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Abstract
(Lippmann J. Fatalities involving divers using surface-supplied breathing apparatus in Australia, 1965 to 2019. Diving and 
Hyperbaric Medicine. 2021 March 31;51(1):53–62. doi: 10.28920/dhm51.1.53-62. PMID: 33761541.)
Introduction: This study identifi ed characteristics and diving practices of victims of fatal surface supplied breathing 
apparatus (SSBA) incidents in Australia from 1965–2019 to determine underlying factors and risks associated with these 
activities, better educate the diving community and prevent such deaths.
Methods: A hand search was made of ‘Project Stickybeak’ reports from 1965–2000 and SSBA fatality data were compared 
to the Australasian Diving Safety Foundation fatality database. The National Coronial Information System was searched 
to identify SSBA diving deaths for 2001–2019. Extracted data were collated and analysed using descriptive statistics and 
Poisson Regression. A chain of events analysis was used to determine the likely sequence of events.
Results: There were 84 identifi ed SSBA-related deaths during the study period. Most victims were relatively young, healthy 
males (median age 33 years). At least 50% of victims were undertaking work-related diving, and 37% were recreational 
diving. Equipment issues, mainly compressor-related, were the main contributor, identifi ed as a predisposing factor in 48% 
of incidents and as triggers in 24%.
Conclusions: Preventable surface-supplied diving deaths still occur in both occupational and recreational diving, often 
from poor equipment maintenance and oversight. Incorrect confi guration of the SSBA and lack of training remain on-going 
problems in recreational users. These could be addressed by improved education, and, failing this, regulatory oversight. 
The increase in health-related incidents in older participants may be controlled to some extent by greater medical oversight, 
especially in recreational and non-certifi ed occupational divers who should be encouraged to undergo regular diving medical 
assessments.

Introduction

Surface-supplied breathing apparatus (SSBA) diving 
involves breathing gas underwater, usually compressed air 
(unless in deeper commercial diving) supplied from the 
surface through a long hose to a demand valve. The term 
‘hookah’ is frequently used in Australasia to describe a 
minimalist version of SSBA. This equipment supplies air 
from a simple, usually petrol-driven, compressor which 
feeds a small reservoir and in turn delivers the air along a 
hose to a demand valve regulator.  If the demand valve is 
not of the ‘upstream’ type, the system should incorporate a 
non-return valve to prevent potential injury to the diver from 
a gas supply failure, such as a hose rupture. It is essential 
that such compressors are fi t-for-purpose, well-maintained, 
appropriately confi gured to provide a steady and plentiful 
supply to the number of divers using it at the target depth. 
They also need to be positioned securely in a well-ventilated 
area to prevent overheating, while also ensuring that any 
exhaust fumes cannot contaminate the breathing gas.

The diver wears a mask (or helmet in commercial diving), 
fi ns and thermal protection, weights, and ideally, a buoyancy 
compensator device (BCD). An emergency gas supply in the 
form of a bail-out cylinder is highly desirable to enable the 
diver to reach the surface in the event of an interruption to 
the breathing gas supply. Commercial divers may also have 
a communication system to liaise with the surface tender.

In Australia, SSBA is used for a variety of purposes. These may 
include generally well-trained and experienced commercial 
divers undertaking underwater work; commercial seafood 
harvesters such as abalone divers and fi sh farmers; pearl 
divers; research divers; recreational divers, often hunting 
or harvesting seafood; and rank novices participating in 
an underwater experience. Unlike in the past,1 commercial 
diving operations have generally become better organised 
and are under the oversight of workplace regulators, and 
subject to relevant Codes of Practice. However, serious 
incidents involving systemic failures still occur.2,3
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Unlike scuba, where a certification is supposed to be 
checked prior to the fi lling of a cylinder, there are currently 
no restrictions on who can obtain and use a SSBA for 
recreational use. In addition, some users convert compressors 
designed for non-diving purposes or fi t their compressors 
out inappropriately, sometimes with dire consequences.4

An earlier summary of SSBA-related deaths in Australia 
indicated that many deaths were the result of equipment-
related issues and lack of training or experience.5  The aim 
of this current and more detailed study is to examine all 
Australian SSBA diving-related deaths recorded on the 
Australasian Diving Safety Foundation (ADSF) database4 
to determine the likely chain of events, examine trends, and 
to better educate the diving and medical communities and 
prevent such deaths.

Methods

Approval for the study was received from the human research 
ethics committees of the Victorian Department of Justice, 
the Royal Prince Alfred Hospital, Sydney; the Coroner’s 
Court of Western Australia; and the Queensland Offi ce of 
the State Coroner.

SEARCH

This was a complete case series of known SSBA diving-
related fatalities that occurred in Australian waters from 
1965 to 2019, inclusive. A hand search was made of the 
relevant ‘Project Stickybeak’ reports published in the diving 
medical literature.5–7  The data obtained were compared to 
that recorded on the Australasian Diving Safety Foundation 
(ADSF) fatality database4 and adjustments made where 
necessary. In addition, a comprehensive key word search 
was made of the National Coronial Information System 

(NCIS)8 to identify SSBA diving deaths reported to various 
State Coronial Services for the years 2001–2019, inclusive. 
Key words included compressed air, compressed gas, or 
surface supply, or hookah and diving. Cases identifi ed 
were matched with cases collected by the investigator via 
the media or the diving community to minimise the risk of 
over- or under-reporting.

The review procedure involved review of the published case 
reports and database entries for cases from 1965 to 2000, 
to investigate any discrepancies and enter relevant data in 
a specially designed Excel spreadsheet. The coronial data 
were also reviewed for cases from 2001 to 2019 and relevant 
data were also entered into the spreadsheet.

PREDICTORS

A range of potential predictors was extracted, including 
diver demographics, certifi cations and experience; dive 
location; buddy and supervision circumstances; dive purpose 
and depth; equipment used and any associated problems; 
incident description.

CHAIN OF EVENTS ANALYSIS

A chain of events analysis (CEA) was conducted to identify 
predisposing factors and outcome measures including 
trigger, disabling agent, disabling condition, and cause of 
death. The CEA was based on the criteria and templates 
for scuba fatalities previously published.9  The investigator 
applied the published templates (with the term ‘Disabling 
Condition’ replacing ‘Disabling Injury’) to these data and 
obtained the results reported below. An example of the 
application of such a template is: A faulty compressor 
(predisposing factor) stalls and interrupts the diver’s air 
supply (trigger), causing the diver to make an emergency 

Figure 1
Australian surface-supplied breathing apparatus-related diving fatalities by year, 1965 to 2019 (n = 84)
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ascent (disabling agent). He suffers a cerebral arterial gas 
embolism (disabling condition), becomes unconscious and 
subsequently drowns (cause of death).

STATISTICAL ANALYSIS

Descriptive analyses based on means and standard deviations 
or medians and ranges as appropriate was conducted using 
SPSS Version 25 (IBM® Armonk, NY; 2017). Poisson 
regression was used to analyse possible trends. All models 
were fi tted using the Stata 16 software (StataCorp 2019).

Results

There were 84 recorded fatalities in divers using SSBA 
during the 54-year study period.

ANNUAL COUNTS

The median (IQR) number of annual deaths was 1 (0.5, 2) 
with a maximum of six. The annual deaths generally reduced 
until 2002 and then remained relatively steady, although the 
trend was not signifi cant (P = 0.064) (Figure 1).

DEMOGRAPHICS

The median (IQR) age of the victims over the study period 
was 33 (26, 40) years; range 16−72 years). There was a 
small albeit statistically signifi cant (P < 0.001) rise in the 
age of victims over the period of approximately 3.1 years 
per decade. The median (IQR) age of victims over the 
fi nal 20 years was 36.0 (28, 47) years. All but one of the 
84 victims were male. Non-occupational divers were older 
than occupational divers (with means 38 and 32 years, 
respectively), although this difference was not signifi cant 
(P = 0.053).

LOCATION

The distribution of deaths between the various states and 
territories was:  Victoria (16), Western Australia (17), 
Tasmania (15), Queensland (15), South Australia (12), New 
South Wales (8), and Northern Territory (2).

TRAINING AND EXPERIENCE

In 36 of the 84 cases the victims were reported to have 
undergone some form of training, although the level of 
training was unspecifi ed in 26 of these. At least seven 
victims were scuba certifi ed, and at least three had undergone 
commercial diver training. Twenty-one victims were 
untrained, and the level of training was unreported in 24 
cases. Signifi cantly more of the occupational divers had 
undergone some type of training (P = 0.03).

Although all but 11 of the reports included a description 
of the diver’s experience, or lack thereof, there was no 
detailed quantifi cation of this experience, so the following 

summary is somewhat arbitrary. Fifty-two of the victims 
were described as experienced, 11 had some experience 
(in some cases very little), and 10 had no experience at all.

ACTIVITY

Forty-three of the 84 victims were undertaking work-related 
diving, and 31 were diving for recreation, whether harvesting 
seafood or sightseeing. One untrained and inexperienced 
victim was trying out the second SSBA demand valve while 
his friend was underwater. One victim was involved in an 
underwater survey for his studies (Table 1).

BUDDY/SUPERVISION CIRCUMSTANCES

Solo diving was three times more prevalent in occupational 
divers than in others. In 64 of the 84 incidents, the victim 
had either set out alone, or had already separated from his 
buddy before the fatal incident had occurred. However, in 
at least 47 of these incidents there was an observer present. 
Overall, a surface observer was present in 58 cases, and 
there was no observer in 16 cases. The presence or absence 
of surface support was unknown in 10 cases.

DEPTH

The dive depth was not reported in eight cases. For the 
remaining 76 incidents, the median (IQR) dive depth was 
11.25 (7.5, 6.75) metres’ seawater (msw), range 3−74 msw. 
Only nine fatal dives were reported to have been deeper than 
30 msw.  Seven of the 42 occupational divers and only one 
of the others were known to have been diving deeper than 
30 msw. The depth of the incidents shown in Table 2.

Activity Deaths
Occupational

Commercial* 16
Abalone collecting 10
Pearling 9
Aquarium fi sh collecting 3
Sea cucumber collecting 2
Crayfi sh collecting 1
Scallop collecting 1
Research 1

Recreational
Crayfi sh collecting 14
Sightseeing 6
Scallop collecting 5
Spearfi shing 4
Abalone collecting 1
Self-training 1

Miscellaneous
Other 4
Unknown 6

Table 1
Diving activity during the fatal incident in 84 SSBA divers. 

*Construction, oil rig, maintenance, salvage
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WEIGHTS

One victim was known not to have worn weights for his 
dive, and the weighting circumstances were unreported in 
16 incidents. Of the 67 victims who were known to have 
been wearing weights, 61 were still wearing these weights 
when rescued or recovered.

BUOYANCY COMPENSATOR DEVICES (BCDS)

There was no indication whether a BCD was worn in 23 
of the incidents. However, at least 56 of victims were not 
wearing a BCD. Five victims were reported to have been 
wearing a BCD and none of these were infl ated when found. 
One was found to have been faulty.

Chain of events analysis

PREDISPOSING FACTORS

One hundred and seventeen predisposing factors (PFs) were 
identifi ed as possible or likely contributors to the 84 deaths 
(Table 3). There were insuffi cient data to suggest any PFs in 
18 cases, and no obvious PF in one incident, despite detailed 
information. Multiple factors were identifi ed in 42 incidents: 
22 incidents with one identifi ed PF, 31 incidents with two, 
and 11 incidents with three PFs. The main PFs identifi ed 
were related to equipment, planning, and health issues.

Absence of appropriate equipment or use of defective 
equipment

Defects, sometimes multiple, were found in a variety 
of equipment, mainly compressors which were poorly 
maintained and/or defective (19). Defects included poor 
hose connections, inappropriate hoses which were overly 
long, kinked and/or melted, and the absence of intake 
hoses. Defective demand valves (2), or full-face mask (1) 
were also implicated. At least two deaths resulted from the 
compressors’ inability to supply suffi cient air to multiple 
divers at their operating depth. Loss of unsecured demand 
valves (3), obvious overweighting (2) and a very tight wetsuit 
were also implicated. Of note, the reports rarely mentioned 

the carrying of a bail-out gas cylinder which would generally 
be considered as appropriate equipment for such diving.

Planning

Poor planning decisions were often made, usually 
immediately before the dive. The most common of these was 
inappropriate placement of the compressors, which was a 
factor in 13 deaths, mainly due to exhaust gas entering the air 
intake. Failure to properly assess and plan for environmental 
dangers contributed to six deaths. These dangers included 
strong water fl ows in water supply containment areas, 
toxic gas in an enclosed space, an active cleaner pump, an 
engaged boat propellor and the increased risk of local large 
shark activity. Three divers, who died from decompression 
sickness (DCS) had not followed any decompression 
guidance. Two divers were diving solo without surface 
oversight (one at night), and another two had failed to ensure 
their working platform was properly secured.

Health

Health-related factors contributed to at least 15 deaths, 
including eight of 61 deaths occurring before the year 2000, 
and at least seven of the 23 subsequent deaths. Half of these 
deaths were in occupational divers. The most common health 
condition was pre-existing, albeit apparently undiagnosed, 
ischaemic heart disease (IHD). Pulmonary blebs, pleural 
scarring after pleurisy, and asthma were implicated in 
three deaths (one also involving IHD), seizures in three 
(two associated with congenital brain abnormalities and 
one idiopathic) and severe obesity in one. Alcohol and 
heroin appeared contributory to two incidents. There were 
insuffi cient data in most cases to determine whether the 
victims had undergone a recent diving medical examination.

Training, skills, experience

There were at least 13 cases where lack of any or suffi cient 
training, inexperience, and associated lack of skills likely 
contributed to the outcome. Although six of the victims 
had scuba certifi cation, in four it was recent, and they had 
little experience. One very experienced scuba diver died 
on his fi rst SSBA dive though lack of familiarity with the 
equipment. Two untrained but experienced SSBA divers 
were unable to read decompression tables and died from 
DCS after omitting large decompression obligations. One 
untrained and inexperienced victim drowned during his fi rst 
use of SSBA while his friend hunted fi sh below.

Supervision

Poor supervision likely contributed to at least 14 incidents. 
Eight of these involved inadequate oversights of the 
compressor and resulted in contamination of the breathing 
gas by compressor or boat exhaust, a burning air intake 
hose, or overheating.  In two cases, the surface tender failed 

Incident depth
(msw)

n (%)

Surface 15 (18)

Ascent 17 (20)

0−10 22 (26)

11−20 12 (14)

21−30 4 (5)

> 30 4 (5)

NR 10 (12)

Table 2
Depth of fatal incident in 84 SSBA divers. NR = not reported. 
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to act promptly on compressor failure and consequent loss 
of air supply. Another two cases of loss of supply involved 
the diver’s hose being cut by the propeller or entangled 
around the stern. Both problems were not noticed by the 
lookouts until too late. There were two incidents involving 
poor oversight of inexperienced divers in commercial 
operations, one where a surface tender failed to confi rm that 
the propellor was disengaged when a diver entered the water 
nearby, and another where a commercial operator failed to 
have an effective rescue plan, which lead to a delayed, and 
ultimately unsuccessful, rescue.

Activity

Six of these incidents involved divers who were collecting or 
harvesting sea life in areas likely to be frequented by large 

sharks due to whale and seal activity. Two involved deep 
commercial dives on an oil rig, and one incident occurred 
during a deep commercial dive in a cold dam with zero 
visibility and snagging hazards.

Organisational

Poor or absent protocols or procedures for managing 
commercial diving activities contributed to four incidents. 
These included inadequate induction procedures and 
oversight of new divers in commercial operations (seafood/
pearling). Poor organisational equipment maintenance 
protocols contributed to four deaths, and a lack of appropriate 
diver rescue procedures to another.  A further death would 
have been prevented by the fi tting of a propeller guard on 
a diving work barge.

Predisposing factor Subgroup n

Absence of appropriate equipment or 
use of faulty equipment

27 (32%)
Defects in equipment 19

No demand valve security 3
Insuffi cient supply capability 2

Overweighting 2
Tight wetsuit 1

Planning

28 (33%)
Poor compressor setup 13
Environmental danger 6

Absent decompression planning 3
Unsupervised solo diving 2
Unsecured dive platform 2

Other 2

Health
15 (18%)

Signifi cant medical history 13
Alcohol and drug intake 2

Training/experience/skills

13 (15%)
Scuba trained, novice SSBA 6

Inexperience-related anxiety/panic 4
Untrained – no understanding of

decompression tables
2

Untrained, no experience 1

Supervision

14 (17%)
Compressor oversight failure 8
Inexperienced working diver 3

Hose endangerment 3

Activity
9 (11%)

Seafood collection 6
Deep commercial dives 3

Organisational

8 (9%)
Lack of appropriate procedures or

equipment
4

Poor equipment maintenance 4
Poor communication/
co-ordination

3 (4%)
Failure to communicate site dangers 3

Table 3
Predisposing factors associated with 65 of 84 SSBA fatalities. Some deaths involved multiple predisposing factors, hence the number 

predisposing factors exceeds the number of cases
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Communication

Failure to communicate to the divers the presence and 
potential site-associated dangers of fast-fl owing dam or 
pipeline waters was instrumental in three deaths.

TRIGGERS

No triggers were identifi ed in 21 incidents due to lack of 
suffi cient information. Sixty-seven possible or likely triggers 
were identifi ed in the 63 remaining incidents, the main ones 
related to equipment and environmental factors (Table 4).

Equipment

The main equipment-related triggers arose from problems 
with compressors, including overheating, valve failures, 
a blown gasket and the falling over of a poorly secured 
compressor. Other problems were hose separation due 
to poor connectors and hose entanglement with work 
equipment or platforms. Mouthpiece separation from the 
demand valve due to the absence of securing ties featured in 
three incidents. All of these affected the supply of breathing 
gas to the diver.

Environmental

Seven of the fatal incidents were triggered by the presence 
of dangerous marine creatures, six of these large sharks and 
the other a crocodile. Another two events were triggered 

by moving boats, one of which was the diver’s working 
platform. The other diver was hit by a passing speedboat, 
despite the display of a ‘Diver Below’ fl ag. The incidents 
involving entrapment included three divers entangled in 
kelp, and one was trapped when his BCD strap was sucked 
into a hull scrubber. Three incidents involved adverse water 
conditions, including current and high water fl ows. Three 
deaths in divers with pre-existing IHD are thought to have 
been triggered by the circulatory effects of immersion.

Gas supply

Gas supply-related triggers were largely due to contamination 
of the air supply due to poorly maintained, functioning, or 
positioned compressors. One of the incidents triggered by 
interruption or reduction of the gas supply was due to a 
kinked hose. Another occurred when the (inexperienced) 
diver’s air supply was interrupted while surface cylinders 
were changed, and he failed to transfer to his bail-out bottle. 
Another occurred when the surface team mistakenly changed 
the supply from an air cylinder to an oxygen cylinder.

Exertion

Exertion unrelated to sea conditions, was implicated as a 
trigger in nine incidents. Most of these involved performing 
heavy work underwater. Six of the victims had signifi cant 
IHD, one a history of seizures, and a severe asthmatic was 
very over-weighted and working in adverse conditions.

Trigger Subgroup n

Equipment

20 (24%)
Compressor problem 9
Hose disconnection 4

Air hose entanglement 3
Separation of unsecured mouthpiece 3

Loss of fi n 1

Environmental

20 (24%)
Marine creature 7

Entrapment 4
Immersion effects 3

Conditions 3
Boat 3

Gas

14 (17%)
Contamination 10

Interrupted/reduced supply 3
Incorrect gas 1

Exertion
associated
with…

8 (10%)
Pre-existing ischaemic heart disease 6

Epilepsy 1
Severe asthma and overweighting 1

Diver error 4 (5%)
Anxiety 1 (1%)

Table 4
Triggers identifi ed in 63 of 84 SSBA fatalities. Some deaths involved multiple triggers
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Primary diver error

Three cases involved failure to adequately plan and follow 
any decompression guidance and all resulted in fatal DCS. 
The other involved the diver failing to disengage his boat's 
engine before entering the water.

Anxiety

Although anxiety and consequent panic are often associated 
with diving incidents, there was only one case where 
it was specifi cally mentioned in the reports. This very 
inexperienced diver aborted an earlier dive due to anxiety 
and, after calming down somewhat, attempted another dive 
where he was seen to suddenly ascend rapidly to the surface. 
When checked, the equipment was found to be working 
correctly.

DISABLING AGENTS

Likely disabling agents (DA) were identifi ed in 72 of the 
incidents. These were related to the gas supply (28), ascent 
(19), medical conditions (9), environmental circumstances 
(13), and buoyancy (3). No DAs were identifi ed in 12 cases 
due to insuffi cient information (Figure 2).

DISABLING CONDITION

The predominant disabling conditions were asphyxia, 
CAGE with or without evidence of PBT, and gas toxicities 
(Figure 3). Of note, the victims with cardiac disabling 
conditions were considerably older (median 43 y).

Discussion

SSBA diving-related fatalities have reduced over time with 
a current frequency of around one per year. The victims 
were predominantly relatively young, healthy males who 
were experienced SSBA divers. One half of the victims were 
diving for work and more than one third for recreation, often 

harvesting seafood. Equipment faults and poor planning 
predisposed to many of the fatal incidents.

DEMOGRAPHICS

Although the age of SSBA victims increased over the study 
period, with the median age increasing to  36 years beyond 
the year 2000, these victims were considerably younger than 
those of scuba (median 45 y) and snorkelling (median 51 y) 
victims post-2000.10,11  Of interest, certifi cation records from 
the Australian Diver Accreditation Scheme (ADAS), the 
certifi cation agency for occupational divers in Australia since 
2003, show a median age of 45 years for currently certifi ed 
(‘active’) SSBA divers. (A Sordes, personal communication, 
15 July 2020). This may indicate that the younger cohort 
of SSBA divers are more at risk of an accident. ADAS 
records also reveal that 99% percent of certifi cants are male, 
consistent with the proportion of male victims.

EQUIPMENT PROBLEMS

Equipment-related issues were the major contributor to 
these fatalities. Absence of, or faulty equipment predisposed 
to one third of the deaths. Equipment problems were also 
identifi ed as the triggers in one-quarter of cases. The main 
source of problems were compressors which were often 
poorly maintained, poorly positioned, or inappropriately 
confi gured. This led to interruption of the breathing gas 
supply or breathing gas contamination by carbon monoxide 
(CO), among other contaminants. Adequate separation of the 
engine exhaust from the compressor air intake is important 
to reduce the risk of contamination.12

The compressor must be placed in a secure and well-
ventilated position to prevent overheating or toppling. 
Although electric compressors are available, most of the 
SSBA compressors are driven by a petrol or diesel motor, 
so it is essential that exhaust fumes are prevented from 
entering the air intake, which should be positioned in an 
elevated position upwind of the compressor. The compressor 

Figure 2
Disabling agents associated with 72 of 84 SSBA fatalities. PBT/
CAGE − pulmonary barotrauma/arterial gas embolism; IHD − 
ischaemic heart disease; DCS − decompression sickness; SAH 

− subarachnoid haemorrhage

Figure 3
Disabling conditions associated with 84 SSBA fatalities. PBT/
CAGE − pulmonary barotrauma/arterial gas embolism; DCS − 

decompression sickness; SAH − subarachnoid haemorrhage
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and intake should be constantly observed throughout use 
for correct function and the effect of any wind changes. 
Appropriate fi lters to remove dust, water and odour must 
be fi tted and replaced when needed. Additional sensors/
converters to detect or remove contaminants such as CO can 
be fi tted but are relatively uncommon. Correct lubricants 
must be used to ensure smooth operation and avoid gas 
contamination from lubricant breakdown. Regular checking 
and maintenance are essential to maximise the likelihood of 
smooth and safe operation. It is also important to ensure, in 
advance, that a compressor can provide a steady and plentiful 
supply of air to the number of divers who will use it, at the 
target depth, and their likely level of exertion.

It is also important to use and maintain appropriate non-
kink hoses and secure fasteners for hoses and demand 
valve mouthpieces. The demand valve should be adequately 
secured so it is not inadvertently pulled from the diver’s 
mouth. BCDs were seldom used but may have saved several 
lives had they been available and infl ated, especially with 
victims who were over-weighted or had failed to ditch their 
weights when needed.

The number of victims who failed to ditch their weight 
belt is alarming and refl ective of the high incidence in 
scuba diving victims.10  However, with SSBA divers, it 
may also be associated with securing the belt and air hose 
together, a practice that should be discouraged. Some 
victims wore multiple weight belts, and several belts were 
not fi tted with quick-release buckles. Both factors would 
have made it diffi cult to ditch weights when needed. The 
carrying of a bail-out bottle, rarely evident in this series, is 
a very important safety measure that needs to be strongly 
encouraged.

TRAINING, EXPERIENCE AND SKILLS

Inadequate training, experience and skills were identifi ed 
as contributors to at least 16% of the deaths. Traditionally, 
if SSBA divers had any formal training, they were either 
trained as commercial divers to work in the offshore industry 
or trained to use scuba. Less than half of the victims were 
known to have undergone any formal related training and, 
in many cases, the training was not suffi cient to address the 
particular equipment and skills required to safely perform 
SSBA diving.

Over more recent times, a variety of courses have been 
available through the Australian Nationally Recognised 
Training System and taught by registered training 
organisations. These range from introductory programs 
offered by recreational scuba diver training agencies, to 
comprehensive commercial diving courses certifi ed by 
ADAS. However, despite the increased availability of 
pertinent training, some divers still take untrained friends 
or workmates on SSBA dives, occasionally with serious 
consequences.13  In addition, some training programmes 

need ongoing monitoring and improvement to better equip 
divers for the tasks they need to perform and problems they 
might encounter.2

Experience is valuable in reducing diving risks, but it can 
sometimes cause complacency. Many of the more than 60 
percent of victims who were described as experienced, 
were not heedful enough of the risks associated with poor 
planning, equipment maintenance and confi guration.

ORGANISATIONAL, PLANNING AND ACTIVITY RISK 
MANAGEMENT

The fact that half of the victims were undertaking work-
related diving is a cause for concern and refl ection on the 
need for safe working practices to be adopted, adhered 
to, and continually monitored. Many of the victims were 
self-employed and dived solo, often with an observer on 
the boat or another nearby platform. Good planning and 
vigilant surface supervision are essential for safe SSBA 
diving in such circumstances. Some industries, such as the 
Tasmanian abalone industry, have created codes of practice 
to try to improve standards and practices, although this is 
far from universal.

Poor organisational procedures and practices predisposed to 
several preventable deaths. Improved induction procedures 
and oversight of new divers, more rigorous maintenance 
protocols, and careful planning would have reduced the 
likelihood of problems in these occupational settings. 
Relevant Australian standards and regulations pertaining to 
occupational diving exist and workplace regulators have an 
important role to play in monitoring compliance.14,15

The incidents in the recreational setting were mainly associated 
with seafood harvesting by relatively inexperienced divers. 
They often involved the victim becoming overwhelmed by 
the environment or circumstances while distracted by the 
‘thrill of the chase’.

Some of the activities undertaken involved increased risk, 
such as working at substantial depths, near very fast-fl owing 
water, and harvesting seafood in areas and at times where 
large sharks are likely to be present. Such activities require 
heightened planning and vigilance, and back-up in the event 
of a problem.

BUDDY/SUPERVISION CIRCUMSTANCES

As with scuba fatalities,10 a high proportion of SSBA 
victims, in this case three-quarters, had either set out 
alone or had already separated from their buddy before the 
incident. Unlike many recreational scuba situations where 
the diver was solo or separated, there was often a surface 
observer present, theoretically increasing the opportunity 
for rescue. However, in many of these cases, the observer 
missed opportunities to prevent or reduce the severity of the 
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incident by inadequate supervision of the compressor, air 
hoses or environmental hazards and failing to identify and 
act on a problem. Although working without visual contact 
is common in some occupational settings, the combination 
of communications with an in-water or a surface stand-by 
diver is invaluable in preventing or managing life-threatening 
incidents.

PRE-EXISTING MEDICAL CONDITIONS

Over the entire study period, health-related factors, 
predominantly undiagnosed IHD, contributed to one fi fth 
of the incidents and were identifi ed as disabling agents in 
more than ten percent. However, the increased involvement 
of health factors in later years is consistent with more recent 
reports for scuba diving and snorkelling victims where 
health issues were contributory to over 40% of deaths.10,11  
This increasing incidence likely refl ects an older cohort 
of participants with the associated higher prevalence of 
medical conditions. In the recreational setting, all divers 
and prospective divers aged 45 years or more are advised 
to have a diving medical examination, irrespective if they 
have any known health conditions.16  Among other things, 
such an examination would assess cardiovascular health 
and might prevent some cardiac-related diving deaths. In 
addition to immersion per se, diving involves a variety of 
other cardiac stressors, such as the exertion often associated 
with underwater work and seafood harvesting, whether 
recreational or occupational.

In Australia, occupational divers are supposed to have an 
initial, and subsequent annual, fi tness-to-dive examination 
by a doctor with relevant training.15  ADAS requires evidence 
of this for certifi cation and recertifi cation. Such examinations 
are designed to determine potentially problematic health 
conditions so that they can be addressed to reduce perceived 
associated risk. However, recreational SSBA divers are 
not subject to this requirement, and not all occupational 
operators comply or monitor compliance, especially in 
small owner-operator businesses where certifi cation may 
not be sought.

DISABLING CONDITIONS

When comparing the disabling conditions in these SSBA 
deaths to those in a cohort of scuba deaths in Australia17, 
several differences become apparent. These include lower 
proportions of deaths from primary asphyxia (25% vs. 37%) 
and cardiac factors (6% vs. 25%), and higher proportions 
from PBT/CAGE (24% vs. 15%) and gas toxicity 
(18% vs. 0%).

The lower prevalence of cardiac-related deaths likely refl ects 
the comparatively younger age of the SSBA cohort and, 
in some cases possibly a higher level of fi tness and the 
requirement for regular dive medicals or monitoring in the 
occupational sector. The greater prevalence of PBT/CAGE 

is very likely a direct consequence of the higher incidence 
of problems with cessation or reduction in breathing gas, 
a relatively common occurrence in this series. Severe 
gas contamination is, fortunately, a relatively uncommon 
occurrence in the scuba arena due to more rigorous 
protocols around the fi lling of scuba cylinders, especially in 
a commercial recreational setting. However, as evidenced in 
this report, it remains a serious concern with SSBA. Finally, 
the lower proportion of deaths from primary asphyxia is 
likely a direct result of the other higher attributions. There 
were additional cases where drowning was determined to be 
the cause of death, but this was secondary to unconsciousness 
from CO toxicity or PBT/CAGE.

LIMITATIONS

As with any uncontrolled case series, the collection and 
analysis of fatality data are subject to inevitable limitations 
and uncertainties associated with the incident investigations. 
Many incidents were not directly witnessed, so assertions in 
the reports are sometimes speculative. Important information 
was not available in some cases, especially in the earlier 
reporting years, which rendered COE data incomplete, thus 
limiting the conclusions that can be drawn. Even with the 
use of a template, classifi cation of cases into a sequence of 
fi ve events in the COE is imperfect and remains vulnerable 
to some subjectivity. The chain of successive events is 
a simplifi ed representation of incidents that may be the 
result of parallel events and more factors than fi t into the 
fi ve categories used. Therefore, misclassifi cation of factors 
into such categories is possible. However, this should not 
prevent identifi cation of modifi able factors in what were, 
ultimately fatal events.

Conclusions

SSBA diving-related fatalities have reduced over time. 
This is likely  because of improvements in education, 
training, equipment, and regulation, predominantly in 
the occupational sector. However, the recreational sector 
remains problematic with little or no oversight of who can 
use such equipment, and generally poor education and 
training in its use.

Preventable fatalities still occur in both sectors, often 
because of poor equipment maintenance and oversight. 
Incorrect confi guration of the SSBA unit and lack of training 
remain on-going problems in recreational users, and could 
be addressed by improved education, and, failing this, 
regulatory oversight.

The increase in health-related incidents in older participants 
may be controlled to some extent by greater medical 
oversight, especially in recreational and non-certified 
occupational divers who should be encouraged to 
undergo regular diving medical assessments. Commercial 
organisations should periodically assess their protocols and 
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practices to identify and address potential shortcomings 
regarding safety.
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