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EDITORIAL

Readers may be suprised to find John Lippmann's
paper on dive computers printed again in thisissue. Unfor-
tunately some important parts of the article were omittedin
the last issue so it is reproduced here as it should have
appeared in December.

The wel come response by the Professional Associa
tion of Diving Instructors (PADI) to thelessthan enthusias-
tic reception of their new diving tables and the disciplining
of incompetent instructors by the National Association of
Underwater Instructors (NAUI) isindicative of the respon-
sible attitude to matters of diving safety now being adopted
by diving organisations. This is a considerable advance
from the days when organisations were more interested in
internicine and unfriendly rivalry over the diver training
market share each could gain. Some credit for this should
naturally be awarded to the attitude of the legal profession,
particularly in the United States of America, which has
grown to expect that all savetheir clientsareresponsiblefor
every misadventure which can befall man (or, naturaly,
woman). Unfortunately but naturally thereisonly one sure
defence to such legal dangers, whichisto do everything by
“the book”. In Australiathereisawell known and highly
effective trades union method of causing severe disruption.
“Working to rule” could just as correctly have been called
“going by the book”. Unfortunately authoritative texts are
not depositories of absolute truths but only the accepted
beliefs of the time when they were written. This does not
make it any easier to defend different actions when ques-
tioned in acourt of law asinstructorsin New South Wales
have found out in the recent past. Unsubstantiated state-
ments of “in my experience” will carry very littleweight in
many instances. The answer isto collect the experiences of
many. Incident reports, such as were collected at the
SPUMS AGM on Mana Island by Acott, Sutherland and
Williamson, arethelong term answer to the danger of being
locked into an inflexible frame of action where aternatives
to printed opinions are actionable. Acott, Sutherland and
Williamson and those SPUM S members who contributed
the reports are to be congratulated on their provision of
evidence about common diving problems and incidents.

Readers may possibly be bored by appeals for their
support for the reporting of diving-related problems, but if
they actually wrote such reports (and posted them) they
would realisethevalueto thewriter aswell asto thegeneral
diving community of such reports. The Divedata Databank
deservesthe support of all interested inthe maintenance and
improvement of diving safety.

Every diver should be aware of the validity of the
work by Kissell, quoted by Dr Wong Ted Min in his paper
on the contribution of lack of buoyancy control to diving
deaths, concerning thelossof mobility dueto the equipment
wornwhen diving. Thisisanother example of thereality of
the statement that solving any problem, e.g. heat loss,
produces more problems for the diver. But athough this

must have been afactor in someaccidentsitisnot onewhich
issorecorded. Itisevident that problemreporting aswell as
incident reporting is an important priority and probably
rather more important that seeking to solve the riddle of
HPNS, which can be avoided by using a1 ATA suit.

Raobert M onaghan hasagain demonstrated that statis-
ticsaredangerousthingsinthewronghands; i.e. if theresults
are unwelcome and possibly suspect. As the case reports
concerningdivingfatalitiesin Australianwatershaveshown,
diving is very safe until a number of adverse factors are
collected by the victim and then tragedy strikes. If oneis
parsimonious and limits oneself to one error a atimeoneis
likely to remain safe. Inexperience, underestimation of the
water conditions, separation, running low on air (even by
diverswith contentsgauges!) and solo surfacereturnsfrom
adive haveall been frequently identified asadversefactors.
Naturally afine spray of water with each breath or ahard-to-
breatheregulator areunhel pful to anyone, but particularly to
the inexperienced. Attention to such matters will spoil the
joy of statisticianscal culating therisksof diving and prevent
any moreprovisional reportsondiving deathsbeing written.
Both are worthy objectives for all to seek to further.

The paper by Smart from the Royal Hobart Hospital,
presented at a hyperbaric and diving medicine meeting in
November 1988, draws attention to the need to recompress
diverswho have minimal and confusing symptoms asthese
may well disappear with recompression therapy. Other
papers from this meeting will be published asthey cometo
hand.

The number of Lettersto the Editor inthisissueisa
matter for congratulation. Readersare reminded that thisis
their Journal and they areinvited, indeed entreated, to write
when they feel strongly about some matter, though the
Editor reserves the right to modify comments expressed if
such action is required. Although not strictly letters to the
Editor thecorrespondencewiththe Standards A ssoci ation of
Australia about the setting up of a committee to produce a
standard for recreational diving hasbeen placed there(pages
33-34) as the best method of bringing the matter to the
atention of the members of SPUMS. Those with ideas
which they would like put to the committee should write to
our representative, Dr John Knight.

Once again we reprint the British Sub-Aqua Club's
diving accident statistics for our readers to keep abreast of
thediving troubles of the other side of theworld. Attending
the World Underwater Federation’s meeting in Martinique
would alow any of our readersto learn and at the sametime
dive amost half way round the world.

One innovation in this issue is the inclusion of the
New Zealand L etter, edited extractsfromthenewsl etter sent
by the Secretary/Treasurer of the New Zealand Chapter to
membersin New Zealand.



NZ NEWSLETTER

Edited Extracts from the Secretary’s Newsletter New
Zealand Chapter of SPUM S

13th November 1988

Thistime the Journal arrived on time, the Secretary
was in New Zealand, and a planned weekend dive was
cancelled. The Journal gets dispatched on time!!!

Diveaccidentshave continued over thewinter period
with advice and treatment being offered to accident victims
from asfar away asthe Cook’ sand Fiji. There has been no
apparent slackening in the mortality/morbidity rate, al-
thoughfinal datawill not beavailableuntil the next newslet-
ter. Onedisturbing trend hasbeentheblindrelianceondive
computers of different brands, and the increased number of
experienced divers being bent. One factor would appear to
be multiple ascentsduring otherwise* safe” dives. Asmany
of youwill know, during most ascents, evenfrom 12-15msw
(40-50 fsw), micro bubblesform, this changes the physical
characteristics of the gas phase/dissolved gas relationship
making it easier for nitrogen uptake into the bubble, ie. the
micro bubble acts as a nucleus for bubble growth, hence
increasing the bends risk.

Project Stickybeak

Members are reminded that any dive related inci-
dents should be reported to Dr Douglas Walker, P.O. Box
120, Narrabeen, New South Wales, 2101, Australia. All
incidents are of interest. A Report Form for ENT disorders
(which can be photocopied) will befinalised and posted out
with the next Journal. (Prepared by Noel Roydhouse.)

It would bevery useful if SPUM Smembersknowing
of deaths or near deaths in their locality, could forward
details to myself or Dr Mark Fraundorfer, NZUA (New
Zeadland Underwater Association) Accident Recorder, C/-
Tauranga Hospital. Often details are published in local
papers and much knowledge is availablelocally at thetime
of theincident, later forgotten, and certainly never making it
into the inquest report which may simply record “ death by
drowning. Weurgently need good data, particuarly relating
to serious or potentially sreious diving related disease.

Well, for those not active over winter (and missing
great diving) itistimetogoout and regain past diving fitness
before attempting that deep dive on your favourite pinnacle
ina4knot current. Remember therisksfor adive accident,
obesity, lack of fitness, increased age, poorly maintained
equipment, etc. Take it easy out there!

New Zealand Chapter 1989 Conference

Planning for thisis proceeding in the able hands of
BerisFord, Wayne Dalley, Rees Jones, and Peter Chapman-
Smith. Itisto be held in the Bay of Islands (Piercy/ Dog,
Cavallis Rainbow Warrior) Labour Weekend 21-22-23
October. Notethisdatein your DiariesNOW.
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1989 Diving M edicine Cour se

Thiscoursementioned briefly inthelast newsl etter is
sponsored by NZUA and held in conjunction with New
Zealand Chapter of SPUMS. 1n 1989 the course will be
organised and run under theablestewardship of MikeDavis,
an experienced Diving Medicine specialist and long time
SPUMS Member. The course is designed to increase the
pool of doctors competent in the assessment of intending
divers, the management of common diving illnesses, andin
theassessment and first aid management of Dysbaricillness.

Doctors attending the course become a part of the
Diver Emergency Service (DES), whichiscentered onthe 2
Hyperbaric treatment centres, (Christchurch, RNZN De-
vonport) and involves DES doctors in many parts of the
country.

Doctors interested in taking this course in the last
week of September 1989 should note the date, and keep
watch for further information as it comes available from
Mike Davis and NZUA. See page 40.

New Zealand Chapter of SPUMS Library

13booksarenow available. Booksmay beborrowed
by writing to:-
SPUMS(NZ) Library,
4 Dodson Avenue,
Milford, AUCKLAND. 10.

Books will be lent for 3 weeks only, after which a
penalty will apply, renewals will not be allowed until | can
assess demand.

Booksshould beposted back with stampsenclosed to
the value of the outward postage. Thiswill fulfil RogerD’s
“user pays’ philosophy, and ensure there is no continuing
drain on SPUMS funds.

Thetitles, authors and brief reviews appear below.

Atlas of Aquatic Der matology

Alexander A. Fisher

Written and photographic guide to the diagnosis and man-
agement of common skin conditions.

Decompression / Decompression Sickness

A.A. Buhlmann

Description of experimental and theoretical work abnormal
atmospheric conditions, increased and decreased pressures.
Involves discussion of different gas mixes.

Diving and Subaquatic Medicine

Edmonds, Lowry, and Pennefather

A clear practical guidetodiveinstructorsanddiving doctors.
Based on extensive clinical experience. Highly recom-
mended for inclusion on the shelf of every doctor dealing
with divers.
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Diving Medicine

Richard H. Strauss

A similar practical guideto diving medicine, covering diver
medical evaluation, management of common diving rel ated
disease and mangement of dive accidents.

Marine Animal Injuriesto Man

Carl Edmonds

Comprehensivereview of problem bites, stingsand poison-
ings which may present to doctors in the South Pacific. |
havefound it useful in the telephone diagnosis of Ciguatera
poi soning, hence saving a$10,000 evacuation from the back
of beyond. Remember that when NZ divers go to the South
Pacific, they come home again to see their friendly GP!!!

Medical Examination of Sport Scuba Divers

Jefferson C. Davis. 2nd Edition

A superb cookbook guide to the diving medical examina-
tion. A book that ALL family doctors performing medical
evaluations of intending divers should have access to.

Safety in Manned Diving

Eric Jacobsen et. al.

Produced by the Norwegians on the basis of Northsea
experience. Discussescurrent methodsandrisksof offshore
diving. Covers certification, Government and industry
regulations.

Stress and Performancein Diving

Bachrach & Egstrom

Covers physical, physiologic, environmental, and mental
stressinvolved indiving. Useful referencefor teachersand
instructors. Systematic and readable.

Subsea Manned Engineering

Gerhard Haux

Covers many aspects of the design and methods of diving,
both under pressure and 1 atmosphere systems.

The Degp Sea Diver

Robert C. Martin

A very readable historical guide to diving and the methods
and equipment used to overcome therigors of the underwa-
ter environment.

The Underwater Handbook

Charles W. Shilling

Another of the complete guidesto the physical, physiologic
and engineering problems of diving. Readable.

The Physiology and M edicine of Diving

Bennett & Elliott

A well known standard text of diving. Covers scientific
theory and indepth background to issues of diving physiol-
ogy. Recommended text for those with a thirst for more
knowledge about the ‘Why’ of diving medicine.

Underwater Ear and Nose Care

Noel Roydhouse

Essential reading for thosedoctorsseeing divers. Coversthe
most common sourceof diversmisery, thenose, sinusesand

middleear. Offerspractical solutions. Therearefew books
which collate these disordersin such an easily read manner.

If you wish to purchase one of thesettitles, | can
obtain these from the publisher at a small discount.

Good (safe) Diving,
Andy VEALE
Secretary/ Treasurer

STOP PRESS

COLLAPSE OF THE
NATIONAL SAFETY COUNCIL OF AUSTRALIA
(VICTORIAN DIVISION)

John Knight
Deputy Editor

Thefinancial collapseof theNational Safety Council
of Australia(Victorian Division) (NSCA) during the prepa-
ration of thisissue haschanged thediving scenein Australia
very considerably. Nolonger can Robert Monaghan envy us
“with your co-ordinated chamber and rescue operations’.

The NSCA provided a hyperbaric rescue service
which ceased with the closing down of the company’s
activities. Thechamber operatorsat thehyperbaricfacilities
at the Alfred Hospital in Melbourne and at the Royal
Adelaide Hospital were paid by the NSCA as were some at
Townsville. | understand that temporary arrangementshave
been made to keep the Melbourne and Adelaide chambers
operating and | presume that something similar has hap-
penedin Townsville. | understandthat commercial firmsare
negotiating with theliquidator of the NSCA to purchasethe
hyperbaricfacilitiesof theNSCA andthat thesenegotiations
are unlikely to conclude rapidly.

Sports divers will appreciate the continuing service
offered by thefixed chambers, although thisisdependent on
the chamber operators staying in what must appear to them
to be uncertain employment in the face of firm offers from
aresurgent diving industry. Of egual importance to sports
diversisthehyperbaricretrieval servicewhichwasoperated
by the NSCA. My information is that the commercial
operators are not eager to acquire this expensive service.

The SPUM S Executive Committee, at itsmeetingin
Adelaideon April 1st instructed the Secretary towritetothe
Premiers and Ministers of Health of Queensand, South
Australiaand Victoriarequesting that they take all possible
steps to maintain the hyperbaric unitsin their states and to
preserve the hyperbaric retrieval service. These letters are
reproduced on page 4. In my opinion all members and
associate members of SPUMS should be writing to these



gentlemen, or at |east to their own Premier, about theneed to
maintain these services.

The Diver Emergency Service (DES) of telephone
advice and coordination of treatment and transport isalso at
risk. Not only did the NSCA contribute to the costs of
running DES but the Royal Adelaide Hospital, which has
been paying the costs of the DES number, 008 088 200, has
acute financial problemsand may not be ableto continueto
fund the incoming calls which run at four or five aday. |
invite all readers to emulate the Executive of SPUMS and
send adonation, as | have already done, earmarked for the
DES telephone costs, to the Chief Executive Officer of the
Royal Adelaide Hospital, North Terrace, Adelaide, South
Australia5000. Donationsof over $2.00to PublicHospitals
are tax deductible.

No one knows what the outcome of the various
negotiations will be but we, as individuals, can help to
providepolitical pressureif wearewillingtowrite, alongthe
lines of the letters sent by the Secretary of SPUMS, to the
relevant politicians. Aswe are asking for afinancial com-
mitment from a government that means writing to the
Premier. If we, and asmany other diversaswecanreachand
motivate, do not act we may lose the hyperbaric lifeboat
completely.

LETTER SENT BY THE SECRETARY OF SPUMS
TO THE PREMIERS AND MINISTERS OF
HEALTH OF QUEENSLAND, SOUTH AUSTRALIA
AND VICTORIA.

| am instructed by the Executive of the Society to
write to you expressing our grave concern over possible
interruption to the hyperbaric and diving medicine services
following the collapse of the National Safety Council of
Australia (Victorian Division).

Anylossof retrieval andtreatment facilitieswill have
economic, medical andindustrial implications, and possible
political concern.

Contracts with the National Safety Council of Aus-
tralia (Victorian Division) have provided support for all
government diving activities as well as for civilian diving
accidents and increasing numbers of patients requiring hy-
perbaric oxygen therapy.

If thesefacilitiesare not maintained, the police, Ports
and Harbours, Fisheries and other government departments
will need to provide the necessary hyperbaric facilities and
trained staff themselves, just to conform with State and
Federal Health and Safety regulations. Thiswill incur much
more expense than the cost of maintaining current services
and may necessitate the cessation of all government diving
activity until such facilities become available.
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This Society feels it is imperative to maintain the
existing hyperbaric therapy and retrieval services in each
capital city asthe alternative is the highly expensive inter-
statetransfer of such patients. Inthissituation, the only two
centres capable of treating these patients will be Fremantle
and Sydney and it is obvious that this would lead to grave
inadequacies of management.

Inview of our concern over the need to maintain this
vital service, this Society has aready contributed funds to
ensurethat the Diver Emergency Service section remainsin
afully functional capacity.

Y ours faithfully,

David E,Davies,
Secretary,SPUMS.

LETTER FROM SECRETARY OF SPUMSTO
THE CHIEF EXECUTIVE OFFICER OF THE
ROYAL ADELAIDE HOSPITAL.

Dr B.Kearney,

Chief Executive Officer,
Royal Adelaide Hospital,
North Terrace,

Adelaide,

South Australia 5000.

Dear Dr Kearney,

| am instructed by the Executive of the Society to
writeto you expressing our grave concern over the possible
disruption to the Diver Emergency Service following the
collapse of the National Safety Council of Australia(Victo-
rian Division).

Y our hospital has played a pivotal rolein the main-
tenance of this essential service and the Society is most
anxiousthat it can continue to serve the diving community.
That there are around 1,000 calls each year to the service
from al parts of Austraia reflects the rea need for its
continuation.

The Executiverequeststhat the enclosed donation of
$500.00 be used specifically to support the telephone costs
of the Diver Emergency Service. We hope that this token
will help to maintain a service that Australian divers and
diving doctors have come to rely upon.

Y ours faithfully,

David E,Davies,
Secretary, SPUMS.
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Wearereprinting thisarticle, which appeared on
pages 126-133 of Volume 18, No 4, October to
December 1988 asthefigure, onetable and some text
were omitted. We apologiseto John Lippmann and to
our readersfor our mistakes.

DIVE COMPUTERS
John Lippmann

Since decompression sicknessin humansfirst reared
its ugly head back in the mid-1800s, scientists and others
have sought ways to improve and simplify decompression
calculations and procedures.

Haldane introduced his model and schedules at the
beginning of this century, and since then many decompres-
siontableshave been published. Although some of thevery
latest tables include methods for compensating for parts of
adive spent shallower than the maximum depth, most tables
requireadiver to chooseano-decompression or decompres-
sion schedule according to the maximum depth and bottom
time of a dive. The calculation assumes that the entire
bottom time was spent at the maximum depth, and that the
diver's body has absorbed the associated amount of nitro-
gen. However many dives do not follow that pattern. A
scubadiver’s depth normally varies throughout a dive, and
often very little of the bottom time is actually spent at the
maximum depth. Inthiscaseadiver’ sbody should theoreti-
cally contain far less dissolved nitrogen than is assumed to
be present when using thetablesin theconventional manner.
Somediversfeel penalised for thetime of the dive not spent
at the maximum depth.

Theideal situation isto have adevicethat tracksthe
exact dive profile and then calculates the decompression
reguirement according totheactual divedone. Suchdevices
have emerged since the mid-1950's, some gaining some
notoriety.

Probably the best known of the early decompression
metersisthe SOSdecompression meter whichwasdesigned
in 1959 and emerged in the early 1960s. The meter, which
is still currently available, appears to represent a diver's
body as one tissue. It contains a ceramic resistor through
which gasisabsorbed before passinginto aconstant volume
chamber. Withinthechamber isabourdontubewhichbends
as the pressure changes, and the pressure level, which
represents the amount of absorbed gas, is displayed on an
attached gauge. On ascent gas escapes back through the
resistor and eventually, when enough gas has escaped, the
gauge will indicate that a safe (supposedly) ascent is pos-
sible. A number of problems arise with the use of the SOS
meter. Individual meters often vary greatly, and the no-
decompression times for dives deeper than 60 ft (18 m)
exceed the US Navy no-decompressionlimits(NDLS). The
meters give inadegquate decompression for repetitive dives
when compared to the USN and most other tables. In 1971,
thefirst six divers requiring treatment at the Royal Austra-
lian Navy School of Underwater Medicine chamber were

diverswho had ascended according to SOS decompression
meters.:

The Defence and Civil Institute of Environmental
Medicine (DCIEM) of Canada devel oped a decompression
meter in 1962. It utilised four resistor-compartments to
simulatenitrogen uptakeand eliminationinadiver. Initially
the compartments were set up in paralel so that each
compartment was exposed to ambient pressure and thus
absorbed gas simultaneously. When tested, this configura-
tion produced an unacceptable bends incidence. The four
units were then re-arranged in a series arrangement, so that
only the first was exposed to ambient pressure and gas
passed from one compartment into the next. This configu-
ration was tested on almost 4,000 test dives and produced a
very low incidence of bends.:

The meter gave effective half-times from five to
more than 300 minutes, and it indicated current depth and
safe ascent depth. The DCIEM unit never becameavailable
to sport diversasit would have proved to be very expensive
and would have required extensive and costly maintenance.

IN1975Farallonrel easeditsMulti- Tissue Decomputer
which was designed to be a no-decompression meter. It
consisted of four permeable membranes, two of which
absorbed gasand two which released it. The Royal Austra-
lian Navy tested two metersin 1976 and found them to give
very divergent results. One became more conservative
while the other became more radical. In addition, various
mechanical problems eventuated. Tests done in the USA
confirmed that the NDL s given by the meter often greatly
exceeded those of the USN tables.

Over the past ten years or so, various methods of
extrapolating the USN (and some other) tables to credit a
diver for the shallower portions of a multi-level dive have
emerged. These methodsrequire manipulationsthat aretoo
complex for many divers and require the dive plan to be
knownin advanceandrigidly followed. They are generally
unvalidated, and their safety is a subject of dispute. In
addition, if timeis spent at more than two or threelevelsthe
calculations become prohibitively complex.

By the mid-1970s with the advance in microproces-
sors (a chip which can contain a series of pre-programmed
instructions) it became possible to construct a small com-
puter capable of doing very complex multi-level calcula-
tions. Recent technological innovations have overcome
some of the early technical restraints and the scuba diver
now has access to the convenience of automatic and more
accurate depth and time recording, together with accurately
computed multi-level decompression schedules, at far more
affordable prices.

A microprocessor is capable of reading a pressure
transducer (which convertspressureintoelectrical impul ses)
very rapidly and can apply nitrogen uptake and elimination
a gorithms (themathemati cal equationswhich represent gas
uptake and release) to this information every few seconds.
These computers can therefore track adiver’s exact profile



and cal culate decompression requirements according to it,
rather than by the “rounded-off” profile which is used with
decompression tables.

Despite, andin somecasesbecauseof, thesefeatures,
some reputable diving scientists, doctors and educators
remainvery critical of thesedevices. Somearguethat adiver
will become too machine-dependent and would be at aloss
and in a potentially dangerous situation if his computer
failed whilein use. However some diving instructors feel
that modern decompression computersarelesslikely tofail
than divers are while reading the tables and that there are
somereasonablebail-out proceduresin caseof meter failure.
Probably the major fear of the computer criticsisthat some
computersbringadiver far too closeto, or beyond, thelimits
of safe diving, especially during repetitive dives.

The decompression models programmed into the
model-based computers are designed to simulate nitrogen
uptake and releasein adiver’ sbody. However they arejust
model sand cannot completely predict thegasflow inand out
of our actual tissues. Our physiology is not always so
predictable as many factorsinfluence therate of gas uptake
and elimination and the possibility of consequent decom-
pression sickness. So even though the computers follow
their modelsexactly and thetheoretical tissuesprogrammed
into the computer load and unload as expected, our bodies
might not be behaving quite so predictably. There is no
safety margin built into most computerswhich substantially
compensates for thisdifference. Tables, on the other hand,
usually contain an inherent safety margin and, in addition,
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since we must “round-up” any intermediate depth and/or
timeto the nearest higher or longer tabled depth and/or time,
we partly, but not always fully, compensate for our own
body’ s deviation from the model.

A table-based non-multi-level computer retains any
inherent and/or “round-up” safety margin of the table, a
table-based multi-level computer retains a small amount of
themargin and amodel-based computer retainsno margin at
all unlessit is built into the model itself.

Comparing computersto tablesfor
no-decompression dives

When no-decompression times allowed by various
computers are compared to those allowed by varioustables
(eventhosebased onthesamemodel) for thesamedive, vast
differences often appear. Thesedifferencesbecome greater
for repetitive dives. Tables 2 and 3 compare the times
alowed by various computers and tables for two series of
repetitive dives that | carried out in awater-filled pressure
chamber. | have conducted avariety of other simulated and
real diveswith similar results. Some of thereasonsfor these
differences will be discussed in this section.

SINGLE DIVES
Table 1, below, compares the single dive NDLs of

various computers to those of the USN and Buehlmann
(1986) tables.

TABLE 1

COMPARISION OOF NO-DECOMPRESSION LIMITSOF VARIOUSCOMPUTERSAND TABLES

Depth USN Buehlmann Aladin Datamaster 2 Edge Microbrain  SME-ML  Skinnydipper
(Guide)

m feet

9 30 - 400 - 220 234 199 215 234
12 40 200 125 125 120 136 113 132 136
15 50 100 75 75 70 77 65 74 77
18 60 60 51 51 50 53 46 53 53
21 70 50 35 35 40 40 30 38 40
24 80 40 25 25 30 31 22 29 31
27 90 30 20 20 25 24 17 23 24
30 100 25 17 17 20 19 13 18 19
33 110 20 14 14 15 13 10 13 13
36 120 15 12 12 10 11 8 11 11
39 130 10 10 10 5 9 7 9 9
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SINGLE RECTANGULAR DIVES

It can be seen from Table 1 that the single dive No-
Decompression Limitsof the computersare more conserva-
tive than the USN limits and are generally similar to the
limits of the Buehlmann Table. Therefore for a single
rectangular dive these computers will usually give a more
conservative no-decompression time than the USN Tables.

It has been shown experimentally that divers who
diveright to some of the USN NDLswill be quite likely to
bubble during or after the ascent. By shortening the initial
NDLs and in some cases slowing down the ascent, these
computers (and modern tables) attempt to minimise bubble
formation during or after adive.

SINGLE MULTI-LEVEL DIVES

On a multi-level dive the computers will normally
extend the allowable no-decompression dive time far be-
yond that allowed by the tables.

This occurs because the computer constantly cal cu-
latesthe (theoretical) gasuptakeor releaseat all levelsof the
dive, rather thanjust at themaximum depth astablesdo. This
function is demonstrated in Figure 1 which shows a dive
profile allowed by a Suunto SME-ML. At each level of the
dive there was one minute of no-decompression time left
when the ascent was commenced to the next level.

This single dive required no decompression accord-
ing to the computer, but required decompression of 15
minutesat six metresand 31 minutes at three metres accord-
ing to the USN Tables.

Onasinglemulti-level diveof 30 mfor fiveminutes,
followed by 20m for 10 minutes, followed by ascent to 15m,
the Suunto SME-ML allows a further 46 minutes of dive

9 min

time at 15m before a decompression stop isrequired. The
Huggins table alows 25 minutes at the 15m level before
requiring decompression.

REPETITIVE DIVES

The dives shown in Tables 2 and 3 were rectangular
divessothat themulti-level capability of the computerswas
minimised and thetimes allowed by the computers could be
compared to the times allowed by the tables.

Itisobviousthat thecomputersallowed substantially
more time for these repetitive dives than the tables would
give. Weknow that it isunwise, and at times hazardous, to
divethe USN Tablesto their limits, especially on repetitive
rectangular dives. How then canthegeneroustimesgivenby
these computers be justified?

As previously mentioned, divers who dive right to
some of the USN limitswill be quitelikely to bubble during
or after the ascent. Some of these divers will develop
manifestations of bends, but most will be asymptomatic. In
either case these bubbles will slow down the out-gassing
processand giveriseto moreresidual nitrogen for repetitive
dives than there would be if no bubbling had occurred.

By shorteningtheinitial NDLsand slowing downthe
ascent rate, these computers attempt to minimise the bubble
formation after the initial dive. This should enhance out-
gassing, reduceresidual nitrogen and thus enablelonger no-
decompression bottom times for repetitive dives. The
Buehlmann Table works on this premise. It utilises shorter
initial NDL sthanthe USN Table, followed by aslow ascent,
and thisiswhy it sometimes allows longer no-decompres-
sionbottomtimesthan givenby theUSN Tablefor repetitive
dives. However, asyou can seefromtheexamples, usingthe
Buehlmann Tablefor repetitivedivesisstill more conserva-
tive than using most computers.

0.5 min
17 min
Max. depth = 36m.
Dive time = 42.5 min.

Figurel. Dive profile allowed by a Suunto SME-ML. At each depth there was one minute of no-decompression time

|eft when the ascent was commenced to the next level



TABLE 2
The times given are in minutes unless otherwise speci-
fied.
Divel
Depth 36m
Allowable no-decompression bottom time
Aladin 8
Microbrain 8
Edge 11
Skinnydipper 10
SME-ML 10
USN Table 15
Buehlmann Table 12
Bottom time (actual) 10
Decompression time required none
Ascent time 1.3 minutes
Dive 2.

Surfaceinterval 60
Depth 30m
Allowable no-decompression bottom time
Aladin 14
Microbrain 13
Edge 19
Skinnydipper 19
SME-ML 19
USN Table 11
Buehlmann Table 8
Bottom time (actual) 18

Decompression time required
Aladin 40 seconds at 3m
Microbrain 2minat3m
Edge none
Skinnydipper none
SME-ML none
USN Table 15minat3m
Buehlmann Table 2minat6m
and 7minat 3m
Ascent time 2.3 minutes

Because most tables are based on the off-gassing of
a single slow tissue during the surface interval they often
have asafety margin builtinto them, whereasthe computers
carry no such margin.  Repetitive Groups and Residual
Nitrogen Times given in tables are designed to account for
the highest gasloading that istheoretically possibleand are
usually based on a single tissue compartment only. Since
this tissue is a “slow” tissue it out-gasses slowly on the
surface. The tables assume that all of the tissue compart-
mentsareunloading at thisrate and so may over-estimatethe
theoretical gasloadsof thefaster tissuecompartments. This
resultsin shorter repetitivedivetimesthanwould beallowed
if theactua (theoretical) gasload inthefaster compartments
wasconsidered. Sothiscrudenessof thetable’ scalculations
may lead to longer surfaceintervalsthan arerequired by the
model, but introduces a margin of safety by assuming the
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TABLE 3
The times given are in minutes unless otherwise
specified.
Divel
Depth 27 m
Allowable no-decompression bottom times
Aladin 19
Microbrain 18
SME-ML 22
USN Table 30
Buehlmann Table 20
Bottom time (actual) 18
Decompression time required none
Ascent time 3.5 minutes
Dive 2
Surfaceinterval 32 minutes
Depth 30m
Allowable no-decompression bottom times
Aladin 14
Microbrain 14
SME-ML 16
USN Table 3
Buehlmann Table 6
Bottom time (actual) 16
Decompression timerequired
Aladin 4dminat3m
Microbrain 4minat3m
SME-ML none
USN Table 15minat3m
Buehlmann Table 2minat 6 m
and7minat3m
Ascent time 25minto3m
Decompression done 4dminat3m
Dive3
Surfaceinterval 32 minutes
Depth 36 m
Allowable no-decompression bottom time
Aladin 7
Microbrain 8
SME-ML 10
USN Table none
Buehlmann Table none
Bottom time (actual)
10

Decompression timerequired
Aladin, decompression was indicated
but cleared during (rapid) ascent

Microbrain Sminat3m
SME-ML none
USN Table 15minat 6 m

and 3l minat 3 m
Buehimann Table 4minat6m

and9minat3m
Ascent time 1 minute
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diver has more residual nitrogen than the model dictates.
However many depth and timecombinationsmay lead tothe
same Repetitive Group athough, in reality, the nitrogen
contents in the various body tissues are quite different.

Computers cal cul ate repetitive dive times according
to the exact (rather than the maximum possible) gasloading
given by the model, taking into account all the tissues used
in the model. This usualy alows more dive time for
repetitivedivesthanisallowed by tables. However in some
situations the times can be similar. The deeper NDLs are
determined by fast tissues which absorb gas rapidly and
which off-gasrapidly at the surface. Repetitive Groups are
based on slower tissues. If repetitive divesare compared for
NDLsin the depth range where the Repetitive Group tissue
controlstheNDL (i.e. shallow to moderate depths), then the
limits given by the tables and the computer should be close.

On some long dive sequences or in situations where
repetitive dives are done over many consecutive days, the
computers are sometimes slower to unload as they are
programmed with slower tissuesthan are used to determine
therepetitivegroupsintables. Thismay leadtothesituation
where the tables will allow you to begin anew days diving
without considering residual nitrogen from the previous
day’s diving, whereas a computer may still carry over a
penalty. Thiswill normally only applyto thefirst dive of the
day andthecomputer will thenallowlonger bottomtimesfor
the following dives that day.

Arethe computer s safe ?

Thesafety of thesedevicesisstill the subject of many
aheated debate.

The main criticisms focus on the following argu-
ments:

1 Themodel sonwhichthecomputersarebased arenot
completely accurate. Decompression computerswill
retain inaccuracies until the devices can directly
measureanindividual’ sactual tissuenitrogen levels.

2. Theinherent safety margin of thetablesaswell asthe
extrasecurity gained by “rounding-off” thetablesis
lost in the computers. This will give a diver more
time, but will at times put him more at risk.

3. Although someof themodelsonwhichthetablesare
based have been well-tested for fixed-depth dives,
there have only been a few well-controlled, docu-
mented tests of the validity of the multi-level appli-
cations. The number of these tests has been insuffi-
cient to determine the validity of the multi-level
applications with any statistical significance.

Before releasing the Edge in 1983, Orca Industries
conducted a study to evaluate the safety of the algorithm
programmed into the Edge. Twelvediversdid aseriesof ten
“chamber dives’. Nine of the profiles were multi-level no-
decompression profiles, and the tenth required decompres-

sion. The divers were monitored with Doppler bubble
detectors. In the 119 profiles completed, bubbles were
detected in onediver and werethelowest grade of bubbles.2
None of the divers showed definite signs of bends. Two
divers were dlightly fatigued, one had some skin itchiness
(which often occursin chamber dives) and another had slight
tingling in one leg. Tingling was a condition this subject
often had after diving but it was reported as it was stronger
thanusual. No conclusionscould bedrawn astowhether the
manifestations of fatigue and tingling were due to decom-
pression stressor other factors. However significantly more
dives are needed to establish the risk of decompression
sickness for the various schedules. For example, for each
schedule a minimum of 35 dives without bends is needed
before abendsrate of lessthan two per cent can be claimed
with 95% confidence.

Orcalndustries report that more than 500,000 dives
have been done by diversusing the Edge (to my knowledge
at the time of writing, the vast majority of these dives have
not been documented or validated) and that 14 casesof bends
in divers “properly” using the Edge had been reported to
Orca and the Divers Alert Network (DAN) by the end of
1987.4

Uwatec, the manufacturers of the Aladin (Guide),
report that between 50,000 and 100,000 incident-free dives
have been done using the Aladin (to my knowledge at the
time of writing, the vast majority of these dives have not
been documented or validated) by the end of October, 1987.
These dives included 290 documented dives done, by a
British scientific expedition, in Lake Titicaca, 3,812 m
(12,580 feet) above sea-level .5

With well over half a million apparently safe dives
carried out by computer-users, it might appear that the
computersareindeed safedevices. However, aswithtables,
it is difficult to determine whether it is the computers
themselvesthat are safe, or if the apparent safety liesin how
divers are using them and the type of dives that they are
normally using them on. Since most of the 500,000 plus
diveswereundocumented, it isnot knownwhether or not the
divers dived to the limits given by their computers. If the
units are not dived to their limits then we still do not know
how safethe actual limitsare. Thisisespecially relevant to
multi-level and repetitive dives.

More than 200 divers were treated for bends in
Australasiain 1987. The vast majority of cases displayed
neurological effects. These cases often arose after dives,
often repetitive dives, that were conducted in accordance,
and at times well within, conventional tables. Some had
done a multi-level dive but had surfaced within the no-
decompression limits specified by the table for the maxi-
mum depth.:

With such a high incidence of bends when diving
within conventional limits, somefear that more cases might
beexpectedto occur whenthelimitsareextended, especially
for repetitive dives. As computers become more and more
common a better understanding should emerge.
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By mid 1988, 79 cases of bends in divers using
computers had been reported to DAN. In England in 1987,
16% (11/69) of the diverstreated for bends had been using
adiver computer.. Recent (asyet unpublished) figuresfrom
Aberdeen show asubstantial bendsincidencein diverswho
used computers for multi-day repetitive diving.

| believe that to alarge extent the bendsrate in dive
computer users will depend on how divers dive when they
usetheir computers, on the type of dive profile and on their
rate of ascent.

It appearsthat adiver who ascends slowly will have
less chance of getting bends, especially neurological bends,
than one who ascends more rapidly. | believe that a diver
should ascend no faster than about 10 m/minute when
shallower than 30 m. Many computersincludeawarning to
tell adiver when he is exceeding the recommended ascent
rate. The rate varies between computers, but | believe it
should roughly equate with the above recommendation.
Thisfunctionisahighly desirable, if not essential, function
of any dive computer.

If you exceed the recommended ascent rate at any
stage during a dive, especially at or near the end of a dive,
reduce your dive time substantially from that given by the
computer for therest of that dive and for repetitive dives. If
bubbles form as a result of the faster ascent, they will slow
down out-gassing and make the times given by the computer
far lessrealistic.

| also highly recommend that a diver goes to the
maximum depth early in the dive and then gradually works
shallower. If adiver beginsadivein the shallowsand then
progressively getsdeeper and deeper beforeascendingtothe
surface, the nitrogen load in the “slower” tissuesislikely to
contribute more than usual to bubbles which are subse-
guently formed in the “fast” or “medium” tissues during or
following ascent.

If you are using a dive computer | believe that you
should:

Ascend slowly. Never exceed the recommended
ascent rate and generally ascend at about 10 m/minute or
slower.

Go to the maximum depth early in the dive and
progressively and slowly work shallower. Endthedivewith
at least five minutes at 3-6 m. Avoid rectangular dive
profiles.

Donotdiveright tothelimitsgiven by thecomputers.
They do not cater for individual susceptibility to bends.

Avoid using the computer for deep repetitive dives,
especialy those with rectangular profiles (in fact avoid
doing deep repetitive dives!).

Intheevent of acomputer failure, ascend slowly to 3-
6 m (nearer to 6 m if possible) and spend as much time as
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possible there before surfacing.
Thefuture

It appears that dive computers are here to stay and
they will devel op enormously asknowledge and technol ogy
advance. The current models are based only on depth and
time, but future computers might be programmed to include
other variablessuch asdegreesof individual susceptibility to
bends, exertion, water temperature and delayed out-gassing
dueto arapid ascent. | am told that a computer which will
do the latter is currently nearing completion and | believe
this to be alarge step towards improving computer safety.

The ultimate computer would measure the nitrogen
level within an individual diver’stissues. | have put my
order in already!

Summary

Dive computersaredesigned to cal culatethe decom-
pression requirement for the actual dive profile, rather than
for the “rounded-off” profile which is used with tables.

Most current computers are programmed with an
actual decompression model rather than with tables.

Computerseliminateerrorsintablecal culations, and
usually provide much more bottom timethanisgiven by the
tables.

Tables include inherent or added margins which
provideadegreeof safety if our body absorbsmorenitrogen
than predicted by themodel. Computersdo not includesuch
margins as they follow the model exactly.

For single rectangular dives the computers usually
give more conservative NDL s than the tables.

On a multi-level dive the computers will normally
extend the alowable no-decompression bottom time far
beyond that allowed by the tables.

Thecomputersusually allow far moretimefor repeti-
tivedivesthanisallowed by tables. Thisisanareaof risk for
the computers as is multi-day diving.

The safety of dive computers has not been deter-
mined astoofew validated testshavebeen doneto determine
thebendsrisk associated withtheir use. However, thisisalso
true for most decompression tables!

The computers generally rely on a slow ascent rate
and the times given are less valid if a diver has ascended
faster than recommended.

Computerscanand dofail and thediver must havean
appropriate back-up procedure.

If using a computer it isimportant to:
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Go to depth early and then work shallower through-
out the dive. Ascend at the appropriate rate. Do not dive
right to thelimits. Allow for predisposing factors of bends.
End all diveswith afew minutes at 3-6 m.

For multi-day diving rest every third day.

The above article is taken from a book relating to
various aspects of diving which John Lippmanniscurrently
finalisingfor publicationin1989. No part of thisarticlemay
be reproduced without the prior consent of the author.
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BUOYANCY AND UNNECESSARY
DIVING RELATED DEATHS

Wong Ted Min
Introduction

Man emerged from the prehistoric seas 350 million
years ago. Throughout the ages, he till found it necessary
toreturnto the seaand divefor subsistence, for recreation or
out of curiosity. The early dives have been limited by his
inability to remain underwater for long, askill which he had
lost an aeon ago when he traded his gills for air breathing
lungs.

In the attempt to prolong his endurance underwater,
various techniques of prolonging the air supply have been
tried. Diving bells, helmets, surface supply equipment and
various contraptions have been used but al| of them required
manpower and large unwidely equipment. It was not until
1943 when Jacques-Y ves Cousteau and Emile Gagnan de-
veloped the modern demand intake valve that the sport of
scuba diving became assessible to the general public.

Today, there are dozens of diving organisations and
even more diving schools all over the world teaching the
more adventurous the skills of scuba diving. With the
exception of some of the more dubious characters conduct-
ing the 1-day “Introduction-type” diving courses, most
reputable dive organi sations have areasonably comprehen-
sivediving course. There are many books available which
give the potential divers information on the dangers of
decompression sickness, air embolism, barotrauma, nitro-
gen narcosis, hypothermia and dangerous marine animals.
Often, diving techniques, buddy breathing, emergency as-
cent drills and basic resuscitation are included.

It istherefore of great concern that many divers still
die every year of problems related to scuba equipment.
Many of these divers have little or no previous experience
with scuba equipment and are totally ignorant of safety
procedures.
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Diving Related Deaths

A study of the statistics on diving fatalities have
revealed that in New Zealand in 1983, five out of six scuba-
related deaths involved inexperienced or untrained divers.
All these six dead diverswere found with their weight belts
on, althoughthey might havesurvivedif theweight beltshad
been removed. Three deaths can be directly attributed to
poor buoyancy control and being overweighted at depth.

In 1985, tendiving related deathsoccurredin Austra-
ligz. Fiveout of these ten were untrained or newly trained
divers. Of thenewly trained divers, two deathsoccurred due
to problemswith buoyancy compensators(BCs) and another
two had medical conditions which should have rendered
them unfit for diving.

The statistics for diving fatalities from the United
StatesNational Underwater Accident DataCentre(NUADC)
between 1970 and 1982 reveded that 42.5% of diving
fatalitiesoccurred during thefirst few dives®. Investigations
reveal ed that in 80-90% of these casestheweight beltswere
not removed by thevictimsand thismay beamajor contribu-
tory factor to the fatalities. A large proportion of these
deathswere reported to be due to drowning or asphyxiation
(about 65%), which should not have occurred if there had
been a good understanding of the principles of buoyancy.
The San Diego City Lifeguard Service published statistics
for the period between January 1975 and June 1975 which
revealed that only twelve weightbelts had been abandoned,
in seven hundred and seventeen diver rescues, prior to the
lifeguard arriving at the scene®.

Thesedeathsarelargely preventable. Although most
aspects of diving are taught in diving courses and informa-
tion is easily obtainable in many diving manuals, an area
which does not have sufficient practical information is the
topic of buoyancy. The US Navy and the RN Diving
manuals as well as several other dive manuas explain
aspects of positive, neutral and negative buoyancy and
Archimedes Principle. However, thepractical implications
of theactual amount of buoyancy |ost at depth by awetsuited
diver havenot been discussed, nor hastheineffectiveness of
BCs at low tank pressures at depth been explained.

This information is important for all divers, espe-
cially novices. When diving deep for the first time, the
novice may find it impossible to overcome the negative
buoyancy due to wetsuit compression. This can lead to a
situation where the diver is unable to swim back to the
surface, unlesstheweight beltisdropped. Thisproblemwas
recently illustrated in atragic accident, where a prominent
barrister was drowned.

CASE REPORT

This sport diver was aforty year old man. He was
20% overweight for hisageand height. Prior to hisdeath he
had only done eight previous dives, all conducted by his
diving school. Most of thediveswerebetween4to12m (15
and 40 feet), with only one dive to 24 m (80 feet) for 5
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minutes. This24 mdive, according to thediving instructor,
was to “check” if the victim was susceptible to nitrogen
narcosis.

Withonly theexperienceof these8shallow dives, the
victim and hisbuddy decided to exploreafamouswreck, the
“AnneMiller”, whichliesin42 metres(140feet) of water of f
Sydney. Both men usedidentical equipment, 7 mm wetsuits
and weight belts of 14-16 kg (32-36 |bs). They dived to the
wreck and spent 7 minutes looking around. At the end of 7
minutes, they had reached the red sector of their pressure
gauge and they decided to ascend. By thistime, the ascent
line was nowhere to be found. Two minutes were spent on
looking for the line and by this time, both had reached the
limits of their air supply and were forced to begin their
ascent. The buddy inflated his BC and began to ascend,
venting his BC as the ascent became more rapid. The men
became separated and the victim failed to surface. The
buddy, on the other hand, ascended uncontrollably, and ran
out of air before breaking the surface. On surfacing, the
buddy wasfoundto beinaconfused stateby hisrescuers. He
was rescued by the dive boat but the victim never surfaced.
Later, the victim was found near the wreck in 42 metres of
water. The search divers were unable to raise the body by
inflating the BC. It was only wehn the weight belt was
released that the body was noted to ascend rapidly to the
surface.

A number of mistakes were made by these divers:-

a Thevictimwasinexperienced at deep diving, having
only done 8 previous dives, mostly at a shallow depth.
The effects of nitrogen narcosis during his last dive,
would certainly have clouded his ability to assess the
situation, ditch his weight belt and activate his BC.

b There was a gross miscalculation of the amount of
weight requiredto overcomethebuoyancy of thewetsuit
onthesurface. With the descent to 140 feet, the amount
of buoyancy in the wetsuit would have been reduced to
less than one-fifth the surface buoyancy (by Boyle's
Law). This reduction in buoyancy plus the excessive
weight carried prevented the diver from surfacing even
wit htheBCinflated asdescribed by thosewhorecovered
the body.

c Thedivewasnot properly planned. Thediversspent
too much timelooking for the ascent line, thus consum-
ing the remaining air in their tanks.

d Separation of the divers occurred during the ascent.

e Thevictimdid not drop hisweight belt, despitebeing
grossly overweight and facing the prospect of running
out of air.

The death of this diver was most certainly prevent-
ableif he had gained more experience in deep diving. He
should have gradually increased the depth of his dives, a
procedurewhichwill gradually enablehimto experiencethe
effects of nitrogen narcosis. Thismay have allowed him to
achieve greater awareness of the reduced mental and motor
coordination, and thusenabled himtovoluntarily restrict his
depth.
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Neither diver should havediveduntil heranout of air,
especially at such depths, when the rate of air consumption
isvery rapid. If they had completed their dive earlier, then
they would have had enough air to ascend comfortably and
overcome other problems which might arise. Thevictim’s
BC should havebeen properly inflated if hehad adequateair
inhistank. Therewas certainly no reason for both diversto
wear 32-36 Ibs (14-16 kg) of weight under these circum-
stancesand it showed clearly that both men did not consider
the effects of proper buoyancy control.

Proper Buoyancy Control

Buoyancy wasfirst defined by the Greek mathema-
tician, Archimedes, who established that any object wholly
or partly immersed in afluid is buoyed up by aforce equal
to the weight of the fluid displaced by the object.

The buoyancy of any object is determined by its
density andthat of theliquiditisimmersedin. Thebuoyancy
of adiver isdetermined by hisdensity and the equipment he
wears. This buoyancy varies with time, as air is being
consumed from the tanks, and with depth, when the volume
of thewetsuit and of theair inthe BC will vary according to
Boyle'sLaw.

THE COMPONENTS OF BUOYANCY

Davey and Williams® found that sixteen of ninety-six
college males were unable to float even with afull inspira-
tion. Seventeen of one hundred and ten teenagers, of both
sexes, were also similarly found to sink even at full inspira-
tion. Testsdone by Behnke et. al.” in 1942 showed that the
specificgravity (SG) of normal mal esbetween 20to40years
fell between 1.021 and 1.097. Osserman et. al .8 reported a
somewhat similar range between 1.022 and 1.100 (with a
mean of 1.068) and Howell, Moncrieff and Morford® had
values of SG between 1.022 to 1.110 (amean of 1.061) in
133 unselected male subjects. These valueswere corrected
for residual lung volumes. In real terms, most people are
positively buoyant at full inspiration and only 10.6% of
subjects exceeded 1.000°.

Behnke' s subjects had amean SG from 1.049-1.058
at full expiration and 0.990-0.998 at full inspiration. At full
expiration, all would exceed an SG of 1.000, and so are
negatively buoyant infreshwater. Only afew wouldremain
positively buoyant in seawater (SG 1.025) at full expiration.

For abuoyant diver to descend, hisbuoyancy should
be adjusted so that he is neutrally buoyant at the surface at
full inspiration, with hiseyesat thewater level. Initialy, the
diver should put on hiswetsuit and histank, and the weight
belt with what he assumes is adeguate weight. He should
then enter the water and see where he floats. If he is
positively buoyant additional weightswill haveto be added
to the weightbelt so that neutral buoyancy is achieved and
viceversa. Whenweighted inthismanner, remaining afl oat
will require only aminimal effort. If necessary, the weight
belt and tanks can be ditched to give added buoyancy so that
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thediver canremain afloat indefinitely withtheaid of hiswet
suit and BC.

Todescend, thediver initially exhales, thusreducing
hisbuoyancy. At thisstage, hewill start to descend, which
may be aided by finning. With the compression of his
wetsuit, the diver becomes progressively more negatively
buoyant. An alternative method isto follow the anchor line
of aboat down, pulling oneself downwardsfor the first few
metres until wetsuit compression allows further descent
without any further effort.
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A diver wearing awetsuit should normally put on an
equivalent amount of weight to neutralise the buoyancy
exerted by the wetsuit. This will pose possible problems
when the diver proceeds to dive to a depth where there is
compression of thebubblestrappedintheneoprene. Hewill
experienceaprogressiveincreasein negativebuoyancy. As
thedensity of thesoft rubber inneopreneis1.1, amost all the
upthrust provided by the wetsuit is provided by the air
trapped in the neoprene. The air in the neoprene becomes
progressively compressed at depth with the resultant fall of
buoyancy. (Table 2.)

TABLE 1
BUOYANCY OF DIFFERENT TYPESOF WETSUITS

Type of Wetsuit Dry Weight Buoyancy
Civilian 3 mm 1.136 1.081 kg
Civilian 5 mm long johns 2.381 4776 kg
Civilian 5 mm full suit 3.017 5.341 kg
RAN 7 mm full suit 2.910 7.410kg
TABLE 2

BUOYANCY OF WETSUITSAT DEPTH
Type of Wetsuit Buoyancy of Wetsuit at Depth (kg)

Surface 10M 20M 30M 40M
Civilian 3 mm 11 0.6 04 0.3 0.25
Civilian 5 mm long johns 4.8 24 16 12 0.96
Civilian 5 mm full suit 5.3 27 18 13 1.06
RAN 7 mm full suit 7.4 37 25 19 15

THE WETSUIT

A wetsuit is commonly worn by divers for thermal
production. It is made of closed cell neoprene rubber to
whichtwolayersof syntheticfabricareusually bonded. The
thickness, and therefore buoyancy, varies between 3 mmto
1.2 cm. The commonest wetsuitsin useare 3, 5and 7 mm
inthickness. Thermal protection isafforded by the insulat-
ing layer of air trapped inside the neoprene. Different
wetsuits have different buoyancies at the surface and these
values also change with depth.

Four different types of wetsuits were tested in a
saltwater pool to evaluate the amount of postiive buoyancy
each exerted at the surface. Theresultsarein Table 1.

A neutrally buoyant person diving with a7 mm full
suit will have to weigh himself down with 7.4 kg of weight
on the surface. The actual weight required is slightly less
than the calculated value as the scuba tanks are somewhat
negatively buoyant. Thediver’ sbuoyancy at 40 metreswill
be one-fifth of 7.4 kg or 1.48 kg. He will be therefore
overweighted by 5.92 kg. In the case of the barrister, he
started off overweighted by about 8.5kg. At thedepth of 42
metres (140feet), hewould have been overweighted by (8.5
+5.9) kg whichis 14.4 kg (31.68 Ibs)! This accounted for
the fact that the rescuers were unabl e to raise the body until
the weight belt was released.

Besides alteration of buoyancy at depth, wetsuits
aso limit the mobility of the diver. Mobility isimportant
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becauseif adiver isrestricted in hisrange of movement, he
may not be able to reach for the various buckles, straps and
power inflators in order to save himself in an emergency.
This ergonomic factor was previously studied by Egstrom
et. al.10. Inacomparison of threewetsuit configurations, he
found significant differencesin the loss of range of motion
with wetsuit design, zipper placement and the type of mate-
rial used. Insomewetsuits, asmuch as95 degrees of motion
arelost.

A comprehensiveanalysisby Kise'tin 1977 showed
that adiver wearing aswimsuit, tank and abackpack with a
deflated flotation vest had lossesin range of motion of 17%
for hipextension, 20%for trunk extensionand 21%for trunk
rotation. With awetsuit, thisdiver would have lost another
43% of trunk rotation, 34% of trunk extension, 31% of hip
extension and nearly 31% of neck movement. Thus the
effectsof reduced mobility must alwaysbeborneinmind. It
isvitally important that all straps, release buckles, reserve
levers, and emergency air bottles should not shift during the
dive and that they are within easy reach.

WEIGHT BELTS

Weight belts have been introduced to counter the
effectsof positive buoyancy. Moreweightsarerequired for
thicker wetsuitsandtherisksincreaseproportionally. Weight
belts frequently rotate during dives making them inacces-
sibletothediver or hisbuddy. Weight beltsmay betrapped
by tank straps, leg knives, crotch straps so that if the buckle
wererel eased, thewelghtsfail tofall away cleanly. Egstrom1?
performed a number of tests with wetsuited mannikins to
demonstrate how easily or not, weight belts fall from the
diver. Hefoundthat noweight beltsfell off whenawetsuited
mannikin was placed between 30 to 90 degrees from the
vertical. Between 10 and 30 degrees, most beltsdid not drop
clear, owing to friction between the suit and belt material.
Thiswaslargely caused by weight placement and/or failure
of the buckle to completely release the belt. He also found
that todropthereleasebelt by rolling, it wasnecessary toroll
between 100 and 120 degrees from the horizontal. Release
tensionsfor bucklesvaried from 0.7 to 7 kg of force depend-
ing on the tension of the belt.

BUOYANCY DEVICES

Buoyancy compensators have been introduced to
enablethediver to adjust hisbuoyancy irrespective of depth.
They comein various configurations and generate different
amounts of lift, varying from 5 kg to 25 kg, proportional to
theinternal volume of the BC.

The basic BC consists of an oral inflation valve asa
basi cinflation system and apower inflation system of either
a CO, cartridge or an inflation hose connected to the first
stageof aregulator or toasmall auxiliary air tank. Thesafest
BCsarethosewithauxiliary air tanksas they provideaspare
supply of air independent of themain breathing tanks. These
small cylinders hold a larger volume of gas than the CO,
devices, and are more reliable in service. The main draw-
back of the auxiliary air tank is the price. Power-inflators
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connected to themain tanksobviously havetheadvantage of
reduced bulk but they cannot berelied upontoinflatetheBC
rapidly when the tank pressure is low. Having a power-
inflator without an additional backupair supply isdangerous
especialy inan emergency. Itisnoteworthy that the British
Sub-AquaClub (BS-AC) strongly recommendstheuseof an
independent air source for the BC. Few people nowadays
depend solely on the CO, cartridge because of the poor
reliability of the firing mechanism.

SCUBA TANKS

Scubatankshaveanegativebuoyancy of 1kgto 7 kg
in water, depending on the configuration. Thereisasdlight
increase of the scuba tank buoyancy as air becomes con-
sumed by the diver during the dive. The reduction of
buoyancy in a 70 litre steel tank is about 3 kg. Hence, the
scubatanks do play arolein determining the buoyancy of a
diver.

A more important practical factor, however, is the
ability and speedinwhichatank atits"reserve” pressurefills
upaBC at variousdepths. Inan experiment performedin a
recompression chamber, the speed of inflation of aBC was
tested. Thetank used had apressure of 35 barsgauge, which
isthe point where most divers begin to start their ascent to
surface. Thetestsrevealedthat it required 46 secondsfor the
BC to inflate maximally at a depth of 30 metres. It was not
possibletoinflatethe vest maximally whilst simultaneously
respiring from the regulator at this reserve pressure, asthe
tank was emptied before completion of inflation. A carbon
dioxide cartridge was al so discharged into an empty vest at
30 metresto assessthe degree of BC inflation. The amount
of gas contained in the CO, cartridge was not enough to
inflate the vest maximally at this depth.

Thefindings (Table 3) showed that it required about
57 secondsto inflate aBC at 30 msw with apower-inflator.
It was not possible to completely inflate the BC at 30 msw
if adiver continued to breathe from the regulator during the
inflation. Secondly, a CO, cartridge recommended for this
particular vest did not supply enough gas for an emergency
ascent as the vest did not fill up adequately. Thirdly, if a
diver had been negatively buoyant at depth, the BC will not
likely overcome the negative buoyancy unless the weight
belt was dropped.

Naturally, should the diver begin to ascend after
ditchingtheweightsand adequately inflatinghisBC, therate
of ascent will increase as the air in the BC expands. The
ascent rate must therefore be controlled. Therecommended
rateof ascentisgenerally 18 msw aminute, but arateasslow
asthisisusually difficult to achivein practice. Divershave
been taught to follow the “smallest bubbles’, but these
bubblesgradually expand and accel eratewith ascent. There-
fore, divers must be taught to consciously look for new
“smallest bubbles’ during ascent, in order to minimise the
risks of pulmonary barotraumaand air embolism. With an
inflated BC at depth, the best way to control ascent speedis
to continuously but gradually vent the BC during ascent.
Thisavoidsthe pitfall of overventing the BC, which reduces
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TABLE 3
TIME REQUIRED FOR INFLATION OF BC AT DEPTH WITH A POWER INFLATOR ATTACHED TO A
TANK AT RESERVE PRESSURE

Depth (metres seawater (msw))

Duration of BC Inflation without simultaneous

respiration (seconds) 12

Duration of BC Inflation with respiration

at 15 breaths a minute (seconds) 18

10 20 30 40
25 39 57 78
40 (50) * * % * %

* Unableto fully inflate BC before tank emptied

** Tank emptied before adequate inflation of BC

its buoyancy resulting in the diver sinking, following the
initial ascent.

Another techniquewhichthediver may usetoreduce
hisrate of ascent isto increase the drag on hismovement by
presenting a large surface area to the vertical plane of
movement. Thismay beachieved by spreading hisarmsand
extending his body backwards in a horizontal manner.

For thesemanoeuvresto besuccessful, diversshould
begin their ascent before they run out of air. It isextremely
difficulttoascent properly withanempty tank asthentheBC
cannot be inflated. The hypoxic diver will find it nearly
impossible to remove his weight belt and his chances of a
successful ascent are exceedingly slim. The tragic conse-
guence of thisis death.

DIVER ENDURANCE

An experienced swimmer attempting to keep afl oat
on the surface, can usually keep his head above water for a
fairly long time (exceeding 15 minutes). Thisability allows
rescuers sufficient time to reach him, for example, after
falling overboard. Thiscontrastssignificantly withthetime
an overweighted diver can achieve. In apool test, 3 mae
swimmers were made to keep their heads out of the water,
whilewearing a5.47 kg weight belt (equivalent to 4.818 kg
of submerged weight). Thedurationinwhichtheswimmers
were able to remain afloat was between 2 minutes 15
seconds and 6 minutes 21 seconds. Thus, when theireisa
failureof hisflotation device, an overweighted diver will not
be able to remain afloat for very long.

Discussion

By looking at the causes of divingfatalities, common
patterns are seen. Nearly all diving fatalities are prevent-
able. The case report presented earlier illustrated that
inexperience and miscalculations result in diving fatalities.

Panic is acommon denominator in almost al diving fatali-
ties. It precedes the phase where consciousnessislost and
the diver drowns. A proficient diver will not allow himself
toreachthepoint of panic. Thediver must concentrateonhis
equipment, air-supply, degree of buoyancy, onset of early
narcosis, in order to take preventive measures.

A proper pre-dive assessment of the environmental
conditions, limitations of equipment and personal endur-
ance is necessary. Diving in foul weather, rough surf and
extremes of cold should only be undertaken if adequate
justifications prevail and precautions are taken.

Equipment limitations should be realised, especially
at depth and when the air supply becomeslow. Regulators
generally require more effort to breathe from at low tank
pressures. The BC requires proper training to maximise its
effectiveness. Obviously, it will not performitsroleif CO,
cartridgesarenotinstalled, or if thepower inflator hoseisnot
connected. BCs are prone to degradation and leak when
exposed to the sun and they require proper handling, main-
tenance and storage. They do not inflate enough to provide
adequate lift at depth with the CO, cartridges. At low tank
pressuresin 30 msw, the power inflator attached to the low
pressure port takes almost 1 minute to inflate a BC to its
maximum capacity. In this situation, if air is continually
utilised by thediver, the tank becomes empty beforethe BC
achieves adequate inflation. Divers should be neutrally
buoyant during all phases of their dive, unlessthey require
to be negatively weighted in order to remove abalone or
other embedded objects. In this situation, the diver should
aways be prepared, and able, to jettison the excess weights
immediately should the need arise.

Wet suitsbecome progressively compressed at depth
and are, therefore, less buoyant. The thicker the wetsuit
material, the more weight one requires to put on at the
surface to counteract the buoyancy. This excess weight
increases as onedescends, and it may not be possiblefor the
overweighted diver to ascend from depth.
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Dropping theweight belt at depthresultsinanimme-
diate positive buoyancy to the diver, which may enable him
toascendtothesurface. Diversmust betaught that at thehint
of thedightest emergency, theweight belt shoul dbeunlatched
and held at arm’ slength. Inthisway, should the crisispass,
theweight belt may be put on again. If thediver passesout,
the weight belt will then fall out of his hands and the
unconscious diver has a chance of being rescued. In addi-
tion, heis morelikely to float to the surface unaided where
hischancesof rescuearefar greater thanif he should remain
submerged.

Untrained divers should not be allowed to dive,
unless doing a proper instructional course. Inexperienced
divers must not attempt to exceed their own limits, until
more dives have been logged. No one with a scuba
certificate must agree to rent scuba equipment for his un-
trained friend. Diving should be treated as a dangerous
sport. Therearemany instanceswhereadiver findshimself
in potential difficulties. A novice diver will be hopelessly
lost with the amount of gear, hoses, gauges and bucklesthat
make up theequipment usedinscuba. All ittakesisasimple
mistake, alack of understanding or inexperience to cause a
loss of life. A person making a mistake or suffering an
asthmatic attack or an epileptic fit on land does not drown.
A similar misfortune occurring whilst diving inevitably
leads to drowning and death.
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BLEOMYCIN
A RARE ABSOLUTE CONTRAINDICATIONTO
DIVING

John Knight

In the August 20-27th issue of the British Medical
Journa therewasaleading article on therising incidence of
decompression sickness in the UK. A follow-up letter?
drew attention to an absol ute contraindication to diving that
most people are not aware of .

Bleomycin isan anti-cancer agent which has among
its effects the sensitisation of the lung to raised oxygen
partial pressures. Bleomycin causes lung damage, which
governs how much of the drug can be used in treatment.
Mostly the damage resolves with the passage of time. But
sensitisation to raised partial pressures of oxygen is long
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lasting. Deathsfrom pulmonary fibrosishave occurred after
anaesthesia, whereincreased partial pressuresof oxygenare
normally used. Anaesthetists know that patients who have
had Bleomycin should never be exposed to more than 0.3
ATA of oxygen, and preferably less.

Why should diving doctorsworry about Bleomycin?
Bleomycin is often used for the treatment of testicular
teratomas. These tumours occur in the age group who dive
and after successful treatment the diver may wish to return
to diving. If he does he will be at risk of developing
pulmonary fibrosisif he breathesan oxygen partial pressure
of more than 0.3 ATA. Using compressed air, 0.3 ATA
partial pressure of oxygen isreached at adepth of just over
4m!

Obviously anyone who dives should give up diving
after treatment with Bleomycin. It is an indictment of our
compartmentalised thinking that I, an anaesthetist who has
known for years of the danger of giving higher than normal
partial pressuresof oxygen to peoplewho have had Bleomy-
cin, never moved thisinformation sidewaysinto my diving
medicine memory banks. | am grateful to Drs Hamilton,
Williamsand Wilmshurst for pointing out therelationshipto
diving.
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ANONYMOUS REPORTING
OF DIVING INCIDENTS:
A PILOT STUDY

Chris Acott, Allan Sutherland and John Williamson

Abstract

Current recreational diving safety practicesin Aus-
traliaand New Zealand |eave much room for improvement.
Incidents with the potential to reduce safety in diving are
constantly occurring, and the vast majority resultinno harm
toanyone. Based upon techniquesin current and successful
useincivil aviation and anaesthesiapractice, wesuggest that
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the recreational diving industry should adopt an on-going,
bi-national, Diving Incident Monitoring Study (DIMS),
with the aim of improving sport diving safety and training
standards. The proposed study could usefully supplement
the existing morbidity and mortality data collection that is
the present province of “ Project Stickybeak”. Theresultsof
such an incident study, conducted during the 1988 Annual
Scientific Meeting of SPUMS, at Mana Idand in Fiji, are
presented and illustrate the power of thisvoluntary incident
reporting techniquefor the objectiveidentification of recur-
ring human errorsin sport diving practice. Analysis of the
65 reported incidents reveal ed unsatisfactory diving safety
standards among medically qualified divers who might be
considered to be safety leaders in the sport!  Fifty-five per
cent of thepotentially harmful incidentsoccurred during the
diveitself, but aquarter occurred during preparation for the
diving. An important advantage of the incident analysis
techniqueisits ability to suggest corrective strategies (spe-
cific improvements in training, practice, supervision and
equipment design), which are directed effectively against
the most commonly occurring and recurring hazards and
errors among sport diversin Australiaand New Zealand.

Introduction

Unsatisfactory safety standards in the practice and
supervision of recreational scuba diving in Australia, and
other countries, areshown by the steadily increasing clinical
work load of Hyperbaric Medical Units!, by regular medical
publications*3, and also by a plethora of popular press
reports, albeit some of the latter are sensationalised and ill-
informed. Any considered effort to improve this state of
affairswarrantsattentionandtrial. A method ispresented of
incident reporting and analysis the efficacy of which for
safety improvement has been established in civil aviation®
worldwide, and which is directly applicable to sport scuba
diving. The sametechniqueisalso currently being applied,
with exciting early promise in human medicine, to improv-
ing the safety of anaesthesia®*.

Such constantly recurring errors during the supervi-
sion and practice of anaesthesialie at the heart of most (at
least 80%5,6) of the accidents that happen. The same is
praobably true of recreational diving and the analysisof such
errorsenablestherecognition of themorecommon patterns,
e.g. inadequate buoyancy control, and the development of
effective corrective strategies, e.g. improvements in the
design of buoyancy control devices(BCD) and weight belts,
and in the training for, and practice with their use during
diving.

The reporting and analysis of scuba diving “inci-
dents’ isquite simply amethod of analysis of human error!
Divers, justliketherest of thehumanrace, err constantly and
naturally, despitetheir repeated attempts (againjust likethe
rest of thehumanrace) todeny thefact! AsaBritishaviation
psychologist has so eloquently put it” “.. all human beings,
without any exception whatever, makeerrorsand ....... such
errorsare acompletely normal and necessary part of human
cognitive function.”
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The interesting aspect of this aproach to safety im-
provement is that it is all “old hat”. This error analysis
technique, originally called the Critical Incident Technique,
was invented by Flanagan in the 1940s for application to
United Statesmilitary aviation® and even then hewasacting
upon a suggestion from Britain in the 19th century®. Asa
technique for safety improvement it works, but it will
depend for its success in the diving upon the voluntary
participation of all recreational divers and instructors.

Aninitial pilot study of such diving incident report-
ing was conducted by us at the recent Annual Scientific
Meeting (ASM) of SPUM Sat ManalslandinFiji. About 50
divers (most with medical qualifications) dived from small
boats, onceor twiceaday, over aperiod of 6 days. Fourteen
of these divers voluntarily reported atotal of 69 incidents.

M ethods

The proposed study was introduced to those attend-
ing the ASM at an informal meeting. Emphasiswas placed
upon the potential value for such reportsto improve diving
safety, with the consegquent benefitsto everybody in diving,
including the reporter him(her)self. Thetotally anonymous
nature of the reporting was also carefully emphasised, and a
prepared statement was circulated. This is reproduced as
Figure 1 below.

As with the introduction of the incident concept in
other such studies6?, it was necessary to present adefinition
of justwhat a“ divingincident” was. Thisdefinitionisgiven
in Figure 2. The intention by the authors to publish the

FIGURE 1
DIVING INCIDENT MONITORING STUDY

This is a prospective, long-term study which asks
recreational scuba diversto record, in an anonymous fash-
ion, untoward incidentsthat occur to them or their compan-
ions, during diving activities. The study is an attempt to
investigate the factorswhich predispose recreational divers
toerr. Itisfocused onthe processof error, regardless of the
final outcome of that error (most incidents cause no harmto
anyone). Thestudy hasnointerestin culpability or criticism
of individual divers. The study is anonymous and totally
impartial, and we invite al scuba divers of all levels of
experience to participate.

Filling out the brief questionnaire may at timesprove
tiresome, but we urge you to do it as soon as practicable
following the dive. If you participate you will assist in
improving the safety of diving for everyone, and you may
well learn something about yourself. Thank you.

This study will form part of, and indeed is an exten-
sion of, the data that already exists in Australia and New
Zedland for the study of diving safety known as “Project
Stickybeak”.
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FIGURE 2
DEFINITION OF A DIVING INCIDENT

1 An error by adiver, or afailure of hisor her equip-
ment to function properly.

2. The error or failure could have led to more serious
consequences, had it not been detected or corrected
intime.

3. It was an error by yourself, or one which you wit-
nessed directly.

4. It occurred during thedive, or associated preparation
and/or exit and recovery time.

5. It was clearly preventable or avoidable.

anonymousresultsof thispilot study, inthe SPUM SJournal,
wasalso declared. Although the study was conducted using
thereporter’ sown words, an existing written incident ques-
tionnaire, already in use by anaesthetists in Australia and
New Zealandb, served asanillustration. Thisquestionnaire
formed the basis for a specific diving incident report form
(Figure 3, pagel7), which we have designed for future
preliminary trial among recreational divers.

The 69 incidents that were reported anonymously in
writing were collected by us over the weeks following the
Manalsland ASM. Thesewere subjected to detailed analy-
sis along the now well established lines developed by the
pre-existing aviation and anaesthesiacritical incident proto-
cols5,6,°%.

Results

Fourteen divers reported 69 incidents. These are
detailed in Figure 4 on pagel7.

Associated Negative Factors®

(i.e. factors considered by some of the respective
reporters as predisposing to the occurrence of their
incident.)

Strong current

Inadequatesafety linefacilities(i.e. absent, too short)

Poor equipment maintenance

Absence of learned or written check protocols (e.g.

gear check list, lost contact drill)

Too much equipment carried during the dive

Lack of familiarity with the dive site by diveleaders

7. Failure by dive leaders to match the dive site to the
experience levels of divers present

8. Concealment by individual divers of inexperience

with conditionsat thedivesite (e.g. ocean swell, boat

diving)

EalE S o

o u
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FIGURE 3

SCUBA DIVING INCIDENT REPORT FORM
(Mark 1)

1 Describe in your own words the incident you wish
to report.
2. Whose incident/error was it?

Y ours? Y our buddy’ s? Someone else’s?

3. When was it detected?

Preparation? Entry? Descent?
During Dive? Ascent? Exit?
Following entry?

4, Who first detected it?

You? Y our buddy? Someone else?
Who? (no names)

5. What action was taken to deal with the problem?
6. Who took this action? (no names)

7. What influence did it have upon:-
a the dive plan?

b your state of mind?

8. Did any harmresult?  Yes No
Specify (optional):

9. What in your opinion was the basic cause of this
incident?

10. What factors do you recognise as contributing to
the occurrence of thisincident?
(e.g. inexperience, unfit, etc.)

11.  How many dives have you performed in your
diving career to date?

12.  Did your diving training:-

a) make you aware of the potential for thisincident to
happen? Yes No

b teach you to deal with it? Yes No

13.  Haveyou asuggestion as to how such an incident

may be prevented from recurring, either in your
hands, or any other diver’s?

14.  Any additional relevant comments?
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FIGURE 4
INCIDENTS REPORTED

DURING PREPARATION 15
Forgotten gear

Unsafe practice

Faulty assembly

Gear breakage

Lost items
Free-flowing regul ator

PFEPNORAD

ENTRY

Air not turned on
Gear misplaced
Gear dislodged

PR WO

DESCENT
Underweighting
Equalisation failure
Snorkel in mouth

N NN

THE DIVE

Equipment misuse/misassembly
Equipment fault

(Maximum Depth Indicator faults = 3)
Lost buddy contact

Lost diver (temporarily)

Out of air

Equipment dropped

Buoyancy control loss

Coral abrasions

Overweighting

Vision intereference (mask)
Unsafe practice (tables)

w
(o3}

H O

NNMNNWWWWAS

ASCENT
No reference point
(boat, Jesus/shot lines unseen)

H DS

EXIT
Dropped Weight
Inadequate buoyancy control 1

=N

TOTAL INCIDENTS 69

Associated Positive Factor s

(i.e. factors considered to contribute to the earlier
detection and correction of some incidents.)

Carrying spare equipment
Carrying emergency safety gear
Carrying written gear check lists
Experience and patience

PODNPRE



SPUMS JOURNAL Vol 19 No 1 January-March 1989
Discussion

ANALYSISOF THE PILOT STUDY RESULTS
Equipment problems predominated inthisrelatively
small series of diving incidents, either absence, misassem-
bly, misuse, failure, or excessive amounts of it. Maximum
depth indicator failures stood out. More emphasis on pre-
dive checking and calibrating of these devices should occur.
Failure to connect the scuba-feed to the buoyancy compen-
sator during preparation was also notable. Thisisan omis-
sion which threatens buoyancy control and the success of
any rescue techniques! Diving is an equipment orientated
sport, and it seems necessary to keep emphasising that good
maintenance and regular familiarisation with one’s own,
and on€e’ s buddy’ s equipment, is fundamental for safe div-

ing.

Buoyancy problemswere prominent, and arealways
athreat todivers safety. Alliedtothis, familiarity with, and
the ability totest for, correct weighting were clearly lacking
among some. Uncontrolled or unplanned aterations in
depth carry most serious potential consequences’.

It is distressing that absence or failure of air supply
also featureinthesereports. Itisclearly not arareeventin
recreational diving, despite the emphasis given in most
reputable training programmes to turning on the cylinder
before entering the water and to checking one’s contents
gauge regularly. Further research into these dangerous
habits among recreational diversiswarranted.

Itisalso embarrassing to report the high incidence of
clearly unsafepracticesamong thisso-called informed group
of recreational divers! Lossof buddy contact, ascent beyond
thereach of the* Jesusline”, perching ontheedgeof thedive
boat at sea with weight belt on, but no buoyancy device,
divingbeyond socalled” no-decompression-limits’, or with-
out a timing device, or when not completely well, are all
invitationstotrouble. A prominent Australian diving medi-
cal physicianwasstartledto seeoneof hisdiveparty happily
self-administering several puffsof salbutamol prior toentry!
Lost contact drill istending to become aforgotten protocol.
All diveleadersmust formally rehearsethisprotocol withall
divers, prior to commencement of divng.

Despite the accepted medical importance of “slow,
careful ascents’ in the prevention of both decompression
sickness and cerebra arterial gas embolism, here we had
somediversascending in open, and sometimesrough water,
without even visual reference! The reporters of such inci-
dents felt that the dive organisation predisposed to thse
eventsby theinadequate provision of shot lines. Onceagain
it is necessary to emphasis that one has to plan the EXIT,
before one BEGINSthedive. Itisnot good enough to start
thinking about the exist after oneisin the water.

Happily, noonewasunderneaththediver whodropped
his weight belt during exit!

The majority of reported incidents in this study
(55%) occurred during the dive. the next most hazardous
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period for incidents was during preparation. Interestingly,
this is similar to incident occurrence patterns in anaesthe-
siab,6.

Onapositivenote, the study al so bearsout theresults
of other such studies of human performance®, by showing
the value of experience, and check lists, for safety.

THE REPORTING OF DIVING INCIDENTS

It is important to appreciate that most diving inci-
dentscauseno actual harmto anyone. They occur repeatedly
because all humans err repeatedly, but most are recognised
and corrected beforethey progressto the accident stage (e.g.
entry with an uninflated BCD, which israpidly inflated by
scuba-feed without fuss, provided the scuba-feed is con-
nected!!). However, thewritten reporting of such incidents
(which have until now been passing unnoticed and “un-
used”) isamost important contribution to the build-up of a
body of datawhich forms a powerful means of developing
corrective strategies® (see below), for the improvement of
diving safety for everyone.

Such incident reporting, being entirely voluntary,
can never reveal the absolute incidence of any error among
divers. Thiswould require that every single incident that
occurs be reported, an unrealistic expectation of human
behaviour! However the data, provided enough divers
participate in returning completed reports (Figure 4), will
tell the relative incidence of errors and incidents. Thiswill
enable the most effort to be logically directed towards the
most common and/or the most potentially dangerous recur-
ring incidents in sport diving practice. The data is also
reasonably objective (Figure 2), and isthus difficult for the
irresponsiblediver, or dive charter operator, or theignorant
bureaucrat, to refute onceit is published.

An important consideration for those considering
participating in such a Diving Incident Monitoring Study
(DIMYS), is the assurance of confidentiality, as well as
anonymity, of thedatasupplied. Thisisensured both by the
totally anonymous design of the questionnaire (Figure 4),
and the built-in security of the central data-collation bank,
which would be aspecially designed computer programme,
operated and accessed by only one or two trustworthy
members of the South Pacific Underwater Medicine Soci-
ety. Theblank forms could be made widely available at all
recreational diving outlets across the two nations. Posting
by divers of their completed questionnaires could be either
directtoacentral SPUM Sdatafacility (hopefully post free),
and/or by handing to the senior, and trusted, dive supervisor
attheend of adivingtrip. Thelatter would then despatchthe
completed forms to the central SPUMS facility. Such a
supervisor would also beavail ablefor advice concerning the
filling in of any such report form.

It is planned that the important feed-back of the
Australasian data, once enough has been collected to make
it meaningful, will occur onaregular, perhapsannual, basis
in the pages of the SPUM S Journal, and will be availableto
the principal sport diver training facilitiesin Australia and
New Zealand.
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Conclusions

Corrective strategies suggested by the anonymous
reporting of diving incidents pilot study conducted at Mana
Island in 1988:-

1 Carry agear check list in your dive bag
2 Ensure regular, at least annual, gear maintenance
3 Practice regularly with one’s own gear in the pool.

Buoyancy control takesin-water practice. Consider

the use of safety straps on extra gear (e.g. camera)
4, Routine with a new buddy:-

4.1  Discuss and agree upon underwater signals

and lost contact drill to be used.

4.2  Inspectandtest your buddy’ sgear, especially

inflation, releases, and safety items.

4.3  “Planyour dive, and dive your plan”.

It isalso suggested that the adoption of an on-going
Diving Incident Monitoring Study (DIMS) may beafruitful
approach to the improvement of the inadequate existing
safety standards among recreational divers.
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DIVEDATA DATABANK
INTERNATIONAL UPDATE

Douglas Walker

The proposal to set up a databank to service reports
concerning al types and severities of diving-related prob-
lems has been raised for discussion in these pages previ-
ously.! There are two major questions which must be an-
swered in connection with any project such asthis. Thefirst
is, is the objective worth achieving? The second is, is the
planpractical ? Thereisclear evidencefor answering“Yes’
to both questions.

Tojustify theneedfor suchaproject requiresnomore
than to refer to the history of diving medicine, which
developed slowly asreports were published about the prob-
lems affecting caisson workers and divers. None of the
problemshad been predicted. Though theinformation came
from caisson workers, divers, employers, engineers and
physicians it was the analysis of the information by physi-
ologists and physicians which pointed out the probable
causes and the necessary actionsto reducerisks. Nowadays
itissodifficult to obtain information concerning military or
commercial diving accidents that it is obvious that self-
regulation by interested partiesdoesnot work for thegeneral
benefit of the diving community. Of course medical opin-
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ions are not always initially correct? but the publishing of
opinions and the free discussion of matters is the method
most likely to reach the truth about any problem. In these
daysof litigationit will beimpossibleto reach thedegreefor
freedom of correspondence enjoyed in the last century by
Paul Bert,® though even he was careful to retain confidenti-
ality where this was appropriate.

Computer programscan store, and alow analysisof,
vast amountsof datafar moresimply than canany cardindex
system. They also allow data to be updated and corrected
with ease. Thanksto the number of persons and hyperbaric
units which now record their information using computers
the sharing of information, and in particular the ease of
accessing material, has improved immensely over recent
years. There are, of course, problemswith accessing com-
puter stored data. The dataisusually only accessibleto the
user of another computer if that computer has exactly the
same program as was used to enter the data. On occasions
alater version of a program will not read what was entered
with theearlier version! Such arethetrials of the user of a
computer. Such problems need not provide a bar to the
efficient working of the Divedata Databank. The simplest
way to make a data bank accessible to all potential usersis
for al usersto have the same program. However the rapid
spread of the Apple Macintosh has meant that there are now
two “industry standard” personal computers which until
recently were unable to communicate except by laboriously
entering the contents of a printout from one system into the
other. It is now possible to transfer information between
IBM compatible computers and Macintosh computers, but
at aprice. Additional processing units have to be used to
transform the origina data into ASCII format which can
then be read by the other computer’s programs. If only a
limited number of data storage programs is used by corre-
spondents who choose not to interact on paper documents
the problems can be contained. 1t ismuch cheaper to post a
few floppy discsthan abulky package of documents. Safe-
guarding confidentiality isno problem ascritically identify-
ing particulars can be omitted from the exchanged data.

A divedata databank is now close to becoming a
reality. Theintention isto obtain reports from aswide and
diverse a range of sources as possible. This will both
increase the chances of becoming aware of rarely occurring
events and make the creation of anonymity concerning the
incidents easier to obtain and maintain.

That the time has arrived for a scheme to exchange
information is shown by the willingness of other workers,
who already collect dataon diving problemsand hyperbaric
treatments, tojoin. TheNational Safety Council of Australia
(Victorian Division) has offered the facilities of its main-
frame computer to store the information. The data will be
available to anyone who has a research need for it. Asthe
data has been supplied through thefilter of amedical person
it will befreefrom confidential identifying details. Itisthe
possibly unique feature of this project that it will be in
medical hands, quite independent of government, diver
organisations or diver employers. It will be open to al to
supply confidential information, with no risk of it being
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traced back to source and used in legal action against them.
The objective isto be non-judgemental and non-punitive.

Theinitial management of all reportswill beentirely
under medical control in order to maintain, at all times, the
anonymity of all thoseinvolvedintheincidentsreported and
to make the promise credible. A similar proposal for a
medical filter has been made by Acott, Sutherland and
Williamson* in their paper recording non-fatal diving inci-
dents during the SPUM S meeting at Mana Island in 1988.
Information, after theremoval of identifying details, will be
storedintwoformats, ascoded datausing an agreed datakey
and as a descriptive summary. This method of double
recording has been thoroughly tested and found to be highly
effective during the management of data on fatalities in
Australiaand New Zealand (Project Stickybeak).

It is proposed to have separate datafiles for specific
areas of study, such as input from hyperbaric units, ENT
surgeons, diving medical technicians etc., in addition to a
general file for all dive related problems. Should some
problem requires special study, such as equipment prob-
lems, it will be easy to identify such casesfrom the general
file and write them into a specia interest file. Expressions
of interest in becoming involved in the project have been
received fromthe USA (Divers Alert Network (DAN) and
the Cave Diving Association) and the UK. Australian and
New Zealand hyperbaric units are involved in this project
aready, as are some ENT surgeonsin New Zealand.

Only if there is an input of reports concerning the
multitude of minor problems experienced by divers, which
are generally adequately managed so that they never prog-
ress to the stage of causing a major problem, will the full
potential benefitsbeachieved. Theaimisto createascheme
which will not only monitor diving problems and so lead to
the early recognition of danger areas before a serious inci-
dent occursbut will also provideadatabasefor theretrospec-
tiveinvestigation of problemsnot at present under investiga-
tion. Merely to investigate diving fatalities and serious
decompression sickness, while useful, is to omit to learn
from the far more common lesser problems.

It is requested that anyone with suggestionsto offer
or information to submit will accept thisinvitation to con-
tribute to the project. The Divedata Databank project is
dedicated toimproving both safety and knowledge concern-
ing diving and hyperbaric matters and is not restricted to a
self selected group of doctorsor divers. Everyoneisinvited
to become involved. Safety, like liberty, demands eternal
vigilance.
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AUSTRALIAN DIVING DEATH RATES
COMPARISONSWITH USA AND JAPAN

Raobert Monaghan

Isthe diving death rate in Australiareally ten times
higher thaninthe US? A recent PADI Australiapublication
titled “ Diving Accident Management In Australid’ suggests
that the answer is yes. My models, republished in the
“SPUMS Journal” ! suggests otherwise.

Table one shows PADI Australia’s reported statis-
tics®. By comparison, my article calculated 16.7 diving
deaths per 100,000 divers was a minimal estimate for the
death rate among US divers. |f the NUADC estimate is
correct, then thediving death ratereported by PADI Austra-
liaisreally tentimesthat of theUS! If my modelsarecorrect,
then the Australian diving death rateisroughly comparable
to the USfigures.

We should start by converting the PADI Austraia
reported death rate, which is expressed as 2.4 deaths per
10,000 PADI Australiacertifications, into adirectly compa-
rable death rate per 100,000 divers. Clearly, there are more
certificationsthan there are divers, since onediver can hold
several PADI certifications. | have held over 30 leadership
level PADI ratings and certifications myself! “Skin Diver”
magazine reported that out of circa250,000 PADI certifica-
tions, some 50,000+ or 20% were issued at advanced diver
and leadership levels. This statistic implies that 100,000
PADI certifications represents 80% entry level divers and
20% upper level diver ratings. In other words, we expect
100,000 PADI Australia certifications to represent 80,000
diverswho also hold 20,000 upper level diver certifications.
A death rate of 24 deaths per 100,000 PADI Austraia
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TABLE ONE
DIVING DEATH RATES

USA
PADI Australiausesan NUADC estimate of 2.6-2.8
diving deaths per 100,000 “active” divers.

AUSTRALIA
PADI Australiareports 2.4 deaths per 10,000 PADI
Australiacertifications, which equalsarate of 24 deaths per
100,000 PADI Australia certifications.

JAPAN
PADI Australiareports 20 diving deaths per 100,000
“active’ Japanese divers.

Source:  PADI Australia s Diving Accident Management
in Australia pp. 53, 76, 99.

certifications therefore represents 24 deaths per 80,000
divers. Thisrateismathematically equivalent to 30 Austra-
liandiving deathsper 100,000 diversbased on PADI Austra-
lia'sfigures.

| believe this figure can be applied to the overall
Australian situation simply because PADI Australia domi-
nates 65% of the Australian diving instruction market®.
Further, we can cal culate the number of deathsamong PADI
Australiacertified divers. Weknow therate (2.4 deaths per
10,000 PADI Australia certifications) and the number of
certifications (33,000 certifications annually)®. We can
easily calculatethat roughly 8 diving deathsoccurred among
PADI Australiacertified divers. Asexpected, thisrepresents
the magjor fraction of the reported Australian diving deaths.

Doesit make sensethat PADI Australiashould have
atenfold greater rate of diving deathsthanthe US? | believe
this conclusion is absurd. After al, we use similar or
identical equipment and techniques. The same PADI pro-
gram dominates both markets, representing at least 72%in
the US* and 65% in Australia. Finaly, the sameinstructor
training and store programs, using the same materials and
philosophies, are employed in both countries. Why then
should there be such ahuge differencein diving death rates
between Australia and the US?

My modelssuggest that itisnot that Australian death
ratesaretoo high, but rather that the claimed US death rates
are much too low. Naturally, this has raised a storm of
controversy in the US, particularly amongst those who
prefer toremain compl acent about diving safety based onthe
low claimed death rates. My cal culationssuggest thereisno
roomfor complacency andinstead | makeacall for actionon
improving diving safety now.

My articlefound that the National Underwater Acci-
dent Data Center (NUADC) figures utilized an excessive
number of “active” divers. | argued that there were fewer
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divers, makingfewer dives, but at morerisk thantheNUADC
rosy safety statisticswould suggest. Sincethe publication of
that analysis, “Underwater USA” has quoted new NUADC
figureswhich greatly reducetheir “active” diver population
estimates, e.g. by over amillion divers. Even PADI’sown
US diver estimates are substantially less than the NUADC
figures. A recent Diagnostic Research Inc. (DRI) survey
commissioned by the Diving Equipment Manufacturer’s
Association(DEMA) reportedonly 2millionUSdivers. My
model estimates were for experienced diversonly. What if
oneaddsinresort coursedivers(400,000+ per NUADC) and
student divers (500,000+) to my updated model estimates
for experienceddivers? Y ouget afigurewhichisclosetothe
survey results for al divers reported by DRI/DEMA. |
would therefore argue that the inflated “ active” diver popu-
lation figures of NUADC should berejected. Similarly, we
have to abandon all those rosy US diving safety statistics
based on NUADC figures.

Isthe death rate among Japanese diversreally lower
thanthedeathrateamong Australiandivers? | think not. The
Japanese diving deaths are reported by an official govern-
ment agency. However, PADI Australia has estimated an
“active” diver population among Japanese diversby using a
process similar to that employed by NUSADC. The result
has been similar, namely, an inflation in the number of
“active” Japanesedivers. Thisleadsto asubstantial under-
estimate of the true Japanese diving death rate, just as
happened with the NUADC figures. Asfurther evidence, |
point to the precipitous drop in Japanese diving death rates
fromover 50tojust 20 per 100,000 diversinjust afew years.
| doubt such alarge drop could occur so rapidly among so
many divers. Using a more reasonable dropout rate esti-
mate, my model ssuggest thetrue Japanese diving death rate
is substantially above that calculated for Australia here.

| must admit | was very glad to see these Australian
diving statistics because of the support they lend to my
modelsand estimates. My modelsestimated aminimum US
diving death rate of 16.7 diving deaths per 100,000 divers.
But | believe the true rate is considerably higher than this
minimum figure. | further feel that the US and Australian
diving death rates are roughly comparable, although | be-
lieve that both the Australian and especially the Japanese
divingdeathratearestill higher thanthe USfiguresbased on
my models.

If PADI US wishes to continue to claim such alow
death rate among US divers, then they need to explain the
tenfold higher death rates among PADI Australia certified
divers, and do something about it! PADI Japan, which
dominates the Japanese market and is the world's fifth
largest training agency, also has some work ahead of it. |
presume both entities would prefer to abandon the low US
death rates and accept my models and conclusions as re-
ported here. | think itispast timethat the USdiving industry
accepted the conclusion that diving is not as safe as the
NUADC figures would suggest. My models and estimates
suggest that diving isnot getting any safer, either. | believe
there is plenty of room for improvement in how we teach
divingandinhowwedive. That’ smy primary messagehere.

25

| am understandably envious of my Australian col-
leagues, with your co-ordinated chamber and rescue opera-
tions and your independent diving statistics collection ef-
forts, particularly Project Stickybeak. | am hopeful that the
USdiving community will seefit to follow your example. |
have called for an independent US entity to collect not just
diving mortality databut alsodivinginjury dataaswell. My
viewpoint is that such an entity will need to be financially
independent of interested parties in the diving industry,
including diving equipment manufacturers, trade associa-
tions, and diver training agencies. | agree with your ideas
that such amorbidity and mortality database will enable us
toimprovediving safety. Usingit, we can determinewhere
and how we can make effective safety improvements in
diver training and diving operations. Thankstoyour efforts,
Australia enjoys what is undoubtedly the world’ s best pro-
graminthisregard. Y our efforts provide compelling proof
that such a program is both possible and very worthwhile.
Keep up the good work!
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THE EQUIVOCAL BEND, SHOULD WE TREAT
WITH HYPERBARIC OXYGEN?

David Smart
SUMMARY

Threecasehistoriesof diverspresentingto the Royal
Hobart Hospital (RHH) with minor symptoms and signs
after diving have been retrospectively examined to assess
the effect that treatment with hyperbaric oxygen (HBO) had
on their condition. Hyperbaric oxygen produced complete
amelioration of almost all symptoms in each of the three
cases. The problems in interpreting the data relating to
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equivocal decompression sickness (DCS) were examined.
A thoroughneurol ogical and psychometricassessment should
be performed in all cases to detect possible neurological
involvement which occurs in a significant proportion of
these minor syndromes. Treatment of less serious decom-
pression sickness with hyperbaric oxgyen isjustified.

Introduction

Much has been written about decompression sick-
ness (DCS) since the link between gas bubbles in the body
and the clinical syndrome was first described by Paul Bert
last centuryl. In recent years greater emphasis has been
placed on the more serious syndromes which present to the
diving physician. Theefficacy of hyperbaric oxygen (HBO)
in these situations is well established.

L ess has been written about the patient who presents
with more diffuse symptoms after diving, not classically
identifiable as DCS. Many of these symptoms are without
signs and could represent a multitude of ills, the only
common factor in their aetoiology being that the patient has
recently dived and claims that the symptoms were not
present before diving, or that diving made the symptoms
worse.

Should all patients with suspected DCS be treated
aggressively with hyperbaric oxygen? Traditionaly only
those with definite DCS (e.g. localised pain or neurological
bends) have been treated with HBO.

In this study the case histories of three patients with
atypical symptoms after diving were examined retrospec-
tively to assess the effects that HBO treatment had on their
condition. The patients were selected from 27 total divers
treated at the Royal Hobart Hospital Hyperbaric Unit since
August 1984. These cases are representative of six divers
presenting with similar syndromes during the same period.

Casereports
Casel

A 30 year old male abalone diver with 4 years
experience as a professional diver and a past history of an
arthroscopy of his right knee for a meniscal lesion. No
surgery was performed during the arthoscropy. Healso had
similar problems with his left knee but no orthopaedic
intervention.

Threedaysbeforepresentation hedivedfor six hours
t0 18-24 m of seawater (msw) then “decompressed” for one
hour on the anchor line at 3.5-4.5 msw. After leaving the
water at 4 p.m. and feeling slightly lethargic he cleaned his
gear and went home. At 12 midnight (8 hours post dive) he
noticed the onset of painin hisleft calf, |eft kneeand general
fatigue with headache. His symptoms worsened over one
hour then gradually improved. He was amost pain free
when he saw hislocal doctor thefollowingday. Hehad full
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range of movement both knees with neurological examina-
tionnormal. Detailed sensation testing was not performed.
Hewas prescribed oral fluidsand 12 hours of 100% oxygen.
By day three all of his pain had resolved except for a dull
achein hisleft knee exacerbated by movement. Hestill felt
generally lethargic and his headache had not improved.

He was transferred to the Royal Hobart Hospital 82
hours post dive still complaining of a dull ache in his ledt
knee despite full range of movement. Neurological exami-
nation was normal. He was recompressed using USN table
5, 84 hours after initial symptoms began. At 18 msw the
patient was symptom free and remained sofor theremainder
of thetreatment. After decompression aslight ache (lessin
intensity than before HBO treatment) had returned in hisleft
knee. Hisconstitutional symptoms had disappeared. After
further 100% oxygen at oneatmosphereabsol utehereturned
home much improved. By one week he was symptom free.

Case?2

A 36 year old abalone diver had an influenza-like
illnesswith cough, coryza, myalgiaand vaguefleeting poly-
arthralgia for a number of weeks. His general practitioner
treated the productive cough with antibioticsand terbutaline
with no response. Theworst affected jointswere hisknees,
elbows and shoulders.

He had dived six and five days prior to presentation
for 8 hours each day to approximately 9 msw, however he
did not use adepth guage. Hedid not decompress. The day
after thesedivesthe painsin hisknees, elbowsand shoul ders
became more severe. He presented 110 hours after his last
dive because the pains had not improved. Examination
revealed a neurologically norma man with full range of
movement and power in al joints which had pain, the
elbows, knees and shoulders.

Hewas recompressed using USN table 6 and during
the second oxygen period at 18 msw noted that all symptoms
had goneapart fromslight | eft el bow and shoulder pain. This
pain persisted when he was decompressed to the surface.
After overnight oxygen, symptomswerestill present andthe
patient was further recompressed for 60 minutes at 18 msw
breathing 100% oxygen, with resolution of his symptoms.
However, on decompression he complained of painin his
right knee. Thishad gone after further 100% oxygen at one
atmosphere absolutefor 12 hoursbut hehad morepaininhis
elbows and upper arms.

Investigations performed were as follows:

FBC. Hb15.1. WCC 6.8, normal differential.
Plateletsnormal. ESR 1.

CT scan Brain norma
ASOT - Negative

Antinuclear antibodies positive 1:20 litre (non spe-
cific equivocal result).
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After afurther 24 hours, the patient was discharged
homewith fleeting minor symptoms, far lessthan at presen-
tation and free of systemic symptoms. Subjectively he felt
better. At follow up at one month he was asymptomatic.

Case 3

A newly qualified 21 year old female scuba diver
with two months' experience had recently recovered from a
viral illness. She had completed 12 open water dives since
starting her course and thetwo days prior to her presentation
dived the following profiles:

Day 1 15 msw for 60 minutes exit 1730

Day 2 15 msw for 60 minutes exit 1130
20 msw for 30 minutes entrance 1500

She had arapid ascent at the end of this dive due to
buoyancy control problems.

No decompression stop was performed after the
second dive. No symptomswerenoticed after thefinal dive.
Three hours afterwards, whilst travelling home over hills at
an atitude of 300 metres, she noticed the onset of headache,
nausea, vomiting and vertigo.

These symptoms continued overnight with further
vomiting. She presented 18 hours after her last dive with
general fatigue, headache, myalgic painsin her neck, back
and knees, and vertigo.

She was febrile (38.1 °C). There was no skin rash.
Cardiovascular system, respiratory and gastro intestinal
tract examinationswere normal, aswasneurol ogical exami-
nation apart from falling to the left on sharpened Romberg
test (standing with thefeet one behind the other, armsfolded
andwitheyesclosed). Therewasno nystagmusand detailed
sensation testing was normal.

Treatment consisted of recompression using USN
table 6. This resulted in a marked improvement in her
headache and lethargy. Her nausea still remained. After a
night on 100% oxygen she was symptom free and her
sharpened Romberg test was normal. Her fever had also
gone. Electronystagmogram just prior to discharge was
normal.

Discussion
The above cases illustrate some of the problems

encountered by the diving physician when assessing divers
who present with atypical symptoms after diving.

Common to the cases were:
1 Delayed onset in symptoms up to 8 hours post dive.
2. Minor non-specific symptoms.

3. Intercurrent illnessor pre-existing complaintswhich
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clouded the presenting picture.

4. Delaysin treatment of up to 110 hours.

5. All responded to HBO therapy with a significant
reduction in constitutional symptoms.

It may be easy in retrospect to attribute all of the
symptoms described in the case studies above to DCS,
however the diagnosis was by no means clear at presenta-
tion. Attitudesof diverstowardsDCSplay aroleinclouding
the picture at presentation and result in delays in seeking
treatment. Thereisatendency to rationalise symptomsand
attribute them to a recent event or illness (e.g. a hangover,
diver fatigure, or influenza). There is also a rea fear
amongst divers that to get bent will result in them being
prevented from diving again or is a reflection of their
inadequacy as a diver. Fear of losing their livelihood is
understandable with professional divers, but should not be
the case with sport divers. Injuriesin other sports are only
regarded asatemporary setback intheir training and playing
schedule, and perhaps DCSin diversshould beregarded the
same way.

These fears combined with the minor nature of the
symptoms described in the case histories above probably
accounted for the delay in seeking medical advice. It was
only the persistent nature of the symptoms that led to the
divers seeking medical advice.

The pattern of DCS resembling a vira illness with
lethargy, nausea, light headedness and malaise has been
described before alone or in association with more serious
DCS2,% In particular, headache is now recognised a very
common finding in diverswith DCS and occurred in 19 out
of 27 diverstreated at RHH since 1984. Fever hasalso been
described?. In case 3, this fever apparently responded to
HBO treatment.

Case 1 demonstrates the recurrence of symptomsin
an old injury following diving, which was an isolated event
on this occasion. Exacerbation of pain in a pre-existing
injury after diving has been documented in the literature,
possibly dueto local changesin tissue perfusion and vascu-
larity?.

The patient in case 2 had significant symptomsfor a
number of weeksprior todiving. If these symptomshad not
been documented prior to his dives there would be no
hesitation in attributing the post-dive picture to DCS. In
retrospect hisearlier symptomsmay well havebeen paindue
toDCS. Heresponded to treatment with HBO but each time
he returned to the surface symptoms recurred in different
parts of the body. Due to the systemic nature of DCS, the
pains can be migratory.

Case 3 demonstrated a similar systemic pattern of
illness to case 2 with two important differences. Firstly,
there was the description of vertigo, dizziness and vomiting
and dlightly abnormal findings on neurological examina
tion. Secondly, the patient developed her symptoms on
ascent to altitude with its concomitant changes in ambient
pressure. The resultant effects on bubble formation within
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the body are well known. Many cases of DCS precipitated
by flying in aircraft after diving have been documented.
Two patientstreated for DCSintheunit at the Royal Hobart
Hospital and discharged symptom free actually relapsed on
ascent to 200 metres when travelling home and required
further recompression.

In all cases above, trestment with HBO resulted in
clinical improvement or complete abolition of symptoms.
This provides further strong evidence that the symptoms
wereduetomild DCS. Themilder DCSsyndromecorrelates
with later onset of the symptoms. The earlier the onset of
symptoms after diving, the more severe is the clinical
picture2,6.

SHOULD THESE PATIENTS RECEIVE HBO ?

If it is assumed that symptoms result from bubble
formation, then treatment can be justified to reduce bubble
Size, toincreasethe pressure gradient pushing nitrogen back
into solution from the gas phase, and to reduce distal tissue
hypoxia. Venous gas emboli have been demonstrated by
doppl er techniquesinamajority of patientsbeing exposedto
shallow air saturation at 7.7 msw and 8.9 msw for extended
periods of time7. The duration that bubbleswere present in
veins correlated with symptoms.  Symptoms noticed by
these patients included fatigue, limb and joint pain, head-
ache, myalgias and pruritis. Except for pruritis, these
symptoms occurred in the divers described in this paper.
Hencetreatment with HBO to reducethebubbleload may be
justified even in minor cases of DCS. It resultsinimprove-
ment in up to 95% of cases®. In many studies less severe
cases of DCS have been found with more detailed assess-
ment to have neurological involvement®. This provides
additional weight in favour of treatment of themore* minor’
syndromes.

SHOULD LESS SEVERE CASES OF DCSWITH
DELAYED PRESENTATION BE TREATED ?

The cases presented here had delays of up to 110
hours before treatment was initiated. Some authors regard
thepotential seriousnessof DCStobeso significant that they
advocated treating even factitious casesuntil full particulars
wereobtained. Thereisconsiderableevidenceinfavour of
the efficacy of delayed treatment of DCS with hyperbaric
oxygen in all degrees of severity?451112131415  The persis-
tence of symptoms is thought to result from continued
presence of gas bubbles in the tissues, and activation of
haemostatic mechanisms's2¢.

There are many difficultiesin interpreting datafrom
retrospective case analyses when patients are treated with
HBO.

Firstly, the placebo effect of HBO isnot known. No
data exists on the effect of HBO on symptoms described
above in patients who have not dived. It is not possible to
generate a control treatment when constructing a clinical
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trial because the pressure effects of hyperbaric therapy are
difficult to mimic. In generating a controlled study, the
ethical problems of not treating patients with DCS are also
encountered. Nondiving controlsin such atrial would be at
greater risk of barotraumaif subjected to HBO.

A high percentage of divers with cutaneous and
musculoskeletal DCS have been shown to have detectable
deficits when given more thorough neurological, EEG and
psychometrictesting®. A recent report fromthe Royal Navy
demonstrated frequent frontal lobe perfusion defects in
patients with DCSY. Considering this evidence and data
presented in Eckenhoff’ sstudy?, it isapparent that thisform
of DCSisnot asbenign aswaspreviously thought. A strong
argument can be madein favour of HBO treatment of divers
with more minor DCS syndromes. More detailed assess-
ment including psychometric testing and single photon
emission computerised tomography (SPECT) scanning (if
available) should occur at presentation. The natural history
of DCS is for gradual remission, however the long term
effects of not treating minor cases are not known.

Conclusions

Presented here are three case histories of diverswho
devel oped minor or non-specific symptomsafter diving and
whichinitially caused somedifficulty indiagnosis. All were
treated with hyperbaric oxygen and all responded to treat-
ment. It is likely, in retrospect, that each had symptoms
which could be attributed to DCS. In view of the relative
safety of treatment, and the fact that HBO acts partially to
correct the underlying initial pathological event, treatment
withHBOisjustifiedin“ equivocal” casesof DCSeven after
delayed presentation. Further studies combined with psy-
chometrictesting, el ectroencephal ography and SPECT scan-
ning are needed to ascertain the natural history of the
syndrome of myalgias, fatigue, headache and non-specific
symptoms, with and without HBO treatment.
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MINUTESOF THE MEETING OF THE
EXECUTIVE COMMITTEE OF SPUMS
HELD AT MANA ISLAND
ON 11TH JUNE 1988

PRESENT

Drs A.Slark, C.Acott, G.Barry, J.Knight,
A.Sutherland (NZ Representative), and (by invitation)
J.Williamson .

APOLOGIES:
Drs D.Davies, C.Lourey, P.McCartney, and
D.Walker.

1 The meeting of the Executive Committee was
declared open at 1200 hours.

2. MINUTES OF THE LAST MEETING:

The minutes were read and are to be amended to
include discussion of the articlein “Chest”.

3. MATTERS ARISING:

3.1 The President will write to the various registration
bodiesin Australiaand New Zealand informing
them of the existence of the Diploma but specifi-
cally pointing out that SPUMS is not seeking
registration of the Diploma.

3.2The next AGM will be held in Vilaas previously
decided in Adelaide. It should be timed to finish
prior to the 5th of June, 1989 so that members can
also attend the Undersea and Hyperbaric Medical
Society (UHMS) meeting in Honolulu from the 7th
to the 11th of June, 1989. It is hoped that UHMS
members will attend the SPUM S meeting. Insur-
ance arrangements should be made such that a
refund would be available if the meeting should be
cancelled for any reason.

4. NEW BUSINESS.

4.1 Dr Williamson raised the matter of insurance to
cover sickness, diving accidents and retrieval.
Allways Travel had informed him that there was a
Group Insurance Policy with GRE Insurance,
however, GRE (Brisbane) could not confirm the
existence of this policy. The policy issued by GRE
to Dr Williamson did cover the costs of retrieval
but the company was surprised at the suggested
costs that would be involved. Dr Acott will
investigate further.

4.2 Dr Peter McCartney is holding a seminar in Hobart
in early November. Several Executive members
will be giving papers. It is suggested that the next
Executive meeting is held at that time.

5. The meeting closed at 13.15 hours.
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LETTERSTO THE EDITOR
DIVING DEATH RATES

P.O.Box 2182

Southern Methodist University
Dallas, Texas 75275

U.SA.

December 21, 1988
Dear Sir,

| enjoyed reading the issue of SPUMS Journal you
sent me, especially asit containedmy reprinted article. 1 al'so
enjoyed both your editorial and Mr Horne's cover issue
cartoon !

| thought you might be interested in the enclosed
draft asapossiblefollow-up article. 1 think thelatest PADI
Australia publication statistics are very interesting when
compared with the USA and Japanese experience. Natu-
rally, | wasgratified to seetherelatively close convergence
between my modelsand the reported statisticsfrom Austra-
lia

| hopethisarticlewill proveuseful toyour readersby
placing the Australian diving death rate figures into a con-
text, e.g. between those of the US and Japan. | also believe
that this article will show how the Australian data can be
used to decide between my models and those of NUADC,
that is, to help resolve the controversy over diving safety
statistics.

Finally, | believethat thecall for greater diving saf ety
precautionscan now berelated toamorerealistic view of the
actual risksassociated with sport diving. | feel fully justified
inmy callsfor greater diving safety. Totheextent that these
articlescall for more careful training and diving operations,
| think wewill havefurther served the causeof diving safety.

Thank you again for your interest in my articlesand
your on-going support for safer diving!

Robert Monaghan

COST OF AMATEUR DIVING MEDICALS

Diving Medical Centre,
66 Pacific Highway,

St. Leonards,

New South Wales 2065.

Dear Sir,

| keep getting requestsfromvariousdoctorsto advise
on the proposed cost of an Amateur Diving Medical exami-
nation. It seems as if there is no rea problem with the
professionals, as most doctors do not do them.
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| would think that any “recommended fee” should
comefrom areputablebody, not mine. How about SPUMS?

With this in mind | would request that the topic be
discussed at the next annual general meeting and arealistic
fee be proposed and promoted in the SPUMS Journal.

My own personal viewpoint is that | have tried to
keep the cost of an amateur diving medical (but including
both lung function tests and pure tone audiometry) to main-
tain parity with that of an insurance medical examination. |
do not wish to imply equality as regards the skill and
knowledge needed.

The extra expertise and increased skill needed for a
diving medical examination, compared to an insurance
medical examination, are donated by diving physicians to
thediving public. Inreturn, the reputablediving instructors
tend to advise their students to consult physicians who are
knowledgeable in thisfield.

Currently the pricefor aninsurance medical reportis
$ 55.00, but the relationship could be reconsidered at each
annual meeting of SPUMS.

The recommendation of a price for professional
diving medicals will be much more difficult, as various
professional diving groups do have different requirements.

Thanking you for your consideration of thisrequest.

Carl Edmonds
Director
Diving Medical Centre

AID TO THE REPUBLIC OF MALDIVES

“Wynlorel”
145 Wattletree Road
Malvern, 3144.

15th November, 1988
Dear Sir,

The SPUM SAnnual General Meetingwasat Bandos
in the Republic of Maldivesin 1985. At that timel had an
opportunity, with the help of the Health Department in that
Republic, to be conducted over the hospital at Male, and
discussed help in avery general way.

Over the last three years we in Australia have been
able to assist the people in Male with medical and surgical
supplies which they sorely need and greatly appreciated.

Theresponsesto my request have been most satisfy-
ing but now their needsare presumably far greater, duetothe
unrest and attempt to destabilize the country.
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There are many surgical supplies and medications
which we discard each day, such as antibiotics which are
marked witha“useby” date prematurely, and thesearevery
valuable extras to supplement the scanty regular supplies
obtained from Sri Lanka.

Currentjournalsmay alsobeof valuebut | believewe
have saturated their library requirements at the present.

Any contributions of drugs, dressings, and small
operating theatre equipment and instrumentscan bedirected
to:- “Wynlorel”.

Suite 3, 145 Wattletree Road,
Malvern,

Victoria 3144.

Phone No.: (03) 500-0879.

Thank you in anticipation.

Douglas M .Druitt.

THE NEW PADI TABLES

Professional Association of Diving Instructors (PADI),
1251 East Dyer Road, #100, Santa Ana,

Cadlifornia 92705-5605

USA

December 6, 1988
Dear Sir,

Earlier this year Dr David Davies contacted PADI
International on behalf of SPUMS regarding the Recrea-
tional Dive Planner. | feel that it would be of interest to the
readership of SPUM S to benefit from Dr. Davies|etter and
PADI's official response. | have enclosed copies of these
two letters for publication in the next available SPUMS
Journal. Would you please consider reprinting themin this
regard?

In addition to this, PADI in conjunction with the
Diver Alert Network has commissioned a new test series
comprising of several weeksof trial sof four divesper day for
six consecutivedays. Theresearcher isDr. Michael Powell
of The Institute of Applied Medicine and Physiology in
Seattle, Washington, USA. Atthiswriting over two hundred
man dives have been conducted in this continuing study.
Additionally, weare exploring the expansion of the planned
number of trials because of extremely generous offersfrom
two Australian Hyperbaric Medicine Units, those at the
Royal Adelaide Hospital and Sydney's Prince Henry Hospi-
tal

Drew Richardson

Director,

Training and Education

We publish below the two | etters mentioned above.
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South Pacific Underwater Medicine Society,
Suite 6, Killowen House, St. Anne's Hospital,
Ellesmere Road, Mount. Lawley,

Western Australia 6050.

15th April, 1988

Mr Drew Richardson,

PADI Training Manager,
P.O. Box 15550, Santa Ana,
Cdlifornia 92705,

USA.

Dear Mr Richardson,

This Society isgrateful for the opportunity to exam-
ine the document “Recreationa Dive Planning, the Next
Generation” and we congratul ate the Professional Associa-
tion of Diving Instructors (PADI) on itswork in attempting
to introduce new tables for recreational divers.

| asked two independent experts to examine the
document and make their comments so that an unbiased
assessment could be made.  Unfortunately, both experts
were scathing in their comments. These comments centred
on the few numbersin each trial and the fact that the divers
were not titrated to a bends point. There were not enough
dives done on each profile to form a sample of sufficient
statistical weight.

If a bends trigger point is not reached then the
assumptionisthat thediver isbubble-free. Thisassumption
isobvioudly incorrect sinceinthetrialsmany asymptomatic
decompressions produce bubbles detectable by Doppler. In
addition it must be remembered that the Doppler only
detects moving bubbles, not stationary ones.

Both expertsagreed that thestudy wasdeficientinits
theory, designand conduct and was spoiled evenmoreby the
frequent grammatical and typographical errors and the fre-
guent use of confusing jargon.

One of the positive aspects of the manuscript is that
it encourages continuous rather than stage decompression
which certainly appears to be alogica approach to recrea-
tional dive planning.

ThisSociety isconcerned that, if theserecommenda-
tionsare published by PADI then PADI will beleavingitsel f
open to possible litigation should a diver injure himself
when following the tables recommended here.

SPUMS congratulates PADI on its endeavour to
introduce new diving schedules for recreational divers but
suggeststhat thisdocument beused asthefirst draft of apilot
study and alarger statistically significant population of dive
profilesbeconducted beforeany deductionsand recommen-
dations be made.

David E. Davies
Secretary SPUMS.
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PADI

1243 East Warner Avenue
Post Office Box 15550
Santa Ana, California 92705
USA

May 27, 1988

Dr. David E. Davis,
Secterary, SPUMS.

Dear Dr. Davies:

Thank you for your letter regarding the Recreational
Dive Planner dated April 15, 1988. | want to take the
opportunity to respond to your letter and to provide addi-
tional information for your consideration.

There appear to be misperceptions formed on this
project. Thegoal wassimply to test some scheduleswhich,
if the testing was successful, could be utilized to develop
recreational diving tables.

To begin with, the document entitled, “ Recreational
Dive Planning; The Next Generation”, is not the archival
pieceof science. It doesnot containall of theanalysiswhich
will be published in the final scientific document. It was
intended for distribution to interested laypersons and scien-
tistsalike. PADI’ sinterest in sponsoring this study can be
found in the first two sections of its three-part format:
Executive summary, history and development, and scien-
tificdata. Because of thisformat, confusion and mispercep-
tions may have occurred. An individual looking for the
scientific aspectscould bedistracted by thefirst two sections
in the document; which may be the case in this situation.

When the final report of this first test phase is
completed, | will seetoit that oneissent to you. Until that
time, | would respectfully request that you consider the
following before forming a final conclusion on behalf of
SPUMS.

It iswell recognized that Australia has some of the
world’s foremost authorities in the sciences surrounding
decompression. From your comments, it is clear that your
consultants had some reservations concerning the “theory,
design and conduct” of the study. We must take exception
to this as, within the constraints of time and money, it
accomplished its goal.

The concerns of PADI dealt little with decompres-
siontheory and weremolded moreby thelegal climateinthe
United States. Indeed at timestherewere concernsvoiced if
astudy even as benign asthis one could be conducted inthe
US because of potential litigation. However, it must be
noted that the study followed accepted standards of practice
in the United States at this juncture in time.

| wishto emphasizethat the study wasadevel opment
project, not research into the limits of decompression. The
parameters of the US Navy tables were taken for the basis
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set. These were revised to make them more conservative
using Spencer’ s published study asthe starting point. Titra-
tionsto bends/no bends points were not performed aslimits
were not being studied. It was the goa of the study to
perform tests of the selected dive profileswith a population
of recreational diversboth men and women, intheagerange
of sport divers. The primary reasons concerned the US
federal regulations, and the litigious atmosphere which
currently pervades the United States.

Doppler devices were employed because they (1)
allow some degree of assessment of gas phase formationin
theabsence of overt decompression sickness, (2) they canbe
employed retrospectively to make a rough guess of the
praobability of decompression sickness and, (3) they are
invaluablein seeking approval by human subjects’ commit-
tees because there is a means of determining schedule
validity without injuring a subject. These reasons are of
limited scientificmerit, but arevery valuableinalegal sense.

We concur with your observation that Doppler de-
vicesonly detect moving bubblesand not actually thetissue
gas phase which is stationary. Table testing with Doppler
devices is of value when the dives are of relatively short
duration as in this study. This methodology has also been
employedin Canadaby DCIEM (Defenceand Civil Institute
of Environmental Medicine)in its table development pro-
gram.

It is important to note that both acceptable bubble
grades, and the absence of bends were used as the test
criterion. No assumptions were made that the divers were
freeof atissuegasphase. Thedatacollected wereindicative
of these facts. Any statements concerning “minimal gas
phaseformation and no silent bubblecarryover” arealiberal
interpretation of the methodology.

It has been shown that if bubble formation can be
minimised or avoided, the risk of decompression sickness
will below. That is phenomenologically the most that one
can make of Doppler ultrasound. A check of Dr. Powell’s
publications in hyperbaric physiology and his chapter in
Bennett and Elliott (3rd edition) will convince one that he
indeed knows the limits of Doppler bubble detection.

Although Doppler measurements are useful, the pri-
mary indicationisstill abiological oneof bendsor no bends.
This study did not have any cases of decompression sick-
ness. Additionally, as the report shows, bubbles were
detectedin but afew divers. Depending uponthetheoretical
perspective, much or little can be made of this observation.
In projectssuch asthis, Doppler ultrasound devices serve as
much, if not more, for their legal benefit as they do for the
scientificinformationthey yield. Thegoa wasthedesign of
reasonabledecompression schedul esfor recreational divers.
Wedid not expect to have any decompression sickness and
that was, in fact, the experimental result. Considering the
initial basis set, the number of trias (at least 15 on 17
different profiles), and the age and gender distribution of the
subjects, the test series would have significant weight in a
court of law.
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Theissueof statistical significance appearsto beone
which can beargued endlessly. It would bedesirableto test
to conventional levels of statistical reliability or higher, but
the requirements of the vast number of trials makes this
virtually cost prohibitive. Moreover, it has never been
accomplished to date by anyone within the field of hyper-
baric science. Previous testing practices in the field may
reflect this difficulty. For example:

(8 Hadanetested his schedule twice.

(b)  Initidly, theUSNavy tested their standard air sched-
ulesfour times. During the 70s, commercial sched-
ules weretested 12 times and more recent programs
have used 20 to 40 tests.

These facts are reported in a paper written by Drs.
Bennett and Vann of the F.G. Hall Laboratory in Duke
Medical Center entitled “Development and Validation of
Deep Bounce and Other Decompression Proceduresin The
Laboratory”. (It is significant to note that DSAT (Duke
University Saturation Diving) researchtested approximately
500 manned dives, far more than any other tests of this
nature.) Drs. Bennett and Vann went on to state that when
few testsare conducted, itisessential to achievethe greatest
assurance of safety. This can only occur when no decom-
pressionsicknessincidentsareallowed, suchasintheDSAT
study.

The testing of decompression procedures involves
validation of a decompression table which contains many
different schedules. Itisimpractical to test every profilein
the DSAT table which has over 36,000 possihilities.

Decompression, as you well know, is highly com-
plex. Thereare many variablesto consider such asthediver
himself, the patterns of diving, and the table design. These
factors make table validation of amajor problem; the medi-
cal community tried to addressthisasrecently as 1987 ina
UMS conference with no firm consensus.

Within the framework of the mathematical models,
decompression sickness becomes astatistical phenomenon.
Asaresult, it is not possible to design a practical table that
is 100% safefor 100% of the people 100% of thetime. This
is commonly known.

To totally eliminate all risk of decompression sick-
ness, one would have to avoid diving altogether or, once
having decended, never surface. Obviously, neither alterna-
tiveispractical. Furthermore, todesign atesting processthat
woulddefinelimitsfor everyone, everyonewould havetobe
tested. Every man, woman and childwould haveto betested
every day. (Obviously, thiswould nolonger beatest. Asa
result, the number of test dives used by table devel operscan
never be perfect.) Because peoplediffer in susceptibility to
decompression sickness, no decompression table can guar-
antee that decompression sickness will never occur, even
though the diver diveswithin thetablelimits. All thisis, of
coursg, clear to you.
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PADI feel sthat thediver education community shares
a responsibility with the medical community to provide
recreational divers (who now number inthe millionsversus
commercial divers who number in the thousands) with the
very best set of tables, bothintermsof safety and utility, that
current technology and available resources can produce, to
accommodate the type of diving (ie. ho decompression
repetitive dives) these people are already doing.

The data resulting from the testing which produced
the DSAT tablesshow abetter approach to thisproblem than
military or commercial tables. There was an obvious need
for a better table for recreational scuba activity. The data
tested at theInstitute of Applied Physiology and Medicinein
Sedttle did not appear de novo but rather from a logical
extension of earlier information.

As an additional point for consideration, this re-
search wasthefirst of an ongoing series of research projects
DSAT has planned. DSAT, in close connection with the
North American scientific community, is formulating a
study that would extend the research recently completed.
The study would investigate the effect of using the algo-
rithms on which the recreational dive planner is based in
situationswherediversdiverepetitively for many dayssuch
asduring alive aboard boat vacation. Thistest has already
beendesigned andiscurrently being submittedfor review by
a panel of hyperbaric experts from the United States and
Canada. We expect the chamber phase of the test to begin
within the next month.

Thank you again for your comments and sugges-
tions. I’ll look forward to furthering our communicationson
this and future projects.

Drew Richardson
Training Manager

The Christchurch Clinical School of Medicine,
University of Otago,

P.O. Box 4345,

Christchurch,

New Zealand.

9 November 1988
Dear Sir,

In recent issues of the SPUMS Journal and the
UHMS magazine “Pressure” there has been passing refer-
ence to the new PADI (Professional Association of Diving
Instructors) diving tablesthat are currently being introduced
internationally. All these references appear derogatory and
| am particularly concerned about David Davies' comment
that both Brian Hills and Des Gorman condemned the
findingsof theresearch onwhichthesenew diving tablesare
based as being unscientific.



| have also reviewed the available evidence on these
tables and written alengthy report to New Zealand Under-
water Association (NZUA)/PADI in New Zea and express-
ing my own concernsat thelack of scientificvalidity. Whilst
my effortshavebeen acknowledged and appreciated, NZUA/
PADI have chosen to proceed with the marketing of these
tables in conjunction with their parent body despite the
expressed concerns. Isthisalso the Australian experience?

If so, what should we be doing about it as a profes-
sional body? It would seem to methat acompletely new set
of tablesis being introduced to sport diving on the basis of
inadequate scientific validation. Brian Sayer of NZUA/
PADI recently informed me of new major trials that are
underway, and | understand that Dr Des Gorman has offered
also to test these tables in the laboratory facilities at Ade-
laide. Isthisnot putting the cart before the horse? Should
not tables be fully validated before their rel ease rather than
afterwards? We have had numerous examples of thisin
recent years what with the Huggins Tables, the Bassett
Tablesand so on. In fact the whole issue begs the question
of what is appropriate scientific validation of a table.
Weathersby and his colleagues at the US Naval Medical
Research I nstitute (NMRI) have suggested that thiscan only
be done statistically.

Perhaps the pages of the SPUMS Journal are an
appropriate vehicle to allow PADI and others to express
their views on such animportant topic. | personally remain
firm in my assessment that, as they stand, these tables lack
scientific validity.

Onapersonal notel adopted the Canadian Defefence
and Civil Ingtitute of Environmental Medicine (DCIEM)
tables for my own use early in 1987 since the overall
evidence, as | understand it, is that these are currently the
most conservativerepetitivedivetablesavailable. Of course,
even with these tables the old maxim of ‘ one longer and/or
one deeper’ still applies.

F. Michael Davis
Senior Lecturer in Anaesthesia

REVISITING KEY WEST SCUBA DISEASE

19 Otahuri Crescent,
Greenlane,
Auckland 5,

New Zealand.

30th January, 1989
Dear Sir,
Robert Wong presentsacasereport of adiver suffer-

ingasystemicillnesswithmajor effectslocalised tothelung
characterised by breathl essness, areduced carbon monoxide
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diffusing capacity and a fine granular pattern chest X-ray
(SPUMSJ 1988; 18: (4) 124-125). The diagnosis of
L egionellapneumophiliaismade solely on clinical grounds
supported by serology.

The serological response is worthy of comment in
that apolyclonal responseisshownwith4foldrisesinGp.1,
Gp.3, Gp.4, and Gp.6. | think thisisfar morelikely to bea
general stimulation of theimmune system such asmay occur
after many infectious and non-infectious illnesses, rather
thaninfectionwith several serotypesof Legionella, or cross-
reactivity between these sub-types. A ‘diffuse granular’
chest X-ray is an unusual appearance in Legionella infec-
tions, but is seen frequently in hypersensitivity lung disease
or adult respiratory distress syndrome both of which may
occur asaconsequence of aspiration. | suspect atransbron-
chial lungbiopsy could not bejustifiedinview of thepatients
improvement, but would have provided valuable data.

In the early investigation of Legionella pneumo-
philiathe organism wasisolated from stored frozen autopsy
lung obtained from a diver who died in the late 1950s of a
pneumonic illness. | have not been able to locate the
reference to this however.

I think the case for Legionella pneumophiliais un-
proven on the available data.

| would beinterestedin Carl Edmondsviewsand also
those of an Immunologist.

A.G. Vede,
Secretary/Treasurer,
NZ Chapter SPUMS.

JELLYFISH ENVENOMATION; WHAT DIVING
MEDICAL PHYSICIANS SHOULD KNOW

International Consortium forJellyfish Stings,
MSO Box 5695,

Townsville,

Queensland, 4810

January 27, 1989
Dear Sir,

| write to correct what may be an ambiguous state-
ment inmy paper (SPUMSJ 1988; 18: 118-121), under the
sub-heading “Analgesia’, on page 120. The possibly mis-
|eading statement reads“It” (i.e. pain) “isal so unquestiona-
bly relieved by the specific antivenom for Chironex”.

Itisimportant for your readersnot tomisinterpret this
statement to imply that the Chironex specific antivenom is
beneficial for the pain of any jellyfish sting. Our present
understanding, based admittedly on only arelatively small
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amount of circumstantial evidence' to date, is that this
antivenom offers acute analgesiaonly for the pain resulting
fromthesting of Chironexfleckeri. 1t should not beusedfor
the treatment of any other jellyfish sting.

John Williamson
REFERENCE

1 Fenner P.J, Rodgers D., Williamson J. Box Jellyfish
Antivenom and “Irukandji” stings. Med. J. Aust.
1986; 144: 665.

HYPERBARIC MEDICINE UNIT
FOR WESTERN AUSTRALIA

Fremantle Hospital,
Fremantle,
Western Australia 6160.

Dear Sir,

A new clinical hyperbaricunitisbeingbuilt at last for
Western Australia, after almost 10 years seeking funds.

Construction of the chamberswill be financed from
a Commonwealth grant, and the unit will be funded by the
Health Department of Western Australiaasthe Statereferral
unit for Hyperbaric Medicine.

The chamber isto be located at Fremantle Hospital,
which has for the last ten years been the designated centre
through which the management of all diving accidents in
Western Australiawerecoordinated. Until now the Statehas
asked the Royal Australian Navy (RAN) to provide recom-
pression facilities for most of the diving problems, and
recently someacutemedical problems, usually carbon mon-
oxide poisoning.

The contract was won in fierce competition by a
Scottish firm, HYOX Ltd., and is to be constructed in
Western Australia. The chambers are planned to be moved
into the building during March 1989, and first patients are
planned for 1st of July 1989. Fremantle Hospital have
already commenced advertising for Technical and Nursing
staff.

The unit will have two walk-in compartments, one
with a3 ATA capability, and the other of 6 ATA. Thetwo
areto bejoined by acommon entrance lock, andthe 6 ATA
chamber will, of course, have a transfer-under-pressure
flange for use if necessary.

Theunit will be availableasan information resource
for sports and professional divers, and for physiciansinter-
ested in diving medicine.
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We are grateful for the support of many diving
medicine friends both here and overseas, in the long years
leading up to the decision to fund this exciting facility. The
Fremantle chamber will be another link in the ring of
Hyperbaric Unitswhich is spreading around Australia, and
we plan to work closely together with othersin thisfield.

Harry Oxer

NAUI ACTSON DIVER SAFETY

80 Wellington Parade,
East Melbourne,
Victoria 3002,
Australia.

Dear Sir,

It is encouraging to see that at least one of the
instructor organisations is willing to grasp the nettle of
disciplining its members when they fail to meet the mini-
mum standards laid down by the organisation and to publi-
cisetheevent. Asin medicinethereisaneedinthediving
industry for periodical checksonthe state of theinstructor’s
(or doctor’ s) knowledge and performance. Asfar as| know
only the Federation of Australian Underwater Instructors
(FAUI) (and the Royal Australasian College of Obstetri-
ciansand Gynaecol ogists) insistson periodicrequalification
asacondition of membership. It would beintheinterestsof
traineedivers(and of patients) if thisperiodicrequalification
was adopted by all theinstructor organi sations (and medical
colleges and regulatory bodies). The statements below are
from the pressrelease.

The National Association of Underwater Instructors
(NAUI) has announced, in a pressrel ease dated 10 October
1988, that it recently suspended two instructorsin relation
possible breaches of NAUI Diver Training Standards.

Thematters, oneinVictoriaand the other in Queens-
land, are currently being considered by the NAUI Ethics
Committee.

Gregory Blackburn, the President of NAUI Austra-
lia, stated “NAUI Instructorsthroughout the world havethe
highest reputation as quality educators. This reputation is
maintained only through NAUI’ swillingnessto ensure that
the flexible but uncompromising NAUI Training Standards
are maintained”.

Where reasonabl e doubt exists on serious matters of
diver safety, NAUI will continue to take firm action to
resolve such matters.

“Determined responsible action on the part of all
concerned”, said Mr. Blackburn, “will alow the diving
industry tobefully self-regulating. Thiswill maximisediver
saf ety and minimisetherisk of poorly consideredlegislation
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being rushed into place. Emotional calls for restrictive
legislation often ignore the real issuesin favour of political
point-scoring which has harmful rather than constructive
long-term effects’.

John Knight

STANDARDSASSOCIATION
COMMITTEE CS/83
RECREATIONAL UNDERWATER DIVING

Standards Association of Australia,
Standards House,
80 Arthur Street,
North Sydney,
NSW 2059
Telephone: (02) 963 4111

7 December 1988

The Secretary,
South Pacific Underwater Medicine Society,

Dear Sir/Madam,

In1984 Standards Australiareceived arequest from
the Australian Underwater Federation for preparation of an
Australian Standard for recreational scuba diving. The
request was widely supported when Standards Australia
surveyed many government departments, divers, diving
associations, and diving medical servicesin 1985.

Thisproject washandled initially by Committee SF/
17 - Work in Compressed Air, the committee which has
responsibility for standards concerning commercial divng.
After therelease of DR 88026 - Training and certification of
recreational divers, Part 1: Minimum entry level scuba
diving, a large amount of public comment was received.
Most of the comments were from recreational and sports
divers requesting increased input in the preparation of the
proposed standard. As this standard’s aim is to protect
consumersrather than commercial diversit wasproposed to
set up aseparate project inthe Conumer Standards section of
Standards Australia. This proposal has been reviewed by
Standards Australia’ s Consumer Standards Advisory Board
and Safety Standards Board, both of which have endorsed
the proposal.

It is envisaged that the proposed standard will deal
primarily with the basic course syllabus contents and mini-
mum training activities required for training and accredita-
tion of recreational scubadivers. Other aspects which may
be included are medical examinations for candidates, basic
first aid and rescue procedures, equi pment requirementsand
underwater communication signals.
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A new standards committee is being formed to take
over responsibility for the preparation of this standard. A
copy of the proposed constitution of committee CS/83 is
enclosed (page 34) and you will notethat provision is made
for your organisation to be represented by the number of
persons shown. | would be grateful if you would consider
whether you wish totake part in thiswork, and advise me as
soon as possible of the name of your nominee(s) and the
address(es) for documents.

The first meeting will be held in Sydney around
March 1989 and subsequent meetingsat | ocationsaccording
to the wishes of the committee. Obviously for effective
participationinthepreparation of thestandard, itisdesirable
that committee members be able to attend meetings; how-
ever, it is understood that it is not always possible.

Should you require any further information regard-
ing the nature of the proposed standard or the kind of work
the committee will beinvolved in, could you please contact
Ms. Carol Foster at this office.

Peter N Walsh
Director-Standards

South Pacific Underwater Medicine Society.

18th January, 1989

Mr. P. Walsh,
Standards Association of Australia,

Dear Sir,

ThisSociety ispleased to beinvited to participate on
the Committee to discuss the formulation of DR 88206
concerning the training and certification of recreational
divers.

SPUM Swas constituted to promotethe cause of safe
diving, to educate divers and doctors in the problems that
diversincur and to encourage the dissemination of knowl-
edge about diving medicine in the diving community. Itis
obvious that the aims of the Standard Association and
SPUMS are the same in thisfield.

Our representative onthe Committeewill be Dr John
Knight of 80 Wellington Parade, East Melbourne, Victoria,
3002. All communication should be addressed to him.

If we can be of any further service to your organisa-
tion, please contact me again.

David E.Davies
Secretary SPUM S
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PROPOSED CONSTITUTION

RECREATIONAL UNDERWATER DIVING COMMITTEE

Organisation

Australian Coaching Council

Australian Federation of Consumer Organisations
Australian Underwater Federation

British Sub-Aqua Club

Department of Leisure, Sport and Racing, NSW
Department of Sport and Recreation, WA
Federation of Australian Underwater Instructors
National Association of Underwater Instructors
National Safety Council of Australia

PADI Australialnc.

South Pacific Underwater Medicine Society
Diving Industry and Travel Association
Queensland Dive Tourism Association

Scuba Divers Federation of Australia

Consumer Affairs Bureau, Queensland.
University of Sydney

James Cook University, North Queenslandd.

Department of the Arts, Sport, The Environment, Tourism and Territories

Victoria Police Search and Rescue Squad

Totd

FOUNDATION FOR THE INTERNATIONAL
CONGRESS ON HYPERBARIC MEDICINE

Hyperbaric Unit,

Prince Henry Hospital,
PO Box 233,
Matraville,

New South Wales 2036.

Dear Sir,

As past president of the above organisation and a
member of the committee, | wish to encourage everyone
from the Australian Hyperbaric Medicine community to
enrol asamember. The benefits of membershipincludethe
receipt of the quarterly newdletter that deals with interna-
tional and national meetings of diving and particularly
hyperbaric medicine.

The membership feeis DM 18 annually. Funds can
bewired directly to Deutsch Bank account number 8129033,
Wiesbaden, Federal Republic of Germany (West Germany)
in the name of Dr Frederick Cramer, MD, Secretary of the
Foundation.

| will be happy to answer any queries. The hospital
telephone number is 02-661-0111.

lan Unsworth,
Director.

Number of Representatives
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19

CONFEDERATION MONDIALE
DESACTIVITES SUBAQUATIQUES
(WORLD UNDERWATER FEDERATION)
INTERNATIONAL CONGRESS OF
DIVING MEDICINE

Commission Medicale et de Prevention,
(Medical and Prevention Commission)
47, rue du Commerce,

75015 Paris,

France.

Dear Colleague,

| havethe pleasureto confirm the organi zation of our
next | nternational Congressof DivingMedicine. Itwill take
placeat the"Boucaniers’ (villageof the Club Mediterranee)
from 28th May to 4th June 1989.

We enclose the preliminary information about this
Congress, together with a call for papers and a registration
form.

Please note that the number of places is limited to
200.

If (as| most sincerely hope) you wish to join us, |
invite you to register as soon as possible.

| am happy to be able to inform you that our scienti-



38

fice conference will be broken each day by diving, excur-
sions and various other events, unique to Martinique.

| look forward to the pleasure of welcoming you in
the Tropics and remain, Dear Colleague, with kindest re-
gards.

Marcel E. Bibas,
President.

MEETINGS AND COURSES

SOUTH PACIFIC UNDERWATER MEDICINE
SOCIETY ANNUAL SCIENTIFIC MEETING 1989
will be held at Le Lagon Hotel, Port Vila, Vanuatu from

May 27th to June 3rd 1989

The Guest Speakers are Dr Jimmy How, Senior
Medical Officer, Singapore Armed Forces and Dr Mike
Davis, Senior lecturer in Anaesthesia at the Christchurch
Clinical School, Otago University, New Zealand.

For further information contact,
Allways Travel,
168 High Street, Ashburton,
Victoria 3147, Australia.
Telephone 03-25 8818,
Telex AA37428 (Always)

The meeting is scheduled so that members can have
adequate time to travel to the

UNDERSEA AND HYPERBARIC MEDICAL
SOCIETY ANNUAL SCIENTIFIC MEETING 1989

The Undersea and Hyperbaric Medical Society
(UHMS) will holdits1989 Annual Scientific Meeting at the
Hawaiian Regent Hotel, Honolulu, Hawaii from 8-11 June
1989. The meeting will include sessions on research and
clinical applications of diving and hyperbaric medicine, as
well as sessionsfor Associate Members and the Baromedi-
cal Nurses Association. In addition, there will be two
independent but consecutive one day “Fitness for Profes-
sional Diving” courseson 6-7 Junefor the particul ar benefit
of Health and Safety Executive (HSE) approved doctors.
Dr. David Elliott of Biomedical Seminars, Surrey, England
will be the director of the courses. Capt. John M. Hallen-
beck, MC, USN, Chairman, Department of Neurology,
Naval Hospital, Bethesda, Maryland will be presenting the
Suzanne Kronheim Memorial Lecture. The meeting is
expected to be attended by many foreign members, particu-
larly those from Australia and Asia due to the relative
proximity to Hawaii. The South Pacific Underwater Medi-
cine Society (SPUMS) and the European Undersea Bi-
omedical Society (EUBS) are UHMS &ffiliates.
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The UHMS was founded as the Undersea Medical
Society in1967. Itisanon-profit organisation serving 2,500
membersworldwide. Most UHM Smembersarediving and/
or hyperbaric medicine scientists and physicians. Hyper-
baricmedicinenursesandtechnicians, aswell assportdivers
and students, comprise a substantial number of associate
members. The Society publishes two journals, workshop
reports, bibliographies and books on diving and hyperbaric
medicine. Through its workshops and publications, it sets
guidelines relevant to diver health and HBO therapy.

For the particular benefit of HSE Approved Diving
Doctors who are not resident in the United Kingdom, the
annual revision courses, currently organised in the UK by
Biomedical Seminars, will also berun in an overseas|oca-
tion. TheUnderseaand HyperbaricMedical Society (UHMS)
has agreed to run the courses as an extension of its 1989
Annual Scientific Meeting whichwill be held at the Hawai-
ian Regent Hotel, Honolulu, Hawaii from 8-11 June 1989.

The program will be presented as two independent
but consecutive one-day courses. Together, the courseswill
provide compliance with the Diving Medical Advisory
Committee (DMAC) requirements for revision training of
“Approved” divingdoctors. Thefirstday, 6 June, will cover
thebasicprinciplesof fitnesscriteriaand will beentitled” Fit
for SportsDiving?’. The second day, 7 June, will be*Fit to
Dive - Professionally?’ and will cover the application of
basic principles to the professional diver and will then
address specific fitness topics such as fitness to return to
diving. Dr. David Elliott of Biomedical Seminarswill bethe
director of thesetwo one-day CM E approved courses. These
courses are available to anyone interested and will have
separate registrations. HSE Approved Diving Doctors are
expected to attend both courses.

For details of these courses, please contact either
The Undersea and Hyperbaric Medical Society,
9650 Rockville Pike,
Bethesda, Maryland 20814,
U.SA.
or:
Biomedical Seminars,
7 Lyncroft Gardens,
Ewell, Epsom, Surrey KT17 1UR,
ENGLAND.

EUROPEAN UNDERSEA BIOMEDICAL SOCIETY

XVTH ANNUAL SCIENTIFIC MEETING
EILAT, ISRAEL, SEPTEMBER 17-23, 1989

PROVISIONAL LIST OF TOPICS

1 Breathhold diving

2. Deep sea saturation and mixed gas diving
3. Decompression sickness

4, Diving for the disabled - medical aspects
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5 Effects of pressure

6. HBO therapy

7. HPNS

8 Immersion

9. Nitrogen narcosis

10.  Oxygen toxicity

11.  Preventive diving medicine (education)

12.  Seasickness

13.  Technical and therapeutic instrumentation in the
hyperbaric chamber

14.  Unconsciousnessin diving

PANEL DISCUSSIONS

HBO Therapy - Specific Indication and the Correct Oxygen
Dosage

Different Therapeutic Methods for Severe Type Il Decom-
pression Sickness

GENERAL INFORMATION
M eeting Venue

TheKing Solomon Hotel, Eilat isthe headquarters of
theXVth Annual Scientific M eeting of the European Under-
sea Biomedical Society.
Language

The official language of the Meeting is English.
Visas

For participantsfrom most countries, visasfor I srael
are not necessary, but we suggest you ask your travel agent
tocheck for you. For countrieswhichdo not havediplomatic
relations with Israel, the Secretariat will arrange for avisa
upon receipt of all relevant details.
Second Announcement

The Second Announcement and Call for Papers
which will include a more detailed scientific program, as
well as a variety of pre and post-Meeting tours, including
diving tours, will be mailed out around January 1989.
Climate

The weather in Eilat in September is dry and sunny
during the day and cooler in the evening. Temperatures
range from 23°C-36°C (74°F-97°F). The water temperature
is 27°C (80°F).
Clothing

Informal for all occasions.

Air Travel

EL AL Israel Airlines is the officia carrier of the
Meeting, and its officesthroughout theworld will assist you
inmakingyour travel arrangements. AstheMeetingisat the
height of thetourist season, please makeyour flight reserva-
tion as soon as possible.

For Further Information Contact

XVth EUBS Mesting
P.O. Box 983
Jerusalem 91009
ISRAEL.

Tel. 972 2 533717; 527335,
TIx. 341171 KENSIIL;
Fax. 972 3 655674.
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THE UNIVERSITY OF SOUTHERN CALIFORNIA
CATALINA HYPERBARIC CHAMBER

EMERGENCY DIVING AND ACCIDENT
MANAGEMENT COURSE
JULY 23rd to 28th 1989

THE CATALINA HYPERBARIC CHAMBER

The University of Southern California (USC) Catal-
ina Marine Science Center is located on Santa Catalina
Island, 27 miles offshore from Los Angeles Harbor. Since
1974, the CatalinaHyperbaric Chamber has provided emer-
gency standby hyperbaric treatment capability for the re-
gion’sdiving accidents. More than 400 patients have been
treated for decompression sickness and air embolism. The
Catalina Chamber isinternationally recognised as a hyper-
baric research and diving treatment center.

Course Content
Recognition and assessment of decompression sickness
and air embolism.
Decompression tables and procedures.
Patient handling techniques.
Causes of diving accidents.
Approachesto life support.
Helicopter rescue techniques and equipment.
How to coordinate patient evacuation with rescue agen-

cies.
Chamber treatmentsfor decompression sicknessand air
embolsim.

Hyperbaric chamber operations and chamber locations.

There are no pre-requisites, but enrollments are limited.
Tuition, meals, lodging areall included inthe program fee of
$US545.00 per personDeposit required toreserveaplace $
US 100.00 per person. Make cheques ( in US dollars)
payable to USC Catalina Hyperbaric chamber.

Option 1 Catalina Chamber Crew

Participants interested in experiencing management
of actual diving accident casescan apply tojointhe Catalina
Chamber Crew after successful completion of the EDAM
course. This is a volunteer activity and requires further
explanation.

Option 2. Chamber Diveto 165 Feet

As an optiona feature for participants who have
never experienced a“ dry” deep air dive, the chamber will be
available to take participants to 165 fsw. In order to be
eligible for this experience, a diver medical signed by a
physicianisrequired. A copy of an existing one or theform
sent to you in thefinal information package will do. Please
indicatewhether or not youintend to participateinthisevent
onthecourseregistrationform. $12.00 additional chargefor
this chamber dive.

For further information write to
Andrew A. Pilmanis or Ron Ryan
Catalina Hyperbaric Chamber,
P.O. Box 398 Avalon, California 90704, USA.
or telephone USA (213) 743-6793
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ROYAL ADELAIDE HOSPITAL HYPERBARIC
MEDICINE UNIT

Coursesin Diving and Hyperbaric Medicine 1989

Basic Coursein Diving Medicine
Content  Concentrates on the assessment of fitness for
candidates for diving. Health and Safety Executive (UK)
approved course.
Venues and dates
Royal Adelaide Hospital, Adelaide
11-15 September 1989
NZUA sponsored course, Christchurch
29 Sepetmber -2 October 1989
Cost $A 250.00 or $NZ 275.00
Advanced Coursein Diving and Hyperbaric Medicine.
Content Discusses the diving-related and other emer-
gency indications for hyperbaric therapy
Venue and date
Royal Adelaide Hospital, Adelaide
18-22 September 1989
Cost $A 250.00
For further information and enrollment contact
Adelaide cour ses
Dr D.F.Gorman, Director Hyperbaric Medical Unit,
Royal Adelaide Hospital, North Terrace,
Adelaide, South Australia 5000.
Telephone (08) 224 5116.

NZUA sponsored cour se
Dr Mike Davis, Division of Anaesthesia,
Christchurch Clinical School of Medicine,
University of Otago, PO Box 4345,
Christchurch, New Zealand.

DON'T PUSH!

A REPORT ON BRITISH SUB-AQUA CLUB
MISHAPS FOR 1988

Chris Allen

The British Sub-Aqua Club Incidents Adviser
reportson theyear’ smishaps: fatalitiesup, decompres-
sion cases up, helicopter call-outs up, lost divers down.

In reviewing last year's (1987) accident statistics
(Reprinted in SPUMS Journal 1988; 18: No 1(January to
March) 35-38), Dave Shaw highlighted the number of lost
diver incidents and the number of decompression sickness
Cases.

The 1988 figures show a welcome reduction in lost
diver cases, but once again the decompression statistics
reveal that too many diversare pushing thelimitsby diving
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DIVING INCIDENTS

BREAKDOWN ———Fatalities 16

—— Miscellaneous 18
I\ — llness 6

Decomprassion -—Equipment 7
sickness 89 i — Technique 4
) — Ascents 11
— Boating/surface
incidents 46
DECOMPRESSION

SICKNESS ANALYSIS r———i:ggm;:;e:;;&ré :/;v 3
Misuse of computers 6

— Within computers 20

Deep diving 42—

— Misuse of tables 9

Repeat diving 27—
— Within tables 22

Rapid ascents 9 —‘—,

deeper than indicated by their abilities, ignoring common-
sense depth recommendations, and displaying ignorance of
basic physiology in the process.

Regrettably, last year's reduction in the number of
diving deaths has not been maintained, and this year 16
fatalities have been recorded (one alate report from 1987).
Ten of these were British Sub-Aqua Club (BS-AC) mem-
bers; andin spiteof thefact that three of thefatalitiesresulted
from natural causes, the figures are disappointing.

Inonecasetwo diversfailedto surface after adiveto
50 m in tropical waters and were found drowned on the
bottom with their mouthpieces out. Both divers had air
remaining intheir cylinders. Fromtheevidence availableit
would appear that the accident resulted from unsuccessful
attempts at sharing which may have become necessary
becausethe rubber mouthpiece of onediver’ sdemand valve
had become detached.

Analysis of the fatal accident reportsthisyear gives
aclear message about the difficulties of sharing effectively
in an emergency. No fewer than six of this year’s deaths
involved unsuccessfl sharing or running low onair. Perhaps
if theindividual sconcerned had carried asuitable secondary
breathing system some of these cases might have been
incidents instead of tragedies.

This theme continues when we look at the ascents,
where more than 50 per cent of the reported incidents also
involvedfailureto shareair properly inan emergency. Four
of these cases resulted in burst lung and/or air embolism.

The message is that if you don’t already carry an
octopus rig of some sort perhaps you should ask yourself
why not? Remember, it is often the buddy rendering
assi stance who becomes the victim when things go wrong.

Alsointheascentscategory areacoupleof examples
which illustrate the classic “incident pit”, where a small
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problem qui ckly becomescompounded by other small prob-
lems until the situation is suddenly and dangerously out of
control.

Inthefirst case apair of diverson ahard boat found
that a mix-up on the quayside had resulted in some of their
equipment being loaded on to thewrong boat. Not wishing
tomissthedive, they wentin asthelast pair using equi pment
borrowed from other members of the party who had dived
already. Duringthediveoneof the pair had troublewith her
borrowed mask whichwasill-fitting and flooded constantly.
On the ascent she became tangled in the shot rope and had
difficulty releasing herself duetotheflooded mask. Shethen
made arapid ascent to the surface which she was unable to
control, being unfamiliar with the controls of her borrowed
lifejacket. Shesuffered an embolism, and required repeated
recompression treatments.

In another case an ill-fitting neck seal caused a
diver'sdrysuit to flood. Thiswas not noticed until near the
end of the dive, when difficulty in ascending was experi-
enced. Air was wasted in trying to inflate the suit and the
diver ran out of air and became unconscious underwater.
Fortunately, shewasrescued by her buddy who brought her
to the surface.

Asyou will see from the graph showing the break-
down of 1988 diving incidents, decompression sicknessand
boating/surface incidents lead the way as usual.

Although the number of “lost diver” caseshasfallen
this year, the involvement of the Coastguard and Royal
National Lifeboat | nstitution (RNLI) hasremained constant.
There has again been asharp increasein the involvement of
Search and Rescue (SAR) helicopters, with 42 casesin 1987
and 58 cases this year.

Peopleinvolvedinlost-diverincidents, enginebreak-
downs, etc., often cite their “bad luck”. However, if we
analyse the reports more carefully one hasto ask isit really
bad luck which causes the surface market buoy (SMB) to
become detached during the dive, as happened on at least
three occasions thisyear? Or isit afailure to use a secure
method of attachment and check it beforeuse? Isitreally bad
luck to use more fuel than anticipated and run out, or isit a
failureto plan properly and carry an adequate reserve? Isit
bad luck when theengineor apieceof emergency equi pment
fails to work when needed most, or isit afailure to ensure
proper maintenance and to make a thorough check before
use?

Once again, anumber of small failures can combine
to create a potentially serious incident.

Consider the case of the diverswhose SMB became
detached during the dive. They noticed this quite quickly
and surfaced within sight of their boat. But, not being seen
by the boat crew, who were closely watching the two buoys
inthewater, they decidedto usealifejacket whistleto attract
attention. The whistle had become detached and could not
be located. The divers then tried their personal flares; but
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thesefailedtowork andthey drifted away fromtheboat. The
boat party eventually realised what had happened and tried
to contact the Coastguard for assistance. The radio would
not work! Fortunately, after they had fired ared flare to
summon assistance, the divers were located by an SAR
helicopter and picked up by local lifeboat.

Another diver was not so lucky and was missing at
seafor over 12 hoursbeforefinally being picked up. Hehad
become separated from hisboat and swept out to seaby the
current. An extensive search was organised but asdarkness
was falling search conditions became difficult. When the
diver was picked up by a passing fishing boat the next
morning he had drifted 7 miles from his original position!

Theincreasing use of VHF radiosin even the small-
est of diving inflatables is encouraging, and a significant
number of thisyear’ sincidentshavebeen quickly reslved by
the summoning of assistanceinthisway. These daysthere
isreally noreasonwhy every diveboat shouldn’t carry VHF.

Still with boats, it is worth mentioning a couple of
charter boat incidents which reinforce the message that
charter boats and their skippers should be chosen very
carefully.

In the first case aparty of six divers were preparing
tomakeawreck divefromtheir 16ft open charter boat when
it sank! The boat was swamped by the bow-wave of a
passing submarine () and quickly went under. Two divers
and the skipper were trapped in the front cabin, but were
pulled out by the other members of the party. Fortunately
everyone was rescued safely, but a significant quantity of
gear waslost.

In another case a charter boat skipper sped to the
assistance of a vessel which had fired a red distress flare.
However, as he still had two of his divers down a second
incident was almost created by leaving them behind. There
were plenty of other vesselsin the area which could have
rendered assistance. Happily the divers were safely picked
up by a second dive boat. The Coastguard were not very
impressed!

Thisyear, decompression sicknesshashad aparticu-
larly high profile and has attracted a lot of unfavourable
press. The number of recorded cases is up from 69 to 89,
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though part of that increase may beaccounted for by thefact
that this year we have had much-improved reporting by
chamber operators.

The breakdown of this year’s cases is shown in the
chart of Decompression Sickness Analysis. Several impor-
tant lessons arise. First of all, we have recorded three cases
of attempted re-entry decompression thisyear, and on each
occasion this only complicated the problem, twice with
tragic results.

In the first case, a diver experienced symptoms of
decompression sickness after a dive to around 36 m (no
accurate record of time or depth apparently). He performed
re-entry decompression, and his symptoms worsened. He
was subsequently recompressed, but was left paraplegic
after treatment.

The second case involved a diver who suspected he
had Type 1 decompression sickness. Hewasadvisedtodive
again by the charter boat skipper and other members of the
party, and as a result his symptoms worsened and he too
became paraplegic.

The BS-AC advice on re-entry decompression is
very clear. Do not even consider it. There is very little
chance of success and every possihility that you will make
thingsworse, asinthecasesabove. Theonly courseof action
isto arrange for transfer to the nearest avail able recompres-
sion facility as soon as possible. Those suitably trained on
an Oxygen Administration Course and with oxygen avail-
able will be able to render useful First Aid.

Of equal concern isthe number of bends arising out
of prolonged spells of deep diving involving significant
decompression stops. This appears to be a particular prob-
lem with deep wreck dives where divers are ‘working’ to
recover trophies. Onediver in this category who was using
a dive coputer made seven dives to 30 m+ in five days
including four dives to 40 m+. All were decompression
dives, most involving morethan 20 minutes of stops. At the
end of the week’s diving he was recompressed for Type 2
decompression sickness.

Thisisby no meansthe only example. A number of
divers seem to think nothing of performing 30 minutes or
more of decompression stops on each dive. Therecord this
year was 51 minutes!

To my mind thisis simply a case of going too close
totheedge. Onceyou start to dive deeper than 30 m and to
incur lengthy decompression stops your risk of being “hit”
rises dramatically.

Onthesubject of divecomputers, therehasbeenalot
of publicity and criticism of their usein recent months, most
of it misinformed.

It is true that the figures show an increase in the
number of incidentsinvolving computers (11in 1987, 30in
1988). However, there were undoubtedly many more com-
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putersin usein 1988, which meansastraight comparisonis
misleading. Whatiscertainfromanalysingthereportsisthat
anumber of theseincidentsinvolve misuse of the computer
in some way.

Some of the other factorswhich figureinthisyear’s
reports involving computers are repeated ascents to the
surface, rapid ascents, latenights, al cohol abuse, “ sawtooth”
profiles, and flying after diving. Needlessto say, the same
factors also appear in reports involving the use of tables,
where 22 cases (a third of those reported) were apparently
“within the tables”.

Although only atiny proportion of dives each year
result in death or injury (about 0.01 per cent), the fact
remainsthat many of the incidentswhich do occur could be
prevented.

My advicefor 1989 would be to apply the lessons of
this year's incident statistics to your own diving practices
and in particular “don’'t push the limits”.

Safe Diving!

Reprinted, by kind permission of the Editor, from
DIVER December 1988 pages 27-28.

The address of DIVER is 40 Gray's Inn Road, Lon-
don WCIX 8LR, England.

Chris Allen is the BSAC Incidents Adviser. The
address of the BSAC is 16 Upper Woburn Place, London
WCIH 0QW, England.

DIVING SAFETY MEMORANDA

Department of Energy
Petroleum Engineering Division
Thames House South

Millbank, London SW1P 4QJ

January 1989

DIVING SAFETY MEMORANDUM NO. 2/1989
ON-LINE OXYGEN ANALYSISOF
THE BREATHING MEDIUM WHEN
DIVING SHALLOWER THAN 50 METRES

It haslong been good deep diving practiceto provide
on-line oxygen analysis of the diver’s gas supply.

With theincreased use of commercially supplied air
quads, nitrox mixes and in-water oxygen decompression, it
isrecommended that oxygen analysers, fitted withaudioand
visual Hi-Lo alarms, are provided for such surface supplied
diving operations.
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To ensure the accuracy of the analysis the sample
point should be taken downstream of the dive control panel
and immediately prior to the diver’s umbilical.

The normal good practice of analysing the oxygen
content of the breathing quads on recei pt and when connect-
ing them to the system should still be carried out.

R. GILES
Chief Inspector of Diving

Department of Energy
Petroleum Engineering Division
Thames House South

Millbank, London SW1P 4QJ

January 1989

DIVING SAFETY MEMORANDUM NO. 3/1989
FAILURE OF
ACTIVATED CARBON FILTER SYSTEMS

Domnick Hunter hasinformed usthat thedisintegra-
tion of an activated carbonfilter, fitted down stream of alow
pressure compressor receiver, resulted in the clogging of a
pressurisation line and in the rupture of a silencer inside a
deck compression chamber. This could have caused injury
to personnel.

The compressor was provided to supply air, not only
to the diver and the compression chamber, but also to a
tugger winch. Investigations have indicated that thefailure
resulted from a mechanical stress fatigue fracture which
developed from high speed pressure differentials in the
plastic filter cartridge, caused by rapidly changing outlet
demands.

It isunderstood that similar accidents have occurred
intheoffshoreindustry when compressor systemshavebeen
installed in this manner and used to supply large volumes of
air at varying rates.

Themanufacturer recommendsthat suchfiltersshould
be fitted between the compressor and the receiver but the
operatinginstructionsalso makeprovisionfor thefilter tobe
fitted down stream of thereceiver. Inthe case of the latter,
the instructions clearly state that the outlet rates at line
pressure should be controlled and must not be exceeded.

Operators of LP compressors fitted with Domnick
Hunter AC 0035 cartridges should ensure that they arefully
conversant with the manufacturer’s published specifica
tions and that they strictly comply with them.

It is recommended that where practicable, either
‘ship’ or ‘rig a@r’ should be used to drive the air tuggers.

R. GILES
Chief Inspector of Diving

DEATH IN THE MUD

San Diego Harbour Police scubadiversdevel op their
diving skillsin Convair Lagoon, an arm of San Diego Bay.
In their practice sessions divers practice rescue by pulling
themselves along the muddy lagoon floor in near zero
visibility. When they’re not practicing or conducting body
or weapon searches, they conduct bottom surveys, which
also require crawling along the bottom.

Two of San Diego’ slong time divers, both 41 years
old, havedevel opedidentical formsof cancer, lymphoma. It
now comesto light that themud in Convair Lagoon islaced
with PCBs, a known carcinogen which appears legaly in
some electrical equipment, but has been otherwise banned
by the (U.S.) federal government.

The company charged with putting PCBs into the
water - TeledyneRyan - hasdenieditisto blameand claims,
asdo sometoxicologists, that itisprematureto allegethat the
PCBs in the water can cause cancer. But there is no doubt
that crawling along the bottom increased the divers expo-
sure to the deadly chemical.

The San Diego Evening Tribunereported that the San
Diego Harbour Police Chief has declined to state whether
other police divers are worried about the PCBs. The chief
says it is a“personal problem that shouldn’t be discussed
publicly”.

The two ill divers, while fighting their disease, are
also contemplating alaw suit against the polluters.

Reprinted by kind permission of the Editor from
UNDERCURRENT March 1987.

The address of UNDERCURRENT isP.O.Box 1658,
Sausalito, California 9465, USA.

Notethat in Australia the Department of Arts, Heri-
tage and Environment is responsible for preventing toxic
waste disposal inthe sea by ships, aircraft or platforms, this
including dredge spoil. The 1981 Environment Protection
Act (Sea Dumping) makesit an offense to dump into the sea
(or load onto a vessel, aircraft or platform for the purpose
of dumping), awiderange of specified substancesincluding
mercury, cadmium, polychlorinated biphenyls (PCBs), and
other organo-halogen compounds, oil hydraulicfluid, etc. It
also prohibits the dumping or incineration at sea of radio-
activematerials. Unfortunately therehasbeennoprovision
made for the high temperature destruction of such toxic
chemical compounds as no locality wishes to harbour a
facility ableto performthistask. Thenatural result isthat
illegal dumping occurs on occasion and reaches the sea at
thewaste water outfalls. Rock fishermen, who choose such
places, appear to beat risk frommorethan thewaveswhich
drown several of their fraternity each year.



DIVE SKINSAND CORAL DESTRUCTION

A handout with a picture of a diveskin clad model
stretched acrosslivecoral wasleftlying ontablesand booths
at the recent DEMA show. The unsigned handout was
probably overlooked by most of the people at the show but
carried avery important message:

“Valerie (the model in the photo) is not a conserva-
tionist. Dive skins are for thermal insulation, not abrasion
protection.

Look what we did to Pennekamp in Florida. A dive
location becomespopular only to bewrecked inafew years.
We are wrecking out coral reefs.

PADI, NAUI, SSI, NASDS, YMCA all teach buoy-
ancy control to Americanswho are conservationistsat heart,
yet everyday thousandsof diversprotected by diveskinsand
wet suits crawl over the reefs, dragging excessive lead,
kicking and breaking coral, dragging their gauges, grabbing
sponges and gorgonians, and lying on fragile coral to steady
their camera

It takes hundreds of yearsfor coral to grow back and
we dive on reefs asif it were sand or bare rocks.

Photographers are the worst. Everyday hundreds of
ignorant shutter bugs believe they have a right to wear
kneepads over their wetsuits and literally crawl over reefs
leaving broken coral to die for their measly pictures. They
ought to dive naked bearing the scrapes. We should all
demand the right to view undamaged coral.

If wedon't caretolearn, infiveyearsthereefswill be
broken rubble. Theonly thrill to diving will be getting wet.
We are cutting our own throats.

Ideas: Skin Diver Magazine should quit publishing
ads with models grabbing coral and sponges. Training
manuals should teach conservation. Agencies should re-
quirebuoyancy skillsfor certification. Photographersshould
avoid damaging reefs and limit their shotsto those they can
perform without crushing coral.”

(And UNDERCURRENT addsthisone: anew diver
at a resort should be required to demonstrate buoyancy
control skills; if during his dive he fails to keep above the
coral, he should be warned that he' s got to be careful or he
won't be ableto divewith acharter operation. If he persists
incoral destruction, heshould bebeached. Theindustry will
have to forego short term income, for long term economic -
and reef - survival.

Reprinted by kind permission of the Editor from
UNDERCURRENT March 1987.

The address of UNDERCURRENT isP.O.Box 1658,
Sausalito, California 9465, USA.
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SPUM SJOURNAL BACK NUMBERS

Somecopiesof pastissuesareavailableat $5.00each
including airmail postage.

The relevant issues are

1984 Vol. 14, No. 2. (4 copies)

This contains paper s presented at the SPUMS- RAN
Meeting in August 1983 and at the ANZICS -SPUMS
Meeting in Rockhampton in October 1983.

1985 Val. 15, No. 4. (7 copies)

Thiscontainspapersfromthe 1985 Annual Scientific
Meeting in Bandos and from the New Zealand Chapter of
SPUMSMeetingin November 1985, including anaccount of
the formation of the New Zealand Chapter.

1987 Val. 17, No. 2. (13 copies)
Thiscontainspapersfromthe 1986 Annual Scientific
Meeting in Tahiti.

1987 Val. 17, No. 3. (6 copies)

Thiscontainspapersfromthe 1986 and 1987 Annual
Scientific Meetings and papers assessing dive decompres-
sion computers.

1987 Vol 17, No 4. (8 copies)
Thiscontainspapersfromthe1987 Annual Scientific
Meeting.
1988 Vol 18, No 1. (25 copies)
1988 Vol 18, No 2. (12 copies)
1988 Vol 18, No 3 (28 copies)
1988 Vol 18, No 4 (18 copies)
Orders, with payment, should be sent to
SPUMS,
80 Wellington Parade,
East Melbourne,

Victoria, 3002,
Austraia

DIVER EMERGENCY SERVICE

008-088200

TheDESnumber 008-088-200 can only be used
in Australia.

For access to the same service from outside Aus-
tralia ring | SD 61-8-223-2855.




