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Decompression sickness or the “bends” is oc-
curring all too frequently in the sport diving
population. This easily preventable diver's di-
sease must be avoided. There is no need for
sport divers to “take chances” and place them-
selves in situations that might result in “bends.”
Decompression sickness is sertous. Its effects,
especially if there is a long delay between ap-
pearance of symptoms and treatment, can be
catastrophic and life threatening. Too often
victims of decompression sickness are unaware
of the proper procedures for using diving
tables, sport diving limitations, the symptoms
of and treatment for decompression sickness
and the seriousness of the disease. Many
scuba divers dive withoul the benefit of de-
compression tables, a watch (or dive timer)
and depth gauge. These items of equip-
ment are mandatory for safe diving.

The following are common ¢questions asked
by divers:

What are the recommended limits for sport
divers? Most authorities concur that the ab-
solute maximum depth limit for sport divers
is 130 feet. Any dive beyond a depth of 60
feel is a deep dive. Sport divers should also
remain well within the no-decompression time
limits given by the UU.8. Navy. These times
are as follows:

Depth (in feet) Time (in minutes)

35 310
40 200
50 100
60 60
70 50
80 40
90 30
100 25
110 20
120 15
130 16

—— Dives requiring decompression stops are con-

s sidered as beyond the limitations of the equip-
ment, training, and support facilities available
to sport divers. All divers must know how to

¢

accurately compute ‘“‘no-decompression’ repeti-
tive dives.

Why are sport scuba divers requested not to
exceed 130 feet? For any scuba diver, 130
feet is a deep dive. In fact, any depth in
excess of 60 feet is “deep” for a sport diver.
Limited air supply, short diver duration, po-
tential decompression, nitrogen narcosis, loss
of wet suit insulating efficiency, and increased
difficulty in returning to the surface if air
supply is depleted or malfunctions are among
the many reasons for this limitation. From a
practical viewpoint, there is simply very little
to do on a deep dive and far less time in
which to do it. Emergency situations that
would be fairly easily rescolved by routine pro-
cedures at shallow depths become extremely
complicated and may cost the diver his life at
greater depths. In any event, rapid emergency
ascent from a deep dive most generally results
in decompression sickness. Be conservative!
Is there really that much more to do and see
below 60 feet?

Why should I avoid “‘decompression’ dives?
Decompression implies required stops at given
depths for specific time intervals during ascent,
Depth and time measurements are critical.
Failure to complete necessary decompression
stops generally leads to decompression sickness.
Furthermore, the incidence of decompression
sickness is far higher in decompression diving
than in no-decompression diving. From a prac-
tical viewpoint, if a diver errs in depth mea-
surement, timing, or ascent rate, he is more
likely to complete the “no-decompression™
dive without injury than the decompression
dive. A diver who conservatively plans his
dive within the no-decompression limits is far
more likely Lo survive an emergency ascent
without developing decompression sickness.

Is the rate of ascent important? Yes! The
U1.5. Navy tables are developed with a pre-
scribed 80 foot per minute rate of ascent.
Deviations from this ascent rate require special
procedures as given in the instructions for use
of the tables. Failure to consider these special
procedures can lead to decompression sickness.
Sport divers are noted for violation of ascent
rate standards. One study revealed that the
average sport diver ascended at a rate in ex-




cess of 100 feet per minute. Some have been
timed in excesss of 200 feet per minute in
routine diving. Remember, it should take
about 10 seconds to ascend from the botftom
of an average swimming pool, Have you check-
ed your rate of ascent? Use a watch and
depth gauge; five feet in five seconds!

Can I get “bent” if I follow the U.S. Navy
Stendard Air Decompression Tables exactly?
Yes! Divers have suffered decompression sick-
ness while following the tables exactly. There
are a number of factors to consider. First,
it is virtually impossible to develop a ‘“‘practi-
cal,” totally bends-free table to fit every indi-
vidual and situation. The times and limita-
tions would be prohibitive. Nitrogen absorp-
tion and elimination in the human body are
dependent upon a number of variables. Tables
have been developed to best protect a normal,
healthy adult diver. Most statistical data in
table use and testing is based on a medically
and physically fit male population between
the ages of 18 and 35 vears. Physiological
deviations associated with poor physical condi-
tion, aging, and obesity are sufficient to pre-
cipitate bends under the same diving conditions
that would be safe for a normal, healthy young
adult., Based on physiological differences, fe-
male divers are probably subject to a higher
incidence of bends using standard tables than
their male counterparts. There is very limited
statistical data available on female scuba divers.
Sécond, the level of physical exertion and
the thermal status of the diver alter nitrogen
absorption-elimination. Persons who have
worked hard and/or chilled significantly on a
dive are more susceptible to decompression
sickness. Third, daily diver condition is im-
portant. A higher incidence of decompression
sickness can be expected in individuals who
are suffering from minor illness {colds, diar-
rhea, etc.), lack of sleep, alcohol intoxication
{and hangovers), alcohol or drug consumption
prior to diving, and the like.

Finally, the tables are not perfect. Many
divers state that a 5% incidence of decompres-
sion sickness can be expected using the stan-
dard U.S. Navy tables. Recent studies of the
Navy diving population suggest that this figure
is actually less than 1%. Some dive table

schedules show a greater tendency to produce
trouble than others. For example, the “no-
decompression” limit of 100 minutes for 50
feet is probably questionable. Recent studies
suggest that 85 minutes might be more desir-
able, Divers using the exceptional! exposure
tables historically have a high incidence of
bends.

Be conservative! Do not *“‘push” the tables.
Plan your dives to start your ascent before
you reach the ‘“no-decompression” limit.
Avoid decompression dives!

How accurate is my depth gauge? The stan-
dard of accuracy for new depth gauges varies
from £ 1% to X 5% of full scale depending
upon the gauge model and manufacturer. This
means that a new gauge (250 ft. model) could
have a variation range of 37.5 ft. to 62.5 {t.
at an actual depth of 50 ft. and 117.5 ft. to
142.5 ft. at 130 ft. In addition, mechanical
damage from use and abuse can cause even
greater variation. Consult manufacturer’s in-
struction sheet for accuracy information on
new gauges and periodically check your gauge's
accuracy against a precisely measured standard.
Some divers use a tagged line or chain for

this purpose. Do not assume that your gauge
is accurate. An error of several feet could
make a significant difference in establishing
your “‘no-decompression” time limit. This
error could result in decompression sickness.
Another thing....are you sure you remembered
to read the gauge at the deepest point of

your dive? Be conservative! Check the accura-
¢y of your gauge and, for a greater safety mar-
gin, add an extra 10 feet to the indicated
depth when diving.

What about decompression meters? Decom-
pression meters have been used with apparent
success for years in sport diving. Studies com-
paring decompression meter readings with U.S,
Navy tables reveal significant variations in “no-
decompression” time limits for the same dive
depth. Significant variations are also noted
for decompression dives, repetitive dives, long
surface intervals, and so on. These instruments
are subject to mechanical damage from use
and abuse. This damage may greatly affect
the reliability of the instrument. Contrary to
popular belief, divers have suffered decompres-



sion sickness while diving with decompression
meters.

What about cold divers? A cold and/or fa-
tigued diver is more susceptible to decompres-
sion sickness. The U.S. Navy requires that the
diver use the next greater depth and/or time
in computing the diver’s decompression for
cold and arduous dives. For sport divers,
add 10 feet to the actual bottom depth for
determining the “no-decompression’ dive
time limit. Under extremely cold condi-
tions, also reduce the actual dive time tc at
least 10 minutes less than that allowed.

Do sport divers get bent frequently? Much
too often. Many hyperbaric chamber facilities
around the country report a higher incidence
of decompression sickness among sport divers
than commercial or military divers. An alarm-
ing number of probable bends go untreated
each year. Numerous reports of sport divers
experiencing joint pain, itching, dizziness, un-
usual headaches, muscular weakness, prickly
skin sensations, and even temporary extremi-
ty paralysis or blindness circulate throughout
the diving community. Many of these divers
never apply for treatment. We estimate that
untreated minor bends cases may occur in the
Michigan area on any good summer weekend.

Should I make an “‘unrequired” decompression
stop for added “‘safety?” 'This is a matter of
personal preference and training. Many instruc-
tors encourage a three to ten minute stop at
10 feet during ascent from “no-decompression”
dives. As long as the “safety stop” is not
carried to an extreme by the diver we can see
no harm in this procedure. In fact, consider-
ing all the variables involved, the stop may be
quite beneficial.

How long must I weait until T fly after
diving? Flying too soon after scuba diving
can cause decompression sickness. NASA
researchers recommend that divers allow at
least a two-hour surface interval following
only ‘“no-decompression’” dives in the pre-
vious 12 hour period. A 24 hour surface
interval is required following a decompres-
sion dive. These figures are for routine
commercial aircraft that maintain a cabin

altitude of 5,000 to 8,000 feet. Many
small charter aircraft exceed this limit. Be
conservative! Plan your dives to allow at
least 12 hours before flying following a “no-
decompression” dive.

What is aseptic bone necrosis and can I gei
it? Yes, you are subject to this disease!
Aseptic bone necrosis is a disease process
whereby normal bone is broken down and
destroyed because of a lack of proper blood
supply. All divers and pressure workers are
subject to this disease because bubbles
forming in the blood as a result of in-
adequate decompression may lodge in the
nutrient arteries supplying the bone and
block blood supply to the bone. Case
studies reveal that aseptic bone necrosis can
develop in individuals following only a sin-
gle exposure to pressure without adequate
decompression and from long dives to depths
as shallow as 38 feet.

Currently there are little or no aseptic
bone necrosis data available on sport divers.
Long delays of months to years between
pressure exposure and actual symptomatic
development of the disease can be expected.
Diagnosis of minor cases or early symptoms
is difficult and requires special X-ray pro-
cedures and interpretations.

Advanced cases of this disease may be
serious and crippling, Until more is known
about the disease and its relation to sport
divers, don’t take chances. Be conservative!

How do I know if I'm bent? If you ex-
perience joint pain, extreme fatigue, severe
dizziness, numbness andjor extreme weakness
in your arms or legs, visual defects, and
other “‘unusual symptoms” following a dive,
you may be suffering from decompression
sickness. You should immediately evaluate
yowr diving schedule for the day and
determine:
Did T time my dives accurately?
Were my depth measurements accurate?
Did I stay within the “no-decompres-
sion” limits?
Were my repetitive dives calculated
accurately?
Did I allow a ‘“safety margin?”’
Did I avoid making decompression dives?



Did I injure myself during the dive?
Did 1 plan my dives and read the
tables accurately?

If you have apparent symptoms of decom-
pression sickness and you answer ‘“‘No,” or
are unsure of the answer to one or more of
the above questions, you may be ‘“‘a victim.”
Symptoms generally appear within 2 or 3
hours following the dive. However, delayed
symptoms up to 24 hours are possible.

What do I do if I suspect that I am a
victim of decompression sickness? Remain
calm, notify your diving buddies, and do
not drive a car. Reevaluate all aspects of
your diving day. Be alert for intensifying
pain, onset of extremity weakness or para-
lysis, etc. Maintain a qualified diver with
you at all times; respiratory or cardiac ar-
rest is possible. If symptoms persist and/or
intensify, arrange for immediate transport to
a hospital. Do not take drugs or pain Kkill-
ers! Take measures to prevent shock and
breathe pure oxygen. Provide the examining
physician with a complete history of the
dive(s) and subsequent onset of symptoms.
Physicians in the Michigan-Ohio area can con-
tact the University of Michigan Medical Center
Paging Service (313/764-4244, Diving Physician
Motorola No. 146) or Emergency Room
(313/764-5102) for consultation and recom-
pression treatment information. Local phy-
siclans may also contact the U.S. Air Force
School of Aerospace Medicine at Brooks Air
Force Base, San Anionio, Texas for consul-
tation and location of nearest hyperbaric
treatment, facilities. The emergency telephone
number is (512) 536-3278 or simply dial
area code 512 and the letters on the tele-
phone dial that spell LEOQO FAST. Divers
are cautioned not to use these numbers in-
discriminately. Please reserve them for
physician consultation and emergency services.

REMEMBER,

Avoid decompression dives!

Avoid deep dives!

Know your depth and time accurately!
Plan your dives!

Dive your plan!

Be conservative!
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QOurs is an increasingly drug-centered
society. We lake drugs for everything {rom
waking up to falling asleep. But drugs have no
place in the diver’s world.

What are drugs? You probably think of
the more publicized “hard” drugs such as am-
phetamines and barbituates. But other drugs
such as tobaceo, alcohol, and aspirin can be as
as dangerous to the diver.

Drugs affect the body’s biochemistry.
They affect normal functions through distor-
tion of sensations, perceptions, thought pro-
cesses, and muscular control.

TYPES OF DRUGS

Downers: Downers include sedatives such
as Doriden , Quaslude , harbituates, and opium
and its narcotic derivalives {heroin, morphine,
Demerol and Percodan ). These drugs cause
mental confusion or impairment. The fingers
may become numb; breathing is slowed. Even-
tually these drugs cause sleep. This is the de-
sired effect in a hospital setting, but it would
be disastrous underwaler.

Uppers: Uppers are powerful stimulants.
They mclude the amphetamines. Initially,
these drugs elevate mood, but they may cause
subsequent depression.  Uppers inhibit appetite,
prevent sleep, and cause profound changes in
behavior. Heavy users of stimulants show
emotional instability, reduced mental functions
and delusions of persecution.

Some divers misiakenly think ampheta-
mines can counteract nifrogen narcosis. This
is false! Amphetamines can actualily increase
narcosis.

Hallucinogens: Hallucinogenic drugs are
the most dangerous of all for divers. They
distort the real world, creating inaccurate per-
coptions. They may cause suppressed hehavioral
gbnormalities to surface. Hallucinogens inchide
L.SD, psilocybin, mescaline, amphetamines,
and others.

Currenl controversy centers over the
guestion of the long-term effects of smoking
marijuana. Besides the debilitating effects of
smoke on the throat and lungs, this drug can
produce adverse effects on the diver’s mental
processes, motor coordination, physical stamina,
and coid tolerance. In warm weather, the
diver may hecome ultra-relaxed, sleepy, un-
aware, and lazy. Work ahility may be drasti-
cally reduced. It is unlikely that a “‘high™
diver will be able to respond properly, if at
all, in the face of panic or an emergency.

Smoking: Smoking any substance
makes diving less safe. Smoke causes in-
flammation in the lining of the bronchi
and increases the amount of mucus in the
airways. This leads to airway obstruction
and may result in lung barotrauma during
ascent,



Heavy smokers can reduce their ahility
to use oxygen by as much as 15%. Carbon
monoxide in the smoke combines with hemo-
globin in blood cells, making it incapable of
transporting oxygen through the body.

Aspirin: There has been a suggestion
that aspirin may prevent decompression sick-
ness. Presently, there is no evidence or
any large-scale scientific study to support
this. Therefore, aspirin is not recommended
as a preventative.

Alcohol:  Avoid alcoholic beverages
before, during, or immediately after diving.
Your safety 1s jeoparidized by the effects
of mental disortentation, lessened coordina-
tion, vertigo (dizziness), poor judgement,
and general weakness.

Alcohol has other effects besides the ob-
vious impairments. Drinking causcs vasodila-
tion of the skin, and increases the uptake of
nitrogen by fat cells. Surface tension in the
blood is reduced, favoring the formation and
growth of gas bubbles. The amount of plasma
fat increases, which favors blood clotting, an
important factor in decompression sick wss
and aseptic bone necrosis. Alcchol also in-
creases urine output, which can cause dehy-
dration. This in turn, affects the circulatory
system.

Alcohoel in excess should be avoided in
the 24 hour post dive period.



DRUG ABUSE

There has becn little research in the area
of drug abuse associated with diving. The
high pressures encountered with depth may
increase a drug’s effects, reverse it’s actions,
or stimulate totally unrelated effects. For
example, alcohol apparently increases nitrogen
narcosis, whereas other sedatives may oppose
it. Although rescarch is understandably limited,
it is known that many drugs do reduce oxygen
tolerance. Some favor and others retard de-
compression sickness, Side effects are as yet
unknown. Most drug interactions aren’t clear-
ly understood.

The safest measure a diver can take is to
completely avoid drug abuse. Do not mix
drugs, even prescription or “off the shelf”
drugs. As a diver, you should always be in
the best physical shape, with full and unhamp-
ercd use of all faculties, ready to respond in
any emergency. It is senseless to jecpardize
the life of your diving partner because of ig-
norance of drugs and their related effects.
Leave drugs at the surface, or you may leave
the surface for good!

This pamphlet, edited by Sandy Bacsanyi
and Dr. Lee Somers, is one of a continuing
series of safety and informational brochures.
It was produced by the Michigan Seéa Grant
Program, a joint effort of the University of
Michigan and the Michigan State Universily.

Other pamphlets available through Mich-
igan Sea Grant include: the Deep Diving
Syndrome, Cold-Water and Under-Tce Diving,
Bends and the Sport Diver, the Hyperbaric
Chamber, Diving and Fitness, the Diver’s Ear,
and Diving Programs at the University of
Michigan.
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Diving and Fitness

Physical fitness has finally become an
American fad. Top physical shape, we
know, will lead to improved circulation, an
attractive physique, and good overall health.
But good fitness is also a prerequisite for
many physically demanding sports, especially
scuba diving.

Good physical condition may be the
most important aspect of diving safety. Flex-
ibility, strength, and endnrance are all nec-
essary for underwater swimming and diving,
The diver who is thsically fit can stand
greater amounts of exertion for longer pe.
riods of time, and can beiter handle physical
and emotional stress in diving emergencies.

Diving can place severe stress oh the
entire body, especially the ci:culator}; and
respiratory systems. An increase in heart
rate and fatigue can be caused by anxiety,
lack of skill, overweight, cold water, and
breathing resistance.

On the average, the recreational diver
does not dive enough to maintain good
physical condition. For the occasional
weekend diver especially, diving must be
supplemented by a regular exercise program.
If you dive on a seasonal basis only, as most
gport divers do, you should begin special
conditioning six to eight weeks before the
diving season, and exercise regularly when
not diving.

There are many different conditioning

ograms available to the public, in great
gamand at any local bookstore. Short of
these cook-book fitness formulas or a doctor’s
recommended exercise program, jogging is
probably the best single exercise for overall
conditioning. Swimming, of course, is a
must for every diver's fitness program. But
any form of reiula: csEh ical exercise will
increase your physi itness.

CONDITIONING PROGRAMS

The aerobics program, developed in 1970
by Dr. Kenneth Cooper, hag proven to be one
of the best overall conditioning programs.
Aerobics is based upon exercises that stim-
ulate heart and lung activity long enough to
eventually produce adaptation by the body.
This program includes such diverse exercises
as running, walking, cycling, swimming, hand-
ball, basketball, and squash. What do these
exercises have in common? They all force
the body to work hard, demanding large
quantities of oxygen.

The main objective of the aerobics pro-
gram is to increase the amount of oxygen
that your body can use in a certain amount
of time. This requires the ability to:

1. breath large quantities of air

rapidly,

2. deliver large volumes of blood
guicldy,

3. deliver oxygen from the blood

to the cells efficiently.




Because the “‘aerobic capacity” reflects the
general condition of the respiratory and circula-
tory systems, it is a good indicator of overall
physical fitness.

The “training effect” is the change pro-
duced in the body by regular exercise. Aero-
bic exarcises produce this training effect by
strengthening breathing muscles, improving
the heart’s strength and pumping efficiency,
and toning body muscles.

If you are interested in starting an ex-
ercise program, or modifying an existing one,
read Cooper’s “The New Aerobics”, or other
publications recommended %ve your doctor
or another fitness expert. member, every-
one should have a good general medical ex-
amination before entering an exercise program.
Consult your physician!

This pamphlet, edited by Siandy Bacsanyi
and Dr. Lee Scemers, is one of a continuing
series of safefy and informational brochures.
It was produced by the Michigan Sea Grant
Program, a joint effort of the University of
Michigan and the Michigan State Univexsity.

Other pamphlets available through Mich-
ijgan Sea Grant include: the Deep Diving
Syndrome, Cold-Water and Under-Ice Diving,
Bends and the Sport Diver, the Hyperbaric
Chamber, and Diving Programs at the Uni-
versity of Michigan.
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The Deep Diving
Syndrome

LEE H. SOMERS, Ph.D.

How deep have you dived? Answer, “270
feet on a single 70,” Wow, you must be a
great scuba diver! Sound familiar? To many,
this used to be the criteria for determining pro-
ficiency or status of a sport scuba diver. For-
tunately through the efforts of knowledgeable
diving instructors, Skin Diver Magazine and
many individuals and organizations, the “deep
sport diving record book’’ has been bumed.

Unfortunately, there has been a recent re-
emetgence of the deep diving status symbol
among sport divers. In the Great Lakes we
frequently hear that “the only good wrecks
are below 150 feet” and the ‘“‘good”™ wreck
divers are now going down to them on a rou-
tine basis. “Over-the-wall” appears to be the
goal of every novice sport diver traveling to
the Bahamas and Caribbean. Somewhere along
the way, the sport diving community has cre-
ated a new monster. I guess this deep diving
monster has always been with us, but now he
is growing at an uncontrollable rate.

At a recent YMCA instructor training
workshop, I had an opportunity to review the
applications of some candidates. The listing
of scuba dives in excess of 180 feet is very
common on these applications, However, of
even greater concern is the increasing number
of applicants who record dives in excess of
260 feet and one to a depth of 290 feet.
Further investigations indicate that these dives
are being accomplished on standard compressed
air scuba, generally a single 70. Are these
listings ‘“‘valid” or simply attempts to impress
the staff? 1 personally feel that these depth
figures are valid within the normal error of
depth gauges. Sport divers are going deep
every day.

I recently interviewed a young lady with
7 years diving experience who had made a
275 foot over-the-wall dive in the Caribbean in
January 1974. The total dive time was ap-
proximately 20 minutes on a single 70 with
little or no stage decompression. Upon returning
to the boat she didn't feel well and experienced
severe fatigue. She rested or slept for about
four hours and awoke with some pain in her
left shoulder. She didn’t feel well and experi-
enced some degree of shoulder pain through
the night. Early the next morning, approxi-
mately 18 hours after completing the dive she
boarded an airplane for the returm trip to the
States. The shoulder pain intensified soon after
gaining altitude and a decision to seek profes-
gional help for treatment of decompression sick-
ness was made upon arrival in New Orleans.
The young lady underwent recompression treat-
ment for approximately 3 hours on oxygen
tables. Unfortunately, shoulder pain recurred
shortly after ireatment, however, the victim
didn’t return to the chamber for further treat-
ment. One month later she is still experiencing
intermittent shoulder pain, weakness in her left
arm, and problems moving her arm. Fortu-
nately her buddy returmned to a depth of 10 or
20 feet for 20 or 30 minutes and decompressed.
Apparently he did not suffer symptoms.

My Labor Day weekend last year was
spent at the University’s Underwater Technology
Laboratory treating a sport diver stricken with a
serious case of decompression sickness. When
the diver arrived at the chamber, he was para-
lyzed from the fifth thoracic vertebra down.

He had made two 150 foot dives earlier that
day. His automatic decompression computing
instrument apparently indicated he was clear to
surface without decompression stops on both
dives. After 43 hours of treatment, three weeks
of hospitalization and physical therapy, and a
period of convalescence, this diver was able to
return to a relatively normal life. He was
fortunate.

In my contacts with divers, diving instruc-
tors, and diving students I have noted the
following significant factors:



1. The hazards of diving are being de-
emphasized in many diving courses. Novice
divers have only a limited knowledge of the
real and more serious consequences of inade-
quate decompression. Few have been informed
about such problems as aseptic bone necrosis.

2. Some diving instructors still empha-
gize sport diver automatic decompression com-
puting instruments as substitutes for accepted
U.S. Navy Standard Air Decompression and
Repetitive Dive Tables.

3. Dives to depths exceeding 200 feet
are commonly made on a single 70 scuba.

4, Many sport divers have only limited
knowledge of nitrogen narcosis or respect for
the serious physical and mental impairment
that may be induced by nitrogen narcosis.

5. Consciously or unconsciously many
diving instructors are perpetuating the deep
diving syndrome by publicizing their personal
exploits. The instructor who uses his recent
experience of a 290 foot dive off Cozumel as
an example in a basic course is accomplishing
little more than providing his students with a
depth to shoot for. Do you, the diving in-
structor, brag just a little bit about your deep
dives?

6. Is 130 feet a realistic figure for “‘the
sport diver depth limit?” Many of us empha-
size this in our classes. Or does this just set
another goal to be reached and exceeded like
the B0 mph speed limit? Would it be better
if you presented your course so skillfully that,
on the final examination, each student arrived
at a reasonable and prudent depth figure on
his own? The magic 130 foot figure is common
knowledge to most novice divers, but few truly
understand why a depth limitation is established.

7. The increasing popularity and avail-
ability of variable-volume dry suits is allowing
divers to dive deeper and longer with far
greater comfort than previously in wet suits.
Air consumption is reduced and the diver is
comfortably warm for repetitive deep dives.



Divers who were previously forced to the sur-
face by cold and high air consumption are now
doubling their underwater time.

B. Deep dives are generally poorly
planned. In many cases exceptional exposure
tables (for dives exceeding 190 feet) are not
even available at the site. Decompression,. if
any, is haphazard.

9. Very few novice or experienced
divers know the U.S. Navy emergency pro-
cedure for handling an omitted or inter-
rupted decompression. Do you?

10. Many divers and instructors are un-
aware of the special decompression procedure
for a cold or arduous dive. Are you?

11. In this paper I do not intend to place
the blame on instructors, novice divers, equip-
ment manufacturers, or organizations. It is
not my place to act as judge and jury. Rather,
I'm calling on the diving community to reassess
its “values” and for each individual to examine
his or her own conscience relative to the deep
diving syndrome. Frankly, I'm scared! I'm
one of the guys that has to turn the valves
on the chamber.

This article has been reprinted from NAUT
NEWS, April 1974 by permission from the
National Association of Underwater Instructors.

Dr. Somers is an Associate Research Oceanographer,
Department of Atmospheric and Oceanic Science and
Assistant Professor, Department of Physical Education,
The University of Michigan. He is the Director of
the Michigan Sea Grant Program’s Underwater Tech-
nology Laboratory.

Research at the Underwater Technology Laboratory ls
supggrted by NOAA Office of Sea Grant, Depariment
of Commerce, under Grant No. 04-5-158-16 to the
Michigan Sea Grant Program.

Drowing by Sam Viviano.
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Cold -Water
and

Under-]ce Diving

Each year thousands of people dhiscover
the fascinaling sport of SCUBA diving.
While the total number of sport divers has
mercased enormously in the last decade,
the percentage of cold-waler (less than
507 F wauler temperalure) and under-ice
divers has nereased much more. You may
be among the 25% of all civilian divers that
dive in walers below 40 7 . Many take ad-
vanlage of Michigan's Great Lakes, where
waler temperatures are usually cold. In
gencral, cold-water diving  does involve a
hirher clement of risk than warm-watoer
diving.

The high potential risk associated with
cold-waler and under-ice diving could be
greatly reduced by caution and common
sense. Most accidents happen with a less
than 50% ice cover on a lake or pond,
Dhivers, imagining safety, swim rom open
waler to e cover and lose their way. This
could easily be prevenled by use of a safety
line, or by towing a large surface float.

Many divers don’t realize the high risk in-
volved In cold-water and under-ice diving,
Cold-water diving is barely comparable to
its warm-water counterpart. Cold water
strains the capacities of hoth diver and
cquipment; thus specialized training and
cquipment are helpful.

If you intend to participate in under-ice
diving, your best bet is to enroll in speciadd
courses in ice diving offercd by YMCAS,
public education programs, and private
diving schools.

What is cold stress? Cold stress s simply
the imiting Factor of cold on your diving
performance, comfort, and safely. Upon
conlact wilh cold waler, surface Liyers of
vour body are immedialely cooled, your
hlood vessels contract, your maetlabolie

and respiratory rates go up, and yvour heart
rate poes doewn. Your body tenses inlo a
defensive state against the cold. Continued
exposure to cold leads to localized cooling
of the extremitios. Muscle strength in the
hands and fect often decreases to a level of
uselessness: your hands will be too numb 1o
perform manual skills, Studies have shown
that as liltle as one minuie of exposure in
507 F water leads Lo a bOW decrecase in grip
strengti.

Prolonyed exposure leads Lo a decrease in
skill level, motivation, and anlicipation,
Clearty, cold divers are hazards to themselves
and others,

If you can sense that you are sulfering cold
stress, vou will probabiy protect yoursell
aguinst the more severe effects of hypoihermia.
liypothermia involves o lowering of the hody’s
core tempoerature. Whether you are diving or
standing by on Lhe suefacee, you should be able
Lo recognize symptoms in yoursel! and others.
Tnlense shivering, fatigue, siowing of physical
movements, poor articulation, feelings of deep
cold and numbness, and biueish skin are just
some of the symploms, 1 they appear, take
mensures quickly Lo reduce heat loss and pro-
vidle supplementary beat.

Could | get frosthite or snowhlindness?  Yes.
Exposed skin surfaces are susceptible Lo frost-

bite, which can occur when skin temperature drops
below 0" F.

Thvers and surface tendoers must also be wary
of snowblindness caused by over-exposure to
bright and reflected light, common condilions
on a frozen lake. Normal driving sunglasses do
not provide sulficient protection. Snowblind-
ness symploms often don’l occur until hours
wlter exposure. They include a feeling of prit
in the eyes, pain, walering, and redness, often
accomparnied by headacies.



Should | get spocial cquipment for cofd-water
diving? Yesand No. Most of the equipment.
used in regular SCUBA diving can be used in
cold-wealher diving, 'This includes mask, fins,
wreight belt, knife, complete exposure suit, a
7.2 cubic foot SCUBA with submersibie pres-
sure gatge, a watch and a depth gauge. Extrn
equipment needed are safety lines and a body
harncss, A snorket may be useful in soeme emer-
vencies, but should be carmmied on the body with
other cquipment, to prevent catching on the
safety line. Double hose repulialors although
scarce, are stll recommended by some authoritics
because the more popular single hose regulators
can be a problem o cold-water diving.

In one study ol regulator function in cold
weather, 18% of the single-hose resulators
tested maudlunctioned in the open position dne
to internal freezing. Less than 4% of the double
hose resulators matfunctioned. Thus, the diver
must he alert Lo regulator malfunction and be
prepared to return immmeciately Lo Lhe surface,
Also, Lo provent maosture buildup and freezing
ol Lhe repulator, the air in the tank must be
absolutely moisture-free. Other procautions
are: (o) avoid getting waler into Uhe regulator
whoen rinsing, (b)) aveld precooling the regula-
tor befare the dive, (¢} use a duaal regulator-
cylinder systom with a erossover unil for ciner-
pencey air, and (d} aveid pressing the purge bul-
Lon Tor over lve seconds,

Recommended safety lines are made from
polyethylene or polypropylene. They oal
and stay out of the way. Manila may be used,
but it breaks casily after freezing, The safety
tine should be ticd to a stake at the surlace or
to the ice shelter.

How should the fong-sultfering surlace crew
foak after themselves? The surlace crew
should wear wool and down garments Lo keep
warin, and they should use a shelter in had
weather, The crew should strive (o keep warm
and dry. The insulating qualilies of down-
filled garments degenerate rapidly when down
becomes woel, Remember, il is usually the sur-
face crew members who are most alffecied hy
the cold. T'he diver’s environment has a rela-
tively conslant temperature. The crew s faced
with problems of cold, windchitl, wetness and
inactivily.




What emergericy first aid showld | know for
cold water diving? Should the symploms of
froslbile appear, place the frostbillen area

nexd Lo an exposed hody pard, or immerse it

in wuber warmed Lo body Lemperature {90-
1007 2 32,2407 (. Nonot rub. Rubbing
can further damage the tender capithirics and
skin eells, Give non-alecoholic Higuids Lo vietims,
They should nod smoke because H consteicts
the blood vessels of the exiremibics. feave
blisters alone to avoud infeclion. Exercise hoelps
it restoring clreulation, bul again, do nol rub.
When possilife, consull a phiysician, '

Syvmpioms of snowbhindness do not appear
unbit alfer exposure. Phe offeets of snowhlnd
ness usually disappear wathin a fow days, bul
some measures e be Laken Lo relieve discom-
fort. Cold compresses belp, und eye bhandages
help prevent further imvilation. Again, do not
rub.  Hoonly aggravates the probiem. Finally,
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THE DIVER’S EAR :

What sensation do you first feel
when you dive into any body of
water? Chances are, you will instantly , iy S a o5 audifory
note water temperature, and then, e £ " heeug
the feeling of pressure on your ears.

This ear pressure 1s normally accom-
panied by the sounds of popping as
the pressures try to equalize belween
ear cavities and the external water Ixternal gar canal
atmosphere. Pressure equalization Pressure ab lity is cas
must occur at all depihs, beginning d ebs\‘{'“ abnormality 1s ecasy to
as soon as you submerge. Failure to ctect.  You will experience pain or
equalize pressure can be very painful an uncomfortable feeling during the
and develop into a serious injury. first few feet of descent. Further
descenl without equalizing ear pressure

will result in more pain. The eardrum

gardrom Cr'i\z"l{ﬂ
membranc

The ear and sinus cavities are will streich; blood vessels may breal.
open-air spaces in the body. There- Kventually, the eardrum ruptures. Tt
fore, they are the most susceplible to can happen in as little as 10 feel of
barotrauma, or pressure injury. The sca water.
cavities are lined with membrane which
contains blood vessels. During a dive, KQUALIZING PRESSURE
the external pressure on the body
changes. These pressure changes are There are many simple methods
transmitted to the cavities via the Lo equalize car pressure, including
fluid portion of the body. Pressure swallowing and yawning. One of ithe
must be equalized or ear injury will most common techniques is the
oceur. “Valsalva Maneuver”. Parl of this

maneuver is a forceful exhalation
against your closed nose. Performing
the Valsalva Mancuver too vigorously
can cause inner ear injury and cven
hearing loss. You are advised to use
the Valsalva Maneuver with caution.
Avold excessive forceful applications
especially in cases where only one
car cqualizes.

The most common ear problem
in diving is middle ear injury. The
eustachian tube (see drawing) is the
only communication for pressure be-
tween the middle ear and the exter-
nal atmosphere. Even under normal
conditions, the custachian tube may
restrict the flow of air into the middle
ear. It may also be blocked by in-

flamation, allergies, irritation from These simple maneuvers become
smoking, overuse of nosedrops, mucus complicated if you “let the pressure
or congestion, tissue overgrowth, and get ahead of you”. Don’t wait for
swelling. Any or all of these will pain as the signal to start clearing
prevent pressure equalization and cause your ears. Rather, start equalizaiion
painful middle ear squeeze. Continued immediately when you begin your
descent withoul equalization may cause descent, or at least when the first
the cardrum to rupture. All divers sense of pressure change on your car
should know middle ear pressure is fell. Pain is the indicalor of baro-

equalization maneuvers. trauma, not the warning signal.



For many divers, body position
has an influence on pressure equaliza-
tion. In a head-first descent, blood
vessels in the head dilate to accomo-
date the increased blood supply. This
causes swelling in the walls of the
custachian tube, restricting air flow into
the middle car. Descending feet first
alleviates this problem.

Some divers experience vertigo
(dizziness) during descent. If you do,
stop and ascend far cnough to clear
your ears, even if this means retumn-
ing to the surface. If you notice
symptoms during ascent, stop and
descend unlil they disappear (as long
as air supply and conditions permit).
Attempt to equalize pressurc by yvawn-
ing and swallowing.

Vertigo can also result from the
cold water entering the external ear
canal. In this case, unlike barotrauma,
the symptoms should subside within
a minute as the water warms.

REVERSE EAR OR SINUS SQUEEZE

During ascent, the ears and sinus-
es generally vent the expanding gas
without too much difficully. Some-
times, though, swelling of tissue in-
jured during descent may result in re-
verse ear or sinus squeeze. To relieve
this pressure, descend slowly until
equalizalion occurs; then ascend slowly.

EXTERNAL EAR SQUEEZE

Far plugs and watertight diving
suits present additional diving hazards.
External ear squeeze can occur unless
alr is somehow allowed into the ear
canal during descent. External ear
squecze is basically the same as middle
ear squeeze, with equally painful con-
scquences.  Ear plugs are hazardous
not only because they prevent pressure
cqualization, but they may also be
driven deeper into the car by increased
water pressure,



Thin, tight-fitting hoods or dry

suit hoods should be used with caution.

The more common foamed-neoprene
wet-type suit usually eliminates these
problems.

The possibility of ear problems
is increased by ear infection. Infec-
tion risk is highest in cases of ex-
cessive exposure to humid or water
atmospheres, and when the water
hacteria content is high. Especially
in the tropics, divers are susceptible
to many forms of fungus, some of
which can cause deafness if not
treated. Infection can also be in-
duced by pushing fingers or other
ohjects into the ear.

If you have aify of the ear in-
fection symptoms, such as continued
irritation or itching, burning, discharge,
acule inflammation, tissue swelling, or
pain, seek medical advice. A physician
may recommend cleaning the car canal,
use of antibiotics, and routine use of
ear solutions following dives as a pre-
ventative measure.

The best treatment, of course,
is prevention. Keep your ears as
clean and dry as possible, perbaps
with the aid of a hair dryer or a
special drying solution available at
the drug store.

DECONGESTANTS

Long-acting decongestants help
to relieve car and sinus congestion.
Decongestants, whether oral or local,
tend to keep the nasal passages, sinus-
es, and eustachian tubes clear by
shrinking the surrounding membranes.
Ask your physician or diving instruc-
tor to recommend an appropriate de-
congestant, and to instruct you in ils
use. Don’t randomly sample non-
prescription drugs from dive shops,
drug stores, or friends. Do nol use a
decongestant for diving when you have
a cold. Try out the decongestant at
least 24 hours before diving. This way
you can avoid any adverse effects like
an allergic reaction.

Beware of the “rebound pheno-
menon” when the elfect of the decon-
gestant wears off, This can lead to
even grealer congestion with increased
pressure equalization problems during
the dive. Equalization upon ascent
may be difficult. Overuse of nasal
Sprays may even cause congestion,

EARDRUM RUPTURE

Eardrum rupture is usually ac-
companicd by a sudden relief in pain.
If cold water enters the middle ear
cavity, the sense of balance may be
violently upset. The diver may ex-
perience vertigo and may vomit.
These reactions subside as the waler
warms to body temperature, usually
in a few scconds to a minute.

A ruptured eardrum heals quick-
ly; normally in a few days. But if
the middle ear becomes infected, or
if water enters the ear canal during
the healing period, recovery may take
much longer. Always consult a
physician if you suspect your eardrum
is rupturcd.

Ear pressure equalization can be
a severe problem for some divers. [i
may be best to experiment in a pool
to determine how your ears function
under pressure. Remember that al-
though you may have had no pressur-
ization problems in the past, changes
in age, physical condition, illness, and
a variety of other factors can cause
new equalization problems.

Open each diving season with a
shallow praclice dive to note any new
pressurization problems. Discover
which ear-clearing method works best
for you, and practice it until clearing
your ears becomes an easy, pain-free
habit. Avoid the disappointment of
ending your dive at five feet, while
the rest of your party swims com-
fortably to the depths.

T'his pamphlet by Sandy Bacsanyi, Dr.
Lee H, Somers, Dr. Martin J. Nemiroff.
Michigan Sea Gramnt
2200 Bonisteel 3hed,

Asrnr Arbor, M{ 48109
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