent of electrical power. Clearly a system of
random scattering of sodasorb within such a habitat was
untenable. Likewise individual closed-circuit breathing
units seemed inadvisable. But how about ssimply filling a
fewladies' nylon pantyhosewiththeabsorbent and hanging
them in the chamber? The idea had appea despite its
naively so we launched the project, using two pairs of
pantyhose, one black and the other red, filled with atotal
of 8.6 kilos of the sodasorb.

For the actual experiment we “locked” four volunteers
(one female) in the inner lock of the Draeger chamber,
which has a 3000 litre volume, supplied them with an
oxygen monitor and abatch of Draeger CO2 sniffer tubes,
and left it up to the pantyhose array to do itsbit. In order
toprovidefor metabolic oxygen requirements| maintained
aconstant flow of 2.5 litres per minute of oxygen, which
perfectly kept their atmosphere at 21% oxygen throughout
the procedure. Both the carbon dioxide and oxygen levels
weredeterminedinsidethechamber at 15 minuteintervals
and recorded outside, while | maintained more or less
constant visual and voice contact with our subjects.

Asyou might guess, Morgan Wells and | were abit edgy
a first since the CO2 levels in this situation could be
expected to rise at arate of 0.82% every fifteen minutes,
whichgiveslittleleeway. Still, wehad plenty of safeguards
so we started the show on time.

Both Morgan and | were alittle stunned when the first 15
minutes’ reading came out a fat 1.5% and rose quickly
thereafter to 2.25%. Still, we had somefaithinthe system
and stuck to our guns. Sure enough, as the chamber
humidity commencedtorise, thegalloping slopesimmered
down, and after almost three hours stayed steady between
2.75% and 3.0%. By thistimewe were already designing
the MK 11 Pantyhose Scrubber, one capable of 75%
efficiency, so we called the game and released our
volunteers, who were nonetheworsefor their experience.
Tomorrow the MK 11 will be made up, sealed in plastic
bags, and duly installed in the PTC.

Improvised, and at-the-scene, experimental work is
fascinating. | find it instils a sense of confidence in the
aquanauts as well.
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(EDITOR: Regrettably, Dr Bond died in 1983)

This paper was reprinted from the Institute of Diving
Newsletter of APRIL 1977 in the April to September 1977
issue of the SPUMS Journal, pages 41 and 45. It is
reprinted as a comment on the two incidents reported on
page 166.

NOTESON DIVER’'SPARALYSIS

Graham Blick, MD Durh, MRCS, LRCP Lond.
(Late District Medical Officer, Broome, Western
Australia)

From 1900to 1908 | have had medical charge of probably
the largest pearling centre in the world, including in its
population upwards of 400 professional divers who are
daily engaged gathering pearl shell at depthsvarying from
7to 20 fathoms. | have myself seen adiver bring up shell
from a depth of 25 fathoms (150 ft), but this was an
exceptional feat. This means that these men are working
under pressure, roughly, from 20 to 50 Ib per square inch
above normal, the shiftsvarying in length inversely asthe
depth of working. In the lesser depth adiver will remain
down one, two, or more hours, in the greater generally
under half an hour. The ordinary rubber diving dresswith
metal helmet is the apparatus used, air being supplied by
three barrelled pumpsworked by hand wheels. Thedivers
are of various nationality - whites, Japanese, Filipinos,
Malays, etc, the majority being Japanese, thewhitesbeing
theleast numerous. They work from small schoonersof 10
to 14 tons, and range over many hundred of miles off one
of the most forlorn and desolate coasts in the world.
Consequently, when an accident happens they may be
several days' sail fromport, and so havenot theadvantages
of their colleagues the “caisson” workers, with their
decompressing and recompressing chambers and
immediate medical attention. Hence, many severe and
often fatal cases of diver’s paralysis occur.

For eight years | have impressed on these men and their
employersthefact that they can with very little extratime
and trouble obtain all the safety conferred by the
decompressing chamber by a slow and gradual return to
the surface, and when this course has been followed few,
if any, cases of paralysis have occurred.

Since 1900, not counting the slighter cases characterised
by thementhemselvesas” rheumatics’, | havehad upwards
of 200 casesof diver’ spalsy; 60 of the patientswere dead
before a doctor could be reached and | made post mortem
examinations. Among the 140 odd who reached me alive
| havehad to deal with all degreesof paralysis, from slight
paralysisof legsandinability to passurine(alwayspresent)
uptototal paraplegiaandlossof sensation. Clinicaly, the
salient featuresof theparalysisareitshilateral distribution
and the constant loss of the power of micturition. Thelegs
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are attacked before the arms and recover later. Sensory
nervesseemto suffer muchlessthanmotor, but | ambound
to add that many cases had to be examined through an
interpreter, and it is difficult in any case to get correct
replies on such a matter from coolies. Out of these 140
cases11died, 8from septicaemiaconsequent onsloughing
and cydtitis, and from supervening meningitis. The rest,
after a longer or shorter time, recovered, most of them
completely, about 10 per cent, being permanently affected
with dlight paresis, generally of the anterior musclesof the

legs.

| have had patients who have been twice, thrice, or even
oftener paralysed, and who have more or less compl etely
recovered. | have never seen extensive secondary
degeneration of the cord follow, though one would expect
this from the lesions found in the cord post mortem.

Thetreatment after the establishment of paralysisisthat of
all organicnervousdisease- onecanonly waitonNature' s
efforts, though in this disease Nature is kinder than usual.
General hygiene, massage, and el ectricity, all are useful to
someextent, and, of course, any complicationswhicharise
must be treated. | have been often astonished at the way
apparently hopeless paraplegics have recovered in the
course of many months.

The most troublesome cases were those complicated by
cystitis and deep sloughing. The former complication is
very frequently set up by imperfectly cleaned catheters
used by the diver’s friends, often for several days, while
making for port. The paralysis of micturition is so well
known among the men themselves that no diver would
consider his outfit complete without a soft catheter. The
sloughing isalso the result in many cases of the treatment
appliedasfirstaid by thepatient’ sfriends, andisespecially
common among the Japanese, whose unbounded faith in
very hot bathstoo often leadsto parboiling and damageto
theenervatedtissues, formingthestarting point of frightful
sloughing, which often defies all efforts of nursing to
restrain. | have seen the sacrum, portionsof theilium, and
the capsul e of hip-joint absolutely denuded, and several of
the deathsin my casesresulted from thiscondition. A few
very bad cases, however, madewonderful recoveries. One
case, aFilipino diver, was admitted to hospital with total
parapl egiaand sloughing over thebuttocks, whichextended
till theright hip-joint, most of the sacrum, and the posterior
portion of the crest of theilium could plainly be seen; yet
after more than twelve months in hospital and severa
plastic operationshe made afair recovery, and wasableto
return to the Philippines.

Owingtothedistancefrom port at which theseboatswork,
| have never been ableto seeacaseintheearliest period of
attack. The genera history is that the diver has worked
longer and deeper than usual, and then has hurried to the
surface. He hasfelt quite well below, and gets aboard as
usual. Often he has had the dress removed and even sat
down to his mea before symptoms appear. Then he
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suddenly drops, sometimes*asif shot”, or he may remark
he is not feeling well, and the symptoms come on more
gradually. He may or may not lose consciousness. Some
rapidly fatal cases have occurred without initial loss of
consciousness, and it is practically never lost in slight
attacks. Death may occur within an hour or not until after
aday or two.

Clinical experience directs attention to the spinal cord in
this disease, and my sixty autopsies have amply
corroborated the inference that here is to be found the
greatest mischief. | havenever foundtheclassical “bubble
of nitrogen” in the hearts of my cases; indeed, | honestly
confess| doubt my ability to recogni seabubbl eof nitrogen.
| have, however, often fancied that during the rapid
putrefaction of these bodies there has been a larger
evolvement of gases and greater distension of the tissues
than is the case with other bodies after equally sudden
death. | have only oncefound an infarct in the lungs, and
only twice clotsin the heart, and then to no great extent;
and in these cases beri-beri, with its often insidious onset
and clotting in the heart, has always to be remembered.
Beri-beri used to be the greatest scourge known to the
pearling fleets, but segregation and sanitation havegreatly
diminisheditsravages. Almostinvariably theheart, lungs,
and large veins are engorged with dark liquid blood. So
marked isthisthat on one occasion amedical man present
at oneautopsy frankly told me hewould, fromthethoracic
examination alone, have been quite content to certify
asphyxia; yet, onexposingthespinal cord, thecharacteristic
“teased” appearance and minute haemorrhages were
present, together with free blood, in the rural canal.

In my experiencethefollowing appearancesaretypical of
diver’' sparalysison post-mortemexamination of arapidly
fatal case. Thethoracicvisceraand largeveinsof the neck
are engorged with dark liquid blood. There is nothing
noteworthy in the abdomen. Thereismore or lessvenous
engorgement in the meninges of the brain, markedly
increasing towardsthe base, especially round the medulla.
Section of the brain is generally negative; sometimes the
blood points seem rather larger than usual. | have only
once found a haemorrhage in the brain; it was about the
size of a horse-bean, and situated in the left internal
capsule, and was accompanied by another haemorrhage
practically severing the spinal cord opposite the body of
the fifth cervical vertebra. The most characteristic signs
are found on exposing the spinal cord. The rural cavity
contains blood or bloodstained fluid, the meninges of the
cord are congested with blood, and the congestion appears
to be most intense in the cervical region, say the portion
corresponding to bodies of the fourth to the sixth cervical
vertebrae. Thisportion of the cord appearsto meto bethe
diver's calx Achillis. It is here that the characteristic
“teasing” is most apparent. | call it teasing for want of a
better word to explain the appearance in the section of
cord; it looks asif one had stippled the face of the section
withafineknifeor needle, asemi-disintegrated appearance.
Withthisconditionisnearly alwaysassociated haemorrhage
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of greater or less extent, also most marked in the above
portion of the cord; indeed | have never found an effusion
of any size except in this part; herethey may rangein size
from mere points of blood to, as| have seenin nine cases,
largehaemorrhagespractically cuttingthecordintwo, and
forming clotsfilling the meningeal tube for over 1 1/2in.
| had neither timenor appliancesfor microscopic pathol ogy,
which in such a hot climate would need exceptional
apparatus, and, | may add, exceptional skill, to obtain good
results. Inthisrespect, however, | hope my omission will
soon be rectified by more competent pathologists, for |
have reason to believe steps are being taken to get a
specimen cord for examination.

Whenl first met withthisdiseasel wasgreatly handicapped
by thewant of literatureonthesubject - infact, all | hadwas
comprisedinonepageof Osler' sMedicine. Consequently
| was presented with a pathological problem which | had
to unravel as best | could, and was often sorely puzzled.
For instance, | noticed that though the divers started work
about March there were practically no cases of paralysis
before September, and from thence to the end of the
working season, about theend of November, casescamein
almost daily. All sorts of theories are current among the
men themselves accounting for thiswell-known fact - for
example, working further out in deeper water, that the
water itself “gets heavier” at this end of the season, etc.

The mystery was elucidated by the discovery in one
autopsy of signsof scurvy. Therewasthesimpleexplanation
of the prevalence of the disease anong men who live for
monthson small boats, eating salted and tinned foods, and
also of itsinfrequent occurrencetill theblood vesselshave
been somewhat weakened, asweknow happensin scurvy.
Actingonthisknowledgel preached ananti-scurvy crusade,
and noted that in fleets where my advice was taken and
extra vegetables and other antiscorbutic precautions used
there was a very considerable reduction in the number of
cases of paralysis.

Thepointswhichhaveparticularly impressedmeindealing
with diver’s paralysis are:

(8  Signs of asphyxia are nearly always present; it
would appear fromthisthat intherapidly fatal casesdeath
isusually due to affection of the breathing centres.

(b)  Inroughly 2 per cent of the cases in which death
was not immediate meningitis set in about a week after
paralysis. Inthisrespect, however, consideringthedamage
donetothecentral nervousmechanism, theonly wonder is
that it is not a more frequent occurrence.

(c)  Thequestionarisesastothecauseof thecongestion
found in the meninges on post-mortem examination of
fatal cases. Isit dueto over-expansion of vesselsby gases
suddenly released from pressure, or isit simply part and
parcel of the condition of asphyxia? From concomitant
appearancesin thethorax, it would appear that thelatter is
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the true explanation, yet when one considers the blood or
blood-stained cerebro spinal fluid, oneisforced to think of
the former as being equally applicable. Probably both
factors are often present.

(d)  Theparaysis of the bladder and loss of the power
of micturition areconstant, and occur in casesso slight that
itis practically the only symptom calling for attention. |
have had patients walk up to hospital for catheterisation.
Why thiscentre should be attacked so early and constantly
isaproblem | have failed to solve, more especially asthe
lumbar enlargement of the cord does not show nearly so
much damage as higher up.

(e)  Theapparent point of selectionfor themost striking
lesionsof thisdiseaseisinthecervical portion of thespinal
cord. Thepart of thecordwhereall thelargehaemorrhages
were found without exception could be covered by three
cervical vertebrae. Even in the casesin which apparently
the disintegration of the nervous substance was the chief
lesion, and no large blood effusions occurred, this portion
of the cord showed the curious teased appearance more
plainly than any other. Why such isthe caseisaproblem
for anatomists and physiologists. | can only make two
modest suggestions: First, the comparatively large size
andgreat mobility of thespinal canal at thispoint. Secondly,
and thisisamere bow drawn at a venture, this portion of
thecordismovableinthemetal helmet of thediver, therest
being covered by the rubber dress closely pressed to the
body by thewater pressure. Theoreticaly, thereshould be
nothing to choosefrom the pressure point of view. Isthere
anything in the movement? It must be remembered that a
diver'sdress at agreat depth precludes bending the back
beyond avery slight degree.

Reprinted fromthe British Medicine Journal, 1909, Vol. 2
(25 December), pages 1796-1798, by kind permission of
the Editor.

The guest speaker at the 1987 SPUMS Scientific Meeting,
Dr Tom Shields, drew the attention of the meeting to this
paper. We havereprinted what is probably thefirst paper
ever published about the diseases of diversin Australian
waters.
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GUSI
GKSS-UNDERWATER-SIMULATOR

In spite of its high technical potential, the industry of
marine engineering in the Federal Republic of Germany
finds it difficult to gain a foothold in the worldwide
offshore market for lack of basic scientific elements as
well as proven techniques, references, design principles
and experienced personnel, andin particul ar of thenecessary
facilitiesfor practical testing and verification. Taking the
international standard of underwater technique, thereisa
technological gapintheFederal Republicrangingfromthe
repair practicetofutureproduction processes. Theresearch
and devel opment objectives within the scope of the major
research effort of “Underwater Technique” by GKSS are
to foster and promote many industries. They are aimed at
finding technical solutions of underwater work and
contributing by the provision of new technologies to the
safe and efficient performance of underwater work of the
required quality. Essential research activities are the
development and testing of inspection, maintenance and
repair practices. They include the necessary diving
technique, equipment engineering, underwater testing,
safety of the underwater work and training of underwater
specialists as well aslabour protection.

Themajor research effort of “ Underwater Technique” was
started by GK SSfor morethantenyearswiththeoperation
of the underwater lab “Helgoland” and the relevant deep
diving equipment.

Underwater jobsintheoffshoreregioninvolveconsiderable
costs and risks, they are subject to changing weather and
wave conditions. By meansof asimulator itispossibleto
conduct testsunder reproducible conditionsand rel atively
low costs. Technical testsand developments are easier to
make with arealistic approach to the present requirements
and future perspectives in the offshore region in an
appropriate underwater simulator. Such an installation
wasdesignedinco-operationwithindustry, theuniversities
and based on the conceptions of GKSS. The GKSS
underwater- simulator GUSI isoneof themost sophisticated
installationsin the world and permits manned diving tests
down to asimulated water depth of 600 m and unmanned
tests down to 2000 m of simulated water depths. The
installation is used to perform underwater jobs and
operations under closely controlled safety precautions
varying pressure, temperaturecurrent, salt content, visibility

FIGURE 1 Schematicdrawing of the GK SSUnderwater Simulator. 1. Main horizontal working and test chamber (600-1,000
m). 2. Working chamber (600m). 3. Transfer chamber (600 m). 4. Medical treatment chamber. 5. Entrancelock and medical
preparation chamber. 6. Personnel transfer chamber. 7. Living chamber. 8. Life support system for living chamber. 9.
Unmanned high pressure test chamber (1,200 m). 10. Main control room. 11. Working pool. 12. Wagon for test rig. 13.

Door lifting device. 14. Material lock. ( see opposite page)
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and contaminants. To simulate the working and
environmental conditions found in offshore maintenance
and repair work GUSI is equipped with a large wet test
chamber, which is designed for a maximum operating
pressure of 100 bars and has an internal diameter of 3.50
m and an inside length of 12.70 m. To open the chamber
alid covering the full diameter of the chamber is moved
hydraulically. This permits also complete underwater
service crafts to be accommodated and tested in the wet
test chamber. Special partitionwalls(buffal os) werefitted
to thewet test chamber so that in theindividual sections of
the chamber both wet and dry tests can be conducted.
Openings with sealing flanges permit the introduction of
pipelines and steel structures and the application of
appropriatetorsional stressestothecomponentstosimulate
the wave action. Underwater work such as welding,
cutting or conserving of these structures can thusbetested
inawet test chamber under realistic load assumptionsand
site conditions.

A vertical central chamber connects the wet test chamber
with the other pressure chambers where the divers live
during their resting periods up to several weeks. Itisnot
until the working cycle is completed that the divers are
decompressed, ie. areslowly adapted under clearly defined
conditionstothenormal atmosphericpressure. Depending
on diving depth and period of stay such a decompression
phasecanlast several daysor weeks. A safety featureisthe
medical chamber of treatment of injured divers. In an
emergency the divers can be evacuated from the building
to a safe place in a mobile rescue chamber with an
independent gasand pressuresupply system. Anadditional
work basin with awater depth of 6 mand asizeof 15x 5
misavailablefor testing working proceduresand methods
under flow conditions. All test chambers can be operated
at arctic and tropical water temperatures.

For the control of the chamber atmosphere, the gas
composition, pressureandthetest runsamodern electronic
data processing system is used which makes for a fast
evaluation of all test parameters.

Exploration and production of offshore hydrocarbon
reserves will be extended to ever greater water depths.
Already now platforms are operated at a depth of more
than 300 m. Asthe depth increases new technologies are
substituted for conventional techniques. Thus extended
operations of divers in large water depths or manned
underwater craftsarereplaced by automatically controlled
systemsand equipment carriers. Progressintheunderwater
techniquewill depend onthecapability to supply technically
sound and well- tested as well as safe and inexpensive
developmentsin time.

GASSYSTEM
The gas system consists of a gas storage with avolume of

36,000 cbm in gas bottle batteries at the moment, the gas
being supplied either direct to the rapid and emergency
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Figure 2 GUSI has a wet chamber which has an internal
diameter of 3.5 m and an inside length of 12.7 m. This
permits testing of complete underwater service craft or
underwater facilitiesused inthe offshorearea. Thelifting
frame for the end door can be clearly seen.

control panel of theindividual chambersor viathe central
control room to the pressure chambers. At the compressor
station there is always a set of two compressors for the
filling of heliumor air, for the transport of oxygen and the
optional transfer of mixed gases or contaminated gases.

HELIUM RECOVERY

GUSI requiresfor onediveto awater depth of 300 m just
for filling the pressure chambers 6000 cbm of helium. In
an offshore dive of 30 days at a depth of 300 minvolving
six divers working two hours each daily the total
consumption would be 38,000 cbm of heliumif no helium
recovery and purification systemswereavailable. Inorder
to reduce these operating costs helium recovery and
purification systemsfor the chamber gasand thebreathing
gas of the divers are used in underwater operations.

GASANALYZING SYSTEM

No devices for analyzing the breathing gases of divers
operating in greater depths have been available so far
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which permit determination of harmful substancesin the
gas mixture with sufficient accuracy. The limits set for
GUS, for example, in arelaxed state were 5 ppm carbon
dioxide and 20 ppb (1:50 million) nitrous oxides. Such a
high accuracy isonly possible by the constant calibration
of the analyzers using specially composed calibration
gases (reference gases), particular emphasis being placed
onthelongterm stability of themeasurementsover severa
weeks. The calibration of 20 gas analyzerswith atotal of
83 measuring ranges is done cyclically by means of a
process computer system. The data are shown on the
display ready processed as required by the operator.

LIFE SUPPORT SYSTEM

The purpose of the life support system is to control the
environment parameters of the breathing gasin theliving
andworking chamberswithinthepermissiblelimitsfor the
divers. Since GUSI isoperated at compression rates of up
to 2.5 barsmin. and specia breathing gases (trimex,
helium-oxygen mixture) are used, thelife support systems
were designed for appropriate gas densities with due
allowances for compression heat and expansion cold.
They will allow diversto stay even at depths of 600m.

Owing to the high heat conductivity of helium and its
pressure increasing heat capacity for life support system
must control the temperature and humidity within very
close limits. Variations may very quickly lead to an
undesirableundercooling or overheating of thediver. The
range within which the temperature of GUSI may besetis
26 degrees Celsiusto 32 degrees Celsius at an accuracy of
+0.5 degrees Celsius. This is achieved by an electric
resistance heater with pressure resistant encapsulation in
the gas stream which in addition to the heating of the
chamber gasand pressurevessel spermitsto compensation
of radiation losses of the pressure vessels at low
environmental temperatures.

The chamber climate is also determined by the relative
humidity which can be set here between 40% and 70% at
an accuracy of +4%. Control is achieved by cooling the
chamber gas below the dew-point temperature and then
heating it again. With provisionfor setting thecirculation
volume of the chamber gas between 80 cbm/h and 450
cbm/ h optimum ventilation far beyond the requirement of
Det Norske Veritas (36 cbm/h for 6 persons) is ensured.
CO2 flavour and odour traces are removed from the
breathing gasthrough breathing lime and activated carbon
filters. The ventilation is arranged in such away that the
atmosphere is rather homogeneous in the chambers
regarding temperature, humidity and CO2 content.

WELDING GAS ABSORBER

One of themost important tasks of GUSI isthesimulation
of conditions in an underwater welding chamber to test
welding methods and welding equipment. The welding
gases produced hereby contain both solid particles and a
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variety of harmful vapourswhich areahealth hazardtothe
divers and must be eliminated. Based on a devel opment
sponsored by the Federal Ministry for Research and
Technology, Dragerwerk AG built awel ding gasabsorber
system which permits by means of an externally located
closed system purification of theatmosphereintheworking
chamber. Thereis also the welding heat produced to be
removed. Withasuction efficiency of 80% achieved at the
welding point the chamber atmosphere is free from
hazardous impurities.

PROCESS COMPUTER SYSTEM

Complex simulators require for a safe and effective
operation extensive data processing. For GUSI and EDP
system was installed for the following functions to be
performed:

1 to show the present environmental parameters in
the chambers;

2. tosoundtheaarmif thelimitsof theparametersare
exceeded;

3. to record the data for subsequent evaluation.

A special function of the EDP system is to inform the
chamber operator about predetermined and immediate
actionsto be performed. It also undertakes the automatic
calibration of thegasanalyzersensuringlong-termstability
of the measuring system within the life of the sensors.
Defective sensors and other faults in the gas analyzing
system are detected by the computer system and shownon

the display.

SAFETY FACILITIES AND
RELIABILITY

SYSTEMS

Sincethereareneither national nor international regulations
or safety standardsfor theconstructionof divingsimulators,
safety concepts were designed and implemented in close
co-operationwithacceptanceand classificationinstitutions
and also with diving experts of international reputation.
GermanicLloyd prepared an extensive safety expertisefor
the simulator.

For the whol e system extensive error analyses were made
todeterminetheeffectsof thefailureof asinglecomponent
on the safety of the divers. It isto be expected that this
technology will also be used in deep diving systems and
medical high-pressure chambers.

UNDERWATER WELDING AND
METALLURGICAL TESTS

The importance of the Offshore Technology is growing
rapidly by the development of oil- and gas fields for
guaranteeing a constant energy supply. Therefore, the
effortsareconcentrating on greater water depth. Today the
main working depths are at 250 m but within the next few
yeas depths of 450 m will be reached in the North Sea
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Regions. To work in these depths not only well tested
reliabledivingtechniquescombinedwithrel ating apparatus
are missing, but also operationa techniques (such as
welding,andNDT, Systems). The GKSSResearch Center
tries to cover the necessary R&D work and to provide a
well developed and reliably tested diving technique,
machinery, testing equipment, welding, and cutting
technique which is essential for the diving and exploring
industry.

The operational technique, for safety aspects, and the
training of underwater experts are also included in the
program. Welding and cutting are the main subjects
looked upon. Theprogramisset upinsuchaway, that the
solution of problems of immediate interest are as well
developed on short notice as long term R& D projects on
systematical investigationsonwel ding, and cutting, systems
arecarriedout. Theseinvestigationsincludebasicresearch
work and the development of procedures of mechanical
welding systems up to fully automatic devices.

Today it can be stated that in foreseeable time the diver
welder will only operatein shallow water depths, welding
and curing procedures in greater water depths will be
carried out in the long run by semi, or fully automatic
apparatus. Asrulesandregulationsevenfor shallow water
welding operationsarenot existingin Germany, theGKSS
activities concentrate in the elaboration of such industrial
supporting material together withindustry and the German
Welding Society. Indetail thewelding activitiesconcentrate
mainly on the systematic elaboration of basic welding
data, material properties, influence of shielding gas and
chamber atmosphere, devel opment of wel dingfumesgases
inthewelding process, influence of pressureontheoreand
the weld pool, solution of problems which root gap and
misalignment etc. and their correlating influences.

Several power sourcesfor thedifferentwelding procedures,
suchasTIG-(GTAW), MIG/IMAG (GMAW) welding are
available and can be used for manua and mechanized
welding systems. For theinvestigation and comparison of
the operational performance of the power sources
tyristorised and transistorised machines are available.
Mechanizedweldingiscarried out by amodifiedindustrial
equipment or by orbital heads all adjusted to hyperbaric
conditions.

Besides the routine mechanical technological
investigations, the metallurgical research activities
concentrate more on the metal-alloy reactions of the base
metal and the consumables in, eg. combination with the
shielding gasor the chamber atmosphere. Theknowledge
about these details shall improve the material s behaviour
or underwater welded steel products.

Different investigations have been carried out down to a
simulated water depth of 300 m on C-Cn and C-Mn-Ni
filler rods and a pipeline steel in GMA Welding process.
Argon-Oxygen gases were used as shielding gas with
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different Oxygen contents. It was possible to create
welded jointswithout any reasonablefailuresin theweld,
when using ashielding gas of Are +5% O,, all parameters
were kept constant except the voltage, which had to be
adjusted between 28 V at 1 bar to 36 V at 30 bar. No
influence of the pressure on the hardness aswell ason the
stress/strain behaviour couldbeaobserved. Only thecharpy-
V-notch tests showed a slight influence of the pressure.
Tests in fracture mechanics have been carried out. No
remarkabl e influence of the pressure on the characteristic
CTOD-value under maximum load could be detected.
Detailed chemical analysis of the microstructure of the
weld have been carried out and resulted an influence of the
pressure on the Oxygen contents in the weld-metal.
Microstructure and toughness have been negatively
influenced.

Reduced oxygen contents of the shielding gas produces
lower oxygen contents in the weld material, but the
toughnessdid not improveremarkably. 1t wasfound, that
theshielding gaseswithlow oxygen contentsareobstructive
to the microscopical change of grain structure normally
induced by the following layes. Therefore it seems
necessary not only to optimisethe shieldinggasbut alsoto
modify the structure of thewelding joint. A lower oxygen
content in the shielding gas changesthe chemical analysis
of the welded metal. All investigations are carried out in
close collaboration between the GKSS Research Center,
universities and industry. The results will enter into the
research activities on, eg. automatic orbital welding as
well as into the research activities on manua welding
during the saturation dives.

Reprinted by kind permission of Drager Australia Pty Ltd,
134 Moray Street, SOUTH MELBOURNE VIC 3205,
Australia from the publication by GKSS
FORSCHUNGSZENTRUM GEESTHACHT GMBH, Max
Planke Strasse, D-2054 Geesthacht, West Germany to
whomwe ar e grateful and towhomall enquiriesshould be
directed.

WHISTLIN' INTHE KEYS

Eugene and Diana Cope began to dive off the Keys town
of Marathonlast April at 5.15 pm. They told their 15 year-
old son Kevin, who was to wait in their private boat, that
they would return about 6.15 pm.

When they became overdue from their dive, Kevin tried,
but couldn’t start the boat, so he radioed that his parents
were missing.

A search involving the Coast Guard and private boats got
quickly underway, but soon darknessfell and the chances
for locating thetwo diversbeforemorningwerevery slim.
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At 10.45 pm, a local resident heard the faint sound of
whistles blowing and carefully followed the noise. He
found thetwo missing diversamile and ahalf fromwhere
they had started their dive.

Diana Cope later recounted that they had surfaced about
1000 yards from their boat, but were unable to reach it
because of strong currents.

The Copes owe their rescue to whistles they carried on
their buoyancy compensators. Yearsago nearly all BC's
came with whistles, but today only Scubapro, Dacor and
Tabam include whistles as standard equipment. Most
other manufacturers don’'t include them simply to keep
down the price of the basic BC.

Dimestoresand dive shopssell whistlesfor abuck or two.
Every diver ought to have one, especially those who dive
privately, at night or anywhere a current might appear.

Reprinted, by kind permission of the Editor, from
UNDERCURRENT, July 1987.

The address of UNDER CURRENT is PO Box 1658,
Sausalito, California, 94965, USA.

DIVING SAFETY MEMORANDA

Department of Energy
Diving Inspectorate

Thames House South
Millbank London SW1P 4QJ

August 1986
DIVING SAFETY MEMORANDUM NO. 6/ 1986
GUIDANCE ON PRE-DIVE BELL CHECKS

Diving Safety Memorandum No. 4/1985 gaveguidanceon
the length of time of bell runs. Paragraph 4 states:-

“Diversshould not berequired to manthebell inreadiness
for diving until all other preparationswhich may delay the
launching of the bell, have been completed. Immediately
divers have manned the bell and completed the necessary
safety checks, a pressure seal should be made thus
effectively starting the bell run.”

It has come to my notice that some diving companies are
conducting pre-dive safety checksfor the next diveduring
the ascent phase of the previousbell run, in order to reduce
change around time.

Diving companiesarereminded that itistheresponsibility
of the diving supervisor to ensure that pre-dive checks
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have been performed by a competent person within the 6
hours before the diving operation commences.

In this context the competent person is taken to be the
appointed diving supervisor who “must ensure that the
moreimmediate pre-dive examination of diving plant and
equipment has been carried out by a person who has the
necessary knowledgeand experience.” (seeHSE Guidance
Note 89). The “person” would normally be the divers
about to undertake the dive for the checks inside the bell
and not the divers from the previous bell run. Other
competent persong/divers can perform the checks on the
outside of thebell. If thestart of adiveisdelayed by more
than 6 hours, the pre-dive safety checksmust be performed

again.

Thislegal requirement only coversthosechecksrelatingto
safety and doesnot includeany checkswhich may bemade
on non-vital equipment, tools etc. associated with work
tasks.

In the context of Diving Bells apre-dive safety check list
should cover the requirements listed under SI399 1981
Regulation 12(1)(g) and Schedule 6 - see booklet HS(R)8
“A Guide to the Diving Operations at Work Regulations
1981 “.

An appendix illustrating aminimum pre-dive check list is
attached to this Memorandum.

APPENDIX TO DSM NO. 6/1986

NOTE: This list is for illustration only and is neither
exhaustive nor sequential.

PRE-DIVE SAFETY CHECK LIST

Inside the diving bell (to be carried out by divers
commencing the dive).

1. Check mixed gas complement content and refill if

required.

Connect and test diving helmets.

Check bail out bottles and refill if required.

Check divers safety harness and belt arrangement.

Examine medical kit and replenish if required.

Soda sorb checks and replacement.

Check emergency lighting and scrubbing facilities.

Check O2 cylinder content and refill if required.

Inspect survival gear.

0. Test communications - surface to bell, surface to
diver, surface to bellman.

11. Test emergency communications.

12. Check gas analysis equipment, O and CO2

13. TestB.l.B.S.

14. Check diversrecovery lifting device.

15. Check knives.

16. Check emergency tool kit and wire cutters.

17. Spare door seals.

BHOONOOAWDN
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18. Check position of all valves.
19. Check for good working order the diver emergency
recovery winch.

Outsidethediving bell (to becarried out by other members
of the diving team appointed by the diving supervisor).

1. Visual check of ballast and of ballast release.

2. Visua check of main lift wire and emergency lift
sockets.

3. Strobelight.

4. Emergency relocation device.

5. Check for leaks on valves, gauges, gas cylinders,
doors etc.

6. Check position of all valves.

7. Visual check of umbilical securing devices.

8. Check bellman’s communications, if the bellman’s
umbilical is kept outside of bell.

9. Generd visual check of bell for damage.

10. Where applicable, check emergency release systems
for status, wear.

April 1987
DIVING SAFETY MEMORANDUM NO. 3/1987

NORWEGIAN PETROL EUM DIRECTORATE
SAFETY NOTICE NO. 5/1987

Thefollowing diving safety notice has been issued by the
Norwegian Petroleum Directorate and the
recommendationsaresupported by theDiving I nspectorate
of the Department of Energy.

“The30thMarch 1987 adiver perishedwhiledivingonthe
Norwegian continental shelf. The diver was on his way
from the bell to the worksite at 110m depth. When it
became clear that the diver was having difficulties, the
standby diver left thebell and found thediver laying onthe
bottom, unconscious without the helmet on.

“NPD cannot at the present timedraw definite conclusions
asto the exact sequence of eventsleading to the accident.

“Since the perished was found without the diving helmet
on, NPD will direct attention to the locking mechanism
whichlocksthe helmet totheneckseal. Theimportance of
well maintained and functional main locking mechanisms
and locking systems is hereby emphasi sed.

NPD recommends that all helmets and the locking
arrangements to the neckseals immediately are to be
examinedthoroughly to detect possibledefects/weaknesses.
It isfurther recommended that evaluations are made with
aviewtopossiblemodificationswhichcanimprovesafety.”
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May 1987
DIVING SAFETY MEMORANDUM NO. 5/1987

COMEX-PRO HYPERBARIC FIRE
EXTINGUISHER PART NO. 611-000

The Diving Inspectorate have been advised of certain
modifications which have been implemented by the
manufacturers to prevent the possibility of
overpressurisation of the LP container as follows:-

(8 A syntheticemulsifier under Part No. 611-099 isnow
available as a direct replacement for the original
proteinemulsifier Part No. 610-999. Asthisisadirect
replacement no modification is necessary in order to
use the existing units.

(b) Onall new units supplied from 15 October 1986, the
following modifications have been made:-

(i) anon-returnvalvehasbeenfittedintheLPsupply
lineto the LP container gasinlet.

(i) abursting disc (rated 20 bar) hasbeenfitted inthe
LP container cap.

A conversion kit has been madeto enable existing unitsto
be brought up to the new specification.

Both the above modifications have been accepted by Det
Norske Veritas.

Further information may be obtained from Mr P Hogben,
UWI Ltd, Unit 2, Logman Centre, Greenbank Crescent,
East Tullos, Aberdeen AB1 4BG.

The Norwegian Petroleum Directorate’' s Safety No. 4/87
dated 24 March 1987 also refers.

R Giles
Chief Inspector of Diving

ABSTRACTSOF INTEREST FROM THE 1987
JOINT CONFERENCE UNDERSEA AND
HYPERBARIC MEDICAL SOCIETY ANNUAL
SCIENTIFIC MEETING AND THE TWELFTH
ANNUAL CONFERENCE ON CLINICAL
APPLICATION OF HYPERBARIC OXYGEN

DIVE PROFILE SELECTIVELY INFLUENCES THE
RELATIVE FREQUENCY OF DECOMPRESSION
SICKNESS MANIFESTATIONS. CE Lehner, DJHei*,
M Palta*, TM Ives* and EH Lanphier. Department of
Preventative Medicine and The Biotron, University of
Wisconsin, Madison, Wisconsin 53706.




SPUMS JOURNAL Volume 17 No. 2 March-June 1987

Decompressionresponsesof 11 largesheep after simulated
no-stop decompression dives indicate that dive profile
selectively influencestherel ativefrequency of limb bends
and CNS-DCS. Sheepwereexposed to compressedair for
1/2, 1 and 4 hours and decompressed (1.8 ATM/min) to
ambient pressureto provokedecompressionsickness(DCS)
signs. In the ongoing study, twelve of 123 animal-dives
have provoked DCS signs for an almost 10% DCS
incidence. Limb bends and CNS-DCS (al spinal cord)
responseswereseparately fit by maximumlikelihood with
logistic regression on log pressure and log duration of the
simulated dives. Weevaluated thedivepressureestimated
to provoke a 5% incidence each of limb bends and spinal
cord DCS for each dive duration. Estimated pressure
required in 1/2-h hyperbaric exposures to provoke a 5%
incidence of limb bends (4.6 ATA) was greater than for
CNS-DCS(4.2ATA). Thisrelationshipwasreversedin4-
h exposureswith CNS-DCS (2.8 ATA) versuslimb bends
(2.2 ATA) each again at 5% predicted incidence. These
findings indicate that spinal cord injury occurs in “fast”
tissues with a more rapid inert gas wash in than in the
“slow” tissues of limb bends. These results confirm our
previous findings which suggested that deep, no-stop
“bounce” dives carry a higher risk of spinal cord injury
than shallow diveswith the samerisk of DCS. (Supported
by the University of Wisconsin Sea Grant Program).

EVIDENCE FOR CORONARY ARTERY AIR
EMBOLISM ASSOCIATED WITH CEREBRAL AIR
EMBOLISM INDIVINGACCIDENTS. RM Smith* and
TS Neuman. UCSD School of Medicine, La Jolla, CA,
92103.

Coronary artery air embolismhasbeendescribed frequently
as a complication of cardiopulmonary bypass but only
rarely with diving accidents. Over a4 year period from
1982 to 1986, 14 patients with cerebral air embolism
following a diving accident were seen in the Emergency
Department of UCSD Medical Center. 13 incidentswere
associated with an uncontrolled ascent from depth (6-120
fsw, mean = 61) and onewith arapid ascent from 260 fsw
with amissed decompression stop. In al casestherewas
onset of central nervous dysfunction within 5 minutes of
arrival at the surface, typically immediately on surfacing.
There was elevation of serum levels of creatine
phosphokinase (CPK) in 10 of 14 patients (382-98840 1U/
L; median = 1570); in 5 of these the level of MB isozyme
waselevated (4-12%; 39-11860 1U/L, mean=27801U/L).
Closed chest cardiac massage was performed in the one
case with the highest level of CPK elevation but the level
of CPK prior to chest compression was also elevated at
1965 1U/L; chest compressionwasnot performedinany of
the other cases. In no case was there elevation of BB
isozyme. ECGs were available prior to recompression
therapy in only one case; this showed loss of anterior
forces and diffuse T-wave abnormalities which resolved
following treatment on a modified Navy Table Vla. In
another case, post-treatment ECG demonstrated only non-
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specificabnormalitiesand technesium pyrophosphatescan
washegative, but 2-D cardiac ultrasound showed evidence
of focal hypokinesisin the inferior left ventricle. These
studies suggest that myocardial eschemia as a result of
coronary artery air embolism may be a more common
sequelae of gas embolism with diving accidents than has
previously been thought.

NEW PERFORMANCE GOALS RECOMMENDED
FOR UMBILICAL SUPPLIED OPEN CIRCUIT UBA
BASED UPON NEDU TEST RESULTS

Christopher JTarmey Lieutenant Commander, Royal Navy.

In 1981, The Navy Experimental Diving Unit Panama
City, Florida published standardized procedures for the
unmanned testing of underwater breathing apparatus
(UBA). Theseprocedureshavebeenadopted by thenavies
of Britain and Canada and are widely used by civilian test
facilities. Atthesametime, NEDU established performance
goals against which the UBA being tested would be
considered for potential Navy use. Theaimwasto provide
goals for work of breathing and breathing resistance that
would ensure that a diver’s performance would not be
limited by the performance of his breathing apparatus.
Ideally of course, zero external work of breathing, perhaps
even with some assisted breathing, would have met this
aim. However that would not have been practical.
Furthermore some types of UBA are inherently worse
breathers than others but are non-the-less needed for a
particular mission. Accordingly thevarioustypesof UBA
were grouped in categories and performance goals were
established for each category taking into account the state
of technology at that time. The intention wasto redefine
the category performancegoal sasadvancesin technology
were made. In September 1986, NEDU conducted
unmanned testing of eight umbilical supplied demand
UBAs to identify which would best meet the Navy’'s
requirements for saturation diving to 1000 FSW. Those
testedincludedrigswidely used by military and commercia
divers. Of al these only two were able to meet the
performance goalsto 1000 FSW. Theothersfell far short.
Failureto meet theperformancegoa wasinvariably dueto
the adverse effect of umbilical pressure drop on regulator
performance. The current performancegoal isfor work of
breathingnottoexceed 1.8J/ L at 62.5RMV, (representing
a moderately heavy diver work rate), to the maximum
operating depth. One of these UBA wasthefirst umbilical
supplied demand regulator ever tested at NEDU that was
capableof higher work ratesthan 62.5 RMV and exceeded
the performance of many free flow helmets at depth. For
the first time we are now able to consider performance
goalsat 75t0 90 RMV (Heavy and Extreme work rates).
Accordingly NEDU hasrecommended new morestringent
performance goals for umbilical supplied UBA. Testing
procedures, performance goals and detailed results of the
testing will be presented together with adescription of the
Ultraflow 500 mechanism that hasmade new performance
goals possible.
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SAFETY SAUSAGE MARINE RESCUE TUBE

From Diving Security

The Safety Sausage will soon be availablein Australian dive shops. The recommended retail priceis$10.00. Y ou can help
makethem available by showing thisadvertisement to your favouritedive shop and asking them to stock the Safety Sausage.

All enquiriesto Diving Security, PO Box 6298, MELBOURNE VIC 3004. Diving Security, isabranch of RIKnight Pty

Ltd.

ROYAL ADELAIDE HOSPITAL HYPERBARIC MEDICINE UNIT
Coursesin Diving and Hyperbaric Medicine 1988

Basic Coursein Diving Medicine
Content  Concentrates on the assessment of fitness for
candidates for diving. Health and Safety
Executive (UK) approved course.
Venues a. Roya Adelaide Hospital, Adelaide
7-11 March 1988 or 12-16 September 1988
b. New Zealand Underwater Association
(NZUA) sponsored course, Auckland, New
Zealand.
26-29 April 1988
Cost a $A250.00 h. $NZ 275.00
Advanced Coursein Divingand Hyperbaric M edicine.
Content Discusses the diving-related and other
emergency indications for hyperbaric
therapy
Venue Roya Adelaide Hospital, Adelaide.
14-18March 1988 or 19-23 September 1988
Cost $A 250.00
Further information and enrolment
For further information or to enrol contact
Royal Adelaide Hospital courses:
Dr DF Gorman
Director Hyperbaric Medical Unit
Royal Adelaide Hospital
North Terrace
ADELAIDE SA 5000
Telephone (08) 224 5116.

NZUA sponsored course
Dr AFN Sutherland
4 Dodson Avenue
Milford, Auckland 9
New Zealand.

SPUMS ANNUAL SCIENTIFIC MEETING 1988
Mana Island, Fiji 5 - 12 June 1988

Guest Speakers (in alphabetical order will be Dr William
Runciman, Dr Robert Thomas and Dr John Williamson.

Members who wish to present a paper should contact the
conference organiser, Dr CJAcott, and inform him of the
title of the paper, how long the presentation will take and
what sort of projector will be needed.

Dr Acott’saddressis
39 Oswald Street
ROCKHAMPTON QLD 4700
Australia



