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incident the diver was experienced in ditch-and-recovery
fromhiswork asascubainstructor. If theevidenceiscorrect
that there was no failure of hisair supply, there must have
been another, not identified, reason for his actions. While
therewasentrapment of hisbuoyancy vest’ sbeltinthewater
jet-gun this machine had been turned off about the time he
died. Possibly he misjudged the danger of hissituation and
inhaled water while he was attempting to ditch his equip-
ment.
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DEVELOPMENT AND USE OF THE OXY GEN-
BREATHING MINIMAL-RECOMPRESSION
TREATMENT OF DECOMPRESSION SICKNESS

Geoffrey Gordon

Introduction

When man ventures into a hyperbaric or hypobaric
environment, his excursions are occasionally complicated
by the development of decompression sickness (DCS) and
arterial gas embolism (AGE). To treat the occurrence of
theseillnesses, recompression therapy isused either accord-
ing to a standard treatment table or to a depth that brings
relief. Thisapproachtotreatmentisnot based onexperimen-
tal evidence, but on the empirical application of theoretical
concepts.t? Old protocolswere superseded when it wasfelt
that the results were unsatisfactory, rather than when case
analysis indicated poor treatment outcomes.
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Analysis of the effectiveness of treatment regimens
needs to be conducted if, in any meaningful way, we are
goingtobeabletoimproveour effectivetreatment opinions.
That a solution will be developed to benefit every caseisa
naive idea, but have the current “minimal recompression
oxygen breathing tables’, developed in 1965, filled avoid,
or arethey just another attempt at treating a disease process
that is still incompletely understood?

The history of treatment tables

It was not until 1847 that Pol and Watelle® first
recognised that therewasarel ationshi p between the onset of
DCS symptoms and the depth, bottom time and rate of
ascent. This was 28 years after Siebe developed the first
practical deep-seadiving outfit and 6 yearsafter the produc-
tion of the first large capacity compressors that permitted
large numbers of men to work at raised ambient pressures.
Although this work established recompression as the pri-
mary treatment modality, the manner of its application was
unclear. It was not until 1878 that Bert* demonstrated that
liberation of nitrogenintheform of bubbleswasthe cause of
DCS. Heal so recommended recompression and went on to
expound that treatment with oxygen should beeffective. No
decompression rateswere specified, and aspureoxygenwas
both scarce and very expensive it was little used. In 1897
Zuntz® utilised oxygenin conjunctionwithrecompressionto
increase the gradient for nitrogen elimination and hasten
bubble resolution. However, due to the development of
oxygen toxicity, the use of this adjunct proved unpopular
and was not widely used again for many years. Air recom-
pression therapy for DCS was subsequently devel oped.

In 1937 Behnke and Shawe re-investigated the use of
oxygen in the treatment of DCS. They hoped to utilise the
increased gradient for nitrogen eliminationtoimprovetreat-
ment outcomes. In experiments using a dog DCS model,
they observed that severe cardiopulmonary DCS responded
well to recompression to 30 msw regardless of whether air
or oxygen was breathed. On subsequent decompression
however, those treated on air had recurrences of cardiopul-
monary DCS of pretreatment severity. Those treated with
oxygen showed a minimal return of symptoms, indicating
better inert gas clearance when an oxygen atmosphere was
breathed. Yarbrough and Behnke’ two years later, docu-
mented a 50% recurrence of symptomsin diverstreated by
recompression to depth of relief plus 10 metres of seawater,
the procedures published in the US Navy (USN) Diving
Manual of 1924. This protocol probably did not achieve
resolution of all the gasin bubble form despite the pressure
applied. Inan attempt to achieve complete bubble elimina-
tion, they empirically devel oped guidelineslimiting recom-
pression depth to 50 msw with aminimumtimeat thisdepth
of 30 minutes. In modifying the Hal danian type decompres-
sion, 100% oxygen was breathed from 18 msw to the
surface. The process of gas diffusion from bubbles and
tissues was thought to be slow, and so administration of
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oxygen at increased pressure was used to accelerate this
process. Initial results were encouraging, and attributed to
the elimination of gas mixtures during the ascent from 18
msw.

By 1945 the performance of these new treatment
tables “appeared” no better than the results obtained using
the US Navy 1924 protocol. Asaresult of this“apparent”
failure, aseriesof experimentsconducted by Van der Aueet
al.® led to the development of formal treatment tables em-
bodyingtheY arbrough and Behnke principles. Thesetables
were subsequently promulgated as USN Tables 1, 2, 3 and
4 in the USN Diving Manua of 1945 and remained in use
becoming standard in the USN, several foreign Navies and
many commercial worldwide for the next 20 years? It is
interesting to note that these widely accepted treatment
procedures were based upon a study involving only 33
subjects and that some of the individual treatment tables
were based on as few as 6 subjects. The Roya Navy (RN)
developed their equivalentsinthe RN Tables 52, 53, 54 and
55 afew years later.

Problemswith thecurrent air treatment tables

In 1947, Van der Aue and his colleagues analysed
113 casestreated withthese* new” air tablesandfound afirst
treatment failure rate of 5.3%.° It was clear that these air
treatment tables showed promise. Unfortunately these ta-
bles were not subjected to further outcome analysis until
1962 when Slark retrospectively reviewed thetreatment of
137 cases. Inthisstudy theoverall firsttreatment failurerate
had risento 21.5%. Slark considered thisunacceptable, and
further pondered on the likelihood that the nitrogen uptake
occurring during treatment contributed to the observed fail -
ure rate. He did see something positive in the air tables
however, postul ating that the prolonged 9 msw soak wasthe
strength of USN tables 3 and 4. In recommending the
development of new tables, Slark foresaw these having a
longer time at lower pressures, and further suggested incor-
porating an even release of pressure during the ascent.

In 1964 Rivera reviewed the treatment of 935 cases
of DCS, spanning the period 1947 to 1963. Thefailurerate
of tables 1 and 2 during initial treatment was 5.6% and
considered satisfactory. Thesetwo tableswere used to treat
painonly DCS. Thetreatment of serious DCSwith tables3
and 4 had afailurerateduring initial treatment of 25%. This
overall figureisperhapsalittlemisleading asthefailurerate
rose dramatically over the review period, from 16.1% in
1947 to 46% in 1963. This increase was paralleled by an
escalation inthe number of civilian diversbeing treated and
aconcomitantincreaseindiverspresentingfollowing marked
departures from accepted diving practice. 1n 1963, some
66% of the divers treated had developed DCS following
such non-standard dives, and this sub-group accounted for
almost all of the 46% initial treatment failures. Therewere
no faillures using USN tables 3 and 4 on Navy divers, who
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invariably received early recompression, unlikethecivilian
divers, who usually presented following long delays.

Goodman and Workman®? reviewed the casestreated
with air tables during 1964, and noted a similar overal
failurerate of 25%, with USN tables3and 4 again having an
initial failure rate of 47%. Thisgroup similarly comprised
civilian diverswith long delaysto treatment following non-
standard exposures with omitted decompression.

The construction industry has traditionally utilised
air recompressionincasesof DCSoccurringat theworkplace,
and have devel oped their own code of practice. Analysisof
the effectiveness of these procedures in the various large
projects has not been undertaken in this review, but air
recompression has been used in two recent large projectsin
Hong Kong and Singapore with acceptable results.

Thesefigures, and the increasing number of civilian
casualties, necessitated afresh look at the problem of treat-
ment DCS and the development of more effective recom-
pression tablesfor what promised to be an epidemic of DCS
in the 1970s.

Development of the minimal recompression oxygen ta-
bles

Goodman® in 1964 defined what he felt to be the
fundamental route to DCS symptom remission viz:-

1 Compressionto reducebubblevolumeandradius
in order that the intensity of the tissue reaction be
reduced.

2 Termination of thefocal ischaemiabrought about
by the endothelial irritation.

The latter, he surmised, could best be achieved by
exploiting the collateral blood supply after hyper-oxygenat-
ing the patient, effectively establishing a metabolic detour
around the occluded vessels. Hyper-oxygenation would
also provide the maximum gradient for the elimination of
inert gas from within the bubbles and tissues. Compression
has a limited ability to RESOLVE bubbles, so bubble
compression was relegated to a position of less than first
order significance. The risk of developing DCS from
treatment was al so essentially eliminated with oxygen ther-

apy_lZ

Goodman and Workman, from the USN Experimen-
tal Diving Unit, weregiventhetask of revisingthetreatment
of DCS, and in late 1965 their landmark report* was re-
|eased.

Schedule development
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Noting, as did Slark®, that the 9 msw soak was
probably the strength of the USN tables 3 and 4, Goodman
and Workman conducted anumber of trialsat thisshallower
depth. The first provisional format was empirical in its
design. Patients were taken to 10 msw breathing 100%
oxygen and assessed after 10 minutes. If all symptoms had
been relieved, then treatment was continued at this depth as
indicated by the dotted line in Figure 1. If relief was not
completein thistime, then the patient was taken to 18 msw
and decompressed according to the 18 msw schedule shown
in Figure 1.

In afew instances, the decompression from 18 msw
was interrupted by spending 30 minutes at 9 msw before
continuing thedecompression tothe surface. Therewereno
failures with this provisional format.

Following analysis of the cases so treated, patients
weresubsequently compressed directly to 18 msw, eliminat-
ing the 10 msw trial. This resulted in treatment times of
between 100 and 130 minutes.

Retrospective analysis showed that both the full
treatment depth and the actual time breathing oxygen, were
significantly related to treatment adequacy, |eading Good-
man and Workman to define a Minimum Adeguate Time of
30 minutes oxygen breathing at 18 msw with a total time
breathing oxygen of 90 minutes. New schedules were
developed reflecting treatment durations of 1.5 and 3 times
this minimum adequate time and designated the 2nd provi-
sional format (Figure?2). If relief occurred within 10 minutes
at 18 msw, 130 minutes of oxygen breathing was admini-
stered (Figure 2 upper). If relief wasnot complete however,
then 285 minutes was spent on oxygen (Figure 2 lower).

This second format also proved very effective, but
was further refined to reduce the risk of acute oxygen
toxicity by the inclusion of air breaks interrupting the
periods of oxygen breathing. The resulting tables are the
familiar USN tables 5 and 6 (RN tables 61 and 62).

Inthecasesreceiving adequatetreatment, 50 casesin
all, there was a 2% failure of initial recompression which
comparedfavourably withtheoverall airtablesinitial failure
rate of 15%. Of these 50 cases 28 (56%) met the criteriafor
treatment with USN tables 3 or 4 (serious cases) and these
had an initial failure rate of 3.6%, a marked improvement
over tables3and 4, which historically accounted for 27% of
all treatments and had a failure rate of up to 47%. Better
results were thus achieved with sicker divers. Oxygen
toxicity was not aproblem asit had been with Bert in 1878.

In attempting to convince physiciansthat deeper was
not always better they noted that the law of diminishing
returns becomesrelevant for bubble diameter beforeit does
sofor bubblevolume (Figure3). Thusingoingfrom 20 msw
to 50 msw littleis achieved in diameter reduction, but there
isanobligation of additional inert gasuptakeasgasmixtures
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must be breathed below 20 msw.

The question as to whether the treatment failures
occurring after recompression onthe air tableswasdueto a
relapse of DCS or whether they represented freshly pro-
voked DCSduetoadditional inert gasuptake, hasnever been
satisfactorily answered. What is known though, is that the
gradient for inert gas(nitrogen) eliminationwhilethe patient
is breathing oxygen at the maximum safe pressureislarge.
At 18 msw thepartial pressure (pp) of nitrogeninthe bubble
is approximately 2,105 mm Hg while the pp of nitrogen in
the blood of a patient breathing 100% oxygen will be 0 mm
Hg, creating a massive gradient for nitrogen egress and
avoiding the potential problems of bubble growth due to
additional inert gasuptake. Breathing 100% oxygen results
in a nitrogen elimination curve with the partial pressure
gradient of nitrogen between the tissues and the bubbles
increasing with time as the oxygen is breathed, driving the
nitrogen out of the bubbles, reducing their size until they
collapse. Incontrast, during treatment with air, the gradient
for nitrogen elimination decreases with time and there is
additional nitrogen uptake, nitrogenthat sooner or | ater must
be off-loaded (Figure 4).

Goodman and Workman* saw benefit in the even
release of pressure during decompression, rather than the
staged ascent of the air tables. This avoidance of sudden
pressure reductionswas seen to be animportant adjunct and
had been previously recommended.*® The time savings of
the oxygen tables were of major significance. A USN table
6 (RN table 62) takes 4 hours 45 minutesto compl ete, while
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FIGURE 4
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aUSN table 4 takes 38 hours 11 minutes. Thistime saving,
combined with abetter treatment efficacy, had considerable
equipment and personnel advantages, changing what was
often amarathon treatment effort into atolerable and effec-
tive therapy.

These new tables met with instant favour when first
released in November 1965. But havethey stood the test of
time, and are they as effective as the first 50 cases treated
would suggest?

Effectiveness of the oxygen tables

Followingtheinclusion of thesetreatment tablesinto
theUSN DivingManual in1967, Workmant reported on his
experience of using these in 150 cases, 40 of whom were
civilian divers. First treatment failures in this series was
15%, fallingto 5% after the second treatment. Inthemilitary
divers, initial failure was 7%. Consistently good treatment
results were documented and at a reduced time obligation
and staff commitment. Workman did concede that these
tables would not benefit 100% of divers, especialy inview
of the increasingly inadequate decompression seen in the
civilian diversdeveloping DCS. However, hisinitial treat-
ment relief with the oxygen tables of 85%, compared with
55% on USN tables 3 and 4, was indeed encouraging.

Three divers not improving at 18 msw in this series,
were further compressed to 50 msw with no additional
benefit.’> Bornman'® inthe sameyear stated that although an
increase in pressure could relieve the pain associated with
mechanical pressure and ischaemic obstruction, pressure
per sewould not aid bubble elimination. He concluded that
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the use of oxygen in the new tables was very important.

Lambertson'” in noting the initial success with these
new tables, concluded that extension of oxygen tolerance at
pressure would provide the ultimate improvement in the
therapy of DCS. His initia studies showed that the total
tolerated oxygen dose at 20 msw could be extended to 20
hours by periodic respite from exposure to these toxic
oxygen levels.

In other series, Erde and Edmonds* noted an initial
treatment failure of 13-15% if the delay was greater than 3
hourswhile Davis® noted a 10% failure rate, many of these
occurring following considerable delays before treatment.
Melamed and Ohry® in 35 patients documented a 10%
failure of initial therapy, while Hunt? recorded 100% suc-
cessintheinitial treatment of 18 divers (78% civilian) with
DCS, the best figures achieved in any study. Bornman’ s
experience in treating Navy divers was a 3.6% failure
following the institution of early recompression.

Kizer® reviewed 50 cases of DCS treated following
delays in excess of 12 hours, again most of these divers
having marked departures from accepted diving practice.
Forty-seven of these patientsweretreated with USN table 6
(RN 62) half of these treatments being extended. The
standardtablehad aninitial failurerateof 20%. Inthesevere
cases, when the table was extended, the failure rate rose to
37%. Overal though, Kizer felt that 92% had compl ete or
substantial recovery following initial treatment. These
results are similar to those achieved in the other series, but
Kizer noted that the oxygen dose frequently needed to be
increased to achieve thisresult.

Green and Leitch?, reviewing 20 years experience
analysed 179 caseswith severe DCS. Fifty-six (30%) were
treated with air tables and 123 (70%) with the short oxygen
tables. Overal, the oxygen tables performed better, but
particularly if the delay to treatment was greater than 12
hours. Somecasespresented at between 10and 17 daysafter
symptom onset and made full recoveries following treat-
ment (Table 1). The USN* found the oxygen tables to be
superior if the delay to treatment exceeded as little as 5
hours. Looking at the results achieved with the oxygen
tablesasaseparate group, RN table 61 (USN 5) had an 18%
relapse rate following initial treatment, while the RN table
62 (USN 6) had arelapse rate of 3%.2 Green and Leitch*
restated that itisinappropriatetotreat severecasesonan RN
table 61, asthistreatment proved ineffectivein severe cases
and had a high relapse rate. With the oxygen tables firmly
established asthemainstay of treatment, they concluded that
grounds exist for theremoval of the RN table 61 (USN 5) as
a treatment option, relying instead on the longer oxygen
table. This would reduce treatment errors and improve
outcomes, afeeling that has been expressed by others.®

Thesameauthors, but inadifferent study®, reviewed
the treatment of severe DCS that was not responding at 18
msw. Inthe 24 cases, almost universal ineffectivenesswas
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TABLE 1

PER CENTAGE CURE RATES

<12hrsdelay >12hrsdelay Overall

Air Tables 50% 7% 32%

Oxygen Tables 58% 58%
(from data by Green and Leitch?)

46%

documented following further compression, usually to 50
msw. Those showing some response had already demon-
strated someimprovement at 18 msw. They concluded that
serious cases of DCSare not materially improved by further
compressionto agreater depth. Further, 6 casesstill deterio-
rating at 50 msw were no better at 70 msw, reinforcing the
belief that compression to agreater depth does not necessar-
ily halt or prevent deterioration. The animal data also
supports the doubtful efficacy of increasing the pressure to
greater than 18 msw in the treatment of serious DCS.*#

While most commonly seen in divers and caisson
workers, DCS aso occursin aviators during their exposure
to sub-atmospheric pressure. In areview of 145 cases of
aviatorsbends, Daviset al® documented arecurrencerate of
22% in those treated with the air tables, while in contrast,
only 1% of those treated with the oxygen tables relapsed.
The USAF used modified tables 5 and 6, in that they
continued the 20 min oxygen/5 min air sequence at 9 msw,
rather than the 60 min oxygen/15 min air as promulgated in
the USN tables for this depth. The total time on oxygen
remained unaltered. Aswith diver DCS, the treatment of
stricken aviatorswith the oxygen tableswasvery successful ,
even following delays of many hours.

Studies have suggested that treatment at 18 msw for
AGE may also be effective especialy if a concomitant
decompression debt had been incurred. Traditionally, pa-
tientsat 18 msw on oxygen not showing improvement have
been further compressed to 50 msw on air. This makes it
difficulttomakeatrueassessment astheeffectivenessof RN
62/USN 6 in treating AGE. From the data?s2'* it is not
possible to say that 50 msw is better than 18 msw. It seems
likely that most cases of AGE will do equally aswell at 18
msw on oxygen as they will a 50 msw on air. If early
recovery does not occur, time seemsto be the major factor,
regardless of the pressure at which treatment occurs, hence
extension at 18 msw isindicated. In the studies reviewed,
USN 6A/RN 63 showed the best performance. However
following a delay before treatment of greater than 6 hours,
proceeding to 50 msw was no more effective than staying at
18 msw. One omission that does stand out isthat maximum
use was not made of extending the tables at 18 msw asis
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permitted.®3t
Conclusion

Human beings did not evolve for amarine existence,
but they continue to ventureinto thisand other alien realms
with attendant morbidity and mortality. Before the 1950s,
thedivers presenting for treatment of compressed air illness
were primarily military or commercial. They presented
early and with predominantly “pain only” DCS. This has
been entirely reversed since the late 1960s by the large
number of less disciplined and unsupervised sport divers
who not only present later, but have a preponderance of the
more sinister neurological manifestations of DCS.115242
Thetreatment protocolsusedtotreat thiscivilian population
in the 1980s have been satisfactory, but it must be realised
that they weredesigned inthemilitary for atotally different
population.

Because the therapeutic value of compression ther-
apy isso self evident controlled studiesin man have not been
done. Davisin 1935 further commended that “No one who
has seen the victim of compressed air ilIness, gravely ill or
unconscious, put back into a chamber and brought back to
lifeby theapplication of air pressure, will forget theextraor-
dinary efficiency of recompression or will be backward in
applying it to a subsequent case of illness’.* In contrast to
this, Saumarez and his colleagues®, who were without
recompression facilities, successfully treated a case of se-
vere neurological DCS with oxygen at the surface.

Pressure and oxygen have become the cornerstones
of therapy and studies have been directed at identifying the
optimum pressure, oxygen doseandtimethat thesevariables
should beappliedto achieve maximum effectiveness. Some
centresbelievethat pressureistheall important variabl e, but
the Boyle's Law effect is not nearly as dramatic when
viewed from the standpoint of the bubble as opposed to the
more usual bubble volume (Figure 3). In an animal model
of spinal cord DCStreated withaconstant 2.0 bar pp oxygen,
recovery was not significantly altered by recompressing
deeper than 20 msw.t This, and other studies, support the
belief that going deeper brings little further benefit. In a
similar study, pressure was held constant at 5.0 bar and the
pp of oxygen was varied between 1.0 and 3.0 bar.** Treat-
ment with app of oxygen of 2.0 bar (10 msw) achieved the
best results suggesting that the optimum treatment of DCS
was at 10 msw on 100% oxygen. DCS has been reported
followingtreatment with hyperbaric oxygen®, so potentially
at least, oxygen as well asinert gas, can cause aDCS like
syndrome. The use of oxygen and pressure in the manner
empirically derived by Goodman and Workman* is gradu-
ally being supported by work from thelaboratory. Thetime
over which this “dose of pressure” and “dose of oxygen”
needstobeappliedis, asyet, lessclear. What isclear though,
is that oxygen treatment at lower pressures is superior to
deeper recompression on air. Although the current oxygen
tables have afailure rate of between 4 and 15%, this was
achieved in much more seriously afflicted patients than
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those previously treated on the air tables.

The advent of computer technology has seen the
devel opment of much remarkable investigative equipment,
andwiththerealisationthat DCSisprimarily adiseaseof the
nervous system, follow up investigation has been directed
towardsassessing theneurol ogic sequel aeof DCS. Gorman,
Edwardsand Parsons® intreating 87 cases of DCSachieved
a96%resolutionrateat discharge. At 1week follow up, 47%
had abnormal EEGs and 20% had abnormal CT scans. So,
isour treatment of DCSaseffectiveaswemight think, or has
improvingtechnology just reinforced our fearsthat wereally
know little about thisdisease and how totreat it effectively?

Thefuture

Current research is being directed at alternative ap-
proaches to the treatment of the difficult cases, i.e. thosein
which the victim deteriorates while at treatment depth, or
those with significant deficits not improving at treatment
depth. Previoudly, further compressionto 30 or 50 msw has
been advocated. Mixtures of oxygen and an inert gas
(helium or nitrogen) are breathed and a saturation type final
decompression isadopted for the return to the surface.* 222
Theuseof helium hasbeen favoured recently because of the
existence of safedecompression tablesfor heliox divingand
because of the decreased incidence of serious DCSnotedin
heliox divers.** Heliox diving however is usually per-
formed by professional divers in saturation, and the rele-
vance of these studiesto the treatment of no-decompression
sport divers is tenuous. Isolated case reports with sports
divers demonstrate that these techniques are occasionally
effective, but then failures are not usually reported.22373

In contrast, in 1984 the USN began pursuing the
option of being ableto remain at 18 msw indefinitely when
the diver was not responding to standard therapy. Advan-
tageswere seen in this, asno additional gas mixtureswould
berequiredthussimplifyingtherapy. Thisinvestigation saw
fruition in 1989 when treatment table 7 was promulgated in
the USN Diving Manual.* Table7isa“heroic measure” for
the treatment of the serioudly ill diver and is essentially an
extension of Table 6 at 18 msw with a saturation type
decompression to the surface over 36 hours. The minimal
timeat 18 msw is12 hourswith solid evidence of continuing
benefit required for stays of longer than 18 hours. A
maximum of 24 oxygen breathing periods are allowed for.
Thisgivesatablelength of 48+ hours. Theusefulnessof this
techniqueis yet to be verified!

In the meantime we shall all continueto search for a
solution to thetreatment of the non-responding neurol ogical
DCS patient.

Conclusions

The minimal recompression, oxygen breathing ta-
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bles have remained effective in the treatment of a sports
diver population that is presenting with increasingly more
severedisease. However, asour investigative toolsbecome
more sophisticated, previously covert disease will be dem-
onstrated. Whentheefficacy of thesetablesistested against
our ability to demonstrate pathology in this minimally
affected group of DCS patients they may, as have the air
tables in the past, be found wanting. Continued develop-
ment of investigative tools and the on-going analysis of
resultsis warranted.
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HIGH RISK DIVING
TASMANIA’SAQUACULTURE INDUSTRY

David Smart and Peter McCartney

Despite its cool climate and waters Tasmania has a
large population of commercial and sports divers working
in, and enjoying the waters of its 3,200 km coast line. Of a
total population of 446,500 (1986 figures)*, over onepercent
are active divers (Table 1).

Diving accidentsin Tasmaniarequiring hospital ad-
mission or recompression therapy occur on average fifteen
to twenty times per year. These patients are treated at the
Royal Hobart Hospital (RHH) Recompression Chamber by
staff of the Hyperbaric Unit, which islinked to the Depart-
ment and Anaesthesia. There has been little change in the
number of accidentsover theyears1985t01988. The 1985-
1988 popul ationtreated at RHH consisted mostly of abal one
diversandasmall number of recreational divers. In1988the
first of anew population of divers presented for treatment.
These divers were employed in the aguaculture industry.
From April 1988 to October 1989, eighteen diversfrom all
sources were admitted to hospital for diving related illness
and twelve were treated in the recompression chamber.
Sixteen of the eighteen divers had been using hookah appa-
ratus and nine divers were employed in the aquaculture
industry.

This industry is now a major export earner for the
state of Tasmania and by October 1989 according to the
Department of Sea Fisheries more than 270 people were
employed at 35 separate ventures. At the time of writing
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TABLE 1
DIVERSIN TASMANIA

Registered by the Department of Sea Fisheries

Non Commercial Diving Licence 3100
Commercial Abalone Licence 125
Commercial Diving Licence

(including police divers) 229
Unregistered divers (estimates)

Unlicenced Amateur Divers 3000
Sea Urchin and Periwinkle Divers 400
Aquaculture divers 50

approximately 40-50 were divers. During 1990 further
growth is expected in the industry to over 400 employees.
From its humble beginnings in 1986 the industry now
produces Atlantic Salmon of world export quality. The
salmon are “farmed” from smolt (50 g size) to adult sizein
floating circular pensapproximately 20 min diameter (Plate
1, page 151) supporting acylindrical net approximately 8 m
deep. Feed isreleased automatically at regular intervalsto
thefish. There can beasmany as5,000 fish per pen. Larger
operations manage 40 pens or more. Surrounding theinner
pensisacoarser mesh perimeter net (Plate 2, page 151) of up
to 250 m by 500 m to prevent predators such as seals
attacking the salmon. Diversintheindustry arerequiredto
maintain these nets and pensand to remove diseased or dead
fish from the pens. They are also required to inspect and
maintain mooring lines. In some leases the perimeter nets
and mooring linesextend to depths of 40 m. Diverscontrib-
utesignificantly tothequality of thesalmonwhenitisfinally
ready for marketing.

This paper examines the diving practices of the
industry, based on information gained from diverstreated at
RHH, inthehopeof reducing thenumber of diving accidents
inthefuture. Oneof theauthors(DS) wasprivilegedtovisit
one of the larger fish farm leases at Tassal, Dover, and
witnessed itsimpressive operation at first hand.

Information gained

Nine aguaculture divers were treated at RHH. The
majority (5) were aged between 21 and 30. Two were
between 31 and 40. There was one in the 10-20 group and
one aged between 41 and 50. Eight were male and one
female.

Of concernisthat only 2 divers had had appropriate
training, i.e. specificaly for the industry. Even more dis-
turbing is the fact that 4 of the divers had had no formal
training while the other three had only had formal training
for using scuba as a recreationa diver. Of these one had



