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In 1981-82, a survey was conducted of Hawaii's diving
f ishermen, 24 of whom were selected for this study. Up to the
date of the interviews, these active diving fisherman had col-
lectively made over 250,000 dives, with each averaging over 500
dives per year. On an average day they made f rom 5 to 8 dives,
which ranged in depth f rom 140 to 350 feet salt water  fsw! .
Many made a last dive at depths of f rom 60 fsw to 10 fsw to catch
whatever fish they could while decompressing f rom deeper dives
made earlier in the day. All divers interviewed had experienced
one or more incidents of decompression sickness  DCS!, which they
treated by immediate in-water recompression. Some divers
reported experiencing DCS symptoms as of ten as one out of three
diving days. Immediate in-water recompression was utilized 527
times for the treatment of early signs of DCS or of overt
disease. The divers reported that when in-water recompression
was utilized, it relieved or cured the disease in all but 65
incidents. Of this number, follow-up treatment in a recompres-
sion chamber was sought 14 times. In the remaining 51 incidents,
the divers had improved to the point where they elected to endure
the remaining pain until it disappeared � usually in a day or
two. Ref inements of the practice of in-water recompression on
air have been recommended for use by Hawaii's diving fisherman,
i. e., the use of the Australian in-water oxygen treatment or the
Hawaiian in-water recompression schedule using a combination of
air and oxygen.
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A spear was probably the only equipment used by Hawaii's
early diving fishermen. Around the early 1900s, divers learned
to make and use goggles  K. Masaki, 1979: personal communica-
tion! . Then in tbe 1940s they began to use rubber fins. The
aqua-lung  U. S. Divers Co., Cousteau-Gagnan process!, or scuba,
was first, commercially available in Hawaii around 1948. Usually
only one tank and regulator were purchased due to their high cost
and limited supply. The diving regulators were of the twin hose
style, with one hose f or inhaling and the other f or exhaling.
Each regulator came with an air tank and nylon harness. Neither
instructions for its use nor any literature relating to dive
tables was issued with the equipment. Thus, the early users of
scuba in Hawaii had to rely on hearsay to gain knowledge perti-
nent to diving with this equipment inasmuch as it was not until
Febx'uary 1957 that the U. S. Navy opened a school to train scuba
divers at Pearl Harbor.

Tbe introduction of the aqua-lung resulted in a dramatic
change in the diving methods of Hawaii's fishermen in that they
no longer made short breath hold dives and could now breath
comfortably while swimming at depth for 15 to 30 minutes. For
some of the more experienced skin or free divers, use of scuba
included changes to some basic equipment, e.g., from the bamboo
or hau wood eyefitting goggles to a full face mask and from bare
feet or "tabi-style" shoes to rubberized fins.

Typically for the early Hawaiian scuba diver, the first tank
dive was done in about 40 ft of water and with a buddy acting as
a safety person on the surface. The safety diver could free dive
to the scuba. diver to provide assistance if required. The scuba
diver, rigged with tank and regulator, first swam to the anchor
rope and then slowly pulled himself down the rope. Usually
before reaching the bottom, the diver would break away from the
rope and "free swim" with the fish and other maxine life. To
ascend, the scuba diver would return to the anchor rope and
slowly pull himself to the surface, being careful not to pass any
exhaled bubbles. Most early diving fishermen believed that this
was the only requirement for proper decompression.

Hawaii' s warm, clear waters provide a natural setting f or
extensive use of scuba, both recreationally and commercially.
The introduction of scuba enabled Hawaii's diving fishermen to
increase their daily catch so as to make fishing a profitable
occupation. An enterprising group of divers engaging in this
profession operate with small trailexable boats that offer a
number of advantages, i.e., reduced operating costs, speed, and
the capability of carrying a relatively large load of air tanks,
nets, fish, ice, fuel, and other gear for a dive crew of two to
four people. Besides fishes, some divers harvest black coral, a
precious coral found in vex'y deep water that at times is sold by
the ounce. The time-depth profiles used by some of Hawaii's



diving fishermen have been measured and reported by Kanwisher et.
al. �974! and Spencer et al. �974!.

Large amounts of fish were caught with a minimum of equip-
ment but this required making repeat dives throughout the day.
The profit incentive made divers take risks relative to bottom
times. It took about three repetitive dives for each of several
divers to net a school of fish. These dives were often made with
little or no interval between dives other than that required to
change air tanks. Since these dive profiles were prone to pro-
duce decompression sickness  DCS!, they were modified by trial
and error so as to lessen the frequency of DCS. The profiles
were also designed so that the divers could get the greatest
possible fishing time out of each workday. They would make a
deep dive for fish or black coral and then follow with several
shallower decompression dives while doing a netting operation or,
if the netting was done in the deeper water, they would follow
with shallower fish spearing dives. These typical dive series
designed to prevent DCS were, for example, 1 very deep dive �70
to 220 fsw!, followed by 1 or 2 shallow dives  to 60 fsw or
less!; or, 2 or 3 dives  90 to 120 fsw!, followed by 2, 3, or 4
shallow dives.

The purposes of our survey were �! to chronicle the diving
habits of Hawaii's diving fishermen and coral collectors from the
time of the introduction of the aqua-lung to the present day; �!
to investigate dive profiles which were developed; and �! to
study the methods of treating decompression sickness which were
empirically evolved.

HBTRODB

Fishermen who dove commercially on a full- or part-time
basis in Hawaii were surveyed. The survey, started in late 1981
and completed in December 1982, included divers from each of the
major islands of the state. Nore than 40 divers were inter-
viewed. These were the hardcore scuba users who dove for either
a primary or a secondary source of income and were exposed to the
most severe decompression stress.

Data obtained from the interviews show that the divers rep-
resented two different generations: �! older divers who were
self-taught, had been diving f or more than 10 years, and had made
over 5,000 dives in their lifetime; and �! younger divers who
had not had such extensive experience, had been taught to dive
through conventional NAUI or PADI courses, and had made far fewer
dives. The younger group, for the most part, were not f ull-time
commercial divers and did not rely on fishing for their primary
source of income because the continued depletion of the fish
population had made fishing less profitable. On the basis of
this dichotomy in diving practice and experience, we chose to
limit this analysis to the older group of 24 self-taught divers.
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The oldest diver of the group was 6l and the youngest was
31, with the average age at the time of the interview being 42.5
years.

The average number of dives that had been made by each diver
at the time of the interview was 11,475. The range was from a
low of 5,200 to a high number estimated to be in excess of 23,000
for the most experienced diver who had been diving since the late
1940s.  Prior to this survey, this latter diver had been treated
ll times at the U.S. Navy's recompression facility at Pearl
Harbor. !

These divers harvested the ocean's resources for food and
prof it, using spearing, trapping, and netting methods. The
average number of scuba tanks �2 cu f t capacity! used in a day
of fishing varied from a high of 8 tanks to a minimum of 2 tanks,
with a mean value of 5 tanks. The maximum number of scuba tanks
used by a single diver in a day was 12, which equated to l2
dives.

Of the group studied, the "deepest air dive" reported was
350 fsw. However, a group of black coral divers had worked a
coral bed at deeper than 300 fsw for a month. The mean value for
depth of "deepest air dive" was 228 fsw.

The maximum number of years of scuba experience reported was
32 and the minimum was 10, with an average experience factor at
the time of the survey of 23 years.

c e 'o� at

During the initial part of the survey, the successful use of
underwater treatment for decompression sickness was frequently
menti oned. At tempts wer e ther ef or e made t o r econta ct the diver s
interviewed. The questionnaire was modified to include specific
questions about in-water recompression with respect to their
experiences. These divers reported in excess of 527 incidents of
underwater DCS treatment, or an average of 22 per diver. The
most remarkable finding was that in-water treatment was success-
ful in 462 incidents  87.7 percent!. In another 51 incidents
 9.7 percent!, divers had improvement but still suffered from
some form of residual after effect, usually a mild pain or ache
that lasted anywhere from hours to several days. These divers
reported that they chose to wait it out � "bite the bullet"
and used home remedies such as beer and aspirin or took hot or
cold showers. En some cases, tenderness of the affected limb or
fatigue still existed, but relief from pain was satisfactory.
In-water treatment provided incomplete recovery and was deemed
unsatisfactory in only 14 reported incidents �.7 percent!. The



divers involved in these incidents sought. relief at the Navy
recompxession chamber at Pearl Harbor.

In-water recompression depths that proved successful ranged
from the deepest estimated depth of 85 fsw to the shallowest
estimated depth of 25 fsw, with an average treatment depth of
41.3 fsw. In-water recompression times showed a high of 200
minutes and a low of 20 minutes, with an average time of 63.7
minutes.

The signs and symptoms which were relieved varied from the
mild or suspected DCS  primarily pain and aches around the
shoulders and arms! to the more serious CNS conditions that
included paralysis, loss of vision, loss of movement, and loss of
sensation. However, it should be noted that this type of DCS
treatment does not necessarily protect, divers against the chronic
f orm of decompression sickness of the bone, i. e., dysbaric osteo-
necrosis, a disease which many of Hawaii's diving fishermen have
developed  Wade et al., 1978! .

One of the authors, Frank Farm, has personally treated
others several times and, likewise, has been treated himself by
in-water recompression on two occasions. His personal treatments
were for pain in the shoulder and arms. On one occasion af ter
the onset of symptoms, he was rapidly taken to shallower water
and two dives were made spearing fish in 45 to 55 fsw. Moat of
the pain disappeared immediately upon reaching depth, and relief
continued while diving. He was very comfortable after the
"treatment dives.

ln another incident, he initiated the in-water recompression
of another diver who had made three dives ranging from 120 to 160
fsw with approximately 45-minute rest periods between dives.
Shortly af ter the third dive, the diver developed uncontrollable
movements of the muscles of his legs. The boat was already
underway so Farm piloted it toward shallower water. Within a few
minutes the diver was paralyzed and had no feeling f rom the
nipple line down and could not stand or move his lower extremi-
ties. A full tank of air was strapped to the victim who was able
to breathe through the mouthpiece of the xegulator. He was then
lifted over the side of the boat and rolled into the water. Farm
was waiting in the water and, aft.er checking the victim' s
breathing, commenced pulling the disabled diver toward the bot-
tom. No immediate benefit occurred in 35 to 40 fsw so Farm towed
the victim toward deeper water. In approximately 50 fsw, the
victim started t,ugging and made noises and gave an "OK" hand
signal. He further demonstrated that he had regained movement of
his legs and feet.

The victim was instructed by hand signals to remain at. the
bottom holding onto or swimming around a large boulder. The boat
was anchored in close proximity and a safety diver hung from a



rope attached to the boat and watched from the surface as the
victim recompressed. When the recompressing diver engaged his
reserve valve  indicating low air pressure in his tank!, the
observing diver went to the bottom and exchanged tanks, thereby
letting the victim have another full tank. The victim later
ascended to 25 fsw and then to 15 fsw, where he stayed until the
air supply wa.s almost gone, and then he surfaced. He felt a
little tired that evening, but he appeared to be walking normally
and had good return of strength in his legs and arms, as well as
good sensati on th r oughout hi s body.

Another incident, which was reported by one of the divers
interviewed, may explain why immediate in-water recompression for
the treatment of decompression sickness is practiced in Hawaii.
This incident was subsequently verified by other divers involved
and by the county Coroner's Office. On this day of fishing, four
divers were working in pairs at a site in about 165 to 180 fsw.
Each pair alternated diving and made two dives each. Upon
surfacing from the second dive, both divers of the second pair
rapidly developed signs and symptoms of severe CNS decompression
sickness. The driver of the boat and the other diver decided to
take both victims to the U. S. Navy recompression chamber, so they
headed for the dock some 30 minutes away. However, one diver
refused to go and elected to undergo in-water recompression. He
took two full scuba tanks and told the boat driver to come back
and pick him up af ter they got the other diver to the chamber.
He was then rolled over the side of the boat. The boat crew
returned af ter 2 hours to pick him up. He was asymptomatic and
apparently cured of the disease. The other diver died of severe
decompression sickness in the Med-Evac helicopter on the way to
the recompression chamber.

DISCUSSIOH

Recent research has provided a scientific basis for the
empirical practices of Hawaii' s diving fishermen not only in
diving but also in the treatment of decompression sickness. On
the basis of the personal interviews with these diving fishermen,
it can be inferred that they have empirically learned a very
efficient and relatively safe diving method. The number of dives
made by these fishermen exceed the number made by most commercial
or military divers manyfold. These divers have, for the most
part, learned to dive at great depths by trial and error, and
they plan their underwater work to be as efficient as possible
because the quantity of their harvest depends upon how effi-
ciently they work. ln the beginning they had no guidelines in
the way of dive tables so they used their subjective feelings to
determine their diving depth limit. They all have had decompres-
sion sickness of varying degrees of severity and by experience
learned to recognize their subjective DCS end points. When they
recognized early signs or symptoms, they usually terminated their
diving "work" for the day and took a shallower  less than 60 fsw!
dive to decompress and relieve the signs or symptoms. This



shallow dive was not just f or decompressing, but also for
spearing fish or octopus.

In addition to learning their subjective "bends" end point,
these divers have empirically developed diving procedures which
we now zecognize as being compatible with sound scientif ic
principles. The frequently quoted but previously undocumented
statement that Hawaii's diving fishermen make deeper and more
dives per day than would be permitted by U. S. Navy air diving
tables has been established by this survey.

The scientific explanation as to why these fishermen can
make such deep dives and so many dives per day with relative
safety can be explained on the basis of the micronuclei theory of
gas bubble formation expounded by Yount and Strauss �976! and by
Kunkle �979! . According to the gas micronuclei theory, a diver
could significantly inczease his tolerance against bubble forma-
tion  and therefore against incurring decompression sickness! by
following three simple diving practices:

Make the first dive of the day a deep, short  crush!
dive. This 'crushes" the micronuclei down to a
smaller, saf er size.
Make succeeding dives of the day progressively more
shallow, thus diving within the crush limit of the
first dive.
Make frequent dives, i.e., at least every other day,
which depletes the gas micronuclei pool of the body,
thus depleting the number of micronuclei available to
form bubbles.

2.

3.

The effectiveness of these practices has been substantiated by
in-vivo testing  Beckman et al., 1984! . Hawaii's diving
fishermen have empirically learned to utilize these physical
principles to their own advantage, as the results of this survey
demonstrate.

Not only have Hawaii' s diving f ishermen empirically devel-
oped more efficient diving techniques, but they have also
empirically learned more efficient techniques for treating DCS if
it occurs. They have learned the advantage of immediate treat-
ment for decompression sickness by in-water recompression using
scuba.

Hawaii' s diving fishermen also recognized these problems.
They usually took extra scuba tanks in case treatment of a
stricken diver would be required. They knew f rom experience that

The U. S. Navy early recognized the advantage of immediate
recompression in water for hard-hat divers, but pointed out the
diff iculties which would have to be overcome -- i. e., cold,
prolonged immersion, and diff iculties in communication � if this
treatment were to be used by scuba divers  U. S. Navy Department,
1963! .



the waters around Hawaii are warm enough to permit long in-water
recompressions, and that communication can be maintained both
visually from the surface through the clear water and by the
attendant diver swimming down, at regular intervals, to check the
victim.

Xn the early stages, the treatment of decompression sickness
is basically the treatment of gas bubbles. Beckman �980! and
Kunkle and Beckman �983! demonstrated that the rapid dissolution
of bubbles in gelatin, as in the body, requires immediate
adequate repressurization. As shown in Figure 1, the length of
time required to dissolve bubbles with a given overpressure is
directly proportional to the size of the bubble. Therefore, the
smaller the bubble, the shorter the time needed to dissolve that
bubble at. any given overpressure.
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Figure l. Curves to show time  L! required to dissolve bubles of
graded size af ter application of different
overpressures

The bubbles studied by Kunkle and Beckman �983! in both
agarose gel and body fluids grew to approximately 1 mm in diam-
eter in 5 hours  Figure 2!. Hills and Butler �981! measured the
size of bubbles which were collected from the right heart of dogs
which had been exposed to a simulated air dive. The bubbles
increased in size from 30 micrometers 5 minutes after the dive,
to greater than 100 micrometers in 30 minutes, and to a maximum
diameter of 700 micrometers � a bubble growth rate comparable
with that observed in gelatin. Figure 1 shows that, with any
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given overpressure, the length of time required to dissolve
bubbles of 250 micrometers in diameter would be significantly
shorter  i.e., more than 10 times shorter! than that required to
dissolve large bubbles � mm in diameter! allowed to grow for 5
hours.

Immediate recompression within less than S minutes  i.e.,
when the bubbles are less than 100 micrometers in diameter! is
therefore essential if rapid bubble dissolution is to be
achieved. Hawaii's diving fishermen have recognized the urgency
of immediate recompression if treatment is to be successful and
have opted to return to the depths immediately. The data
reported above bear out the wisdom of their decision. Only when
treatment in water is unsuccessful do they seek help from the
recompression treatment facilities on the islands.

More recently Hawaii's diving fishermen have been encouraged
to carry a tank of oxygen  of 120 cu ft or more capacity! in
their boat for use in treating decompression sickness in water.
They have been instructed in the use of the Australian emergency
underwater oxygen treatment  Edmonds et al., 1976; Appendix A!
and the Hawaiian emergency in-water, air-oxygen recompression



treatment  Beckman, 1981; Appendix B! . They have been encouraged
to carry the necessary equipment  tank of oxygen and regulator
with 30-ft tether! with them on their boat and to initiate treat-
ment by either method immediately if any crew member develops
signs or symptoms which could be related to decompression sick-
ness. The recompression profiles to be used for these treatments
are shown in Figures 3 and 4.
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Figure 4. Hawaiian emergency in-water decompression
treatment schedule using air and oxygen

COjICMS TONS

Make more dives during their diving career than most
commer cial or military divers
Make more and deeper dives in a day than would be
permitted by the U. S. Navy Standard Air Decompression
Tables
Have experienced the onset of decompression sickness
while diving f rom a boat
Have learned to i ni ti ate immedi ate tr eatment for thei r
decompression sickness by in-water recompression using
scuba

Have treated DCS of all types  i. e., bone pain,
vertigo, loss of sensation, and/or loss of ability to
move limbs! by immediate in-water recompression
Have established that the efficacy of immediate
in-water recompression using air as a breathing gas is
equal to or better than results from later treatment
by recompression and oxygen in recompression chambers
using standard treatment procedures  87.7 percent had

2.

3.

6.

The results of this survey establish that many of Hawaii' s
diving f ishermen:



complete recovery, 9.7 percent had moderate residuals
f or which further treatment was ref used, and 2.7
percent failed to obtain satisfactory relief and
sought f urther treatment!

Several factors should be considered before making a deci-
sion to use in-water recompression. Such factors include:  l!
on board supply of air and other breathing gases; �! ability of
the patient to accept treatment; �! personnel available to help;
�! the signs and symptoms, indicating the severity of the
disease and the urgency of treatment; �! time, usually measured
as distance from the dive site to land support; �! ocean condi-
tions; and �! availability of transportation to get patient to
the treatment. facility. If an evaluation of these factors
indicates the need for and the support to undertake in-water
recompression, this survey indicates that the stricken diver
would generally benefit from such treatment.

RECO1983HDATIONS

If Hawaii ' s diving f i shermen were to add the use of oxygen
breathing to their in-water recompression treatment, the effec-
tiveness of the treatment would be increased even more. It is
theref ore recommended that Hawaii ' s diving f ishermen, when
afflicted with signs or symptoms of decompression sickness while
diving, utilize either the Australian emergency in-water recom-
pression table using oxygen, or the Hawaiian emergency in-water
decompression sickness treatment schedule using air and oxygen.

REFERENCES CITED

Beckman, E. L. 1980. Treatment of decompression sickness based
upon bubble dissolution physics. In oc e e

c

Beckman, E.L. l981. An emergency method f or immediate in-water
treatment of decompression sickness. Presented at Alii Holo
Kai Dive Club, June 30, 1981.

Beckman, E.I., T.D. Kunkle, B. Porter, and A. Morita. 1984. Gas
bubble disease in dogs. II. Effect of rapid compression.
Undersea Medical Society, Annual Meeting, May 30, 1984, San
Ant oni o, Texas.

7 ~ . 6 I . 76.
1st ed. New South Wales, Australia:

Diving Medical Centre Publication.

Hills, B. A., and B. D. Butler. 1981. Size distribution of air
emboli produced by decompression. e ' omed'
~~ mrs 8:163-170.

11



Kanwi sher, J., K. Law son, and R. Strauss. 1974. Acousti c tel e-
metry from human divers. m d'c
1:99-109.

Kunkl e, T. D. 1979. c u td f 'd
UNIHI-SEAGRANT-TR-80-01, University of Hawaii Sea Grant
College Pr ogr am, Honol ul u.

Kunkle, T. D., and E. L. Beckman. 1983. Bubble dissolution
physics and the treatment of decompression sickness.

8 � 0.

Spencer, M. P., S. K. Hong, and R. H. Strauss. 1974. Venous gas
emboii in Hawaiian divers. d'
1-A-18.

U. S. Navy Department, Section 3. 1963.
 NAVSHIPS 250-538!. Washington, D. C.: U. S. Government
Printing Office.

Wade C.E., E.M. Hayashi, T.M. Cashman, and E.L. Beckman. 1978.
Incidence of dysbaric osteonecrosis in Hawaii's diving
fishermen. c 5:2.

Yount, D. E., and R. H. Strauss. 1976. Bubble f ormation in
gel ati n: A model for de compr e s si on si ckne ss.
Zh>~i~ 47: 5081-5089.

12



APPENDICES



Appendix A. Australian Recompression Tables

�! AUSTRALIAN T48LES
 eJ Emergerrcy recompression treatment in the water, using oxygen
Notes:
1, This technique may be useful in treating cases of decompression sickness in

localities remote from recompression facilities. It may also be of use while
suitable transport to such a centre is being arranged.

2. In planning, it should be realised that the therapy may take up to 3 hours. The risks
of cold, immersion and other environmental factors should be balanced against
the beneficial effects. The diver must be accompanied by an attendant.

ErttrlpmenL
The following equipment is essential before attempting this form of treatment.
1. Full face mask with demand valve and surface supply system QR helmet with free

flow.

2. Adequate supply of 10096 oxygen for patient, and air for attendant.
3. Wet suit for thermal protection.
4. Shot with at least 10 metres of rope  a seat or harness may be rigged to the shot!.
5. Some form of communication system between patient, attendant and surface.
Method
1. The patient is lowered on the shot rope to 9 metres, breathing 100% oxygen.
2. Ascent is commenced after 30 minutes in mild cases, or 60 minutes in severe

cases, if iinprovement has occurred. These times may be extended to 60 minutes
and 90 minutes respectively if there is no improvement.
Ascent is at the rate of 1 metre every 12 minutes
If symptoms recur remain at depth a further 30 minutes before continuing ascent.
If oxygen supply is exhausted, return to the surface, rather than breathe air.
After surfacing the patient should be given one hour on oxygen, one hour off, for a
further 12 hours.

3

4 5
6

Table Aust 9  RAN 82!, short oxygen table

Total table time 2 hours 6 min � 2 hours 36 min for mild cases
2 hours 36 min � 3 hours 6 min for serious cases

 b! Treatment of delayed or complicated cases of decompression sickness.
1, Recompress to a depth which produces an acceptable clinical result,
2. Administer oxygen mixture by mask. Percentage of inspired oxygen is determined

by the absolute pressure. The aim is to achieve an oxygen partial pressure of 2 ATA
e.g. at 30 metres a 50% oxygen mixture could be used.

3. Higher partial pressures of oxygen may be used if depth of recompression is
shallow e.g. if an acceptable clinical result is produced at 18 metres, 100% oxygen

15

Reproduced from 'c e 'c' , p. 558, with
permission from the authors and the publisher, Biomedical Marine
Services Pty. Ltd.



Appendix B. Hawaiian Emergency Air-Oxygen Treatment for
Decompression Sickness

This decompression sickness treatment table is designed f or
use by Hawaii's diving fishermen when afflicted with decompres-
sion sickness while diving and when more than 30 minutes away
from a regular recompression treatment facility.

In such an event, treatment must be initiated as soon as the
signs or symptoms of decompression sickness are recognized. The
urgent nature of the treatment must be recognized and acted upon
immediately, inasmuch as nervous tissue of the brain or spinal
cord can only be completely revived within the first 7 to 8 min-
utes after its oxygen supply has been stopped by the intravas-
cular bubble emboli of decompression sickness.

Because of the urgency to initiate adequate recompression
therapy, this treatment regime is designed to utilize �!

standard scuba gear to a depth 33 fsw greater than that required
to relieve the signs and symptoms of the disease, and �! pi~~~e~

safe ascent to the surface. An oxygen supply bottle �20 cu ft
capacity! is provided in the boat connected with a 40-ft long
diving hose and a scuba regulator. The victim and the attendant
diver, both using scuba, should descend to 30 ft past the depth
of relief of the signs and symptoms of the disease, but not to
exceed 165 fsw. The victim should stay at that depth for 10
minutes, and then start a gradual ascent with stops every minute
to check to see whether signs and symptoms of the disease have
returned. The rate of ascent should be no faster than 30
ft/minute for the first 2 minutes, with decreasing rates so that
at 40 fsw the rate is 5 ft/minute. If no return of symptoms is
noted, then slow ascent should be continued with total ascent
time to 30 fsw being not less than 10 minutes.

Upon reaching 30 fsw, the patient should switch to 100
percent oxygen breathing, using the regulator and hose supplied
from an oxygen bottle in the boat. Oxygen breathing must be
continued at 30 fsw for a minimum of 1 hour, so as to wash out
the excess nitrogen which caused the disease, plus the additional
nitrogen excess accumulated during the deep descent required to
crush the bubbles producing the disease. The victim should be
checked regularly  i. e., every 15 minutes! by an attending diver
descending from the surface. After 1 hour of oxygen breathing at
30 fsw, consideration can be given to starting the ascent if the
symptom was "pain only." However, if the disease presented brain
or spinal cord manifestations, the victim should stay at 30 fsw
for another hour and carry out a "scrape " dive if desired.
Regardless of the length of time spent breathing oxygen at 30
fsw, the ascent to the surface should be slow  i.e., 10 minutes!,
and the victim should continue to breath oxygen in the boat for
another hour, or until the supply of oxygen is exhausted.
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The safety of the attending diver must be taken into account
at all times, inasmuch as the attending diver most probably had
also been fishing and exposed to increased air pressure. There-
fore, the attending diver may also need to decompress af ter
taking the victim to depth, particularly if it was necessary to
descend to 100 fsw or greater. Zn such an event the attendant
diver should transfer responsibility for the victim to another
diver as soon as the patient has relief of symptoms at depth and
should himself ascend to 30 fsw and breath oxygen for 10 minutes
before returning to the surface.

These emergency air-oxygen treatment tables, like all decom-
pression sickness treatment tables, must be used with j udgment
based upon diving experience. Nost experienced divers have
learned that the disappearance of the signs and symptoms of the
disease at depth does not mean that the disease is cured and that
the diver can ascend and go home. After relief of symptoms, the
tedium of preventing the disease from returning upon surfacing
begins. This is the purpose of the oxygen breathing.

Even af ter a saf e, symptom-free ascent to the surface has
been accomplished, a diving medical officer should be consulted
upon return to shore, and the possibility that the symptoms might
return should be considered and planned for.

An adequate supply of oxygen on board boat, i. e., a
120 cu f t capacity or greater bottle, an oxygen-clean
hose at least 40-ft long plus f ittings, and an
oxygen-clean scuba regulator and mouth piece
A length of line marked to 30 ft from the waterline
with seat attached upon which the victim can sit
during decompression  the seat should be wei ghted so
as to make victim and seat negatively bouyant!
Extra air tanks for victim and attending diver
 minimum of two!
Anchor rope or sounding float line marked at 165 ft
Depth gauge and watch f or use by attending diver
Wet suit jacket. for use by victim with appropriate
weights

2.

3.

4.

5.
6.

5eMMo

Upon recognizing symptoms or signs of decompression

a. Stop the engines
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Although oxygen breathing is used in the treatment of DCS at
depths to 60 fsw in a dry chamber, the possible occurrence of
oxygen toxicity makes the use of oxygen breathing in water below
30 fsw unwise.



Throw over anchor line and let out to l65 f sw or
to bottom
Rig one full air tank f or victim and another for
attendant diver
Put victim in water with one attendant diver  or
two if required! to take victim down anchor line
Descend to depth of relief plus 30 fsw
Keep victim at that depth for 10 minut.es
Attending diver and victim start slow ascent
with initial rate of 30 ft/minute with stops
every minute f or asse ssment of pa ti ent ' s
condition
Ascent from maximum depth to oxygen breathing
depth of 30 f sw should not take less than 10
minutes. Suggested rates of ascents from 165
f sw are: 30 f t/minute x 2 minute; 15 f t/minute
x 2 minute; 10 ft/minute x 3 minute; 5 ft/minute
x 3 minute
If patient starts to experience recurrence of
any signs or symptoms, return to 10-ft deeper
stop for 5 minutes, then resume ascent
During deep air breathing period, crew in boat
rigs oxygen breathing equipment with regulator
attached to hose and line with seat at 30 fsw
Upon reaching 30 fsw victim switches to oxygen
breathing
Victim breathes oxygen at 30 fsw for a minimum
of 1 hour
If victim had initial symptoms of pain only, and
if signs and symptoms are relieved af ter 1 hour
of breathing oxygen, star t slow ascent. If
victim had signs and symptoms of CNS disease,
keep victim at 30 fsw on oxygen for one or two
addi ti onal 30-mi nute pe r i ods. When v i ct im is
completely relieved, start slow ascent to
s ur f a ce whi1 e br eath i ng oxy gen.
lf the in-water recompression is not ef f ective
and the supply of oxygen is apparently
i na deq ua te, erne r ge ncy tr anspo r t to the on- sh or e
r e corn pr e ss i on cham be r sh oui d be ar r ange d.
Recompression on oxygen at 30 fsw should be
continued until the oxygen supply is exhausted
or transport arrives.
Even if victim is asymptomatic when reaching
surf ace, have victim breath oxygen in boat on
surf ace until supply is exhausted. Consult with
diving medical of f icer upon return to shore,


