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EDITORIAL

When Cousteau and Gagnan produced thefirst prac-
tical demand valve in 1943 they would undoubtedly have
believed that its sole effect would beto liberate diversform
the tyranny of the air hose, which tethered them to a small
areaof the seafloor, and the cost of a surface support team.
Indeedit set diversfreeinthewater column. A changefrom
thetwo dimensional seafloor territory tothefreeswimmer’s
three dimensional world. If an environmental impact study
had been required it is probable that they would have made
reference to the recreational, scientific and commercia
applications of their invention. But itisextremely unlikely
that there would have been any awareness, let alone men-
tion, of the less tangible effects of this change in diving
methodsandtheintroduction of anew typeof div er. AsNeil
Bohum has said “it ishard to predict, especialy thefuture”.
Andindeedinthissameyear, 1943, Mr ThomasWatson, the
then head of IBM, gave it as his opinion that the world
market for computers would be satisfied by five machines.
Theconsequencesof theintroduction of the* Aqualung” are
still not fully worked through, indeed the recent sad demise
of the too-good-to-be-true National Safety Council of Aus-
tralia(Victorian Division) hasmerely accel erated onephase
of therevolution indiving which thisinvention started. Itis
theway of theworldtofail to predict thesocial consequences
of theintroduction of any new technology.

Until theadv ent of the* Aqualung” anditsclonesand
rivalsthere was, by and large, no such creature as arecrea-
tional diver. Few had theinfluence, charm (and presumably
the effrontery) to emulate Professor Henry Milne-Edwards,
who persuaded the Paris Fire Brigade to loan his their
manually operated air pump and the brass helmet diving
outfit designed to rescue people from flooded cellars. This
was in 1844 and professors were seemingly persons with
highsocid status. Hehadthisapparatustransportedto Sicily
and boarded aboard asmall vessel, taking with him several
strong mento operated thepump. Hisdiveto 7.6 m (25feet)
was the reward for al this effort. How different it is
nowadays. The socia structure of society has changed
superficially since then. But the social order in the diving
community haschangedfar moreradically. Until 1943there
were, ingeneral, two classes, thosewho organised thediving
and those who dived. The former, gentlemen or engineers,
did no diving. Thiswas |eft to the rather more disposable
labouring class which provided the divers. As they were
expected to use equi pment of uncertainreliability and never
to complain of cold or danger it was only an exceptional
diver whoventured critical commentsonthemethodsinuse.
Naturally they had no training, for not only would this have
been considered a dangerous innovation taking some of the
mystery from the craft but there was no worthwhile theory
of divingtoimpact onthem. Thiscomment may seemalittle
harsh when one considers the efforts of Haldane, Behnke
and other naval medical officers to produce safer diving

conditions, but it did apply to the non-naval divers.

The influence of recreationa divers brought into
diving critical minds, persons who could, and did, ask
guestionsand demand answers. A revolutionindeed. Itwas
the influence of such persons which produced the snorkel,
the modern face mask with its nose pocket, the buoyancy
vest, the weight belt with quick release buckles and the wet
suit. And of course a questioning attitude to the problems
they met. Indeed but for these possibly unwelcomed ama-
teursin the diving world it is probable that the diving table
would still be regarded as sacrosanct eternal truths, with the
assumptionthat every decompressionsicknessvictim, rather
than the magjority, having caused their own problems. In
recent years the existence of the commercia interest in
servicing recreational divers has had the unexpected effect
of blending someof the original diving establishment mem-
bersinto the civilian diving world. There has been a great
reduction in the division between the official experts (usu-
aly naval officers) and civilian divers. There wasfor long
and uneasy dichotomy in diving, the Navies treating the
recreational diver as inferior rather than as different and
having a tendency to sermonize when presented with de-
compression sickness rather than seeking to learn more
about the condition. But withtheincreasing devel opment of
a system of civilian operated chambers in Australia, New
Zedland, the U.S.A. and the United Kingdom (and the cost
restraintson naval resources) adifferent and better relation-
ship should develop. And with it an awareness that there
remains much that each group can learn from investigating
the details of diving related problems.

At the present time the incidence of decompression
sickness in recreational divers cannot clearly be sheeted
homewith any certainty to thelimitationsof thetables, diver
ignorance, imperfect programming of dive computers or
other factors. Probably a mixture of all these isinvolved.
There is a need to define the true risk/ safety trade off of
multiple dives and multiple depth dives, to mention only a
coupleof matter which have not received adeguate attention
up to now.

The papersin hisissue require no “commercia” as
they are full of useful information and should satisfy the
interests and needs of even the most fastidious of readers.
The trio of papers from the Hobart meeting about oxygen
produced free radicals should give pause for thought to all
diversasthey will increase theoutput of free radicals every
time they submerge and the deeper they go the higher the
production.. The lesson from Dennis Graver on how to
vomit safely underwater isanother itemfor all diverstonote.
The two books reviewed are highly recommended, espe-
cialy for doctors who dive and for those who treat patients
with diving related illnesses. On afinal, but hardly lighter
note, if anyone knows about a particular gravestone on
Thursday Island please contact Nick Cooper (page 145).
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ORIGINAL PAPERS

SCUBA DIVING FATALITIESIN AUSTRALIA
AND NEW ZEALAND

1. THE HUMAN FACTOR

Carl Edmonds and Douglas Walker

Background

The USA Underwater Diving Fatalities Statistics 2
have until recently been compiled almost single-handedly
by John JMcAniff, Director of National Underwater Acci-
dent Data Centre (NUADC), University of Rhode Island.
These records, which go back to 1970, include more than
2,600 fatalities, and are unsurpassed in their scope.

InAustraliaand New Zealand (ANZ), thedeaths are
less numerous but data is more detailed and is comprehen-
sively catalogued. Itiscollated as* Project Stickybeak”, run
by Dr Douglas Walker and the provisional reportswith case
historiesare published: and made availableto instructor and
other supporting organisations. All material acquired is
confidential and noidentifyingdetailsareincludedintheuse
of thisinformation to promote safer diving operations.

Thereisnational cooperation inthe supply of datain
both Australia and New Zealand. Copies of depositions,
police interviews, witnesses statements and inquest pro-
ceedings are supplied by the Law/ Justice / Attorney Gen-
era’s departments in each state. The Water Police, Police
Diversand Navy Diving Units’ reportsincludebenchtesting
of the diving equipment used by the deceased, compared
with the national standards for compressed air equipment,
and often in-water trials where an experienced diver, of
similar stature, employstheequipment in asimul ation of the
dive profile. Gas analyses are routinely carried out at
government |aboratories.

Because of the excellent publicity achieved by the
peopleand organisationsinvolved, virtually all ANZ diving
instructorsand dive shop proprietors, aswell as most estab-
lished divers, are aware of “Project Stickybeak”. This en-
sures that few diving deaths are missed, and much more
information may be collected than is available to other
individual agencies.

Thisreport isthefirst of three extensions of “ Project
Stickybeak”, and deal swith an analysisof thehumanfactors
contributing to the death. It encompasses medical informa-
tion, psychological problemsand variousdiving techniques
that imply questionable judgement. The second extension
dealswith faultsand misuse of equipment and thethird with
environmental factors.

Both authors have had many years (1967-1989) of
investigating diving accidents and diving deaths, incorpo-
rating boththecivilianand Armed Servicesdiving activities.

Survey Material

In this ANZ survey, information was compiled on
factors contributing to 100 consecutive scuba diving fatali-
tiesinthisdecade. TheNUADC figuresquoted for compari-
son were calculated from the 1980-1987 reports.

For diving fatalities to be included, the following
reguirements had to be met:
1. Scubagear had to beworn by thevictiminthewater, with
the intent of diving.
2. All military, large commercial or helium diving activities
were omitted.
3. At least three of the following four sources of detailed
information

a. A coronersinquest or enquiry (full transcript includ-
ing witnesses declarations and cross examination);

b. Autopsy findings (anatomy, histology and toxicology
infull detail);

c. Officia government (Navy, Water Police, etc.) as-
sessment of equipment functioning and in-water
trials. Thisincludes gas analysis on scubatank com-
pressed air.

d. Detailed written accounts of witnesses, (buddies,
other divers, boatman or bystanders, rescuers)

Aswell asthese, additional information was some-
times available from newspaper articles, underwater and
diving agencies, including instructor organisations, private
sources and rescue services.

Inevitably, judgements had to be made regarding the
relevance of much data. Often there were minor or major
abnormalities, mistakes, difficulties or problems encoun-
tered, which did not appear as if they were related to the
incident leading to death. Unless stated otherwise, these
have not been incorporated as contributing factors in this

paper.

In the ANZ series al factors which were likely to
have materially contributed to the sequence of eventswhich
led to death, or prevented action being taken which would
have led to a successful rescue, were recorded.

The results were categorised as follows
DIVING DATA

This gives an overview of the diver, the type of
diving, the behaviour of the diver and observers. Related
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statistics from the NUADC data are supplied for general
interest. Wehave not attempted to replicatethe basic dataof
NUADC or Project Stickybeak.

MEDICAL CONTRIBUTIONS

These include psychological (e.g. panic, fatigue),
physiological (e.g. vomiting, extreme physical unfitness)
and pathological conditions (e.g. pulmonary barotrauma,
drowning) leading to death.

DIVING TECHNIQUE CONTRIBUTIONS

Although this survey does not extensively analyse
thediving data, certain diving procedures or techniquesthat
involve human judgements and have been perceived as
having an influence on diving deaths are recorded. These
include diving experience, out-of-air situations, buddy div-
ing, weight ditching and buoyancy problems.

EQUIPMENT CONTRIBUTIONS

Thesearesubdividedinto equipment faultsand equip-
ment misuse because, for example, it seemsunfair toimpute
fault to theweight belt becauseit wasmisused, e.g. by being
worn under the buoyancy compensator harness and thus
failed to be ditched in the emergency.

If, however, the weight belt has no fault and is
correctly worn, but is inappropriately (voluntarily) either
ditched or retained so as to contribute to the accident, then
this is rightfully attributed to poor diving technique or
judgement, and isincluded in this report.

ENVIRONMENTAL CONTRIBUTIONS

These include both natural hazards (e.g. tidal cur-
rents, sharks) as well as non-scuba related man-made haz-
ards (e.g. boats, dam outlets). In this paper the environ-
mental contributions are not further categorised asthey are
the basis of a subsequent report..

If the diver had attempted to dive under conditions
for which he was clearly untrained and inexperienced, then
thisisseen asan error of judgement andisreferredtointhis
report.

Resultsand Conclusions

Asthere were 100 cases, each case represented 1 %
of thetotal. Even where information was not available, the
figures still represented a percentage of the 100 cases.

Diving data

Despitethedifferent method of selection of cases, the

95

NUADC and the ANZ series showed remarkably similar
profilesof diving activities. Inmost casesthe accident came
asagreat surpriseto all associates of the deceased, butin 9
% the victim had been specifically advised by a diving
medical expert, and sometimesby adiveinstructor, that they
were unfit for scuba diving.

Tablel. DIVER DATA

NUADC ANZ
Average age (years) 33.1yrs. 32.9yrs
First Scuba dive 54% 8%
Under training 9.0% 5%
Multiple deaths 9.8% 4%
Diving alone 175% 21%
Male/Femaleratio 91 91
Age> 50 9.7% 8%

Age. The age range was 13 to 65 with mgjority
between 21 and 35, and asmall increase around 46-50. The
latter was related to the “cardiac deaths’ which had their
peak in this age group

Table2. AGE INCIDENCE

Age No
11-15 1
16-20 8
21-25 21
26-30 19
31-35 21
36-40 9
41-45 3
46-50 10
51-55 5
56-60 1
>60 2

Depths. The depths of the dive, theinitiating prob-
lem and of unconsciousness (or death) are shownintable 3.
A small number never descended at all, and over a quarter
first encountered their trouble on the surface. Despite the
wide range of diving depths, at least half either died or lost
consciousnesson thesurface. 1n14 % of casesthefatal dive
was a repetitive one.

Duration. In 17 %, the diver succumbed in thefirst
10 minutes of the dive. In 56 % the problem developed
following an exhaustion of the air supply (either on reserve
oroutof air). In8%itwasintermediate betweenthesetimes.

It would seem reasonable to conclude that, in plan-
ning adive, accidents could be anticipated more often at the
start or at the end.
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Table3DIVE DEPTHS

Depth in metres (ft) Dive
Surface 0 0) 3
1-3 (1-10) 4
4-6 (11-20) 13
7-9 (21-30) 12
10-12 (31-40) 12
13-15 (41-50) 9
16-18 (51-60) 7
19-21 (61-70) 7
22-24 (71-80) 4
25-27 (81-90) 6
28-30 (91-100) 1
31-45 (101-150) 5
46-60 (151-200) 3
69 (226) 2
92 (302) 1

Purpose. The purpose of the dive was recorded, but
ishot designated asacontributory causein thispresentation.

Table4. PURPOSE OF THE DIVE %

Recreational dive 30
Hunting 30
Photography 7
Introductory dive
Work activity
Cavediving
Under instruction
Instructing
Wreck diving

wWN oo o N

Responses. Once a problem has developed, even
though the surface was sought in most cases, theweight belt
wasrarely ditched and the buoyancy compensator (BC) was
not inflated, either at the surface or at depth.

Table5. BEHAVIOUR OF VICTIM %

BC inflated 21

not inflated 48
Weights ditched 9

not ditched 83

Table6. BUDDY RESPONSE %

Assisted with air supply 11
Ditched victim’'s weight belt 12
Inflated victim’'s BC 10
Surfaced with the victim 12
Rescue and/or first aid 23

Buddy breathing failed 4

First problem Unconsciousness
28 50
3 2
10 7
3 5
4 4
5 3
1 1

- 2
1 1
3 4
1 1

- 4
4 3

When the buddy remained with the victim, or even-
tually found him, therewasusually an appropriateresponse.
Only in one case did the rescuer become avictim.

Buddy breathing seemed to cause some problems,
especially during ascent.

Overview of contributing factors

The number of contributory factors increased with
the detail available of the dive. A “sole cause”, such asa
shark attack or an inexplicable burst lung, was a rarity,
except in the divers who dived alone, when our records are
probably not complete.

In allocating cases , each victim was recorded only
once in each major category (Table 7).

As well asthese contributory factors, certain diving

techniquesor activitieswerelikely to havecontributedtothe
final event. These are

Table8. DIVING TECHNIQUES

Inadequate air supply 56%
Buoyancy problems 52 %
Other equipment misuse 35%

Medical disorders

Cause of death. Even though an understanding of
the eventsis not obtainable by autopsy findings alone, they
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Table7. MAJOR FACTORS

NUADC *
Medical disorders 55.7 %
Equipment faults 9.5%
Environmental 34.8%

ANZ Series
Probable Likely Total
59 % 43 % 74%
23 % 18 % 35 %
52 % 18 % 62 %

* The results were not strictly comparable with the NUADC series, which had less information available on each death,
did not use identical classifications, and only recorded one contributing factor and then in only 73 % of cases.

areindicative of thefinal event. Thefollowing resultswere
derived from the conclusions from the autopsy findings,
more than from the formal coronial findings.

Table9. CORONER /AUTOPSY .
Officially Designated Cause of Death

ANZ NUADC
125 causes for 100 victims

Drowning 86 % 74.2 %
Pulmonary barotrauma 13% 245 %
Cardiac 13% 9.1%
Aspiration of vomitus 6 % <1%
Trauma* 3% 15%
Asthma 2%
Marine animal injury * 1%
Co-incidental** 1%

* Catalogued as environmental in the ANZ series
** Theco-incidental causewasadissecting aneurysm of the
aorta.

In the final assessment only the past medical or
physiological disorderswhich werethought to influencethe
death of thevictimwereincludedintable10. Rarely wasthe
past medical history available. For this reason, the “Pre-
existing” figures must be considered as underestimates of
the true situation.

InTable10 casesmarkedwith* werenot recorded as
contributing factors unless other related disorders co-ex-
isted. Excludingthese, in25% of the casestherewasapre-
existing medical contraindications to scuba diving. This
comparesto an overall “failurerate” of amost 10 %, during
the 1980s, amongst recreational scubadiverswho attended
the Diving Medical Centresin Sydney (7).

Many of these factors were subjective, such as fa-
tigue and panic, and we had to rely on witnesses descrip-
tions. They are fortunately usually associated with other

environmental, equipment or technique problems.

Salt water aspiration while the diver was still con-
scious, waslikewisean unverifiablefactor andrelied ondata
from others. 1n most casesit was overtaken and pathol ogi-
cally obscured by itslogical extension, drowning.

Patientswho have had diabetes, epilepsy and cardiac
surgery are, like asthmatics, excluded from diving suitabil-
ity, both in the customary medical examinations and the
signed declarations required by diving instructor organisa-
tions. This has not prevented them from settling in these
statistics

Stressresponses, fatigueand panic. Thesesubjec-
tive symptoms are * soft” datathat can only be presumed by
adetailed description of thediving activities. Nevertheless,
they occur frequently throughout the fatality case reports.
To dismiss them because of the inability to demonstrate
morbid pathology, would be to ignore two of the major
contributory causes of diving deaths.*

Panic is a psychological stress reaction to anxiety.
Thethreat of death is areasonable cause of anxiety. Under
selected circumstances, anyone will panic. Difficulty in
obtaining air is afrequent cause of panic and theinhalation
of water was associated with panic in 19 % of the cases.

Table1l. STRESSLEADING TO PANIC
n=39

Salt water aspiration 19
Fatigue 16

Fatigueisaphysiological stressreaction to amuscu-
lar effort which was often underestimated by the victims.
Under sufficient physical stress anyone can become fa
tigued. Salt water aspiration, panic and cardiac disease al
occurred more frequently than would be expected in these
Cases.
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Table10. MEDICAL CONTRIBUTIONS
(Excluding drowning)
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Pre-existing
Panic
Fatigue
Vomiting 1
Nitrogen narcosis
Drugs *8
Very physically unfit 4
Severe disability 3
Severe visua loss 3
Alcohol
Motion sickness 2
Gross obesity *8
Carotid sinus reflex
Salt water aspiration
Pulmonary barotrauma
Cardiac disease 3
Asthma 9
Respiratory disease 5
Hypothermia
Hypertension *8
Ear problem 2
Diabetes 1
Others
Epilepsy 1

Decompression Sickness
Contaminated air supply

Probable Likely Total
31 8 39
23 5 28

6 4 10
7 2 9
1 6 7
3 1 4
1 2 3
1 2 3
2 2
1 1 2
2 2

1 1
22 15 37
10 3 13
7 5 12
6 2 8
3 4 7
1 2 3
2 2

1 1 2
1 1
1 1
nil

nil

* = not recorded as contributing factors unless other related disorders co-existed.

Table 12. FATIGUE (28 cases)

Salt water aspiration 18
Panic 16
Cardiac disease 9
Nitrogen narcosis 3
Severe disabled 2
Hypothermia 2

2

Very physically unfit

Vomiting. After exclusion of those casesin which
vomiting happened after removal of the victim from the
water or as aterminal event, it initiated or complicated the
event in 10 % of the cases.

Table 13. VOMITING (10 cases)
Salt water aspiration 4

Regulator leaking 3
Sea sickness 2

Nitrogen narcosis. This contributed to thedeathin
9 % of cases, but was never the sole or major cause.

Drugs. Alcohol, carbon monoxide and narcotics
weretested during the autopsy in most cases. Otherwisethe
information was obtained fortuitously, and therefore be an
underestimate. Cannabiswasused once, but wasnot consid-
ered a contributor (Table 14).

The relationship between alcohol intake and drown-
ing is well described elsawhere.s The higher incidence of
cardiac deaths amongst those with hypertension and treated
with hypotensive drugs, is probably also predictable.

Salt water aspiration. While still conscious, this
was present in 37 % of cases and was a interim factor,
following some other event such asusing asnorkel in white
water or an out of air situation. Problemswith theregulator
occurred in 12 cases and were therefore unexpected. The
result of the inhalation of water is seen in the associations
between this and other medical contributions.
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Table14. DRUG INTAKE

IlIness Number
Asthma 9
Hypertension 5
N/A 4

Table15. SALT WATER ASPIRATION

n=37
Panic 19
Fatigue 18
Cardiac disorder 9
Asthma 6
Hypothermia 3

Pulmonary barotrauma. Thiswasevidentin 13 %
of cases. In some cases the extensive pulmonary damage
was obvious, but in othersit was complicated by the effects
of subsequent drowning. The clinical presentation of clas-
sical cerebral arterial gas embolism was considered ade-
guate to make the diagnosis even without pathological
verification.

The suddenness of these cases made other observa-
tionsmoredifficult, however someassociationswere noted.

Table16. PULMONARY BAROTRAUMA
n=13

Panic beforehand

Nitrogen narcosis
Emergency ascent
Asthma

NN WO

Cardiacdisease. Of the 12 % of diverswho died of
cardiac disease, therewas 2 cases of myocarditis, pathol ogi-
cally demonstrated andinyoung diverswho hadintercurrent
illnesses. Theaverageagewas43.6years, (S.D.=7.6). The
mode was in the 46-50 years age group, with 5 deaths, and
3 between 51-55 years. They did tend to die quietly.

Three had ahistory of heart disease and another four
of hypertension requiring treatment. With somany possible
trigger factors(previouspathology, exertion, cold exposure,
prescription drugs including beta blockers, hypoxia from
aspiration of seawater, etc.) for both myocardial ischaemia
and ventricular fibrillation, it would be hard to incriminate
one specific aggravating factor.

Alcohol excess

Drug Cause of death
Salbutimol Pulmonary barotrauma (2)
Drowning (7)

Cardiac (1)

Hypotensives Cardiac (4)

Drowning (4)
Drowning (4)

Table17. CARDIAC DEATH
n=12*

Salt water aspiration
Fatigue

Drugs

Hypothermia

N 01 © ©

* |n accepting this diagnosis we have required very
gross pathology or an excellent clinical description. If we
wereto accept all autopsy and clinical diagnoses of cardiac
disease, the number would have risen to 21.

Asthma. In no case was the diagnosis of asthma
made purely on the basis of histological findings. Thereis
a 24 hour delay in the production of the characteristic
eosinophilicinfiltration and desquamation changes with an
acute attack of asthma.® This could well have reduced the
apparent influence of this illness, but it was somewhat
compensated for by the ability of some of the pathol ogiststo
detect and record the chronic signs of asthma.

Of the 9 % who had asthma, the following informa-
tion was found:

Table18. ASTHMA

n=9

Autopsy cause of death

drowning 7

pulmonary barotrauma 2
Medical contributions

salt water aspiration 5

fatigue and/or panic 5
Technique problems

compromised air supply 6

When the factors for asthma provocation in scuba
diving are considered, namely ;
exertion
inhalation of cold, dry air
hypertonic saline inhalation
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and it isrealised that each of these stresses are used
clinically toinitiateasthmaasadiagnostic provocation tests®
the high incidence of this disorder is understandable.

It is not known whether breathing against an in-
creased inspiratory resistance (low on air) is also a provok-
ing factor, but this should now be considered in the light of
these figures.

Respiratory disease. Four cases of the seven had
respiratory infections and two had pleural adhesions (one
from a thoracotomy, and one who died with pulmonary
barotrauma, pneumothorax and alarge haemothorax). Dys-
pnoeaonwalking on theflat and aPeak expiratory flow rate
of 320 litres per minute, were considered evidence of prob-
able respiratory disease.

Diving techniques

An assessment of certain dive procedures was made
as regards both the frequency of these in fatal diving acci-
dentsandtheir contributionstothis. Aswehavenoideahow
often they have saved lives in other circumstances, these
figures should not necessarily be used to condemn any
practice, but at least to review it.

Experience. The fatal dive being undertaken was

compared in complexity tothediver’ straining and previous
experience.

Table19. EXPERIENCE

Nil experience 8%
i.e. never scuba dived before

Inadequate 39%
Consistent 43 %
Excessive 6%

Air supply. As56 % of theproblemsdevel oped after
theair supply had reached reservelevels (low on air and out
of air), it couldreasonably beconcludedthat thediversfound
it moredifficult to handle problems under those conditions.
Thistalliedwiththeobservationsonthenumber of * surface”
deaths, and the problems of coping with surface swimming
conditions.

Table20. AIR SUPPLY

Snorkel breathing on surface 8%
out of air or low on air noted on surface 7%
out of air or low on air noted at depth 49 %

Most problems develop from the time the victim
became aware that the air supply was compromised. To
avoid unnecessary air consumption, snorkelling on the sur-
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face was employed and coincided with the development of
problemsin8% of cases. Oneof theother waysof producing
a low on air situation was by the victim using either a
cylinder smaller than normal or a cylinder with less than
customary air pressure (9 %). Most had contents gauges.

In the case of the small cylinder, not only was there
less air supply than that available to the other divers, but
whenthelow onair situation devel oped the actual amount of
reserve air was much less than usual. In some of the
cylinders, holding only 28 cuft, therewasonly afew breaths
of air once the low on air situation was reached at depth.

Buddy diving. Thebuddy system, which hasuniver-
sal support amongst recreational diving groups and instruc-
tors, appeared to have more verbal than factual acceptance.
The divers were therefore assessed, not according to their
statements, but according to what happened during the dive.
Many alleged buddieswerediverswho only shared the same
boat.

Over athird of thevictimswereeither divingaoneor

separated voluntarily before the problem developed. One
quarter voluntarily separated afterwards!

Table21. BUDDY BEHAVIOUR

Nil. Solo from start. 21%
Voluntary separation

before any problem 13%
Voluntary separation

after a problem commenced 25%
Separation by the problem 20%
Not separated 14%

By far the most common reason for the separation
was that one diver (the subsequent victim) ran out of air or
low on air, and the buddy decided not to interrupt hisdiving
activitiesbecause of this. Occasionally the buddy accompa-
nied the victim to the surface and then deserted him.

The problems that sometimes separated the buddies
wereuncontrolled ascents, underwater and surface currents,
sometimes sudden and unexpected. In only 14 % did the
buddies remain together.

Table22. BUDDY DIVING VARIANTS

Two or more buddies 15%
Victim follows the buddy 5%
Victimisation of buddies 2%

Amongst the small numbers that were classified as
buddy divers, there were some practices which seemed to
detract from the buddy concept. In 15 % there was not one
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buddy, but two or more. Thisled to considerable confusion
as to who exactly was responsible for whom.

In 6% the victim was following the “buddy”. Once
aproblem developed under this system, any observation by
thelead diver would have been befortuitous. To attract the
lead divers attention required energy, air and time consum-
ing behaviour onthe part of thevictim, who couldill afford
these commodities once the problem devel oped. The expe-
rienced diver wasinvariably the one who took the lead, and
therefore had the luxury of a buddy observing him at all
times.

In two instances there were groups of people being
led onadive. The procedure used wasthat thefirst diver to
exhaust his air supply would inform the dive leader that he
was now “on or near reserve’. The dive leader would then
take timeto determine who elsewasin or closeto alow on
air situation. Thesetwo diverswerethenbuddied, to surface
and return to base.

Thus the dive leader managed to select the two
heaviest air consumers, and usualy the two least experi-
enced divers, and buddied them together into a situation in
which either onewaslikely to develop acomplete out of air
situation duringascent , whileperforming asafety stop, or on
thesurface. Thisseemedto beanaccepted practicein “resort
“ areas.

Weight belts. Asin previous surveys it was found

that very few of thevictims, only 9 %, successfully ditched
their own weight belts.

Table23. WEIGHT BELT CONTRIBUTIONS %

Too heavy 45
Not ditched by victim 40
Fouled or unreleasable 6

In 83 % the weight belt was not ditched by the diver
and in 40 % this probably contributed to the victim’ s death.
In 3 % it was fouled by being worn under other equipment
harnesses. It wasunreleasablein 3 %, because of, entangle-
ment with lines, the weight slipping onto the quick release
buckle, or the strap being too long and jamming the rel ease
on the belt .

Failure to ditch the weights, when in difficulty,
presumably reflects on training techniques.

Buoyancy / BC. Many of these problems came
under the equipment category, but an appreciable number
were clearly errors of judgement and were therefore in-
cluded as faults in diving technique.

The wet suits available for most of this decade
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required; 1 Kgweight for each 1 mm thickness, 1 Kg extra
for “Long John” extensionsand ahood, 1K g for aluminium
tanks, and an extra 1 to 2 Kg for individual variation in
buoyancy. Inexcessof this, the diver was considered to be
overweighted andto requireextraeffort, hyperventilation or
reliance on the BC, to remain buoyant on the surface.

Using these criteria it was found that 40 % of the
divers were overweighted on the surface. At depth the
problem of overweighting was compounded by the loss of
buoyancy from the wet suit and body spaces. Thereisthen
amuch greater effort required for surfacing.

Reliance on the BC inflation then becomesnot just a
convenience, but an essential.

Apparently many divers have replaced the skills of
buoyancy control with heavy reliance onthe BC. They are
purposely overweighting “to get down”, and the BC is
inflated to return to the surface. In these cases the BC is
relied on not to trim buoyancy with depth, but to return the
diver on the surface. Such a procedure introduces the
potential for accidents.

Table24. BUOYANCY CONTRIBUTIONS

Negatively buoyant

>2 kg on surface, without BC use 40 %
Negatively buoyant

>2 kg at depth, without BC use 7%
Positive buoyancy dueto BC usage 8%
TOTAL 52 %

The BC problems included;

accidental inflation,

confusion with use (two victims repeatedly confused
inflation with dump valves),

overinflation during ascent (Boyles's law and the
Polaris effect),

inadequate and very slow inflation at depth (especialy
inalow on air situation)?,

mechanical failures and malfunctions,

ditching problems with some types (involving inflator
hoses and harnesses),

effort required to overcome drag when swimming
underwater and on the surface.

Discussion
BACKGROUND

Recently, the purported low death ratesin the 1980s
were shown to be based on overly optimistic figures and

creativestatistical interpretations.®° So alsowasthealleged
improvementsin safety amongst scuba divers.
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These death rates of 16-20 per 100 000 now being
proposed, together with the increased death rate per dive
increasing to 1in 95,000, have compelled boththe NUADC
and the instructor organisationsto review and appreciably
modify their claims of safety.

TheNUADC and Project Stickybeak have conscien-
tiously recorded thenumber of diving deaths, and thissurvey
extends that effort to understand why such deaths occur.

The ANZ series requires extensive detail of each
death. TheNUADC recordsonly onecauseof death (usually
drowning) and, sometimes, oneinitial contributing problem.

The ANZ series defines all the known contributing
adverse factors. It differentiates medical disorders, diving
techniques, equipment faultsand misuse, and environmental
factors.

Consider the case in which a diver descends to 50
metres (165 ft), becomes narcotic and uses al his air.
Attempted buddy breathing results in his face mask being
accidentally displaced. Hethen panics. Ashe commences
his ascent he decidesto not ditch hisweight belt but to rely
on hisBC. Theair in the BC expands rapidly and causes a
totally uncontrolled “polaristype” ascent during thelast 10
metres. Ashe hitsthe surface he getsrun over by his safety
boat, which could not swerveintime. Thediver isknocked
unconscious and his BC is damaged in the collision. Ashe
retained hisweight belt, the diver sinksto die of drowning.

Torecordthisas”Drowning”, evenif complemented
by one* probable starting cause”, isagross oversimplifica-
tionof acomplex seriesof interactions, andignoresthemany
contributing factors, which may have implications for div-
ing safety and instruction.

There are a variety of contributing factors in this
example; depth, narcosis, out of air, buddy breathing during
ascent, loss of face mask, panic, uncontrolled ascent due to
air expansion in the BC, injury from the boat, and the
decision not to ditch the weights, are all relevant. These
would all beincluded in the ANZ survey.

Due to the changes that have taken place in scuba
equipment and techniques, during the 1980s, this paper is
restricted to diving deathsduring thisdecade. TheNUADC
statistics are similarly restricted to scuba deaths in this
period.

DATA COLLECTION

The ANZ cases demonstrate that although diving
may be safe under most circumstances, when a number of
adverse factors combine, the diver is often unable to cope
with the complexities of his equipment and environment.

Although comparisons to the NUADC surveys are
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inevitable, the populationsand the survey dataare not really
comparable. Press clippings provide the greatest number of
casesfortheNUADC, and athoughthismay beadequatefor
deriving grossmorbidity figures, itisnot adequatetoexplain
the deaths.

TheNUADC had coroner findingsor autopsy results
in 64%. These appear to refer to the official statements or
summaries, as opposed to the full transcripts. We have not
found these summariesto be sufficiently informativefor our
purposes of identifying contributing causes.

There is awide difference of knowledge and exper-
tise amongst officials. Coroners and other government
inquiriesareal sofrequently characterised by naivety intheir
tendency to oversimplification of “the” cause of the acci-
dent, instead of an understanding of the dynamics of the
events. They are aso influenced by possible criminal
responsibility, litigation implications or liability of their
Statements.

Sometimes autopsy observationsare misinterpreted.
As a common example, air embolus and decompression
sickness have been diagnosed because of the presence of air
in the heart and blood vessels. If this air is in the right
ventricle, as well as the left, the diagnosis must be ques-
tioned. Air can develop in the heart and vessels as a post
mortem artifact® in divers who have been breathing com-
pressed air at the time of their death (* post mortem decom-
pression sickness’).

In most cases of unconsciousness or disablement and
and subsequent death while diving, drowning isacommon
sequel to the loss of the air supply. The pathology of
drowning may then dominate the autopsy findings, even
thoughitisnot theinitial cause of the problem, but only “the
final event”. For thisreason, drowning isnot considered an
adequate explanation for death in divers, but a common
sequel to loss of consciousness underwater.

MEDICAL CONTRIBUTIONS

The fact that some divers were known to have been
specifically told by diving experts that they were unfit to
dive, suggests that sometimes good advice goes unheeded.

Despite the absence of comprehensive medical ex-
aminations in most, and the absence of any premorbid
medical datain more than half the cases, it was evident that
at least 25 % of the diversweremedically unfit to undertake
scuba diving, on history alone.

A large number of asthmatics and hypertensives on
treatment, as well as the cardiac patients, a diabetic on
insulin and an epileptic, arerepresentedinthisseries. Their
presence is incomprehensible, considering that the candi-
dates are required to pass special medical standards for
diving, aswell ascomplete ascreening questionnaireissued
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by the diving instructor organisations. The physicians and
the instructors are not applying these standards.

A recent report't suggests that the failure of Austra
lian physicians to apply the medical standards, is due to
ignorance of these standards and a failure on the part of the
physician to appreciate the problems of scuba equipment
and the demands of the ocean environment. The reasonsfor
the instructors not applying the standards is not known.

In either case, the current system has not succeeded
in selecting out the high risk patients. Physicians and dive
instructors are still confusing physical fithess (needed for
many sports) and medical fitness (a freedom from medical
diseasesincompatible with safe diving). Both arerequired.
Many of the deceased diverswere said to have been very fit
physically, despite having such medical diseases.

If drowning is excluded as only the final eventin a
sequence of adverse happenings, then the stress problems of
panic and fatigue dominate the medical contributions. Be-
cause these do not feature in autopsies, they are not fully
appreciated in someseries. They areinterwovenwith faults
in technique (or training), and with many equipment and
environmental provocations.

The importance of these stress factors is contrasted
with the great rarity of the high profile diving diseases of
decompression sicknessand gas contamination, whichwere
absentinthisseriesand notedinlessthan 1% of theNUADC
series.

The importance of other maor contributors that
leave little or no evidence at autopsy, such as salt water
aspiration, nitrogen narcosis, drug intake, vomiting and
asthma, can only be comprehended by a detailed dive
history. Thesedo not show upasmuchintheNUADC series,
because of the limitations of the data collection and the
decision to only include one contributing factor in most
Cases.

TheNUADC and ANZ seriesshow reasonableagree-
ment on the importance of pulmonary barotrauma and car-
diac disease. Thelatter seemsto be an increasing problem.
The importance of astute medical selection and then ade-
guate training of divers is axiomatic in the prevention of
these.

DIVING TECHNIQUES

In an assessment of diving techniques that imply
guestionable judgement, we are encroaching on diver train-
ing more than diver selection.

The inexperienced and overconfident male was
overrepresented in both the NUADC and ANZ series. Div-
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ing well within the limitations of the diver, and the equip-
ment, wasnot awell practiced activity amongst thesedivers.

Themajority whodiedo so after voluntarily inducing
acompromisedair situation. They arethenforcedto surface
tobreath, or to conservetheir emergency air supply. Return-
ing with plenty of air was not common.

The traditional admonition that the surface is the
danger areafor divers, wassupported by thefiguresshowing
that at least half the cases|ost consciousness and died there.
Nevertheless the surface was unavoidable in 56 %, as the
diver was in a compromised situation as regards his air

supply.

Thesurface problemswerefrequently aggravated by
the decision not to ditch weights. This aso contributed to
many of the casesthat developed at depth, whereafailureto
appreciate buoyancy factors resulted in excessive exertion
being required.

Thetraining technique of older experienced instruc-
torsto requiretraineesto practice removal and replacement
of the weight belt on each dive, could well be resurrected.
This practice alone may have prevented the deathsin which
the belt was eventually unreleasable.

Instruction to unbuckle the weight belt and hold it at
arm’s length in all demanding situations, was either not
taught or not appliedinany of thesecases. Y et, had thisbeen
doneandthesituation deteriorated, the belt woul d have been
dropped successfully and thediver madepositively buoyant,
assisting slow ascent and permitting surface swimming
without being overweighted. If thesituation had not deterio-
rated, thediver could havereplaced hisbelt without penalty.

The extreme effort in swimming on the surface with
scuba gear, heavy weights and an inflated buoyancy com-
pensator®?, seemed not to bewidely appreciated amongst this
diving population.

The technique of overweighting, “to get down”, and
the subsequent strong reliance on the inflation of the buoy-
ancy compensator’ to ascend and remain on the surface,
presumably makes instruction much easier. The failure to
learn the skills of buoyancy control®, without an over-
inflation/over-weight trade of f, isan expensivelesson not to
learn. Dependency on equipment may well berelatedtothe
failureto ditch it in an emergency.

Buddy diving, as envisaged in the manuals, isarare
eventinthesecases. Themajority of diversdivedaone, and
died aone.

Even in the NUADC reports, lessthan half dived as
abuddy pair, and only a quarter stayed together. The ANZ
seriesshewed that athird claimed totry to stay together, and
only one seventh actually did. Therelatively slight differ-
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ences in the numbers probably is explained by the greater
dive detail in the ANZ cases.

It seems as if the buddy concept, if used at all, was
mainly employed when it was not needed. More buddies
voluntarily separated fromthevictim at thestart of problems
(usually when low on air) than actually stayed together.

Evenwhenitisapplied, thelessexperienced diver, or
theonewhowill consumemoreair, isinitially giventhetask
of following themoreexperienced diversuntil herunsout of
air and heisthen sent to the surface to swim back alone! Or
he is buddied with another low on air diver.

Traditionally, companion diving was recommended
and the need was self evident because of therecognition that
diving wasahazardousactivity. Asdivingisnow promoted
asbeing asafe sport, perhapsthe need for companiondiving
islessappreciated. For uneventful divesthisattitude may be
adequate. For othersitisnot.

The observations in both the NUADC and ANZ
fatality series for the 1980s, should emphasise the need for
buddy diving, inwhich the diversdo genuinely take respon-
sibility for each other for thewholetime, until they returnto
shore or safety. It needs to be taught, understood and
practiced.

Conclusion

Thereal tragedy of this survey wasthat it showsthat
the lessons and teachings of yesterday, are still not suffi-
ciently appreciated today. The requirement for a high
standardsof physical fitnessaswell asafreedom from many
medical diseases, together with training in accident preven-
tion and management, an appreciation of the limitations of
equipment and a healthy respect for apotentially hazardous
environment, are as important for safe diving now as they
ever were.
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PROVISIONAL REPORT ON DIVING-RELATED
FATALITIESAUSTRALIA 1987

Douglas Walker
Summary

There were four breath-hold and four scuba diving
deaths identified as having occurred in Australian waters
during 1987. A common finding in all was that the victim
was either diving alone or was separated from others at the
critical time, though thiswasnot ainvariably afactor which
determined the course or outcome. Threeof thebreath-hold
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fatalities involved overseas visitors to the Great Barrier
Reef, astatistical quirk of norelevancetothecritical factors
but of possible importance for other reasons. If it was not
that these deaths occurred in association with outings on
which people wereinvited to snorkel dive they might have
been regarded as simple misadventure drownings and not
included inthe present review. However the circumstances
of these accidents show how difficult it can betowatch over
agroup of swimmerswho arenot firmly under the control of
asupervisor. Thefourth fatality in this group was unfortu-
nately typical of competition spearfishing breath-hold di-
vers, a post-hyperventilation blackout which was followed
by the drowning of the unobserved diver.

The four scuba diving fatalities resulted from four
very dissimilar circumstances and each case had some
singularity which differentiatesthem fromthegeneral run of
scubadiver deaths. Therewasashark attack, (thefirst shark
caused scubadiving deathrecordedin Australianwaters), an
apparent acute myocarditis death, a gross pulmonary baro-
trauma (which the pathologist called decompression sick-
ness), and asea cave death which was probably asthe result
of water surge which arrived unexpectedly causing the
victim temporary but fatal problems.

Case Reports
BH 87/1

The victim was apparently healthy and had decided
not to go to view the reef from a glass bottomed boat as he
wished to go for aquiet snorkel to view the reef, here close
to the beach. Hiswifewas on the beach watching him until
he called to her that he had seen a fish he wished to
photograph and asked that she go and fetch his camerafrom
their room. When she returned she could see him floating
quietly facedown alittle off the beach, hisfailuretorespond
to her return being ascribed to him having become very
interested in watching the reef below. It was only after the
wake from the returning boat washed over him without him
responding in any way that the first suspicion arose that
something waswrong, asuspicionwhich led theboatman to
return after disembarking most of his passengers. The
victim was unconsciousand did not respond to resuscitation
efforts. His wife was unaware of anything out of the
ordinary until the boat returned to her husband.

The autopsy revealed that he had an enlarged heart,
which was mainly left ventricular hypertrophy, and the
coronary arteries showed gross atheromaand calcification.
Some myocardial fibrosis was noted in the postero-septal
area. His wife did not report him as being unfit or on
treatment and noticed nothing to indicate hewasunwell that

day.

SOLO. SEVERE SYMPTOMLESS CORONARY
ARTERY DISEASE. CALM WATER. NO INQUEST.
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BH 87/2

During thetrip out toview the Barrier Reef therewas
an opportunity for passengersto attend atalk on the correct
manner to snorkel diveat their destination, apontoon moored
over oneof thereefs. Attendancewasoptional, thepresence
of abar on board being an aternative way to spend thetime.
Thevictimwas noted asnot attending thetalk. Onarrival at
their destination a meal was provided and the victim re-
quested, obtained, and consumed, twice as much or more
than most others. He had snorkelled for atime before this
meal andreturned tothewater after eating hisfill. Therewas
a person keeping watch over the area close to the dive
platform, the same person who had giventhe saf ety talk, and
passengers who were uncertain of their swimming abilities
were offered buoyancy vests to provide them with confi-
dence and safety. It isunknown whether the talk included
instructions that swimmers and snorkellers remain in the
supervised areabut it isunlikely any such arestriction was
made as the water conditions were good. The victim was
noticed by chanceby another crew member, facedownat the
surface around the side of the pontoon out of sight of the
safety man. Both these men entered the water and swam to
the victim immediately he was seen. His mask, which
contained some blood and vomit, was removed and two
quick breaths of EAR were given before taking him to the
pontoon to start resuscitation effortsand call the emergency
service helicopter.

The autopsy showed hyperaemia of the bronchial
mucosa but no vomit was observed. Death from drowning
was diagnosed, with the assumption that his large meal
played apart inthisincident. He may have been experienc-
ing abdominal discomfort then felt that he was about to
vomit, inhaled some water, and drowned. Therewas some
coronary atheroma but thiswas not thought to be of signifi-
cance.

SEPARATION/SOLO. SNORKEL EXPERIENCE
NOT STATED. EXCESS DRINK AND FOOD THEN
SNORKEL SWIM. CALM SURFACE. SILENT DEATH.
FOUND FLOATING. NO INQUEST.

BH 87/3

This group of overseas visitors were making a day
trip to the Barrier Reef and were taken out to a pontoon
moored there. It was suggested they could swim with
snorkels off the pontoon, there being a supervised area for
this purpose, with luncheon and a trip in a glass bottomed
boat tofollow. Thevictim asked one of thosewith her inthe
group to watch her bel ongings while she snorkeled and this
wasagreed. Although shewasnot seen to enter thewater or
with either mask or snorkel it is assumed that she had done
asshehad stated becauseasearch of theboat and the pontoon
|ater failed to find her, this search resulting when her failure
to come to reclaim her belongings after half an hour began
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PROVISIONAL REPORT AUSTRALIAN DIVING-RELATED FATALITIES 1987

CASE AGE TRAINED/EXPERIENCED DIVE DIVE DIVE WATER INCIDENT
VICTIM BUDDY GROUP BASE PURPOSE DEPTH DEPTH
M (FEET) M (FEET)
BH/1 74  Not stated Not applicable Solo Beach  Recreation  Not Stated Surface
BH/2 48 Inexperienced Not applicable Crowd Boat Recreation  Not Stated Surface?
Solo
BH/3 57  Not stated Not applicable Crowd Boat Recreation  Not Stated Surface?
Solo
BH/4 25 Trained Experienced Group Boat Spear-fishing 15 (50) Not Stated
Experienced Solo Competition
SC/1 34  Traned Trained Trio Boat Recreation 9 (30) Surface?
Inexperienced Some Separation
Experience Pair
SC/l2 47  Trained Trained Four Boat Recreation 21 (70) Ascending
Inexperienced Inexperienced Separation
SC/3 47  Traned Not applicable Solo Boat Scallops 13 (43) Not Stated
Experienced
SC/4 31 Traned Trained Group Boat Recreation 33(100) 33(100)
Experienced Separation

to worry and annoy the person in whose custody they were.
The body was never found.

SOLO SWIMMER CALM WATER. POSSIBLY
HAD SNORKEL. NOFINS. NOT NOTICED IN GROUP
OF SWIMMERS. SILENT DEATH. BODY NEVER
RECOVERED. NO INQUEST.

BH 87/4

During an inter-club spearfishing competition the
members of one club’s team were in two boats anchored
about 50 m apart as the divers hunted separately. All
appeared to be normal until the comment was made by a
child that one of the orange surface marker buoys had not
moved for along time. Until then it had been taken by the
diversto bean unused onefloating free. Thefloat was now
recognised as belonging to the victim. When its line was
drawn up the victim’s loaded speargun was till attached.
After the divers had searched for about 10 minutes they

found him on the seafloor in 50 feet deep water and brought
himtothe surfaceand attemptswere madeto resuscitatehim
but therewasno response. About one hour had passed since
he had last been seen at the surface.

Although death was due to drowning it was found
therehad been asmall subarachnoid haemorrhageandit was
thought this was the reason why this very experienced
spearfisherman drowned. Therewasno history of ill health.
Naturally the possibility hasto be considered that thiswasa
post-hyperventilation diving situation in which the subara-
chnoid leak was an additional adverse factor.

SEPARATION/SOLO. SPEARFISHING COMPE-
TITION. VERY EXPERIENCED. ABSENCE NOT NO-
TICED TILL CHILD'S COMMENT. SURFACE
MARKER BUOY WITH LINE TO SPEARGUN NOT
DIVER. NO SURFACE COVER. NO BUOYANCY
VEST. WEIGHT BELT NOT DITCHED. SUBARACH-
NOID HAEMORRHAGE THEN DROWNED. NO IN-
QUEST.
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PROVISIONAL REPORT AUSTRALIAN DIVING-RELATED FATALITIES 1987

BELT CONTENTS VEST REMAINING EQUIPMENT EQUIPMENT WET SIGNIFICANT
ON? WEIGHT GAUGE AIR CHECK OWNER SUIT FACTORS
No Not Not No Not Not Own No Heart attack. Calm sea.
Applicable Applicable Applicable  Applicable
No Not Not No Not Not Not Stated No Excessfood and drink before
Applicable Applicable Applicable  Applicable swim. Day trip to reef
No Not Not No Not Not Oown? No Day trip to reef. Solo swim.
Applicable Applicable Applicable  Applicable Body never recovered.
Yes Not Stated Not No Not Not Oown Yes Spearfishing competition.
Applicable Applicable  Applicable Subarachnoid haemorrhage.
Post hyperventilation,
blackout? Drowned.
On Not Stated Yes Inflation  Low/nil Satisfactory Oown Yes Failed to follow diveplan.
by buddy Unrecognised predive illness.
Myocarditis.
On Not Stated Yes Not Nil Satisfactory Oown Yes Open-heart surgery as child.
Inflated Solo out-of-air ascent.
Then sank. Post mortem.
Haemothorax. Torn lung.
On Not Stated Yes Not Not Satisfactory Own Yes Shark attack.
Inflated Stated Body never recovered.
On Not Stated Yes Partly Low Satisfactory Own Yes Seacave. Water surge.
Inflated Separation. Found drowned.
No head injury.
SC 87/1 After about 1 hour had passed he was starting to

The dive shop owner, an instructor, agreed that he
would bewilling to taketwo brothersout in hisboat to scuba
diveintheafternoon becausethey wished to spearfishinthe
morning when hewastaking other diversout. Theinstructor
decided that hewouldjointhem, making atrio of divers, and
after reachingtheir chosendivesite, arocky islet, heoutlined
thediveplan heproposedfor themtofollow. However when
they were still only about 20 metres from the anchor they
heardit bumping over therocky seabed. Thediveleader, the
instructor, indicated to them to remain where they were
while he returned to reposition the anchor but on hisreturn
they werenot there. He made aquick search underwater and
of the surface, then repeated this without success despite
swimming along thelength of the proposed dive. Realising
that to make asurface search using thedive boat might result
in problems if the divers returned during his absence and
panicked on finding no boat there so he resolved to remain
in the boat till they returned.

consider what action he should now take, then saw coming
roundthenortherntip of theislet what |ooked liketwo divers
so hedrovethediveboat thereto pick them up. Hefoundthe
objectsweretheditched backpacks, then observed oneof the
missing diverssignalling fromtherocks. Helearned that the
other diver had become unconsciousand had been pulled up
onto therocks. Asit was not possible for the boat to come
safely into the rocks and take the victim aboard he made a
rapid return to land to obtain assistance, then returned to the
islet and swam ashorewith arope. Resuscitation (EAR) had
been started by thevictim’ sbuddy and wascontinued during
their returnjourney, but without success. Theinstructor was
criticised later for his failure to radio for assistance and in
rebuttal was ableto show that hisaction resulted in the most
rapid rescue of thevictimand any of theemergency services
would havetakenfar longer to reachtheislet and recover the
victim. Suggestions on incident management made by
personswho were not present often show alack of apprecia-
tion of the problem and a tendency to believe that by-the-
book must be the only correct response.
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The victim’s buddy described how they had contin-
ued their dive around theislet until aware that their air was
down to 50%, at which time he had surfaced to check their
position. Astheboat wasnot in sight hedescendedtorejoin
his companion. He decided to continue swimming in the
same direction around the rocky islet rather than retracing
their course. He offered no reason why they had not waited
the return of the instructor, their dive leader, nor why they
failed to follow the agreed dive plan, which was that the
divers would remain south of the islet. They continued
underwater until the victim became low on air, the buddy
then sharing his air with him using his octopus regulator.
The victim had been quite unaware that they were out of
sight of the boat until he surfaced and seemed to panic when
herealised thisfact and failed to obey asuggestionto inflate
his buoyancy vest and appeared to be both slow and ineffi-
cientinstartingto use hissnorkel, inhaling somewater. The
buddy inflated his vest, calmed him down, and got him to
resume use of hisregulator as histank still contained some
air. The buddy started to tow him, hopeful of rounding the
northern tip of the islet and seeing the boat, but had to
hurriedly change this plan when the victim became uncon-
scious and the regulator dropped from his mouth.

Faced with this crisis the buddy decided it was
essential to get the victim out of the water and attempt EAR
resuscitation. Heditched both hisand thevictim’ sbackpack
and weight belt (he realised their wet suits gave buoyancy)
and it was these floating backpacks which were seen by the
diveleader. Thismadehim moreagile, better ableto get the
victimup ontotherocksdespitetheonemetreswell breaking
ontheidet. He managed to avoid the waves washing him
back into the sea and commenced EAR resuscitation. It
should be noted that hewasforced to sacrifice the buoyancy
vest at the same time as the tank as they were a single
backpack unit.

The heroic efforts made by the buddy were unsuc-
cessful as there was a factor he could not control. He had
noticed whenthey had been snorkellingthat morning that his
companion becametired when they had been swimming for
only 5 minutes and had assumed this to be an effect of the
victim’ sobesity and general poor fitness, but the pathol ogi st
found changesin hisheart which showed himto besuffering
from myocarditis and thiswould have caused him to have a
greatly reduced exercise tolerance. A vira cause was
believed to be probable. The stress situation after surfacing
had resulted in his suffering an acute cardiac failure.

SEPARATION OF TRIO GROUP AFTER ONE
LEFT TO SECURE THE ANCHOR. FAILED TO FOL-
LOW AGREED DIVE PLAN. FAILED TO RECOGNISE
EXTENT OFATTEMPTED DIVE. CONTINUED SWIM-
MING AWAY FROM DIVEBOAT WHEN ONLY 50%
AIR REMAINING. VALUE OF OCTOPUS REGULA-
TOR. TANK ABLE TO PROVIDE AIR AFTER SUR-
FACING. VALIANT BUDDY RESPONSE. DITCHED
WEIGHT BELTS AND BACKPACKS SO ALSO UN-
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AVOIDABLY DITCHED INFLATED BUOYANCY
VESTS. WATERPOWERPROBLEMSEXITINGONTO
ROCKS. ACUTE MYOCARDITIS. ACUTE CARDIAC
FAILURE.

SC 87/2

Although the four members of this family had suc-
cessfully completed a scuba diving course about seven
months before, and had dived during a one week holiday
following this, the victim had not dived again since then
while the others may have made a boat dive so obtained a
littlemore experience. Thedive boat wasowned and run by
the dive shop where they had been trained and there was on
board in addition to thisfamily group and the boat man, one
other diver, but he dived solo and was not involved in the
incident. Thefour diverswere admittedly alittle apprehen-
siveand madeerrorsduring their kitting up for thedive. One
of the children had ear equalisation problemsand thevictim
had to borrow two additional weights, whichwereplacedin
the pocket of his buoyancy vest with the desired effect of
reducing hisbuoyancy. Eventualy they wereall successful
in reaching the sea bed, 20 metres depth.

After about 20 minutesthevictim’ swife saw shewas
downto 50 atson her contents gauge, though the others still
had twice that amount, and indicated that she was going to
ascend and the others should remain till they had used up
more air. After surfacing she sat in the boat talking to the
boat man until the sudden surfacing of one of her children
who cried out that her father was in trouble. The victim
floated to the surface before any serious search could be
organised. Therewasno responseto resuscitation attempts.

Nobody was attempting to practice buddy diving
procedures so when his wife ascended she assumed that he
was remaining below and the two others assumed hewould
surface with her. When he was next seen he was slowly
descending, making no attempt to clear his ears (which fact
drew theattention of oneof hischildrento the strangenessof
the situation) but was seeming to be attempting to swim
towardsthe surface. One of them took the two weights out
of his buoyancy vest pocket, and when he still failed to
ascent tried to ditch hisweight belt but hethen held onto the
belt so firmly that it could not be removed. His eyeswere
starting, hisface was blue, and his contents gauge was seen
toread EMPTY . Very naturally they panicked and surfaced
to seek help. The body floated up when he lost conscious-
nessand theweight belt dropped from hishands. They were
unable to inflate his vest because it was supplied from his
tank, which was empty.

Themost singular fact in thistragedy, beyond the act
of the survivors seeking to blamethe dive shop for allowing
them to dive at this location (they were all trained, intelli-
gent, and knew the rules for safe diving), was the autopsy.
Thiswas conducted by aforensic pathologist who carefully
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followed the advised methods for adiving-related death but
who evidently had no understanding of “diving pathology”
and lacked awareness of the disasterswhich await an expert
witness in court when subject to a rigorous cross examina-
tion and is found to have missed obvious findings. In this
case theright pleural cavity was found to be obliterated by
very dense fibrous adhesions, there was emphysema of the
parietal pericardium with adhesions joining the parietal to
visceral surfaces, aleft sided haemothorax of about 1 litre,
and alaceration (6 cm) inthe base of theleft lung. Thiswas
diagnosed as decompression sickness, hardly an intelligent
finding.

The victim had been medically examined and also
completed amedical history form before being accepted for
training. He had failed to mention that 35 years previously
he had been one of thefirst to have an operation to repair a
“hole in the heart” and it is remarkable that the operation
scars on his chest were noted by neither the doctor nor the
pathologist. Thereisno evidencethat hehad ever had achest
X-ray taken. Itispossiblethat thiswasnot amedical history
which should have precluded scubadiving. A point to note
isthat it wastheleft lung whichtoreand not theright (which
was protected by the adhesions?). It is probable the letha
damage occurred as he was making asolo low air/out-of-air
ascent. Ashehad acontentsgaugetherewasno necessity for
him to find himself in an out-of-air situation. A tornlungis
avery unusual finding and thereisnothingto suggest that air
embolism occurred, death being theresult of internal haem-
orrhage and shock with drowning asfinal factor. Noinquest
was thought necessary.

TRAINED. INEXPERIENCED. GROUP FOUR.
ONE SOLO ASCENT THEN VICTIM SOLO ASCENT
OUT-OF-AIR. HAD CONTENTSGAUGE. BUOYANCY
VEST INOPERATIVE AS TANK EMPTY. REFUSED
TO RELEASE GRIP ON WEIGHT BELT UNTIL UN-
CONSCIOUS. CHILDHOOD HEART OPERATION.
LEFT HAEMOTHORAX AND LACERATION LUNG
BASE. HIGHLY INACCURATE PATHOLOGY DIAG-
NOSIS. NO INQUEST.

SC 87/3

Thevictimwasacareful and experienced diver who
on this occasion was alone, diving for scallops from his
anchored boat at a scallop bed often visited by local divers.
At first hisfailure to return home at the expected time was
thought toindicatethat, dueto tide or weather conditions, he
had avoi ded such problemsby returning to another harbour,
but acheck showedthat thiswasnot thecase. Whenhisradio
was found to be unanswered afriend went out in his boat to
investigate. The victim’s boat was located but was empty.
Searchers found a bag of scallops, the backpack with a
damaged buoyancy vest, and aweight belt, but notraceof the
body. The damage was consistent with that a shark would
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cause. Later it wasreported that afisherman some distance
away had witnessed agitation of the surface at the probable
time of the shark attack and possibly saw the fin of ashark.

SOLO EXPERIENCED SCUBA DIVER. SHARK
ATTACK. BODY NEVER RECOVERED.

SC 87/4

Thedivewastobeat arock whichhadacaveentrance
to a passage which passed through it. There were three
diversinoneof theboats, oneof whom had dived throughthe
passage on several previous occasions, and four in the
second, two of whom had brought underwater cameraswith
them. One person remained in each boat as a safety precau-
tion. The group met at the cave entrance, which was at 30
metresdepth, and the experienced diver offeredtolead them
through the passage. Only one diver actually followed him
through though they had expected the others to come after
them. There was some surge apparent in the cave entrance
andfor fear of damaging hiscameraoneof thediversquickly
retired to open water, though as he was adjusting his buoy-
ancy there the camera washed from between his knees and
he never recovered it. The second camera-carrying diver
evidently penetrated further into the cave and the returning
pair of diversfound his body there on their return, lying on
the floor of the cave with his regulator out of his mouth.
There is nothing noted concerning the actions of the other
three divers.

They dragged him out of the cave and were there
joined by the diver who had been trying to find his lost
camera. Heditched the victim’sweight belt and backpack
(whichwereretrieved at alater time) and assisted them bring
the victim to the surface and to one of the boats. Their
resuscitation efforts were unavailing. The mask was in
position when the victim was found but one of his fins and
that bootee were missing. His buoyancy vest was noted to
contain some air and his tank contained some air though it
became empty before it was formally checked later by the
police.

Although some abrasions were present on his nose
and both handsthere was no evidence of any head injury. It
is possible he was tossed about by a surge of water, lost his
grip on the demand-valve mouthpiece, and drowned. There
was a piece bitten out of the rubber of the regulator’s
mouthpi ece, damagewhi ch apparently took placeduringthe
incident. Thedamagemadeit difficult toretainagrip onthe
regulator.

GROUP. SEPARATION/SOLO. SEA CAVE.
POSSIBLY LOST REGULATORFROM MOUTHWHEN
EFFECTED BY WATER SURGE. VALIANT RESCUE
EFFORTS BY OTHERS IN DIVE GROUP. BITTEN
MOUTHPIECE. NO INQUEST.
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Discussion

Itisfortunately possibleto discussthefour fatalities
which involved snorkel divers because the police investi-
gated the incidents and the statements they obtained were
retained when the respective coroners decided that no in-
quest was necessary. In two instances the victims were
members of tourist groups making a day trip to view The
Reef and thefatalitiesoccurred despiteattemptsto supervise
people when they were in the water. These deaths are a
warhing to those running such trips of the ease with which
some seriousincident can occur. Thereare public relations
reasonsin such casesfor aformal public examination of the
circumstances, a consideration not necessarily apparent to
coroners concerned with reducing delays by concentrating
on cases requiring more detailed investigation of the facts.

There was no way in which the unexpected cardiac
death of the victim in the first case could have been pre-
vented because no intimation of his cardiac condition was
apparent even to his wife and his death can fairly be de-
scribed as happening when he was in the water rather than
because he was snorkelling. Neverthelesstheincident isa
warning that however careful the planning, emergency situ-
ations can arise“out of the blue”, and thisman could just as
easily have been in the launch or snorkelling with the other
members of hisgroup as being alone when hewastakenill.
In any discussion of the remaining fatality in this group,
which took place during aspearfishing competition, thereis
alwaysthepresumptionthat any such deathisaconsequence
of pre-dive hyperventilation followed by a determined pur-
suit of afish. Thefinding of evidence that a subarachnoid
haemorrhage had occurred doesnot provethiswasthe cause
of death. Both factors may have combined to disable him
and the fact of him being alone and unsupervised added to
the adverse factors influencing the outcome.

There were four scuba diving fatalities, in three of
which the victim was alone at the critical time, although in
the case of the shark attack this cannot have effected the
outcome. There may have been achancefor surviva inthe
cave death as had the victim been located immediately
following the (presumed) loss of hisregulator, or damageto
the rubber mouthpiece which made it unusable, he could
have been assisted out of the cave, if necessary utilising the
“octopus’ second regulator of one of the group. Theriskin
any seacave of being hel plessly tossed about and hitting the
rock walls should be recognised by al who venture into
these places.

Fatality reportsfrequently makeadversereferenceto
the separation of divers, or their solo diving, asasignificant
factor influencing the course of the incident. Similarly
inexperienceisnoted. Inthe second case both factors were
present. Although the victim wastrained he lacked experi-
ence. He carried from his past a possibly forgotten addi-
tional adverse factor, the residual scars of an open chest
operation on his heart. It is evident that there was no
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inevitability of thisscarring proving fatal ashe managed the
training diving without medical problems. Unfortunately
there was, as events showed, areduced safety margin when
pulmonary over-pressure occurred during his ascent. Al-
though an attempt was then made to assist him he was then
suffering the effects of aseriouslung tear and may also have
had somecerebral arterial air emboli effecting hisresponses.
The autopsy in this case was notable for failure to regard a
tornlung and haemothorax assignificant whenreporting the
cause of death.

In the first case there were breaches of the correct
dive procedures but when the incident occurred the buddy
showed he was fully competent in the management of a
difficult situation he now faced. Theinstructor also showed
an ability to respond in such a manner as seemed most
appropriate in the situation rather than in the “text book”
manner. Unfortunately, the medical condition which af-
fected the victim was unsurvivable, but the buddy’s re-
sponse was one which would have saved him had this
possibility existed. This death might have happened even
had he not dived but hischanceswould have beenimproved
if he had taken notice of the ill health which was apparent
during his morning swim.

Acknowledgements

The production of this report would not be possible
without the interest and support of the Departments of
Attorney General/Law/Justice in every State. The willing
assistance of the Police in cases where the Coroner has
considered it not necessary to hold any Inquest isnoted with
appreciation. Thanks are also due to those in the Diving
Organisations, aswell asthosewho correspond directly, for
their support.

PROJECT STICKYBEAK

Theobjectiveof thisprojectistocollect reportsonall
typesof diving-related misadventureswhich rangefromthe
fatal to those so well managed that there was no “incident”
toreport. Medial Confidentiality isat all timesafforded such
reports. Thismeansthat thereporting of asthmaor diabetes,
etc., will NOT result in the affected diver losing his or her
diving certification. It is only through having accurate,
adequate, and up-to-date information that diving can reach
and maintain acceptable levels of safety. Reports are ur-
gently required to enlarge the scope of the project.

Reports should be sent to:-

Dr Douglas WALKER,

P.O. Box 120,

NARRABEEN,

NEW SOUTH WALES 2101.
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DECOMPRESSION TABLES, THEIR USE AND
PROBLEMS

D.F.Gorman
University of Adelaide and Roya Adelaide Hospital

Introduction

The decompression of divers, caisson workers, avia-
torsand astronautsis occasionally complicated by dysbaric
illnesses, including barotraumata, decompression sickness
(DCS) and arterial gasembolism. Tolimit the occurrenceof
DCS, these decompressionsare usually performed in accor-
dancewith aset of depth-timerules, adecompression table.
It is hoped that by using these tables therate of excretion of
inert gases from the lungs will prevent gas bubbles from
formingintissuesand in venousblood, and hencethat DCS
will be avoided. The frequent occurrence of DCSin al of
these groups demonstrates that either available decompres-
siontables cannot prevent DCS or that none of these groups
can adequately comply with available tables. It is most
likely that virtually any decompression can generate gas
bubbles, that the response to such bubbles varies in an
individual considerably from day to day and is a major
determinant of the outcome of any decompression, and that
conservativedecompression practiceonly reducestheproba
bility of DCSand can never totally preventit. A risk-benefit
approach to activities such as diving is obviously then the
most appropriate one, and the concept of a “safe” decom-
pression table is almost certainly naive.

TheHistory of Decompression Tables

Although diving is an ancient occupation, the first
recognised decompression table was only prepared for the
British Admiralty in 1908.! Thistablewasbased on experi-
ments performed on goats using an end point of sympto-
matic DCS. The significant probability of DCS associated
with use of thisoriginal tablefor deep long diveswasin part
dueto limitations with the experimental design, but largely
duetotheinsensitivity of thechosenendpoint, clinical DCS.
It would appear that bone, brain, and spinal cord damage can
occur without overt focal symptoms.2 The sensitivity of
decompression testing has subsequently been increased by
theuse of ultrasonic bubbl e detection which hasbeen ableto
detect mobile venous bubbles before symptoms of DCS
emerge.* However, the Doppler apparatus used in these
experiments only detects moving bubbles, cannot identify
their source, and both the identification of bubbles and the
determination of bubble frequenciesis subjective. Thereis
also an increasing belief that stationary tissue bubbles may
be pivotal to the development of both tissue damage and
dysfunction after diving. The simple problem is that the
characteristics of the critical bubblewhose formation hasto
be avoided in a decompression are yet to be described.
Similarly, the pivotal role of complement protein activity in
an animal model of DCS?® the cycling of blood vessels
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through open and closed phases® the inability of single
function exponential statements to describe gas kinetics,”®
and the extremely slow elimination of inert gases in com-
parison to their uptake,™® all explain why existing “physio-
logically based” decompression tables, which do not take
thesephenomenainto account, cannot describeactual events
inadiver. Thescienceof decompression tabledevel opment
has consequently become empirical, and since 1908, al-
though they have been hidden behind physiological theo-
rems, the modification of the original decompression table
and the development of new tables has been a pragmatic
exercise. It followsthat testing of decompression tablesin
the field to alevel of statistical significance should be the
yardstick by which tables are measured and not the attrac-
tiveness of the underlying theory.

The original 1908 decompression table theory? in-
corporated the conceptsthat uptake and elimination of inert
gases were mirror images of each other, that both of these
processes were primarily influenced by the blood flow to a
tissue and the solubility of the inert gas involved in that
tissue, and that gas bubbles did not form in tissues until a
critical super-saturation of tissue inert gas was reached.
Almost certainly none of these assumptions are valid, but
neverthel ess, with the exception of someBriti shdecompres-
sion tables which were based on diffusion-limited uptake
and a set of thermodynamic equilibrium tables,® similar
assumptions are intrinsic to those tables being devel oped
currently. What hasbeen changedinthesecal cul ationsisthe
number of tissues thought to be critical in the development
of DCS, and the nature of the tolerable inert gas super-
saturation.

Problemsin Decompression Table Development

In two separate experiments,'**? gas bubble forma-
tion has been shown to significantly inhibit inert gas elimi-
nation. There are two immediate consequences of this
observation. Firstly, theideal decompression isthat which
creates the greatest possible gradient for inert gas elimina-
tion from a tissue without causing bubbles to form. Sec-
ondly, repetitive diving, multiples ascents within a single
dive, and surface decompression procedures must be (and
are) significant risk factors for DCS.** The fundamental
problem in decompression table design isthat the rules that
govern a single dive and ascent are not applicable for
circumstances when some tissue bubbles exist, asinert gas
elimination will be slower and smaller decompressionswill
resultin DCS. Surface decompression procedures (when a
staged decompression is interrupted by decompression to
the surface with subsequent recompression in arecompres-
sion chamber and then resumption of the original decom-
pression, usually fromadlightly greater depththanthat from
which the decompression was interrupted) in particular are
thought, with some justification, to be “semi-controlled
accidents”.
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Although considerable attention has been given, in
both recent decompression table development and decom-
pression-meter manufacture and marketing, to increasing
allowable diving exposures by measuring the real depth-
time exposure, rather than assuming the entire dive is spent
at the maximum depth of the dive, it is the conseguences of
bubble formation that are critical to future decompression
tabledesign. Inaddition, thisincreased allowancefor diving
exposures by real depth-time monitoring must increase the
frequency of DCS for any given decompression table.

A common practice now isto perform “ safety” stops
at 3msw (10 fsw) even when the decompressiontable being
used does not require any decompression stops. Such stops
will have little benefit if bubbles have already formed, but
should on their own do little harm. A more acceptable
procedureisto perform those stopsrequired of thefirsttime
interval for thegreatest depth of the divewhich doesrequire
a staged decompression to the surface. This is especially
relevant for divesbeyond 30 msw, where availablerisk data
show that it is probably impossible to do a no-decompres-
sion dive (no decompression stages) and still have a subse-
guent probability of decompression sicknessof |essthanone
percent.

Thefinal difficulty in decompression table develop-
ment is establishing the probability of decompression sick-
ness associated for theindividual depth-timeformatsandin
each of the special procedures (repetitive diving, surface
decompression). To do this with 95 percent confidence is
practically impossiblefor all of the potential combinations,
so aseriesof selected dives should betested acrosstherange
of possible exposures to this level of significance. A
sequential analysis®™ (35 dives without DCS needed before
a DCS rate of less than 2 percent can be claimed) or a
binomia distribution approach'® (60 dives without DCS
needed before a DCS rate of less than 5 percent can be
claimed) are suitable techniques for such testing. With the
possible exception of the Canadian Defence and Civil Insti-
tute of Environmental Medicine Tables,'” none of the avail-
able decompression tables have been tested to this degree.
For example, a common procedure has been to consider a
table safeif 10 diveswere performed for aparticular depth-
time combination without incident. Infact such an outcome
only determines that there is a 35 percent chance that the
associated probability of decompression sickness is less
than 10 percent. Inaddition, itisessential that thistesting be
done in the ocean and involve real work, as both will
significantly increasetherate of DCSincomparisontodives
inrecompressionchambersof any sort or resting dives. 5161819

Summary

It followsthen, that although thee has been consider-
able experience in the use of decompression tables since
1908, that there has been little or no advance in real under-
standing. It also follows that until a new understanding is

SPUMS Journal Vol 19 No.3 July-September

developed by the application of modern pharmaco-kinetic
principles to gas-kinetic studies that decompression tables
should be selected on the basis of their proven efficiency in
avoiding DCS, and that proceduressuch asrepetitivediving,
multipleascentswithinasinglediveand surfacedecompres-
sions should be avoided if at all possible.
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ARCHAEOLOGICAL DIVING IN AUSTRALIA
A MEDICAL PERSPECTIVE

David Millar
Introduction

Why do students, aQantaspilot, acustomsagent and
others want to spend two weeks training in archaeol ogical
diving? For some amateur (defined here asonewho lovesa
field") diversthereis more than the lure of treasure hunting
or thesport of wreck diving. |ncommonwiththeunderwater
archaeologist, they share afascination with the past and its
reconstruction. The exploration of Australia has left our
coast littered with hundreds of underwater time capsules.
Until now, noformal traininginscientific diving (archaeol o-
gist, biologist, oceanographer) hasbeen availablein Austra-
lia. Eight amateur divers and one professional underwater
archaeologist recently undertook the first NAUI/CMAS
Divemaster-Scientific Diver Training Course conducted by
Sci Dive Australia in Far North Queensland from March
31st to April 15th, 1989.

Thisarticlewill discuss aspects of such training and
theroleof thediving physician on such an expedition, which
culminated with work on what is probably Australia’ s most
important shipwreck, HMS Pandora.

Underwater archaeology is a relatively new disci-
pline. Pioneering work in Australia commenced in 1969
with membersof the Western Australian Maritime Museum
inspecting, and later excavating the Dutch East Indiaman,
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Batavia, (wrecked onthe Abrolhos|slands, West Australia,
in June 1629)%%. Artefacts raised from this vessel have
included sufficient timbersto allow partial reconstruction of
thevessel and many itemsof her extraordinary cargo. These
have included a selection of silverware, stoneware jugs,
smoking pipes, astrolabes, a pocket sundial and even a
portico facade destined for the gateway to the company’s
castle in Batavia (now Jakarta, Indonesia).

Since then many thousands of archaeological dives
have been undertaken on shipwreck sites around Australia,
the Indian Ocean, south east Asia and the Pacific Ocean.
Also many dives have occurred on wreck sites by sport
divers and treasure hunting divers. Archaeological diving
will be emphasised in this article.

As in other scientific diving disciplines (biology,
oceanography, etc.) formal archaeological training is re-
quired for a systematic approach so that the maximum
amount of information can be uncovered. The reconstruc-
tion of our past through maritime archaeology is a precise,
time consuming discipline. Thus the 30 or so professional
archaeol ogistsnow working around Australiahaverequired
hundreds of enthusiastic volunteers to help in their work.
Lured by the romance of underwater archaeology, they are
then faced with the reality of long arduous days in remote
sites, diving at timesin hazardous conditions, as shipwrecks
are not noted for occurring off calm, balmy white beaches.
On top of this there is new equipment and techniques to
master. Despite this much valuable work has been done by
amateur divers working with professional archaeol ogists
with an excellent safety record.

In Western Australia over 10,000 archaeological
diveshavetaken place’ over thelast 30 yearsat various sites
aong the coast. These include the wrecks of the Rapid,
Batavia, Lively, Trial, Zuytdorp and Zeewijk to nameafew.
These sites are usually in lessthan 18 m, mostly in remote
locations and many are exposed to surf (Lively, Tria and
Sirius).

A medical officer has accompanied all major field
tripsin WA. Sofar nofatalitieshave occurred. No cases of
decompression sickness (DCS) have been diagnosed. One
case of cerebral arterial gas embolism (CAGE) has been
successfully resuscitated, evacuated and rehabilitated. Three
casesof severemarinestings, onestingray andtwojelly fish,
have occurred. While a number of minor illnesses and
injuries have occurred, for example, a salt water aspiration
syndrome like condition has been common in new diversto
some sites, the safety record has been admirable.

Thewreck of HM SPandora, whichsank in 1789, lies
in 31-37 m of water on the outer Barrier Reef, at approxi-
mately 11°S 144°E. Surface conditions are relatively calm
though the local reef configuration produces frequent and
unpredictablechangesintheocean currents, evenonthesea-
bed. Water temperature is 14-16°C (average sea-bed), and
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Figure 1. Divers surveying the HMS Sirius site under the surf on Norfolk 1sland. Photographer Pat Baker.

the visibility, 10-40 m. Expeditions to this site have been
mounted on varying scalesover four seasons. Considerable
sections of the hull remain and the siteisrich in artefacts.
The lower sections of the vessel have settled largely intact
into the sand, still holding the original contents. An early
find was medical implements, including ampoules and syr-
inges, from the ship surgeon’ scabin, and what isbelieved to
be his watch.

Table 1 showstheincidence of decompression sick-
ness diagnosed to date against the number of dives on the
Pandorasite®. Therewere4 casesof joint pain and onewith
cerebral symptoms and signs. All responded to surface
oxygen, or recompression when a chamber was present, in
1983 and 1986. The combined incidence of DCS on the
Pandorasitethenis0.16% or 1.6 cases per 1,000 dives. No
fatality, pulmonary barotrauma or other significant diving
related injury has occurred. These figures are similar to
those in a report being prepared by the author on six
expedition seasonsin the Gulf of Thailand diving to similar
depths. Theestimatedrisk of DCSusingthe USNavy tables
at this depth (120 feet) is 1.8%6, placing thesefigures at an
acceptable level for a working site.  Other figures for
scientific diving7#° also indicate very low mortality and
morbidity rates.

Whiletheeffortsof variousexpedition leaders, dive-
masters and medical officers are commendable, we can
further build on these beginnings. A rigid training program
will further enhance the safety, productivity and enjoyment
of both professional and amateur alike. Consideration of the
scientific diving community as a specia group is not new
and aworking group on scientific diving isattempting to set
guidelinesfor training and operation. The UNESCO Code
of Practicefor Scientific Divingisan extremely comprehen-
sive document on which a draft standard could be based.

Sci Dive NAUI/CMAS Scientific Diver Cour se

Theforerunner of futuretraining programswas con-
ducted recently by NAUI instructors, Jacques and Capkin
Van Alphen and their team at Sci Dive Australia. This
course was conducted over five intensive days on board the
25 m MV Kanimbla, in Barrier Reef waters while on route
to the Pandora wreck site. Guided by threeinstructors and
the author, nine trainees, who were all advanced divers,
completed the NAUI Divemaster, Rescue Diver and Deep
Diver courses. Thisprepared thetraineesfor the next phase,
six days of survey work on the Pandora site under the
supervision and instruction of Queensland Museum under-
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FIGURE 5. A typical haematoxalin and eosin stained section cut through the hind ankle joint of acontrol rat 28 days after

adjuvant injection. Both illustrationson thispagearefrom thepaper by Dr Fiona Andrewswhich startson page 125

FIGURE 6. A typical iron deficient rat joint section 28 days after adjuvant injection.with very little inflammation.
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TABLE 1

Season Total Underwater Cases of
Dives Hours Suspected DCS

1983 686 275.9 1

1984 800 364.94 2

1986 1435 568.5 2

1989 160 60.6 0

Total 12 3081.94 5

water archaeologist, Peter Gesner. All objectives of the
fieldwork were completed without incident and in a very
professional manner.

Scientific Diver Training

One aspect of this article is to examine the major
componentsof suchtraininginthelight of thisrecent course.

DIVER SELECTION

Medical Fitness

All participantshad been cleared by approved diving
doctors, prior to departure. Thisis essential for a uniform
standard.

Physical Fitness
Working with various equipment underwater and in

thehazardous conditionsthat wreck sitesoften present, surf,
currents, low visibility, requires an above average level of
cardio-vascular (endurance) fitness. Whilethisisgenerally
accepted, no assessment of cardio-vascular fitness at the
time of the medical or prior to an expedition occursin most
instances. Minimum levels have been suggested for sport
diverst suchas13METS, whichisequiva ent to 12 minutes
of theBruce Protocol using atreadmill or bicycleergometer.
While such formal testing may not be practical or popular, a
pre-set water fithesstest could beestablished for participants
to pass before being permitted to dive.

TheSci Divecoursewater skillstest consisted of a50
m underwater swim, with a maximum of 2 breaths allowed
during the swim, a400 m swimin 10 minutes, a50 m tow of
a“victim” anda812 mswimin 18 minutesin scubagear. All
participants completed this test. Strict adherence and en-
forcement of aset standard of fitnessisessential for contin-
ued safety. Thiswascertainly so on the Pandorasite, where
heavy exertion at depth will greatly increase nitrogen up-
take. Over exertion and resultant carbon dioxide build-up
produced occipital headaches on two occasions, both rap-
idly responding to 100% oxygen over 5 minutes.

Psychological Fitness

Some degree of psychological stressisinevitableon
an extended trip such as this and indeed is part of the
selection process. The aim on an expedition isto minimize
stresses wherever possible.

Adaptation to a new environment, equipment, and
techniquesaremajor stresses. Thesewerewell addressedon
the course as Phase | alowed a gentle and progressive
adaptation.

Long hours of theoretical and practical sessions
followed by an examination on all aspects of these were
other causesof stress. Well defined goals, apositive, caring
attitudeby theinstructorsandthetrainees enthusiasm, were
key factors in minimising this. Structured free time is
essential for extended field trips. The opportunity to simply
sit and do nothing isareal luxury.

Food quality and quantity, sleeping arrangements
etc. greatly influence attitude and group interaction. Inthis
case a comfortable boat with good catering an a competent
and enthusiastic captain and crew greatly contributed to
group harmony. Fresh water showers backed up by an
effective desalinator and calm safe anchorages at night,
enhanced comfort and sleep.

Theability tohaveminor ailmentspromptly attended
to minimise the stress of such physical ailmentsis essential
in remote locations.

The combination of all of the above, together with
open communicationintheform of regular briefingsand de-
briefings, achieved the goal of forming a cohesive working

group.
EQUIPMENT

Progressive familiarisation with the diving and sci-
entific equipment in Phase |, gave trainees ample opportu-
nity to feel comfortable with their equipment. Of great
concern was the marked discrepancy between some of the
depth gauges used. There were variations of up to 10 mon
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Figure 2. Diversworking on the HMS Pandora site. Photographer Pat Baker.

the bottom at 30 m. On an ever changing deep site, such as
this, constant accurate depth assessment isessential to diver
safety. Completing set tasks, meant using either the33mor
the 36 m limits where applicable. We wished to keep the
safety stoptimetonot morethan 5 minutesfor diver comfort.
We had sufficient accurate gauges for our work. A shore
based depth gauge testing facility would certainly be useful
for gauge checking and calibration prior to expeditions.

ENVIRONMENT

Transposing individualsfrom around the country, or
worldwide, to anew diving environment isastresswhichis
oftenunder estimated. Inmost of us, thereissomefear of the
unknown as each dive site is unique in respect of water
temperature, sea conditions, underwater topography, ma
rinelife, etc. Onthisoccasion, thisstresswas minimised by
the slow gentle work-up to deep diving, taking 5 days to
reach 36 m, giving ample opportunity for acclimitisation to
thePandorasite. Nitrogen narcosiswaswatched for andwas
not amajor problem. On one occasion, ateam of diversdid
become fixed on the idea of completing a set task despite
insufficient time. This emphasised the need for setting
realistic, well rehearsed tasks and the allocation of atime
keeper on the bottom for each dive.

TECHNIQUES

Diving Techniques

Some of these techniques, for example emergency
procedures, arerelevant to al scientific diving expeditions.
Considerable refinement of the methods and training on
advanced diving techniques has been achieved in recent
years. Basicand advanced sportdivingtraininginAustralia,
by the magjor organisations, (FAUI, NAUI, PADI) is of an
exceptionally highanduniformstandard. Inthisinstancethe
NAUI Divemaster and Rescue Dive modules were well
presented and completed by all trainees. Essentia tech-
niques covered were emergency ascents, rescues, first aid,
treatment of marine injury and illness, and evacuation pro-
cedures. The redlity of practicing rescues in a remote
location was disturbing for some but a useful learning
experiencefor all of us. Overlearning and problem solving
are key aspects of thistraining.

This expedition used deep diving techniques, based
on the NAUI training module. The United States Navy
(USN) decompression tables were used as a basis for dive
profiles with added safety factors consisting of:

1. Bottomtimesnot exceeding the USN no-decompres-
sion limits (NDL).
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2.

3.

Figure 3. Divers on the decompression bar during a safety stop at the HM S Pandora site. Photgrapher 1an Hodson.

A slower ascent rate of 9 m/min, up a buoyed line
attached to the stern anchor of the Pandora.

A compulsory safety stop at 3mfor 5 minuteson all
dives. A heavily weighted decompression bar was
slung from the midship section of aZodiac inflatable
which was attached to the stern anchor buoy. This
proved quite stable. Each diver breathed 100%
oxygen for 3 minutes of the 5 minute stop. Thiswas
deliveredfroman'E’ sizecylinder (7 E’ sizeoxygen
cylinderswere carried), using Harrisregul atorswith
hookah hosesand demand valves. Whilethismay be
considered controversial by some, it must be empha-
sised that this procedurewas used strictly to enhance
nitrogen de-gassing. It is not being advocated for
sports diving or for therapy. Provided that the bar
depthisstableat 3 m, asin this case, and that divers
onthestop areclosely monitored, by thediversinthe
next teamin thisinstant, using oxygeninthismanner
is asafe procedure.

The use of reduced bottom times when heavy work
was expected e.g. strong currents.

Strict dive timing and close observation of the stop
with extension of stop times when arrival to the
decompression bar was late. This occurred on one
occasion only.

Five hour surface intervals between repetitive dives
and more conservative bottom timesthan allowed by
the USN tables. | used an Aladin Pro Dive Computer
to compare with our profiles. This unit uses the
Buhlmann Tables for its basis and on this limited

trial, matched our chosen profiles closely. These
tablesuseshorter NDL sfor rectangular diveprofiles,
aslower ascent rate 10 m/min, and compul sory stops.
A diveto36 mfor 15 minutesusing thistablerequires
a3 min stop at 3 m compared with our more conser-
vative 5 mins2. The repetitive dive system of the
Buhlmann tables includes a large safety margin to
allow for the problem of reduced desaturation during
the surface interval, caused by bubblesin the lungs.
Further eval uation of thisand other divecomputersis
warranted and is to be accompanied by Doppler
ultrasound studies on future expeditions.

. Adequate pre and post divefluid intake was actively

encouraged. The risk of DCS from diuresis and
dehydration was thus minimised.

The 15 divers completed 160 dives on the Pandora

with a combined dive time of 60 hours 36 minutes with no
detectable decompression sickness. The safe exposure of
the9traineestoworkingin onespecificunderwater environ-
ment was accomplished. Further experience in other situ-
aions, e.g. in shallow surf, poor visibility etc. will round off
their training.

Scientific Diving Techniques

While some skills needed by different disciplines

(biologist, oceanographer, archaeol ogist etc.) differ widely,
othersare similar. Aspects covered in this course were:

The use of basic scientific equipment such as tapes
and ropes.
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Underwater bottom and reef searches of the areas
adjacent to the initial site of the grounding of the
Pandora.

Setting up a grid reference system.

Close plot magnetometer survey to ascertain the
extent of material beneath the substrate surface.
Surface communications using a hand-held signal-
ling device.

Underwater photography.

All of the above were well handled by the group.
Other skills such as sampling techniques could be added to
broaden the course base.

The Role of the Diving Physician

On an expedition these duties primarily consist of
general health care of all participants, diving clearance of
divers, prevention and treatment of diving related problems,
and involvement in lectures and practical sessions.

General Hedlth Care

Prevention or early treatment of ailmentsisvital on
an extended expedition and a comprehensive medical kitis
essential to meet all contingencies. Problems encountered
were minor cuts and abrasions, minor sprains and many
upper respiratory tract infectionsonthelast few days. These
werenot diving related and may have beeninfluenced by the
prolonged work schedule. Sea sickness occurred in 5
members of the team, mostly in the first 48 hours and
responded well to the use of “Acubands’, and/or “Scop”
transdermal scopolamine patches. Minor skin rashes from
heat, salt water and wetsuit, occurred towards the end and
wereminimised by adequatefresh water for showers. Three
cases of neck or lower back pains responded well to acu-
puncture.

Diving Clearance of Divers

This consisted of pre-dive assessment initially and
then daily with respect to specific dive profiles, underwater
tasks and repetitive dive limitations. Working in harmony
with the expedition leader and divemaster, as occurred on
thisoccasion, thediving doctor can greatly enhanceaccident
prevention.

Prevention and Treatment of Diving Related Problems

Regular ear checks were performed. All diversdid
ear toilet using “ Aqua-ear” or amixture of 95% methylated
spirits to 5% vinegar. Three divers had problems early on
with slow middle ear equalising, but no episodes of baro-
traumaoccurred. Theuseof “ Spraytish” nasal spray prior to
steam inhalation in ahot shower at night isapotent remedy.
No significant marine injury occurred on this trip.

The one significant incident was a case of decom-
pression sicknessthat occurred on Day 4 of Phasel, twodays
beforestartingwork onthePandora. Thisoccurredinadiver
who was not subject to the course requirements, fitness
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assessment, acclimatising to deep dives etc., undertaken by
al other divers.

Case Report

DH the deckhand of the vessel, asked to accompany
two of our diverson adiveto free the vessel’ sanchor while
at MarthaRidgeway Reef. Thedepth accordingtothe depth
sounder was 33 m. Aged 27, DH isaqualified divemaster
with 500 previous dives. The dive profile was:

depth 37m
bottom time 6 mins (NDL 10 mins)
slow ascent 6 mins
safety stop at 5 m for 3 mins

Within 5 minutes of surfacing, the 3 divers were
breathing 100% oxygen on the surface for 6 minutes. The
divers slowed their ascent because of the extra work in-
volved in clearing the fouled anchor chain and the surface
oxygen was added as afurther precaution. Two hours after
surfacing DH presented with left elbow pain, parathesiae
and weakness of the left hand. He was anxious and hyper-
ventilating. Examinationrevea edill defined deepjointpain
of the left elbow, and a glove and stocking distribution of
reduced light touch sensation to the left forearm and hand.
No actual weaknesswas demonstrated and full examination
revealed no other abnormality.

Hehad threerisk factorsfor DCS. Hewasmorethan
10kgoverweight. Hesmoked morethan 20 cigarettesaday.
Hewas short of sleep from being anchor watch the previous
night. A diagnosis of DCSinvolving the left elbow with a
possible spinal bend.

Hewastreated with 100% oxygen on the surfacevia
a scuba demand valve using a cycle of 25 mins on oxygen
followed by a5 minute air break. He drank 500 ml imme-
diately, then 1000 ml per hour.

Adeguate re-hydration was demonstrated by a good
urine output.

Reassurance and slowed diaphragmatic breathing
whileon oxygen wasfollowed by compl eteresol ution of the
parathesiaeandfull return of sensation over 60 minutes. The
elbow pain responded more slowly but after 2 1/2 hours of
treatment, DH was asymptomatic apart from slight fatigue.
Herested for 24 hours and has been well since. No diving
was alowed for 5 days. On his return to diving more
conservative dive profiles were adopted and no repetitive
dives allowed.

DH was the only diver over whom full control was
not exercised from the outset. Such control is essential to
ensure safety. An on-board recompression facility is obvi-
oudly desirable in remote locations.
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L ectures and Practical Sessions

The presence of a competent diving doctor is un-
doubtedly reassuring on isolated work expeditions. The
psychologica benefits are enhanced by an active role in
relevant theoretical and practical sessions.

Future Directionsin Scientific Diving Training

Therequirement for careful diver selectionandtrain-
ing in scientific diving is established. Efforts by the Work-
ing Group on Scientific Diving and standards such as the
UNESCO Code of Practice for Scientific Diving support
this. Standardised training courses will further improve
safety standards and working ability, with the training pro-
cedures themselves exerting a strong selective force on
candidates. Apart from medical aspects the principa dis-
qualifying factorson candidates on an intensive coursesuch
asthat conducted by Sci Dive, are psychological and physi-
cal. Only through experiencing what itisliketowork inthe
subseaenvironment at first hand can the potential scientific
diver be ultimately and correctly selected. On this pioneer-
ing course, al of the candidates completed the theoretical
and practical assessments to a high standard. From ad-
vanced divers they have progressed to a level that would
makeeach of them avaluableasset to futurescientificdiving
expeditions. Applicationhasbeenmadeto CMASinthereal
hope that appropriate recognition of their achievement can
follow, i.e. the CMAS Scientific Diver Qualification. The
course itself was a model from which others may develop.

Asno program can cover all situations, itisimportant
that all scientific diversmaintainadetailed, validated, up-to-
date log book. This should include data concerning the
diverstraining and qualifications, divesand medical checks,
details of equipment used, environments worked in and
techniques performed. Thiswould facilitate diver selection
by expedition leaders and divemasters.

Australiandiversareat theforefrontin many areasof
underwater scientific endeavour. With further education
and acceptance of avalid set of standards, we can build on
these beginnings. Futuretraining courses, such asthisone,
will further promote diver safety and productivity. For the
diving doctor, this arena provides a unique and rewarding
opportunity to be actively involved in the field with many
research possibilities.
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PAPERSFROM THE JOINT SPUMSAND ROYAL HOBART HOSPITAL
MEETING, NOVEMBER 1988

OXYGEN PRODUCED FREE RADICALS

Christian Narkowicz

This is a quick resume of oxygen produced free
radicals because what one really does in the chamber is
expose peopleto high concentrations of oxygen. Oxygenis
knowntobetoxic. Atleast someof thistoxicity isduetothe
radicals formed which can include superoxide which will
dismute to hydrogen peroxide. Hydrogen peroxide can be
removed by disproportionation catalysed by catalase or
through peroxidation with various peroxidases. However if
all the hydrogen peroxideisnot eliminated and thereis Fet*
or Cu* present ahighly reactive hydroxyl radical isformed
which is potentialy very damaging. What we wanted to
know waswhether hyperbaric oxygenresultedinanincrease
of oxygen radicals, or free radicals, and whether the body
was ableto cope with increased freeradical levels, whether
we actually do damage to the patients that we are trying to
treat.

these magnetic properties to directly measure free radical
levels.

To perform an ESR experiment we put the sample
between the poles of avery strong magnet that polarisesthe
unpaired electronsinto ahigh energy level and alow energy
level. We can induce transitions from the low to the high
energy level by irradiating with microwaves at an appropri-
ate frequency (figure 1) Weirradiate with microwavesand
sweep the magnetic field, and as we hit the resonance
condition, where the differencein energy levelsis equal to
theenergy of themicrowaves, thereonegetsabsorption. We
plot the first derivative of the absorption curve versus
increasing magnetic field (Figure 2). The second signdl is
dueto copper incaeruloplasminandif wewereto extendthis
spectrum there would also be asignal fromiron.

A typical tracefrom anormaobaric venoussamplehas
an absorption band, the height of which reflectsthe concen-
tration of free radicals in the blood (Figure 2). After
hyperbaric oxygentreatment thereisasignificantincreasein

FIGURE 1

Electrons in a Magnetic Field.
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We have been very lucky to get the assistance of the
Tasmanian Police divers. They have given us great co-
operation and without them we could not have done these
studies. Inal we put 10 Tasmanian police diversinto our
chamber. We gavethem 3 consecutive 20 minute periods of
breathing oxygen at 3 ATA and we took a venous blood
sample after each of these periods, and afinal sample back
atthesurface. Wefrozetheblood samplesinliquid nitrogen,
and analysed them for free radical levels by ESR, which
standsfor el ectron spin resonance. Theunpaired electronin
afreeradical has magnetic properties and one can exploit

For resonance AE=hv (photon energy)

the level of free radicals. In the post hyperbaric oxygen
graph, the peak appears to be 3-4 times the size of the pre-
hyperbaric oxygen. Can one make aquantitative statement
about that and say there is 3-4 times as much free radical ?
Onecan. Theintegral of the signal isdirectly proportional
tothefreeradical concentration, assumingidentical running
conditions for the instrument. The integra is actually
proportional to the height of the signal, so in hyperbaric
oxygentherewereroughly 10timestheconcentration of free
radicals that were in the baseline data.
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FIGURE 2

Normal Free Radical Signal In Blood Free Radical Signal In Blood After
Hyperbaric Oxygen Treatment
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FIGURE 4
Effect of Oxygen and Air at 3ATA on invitro Blood Free Radical Levels by ESR
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The average response in our 10 police volunteers
after three 20 minute periods in oxygen is shown in Figure
3. Onaverageitisaround a400% increase after 60 minutes,
which is Dr Peter McCartney’s normal protocol for hyper-
baric oxygentherapy. Now to comparetheseresultswithan
in vitro sample of blood bubbled with oxygen. If blood in
vitroisbubbled with oxygen and blood invitro bubbled with
air, thereisasimilar sort of response (Figure 4), except one
does not get the drop off at the end of the exposure which
occursinvivobecauseinvitrothereislessoxygen consump-
tion. Sotheoxygen levelsremain high at theend of therun.
There is some relationship between the concentration of
oxygen and the degree of freeradical production.

Wefound that the hyperbaric signal wasdifferent in
form to the signal in ordinary, normobaric blood. By
increasing the power of the microwaves used to obtain a
spectrumonegetsalinear increaseintheheight of thesignal,
with an increase in the square root of power, until one
reaches a time where one starts getting a decrease in popu-
lation difference between the high energy and the low
energy levels, which isreferred to as power saturation. The
actual strength of the signal depends on that difference in
population levels. If the high energy electrons can not lose
energy quickly enough to make up for the energy that is
coming into the system, the popul ation difference decreases
andthereisadropoff insignal. Wefoundthat thehyperbaric
signal dropped off alot earlier than the normobaric signal
indicatingthat itisadifferent freeradical involvedtothethe
freeradical innormal blood. For freeradicalsit could bethat
several radicals contributeto each signal. Thebaselinefree

i
2x20 min 3x20 min Recovery
Time

radical signal is the signal that appears under normobaric
conditions and with an increase in oxygen load that signal
doesincrease to some extent but it isasecond signal which
increases to the greatest extent and that tends to drop off to
virtually non significant levelswhen breathing air after the
hyperbaric treatment.

From further experiments we believe that the base-
line signal may be due to semi-reduced glutathione reduc-
tasewhichisassociated with the pentose phosphate pathway
which is responsible for maintaining cells in the reduced
form, for overcoming oxidative stressin cells. Thebaseline
signal comes from the red cells. We are not sure exactly
where the second signal comes from. With increasing
oxygen concentrations one would expect to get increased
oxidation of hemoglobin to methemoglobin with loss of
superoxide, and the superoxide then has to be scavenged
which requires energy for the system to be reduced back to
its reduced state. That is where the pentose phosphate
pathway comesin by providing the substrates for maintain-
ing the reduced state of the cell. The second signal we have
not been able to assign to a particular radical as yet but it
could be dueto ascavenger or perhaps associated with lipid
peroxidation, though the power saturation is not consistent
with being an oxygen radical nor an alkoxyl radical nor a
lipid peroxyl radical.

Atthisstageall wecan say isthat exposureto limited
periods of hyperbaric oxygen does cause an increased level
of freeradicalsinblood. The healthy humanappearstoclear
thisincrease rapidly on re-exposure to room air. But asyet
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we have not assessed any possible damage, such as lipid
peroxidation in the blood, by other chemical means. There
is certainly room for further experiments.

Edited comments from the question and answer
session appear below

Dr lan Unsworth

Thisisfascinatingtome. If thereisariseof radicals
during a period of high pressure oxygen it would seem to
suggest that the body’ snormal mechanismsfor dealing with
radical shave been overcome, and sotheradicalsareallowed
to build up. But it also suggests that when one brings the
subject back to one atmosphere radicals very quickly stop
forming. Presumably thisisdue either to automatic dissipa
tion of the radicals or to an extremely quick build up of the
body’ sscavenging. Haveweany ideawhichitmightbe? As
the radicals fall so quickly one can hypothesise that the
scavengers which have been knocked out under pressure
regenerate very quickly.

C.Narkowicz

The pentose phosphate pathway will provide sub-
stratesfor regeneration of the antioxidantsof thefreeradical
scavengers. Thesignal that we see could actually be afree
radical scavenger because they exist as a free radical once
they have scavenged theradical. They take thefreeradical
character from the scavenged radical and become radicals
themselves, soit could be something likevitamin Ewhichis
scavenging and asyet hasnot been reduced viatheascorbate
pathway and NADPH (nicotinamide-adenine dinucleotide
phosphate [reduced form]) back to the reduced form. 1t will
take further experiments, perhaps with our own spin trap-
ping agents which, so to speak, interact with theradicals as
they are produced, and trap the radicals in a stable form
beforethey can bereduced by other antioxidants. Spintraps
can enable oneto identify the actual structure of the radical
being formed.

Dr P. Chapman-Smith

Policemen remain fairly docile and blood is easy to
get at. Have you any comments on tissue free radicals?
Obvioudly it is a lot harder to chip bits out of the local
policeman.

C.Narkowicz

There has been alot of work on radicalsin tissue but
not as far as | know concerned with hyperbaric oxygen.
They certainly found increased levels of radicals under
certain pathol ogical conditionsand after exposuretovarious
carcinogens and drugs. Various drugs increases the free
radical levelsin thetissue. Asfor our experiments | guess
one would haveto get apig or a sheep into the chamber, or
arat.

Dr Janet Vid
There are some problems with looking at tissue
samples with ESR. The problem that bedevils this areais
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artifacts, especialy when you are using ESR to measure
tissue radicals. Just cutting tissue in itself can generate
radicals. Onehastobevery careful about theway thetissues
are handled. It is obvioudy important that it be frozen
immediately to lessen this problem of artifact radicals.

Dr David Davies
Have you pushed your times under pressure any
further than 60 minutes? Do you plan to?

C.Narkowicz

We have not gone beyond 60 minutes. To go longer
isup to Dr Peter McCartney, and up to the policemen too.
Certainly treatmentsgo beyond 60 minutes. For instanceDr
lan Unsworthistreating carbon monoxidepoisoningwith 90
minutes of 100% oxygen at 2.4 atmospheres. It would be
interesting to see whether there was any further increasein
freeradicals at the end of that 90 minutes.

Thereisapossibility that thereisapoint at which one
overwhelms the body’s own defences and one will get a
massiveincreasein thefreeradical levels, but that could be
60 minutes, 90 minutes, or it could be 2 hours. Wereally do
notknow. Itwill alsodepend ontheindividualsandtheir diet
and fitness and age, etc. It is certainly something worth
doing. It would be interesting to see what happens at
different exposures.

Dr David Davies

Another thing to consider isdoing something similar
on saturation divers at pressure. They can be a 200 m
pressure for 3 weeks.

C.Narkowicz

However they have their oxygen supply diminished
proportionally. But it might show whether it is an effect of
pressure or an effect of oxygen. 1t does seem to be an effect
of oxygen rather than of pressure becauseif we use nitrogen
invitrothereisnot theincreasethat occurswith oxygen. Of
course we can not use only nitrogen with our police divers,
nor with abalone divers.

Divers, from my experience anyway, seem to age
quickly. 1 do not know if thisis backed up by statistics but
they seem to have alot of medical problems, arthritis, and
premature aging. | do not know if it is their very hard
lifestyle or drinking and smoking.

Dr Chris Lourey

Apart from the incidence of osteonecrosisthe punch
drunk diver abalone diver is no different from the punch
drunk crayfisherman. | think it reflects their after aquatic
lifestyle and probably their alcohol intake rather than their
diving.

C.Narkowicz

Thereiscertainly anincreaseinfreeradicalsjust with
breathing air. So at 18 m on air one is also increasing the
oxidative stress.
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Dr Peter Chapman-Smith
Arethere specific tissuesthat have been shownto be
damaged by this release of free radicals?

C.Narkowicz

Theeyesarevery susceptible. Theretrolental fibro-
plasia of premature infants is caused by oxygen. The red
cellsare very vulnerable simply because they carry alot of
the oxygen and actually producealot of theradicals. Asfor
other tissues, brain and marrow and the lungs.

Oneof theproblemsisthat most of theevidencesofar
is circumstantial. We can show experimentally that if one
gives free radical protecting agents one can reduce the
damage but most of the evidenceis circumstantial because
of the difficulty of actually measuring freeradicalsin these
situations and of showing that there is an increase in free
radicals associated with the damage.

It would be interesting to put someone with a 6-
glucose phosphate dehydrogenase deficiency into thecham-
ber and see what happensto them. They have aslower rate
of freeradical inactivation, with a decreased pentose phos-
phate metabolism. So they might be suceptibleto oxidative
stress a hit earlier than someone with a fully functional
pentose phosphate pathway .

Question
Does microwaved food generate free radicals?

C.Narkowicz

Not that | know of. | do not think it should but food
irradiation isknown to produceto hydroxyl radical whichis
where a lot of the concern comes from because if those
radicals are not scavenged by the antioxidants in the food
they can affect the proteins, the vitamins, and really affect
the quality of the food. Another thing is that ultrasound is
known to produce hydroxyl radicals as well. So there is
increasing concern over use of ultrasound, or the excessive
useof ultrasound, and of courseexposureto radiation. Most
of the damage is by free radical mechanisms.

Thisisan edited transcript of arecording made at a
Free Radical Workshop during the joint SPUMSand Royal
Hobart Hospital meeting on Hyperbaric and Diving Medi-
cine in November 1988.

Mr Christian Narkowicz, B.Sc.(Hons) is attached to
the Department of Medicine, University of Tasmania Clini-
cal School, 43 Collins Street, Hobart, Tasmania 7000,
Australia.
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IRON, OXYGEN RADICALSAND THE JOINT

Fiona Andrews

Iron has been associated with joint inflammation for
a number of years. As long ago as 1674 Hochsletter
described an arthritis associated with excessive bleeding in
haemophiliapatients. Thiswasreproduced in experimental
animals by injecting blood into the joints. Later on it was
aso shown that patients with oral iron overload or haemo-
chromatosis aso had iron deposits within the synovia
membrane, and thiswas associ ated with inflammation of an
otherwise normal joint.

Interest inironandjoint inflammation wasrekindled
by the work of Muirden' who showed that iron deposition
occurred in the synovial membranes of patients with rheu-
matoid arthritis. It was speculated that perhaps these iron
deposits had some role in the pathogenesis of the disease.
Thisleadsusto the question, how doesiron deposition arise
in the rheumatoid joint?

In normal situationsiron is carefully conserved and
recycledwithinthebody and very littleislost. Butinchronic
inflammatory conditions such asrheumatoid arthritis many
patients become anaemic. Thisdoesnot appear to bedueto
anincreased loss of iron but to asequestering of iron within
thereticuloendothelial cellssotheironisnot let out back into
the recirculating pool. How does this relate to the joint?
Ultrastructural studies have shown that the synovium con-
sistsof reticuloendothelial likecellsand it wasproposed that
iron deposits, derived from periods of micro bleedinginthe
joint are sequestered in the reticul oendothelial-like cell s of
the synovium. In support of thisMuirden? found that levels
of iron within the synovium correlated with an increased
activity of joint inflammation.

So how might iron enhance inflammation in the
rheumatoid joints? One theory is that iron isinvolved in
oxidative tissue damage. The environment of the inflamed
rheumatoid joint is highly suited to the production of reac-
tive oxygen metabolites such as superoxide, hydrogen per-
oxide andthehydroxyl radical. Themajor sourceof reactive
oxygen metabolites are the infiltrating inflammatory ph-
agocytic cells. Phagocytosis induces increased cellular
aerobic activity which leads to the formation of relatively
unreactive superoxide and water. In the presence of iron
however hydroxyl radicals, the most toxic reactive oxygen
metabolites can be produced. A further factor that leadsto
anideal environment for reactive oxygen metaboliteactivity
is an insufficient reactive oxygen metabolites scavenging
ability which has also been demonstrated in the rheumatoid
joint.

What evidence have we that reactive oxygen metab-
olite reactions are occurring in the joint? Several studies
have demonstrated the presence of lipid peroxidation prod-
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FIGURE 1. A typica arthritic ankle joint from arat with normal iron levels, 28 days after adjuvant injection showing

extensive inflammation.

FIGURE 2.
A typical iron deficient rat ankle joint 28 days after adjuvant injection. Thereisonly very mild inflammation.
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ucts(productsof thereaction of reactive oxygen metabolites
andlipid) inrheumatoidjoints. Firstly Lunec et al . reported
that peroxidation products occurred in 90% of rheumatoid
synovia fluid samples tested. Wynyard et.al.* found that
when rheumatoid patients were infused with iron dextran
this led to an exacerbation of synovitis and an increase in
lipid peroxidation, suggesting that iron enhanced inflamma-
tion viathe formation of the hydroxyl radical and its subse-
guent reaction with cellular lipid.

Based on this evidence, we decided to study this
concept further andtol ook at the possibl eanti-inflammatory
effectsof irondeficiency inananimal model of arthritis. The
model we chose is adjuvant disease, which is a well used
model for testing anti-arthritic drugs. It was first docu-
mented by Pearson in 1956° and has the advantage of being
a well documented and reproducible model to use in the
laboratory. The pathology of the joint differs from that of
rheumatoid arthritis although onefactor which is consistent
is the presence of iron deposition within the synovium.

The protocol we used to produce our iron deficient
ratswasto feed mal e post weaning ratswith aniron deficient
diet containing 20 partsper million of iron. Control ratswere
fed the same diet, supplemented with ferrous sulphate.
Usingthislevel of irondeficiency inthetest group therewas
no significant difference in weight gain compared with
controls on the supplemented diet and hemoglobin levels
wereonly mildly reduced, although iron storeswere signifi-
cantly reduced. Interestingly thelevelsof other metalssuch
ascopper werenot affected by thelevel of irondeficiency in
this experiment.

Having produced iron deficiency wethen went onto
induce adjuvant disease. Thiswasdone by injecting myco-
bacterium butyricum intradermally into the tail. Twelve
days later rats developed the characteristic components of
adjuvant disease; firstly local inflammation at the site of the
injection and then joint symptoms and a systemic response
to the adjuvant. | will just concentrate on the joint symp-
toms. Suffice to say that iron deficiency had no effect on
local or systemic responses.

Iron deficiency did have profound effect on thejoint
symptoms. Figure 1 (pagel26) shows atypical arthritic
anklejointfromanormal rat withnormal ironlevels, 28 days
post adjuvant injection showing extensive inflammation.
Figure 2 (pagel26) however shows atypical iron deficient
rat anklejoint also 28 dayspost adjuvant injectionwhereone
can see only avery mild inflammation. We assessed joint
inflammation in three ways. Firstly by visually scoring
rednessand swelling from 0-4 for each hind anklejoint, with
amaximum score of 8 per rat and the results can be seenin
Figure 3 (pagel28). At the beginning of the experiment
there was a high percentage of animalswith ascore of 0, as
onewould expect. Asthearthritisprogressed in the control
group more animals had a higher score. However intheiron
deficient group we demonstrated the anti inflammatory
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effects of iron deficiency by the significantly higher num-
bersof ratsthat had ascore of 0 from day 16 to theend of the
experiment.

Wealso assessed j oint inflammation by scoring typi-
cal histological featuresof arthritis; inflammatory cell infil-
tration, synovitis, fibrin deposition and bone erosion, new
bone formation and repair of the joint tissue. Again these
were scored from 0-4 on sections cut through theright ankle
joint of each rat. We obtained similar results to the gross
scoring with asignificant reductionin histology scoreinthe
iron deficient ratstowardsthe end of the experiment (Figure
4). Figure 5 (pagell5) shows atypical haematoxalin and
eosin stained section cut through the hind ankle joint of a
control rat 28 dayspost adjuvant. Thejointisalmost totally
destroyed. Thejoint spaceand alarge proportion of thebone
has been replaced by inflammatory cell infiltration. Thus
bone has been eroded away and eventualy the joint will
collapse.

Figure 6 (pagel15) showsatypical iron deficient rat
joint section at thesametimepoint withvery littleinflamma-
tion. All theiron deficient rats did show some histological
signsof inflammation, but at themost it wasamild synovitis.
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FIGURE 4. A comparison of the medial total histology
scores during the course of adjuvant diseasiniron deficient
and iron supplemented rats. Solid colums = iron deficient,
hollow columns = iron supplemented. * p < 0.05 (Mann
Whitney Test)
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FIGURE 3. A comparisonfor thevisual scoresof rednessand swelling, from 0-4 for each hind anklejoint withamaximum
score of 8 per rat, at various times after injection of adjuvant in iron deficient and iron supplemented rats with adjuvant

disease. *(solid) = p<0.05 *(hollow)

The third method by which we assessed inflamma-
tion in the joints was by scoring the following radiological
features; bone density, new bone formation and soft tissue
swelling, again from 0-4. Thistime we used the left ankle
joint from each rat so that we had a comparison with the
histological sections taken from the right joint. Results of
scoring showed a similar picture to the histology with a
reduction in radiological features of adjuvant diseasein the
iron deficient ratstowardsthe end of the experiment (Figure
7).

Figure 8 (page 130) shows atypical radiograph of a
control rat, 28 dayspost adjuvant showing adecreaseinbone
density, new boneformation and extensive soft tissue swel -
ling. Figure 9 (page 130) however, shows a typical iron
deficient rat joint at the same time point with no bone
changes. So in summary we found that iron deficiency had
no effects on local and systemic responses to adjuvant but
did significantly reduce the joint inflammation as assessed
by histology radiography and visual scoring.

=p<0.01 (Mann Whitney Test)

Asthereissomeevidencethat reactiveoxygen metab-
olites are involved in joint inflammation in rheumatoid
disease, we went on to see if they played any role in this
adjuvant model. We were proposing that iron deficiency
might reduce the production of reactive oxygen metabolites
in the joint tissue by preventing the formation of the toxic
hydroxy! radical. It is very difficult to measure reactive
oxygen metabolites directly because of their reactivity.
However, it ispossibleto detect reactive oxygen metabolite
activity using the chemical Luminol which reacts with
oxidising species, suchasthehydroxyl radical, producingan
electronically excited ion which on returning to the ground
state emits a photon. This process is known as chemilu-
minesence.

To investigate chemiluminesence as an indicator of
reactive oxygen metabolite reactivity in thejoint tissue, we
induced adjuvant disease systemically as before, but this
time we challenged the rats with a second injection of
Freund’ sadjuvantintothefoot pad. Thisgivesanimmediate
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FIGURE 7. A comparison of themediantotal X-ray scores
during the course of adjuvant disease in iron deficient and
iron supplemented rats. Solid colums = iron deficient,
hollow columns = iron supplemented. * p < 0.05 (Mann
Whitney Test).

inflammatory reaction. Weremoved theinflamed tissuesat
various times and immediately placed them into Luminol.
Luminol amplified chemiluminesence was then measured
using a Wallac 1216 scintillation counter set in the out of
coincidence mode.

Initially reactiveoxygen metaboliteactivity asmeas-
ured by chemiluminesence was quite low in both sets of
animals but then at 6 hours there was a sudden increase in
reactive oxygen metabolite activity in the control animals
and this was suppressed by theiron deficiency (Figure 10).

Inflammation in these animals was assessed by re-
moving and weighing theinflamed tissues. Again asimilar
result was found, from 6 hours onwards the inflammation
was reduced in the iron deficient animals (Figure 11, page
131). So there was a reduction in inflammation which
coincided with areduction in the sudden boost in reactive
oxygen metabolite activity in the tissues.

Inconclusion, iron deficiency appearsto specifically
protect the joint in rats with adjuvant disease. The anti-
inflammatory effects of iron deficiency may be due to
reduction in oxidative tissue damage. To return to the
rheumatoid patients we suggest that after theinitial inflam-
matory insult, iron deposition derived from microbleeding,
sequestered within the synovium promotes further inflam-
mation via oxidative mechanisms.
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FIGURE 10. A comparison of the production of Luminol
amplified chemiluminescence from the inflamed foot pad
tissue of iron deficient and iron supplemented rats after
challengewith Freund' scompleteadjuvant. Solid squares=
iron deficient, solid circles=iron supplemented. * p<0.05
(Student’s Test).

Edited comments from the question and answer
session appear below

Dr Janet Vial

What is the relationship with iron and copper, be-
cause certainly copper compounds seem to give relief to
arthritis?

Dr Fiona Andrews

In our study we found that copper levels were unaf-
fected by the iron deficiency and were in the normal range
for ratsthusit would be difficult to specul ate on the specific
effects of copper on the arthritic processin thismodel from
thiswork.

Dr Janet Vial

Copper isinvolved with superoxidedismutasewhich
is one of the protective mechanisms against free radicals.
Certain copper complexes can actually act in the same way
as superoxide dismutase. There is a bit of experimental
evidencethat if onecombinesnon steroidal swith copper one
canenhancetheir anti inflammatory activity and painreliev-
ing ability quite significantly. Thisisstill laboratory based
work so maybe it is not quite so much an old wivestale as
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FIGURE 8. A typical radiograph of a control rat, 28 days after adjuvant injection showing a decrease in bone density,
new bone formation and extensive soft tissue swelling.

FIGURE 9. A typical iron deficient rat joint 28 days after adjuvant injection with no bone changes.
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FIGURE 11. A comparison of the devel opment of foot pad
oedema in iron deficient and iron supplemented rats after
challengewith Freund’ scompleteadjuvant. Solid squares=
iron deficient, solid circles=iron supplemented. * p<0.05
, ** p<0.01 (Student’s Test).

perhapspeoplehavethought. Maybeinthefuturewewill be
seeing copper complex non steroidal agents.

Mr Christian Narkowicz
Isthereany way of binding freetheironinthejoints?

Dr Fiona Andrews

There hasbeen somework to suggest that infusion of
desferrioxamine into a model of inflamed synovial-like
tissue, namely the alergic air pouch in rats, reduces the
inflammatory reaction although | am not aware of studies
where desferrioxamine has been infused into the human
arthritic joint.
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Free Radical Workshop during thejoint SPUMSand Royal
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Dr Fiona Andrews address is Department of Sur-
gery, Monash University Medical School, Alfred Hospital,
Commercial Road, Prahran, Victoria 3181, Australia

FREE RADICALSIN HEALTH AND DISEASE

Janet Vid

An dternative title for my talk today would be
oxygen, friend or foe. | am sure Joseph Priestly in 1775
never really appreciated theimplications of hiswordswhen
hewrote, “ Though pure dephlogisticated air (whichwashis
name for oxygen) might be useful asamedicineit might be
not so proper for usintheusual healthy state of the body for
as the candle burns so much faster in dephlogisticated than
in common air so we might as may be said live out too fast
and the animals powers be too soon exhausted in this pure
kind of air”. So from the very beginning Priestly perhaps
appreciated themixed blessing that oxygenis. Althoughwe
can point to many substancesin our environment which are
both good and bad, perhaps oxygen is unique in being
essential to life but also being so potentially toxic to living
cells.

| would like to go back in time. Back five hillion
years to the beginning of the earth. When the earth was
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young it was arather inhospitable place; very geologically
active with volcanoes and fumaroles. Therewas no protec-
tionfromultraviol et radiation and other radiationfromextra
terrestrial sources. The atmosphere consisted of small or-
ganic moleculeslikemethane, ammonia, hydrogen, sul phur,
and somewater vapour. Although rather inhospitableto our
eyesthat combination of substances, plusthefact that there
was no protection from extraterrestrial radiation set up the
circumstancesinwhich lifecould evolve. It hasbeen shown
inthe laboratory that if one combines the substances which
wereintheearly atmospherewith radiation one can produce
amino acidswhich arethe building blocks of proteins. With
time, increasingly complex organic moleculeswere synthe-
sized from the combination of simple molecules and still
later molecules which had the ability to reproduce them-
selvesdevel oped. Thesewereeither DNA or substanceslike
DNA andtheremay havebeen several trialsbeforelifeaswe
know it evolved.

Inthe beginning the DNA and cells, when they came
along, depended for their energy on the breakdown of the
complex molecules around them. In time algae evolved
which had the ability to synthesize carbohydrates using the
energy fromthesunand carbondioxide. Photosynthesishad
arrived. This was a very important stage in evolution be-
causetheby product of thisphotosynthesiswasoxygen. For
thefirst time significant amounts of oxygen appeared inthe
earth’ satmosphere. Thiswastoxictotheorganismsthat had
never been exposed to oxygen before and | am sure many
forms of life disappeared at that time. Those that survived
either had tofind nichesthat were away from oxygen or else
they had to develop mechanisms to defend themselves
against oxygen damage. Those organisms that learned to
livewith oxygen had many advantages, because metabolism
using oxygen was very much more efficient than the previ-
ous anaerobic metabolism. Thisimproved ability to gener-
ate energy wasimportant pre-requisite for the devel opment
of multi celled organisms. Oxygenwasimportant inanother
way. Ozoneisderived fromoxygen. Upuntil thistimethere
washo protectionfor thesurfaceof theearthfromultraviol et
radiation. With increasing amounts of oxygen the ozone
layer was able to develop and the surface of the earth was
then protected to some degree from UV radiation. This
allowed theevolution of lifeonland. Oxygen and develop-
ment of organisms that both released and were able to use
oxygen was avery important part of the evolution of lifeon
earth.

| have mentioned cellular metabolism that uses oxy-
gen. Most reduction of oxygen in cells occurs through the
addition of four electrons to oxygen. That is important
becauseit meansthat freeradicalsare not produced. Before
I gofurther | will explainwhat freeradicalsare. That perhaps
will explain why oxygen was toxic to those primitive cells
that had no defence against it. So what are free radicals?
Remember the structure of an atom or a molecule. The
nucleus of an atom consists of protons, positively charged
particles, and neutronswhichhavenocharge. They formthe
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nucleus and spinning around the nucleus in orbitals are
electrons, the negatively charged particles. Theseelectrons
usually occur in pairs. These electrons, aswell as spinning
aroundthenucleus, also spinontheir ownaxiswhich creates
magnetic forces. However thetwo electronsthat make up a
pair spin in opposite directions, so their magnetic forces
cancel each other out effectively. A free radical isamol-
ecule that has only one electron in an outer orbital. Asa
result it is unbalanced and has the potentia to act as a
magnet. Becausethisisan unstable state theradical tendsto
grab other electronsto makeitsouter orbital stable. Sofree
radical stendtobevery reactiveandtendtoreact very readily
with other molecules.

Oxygen is interesting in that it is a biradical. An
oxygen molecule consists of two atoms of oxygen and the
two atoms are each radicals in that they each have an
unpaired electronintheir outer orbital. One might ask why
do not the two electrons pair up? Unfortunately they have
parallel spins so they are not able to pair up because only
electrons with opposite spins can pair up. That makes
oxygen an unusual molecule as even if one adds another
electrontooxygenthereisstill oneunpairedelectron. Infact
oneneedsto add four electronstothemoleculeto get astable
situation. So oxygen, and metabolism of oxygen, hasagreat
propensity to produce free radicals. This is overcome in
most cellular metabolism by an enzyme called cytochrome
oxidase which adds four electronsin asingle step therefore
avoiding the production of free radicals. However some of
the oxygeninthe cell bypassesthissystem and electronsare
added one at atime producing freeradicals. So from every
cell there is a leak of free radicals as part of celular
metabolism.

Other enzymesin the cell, which act on oxygen, also
producefreeradicals. Thisisaninevitablesideeffect of the
production of important cell messengersand themetabolism
of a number of drugs and chemicals also result in the
production of freeradicals. Exposuretoultraviolet light and
toionising radiation also can produce freeradicals. These
aresome of the sources of freeradicalsinthebody (Table 1)
that are known and there may be othersthat asyet we do not
know about. The production, inthebody, of freeradicalsis
something that ishappening all thetime as part of itsnormal
functioning and it is essentia that the body has means of
dealing with them to prevent potential damage.

Why arefreeradicalspotentially harmful, why dowe
have to worry about them? The major oxygen free radical
product of biological reactionsissuperoxide. Itisanoxygen
molecule with an extra electron and because it has an extra
electron it is negatively charged.

In itself the superoxide does not seem to be particu-
larly damaging. Inthelaboratory it isvery difficult to show
that superoxide doesany harmto tissues so it isthought that
itisaproduct of this superoxide that isresponsible for free
radical damage. The superoxide radical in the presence of



SPUMS Journa Vol 19 No.3 July-September

TABLE 1
Sour ces of free radicalsin the body

Cellular metabolism

Enzymes (oxidases)

Metabolism of drugs and chemicals
Exposure to UV light and ionizing radiation

iron Fet+++ donates an el ectron theiron molecul e producing
Fe™ (Figurel). Superoxideinthepresenceof hydrogenions
produces hydrogen peroxide plus molecular oxygen and
then the combination of this hydrogen peroxide and Fe**
results in the production of hydroxyl radical (Figure 1)
which isthought to be one of the villains of the piece. The
hydroxyl radical has been shown to be a potent cause of
damage in the body.

HABER-WEISS REACTION

. 3+ 2+
02 + Fe ) + 02 + Fe
+ .
2+ 20, + H)0, + 0,
Ho0, + Fe2t +  OH + OH + Fedt

FIGURE 1. Thechemical reactionsby whichtherelatively
harmless superoxide radical, the major oxygen free radical
product of biological reactions, isthought to be converted to
the tissue damaging hydroxyl radical (OH).

How doesthis hydroxyl radical cause damageto the
body? Thenext playersinthe sagaare polyunsaturated fatty
acids.  Polyunsaturated fatty acids are fairly ubiquitous
substances. They are very important constituents of cell
membranes. Cell membranes are vital for function. If the
cell membrane is destroyed then very shortly thereafter the
cell dies. Polyunsaturated fatty acids are particularly prone
tofreeradical attacks. They consist of acarbon backbonebut
they have a number of double bonds, or unsaturated bonds
between the carbon atoms, and free radicals can attack at
these points. When an hydroxy! radical attacks at a carbon
double bond theresult isthe production of alipidradical. In
the presence of oxygen the next product isalipid peroxide
radical (Figure 2). Thisradical can break down, in certain
circumstances, to form a number of different substances
whichinthemselvesaretoxicto cells. They areresponsible
for the bad taste and bad smellsof rancid fat and of food that
contains fat when it goes off.
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Cytotoxic aldehydes
conjugated dienes
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ROO"
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OH"
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FIGURE 2. The reactions by which polyunsaturated fatty
acids (RH) and the hydroxyl radicals (OH’) produce lipid
radicals (R), lipid peroxyl radicals (ROO) and lipid perox-
ides (ROCH).

If that does not happen the lipid peroxide radical in
the presence of more polyunsaturated fatty acids can pro-
duce lipid peroxide and at the same time produce a further
radical from the polyunsaturated fatty acid (Figure 2). At
thisstageinthecycle other sortsof compounds can comein.
Proteins or DNA can be introduced into the system and
radical scan begenerated fromthem. Thiscan becomeaself
sustaining reaction with eventual destruction of the organ-
ism if there is not some block in the system.

What happens to the lipid peroxide? It can hang
around for awhilein cell wallsnot doing much at all. Butin
theright circumstancesand in the presence of small amounts
of iron it can break down with the production of hydroxy!l
radical and thewholeprocesscan start all over again (Figure
2).

This damage particularly effects lipids which are
very important in cell membranes, for cellular integrity, but
asitasoinvolvesproteinsand DNA, onecan seevery easily
how radicals, if they get out of control, can wreak havoc at
many levelsin the cell and result in cell destruction.

Before getting carried away with the damaging ef-
fects of uncontrolled free radicals one should ook to seeiif
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thereisanother side of thecoin. Interestinfreeradicalsand
related compoundsasis something necessary tolifeisfairly
new so there is not a lot of research in this area. It is
becoming clear in acouple of areasthat acertain low level
of freeradical sisneeded for good health. For someenzymes
full activity requires a low level of lipid peroxides. this
appliesto the cyclooxygenase enzyme which isresponsible
for producing prostaglandins, important mediators in in-
flammation, clotting and control of blood vessel diameter.
The white cells are very important in defending the body
against bacterial infection and agroup of thewhitecells, the
polymorphonuclear leukocytes, have the ability to release
packets of free radicals in the right circumstances to kill
bacteria. The body has thus used free radicals for its own
defence against bacteria and people who do not have this
ability are very prone to bacterial infections and often die
prematurely as aresult.

Thereareacouple morespecul ative areaswherefree
radicals may be necessary for normal health. Thereissome
evidence that free radicals are involved in the control of
blood vessels and blood flow. An even more speculative
areaisin brain function. People with Down’s Syndrome
havean extrachromosome21. Chromosome21 containsthe
genetic code for superoxide dismutase which is a very
important protective enzymethat preventsfreeradical gen-
eration. SopeoplewithDown’'sSyndromehaveat |east 50%
more superoxide dismutase in their brain than normal peo-
ple. It has also been found that some people with chronic
psychiatric conditions have more superoxide dismutase in
their brain than normal and it has been speculated that
perhaps a certain level of free radicals is necessary in the
brain for normal brain functioning. That is an areathat is
going to need moreresearch but it isinteresting to specul ate.

How can one prevent tissue damage due to free
radicals? First, by reducing production of free radicals
through reducing exposure to oxygen, other chemicals and
radiation that might produce freeradicals. Reduction of the
pool of labile transition metalswill also reduce free radical
production. | indicated before how iron could promote the
production of hydroxy! radicals and other transition metals
likecopper and manganesecandothesamething. Protective
enzymes and antioxidants are al so important for preventing
and reducing tissue damage.

Defence mechanisms vary in different parts of the
body. Let usfirst consider the blood stream. Proteininthe
blood stream isimportant in defending against free radical
damage. Some of the body’s waste products which are
carried inthe blood stream actually have afunction. Biliru-
bin, which is the breakdown product of red cells and uric
acid, which is a breakdown product of DNA and nucleic
acids are both important scavengers of free radicals in the
blood stream. The antioxidants, Vitamin C and vitamin E
are also important blood stream defences against free radi-
cas(Table2, page 135). Inthecell membrane, Vitamin E
seems to be the main factor protecting against damage, and
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is very important in breaking the lipid peroxidation cycle
(Table 2).

Inside the cell, some of the proteins are important as
are several protective enzyme systems. The glutathione
system, which is a complex enzyme system, isinvolved in
preventing freeradical damage, asarethe enzymes superox-
ide dismutase and catalase and the antioxidant vitamin C
(Table2, page 135). These multiple mechanismstendto be
overlapping. If there is a deficiency in one, free radical
damagedoes not necessarily follow because oftenthe others
can compensate to some degree.

How do someof the enzyme systemsin the cell work
to prevent free radical damage? Superoxideisthefirst free
radical product and superoxide dismutase converts it to
hydrogen peroxide. Then catalaseor glutathioneperoxidase
convertshydrogen peroxideto water preventing the produc-
tionof hydroxyl radical sand damage (Figure 3). What about
thelipid peroxide radicals and lipid peroxides? The oxida-
tion of Vitamin E results in the lipid peroxide radical
becoming alipid peroxide and then glutathione peroxidase
converts the lipid peroxide into innocuous alcohol that can
not do any damage. Vitamin C transforms the oxidised
Vitamin E back to reduced Vitamin E (Figure 4). This
illustrates some of the interlinking of the different free
radical defence mechanisms.

- superoxidase
Oé dismutase H202 catalase HZO
? glutathione
peroxidase

FIGURE 3. Dismutation of superoxideto hydrogen perox-
ide (H,0,) and conversion of hydrogen peroxideto water by

either catalase or glutathione peroxide.

ROO* ROOH
glutathione
peroxidase
reduced oxidised
vit E vit E OH
oxidised reduced
vit C vitC

\___/

FIGURE 4. Thelipid peroxyl radical (ROQ)) isreduced to
lipid peroxide (ROOH) by vitamin E and the lipid peroxide
is converted to an alcohol by glutathione peroxidase. The
oxidised vitamin E is reduced by vitamin C.
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TABLE 2
Freeradical defencesin the blood stream, cell membrane
and insidethe cell.

Blood Cell Membrane Cdll

protein vitamin E heme proteins

bilirubin glutathione system

uric acid superoxide dismutase (SOD)
vitamin C catalase

vitamin E vitamin C

Free radical damage occursif thereisan increasein
production of free radicals or a reduction in free radical
defence mechanisms. Some of the diseases where free
radical mechanisms have been implicated are listed (Table
3). Agingissomething of interest to most people, oxygen
toxicity, atherosclerosis, reperfusion damage and cancer |
will discussin more detail shortly. Thereissomedifficulty
infinding out exactly if and to what degreefreeradicalsare
involved in human disease. Thefirst difficulty isthat they
areoften hardtomeasure. Many of themarevery short lived
so they are hard to capture, particularly in biological sys-
tems. So much of the evidence comes indirectly through
studieswhichinvolveincreasingfreeradical defencemecha
nisms or reducing free radical defence mechanisms. This
makes the involvement of free radicals difficult to prove
absolutely for many diseases, though the techniques are
improving all thetime and thisisan areaof avid research at
the moment.

TABLE 3
Some diseases in which freeradicals have been
implicated

Aging

Oxygen toxicity lungs

retrolental fibroplasia
Cataract formation

Atherosclerosis

Rheumatoid arthritis

Parkinson’s Disease

Reperfusion damage in heart attacks and strokes
Cancer

Drug toxicity

Todeal with oxygentoxicity first. It hasbeenknown
for along timethat patients exposed to very high concentra-
tions of oxygen for along period get damage to their lungs.
It has been shown in premature baby nurseriesthat if babies
are exposed to high concentrations of oxygen they get
damage to their eyes sometimes producing blindness and
also to a lesser extent damage to their lungs. Because

exposureto high concentrations of oxygen hasthe potential
to produce free radical sthis has been suggested as amecha-
nism. Certainly thereisquitealot of indirect evidencefrom
laboratory studies where free radical defence mechanisms
have been reduced or enhanced and this has altered the
extent of oxygen damage. Premature babies are thought to
be particularly sensitive to oxygen damage because they
have very low levels of vitamin E. Studies have been done
totry toincreasetheir levelsof vitamin E to reduce damage.

We have been interested in this area of oxygen
toxicity and havedone somestudiesin coll aborationwith Dr
Peter McCartney. The hyperbaric chamber is particularly
useful for studying oxygen toxicity because one can expose
people or animals to high concentrations of oxygen in a
controlled environment. Our studiesalso haveimplications
for hyperbaric treatment itself. Hyperbaric oxygen isin-
creasingly being used to treat a number of medical condi-
tions, but there is always aworry that perhaps some of the
potential benefit could be counteracted by an increase in
oxygen free radicals. So for maximising the value of this
treatmentitisimportant toknow whether infact freeradicals
are produced and whether there is some way of preventing
the production of freeradicals. So we have been interested
in measuring free radicals. What we have been doing is
measuring freeradicalsinblood. Wehavebeentaking blood
and snap freezing it in liquid nitrogen.  This has the
advantage that it stops any further free radical processes.
Alsoitiseasier to examinefreeradical susing thetechniques
that we use, in asolid staterather thanin aliquid state. We
have been using electron spin resonance to measure free
radicals.

The principal behind electron spin resonance (ESR)
measurement of freeradicalsisthat the unpaired electronin
afreeradical canactasamagnet andif putinamagneticfield
it will line up in that magnetic field. If one then applies
energy, in the form of microwave radiation, there may be a
change in the energy level of the “magnet”, i.e.. it will
change its orientation in the magnetic field and this will be
picked up as an absorption in the microwave radiation.

We have found that in the blood of volunteersin the
hyperbaric chamber breathing 100% oxygen at 3 atmos-
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pheresthereisanincreasein the ESR peak height compared
toroom air indicating an increasein freeradical concentra-
tion. Not only doesthe peak increasebut itsposition changes
slightly, suggesting that the radical produced during hyper-
baric oxygen treatment is perhaps different from the base
lineradical present beforethesubject went into thechamber.

Wehavenow studied anumber of policediversinthe
hyperbaric chamber. They breathe 100% oxygen at three
atmospheresfor three periods of 20 minuteswith 5 minutes
break breathing air. Thereisanincreaseinfreeradical peak
height at the end of each oxygen periodinthechamber. The
encouraging thing isthat the increase in height comes back
tonormal very quickly after re-exposuretoroomair. | think
this demonstrates that the healthy human can tolerate an
increasein freeradical stressand copewith it quitereadily.

There has been alot of interest in free radicals and
aging. Scientists have done some interesting calculations.
They took anumber of speciesof animal sand measuredtheir
superoxide dismutase level, superoxide dismutase being an
important free radical defence mechanism, and measured
their metabolicrate. They divided the superoxidedismutase
level by themetabolicrateand they foundthat thiscorrel ated
roughly with the potential life span of the animals. This
seemed to be good evidence that maybe free radicals were
important in determining the life span of different species.
Since then there have been a number of laboratory studies,
depleting or increasing the free radical defence mechanism
of experimental animals to see whether this makes any
differencetotheir life span. | am sorry to report that it does
not seemto makemuchdifferencetotheir potential lifespan.
So perhapsswallowing vitamin E and vitamin Cisnot going
to betheelixir of youth wethought. But onething that did
come out of these sort of studies is that many of the
degenerative diseases that stop individuals from reaching
their potential life span do seem to befreeradical mediated.
Soit may bethat enhancing freeradical defencemechanisms
will have some valuein allowing more individualsto reach
their potential life span without degenerative illness.

A major degenerativediseaseisatherosclerosis. The
risk factorsof cigarette smoking, hypertension, diabetesand
high cholesterol, arewell known. Theserisk factorsarewell
established from the epidemiological evidence but how do
theserisk factors actually cause the atherosclerosis? Onthe
surface of it, it might look simple, there is cholesteral in
atherosclerotic plaques and perhaps the cholesterol just
crossesinto the blood vessel wall but itisnot quiteassimple
asthat. Cholesterol can not just passby itself into the blood
vessel wall, it doessoinsidemacrophages. Asmacrophages
normally do not take up cholesterol there has been abit of
amystery asto how the cholesterol getsinside. There has
been alot of progress recently in this area. 1f one exposes
cholesterol to oxygen or other oxidants and damagesit, and
makesaradical or aperoxide out of it then macrophages do
take up the cholesterol. Macrophages take up damaged
cholesterol but not normal cholesterol. This damage to
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cholesterol may be a very important point along the se-
guence of cholesterol to atherosclerosis, and so now thereis
increasing interest in looking at anti-oxidant treatment to
prevent atherosclerosis. Certainly it has been shown in the
laboratory that depleting the anti-oxidants, such asvitamin
E, vitamin A and betacarotene, increases the oxidation of
cholesterol. Thisisan areafor interesting future research.

Another important group of diseases that limit the
potential life span of many peopleis cancer. DNA can be
damaged by the lipid peroxidation process | mentioned
previously and damage to DNA certainly isaprecursor for
the devel opment of carcinogenesis. What of the evidence of
theinvolvement of freeradicalsinhuman cancer? Thereare
a number of animal studies where animals have been de-
pleted in anti-oxidants like vitamin A, C and E and it has
been shownthat theseanimal shaveanincreased tendency to
develop malignancies. Humans who eat a vegetarian diet
whichishighinbetacaroteneandvitaminsA and C haveless
risk of both ischaemic heart disease and cancer. There have
been a number of epidemiological studieswhere blood has
been taken from normal populations and these various
vitamins and anti-oxidants have been measured, the people
have then followed for many years and then when some of
them eventually died of cancer their blood levels have been
compared with those who did not die of cancer. From these
studiesevidenceisemerging that those who diefrom cancer
or certainformsof cancer often do havelower levelsof anti-
oxidantsthan thosewho do not. 1t hasbeen shownwithlung
cancer and breast cancer that those who get it have lower
levels of vitamin E, for example, than those who do not get
these malignancies. With gastrointestinal tumours it has
been shown that those who get these malignancies have
lower levelsof vitamin A, C, E and betacarotene than those
whodonot. So some circumstantial evidenceis starting to
accumulatethat thesefreeradical processesmay have some-
thing to do with cancer.

| would liketo briefly discussreperfusion damagein
heart attacks. It is now clear that a heart attack usualy
resultsfrom aclot in one of the arteries supplying the heart,
often at a point of atherosclerosis. There is increasing
interest now intrying to limit the damage from heart attacks
by getting these peopleto hospital very soon after their heart
attack and giving themtherapy tobreak downtheclot andre-
establish blood flow. Drugssuch asstreptokinaseand tissue
plasminogen activator are being increasingly used for this
purpose. There is a potential problem in this treatment.
When a tissue is not receiving blood it does not receive
oxygen soit can not makefreeradicals. However it can not
metabolizenormally either and thisresultsinthebreakdown
of thefreeradical defence mechanisms. So when the blood
supply isrestored and oxygen reintroduced thereisasudden
burst of free radicals and the tissue has no way of defending
itself against them. There is certainly some evidence that
this period of reperfusion when blood flow startsagainisa
time when there can be damage. Some of the benefit of
reintroducing the blood flow may be counteracted by the
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disadvantage of this reperfusion damage. Because we are
using this sort of treatment there is increasing interest in
using freeradical scavenging mechanismsto prevent dam-
age. Thereareclinical trials, | know, going oninthe United
Stateslooking at treatment with free radical scavengers. It
remains to be seen how beneficial it will be in presenting
reperfusion damage.

This brief outline shows that free radicals have the
potential to be very important in many human diseases
including some of the most common diseasesthat arelikely
to stop usfrom reaching our potential life span. | hopethat
| have provided some insight into how free radicals which
were once the domain of academic chemists now have
implicationsfor medical research and hopefully inthefuture
understanding of their rolein diseasewill resultinimprove-
ments in prevention and treatment.

Thisisan edited transcript of arecording made at a
lectureduring the joint SPUMSand Royal Hobart Hospital
meeting on Hyperbaric and Diving Medicine in November
1988.

Dr Janet Vial isSenior Lecturer inthe Department of
Medicine, University of Tasmania Clinical School, 43 Col-
lins Street, Hobart, Tasmania 7000, Australia.

DIVING SAFETY MEM ORANDA

Department of Energy
London SW1P 4QJ
May 1989

DIVING SAFETY MEMORANDUM NO. 4/1989
EXPOSURE LIMITSFOR IN-WATER
DECOMPRESSION

Diving Safety Memorandum No. 5/1988 recom-
mended that all surface decompression dives should be
arranged so that the planned bottom timesdid not exceed the
exposure limits defined in the table attached thereto.

At that timethere was only limited dataavailable on
the experience of using in-water decompression techniques
inthe UK sector. Hencediving using thistechniquewasnot
included in the safety memorandum.

From the 1988 dive data, it is evident that there has
been an increased use of the in-water decompression tech-
nigue, and that long bottom times using this technique have
resultedin seriouscasesof decompressionsickness. Though
the amount of information availableislimited, it isfelt that
the industry should be made aware of this trend.
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It is therefore strongly recommended that the guid-
ance on exposure limitsgiven in Table 1 to DSM 5/1988 is
also followed when using the in-water decompression tech-
nique.

R. GILES
Chief Inspector of Diving

DIVERSALERT NETWORK (DAN)
14th DIVING ACCIDENT AND HYPER-

BARIC OXYGEN TREATMENT COURSE
October 21 - 31, 1989
Palau Pacific Resort, Palau, Micronesia.

Course Description

This eight day course in Diving Accident Manage-
ment and Hyperbaric Oxygen therapy isdesigned for physi-
cians, emergency medical personnel, including paramedics
and nurses. Portionsof the course may be of interest todive
masters, diveinstructors, and other non-medical diverelated
personnel.

The aims of the course are to provide the facts
relevant to understanding the management of diving acci-
dents, especially those bearing on the basic physics and
physiology, and the subsequent treatment methods avail-
able.

The course format will involve morning and some
afternoon and evening didactic sessions of lecturesand case
presentations. These will be supplemented by small group
interactions with the faculty for direct question and answer
sessions, review of case histories and some special video
instructional tapes. Six afternoons will allow spectacular
two tank diving.

All proceeds from the Course go to support the
Divers Alert Network (DAN).

Faculty
Drs. Peter Bennett, Carl Edmonds, Des Gorman and
Y ancey Mebane.

Cour sechar ge$US495 payableto DukeUniver sity M edi-
cal Center. Register by sending cheque with name, address
and telephone number to:

Office of Continuing Medical Education

Box 3108, Duke University Medical Center

Durham, North Carolina 27710, USA.

For accommodation and travel from USA contact:
“Duke/DAN Palau Course”,
International Diving Expeditions,
11265 Knott Avenue,
Cypress, California 90630, USA
Telephone: (714) 897-3770



138

SPUMS Journal Vol 19 No.3 July-September

SOUTH PACIFIC UNDERWATER MEDICINE SOCIETY
ANNUAL GENERAL MEETING 1989

THE MINUTESOF THE ANNUAL GENERAL
MEETING HELD AT 09.30 ON THE 3RD JUNE
1989 AT LE LAGON RESORT, VILA, VANUATU

Present
All Members attending the Scientific Conference.

Apologies
Drs Acott, Barry, Cook, Gorman, Knight, McCart-
ney, Rehfish, Sutherland, Veale, and Westlake.

1 Minutes of the previous meeting
These had been on display and were taken as read.
Dr Brand moved that the minutes be accepted as a
true record. Seconded Dr Haller.

Carried.

2. Business arising from the minutes
No business was raised.

3. Reports
3.1 Reports were made by the President and Secre-
tary.
Dr Lourey moved that these reports be published in
the Journal. Seconded Dr McKee.
Carried.
(See this page and page 121)

3.2  TheTreasurer’ sreport wasread by the Secretary.
Dr Barry will be asked to enquire whether it is now
appropriate to depreciate the equipment the Society
owns rather than writing it off. It was noted that no
financial statement and no subscriptions had been
received from the New Zealand Chapter for over
twelve months.

3.3  TheTreasurer moved that annual subcriptions be
raised to $50.00 for members and $30.00 for associ-
ates. Seconded Dr Davies (Secretary).

Carried.

34  The Treasurer moved that “If any subscription
wasinarrearsfor aperiod greater than six months, the
Treasurer, having duly notified that member, shall
instruct the Secretary to removethat member’ sname
fromthe current membership”. Seconded Dr Davies
(Secretary).

Carried.

4, New Executive Committee
The following members were el ected unopposed.

President Dr A Slark
Immediate Past President Dr C Acott
Secretary: Dr D Davies
Treasurer Dr G Barry
Editor Dr D Walker
Public Officer Dr JKnight
Committee: Dr G Lourey

Dr D Gorman

Dr P McCartney

5. Life Member
Dr Davies moved that “In light of hislong record of
service to the Society, having been a foundation
member and long time Editor of the Journal, Dr
Douglas Walker be elected to Life Membership of
the Society.” Seconded: Dr Brand.

Carried. (by acclamation).

6. AGM 1990
After preliminary investigation the Executive pro-
posed that the Island of Palau be the site of the next
AGM. Thiswas agreed to by the Meeting.

7. AGM 1991
The Secretary has been in contact with the Indone-
sian Hyperbaric Society who have agreed to ajoint
meeting, probably in Jakarta. A sub committee of
Drs Slark, How, Lloyd and Davies has been formed
to work with them on the project.

The Meeting closed at 10.40 am.

PRESIDENT’S REPORT

| am pleased to report that the membership of the
Society continuesto expand and in fact extendswell beyond
the geographical limits that our name would imply. Cur-
rently we have 635 membersfrom Australia, 158 from New
Zedland and the rest from such divers places as Japan,
Canada, Oman and Ireland.

Theyear has been an eventful onefor the Society, in
that arrangementshave been finally madefor theincorpora-
tion of the Society in the State of Victoria. Y ou will recall
that the need for this became apparent when we were
threatened with legal action after we had found it necessary
to dissociate the society publicly from the activities of an
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entrepreneurial diving doctor. The incorporation will give
the society proper legal status and the protection of its
officers, members and funds which this provides.

Suggestionsfor theimprovement of the Journal have
been examined, and an editorial sub-committee has been
formed and Dr John Williamson has been invited to assist
with thiswith the possibility that the organisation befurther
strengthened in the future. It is planned that the Journal
should take on the standard format favoured by the majority
of scientific publications and that advertising should be
more actively sought. You will already have seen that we
felt that the cover was not the most appropriate place for a
cartoon. Changein the size and structure of the cover have
been precluded by large stocks of blue card. Againwehave
to thank Douglas Walker and John Knight for their continu-
ing work in the production of the Journal.

The sudden collapse of the National Safety Council
of Australia (Victorian Division) at the end of March had
potentially disastrous consequences upon the saf ety organi-
sation of many risk proneactivitiesand particularly fromour
point of view the DiversEmergency Service, theevacuation
of personssuffering fromdiving accidents, and thoserequir-
ing hyperbaric treatment. The Executive Committee wrote
to the Premiers and Ministers of Health of those states
affected by the collapse pointing out the importance of
preserving the service that had been provided by the Na-
tional Safety Council of Australia(VictorianDivision). The
Committee also decided to donate $500 to the Royal Ade-
laide Hospital towards the telephone bill of the Divers
Emergency Service.

A successful scientific meetingwasheldin Hobart in
November 1988. However it was disappointing for me that
the attendance seemed exclusively medical and did not have
any of the local sports divers or instructors and that the
publicity and content had not been directed at a wider
audience. It is hoped that in the future at least one such
regional meeting will be held annually, and that our educa-
tional function be extended.

Following the confusion that had resulted from the
expectation of the Undersea and Hyperbaric Medical Soci-
ety (UHMS) that we were intent upon ajoint meeting when
we had already abandoned the idea, | have been invited to
UHMS Executive meetings. Unfortunately distance and
expense hasprecluded my attendance, but | hopeto gotothe
meeting in Hawaii, together with our Secretary.

| would liketo conclude by thanking all themembers
of the Executive for their work in the past year and look
forward to their co-operative enthusiasm in the future. In
particular | would liketo thank David Daviesfor thetremen-
douseffort that heputsin as Secretary and to say how pleased
that | am that he is prepared to continue.

Tony Slark
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SECRETARY’'SREPORT
Itismy great pleasure to present my fourth Annual Report.

1 The Membership

Thiscurrently stands at about 800 of whom, 75 have
joined this year but in the same time there have been about
100 lost, either by resignation, by being unfinancial or by
moving addresswithout | etting usknow, so that the Journals
arereturned. With the numbers of divers being trained in
Australiaand New Zealand and each one of these reguiring
amedical examination, the doctors who do these examina-
tions ought to all be members of the Society. Itisuptothe
general membership of the Society to encourage their col-
leaguesto join and gain insight into the problems of divers.

In order to keep up with the membership and make a
record of what is each member’s specialty and whether or
not he does diving medicals, | have madeacard index of the
entire Society using old application forms, current member-
ship lists and also asked questions if | was corresponding
with any of the members. These cards a so have a spot for
diving medical training and the date of joining the Society.
| was considering incorporating the tax file and Medicare
numbers but the cardsare only 6 by 4. Soif you do writeto
me for some reason, please let me know if you have any
diving medicine training, if so, where and when, if you do
diving medicals, if so where, and whether you areadiver or
not, and if so what training organisation and to what level.
All thisinformation is on the new application forms, so do
not feel you are being singled out for special attention.

2. I ncor poration

This is now proceeding and is in the hands of our
Solicitors. Dr John Knight has been appointed the Public
Officer. The reasons for this were that John has acted
unofficialy in this capacity for some years and his address
has been the contact address for the Society. Aswell, the
public officer must be resident in Victoriaand his function
isto act asliaison officer with the Corporate Affairs Office.

The Executive has spent hoursboth singularly and as
a group, going through the proposed constitution and dis-
secting it line by line, word by word. We had hoped to have
it printed and distributed in time for this meeting, but time
has run out.

3. Education

In addition to the Annual Scientific Meeting for
members, regular courses are being conducted at Royal
Adelaide Hospital under the guidance and drive of Dr Des
Gorman. The availability of these courses puts paid to the
argument that training for doctorsin diving medicineis not
available. There is no longer any excuse for the Mickey
Mouse Medical.

In November aseminar washeldin Hobart organised
by Dr Peter McCartney. Most of the Executive attended, but
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lack of advertising resulted in poor outside interest, so that
the Society has been placed under some financial pressure.

4, Diploma of Diving and Hyperbaric Medicine

The Executive decided early in the year that for the
Diplomato be a viable entity and become recognised as a
reputable qualification, those doctors actively practising in
thisfield should be given the opportunity to gain the award.
So it was decided to invoke a grandfather clause and the
appropriate people were invited to apply for the award. All
30 accepted. Thisbrought thetotal number of holders of the
Diplomato 50. Since that time Dr David Smart of Hobart
and Dr Wong Ted Min of Singapore have applied to the
Board of Censors and have been granted the award. Their
written material submitted for the award was published in
the Journal (1989; 19 (1):)

To further the aim of acceptance of the Diploma, as
anindication of higher qualification, the Executivewroteto
all theMedical Boardsin Australiaand New Zealand setting
out the requirements for the Diploma and requesting that it
berecognised. We are still waiting for replies from several
states.

5. Standards Association

For somereason consensus could not be obtained on
DR88026 for Entry level divers so the Committee had to be
reconvened. SPUM Swasinvitedto havearepresentativeon
that Committee and John Knight volunteered and was ap-
pointed. Any submissions or suggestions about the pro-
posed standard should be communicated to Dr Knight.

6. WA Government Task Force

You may recall that SPUMS made submissions to
this last year and the preliminary recommendations have
been published inthe SPUM S Journal. Sincethat timefinal
submissions have been made and the Minister is trying to
make up hismind. Currently theaccent ison self regulation
by theindustry and accreditation of all diving instructorsto
at least NCASLevel 2. Thosetraining organisationsnot yet
accredited are being assisted by the Ministry to update their
teaching. Cross over courses are being conducted for
experienced diverswho either have no qualification or they
wish to gain an acceptable qualification. A great many of
these show major deficienciesintheir knowledge of medical
problems, of equipment and of technique.

If, over the next couple of years, theindustry is seen
to be incapable of self regulation then legislation will be
brought down.

It should be noted that the Queensland Government
is making similar moves as a result of the many accidents
that seem to be occurring along the Great Barrier Reef.

7. National Safety Council of Australia (Victorian
Division)
Thefinancial collapseof theNational Safety Council
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of Australia(Victorian Division) (NSCA) has wide ramifi-
cations throughout the diving community. Firstly, several
talks at this meeting were to be given by NSCA members
who have al had to cancel. Secondly, the NSCA supplied
the funding for the Diver Emergency Service (DES) Net-
work which isbased at the Royal Adelaide Hospital. Asthe
hospital isalready infinancial difficulties, it wasagreed that
adonation of $500.00 bemadeto thehospital to cover at least
part of these expenses. | believe the Diving Organisations
shouldberequiredto cover theseexpensesasitistheir divers
who benefit from this facility.

TheHyperbaric unitsin Queensland, South Australia
and Victoriawereall owned and operated by the NSCA and
their potential closure would wreak havoc with not only the
sports divers, but al government sponsored diving by the
Police, Port and Harbours, Fisheriesand so on. Lettershave
been sent to the Premiers and Health Ministers of each of
these states, outlining the ramifications. So far the only
response has been to acknowledge receipt of the letters.

In the three states affected, the NSCA conducted all
transfer under pressureevacuations. It waspointed outtothe
politicians that closure of the facilities in the states would
leave Sydney, Fremantle and Hobart as the only places
where hyperbaric treatment could take place.

8. Acknowledgements

Inclosing, | wouldliketo thank the Executive Mem-
bers for their help throughout the year. The President has
proved to be a great backstop and is an excellent reference
about diplomacy.

Dr John Knight isan untiring worker for the Society.
Heputsthe Journal together almost singlehandedly and now
a sorepresentsthe Society onthe Standards Associationand
as Public Officer.

TheTreasurer, Dr GrahameBarry, continuestomoni-
tor thefinancesclosely and has great successin encouraging
slow payersto part with their ill retained profits.

Dr Des Gorman is aways a source of advice, afund
of knowledge, and enthusiastic teacher.

Membership of the Society has been fairly static the
last couple of years. There are too many members sitting
back, taking apassiverolewaiting for thefew workersto get
thingsdone. The Society desperately needs new members,
it needsto have amore prominent rolein the diving commu-
nity. TheMedical Boards, the Australian Medical Associa-
tion and the politicians must all be made aware that divers
havetheir own medical problemsand ageneral undergradu-
ate medical course does not give doctors the knowledge to
deal with these.

Asfar asthe Secretary’ sposition goes, thejobisonly
as good as the effort that is put into it. 1f the Society gets
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much bigger, | believe we must consider employing a full
time secretary. The day to day running of the organisation
should be put into the hands of a Secretariat with an Execu-
tive Director to handle the organisation of meetings, semi-
nars and publish a newsdletter in addition to the quarterly
Journal. Sucharoleisabitmuchfor onepersontryingtorun
afull time practice on the side.
David Davies

TREASURER’'S REPORT
1988/1989

Themost noticablefeature of theyear’ sfinancesisa
drop of overall assets of $ 5829 from $38,052in 1988t0 $
32,223 in 1989, together with afall inincome of $ 4027 of
which the greatest amount can be attributed to a drop in
subscriptions of $3401. Thisrepresentsaloss of about 100
members.

Nevertheless, the expenditure was al so reduced and,
hadit not beenfor theemergency donationtotheailing Diver
Emergency Service (DES) Network, brought on by the
collapse of the National Safety Council of Australia(Victo-
rian Division), wewould have been marginally inthe black.

On thefinancial statement it will be noticed that the
closing balancesaregradually diminishing. These balances
areimportant asthereisatwo month gap between theend of
our financial year (April 30) and the beginning of the
subscription year (July 1). During this period a Journa is
issued, and money must be kept in hand to cover production
and mailing costs. 1t should be pointed out that the majority
of items listed in the expenditure column under “Secre-
tarial”, “Postage” and “Equipment” pertain to the Journal
which costs in the vicinity of $4000 per issue. This makes
it our largest expenditureitem. Thereislittle doubt that the
money is well spent, as the SPUMS Journal now has a
reputation as the leading medical sports diving publication
in the world.

Production costs continue to rise, the large figure of
$10,487 for 1988 included the cost of 12 months supply of
the blue cover material. Postage ratestoo are not expected
to fall.

As aconsequence of these factors| strongly recom-
mend that the membership feesberaised for thecomingyear
to $50.00 for full membersand $ 30.00 for associatesand |
trust that the AGM will give this matter itsfull support. As
well | suggest that any member or associatewhoismorethan
six months overdue with his subscription be struck from the
list of members after being duly notified by the Treasurer.

| hopethe Vanuatu M eeting has been agreat success
and look forward to joining you again next year.

Grahame Barry
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AUDIT REPORT
SOUTH PACIFIC UNDERWATER MEDICINE
SOCIETY

NEWPORT BEACH
N.S.W. 2106
15 May, 1989

| haveconducted varioustestsand checksas| believe
are necessary considering the size and nature of the Society
and having so examined the booksand records of The South
Pacific Underwater Medicine Society for the year ended 30
April, 1989 and report that the accompanying Statement of
Receipts and Payments (page 124) has been properly drawn
up from the records of the Society and gives atrue and fair
view of the financial activities for the year then ended.

David S. Porter, FCA.
Chartered Accountant

(Registered under the Public Accountants Act, 1946,
as amended).

DIVER EMERGENCY SERVICE
UPDATE

Readers will remember that in the January-March
issue of the Journal we reproduced a letter written by the
Secretary to the Premiers of Queensland, South Australia
and Victoria. We reproduce below letters from the South
Australian and Queensland Governments expressing their
determination to continue to fund hyperbaric facilities and
provide a service for hyperbaric retrieval.

Unfortunately the Secretary hasyet to hear from the
Government of Victoria. Dr Knight, who wrote a similar
letter to the Premier of Victoria, hasjust received the letter
from the Ministry of Police and Emergency Servicesrepro-
duced below. However an article in The Age of 31.8.89.,
also reproduced below, throws considerable doubt on the
future of hyperbaric facilitiesin the State of Victoria.

3rd Level Citi Centre
11 Hindmarsh Square
Adelaide, SA. 5000
22 May 1989
Dear Dr. Davies,

Thank you for your recent letter concerning the
provisionof hyperbaricanddiving medical servicesin South
Australia.

| am certainly aware of the importance of these
services, not only for divers but also for the treatment of a
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SOUTH PACIFIC UNDERWATER MEDICINE SOCIETY
STATEMENT OF RECEIPTSAND PAYMENTS
FOR YEAR ENDING 30th APRIL 1989

OPENING BALANCE

Standard Chartered Finance Ltd.
National Mutual Royal Bank
National Australia Bank

Cash on hand

Total Opening Balances
INCOME

Subscriptions
Interest

Total Income

Total Receipts

EXPENDITURE

Secretarial
Stationery
Journal

Postage

Travel
Equipment, see note
Miscellaneous
Bank charges
Returned cheques
Audit

Legal expenses
Donation to DES

Total expenditure

CLOSING BALANCES
Standard Chartered Finance Ltd.
National Mutual Royal Bank
National Australia Bank
Cash on hand
Total Closing Balances

Total Payments

NOTE Equipment is written off as purchased.

1989

1,000
5,177
789
22

6,988

24,074
1,161

25,235

$32,223

4,143
576
7,310
4,047
7,775
372
122
232
25
200
180
500

25,482

1,000
4,228
1,503

10

6,741

$32,223

1988 1987
1,000 1,000
7,361 7,659

403 80

26 60
8,790 8,799
27,475 22,945
1,787 1,680
29,262 24,625
$ 38,052 $33,424
3,735 2,696
198 240
10,487 6,481
4,198 2,465
10,335 4,415
850 7,451
358 576
286 268
25 42

200 -
392 -
31,064 24,634
1,000 1,000
5,177 7,361
789 403

22 26
6,988 8,790
$ 38,052 $ 33,424
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broad spectrum of medical conditions.

Although theadditional coststothe South Australian
Government are not inconsiderable, the Royal Adelaide
Hospital is reviewing the services, in association with the
Director of the Hyperbaric Unit, Dr Des Gorman, and | am
confident that permanent arrangements will be made to
enablethe Unit to continue to operate beyond the 30th June
1989.

Don Hopgood
Deputy Premier & Minister of Health

State Health Building
147-163 Charlotte Street
Brisbane, Queensland 4000
14 June 1989
Dear Dr. Davies

Thank you for your letter concerning possible inter-
ruption to the hyperbaric and diving medical services fol-
lowing the collapse of the National Safety Council of Aus-
tralia (Victorian Division).

The Queensland Government has been concerned
with the loss of services as aresult of the collapse and has
provided funding as a short term measure to ensure the
continuation of servicesin the interim.

Theprincipal concerncentred onthecontinuedavaila
bility of the portable recompression chamber service to
support the rapidly expanding recreational diving activities
in North Queensland.

The Honourable M.J. Ahern, MLA, Premier and
Treasurer and Minister for State Development and the Arts,
earlier thismonth announced that the State Government was
negotiating the purchase of key National Safety Council of
Australia assets to maintain safety standards for Queens-
land’ s tourist diving industry.

On-going discussions are being held so that equip-
ment will beintegratedintotheexi sting emergency network.
The operation of the portable hyperbaric unit would be
linked to the fixed recompression chamber currently at the
Austraian Institute of Marine Science (AIMS). It hasbeen
proposed that the fixed recompression chamber be released
at the Townsville Hospital.

The Queensland Government will also continue its
strenuouseffortsto secure private enterpriseinvol vement so
that existing treatment facilities are continued.

Retrievals and hyperbaric treatment facilities will
continue to operate in this State.

Ivan J. Gibbs, MLA

Minister for Health
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PREMIER’'SDEPARTMENT
100 George Street

Brisbane, 4000

29th June, 1989.

Dear Dr. Davies,

The Honourable the Premier has passed a copy of
your letter of 4th April, to me and has asked meto deal with
it.

| regret not being abletoreply toyour | etter earlier but
you will no doubt appreciate the efforts which the Queens-
land Government has made since the financia collapse of
the former National Safety Council of Australia (NSCA),
Victorian Division’s operation to ensure that the portable
hyperbaricfacility and retrieval operationsare maintained at
Townsvillein North Queensland.

Recently, the Government decided to acquire the
portableDrager “ Duo-Com” recompression chamber which,
in turn, will become part of a field treatment, retrieval/
transportation operation integrated with a fixed hyperbaric
chamber locatedin Townsville' sGeneral Hospital. Special-
istmedical serviceswill beavailabletoassistinall phasesof
thisintegrated operation.

It is expected that a private enterprise organisation
comprisingarationalised operationinvolvingformer NSCA
pilots, air crew, maintenance engineers, life support techni-
cians(LST) etc. will provide an ongoing serviceinresponse
to community needs.

Itisunderstood that opportunitiesfor further training
of those Government agencies likely to utilise or need this
type of service will become available in future.

J.J. Mulheron
Acting Director-General

Government of Victoria
Ministry for Police and Emergency Services
25.August.89.

Dear Dr Knight,
HYPERBARIC FACILITIESIN VICTORIA

TheMinister hasasked meto thanyou for your letter
of 8 April 1989.

Appropriate measure have aready been put in place
by the State Government and its agencies, in respect of
matterswithin the State’ s purview, to deal with shortfallsin
service and protection to the community caused by the
closure of the NSCA.
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| am informed that the Health Department’ s Ambu-
lance Directorate has |eased a portable recompression unit,
whichiscapableof being transported by helicopter or truck,
and is based at the La Trobe Valley Airfield. The unit is
staffed ona24 hour oncall basisby former NSCA personnel,
under qualified medical supervision. Thewestern coastline
of the State is subject to an arrangement with the South
Australian Ambulance Service, under which patients are
transferred by pressurised fixed-wing aircraft for direct
admission to the Alfred Hospital’ s hyperbaric chamber.

In genera terms, | understand that the Ambulance
Directorateisof theview that the standard of the hyperbaric
careinVictoriahasbeen maintained sincethe collapse of the
NSCA.

Please accept my apologiesfor the delay in respond-
ing to your letter. It has been mistakenly assumed that the
correspondence had been referred to the Heal th Department
for direct reply toyou. 1t would be preferableif any further
enquiriesin relation to the present matters were directed to
that Department.

David Young,
Acting Assistant Director,
Fire and Emergency Services Division.

This article appeared in The Age, of Melbourne,on
31.8.89. Itisreproduced in full. It givesarather different
impression to the letter above.

POLICE LACK FUNDSTO BUY NSCSA’'S
MOBILE DECOMPRESSION CHAMBER

Paul Conroy.

The Victoria Policed are unlikely to buy a mobile
decompression chamber to improve depleted emergency
services for divers with the bends.

Members of the police search and rescue squad have
been notified that funds are not available to buy the unit,
which is owned by the Victorian branch of the Nationa
Safety Council of Australiaand would cost at |east $50,000.

Anofficer with the squad had already beentrained to
operate the unit.

Victoria sprofessional diversandthousandsof sport-
ing enthusiastsalready facetheprospect of losingthestate’s
only hospital based decompression chamber at the Alfred
Hospital. Itisaso owned by the NSCA.

Thetwo units are likely to be sold, along with other
NSCA assets, as a result of the financial collapse of the

group.
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A hospital spokesman said 108 patients had been
treated at the Alfred Hospital since January 1988. The unit
a sotreats patientswith gas gangrene and toxi c-gasaccident
victims.

The head of the Alfred's intensive-care unit, Dr
David Tuxen, said servicesinVictoriacould be plungedinto
crisis unless sponsors were found to buy another unit. The
chamber ison 24-hour serviceandinvolvestheemployment
of 40 nurses and seven other staff.

Dr Tuxen said therewasaprivately operated decom-
pression chamber at Port Melbourne, but it did not provide
a24-hour service.

LETTERSTO THE EDITOR

RADIAL KERATOTOMY

Lions Eye Ingtitute, Perth.
3rd April 1989

Dear Sir,

It hascometo my attention, from ageneral practitio-
ner who had attended a SPUM S meeting, that comments
were made about radial keratotomy which perhaps warrant
clarification. | write this letter both as a cornea specialist
who has an interest in protecting the cornea and treating
corneal conditions, and at the same time as a surgeon who
performsradial keratotomy, not wishing to havethis proce-
dure wrongfully defamed.

Thetwo queriesrelated to the safety of scubadiving
followingradial keratotomy and in conjunctionwiththisthe
statement that there has been a reported case of eyeball
rupture whilst scuba diving following radia keratotomy.

I would consider myself to have agood knowledge of
the recent literature about the cornea and in particular
refractive surgical procedures. | am unaware of either of
these two problems.

To confirm this | did a literature search for all
traumatic injuriesand al so contacted one of my mentors, Dr
George Waring in Atlanta, who is the chief investigator for
the PERK study and probably themost knowledgableperson
with regard to radial keratotomy. He stated that he seesno
reasonto advisepeoplethat havehad radial keratotomy done
against scubadiving and seesnorationalefor this. Hestates
that the pressure inside the mask is equalised. and the
eyeball isnot under increased pressure. He added that many
divers have it performed so that they can actualy dive
without the hinderance of spectacle or contact lens correc-
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tion. Even in the event of accidental removal of the face
mask, the pressure would not be sufficient to cause rupture
of the globe. There is significant evidence with animal
studies and from clinical experience with blunt trauma to
human eyes, the pressure would not be sufficient to cause
wound rupture. Also heisunaware of any incident of wound
rupturein deep seadivers. If thereissuch acasereportedin
the non-ophthalmic literature | would be grateful for the
reference.

With regard to the armed forces stance on radia
keratotomy, the Army has released its statement which
disallows it in their personnel but this report was certainly
very biased evento the uninitiated. Asyet| havenot seena
similar document from the Navy or Air Force. With regard
to the armed forces of the United States, all refuse flight
status to people with radia keratotomy, but alow them to
participate in all other levels of military activity.

Thisletter isnot a paranoic defence of radial kerato-
tomy, but purely a clarification of some points about a
procedure which unfortunately has many myths and un-
truths associated withiit. If any of your readers have further
queries | would be happy to answer them.

Geoffrey J.Crawford.
FRACO, FRCS

NINTH INTERNATIONAL CONGRESSON
HYPERBARIC MEDICINE

Prince Henry Hospital,
P.O.Box 233,
Matraville,
NSW 2036
April 1989
Dear Sir,

The proceedingsof the Ninth International Congress
on Hyperbaric Medicine, held in Sydney in 1988, are now
available.

They can be purchased from

Medical Convention Services,
P.O.Box 335,

Heidelberg,

Victoria 3084,

Austraia

The priceincluding postage is $ Australian 35.00 or
$US 29.00

lan P.Unsworth,

Director of Diving and Hyperbaric Medicine,

(President of the Ninth International Congress on Hyper-
baric Medicine)
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JOURNAL OF WILDERNESS MEDICINE

Emergency Department,

Vanderbilt University School of Medicine,
Nashville,

Tennessee 37232,

U.SA.

April 31989

Dear Sir,

| would be most grateful if you could announce to
your members in some fashion the upcoming Journal of
WildernessMedicine, duefor quarterly publicationin 1990.
It will publish original research on all aspects of wilderness
medicine: including high altitude and climbing; cold and
heat related phenomena; natural environmental disasters;
immersion and near drowning; diving and barotrauma;
hazardous plants, reptiles insects and marine animals; ani-
mal attacks; search and rescue; ethical and legal issues,
wilderness trauma management.

TheJournal should haveconsiderableappeal tomem-
bersof SPUM S (of which | amamember). John Williamson
will serveasamember of theEditorial Board. Weareinneed
of high quality manuscripts for publication, particularly in
the early going. Making your members aware of our
presence would therefore be of great assistance.

For information about subscriptions or advertising
writeto

Journals Promotion Department,

Chapman and Hall Ltd.,

11 New Fetter Lane,

London EC4P 4EE, United Kingdom.

Papers for editorial consideration should be sent to
mein Nashville.

Paul S.Auerbach,

GRAVESTONE PHOTOGRAPH WANTED

Department of ENT, Queen Elizabeth Military Hospital
Stadium Road, Woolwich

LONDON SE18 4QH, United Kingdom

23rd May 1989

During the SPUM Smeeting ontheMaldivesin 1985
someone showed aslide of the gravestone of an unfortunate
RAMC officer who succumbed to Stingray poisoning on
Thursday Islandin 1915 . Unfortunately | cannot remember
thespeaker'snamebut | will happily pay thefilm and postage
costs of any SPUMS member who can help me find theof-
ficer's name or provide a photograph of the gravestone.

Nick Cooper, Major RAMC.
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BOOK REVIEWS

CASE HISTORIES OF DIVING AND HYPERBARIC
ACCIDENTS.

Edited by Charles L. Waite.

225 pages. Soft cover. 1988.

Undersea and Hyperbaric Medical Society,

9650 Rockville Pike, Bethesda, Maryland 20814, U.S.A.

Thisisacompilation of aseriesof casereportsby 19
experts (15 from the U.S.A., 3 from the U.K. and one from
Australia) in different fields of diving and hyperbaric medi-
cine. It was funded by the Dreyfus Foundation and the
National Oceanicand AtmosphericAdministration (NOAA)
inthe U.SA.

The chapters encompass decompression sickness
and pulmonary barotrauma (half the book, 13 chapters),
dysbaric osteonecrosis, drowning and near drowning, oxy-
gen toxicity, hypoxia, carbon dioxide poisoning, carbon
monoxide poisoning and nitrogen narcosis.

Thetext was an attempt to compile the experience of
the authorsin their approach to cases, which were supplied
by theauthorsand others, to demonstratethevariousclinical
presentations.

The fact that diving medicine encompasses many
different specidties, was highlighted by this text. Most
chapters start with an introduction to the particular subject,
however this introduction is often so brief that it is of little
value. Thereal valueisintheauthors' approachtothecases.

Most of the cases are adequately informative and
illustrative. Unfortunately some are incomplete in clinica
data and, even more important, do not broach any differen-
tia diagnoses. A few have either typographical errors or
incorrect diagnoses, but even these can be used for student
training.

The most annoying aspect of the book is the total
absence of an index so that if, for example, one wanted to
look up such aspects as asthma, cardiac arrhythmias, etc., it
isamost impossible.

Itistherefore not areferencetext. Itisabook which
one should be givento read from cover to cover with ablack
pen to compile your own index, and ared pen to delete the
occasionally over-simplistic and anecdotal cases. Theblack
pen could also be used to add in a number of possible
diagnoses which have not been discussed or refuted by the
authors.

Despite the above criticisms, the book isan essential
for the diving physician and paramedic, but should be read

inconjunctionwith other diving medical texts, astheauthors
so correctly state in the preface.

As| am one of the contributors | should record my
involvement with this text.

Carl Edmonds.

DANGEROUS MARINE CREATURES

Dr Carl Edmonds

ISBN 07301 0214 9

First Edition 1989

Reed Books Pty. Ltd., 2 Aquatic Drive, Frenchs Forest,
New South Wales 2086, Australia.

Distributed by Gordon and Gotch Ltd.

Price $ Aust 24.95.

About 15 years ago Dr Carl Edmonds published
“Dangerous Marine Animals of the Indo-Pacific Region”,
anillustrated guidetoall thelocal dangersandthetreatments
required, which was an immediate success with intelligent
divers. It has been unobtainable for some years.

Now Dr Edmondshas produced “ Dangerous Marine
Creatures’ a lavishly illustrated, hard cover, book for all
thosewho swim, diveand paddl eintheseaandfor thosewho
fishfor and eat seacreatures. Most would expect that trauma
would occupy thelargest part of the book, but the emphasis
ison stinging creatures (72 pages), followed by those crea-
tures which cause physical injury (37 pages), those which
poison the eater (27 pages)and those that cause infections
and dermatitis (11 pages). A fifth section provides five
appendices, dealing with cardiopulmonary resuscitation,
theuseof tourniquets, ligatures(arather suprisinginclusion)
and pressure bandages, the use of local anaesthetic agents,
the treatment of allergy and anaphylaxis, the use of an-
tivenoms and a summary of venoms and toxins to be found
in marine creatures. Thewholeisrounded off with alist of
referencesand recommended reading. Thereisan adequate
index including such thingsasPolar Bears(whoseliversare
likely to give the eater Vitamin A poisoning) and amoebic
encephalitis, neither of which spring to mind asbeing likely
to be included in a book with a lion fish, a shark and a
scorpion fish on the cover.

The book opens with a disclaimer where Carl Ed-
monds wry humour shiftsthe blame for everything except
thejokesto other shoulders. The humour surfacesthrough-
out the book. On page 85 while discussing the removal of
Chironextentacl esitissuggestedthat “ Businessmen canuse
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plastic credit cards’ to pare the tentacles off the skin.

The genera layout is a brief summary of whatever
group of animal sisbeing discussed emphasing those known
to be dangerous. This is followed by a summary of the
clinical features written for the layman. The first aid
treatment follows and then comesthe medical treatment, on
the realistic assumption that most doctors know nothing of
marine medicine. On page 12 isfound “In the event of an
injury from amarine animals, thisbook should accompany
thepatient, and bemadeavail abletothemedical practitioner
who is responsible for management.” And finaly each
description ends with advice on how to avoid the problem.

Thereader’ sinterestisheld at all times, especially by
the extracts from Dee Scarr’s Scuba Diary. Sheisadive
guide at Bonaire in the Caribbean who touches every sea
creature that she can. She even stroked bristle worms
without being damaged. Presumably this was because she
never stressed the worms enough for them to raise their
bristles.

Readers of the SPUMS Journa will recognise the
illustration accompanying the description of Scombroid
poisoning. For this reviewer the presence of this picture
offsets the disappointment of finding only “Photos of fish
causing tetradotoxin poisoning” as the caption to illustra-
tions of three different fish (one of which appears to have
scales) on page 147.

This book should be in the library of everyone who
goes diving in thetropics, of everyone who teaches diving,
and of everyone who may have to treat injured divers or
those who have acquired seafood poisoning. It should bein
the luggage of everyone going on a diving holiday or to a
tropical or subtropical island. Thosecategoriesmustinclude
very member of SPUMS !

John Knight.

ARTICLES OF INTEREST FROM
OTHER JOURNALS

LOSING YOUR LUNCH UNDERWATER

Two Techniques Toward Safe Sickness

If you haveto vomit underwater, it can be extremely
hazardous. If youremovetheregulator to throw up, youwill
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probably inhalewater duetoinvoluntary gasping. If youtry
to vomit through theregulator, you may clog it and render it
inoperable.

You are best off if you carry an aternate air source.
Y ou canthrow up through oneregul ator and breathethrough
another. The value to your buddy of the second stage into
whichyouvomitedwill bequestionable, but at least youwill
be safe.

If you have only one regulator, removeit from your
mouth, and | ocateit tightly against onecorner of your mouth.
Depress the purge button completely to obtain maximum
free flow and hold it that way. This should alow you to
vomit into the water without clogging the regulator yet still
get air when you gasp.

| have watched many people on the surface throw up
and then go diving, claiming they are fine once they empty
their stomachs. If you area“onetosser” and thisworksfor
you, that isfine. But too many people are prone to throw up
morethan once. If the second or third time occurs underwa-
ter, it could be serious. Following the procedures outlined
above can help render the process safe.  Unfortunately you
cannot practice these skills effectively until you require
them, but it isbetter to try one of these than to take any other
actions.

Of course, the best way to deal with nausea is to
prevent it. Too many people go diving without proper
nourishment. When you ariseinthemorning, your stomach
isacidic. If al you put intoit is coffee or orangejuice, you
are compounding the problem and asking for nausea. Try
eating cereals, pancakes or french toast and see if your
queasinessis less than usual.

If you still become nauseous, try nonprescription
seasickness medications until you find onethat is effective,
yet has no side effects. Strong ginger tea works for some
people. Seabandsthat use* acupressure” (SeeUndercurrent
March, 1989) are effective for many people, while produc-
ing no side effects whatsoever. Try Pepto Bismol to settle
your stomach. When the boat is underway, ist in the center
of it infresh air with your back and head against awall and
watch the horizon. This simple procedure helps many who
are proneto mal de mer.

Theauthor, DennisGraver, istheDirector of Educa-
tion for NAUI.

Reprinted by kind permission of the Editor from
UNDERCURRENT, June 1989, p. 13.

Theaddressof UNDERCURRENT isP.O. Box 1658,
Sausalito, California 94965, USA.



148 SPUMS Journal Vol 19 No.3 July-September

TWO NEW PUBLICATIONS
FROM PADI

$25.00 $25.00

SEND CHEQUE PLUS 5 % TO COVER POSTAGE AND
HANDLING TO

PADI AUSTRALIAPTY.LTD.
UNIT 1, 1-7LYON PARK ROAD
NORTH RYDE
NEW SOUTH WALES 2123



