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SECTION

EMERGENCy PROCEDURES

Emergency situations occasionally arise on even the best
planned and supervised underwater operation. Many of these
emergencies are the result of failure to observe some safety
precaution; others are unforeseen and unavoidable. Very few
underwater emergencies are so desperate as to require instan-
taneous action. Take a few seconds to think! Instinctive
actions are seldom right. They may prove to be blind impulses
brought on by panic. Adequate training will prepare the
underwater swimmer for almost all emergencies, provided that
he/she keeps his/her head. Do not panic and, above all, never
abandon your breathing apparatus underwater unless ascent
is impossible without doing so.

SCUBA EMERGENCIES

Exhaustion of Air Su l

A scuba diver should never have to cope with an exhausted
air supply underwater. If the scuba is equipped with a submer-
sible pressure gauge and the diver is observing common sense
safety practices, he/she will surface well before the air
supply is depleted. As a standard practice many instructors
require that at least 200 to 300 psig of pressure remain in
the cylinder when the diver surfaces. This means that. the
diver will start ascent at a pressure of 400 to 600 psig,
depending upon conditions and depth. Never deplete the air
supply while underwater.

However, in the event that a diver does deplete the
air supply while underwater, ascent should be no problem to
the properly trained and equipped diver. When breathing
resistance becomes noticeable, simply open the air reserve
mechanism and start ascent. Even if the reserve fails,
increased breathing resistance prior to exhaustion of air
supply gives some warning. Do not panic and ditch the scuba!
The reduction in pressure and subsequent gas expansion during
ascent provides additional air for breathing. The emergency
ascent or "free ascent" is a last resort. All divers should
experience exhaustion of air supply during training!

Loss or Floodin of Pace Mask

The self-contained diver must lear~ to swim underwater
without a face mask and how to purge water from the mask in
the event of flooding. If the mask becomes dislodged and
partially or completely fills with water, it should be
repositioned on the face and purged of water by tilting the
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head backwards to place the lower edge of the mask at the
lowest position. The diver then presses the upper portion
of the mask firmly against the forehead and exhales through
his nose. The exhaled air will displace the water and force
it, out under the lower edge of the mask.

If the mask is equipped with a purge valve, simply
position the head so the purge valve is in the lowest position
relative to the rest of the mask and exhale through the nose,
Some divers prefer to press the top portion of the mask
against the face while purging to limit the loss of air.

Pur in Water From the Breathin S stem

There are various methods of purging water from. flooded
mouthpieces and hoses. Each method should be mastered and
the trainee should learn the procedure for both double-
and single-hose units.

The simplest method is to place the mouthpiece in your
mouth and exhale. This will generally purge the water from
the assembly and restore free breathing. Inhale cautiously
following the purging procedure to be sure that all water is
out. When purging the single-hose regulator, position the
exhaust valve so that all water will drain through it. This
may require the diver to look straight ahead or tilt his/her
head slightly backward. Turning the left side down so that
the water will run into the exhalation hose will facilitate
clearing two-hose regulators.

If the diver does not have enough air in his lungs to
expell the water, he will have to use the "free-flow" method.
In two-hose units, the air will flow freely through the mouth-
piece when it is raised above the level of the regulator
housing. Therefore, raise the mouthpiece above the housing
until it free flows, turn the mouthpiece down to trap air in
it, tilt the head back, insert the mouthpiece into the mouth
while free flowing, and resume breathing. The same method
may be used with a single-hose regulator; however, a purge
button must be depressed to initiate the free flow of air.
An alternate method of purging a single-hose regulator is to
place the tongue into the air inlet opening and depress the
purge button. The water is forced out through the exhaust
va lve.

The diver should be alert for the cause of the flooding
of the system. Some problems such as damaged breathing tube,
diaphragm, or exhaust valve may hamper successful clearing
of the sytem.

Recover of Lost Mouth iece

When the mouthpiece of a two-hose unit is lost, it will
float to the highest point. When in the swimming position,
the diver should bring his feet forward and lay on his back.
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The mouthpiece will be directly above his face. Single-hose
regulators generally lead over the right shoulder. If the
mouthpiece is dropped, the diver should reach back, feel the
first stage of the regulator, and follow the hose to the
second-stage mouthpiece. The use of a neck strap to retain
the regulator in front is discouraged; harness clips are
permissible as long as they release readily for sharing air
in emergencies. Failure of neck strap fasteners to release
can be disastrous in air sharing emergencies.

ENTANGLEMENT

The diver's knife is his safeguard against entanglement
in nets and lines. The entanglement situation generally requires
more thought than action. Do not, struggle; this only increases
the degree of entanglement. This is where the "buddy system"
is useful. The buddy can carefully cut the entangled diver
loose. Only as a last resort should the diver remove his
breathing apparatus and make a "free ascent."

THE ROLE OF THE "BUDDY" IN UNDERWATER EMERGENCIES

"Buddies" must learn to work together and should know
and understand a standard set of signals. They should be in
visibile range at all times and observe each other. In poor
visibility a short buddy line may be required. The diver
should signal his/her "buddy" at the first sign of trouble.
If your "buddy" shows signs of distress, get to him/her at
once whether he/she signals or not. The hardest job for a
"buddy" will be in the presence of a panic. You may be able
to do no more than take him/her to the surface at once. In
handling a panicked person underwater every effort must be
made to keep the mouthpiece in place. In ascent, the possi-
bility of air embolism exists. It may be necessary to tilt
the victim's head far back to facilitate exhalation, especially
in panic situations. Some divers prefer to position them-
selves behind the victim and encircle the victim with their
arms to depress the stomach area and induce exhalation.
Never strike the victim in the stomach or chest; this
procedure could cause an air embolism.

It may be necessary for scuba divers to share air
 buddy breathe! in the event of air supply exhaustion or
equipment malfunctions. There are several methods of sharing
air and the diver must use the one best adapted to the situa-
tion. Generally, air sharing is necessary only for direct.
ascents. The divers simply face each other and exchange the
mouthpiece of the operative scuba while making a slow, con-
trolled ascent. When sharing air with a single-hose regulator,
the diver providing the air should be slightly to the left
 when facing the stricken diver!. Do not fill your lungs and
then hold your breath while your "buddy" is taking a breath!'
Remember you are ascending and that you must continue to
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exhale as you rise to prevent air embolism. The diver supplying
the air should always retain control of the mouthpiece and
may grasp the harness of the victim. He/she is generally in
a better position to regulate breathing cycles and to control
the ascent than the diver who has experienced air supply failure.

When working in caves or under ice, divers may find it
necessary to move in a lateral direction before ascending
to the surface. In this case, the diver wearing scuba con-
taining air swims with his/her right side down. The distressed
diver swims on his/her left side. The donor holding his/her
"buddy's" harness with his/her left hand and exchangning the
regulator with his/her right.

Divers making buddy breathing ascents must be constantly
aware of buoyancy changes due to expansion of the wet suit
material and air in the buoyancy compensation unit. During
ascent the expanding air in the buoyancy compensator can cause
the divers to "lose control" and rise rapidly to the surface.
Ideally, the diver supplying the air will grasp the victim' s
harness for control. However, if the diver supplying air
starts to ascend too rapidly due to air expansion in the
buoyancy compensator, he will have to release his/her grasp
and vent. air from the buoyancy compensator. Some divers
prefer "long" hose buoyancy compensators so they can hold the
hose in their hand at all times and still grasp the victim
for control during most of the ascent. The victim must also
vent air from his/her buoyancy compensator during ascent. If
the victim does not vent air from his/her buoyancy compensator
and the divers are starting to lose control, the rescue diver
must either vent the victim's air or vent all of the air

from his/her own buoyancy compensator to provide a drag
factor and slow the ascent.

Some instructors prefer to have each diver hold his/her
own buoyancy compensator vent hose and thus control the ascent
by systematic vent.ing. Divers must be careful not to vent
too much air from the buoyancy compensator and become negatively
buoyant. If the divers are negatively buoyant on the bottom
at the time of the emergency, then one or both must inflate
his/her buoyancy compensator or release the weight belt. Some
texts suggest that both divers systezatiea3.ly inflate their
buoyancy compensators to achieve slight. positive buoyancy and
essentially float to the surface while buddy breathing.
Naturally, the buoyancy compensators will be vented during
ascent to control the rat.e of ascent. In other cases, the
victim is near panic and incapable of handling the buoyancy
compensator. The rescuer may choose to inflate his/her own
buoyancy compensator in order to provide adequate buoyancy
to "carry" both himself/herself and the vict.im to the surface.
One can readily see that overweighting, excessive buoyancy
compensation, buoyancy control and sharing a single mouthpiece
are difficult problems to cope with in an emergency. The
desirability of an auxiliary breathing system is evident-
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An alternate method of lateral swimming is for the
"buddy" with the air supply to swim face down. The other
diver swims directly above him holding onto the neck of the
air cylinder. The diver on the bottom passes the regulator
up and the top diver places it back in veiw of the bottom
diver. These methods may be used for both double- and
single-hose regulators. Another method of lateral swimming
while sharing air with a single-hose regulator is to have
the divers swim side by side in a prone position.

Sharing air under emergency conditions is difficult
even for the best trained and most experienced divers. Divers
should practice the skill frequently. Furthermore, the use
of auxiliary breathing systems is encouraged.

At the Surface

Upon reaching the surface after emergency ascent, or when
in trouble at the surface following normal ascent  rough water,
exhausted, etc.!, jettison the weight belt, inflate the buoyancy
vest, and signal for pick up. When a long distance from assis-
tance, it may be necessary to use the signal flare to attract
attention. The surface crew should be alert for divers in
trouble at, all times.

When not in difficulty, swim for the craft or shore base.
If the breathing apparatus interferes with swimming, the
diver should remove the equipment and tow it to safety while
swimming on his back  vest inflated or deflated! or on his
front with a snorkel. Never hesitate to inflate the buoyancy
system. Most divers will inflate the vest as a matter of
routine practice. Conserve energy! The diver may have to
discard his scuba if he faces a long swim to safety.

Review of accident reports and discussions with diving
instructors and guides reveals that most drownings and near-
drownings occur at the surface, not underwater' In other
words, relatively few scuba divers get into trouble under-
water. Most accidents and rescues involve divers that are
incapable of handling a surface swimming situation. During
training, scuba divers must learn the following:

l. Buoyancy vest inflation at the surface by both
oral and mechanical means;

2. Dropping weight belts at the surface in simulated
emergency exercises;

3. 1nflation of the "buddy's" buoyancy vest by both
oral and mechanical means.

4. Removal of the scuba for towing or ditching;

5. Inflation of buoyancy vest while coping with
excessive weight on the belt;

6 Long surface swims using both snorkels and regulator;
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7. Students should not be allowed to escape to the
surface to resolve minor problems such as equipment
adjustment;

8. Students must not be allowed to hold on to the side
of the pool while adjusting equipment or resting;
always use the buoyancy vest.

The above procedures and skills must be mastered during
training. Various exercises are used to test the trainee's
ability to cope with underwater situations.

DROWH ING

The U.S. Navy considers drowning to be the most frequent
cause of death in self-contained diving. Drowning may result
from simple mechanical malfunction of equipment, but is most
frequently the result of underwater accidents and environmental
factors. The most common cause is physical exhaustion resulting
from swimming on the surface after the air supply has been
depleted. Surface swimming in rough seas is an even greater
hazard. Another primary cause of drowning is the inability
of the diver to cope with emergency situations. Any of these
conditions may result in panic and consequent drowning. Any
underwater accident that causes unconsciousness generally
results in drowning.

Self � contained divers must take every precaution to
prevent drowning. The following preventive measures must
he considered by all self-contained divers:

l. Adequate training with drill in emergency procedures;

2. Good physical condition;

3. Use of a buo anc vest at all times -- with or without
scu a;

4. Proper maintenance and use of approved equipment only;
5. Good diving practices with adequate preparation;

6. Knowledge and observance of personal limitations;

7. Provisions for aiding divers in distress  keep some-
one in the boat at all times!;

8. Training in lifesaving and water safety;

9. Training of each person in the use of artificial
respiration.
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SKIN AND SCUBA DIVER RESCUE

Since divers spend more time in the water under more
hazardous conditions than do most swimmers, it, is essential
that they know the fundamentals of lifesaving and water safety.
One of the first principles of water safety is fulfilled by
the "buddy system" -- never swim or dive alone. Divers have
another important factor in their favor -- the buoyancy vest.
Through the "buddy system" and the use of a buoyancy vest,
most situations can be resolved.

The additional equipment used by divers modifies, to some
degree, lifesaving techniques. The fact that the buddy" is
generally always in the water, near the victim, lessens the use
of reaching or throwing assists. It is a known fact that most
divers get into trouble at. the surface, rather than at depth.
In "trouble" situations the "buddy" is normally obligated to
render all assistance possible. Frequently, "trouble" situa-
tions may develop into panic situations.

At one time or another any diver will have to release
a cramp. Cramps most commonly occur in the foot or calf
muscles. The cramp is often preceded by a distinct, twitch
or unusual muscular contraction. Slowly stretch the affected
muscle by grasping the sides of the fin with both hands and
gently pulling the toe toward the knee. Relax and very lightly
exercise the affected leg. Change to a different kick and/or
stroke. Thigh cramps are more difficult to release in the
water. On the surface the buoyancy vest should be inflated
if the cramp is at all severe and remain inflated until the
diver is ready to resume normal activity.

Trouble Situation

In the "trouble" situation, the diver is simply having
difficulty in keeping afloat, but he had not lost control of
himself. The victim may rescue himself by jettisoning his
weight belt, inflating his buoyancy compensator, or regaining
physical control of the situation. In this situation, the
"buddy" or rescuer can do several things. First, encourage
self-rescue by talking to the potential victim. Repeatedly
call to the victim to drop his weight belt and inflate his
buoyancy vest. Be calm, do not panic the victim. If there is
a float to push to the victim or other means of avoiding
contact, the rescuer should use it. Otherwise, the rescuer
must move in, staying behind the victim; if possible. The
safest and simplest means of aid is to reach around and
inflate the victim's buoyancy vest and/or release his/her
weight belt. If he/she is not wearing a vest or if this
method is not feasible, the rescuer should support him/her
at the surface from behind by gripping him/her firmly under
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the arm to support while talking to him/her and thus enabling
him/her to get his/her breath. If the victim is wearing a
weight .belt, the rescuer should jettison it.. The rescuer
should reassure the victim and keep calm. A calm reassurance
can often prevent a panic situation.

Panic Situation

Panic is a sudden unreasoning and overwhelming fear which
attacks people in the face of real or fancied danger. Panic
is the diver's most deadly hazard and is a contributory cause
of practically all water accidents. A panic situation is
dangerous to both victim and rescuer. The rescuer must know
what. he/she is doing and apply all of his/her skill and training
to avoid personal danger. The will to aid sometimes ends
tragically for both victim and rescuer, The first impulse of
a panic-stricken swimmer will be to "climb" the rescuer and
get himself/herself out of the water. The rescuer must retain
his/her common sense, good judgment, and reasoning, and must
not let the victim get hold of him/her -- stay clear. While
the victim is violently thrashing in his/her panic, these
movements will probably keep him/her afloat. When he/she
tires, the rescuer can move in from behind and proceed with
the rescue as in the "trouble" situation. The rescuer must
be sure to keep the victim facing away from him/her so the
victim cannot grab him/her. By holding the diver firmly
under the arm the rescuer can both hold him/her up and control
him/her. He/she should inflate the victim's vest and
jettison the weight belt as soon as possible.

If it is necessary to approach the victim from the front,
the rescuer should swim to within 6-8 feet �.8-2.4 meters!
of him/her. He/she should do a surface dive and approach the
victim underwater, grasping him/her at the knee anc turning
the victim around. From the moment the rescuer makes contact
with the victim, he/she should keep hold of him/her and
control the situation. He/she should not drag the victim
underwater as he/she moves up to a support or carry position.
As the rescuer moves up he/she should release the victim' s
weight belt and inflate his/her vest. When approaching from
the rear, the rescuer should be in a position to move quickly
out of the victim's reach in case he/she turns. He/she should
use the underarm grasp and control if necessary.

E ui ment Aids

The fact that divers are equipped with mask and fins
can greatly facilitate rescues. The addition of the buoyancy
vest simplifies the situation considerably. The rescuer should
not inflate his/her personal buoyancy vest or drop his/her
weight belt until the situation is in hand and he/she knows
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he/she will not have to go underwater to aporoach or maneuver
the victim. If he/she does inflate his/her vest and finds
that he/she must. go back underwater, he/she can remove it
and leave it for a float, or deflate it. The rescuer must
remember to drop his/her own weight belt if faced with
anything but a very short tow.

Two rescuers may more comfortably and efficiently tow
a victim on the surface. After the victim has been leveled
on his/her back, weight belt removed, vest inflated, and mask
and mouthpiece removed, one rescuer is positioned on each side
of the victim. The first rescuer  on the victim's right side!
supports the victim's head with his left hand and grasps the
victim's elbow or upper arm using his right hand in a palm
down position. The rescuers are swimming on their backs.
The second rescuer is positioned on the victim's left side.
He/she grasps the victim's upper arm, his/her right hand
under the arm. The second rescuer's left hand holds the
victim's lower left arm firmly.

towing is to place the
each rescuer grasps the
places the inside hand
arm pit. The rescuers

Another method of two rescuers

victim on his/her back as above and
wrist with his/her outside hand and
on the victim's upper arm or in the
swim in a snorkel position.

Once the victim is under control, the rescuer should tow
or push him/her to safety. The simplest method of towing the
victim is for the rescuer to grasp the collar of the victim' s
inflated vest and swim on his/her side or back, towing the
victim at arms' length. He/she should take care not to kick
the victim. The important thing is to keep the victim's head
above water. The rescuer should keep control of the victim
at all times. If the victim is struggling, the rescuer should
not let the victim turn on him/her. An alternate method of
towing is the head carry. The rescuer can use his/her personal
buoyancy vest  inflated! when doing this carry. The rescuer
places a hand on each side of the head. The palms cover the
victim's ears, the fingers are extended along the jaw and the
thumbs are placed on the temples. He/she- holds firmly and
depresses his/her wrist to tilt the victim's head back. The
rescuer holds his/her arms straight and swims on his/her back.
The "fin-push" is considered a far more acceptable procedure
than the conventional tired swimmer's carry. With weight
belt off and vest inflated, simply have victim rest on his/her
back, legs straight, and push him/her by the feet or fins.
The victim's fins may be placed on the rescuer's shoulders
and a firm grasp used on the legs in the vicinity of the knees.
This position facilitates observation and is reassuring to
the victim.
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Assist

As previously stated, the fact that the "buddy" is
generally in the water, near the victim, lessens the possibility
of a reaching or throwing assist. However, it should be stated
that if at all possible, direct contact with the victim
should be avoided. If near a pier, boat, etc. the rescuer
should reach for the victim with a towel, pole, or whatever
may be handy. If the victim is too far away for a reaching
assist, the rescuer should throw him/her a rope, ring buoy,
etc. If the rescuer reaches for the victim, he/she should
keep low and firmly placed so the vict.irn will not pull him/her
in. The prone position is best.

Releases

If, for some reason, the victim gets a hold on the rescuer,
the rescuer must know how to break it. Holds can sometimes be

prevented by blocking the arm, grasping it, and turning the
victim around; go directly to a control and carry position.
At other t,imes, it may be necessary to block the victim by
ducking underwater, placing a hand on the victim's chest and
pushing him/her away. Aggressive counteraction may not always
be necessary. For instance, if the victim grabs the rescuer's
arm, the rescuer may simply straighten the arm, reach underwater
with the other hand and inflate the victim's vest and/or release
the weight belt. This is beneficial in preventing further
distress or panic in the victim. Even if the victim does
get a "hold" on the rescuer, the rescuer can inflate his/her
own buoyancy vest to prevent himself/herself from being
pulled underwater. Larger capacity vests will probably float
both individuals until further action can be taken.

When the victim actually gets a hold on the rescuer, the
rescuer should not panic. He/she should sink, think, and act.
If the vict.im gets a front head-hold on the rescuer, the
rescuer should submerge, tuck his/her chin, grasp the victim
with both hands on the mid-section  grasping his/her sides!,
and push outward and upward, while turning his/her own head
to the side. When the victim hold releases, inflate his/her vest
and/or release the weight belt and turn and control. If the
victim gets a rear head-hold, the rescuer should sink, grasp
the lower elbow and wrist, and push up on the elbow and down
on the wrist. As the rescuer frees himself/herself, he/she
should move under the victims's arm, retaining hold and control.
If the victim grabs the rescuer's arm, the rescuer should
release the hold with a quick twisting jerk of the arm. The
rescuer should use leverage to advantage in all breaks.
Conventional lifesaving release procedures apply in most
situations, but may be complicated by the presence of hood,
mask, and snorkel.
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Inner Tube Rescue Techni ue

Many divers use automobile inner tubes for surface floats.
The tube can be used as an effective support and towing aid.
The rescue technique is as follows:

While holding the victim with one arm, use your
other to place the victim's arm over the top of the
tube.

2. Holding the victim securely, reach under the tube
and grasp the victim's arm from the inside of the
tube.

3. Push the tube under the victim's arm pit; flip the
tube over the victim's head.

4. Lock the victim's arm onto the tube by bending the
forearm downward.

5. Reach inside the tube, grasp the victim's chin,
and level off. With practice mouth-to-mouth
resuscitation can be given in this position.

Submer ed and Unconscious Skin Diver

An unconscious, submerged skin diver must be surfaced
as rapidly as possible and artificial respiration procedures
started immediately. The rescuer should dive to the victim,
release his/her weight belt, inflate the buoyancy vest and
pull the victim toward the surface by grasping his/her arm
or vest collar. In shallow water the buoyancy of the vest
and wet suit  if worn! will generally lend considerable
assistance to the surfacing procedure.

Assuming that the victim does not begin breathing upon
surfacing, mouth-to-mouth resuscitation must be started
immediately -- in the water. The most common method of
administering in-water mouth-to-mouth resuscitation has been
nicknamed the "do-si-do" method. This term was derived
from the position similarity to the do-si-do in square
dancing. The basic procedure is as follows:

l. An inflatable buoyancy vest is vital to success in
this procedure. Inflate it immediately. Although
most people advocate immediate release of the victim' s
weight belt, some feel it helps position the body
better if left in place when the victim is wearing
a. full wet suit. Some authorities indicate that the
rescuer should also release his/her weight belt once
the victim has been surfaced; others find it difficult
to swim with a full wet suit and no weight belt.
Students should be encouraged to practice both
procedures and form their own opinion. Excessive
rescuer buoyancy can complicate the situation.
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Assuming that the victim is to the right of and facing
the rescuer, the rescuer will reach between the victim' s
arm and body  as if hooking arms with the victim! .
The rescuer's right hand may then grasp the victim' s
hair to facilitate tilting the head back, grasp the
collar of the buoyancy vest, or reach under the
victim's back to provide support. Students should be
encouraged to practice various hand positions and
determine which they like best. Pulling the head
back over the collar of the vest aids in opening
the victim's air passage. If the victim is wearing
a backpack buoyancy unit, the rescuer may merely
grasp the shoulder strap of the pack with one hand
and use the other to seal the nose.

Using the left  free! hand, remove the victim 's mask
and seal his/her nose. Practice this while wearing
the gloves or mittens normally used while diving.

The victim may be easily rotated toward the rescuer
who places hiS/her mouth over the victim's and begins
routine mouth-to-mouth rescue breathing. Be sure
to get a tight seal. Blow gently at first in the
event that the victim is not total,ly unconscious.
Rotate the victim's head and body to avoid re-
stricting the airway. Also, this way the rescuer
doesn't have to lift his/her head out of the water.

After lung inflation, the rescuer may allow the
victim to rotate back to the level position. He/she
should listen and observe for exhalation. If diffi-
culties are encountered, the rescuer may have to
pull the head back further to clear matter from the
mouth or airway.

The rescuer should attempt to maintain a normal 12
breaths per minute rhythm for adults. The critical
factor is, however, to get air into the victim as
soon as possible and to continue ventilating the
victim even if conditions dictate an irregular
pattern.

Between inflations, the rescuer should call for
additional assistance. Another swimmer can push
the victim by grasping his/her fins or legs while
the rescuer continues resuscitation. If no other
assistance is available, the rescuer may start toward
shore  or boat! with his/her victim under tow without.
changing positions. With practice the rescuer may
quite successfully tow the victim and give resusci-
tation simultaneously. On the surface, the rescuer
may cover the victim's mouth as the waves break over.
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Practice the rescue breathing procedure first in shallow
water and then in deep water. Both the practice victim and
the rescuer should wear all equipment that would normally be
worn while diving. Also, practice in full equipment under
various environmental conditions, especially in waves and
cold water.

An alternative method of administering resuscitation in
deep water is the mouth-to-snorkel method. The description
of the procedure with comments on its use has been supplied
by its originator, Albert L. Pierce and is included in
Appendix J.

Scuba Diver Rescue

The rescue and subsequent care of a person who is
using scuba  self-contained underwater breathing apparatus!
is a far more complex procedure than the non-diver may realize.
The fact that the victim has been breathing air under pressure
leads to a host of complications. Any of the following condi-
tions may lead directly or indirectly to near-drowning in
scuba diving:

l. Contaminated air supply;

2. Overexertion;

3. Exhaustion;

4. Abnormal breathing;

5. Loss of mask or fins;

Unsuccessful "buddy breathinq" attempt;

7 . Adverse surface conditions;

Lung barotrauma;

9 . Improperly f itted wet suit;

jo . Decompression sickness;

Panic;

12. Cold stress; and

13 . Anxiety.

The basic elements of diver rescue have been previously
discussed. When rescuing a distressed scuba diver, one must
consider the additional complications imposed by the presence
of the scuba and special buoyancy equipment, and the special
physiological problems.
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Conscious, Troubled Scuba Diver on the Surface

To a rescuer, the distressed scuba diver may appear as
only a very fatigued swimmer. The broad spectrum of physio-
logical and psychological stress factors that may accomoany an
abnormal scuba diving situation do require special attention.,
even at the initiation of the rescue attempt. The psychological
stress imposed by exhaustion, abnormal breathing, adverse
surface or underwater conditions, and cold can cause the
diver to ~orcaet even the most basic techniques of self-rescue.
The verbal rescue may be all that is required. Simply approach
the victim and c~alml direct him/her to inflate his/her vest,
release his/her weight belt, and relax. Do not lose visual
contact since the victim may lose consciousness from the
physiological changes induced by abnormal breathing and sink
silently below the surface. Even with immediate recovery,
resuscitation attempts may be unsuccessful.

If t,he victim does not respond, approach as previously
described, inflate the vest and drop the weight belt. Con-
stantly talk to and reassure the victim that he/she is going
to be all right. Relax the victim and stabilize the situation.
If there is apparently still air in the scuba, encourage the
victim to replace the mouthpiece and breathe from the scuba
while swimming or resting on the surface. This is especially
true in r'ough water.

The presence of the scuba cylinder may, on the other
hand, complicate the rescue procedure. Once the belt has been
dropped and vest inflated, it is generally best to remove an
empty cylinder if the victim must be towed. Cylinder retnoval
may be complicated by the fact that on some units an inflation
hose leads from scuba regulator to the buoyancy vest. This
hose must be manually d.isconnected from the vest. If the vest
inflation mechanism is funtioning properly, air will not
leak from the vest when the inflator is disconnected; if not,
air will discharge and the inflator hose connection will have
to be re-inserted to stop the discharge or loss of air.
Unfortunately, there is no standardization of inflation rnech-
anisms for scuba diver buoyancy vests. Each manufacturer
seems to use a different type and location of the inflation
mechanism. The rescuer may have to study the victim' s
equipment in order to properly inflate the vest. Persons
who anticipate being placed in situations which may involve
the rescue of scuba divers are encouraged to seek diver
training themselves and routinely visit diving equipment
suppliers to update themselves on the vast variety of buoyancy
vests and inflation mechanisms being used.

With the advent of vest inflation directly from the
scuba air supply, many vests appeared on the market without
smal] "emergency" se1f-contained CO~ or air cylinder inflation
mechanisms. Consequently, if the victim's scuba air supply
is exhausted, the vest may be in.flated o~nl b~ oral means.
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A highly distressed victim may be incapable of self-oral infla-
tion. Therefore the rescuer will have to move in and orally
inflate the vest. This is a difficult and potentially hazardous
situation for the rescuer. If the victim panics at this point,
the rescuer is in a very awkward position. If possible, and
providing that the vest has a hose, move behind the victim to
inflate his/her vest. This is a better position to take
defensive action.

Some divers use a scuba system which incorporates the
scuba, weights, and buoyancy device all into one unit. In
this situation,the scuba must be retained in order to retain
the buoyancy. Weights contained in the backpack may be dropped
by pulling a pin mechanism on the backpack. The rescuer should
stabilize the situation, inflate the buoyancy unit to full
capacity  orally or with air from the scuba!, and use it as
a float or raft for the distressed diver.

This type of scuba system may produce complications in
self-rescue if the diver is exhausted. Reports of divers
being held in a face down position and unable to regain a
position to hold their head clear of the water when the
buoyancy device is fully inflated have been circulated
throughout the diving community. Unfortunately, in either
equipment design or rescue procedures, objective research
has not kept pace with the introduction of new scuba diving
equipment on the public market. Both divers and potential
rescuers of divers must constantly upgrade their knowledge
of equipment.

When necessary, and possible, the scuba should be
removed. One exception to this statement is the diver
wearing a backpack flotation system. In this case, removal
of the scuba would also result in loss of supFlemental flotation.
Placing the victim on his/her back with a fully inflated backpack
buoyancy system provides significant flotation. The victim may
then move toward safety under his/her own power and the rescuer
may tow the scuba. If the rescuer has to render aid to the
victim, the scuba should be discarded. It is very difficult
and inefficient to tow a scuba equipped victim. Unfortunately,
distressed scuba divers sometimes place a higher value on
their equipment than their lives. Tests have shown that in
scuba diving rescue, the speed and efficiency of towing can
be improved nearly three fold if the scuba of both the
rescuer and victim are discarded.

Once the victim has been returned to safety. the rescuer's
responsibilities are not terminated. He/she must assess the
physical state of the victim and attempt to determine if the
victim is suffering from conditions such as lung barotrauma,
decompression sickness, carbon monoxide poisoning, etc . An
unattended rescued scuba accident victim may pass into uncon-
sciousness and even die within minutes or up to several hours
after initial rescue as a result of physiological complications.
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The victim must be observed and, if any abnormality at all is
present, a physician consulted. Above all, the rescuer must
inform the first aid and medical personnel that the victim was
participating in scuba diving at the time of the accident.
Accompany the victim, if possible, to the hospital or at least.
attach an accident description to his clothing.

Unconscious Scuba Diver on the Surface

The rescuer may encounter an unconscious scuba diver
floating on the surface. In this case;the victim may have
dropped his/her weight. belt and even inflated his/her vest
prior to losing consciousness. Unconsciousness may have
been induced by factors such as cardiac arrest, decompression
sickness, air embolism, contaminated breathing air, etc.
Also, it is not inconceivable that the fatigued victim could
have been unable to maintain his/her head above water suffi-
ciently to breathe because of improper use of his/her equip-
ment. In any case, the rescuer should immediately take
action to position the individual and, if necessary, start
mouth-to-mouth resuscitation. Discarding the scuba may
be necessary, but should not delay the initial resuscitation
procedures. Handling the diver's equipment has been discussed
previously. Tow the victim to shore or boat as instructed
in the section on skin diving and take appropriate action to
cope with the near-drowning and diving induced injuries.

Submer ed Diver Rescue

In the handling of submerged scuba divers we will consider
both the possibility of a distressed conscious diver and the
non-breathing victim lying on the bottom. In the case of a
distressed conscious diver, the victim's diving "buddy" or
another nearby scuba diver would probably be placed in the
role of the rescuer. In the event of equipment failure or
loss or exhaustion of air supply, the trained diver may choose
self-rescue by making an emergency ascent.

Iearning the technique of a "controlled emergency swimming
ascent" or "free ascent"  without assistance from another
diver or flotation vest! is an important part of scuba training.

Frequently, the diving "buddy" must rescue his distressed
partner underwater. "Buddies" must learn to work together and
should know and understand a standard set of signals. They
should be in visible range at all times and observe each other.
It may be necessary for scuba divers to share air  buddy breathe!
in the event of air supply exhaustion or equipment malfunction.
There are several methods of sharing air and the diver must
use the best adapted to the situat.ion.

Sharing air under emergency conditions is difficult even
for the best trained and most experienced divers. Divers
should practice the skill frequently. 'Many individuals feel
that buddy breathing is a more hazardous emergency procedure



125

for divers than the controlled emergency swimming ascent. A
number of single and double drownings and incidences of lung
barotrauma! have been directly attributed to unsuccessful
attempts at buddy breathing under stress situations. A buddy
breathing ascent will generally take considerably longer, two
to five times, than a free ascent. The use of free ascent
procedures in shallow water and inclusion of diver carried
auxiliary breathing units  octopus rig, pony bottle, etc.!
for deeper diving is increasing in popularity. Proper training
and diver discretion are key factors in handling emergency
situations underwater.

The rescuer should dive to the victim, and proceed as
follows:

Position the victim so that his/her head may be
extended back, thus opening the airway as in
mouth-to-mouth resuscitation. This can generally
be best accomplished by getting behind the victim
and pulling his/her head back by grasping his/her
hood or hair with one hand and supporting him/her
under the arm with the other hand. If the

regulator is in place, Busch �976! recommends
that the rescuer securely grip the victim's chin
and exert pressure uo and against the chin to
prevent the mouthpiece from falling out of the
victim's mouth. Two fingers are placed above
and two below the chin.

With the free hand, reach around and release the
victim's weight belt and, if the victim cannot be
pulled from the bottom, inflate his/her buoyancy
vest. If the victim can be surfaced without vest.
inflation or considerable delay, do so.

2.

Maintain the victim in the upright head held back
position throughout ascent. This is vital for the
prevention of air embolism or other lung barotrauma.
It may be necessary to swim the victim up if his/her
vest does not inflate and he/she is not wearing a
wet suit. Some advocate placing both arms around
the victim's chest or abdominal area and squeezing.
This practice is difficult when the victim is
wearing scuba. Busch �976! recommends exerting
pressure on the victim's abdominal wall with the
free hand.

3.

The potential rescuers of unconscious submerged divers
encompass a much larger group of individuals. Any swimmer,
skin diver or lifeguard operating in an area of scuba diving
activity may find himself or herself in a situation of recovering
an unconscious scuba diver. This is especially true in recrea-
tional pools and beach areas where scuba diving is permitted,
Assume that the rescuer is not equipped with scuba and that
the victim is in water that is sha.liow enough to reach by
normal surface diving techniques.
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4. Do not take time to remove the scuba unless it is
entangled in rope, net, weeds, etc. or it is
significantly inhibiting handling the victim.

The scuba diver may find himself/herself in a similar
position of victim recovery, only at a much greater depth.
The techniques of recovery are basically the same except
for the following considerations:

l. Buoyancy vest inflation is at the discretion of
the rescuer. If the victim is buoyant when the
weight belt is released, the rescuer may have
better control if he/she does not inflate the
vest until he/she reaches the surface.

2. Scuba removal may make surfacing the victim faster,
depending on the depth, type of scuba harness, etc.
However, the rescuer should not spend valuable seconds
attempting to release the scuba if not necessary.

3. The rescuer must not endanger himself/herself; keep
in mind the need for exhalation throughout the
ascent.

4. If the victim's vest is inflated and. the ascent
gets "out of control", the rescuer is probably
better off if he/she releases the victim and takes
care of himself/herself. Recent research has shown
that the airway in an unconscious diver may, in
fact, remain sufficiently open to allow adequate
venting in such situations as rapid buoyant ascent.
Studies show that the rescue of a diver from 30 feet
 9 meters! can be accomplished in a hout l/2 to 1/3
the time using this technique of inflating the vest
and letting the victim float unassisted to the sur-
face. More research will be required, however, before
this can be recognized as a standard procedure.

Many divers now use "diaphragm depression" to insure that
the victim expells air during ascent. The rescuer encircles
the victim from the side or rear, places the hands or fingertips
on the area just below the rib cage, and applies light pressure
while ascending.

Other divers choose to bring the victim immediately to
the surface in a head down, feet up position. The advocates
of this technique suggest that in the event of lung barotrauma
the air bubbles would pass into the heart or lower portion of
the body, rather than the brain.

Some divers advocate positioning the victim in a face
down � feet up position and placing the regulator against
his/her mouth to facilitate purging water from the airway.
At this time research and documented successful experience
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using this technique are not sufficient to endorse it as a
"standard" procedure. A relatively significant amount of
time is consumed in positioning, airway purging, and ascending
in an "abnormal position." Time is of greatest essence in
successful rescue and resuscitation.

Once the victim is on the surface, inflate the vest. and
'K'

time to remove equipment. Once resuscitation is underway,
systematically remove the diver's scuba equipment without
interrupting resuscitation procedures. Have the other divers
remove equipment if possible. Frequently, it may be best
to remove both the victim's and your scuba. Use the
resuscitation techniques previously described. Busch �976!
published an excellent, well illustrated article on scuba
diver rescue.

It is clear that more objective research is required
in the area of scuba diver lifesaving. Techniques must be
proven or disproven and some "standardization" of technique
is required.

EQUIPMENT FAILURE

Equipment failure is an uncommon cause of scuba diving
accidents. All scuba divers are instructed in management of
the following equipment related emergencies:

l. Exhaustion of air supply;

2. Loss or flooding of face mask;

3. Flooding of breathing system;

4. Loss of mouthpiece;

5. Entanglement;

6. Breathing apparatus failure; and

7. Buddy rescue  possible failure of flotation
equipment!.

These items have been discussed in detail in this section.

MEDICAL ILLNESS/INJURY

The nature and location of University diving operations
in the Great Lakes is such that medical facilities are generally
within a few minutes to a few hours from the operations area.
An ill diver can be readily transported by the vessel to shore
and from there by ambulance to the nearest hospital or clinic.
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Terminate diving operations and secure equipment for
getting underway.

Immediately provide aid and comfort to the ill diver.2.

Advise the master of the vessel to contact the U.S.
Coast Guard or other appropriate agency and arrange
for an ambulance  and physician, if deemed necessary!
to meet the vessel at the nearest dock facility.

3.

If the condition is serious, request U.S. Coast Guard
helicopter evacuation  especially if surface travel
involves a considerable time delay!.

Beach based diving parties will acquire medical
services by CB radio or nearest telephone.

5.

Details of first aid for injuries and diving accidents are
included in Section 7 of this handbook.

ADVERSE ENVIRONMENTAL CONDITIONS

Review weather forecast prior to committing divers
to the water. Postpone scuba diving if high winds/
seas decreasing surface visibility, or storm condi-
tions are predicted.

Do not start diving operations during storm or
high sea/wind conditions.

2.

Do not allow scuba diving under low surface visibility
conditions  fog, snow, etc.!; use surface-supplied
divers.

3.

If divers are in the water and surface visibility
is decreasing, sound recall and terminate the dive.

If divers are lost in poor surface visibility
conditions, they should inflate buoyancy systems
and periodically give three blasts on their whistles
 all scuba divers are to carry whistles! . The
support vessel will display all appropriate lights
and sound fog horn at appropriate intervals. A
security call should be given to alext other vessels
in the area to the fact that divers are lost,
possibly on the surface awaiting rescue. Commit
radio equipped search boat at the discretion of the
ship's officers.

Although there will be some variation depending upon exact
location, the following is recommended:
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FIRE ON UNIVERSITY VESSEL

In the event of a fire on one of the large research
vessels the diving team must consider the following:

1. Do not interfere with the emergency activities of
the trained crew.

2. Be prepared to assist in fire control as directed
by the captain of the vessel or crew members.

3. Be prepared to assist in lifesaving and survival
procedures if it is necessary to abandon ship.

Naturally, each vessel will have its own fire drill procedures.
On larger vessels the appropriate lifeboat stations are
designated for each person on the vessel including scientists
and technical persons which generally includes the diving
teams. If a general alarm  or fire alarm/abandon ship
alarm! sounds, the divers should quickly assemble their
exposure suits along with fins, mask snorkel, and inflatable
vest, and a ship's lifejacket and proceed immediately to
their designated lifeboat station. If time permits, don
exposure suit and have other equipment ready for use. Divers
have a distinct advantage over non-diving crew members. The
exposure suit may ensure hours of survival in cold water.
In addition, the divers are very capable of performing
lifesaving tasks if a general abandon ship is necessary.

A fire on board the vessel while divers are underwater
or under pressure in a deck chamber is an extremely serious
situation. The following procedure should be followed:

Immediately terminate in-water diving operations.
Recall scuba divers using underwater sound device.
Surface-supplied divers are recalled, decompressed,
and removed from the water. If extensive in-water
decompression is required, place a communicator,
air cylinder and regulator in a lifeboat or chase
boat and transfer the diver's umbilical assembly to
that unit. Cast off and decompress away from the
distressed vessel.

2. The scuba divers will ascend to the chase boat
or tending boat, remove scuba, and stand by the
staging location of the distressed. vessel to render
assistance or perform lifesaving tasks.

3. If a chase boat is not being used, the scuba divers
will ascend to the support vessel, remove and secure
scuba on the diving ladder  or descent line, and
stand by in the water with inflated vest to render
assistance or lifesaving tasks as required  adjacent
to staging location!.
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4. Divers will board the support vessel at the direction
of the Captain or the Diving Supervisor.

5. If persons are under pressure in a deck chamber,
the Supervisor should immediately inform the Captain
and request permission to continue decompression as
long as permitted. Secure oxgyen. If the fire is
threatening and it is necessary to abandon the
vessel or the chamber area, bring the divers to
surface pressure, transfer to a lifeboat, and resume
oxygen breathing on portable inhalation units as
soon as possible at surface pressure. Be prepared
to manage decompression sickness.

Retain only the personnel required to handle the divers
at the dive staging area. Others should proceed directly to
their designated lifeboat/assembly station. If no specific
assembly station has been designated by the ship's officers,
the divers will assemble at the diving station unless it is
threatened by fire. If so, they will assemble as a group
at a location designated by the Diving Supervisor away from
fire and await further orders from the ship's officers.

REFERENCES

Busch, W., "Rescue of the Unconscious Scuba Diver",
Skin Diver, 2S�!: 60-61  l976!.
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SECTION 7

MANAGEMENT OF DIVER INJURIES

Most diving injuries may be attributed to environmental
factors causing st.ings, cuts or abrasions; the direct effects
of pressure causing tissue damage during descent or ascent;
the indirect effects of pressure involving gas absorption/
elimination in body tissues or breathing contaminated air.
Drowning can be the result of many of these factors.

Most, if not all, diving injuries can be prevented
through adequate training, proper diving procedures, and
common-sense safety precautions. Through an understanding
of the cause of accidents or injuries, the diver can generally
prevent their occurrence. However, all members of the dive
team must be able to recognize diving injuries and administer
proper first aid. Proper and inmediate management of a diving
related injury can prevent. further complications or injury
to the diver and, in many cases, save the diver's life.

The following is only a summary of major diving related
injuries. It is intended as a review for experienced divers,
a field reference, and a supplementary condensed review of
the subject for trainees. Consult appropriate diving manuals
for a complete, illustrated discussion of diving physiology
and management of diving injuries. A standard first aid and
CPR manual should be included in every diver's personal library.

PHYSICAL lNJURIES: NOT PRESSURE ASSOCIATED

Basic First-Aid Procedures

First aid is the immediate and temporary care given
the victim of an accident or sudden illness until the services
of a physician can be obtained." Proper first aid can make the
difference between life and death. Every diver and person
related to diving operations should have a good knowledge of
first aid. An American National Red Cross first-aid course
or equivalent is recommended. The following is a brief
reminder of some vital aspects of first aid particularly
applicable to diving-related accidents.

If the nature of the injury is uncertain, immediately
check the victim for respiration, bleeding, head injury,
or broken bones. In case of serious injury or sudden illness,
while help is being summoned, give immediate attention to
the following first aid priorities:
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l. Effect a prompt rescue.  For example, remove the
victim from water, fire or noxious fume environments.!

2. Ensure that the victim has an open airway and give
mouth-to-mouth art,ificial respiration, if necessary.

3. Control severe bleeding,

4. Give first aid for poisoning, or ingestion of harmful
chemicals.

Most authorities also recognise the significant
incidence of cardiac arrest and support ~ro ~erlg administered
cardio-pulmonary resuscitation by specially trained first
aiders. The first aider should also prevent furt.her con-
tamination of wounds and take measures to combat the onset
of shock.

The first aider must avoid panic, inspire confidence
and do no more than is necessary to sustain life and provide
psychological comfort to the victim until professional help
arrives. Obtain the services of paramedical personnel and/or
a physician in all but minor, uncomplicated wounds or burns.
Never release a victim that has been unconscious without
first having the person examined by a medical person.

Control of Hea Bleedin

Zf bleeding is heavy, from wounds to one or more large
blood vessels, this must be stopped as soon as possible. Such
heavy loss of blood can result in death in 3-5 minutes.
Immediately apply pressure direct.ly over the wound with dressing,
clean cloth, hand or fingers. Secure dressing with bandage
or cloth strips and elevate the bleeding part higher than the
rest, of the body unless bones in the part are broken.
Application of pressure on specific "pressure-points" may
be required if direct pressure does rot stop the bleeding.
Keep the victim lying down. Take shock prevention measures.
Administer liquids  water, tea, coffee! if the victim is
conscious and can swallow. Do not give the victim any
alcoholic beverages. Do not give the victim any liquid
at all if he is unconscious, nauseated or if abdominal injury
is suspected.

Use a tourniquet only for an amputated, mangled, or
crushed limb or profuse bleeding that cannot otherwise be
controlled. Use only a wide, strong piece of cloth. Wrap
tourniquet around upper part of limb above wound. Tie with
an overhand knot, place a short stick on the knot, and
secure with a square knot. Twist stick just tight enough
to stop bleeding. Once the tourniquet has been applied,
leave it in place until immediate, qualified, surgical,
and support measures can be applied by medical personnel.
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Artificial Res iration

If the victim is apparently not breathing or the lips,
tongue, and fingernails become blue, start artificial respi-
ration immediately; seconds count. When in doubt, begin
artificial respiration, since little or no harm can result
from its use, and delay may cost the victim's life. Mouth-
to-mouth breathin is generally considered the best method
since it, can be performed in a number of positions, including
in the water or in cramped surroundings; requires no special
equipment; is not fatiguing for the first-aider; and allows
the first-aider greater control of the rescue procedure.

Proceed as follows:

Quickly check mouth and throat for obstructions.
Remove vomitus, mucus, etc. with a cloth or index
finger. Tilting the head and body to the side is
helpful.

2. Turn victim on his back.

I ift victim's neck with one hand and tilt his head
by holding the top of his head with your other
hand. If necessary, pull the chin up so the tongue
doesn't fall back to block the airway.

3.

Close the nose by pinching with thumb and index
finger of the hand that is pressing on the victim' s
forehead.

Take a deep breath and place your mouth over the
victim's mouth, making an air-tight seal.

5.

Blow into the victim's mouth until the chest rises

 forcefully into adults and gently into children! .

Remove your mouth and let the vict.im exhale while
you take another breath; listen for exhalation
and watch the chest to see if it falls.

7.

Check for and remove obstructions if air exchange
is not evident.

Repeat inflation of the lungs 12 times per minute
 adult! until the victim is pronounced dead or

regains breathing. Do not give up!

9.

Keep under constant observation and place a note on the victim
stating the time applied and location of the tourniquet. Also,
write a large "T" on the victim's forehead using a marking pen,
lipstick, etc. Do not cover tourniquet or note.
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Cardio-pulmonary Resuscitation

Cardiac arrest is a common condition that may be
associated with diving injuries, near-drowning, electro-
cution, and a host of other accidents or conditions. Prompt
emergency measures in cardio-pulmonary resuscitation by
trained persons can and has saved many lives. The basic
procedure is as follows:

l. Place the victim flat on his back on a hard surface.

2. If the victim is unconscious, open airway by lifting
up neck, pushing forehead back and clearing out
the mouth  if necessary! .

3. If the victim is not breathing, give 4 rapid
inflations of the lungs.

4. Check carotid pulse. If the pulse is absent, begin
chest compression. Depress the sternum 14 to 2 inches
�.8-5 cm! at a rate of 60 times per minutes  two
rescuers! or 80 times per minute  one rescuer!

5. Inflate the victim's lungs once every five chest
compressions  two rescuers! or give two quick
inflations for every 15 compressions  one rescuer! .

All divers and support personnel are encouraged to acquire
specific training in cardio-pulmonary resuscitation. Training
is available through the American National Red Cross.

Prevention of Shock

Shock is a serious complication in almost any injury,
severe illness, or emotional upset. Signs of shock include:
�! cold, moist skin; �! paleness; �! chilling; �! nausea
or vomiting; �! shallow breathing; and �! weak, rapid
pulse. Prevent or treat as follows:

l. Keep victim lying down with head slightly lower
than the rest of the body  except if head injury
is suspected or this position causes breathing
difficulties!.

2. Keep victim warm by covering.

3. If medical care is delayed for an hour or more and
if conscious, able to swallow, not vomiting and
has no apparent abdominal injury, give water  never
alcoholic beverage!. Give shock solution � qt
water, 1 tsp salt, 1/2 tsp baking soda! if available.

4. Keep victim calm and reassured.
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In ested Poisonin

In situations where the victim has ingested poison,
measures should be taken to dilute or neutralize the poison
as quickly as possible, to induce vomiting  except where
corrosive poisons or petroleum products are swallowed or if
the victim is unconscious or having convulsions!, to maintain
respirat.ion, to preserve vital functions and to seek medical
assistance without delay. Water or milk is commonly used to
dilute poison. If the person has swallowed strong acids,
strong alkalis, or petroleum products, do not induce vomiting.
Attempt to indentify the poison.

Minor Wound

Small CutS and abraSiOnS are COmmOn tO diVerS. InfeCtian
is the principal danger in small wounds, so any break in the
skin must be protected. Do not touch a wound with your
fingers or allow clothes to touch it. Keep it clean. Do not
use an antiseptic on the wound. Immediately cleanse the
wound and surrrounding area with antibacterial soap and warm
water, wiping away from the wound. Hold a sterile pad firmly
over the wound unt.il bleeding stops. Apply a clean dressing
and secure with a bandage. Band-aids may be used for small
wounds.

Burns

Burns result from heat or chemicals. Any burn, including
sunburn, may be complicated by shock and the victim must be
given first. aid for shock. For first or second degree burns
immerse burned part in cold water  not ice water! until pain
subsides. Immersion is not used for third-degree burns
 deep tissue destruction and charred appearance!. Place
the cleanest available material over all burned body areas
to exclude air. Consumption of nonalcoholic liquids by the
victim is beneficial if possible. Transport victim immediately
to hospital for severe burns. All burns, except where skin
is reddened in only a small area, should be seen by a physician.
Do not apply ointments, grease, baking soda, or other substances
to extensive burns.

It is difficult to discover internal injury to the head.
Suspect a brain injury if the person loses consciousness; has
blood or fluid escaping from the ears, or nose; has a slow
pulse, headache, convulsions, different size eye pupils; or
is vomiting. It is necessary to keep the victim lying down,
warm, and under close supervision. Do not place the head
lower than the feet. If the victim is unconscious, remove
false teeth or objects that might cause choking. Do not
give fluids. Do not move if there is bleeding from the
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nose, mouth, or ears. Control bleeding from a head wound by
applying a pressure dressing. Use common sense in regard to
using pressure over a possible skull fracture.

Convulsions

Do not attempt to restrain or douse victim with water.
Remove objects that might injure victim, or in close quarters.
Surround with padding  pillows, air mats, blankets, etc.!.
Don't place a finger or hard object between the teeth.

Injury to Spine or Neck

If possible, do not move victim or allow victim to move
without proper stretcher and professional assistance. If the
victim must be removed from the water and a neck or head
injury is suspected, support victim, taking care not to move
the head, neck, or back. Place a stiff, wide board under the
victim and secure with straps. Keep head level and under
slight tension. Do not let it drop forward. Keep victim
warm and quiet until professional assistance is available.

Fractures

Do not move a person with suspected fracture until it
has been splinted unless the victim is in imminent danger.
Place the limb in as natural a position as possible without
causing discomfort. Apply splints which are long enough to
extend beyond the joints above and below the fractured area.
Any firm material can be used. Inflatable splints are
excellent for lower leg and forearm fractures. Secure non-
inflatable splint at a minimum of three sites: �! above
the joint above the fracture, �! below the joint below the
fracture, and �! at the level of the fracture. If the
fracture is open, apply a pressure dressing to control bleeding
and prevent. contamination, and splint without trying to
straighten the limb or return it to natural position.

Heat Exhaustion

A person suffering from heat exhaustion has pale and
clammy skin, rapid and weak pulse, weakness, headache, nausea,
and possibly, cramps in the abdomen or limbs. The victim
should be kept lying down with his head level or lower than
the rest of his body. Move him to a cool place; however
protect him from chilling. Give the victim salt water �
tsp salt to 1 qt water! if he is conscious.

Heat Stroke

A heat-stroke victim will have flushed, dry, and. hot
skin, rapid and strong pulse, and is often unconscious.
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Cool the body by sponging with cold water or by cold
applications and if the victim is conscious, give him
salt water � tsp salt to 1 qt water!.

Frostbite

As frostbite develops, the skin changes from a pink
color to white or greyish � yellow. Initial pain quickly
subsides and the victim will feel cold and numb. Generally
he is not aware of frostbite. Cover the frostbitten area
with a warm hand or woolen material. If the fingers or
hands are frostbitten, have the victim hold his hand next
to his body, in his armpits. Get the victim to a heated
area as soon as possible and place the frostbitten part. in
warm water �08o F, 42 C!. If this is impractical, gently
wx'ap the area in blankets. Do not rub with snow or ice; let
circulation return naturally. When the part is warmed,
encourage the victim to exercise fingers and toes. Do not
use hot water, hot-water bottles, or heat lam s on the
frostbitten area.

Snakebite

Poisonous snakebites must be dealt with immediately.
Except for the coral snake, in the United States poisonous
snakebites can be recognized by the presence of two distinct
punctures caused by fangs. Swelling occurs rapidly and the
skin becomes dark purple in color. Lay victim down immediately
and apply a constricting band around the arm or leg above the
bite if the bite is on a limb. Tighten the band just enough
to make veins stand out prominently under the skin without
causing the pulse to disappear below the band or causing
a throbbing sensation. Keep the victim absolutely quiet and
transport immediately to a physician. Apply ice over the bite
if possible. If there is to be considerable delay between
occurrence of bite and treatment, make a crosscut.  approximately
1/4 in. long and 1/4 in. deep, e mm by 6 mm! over each fang mark
to encourage free bleeding. Apply suction by mouth or suction
device; continue for 30 minutes. Although some still recommend
the use of incisions, many authorities now agree that this
technique is undesirable. Simple immobilization of the victim
and transport to medical assistance is discerned most desirable.
The victim may administer first aid to himself.

The above is only a brief review of the major aspects
of first aid. This is not a first aid text. Many injuries
such as those to the eyes, chest, abdomen, and so on have
not been addressed. All divers are again encouraged to
acquire specific fixst aid training. At least one on-site
individual associated with each d.iving experience should hold
advanced qualification in first aid and cardio-pulmonary resus-
citation. A first aid kit, blankets, oxygen inhalation equip-
ment, stretcher  and/or back board!, and appropriate first aid
manual should be available at the dive site.
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PHySICAL INJURIES: PRESSURE ASSOCIATED

Descent Associated In uries

Barotrauma  pressure injury or squeeze! occurs when the
ambient pressure to which a diver is exposed becomes greater
than the air pressure within closed air spaces inside the
diver  primarily sinus cavities and ears! or attached to the
diver's body  for example, face mask or ear plugs!. As a
result a painful squeeze occurs as tissue and body fluids
are compressed into the air space. Barotrauma can be prevented
by following simple rules. First, do not dive if passages
to the sinuses and the middle ear are blocked  cold or allergy!.
Second, while descending prevent any pressure differential
from developing by equalizing pressure in closed body cavities
or attached air spaces. Third, if ear or sinus discomfort is
experienced during descent and pressure cannot be equalized,
stop and ascend. Fourth, do not wear ear plugs.

External Ear In ur

During descent, air trapped at the surface in the external
ear canal by ear plugs or a tight-fitting -rubber suit hood can
not equalize with increasing ambient pressure. The tissue of
the ear canal will be "squeezed" and the eardrum will bulge
outward and, possibly, rupture.

If an eardrum rupture is suspected, ascend as soon as
dizziness  if any! subsides. Attempting to surface while
dizzy and disoriented can be hazardous; the diver may have
difficulty differentiating up from down.

canal.

Simply
to
soon
prevent

Do not attempt to flush or clean the external ear
Avoid placing medications or objects in the ear canal.
cover the external ear opening with a sterile dressing
prevent further contamination. Consult a physician as
as possible. Prescribed medicaiton may be required to
or control infection.

Middle Ear In'ur

The most common type of pressure injury experienced by
divers is middle ear squeeze. During descent a blocked
eustachian tube  tube connecting the middle ear space with
the throat! keeps air from passing into the middle ear as
ambient pressure increases. The result is compression of
tissue fluids and blood into the middle ear space. If the

The diver will feel ear pain even though he/she is able
to equalize middle ear pressure. If intense pain quickly
subsides, the eardrum has probably ruptured. If for some
reason cold water enters the middle ear after this rupture,
the effects on the inner ear "balance" organs will be evident
by the onset of dizziness, nausea and possibly vomiting. Stability
will return shortly as the intruding water warms. When the
diver surfaces, there will generally be bleeding from the
external ear and/or spitting up of blood.
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diver continues descent, the eardrum will also rupture inward.
Eustachian tube blockage is caused by swelling or mucus

associated with colds, respiratory infections, or al.lergies.
Even most healthy divers have to perform an equalization
maneuver such as jaw movement, swallowing, or blowing against
closed nostrils to facilitate proper middle ear ventilation
or equilization. The prevention of ear squeeze is simple.
Do not dive if congested! During descent equalize pressure
before pain is experienced; discontinue dive if equalization
is extremely difficult or impossible. Systematic use of
proven decongestants is acceptable for those who have routine
equalization problems.

The diver will be immediately aware of discomfort during
descent and may spit up blood after surfacing. The signs,
consequences and management of a ruptured eardrum have been
discussed previously. If middle ear squeeze is suspected,
discontinue diving so that further injury to the tissue may
be prevented. If drainage, discomfort or any abnormalities
persist, consult a physician. Physician prescribed medication
may be required to prevent or control infection.

On occasion, pressure build-up and pain may be experienced
in the rniddle ear during ascent. This results from closure
of the eustachian tube by mucus or swelling during the dive ~
In such cases the diver must stop ascent, possibly descend a
few feet, and then attempt continued ascent very slowly;
swallowing or jaw movements may be beneficial. Reverse squeeze
and. outward eardrum rupture are possible.

During descent, a pressure imbalance can occur in the
sinus cavities in the same manner as described for the middle
ear. Mucus or tissue swelling closes the tubes between the
oral-nasal area and the sinuses. Prevention and injury manage-
ment are the same as for the middle ear.

If sinus cavity equalization does not take place during
descent, the diver will usually experience increasing pain
in the forehead above the eyes and occasionally in the face
below or behind the eyes. Upon surfacing, a victim of sinus
squeeze may experience tenderness in the sinus area and a
discharge of blood and mucus from the nose. This discharge
may be pooled in the scuba d.iver's face mask.

On occasion, as with the rniddle ear, the sinus cavities
may not ventilate during ascent. Follow the same procedures
as previously discussed for the middle ear.

Other Considerations

Any attached air space such as a face mask or sealed
diving suit can cause a "squeeze." The diver must maintain
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a proper pressure balance within a mask and dry suit to prevent
the squeeze sensation and possible tissue injury. flask and
suit squeeze are rarely, if ever, seen in modern scuba diving.
Simply admit air into the mask through your nose and wear
undergarments and ventilate dry suit during descent. Do
not use "goggles" for diving.

I5 following a dive, the diver's face appears puffy and
discolored; has an evident ring around the face where the mask
edge sealed; and/or has blood-shot eyes, then he/she has experi-
enced mask squeeze. Apply cold packs to he -injured area and
consult a physician if the damage appears severe.

Occasionally, an improperly filled tooth cavity, an infect d
tooth, or a tooth cavity will have a gas pocket which responds
to a pressure imbalance in the same manner as other air spaces
in the body. In such cases, pressure equalization will probably
not be possible and pain will intensify during descent. If
symptoms appear, ascend for relief and discontinue diving until
a dentist checks the affected tooth. Proper dental care is
absolutely necessary for divers.

Ascent Associated In'uries

The most dramatic and serious form of pressure injury
can occur during ascent. Obstruction of normal venting of
the lungs as the diver ascends from a higher to lower ambient
pressure can cause rupture of lung tissue. Near the surface
a pressure gradient as small as 4 fsw �.2 msw! can cause
tissue damage. Once air escapes from the lungs it may move
into the pleural cavity, the area surrounding the heart, tissue
just under the skin, or pulmonary circulation and, subsequently,
the brain. Air bubbles in the brain are by far the most serious
consequence of lung tissue rupture.

Every effort must be made to insure that the diver' s
lungs ventilate freely during ascent. The following measures
or precautions will help minimize the possiblity of lung over-
pressure and injury in scuba diving:

l. Routine medical examinations;

2. Never dive with a respiratory infection or chest
cold;

3. Training in proper normal and emergency ascent
techniques;

4. Proper maintenance of scuba to prevent malfunctions;

5. Never exhausting air supply while submerged;

6. Proper selection of diving buddy;

7. Auxiliary breathing systems;
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8. Proper buoyancy control;

9. Routine diving and/or retraining; and

10. Proper handling of panicked individuals and
underwater emergencies through adequate training.

Air Embolism

Air bubbles rupturing through alveolar t.issue may enter
pulmonary veins, pass through the heart, and enter arterial
circulation to the brain. In the brain the gas bubble may
stop, causing a blockage of circulation or air embolism.
Severe damage resulting from anoxia of the brain tissue
 lack of or inadequate oxygenation! can cause a host of minor
to serious neurological symptoms, including death.

The onset of symptoms may be sudden and dramatic. The
diver may or may not experience discomfort, tightness, and/or
chest pain during ascent. However, in serious cases the
injured diver will collapse and lose consciousness upon sur-
facing or within a few minutes thereafter. Bloody froth and
bleeding from nose and mouth may or may not occur. Neurologi-
cal symptoms/signs may include:

1. Loss of balance and/or coordination;

2. Visual disturbances;

3. Rigidity or numbness of extremities;

4. Changes in speech;

5. Nausea;

6. Paralysis; and/or

7. Personality changes  withdrawal, unresponsiveness!.

Basically, the dive circumstances are the first indication of
a potential air embolism occurrence. ANYTIME a scuba diver
experiences an emergency or uncontrolled ascent, suspect the
occurrence of lung injury and, subsequent air embolism. If
you are the diving buddy, immediately go to the aid of the
distressed diver. After an emergency or uncontrolled scuba
diving ascent, even if the diver says he/she is all right, use
the following procedure:

1. Discontinue dive; do not let the victim submerge;

2. Inflate or have the victim inflate their buoyancy unit;

3. Observe for/inquire about signs or symptoms of
abnormality;
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4. Be alert for loss of consciousness/respiratory arrest;

5. Return to boat or shore base; and

6. Continue to observe for signs/symptoms of air
embolism for at least one hour.

The immediate and proper management of an air embolism
victim can make the difference between permanent brain damage
or death and complete recovery. The following procedure is
recommended:

1. If the victim is not breathing, begin CPR procedure
immediately;

2. If CPR is not necessary, immediately place the victim
on a 30 head down incline;

3. Administer oxygen;

4. Keep the victim warm; cut off diving suit if necessary;
dry, and wrap victim in blankets;

5. Transport to medical facility or obtain on site
medical services;

6. Provide physician with history of the accident or
circumstances leading up to the victim's present
condition; emphasize that the victim was scuba diving;

7. Provide the physician with the location and telephone
numbers of the nearest recompression facilities and
physicians knowledgeable in diving medicine; provide
the 512/LEO-FAST information;

8. See that transport to the recompression facility is
initiated if an air embolisrn is diagnosed; and

9. Maintain oxygen and inclined position during all transport

There are exceptions to the use of the 30 incline position.
First, if the diver has experienced an obvious head injury, the
head down position could cause serious or fatal injury. Second,
if the head down position induces vomiting, the victim can be
returned to a normal flat position until the vomiting episode
has subsided.

All cases of air embolism must be treated using therapeutic
recompression in a chamber.

Pneumothorax

When air ruptures through the lung wall, it may enter the
space between the chest wall and the lung  the pleural cavity!
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collapsing the lung and in extreme cases displacina the heart.
Air embolism m t accompany this condition.

The diver may experience sharp chest pain made worse by
deep breathing; sensation of shortness of breath, and rapid,
shallow breathing. The skin, lips, and fingernails may have
a bluish coloration. However, in mild cases the diver may
experience no symptoms or only minor discomfort in one side
of the chest.

The first aider can only suspect that, there has been
pulmonary injury and must assume that an air embolism has also
occurred until indicated otherwise by a physician. Consequently,
the same management procedures as given for an air embolism
must be followed. If there is absolutely no indication of
neurological damage, the sharp incline may be reduced.

Mediastinal/Subcutaneous Em h sema

Air can also enter into the area around the heart, greater
blood vessel, and trachea  mediastinal emphysema! and m:g'rate
into tissues just under the skin, usually in the neck area
 subcutaneous emphysema! when lung tissue ruptures. The

mediastinal emphysema will be evident by pain under the breast
bone  especially when exercising or deep breating and in
serious cases!; shortness of breath or faintness  due to inter-
ference with circulation!; and blueness of skin, lips, and
fingernails. Subcutaneous emphysema is indicated by swelling
 accompanied by a feeling of fullness! in the neck, voice
changes, a crackling sensation when the skin of the enlarged
area is moved slightly, and difficulty in breathing or swallowing.

As in the management of a pneumothorax the first aider
must assume that an air embolism has occurred and follow the
same procedures.

Stomach/Intestinal Pains

Sometimes gas forms in the stomach and/or intestines
on air swallowed during a dive will cause discomfort as it
expands during ascent. This gas may be evacuated by belching
or by passing gas from the intestines by flatulating. Evacuation
may be aided by changing body positions.

Decom ression Sickness

During a dive the inert portion of the breathing air,
nitrogen, is absorbed into solution in the blood and body
tissues. The amount of nitrogen absorbed depends on a number
of factors including dive depth, dive duration, exercise level,
water temperature, physical condition, proportion of fat to lean
tissue, and sex. During and after ascent the process is
reversed and dissolved nitrogen is transported from the tissues
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via the bloodstream to the lungs where it comes out of solution
through the alveoli into the expired air. The body can retain
a certain higher than normal amount of nitrogen in solution
without complications. Consequently, the diver's blood and
tissues safely carry an elevated nitrogen content for up to
12 hours following a "normal or non-saturation" dive exposure.
However, if the diver ascends too rapidly causing an unacceptable
high pressure gradient between nitrogen in solution and the
ambient atmosphere, the nitrogen will come out of solution within
tissues and joints in the form of bubbles. These bubbles put
pressure on nerves and other structures and may interfere with
proper blood circulation. This results in pain symptoms and/or
central nervous system involvement including paralysis. The
type and extent of symptoms will depend upon where the bubble
forms. This is decompression sickness or the "bends."

Divers must observe proper decompression tables and
procedures as explained in the section on Air Decompression
to prevent this injury. Susceptibility to decompression
sickness will vary with individuals and diving conditions.
Susceptibility is enhanced by obesity, fatigue, alcohol
consumption prior to diving, illness, cold, age, and so on.
Some authorities suggest that women are more suscept.ible
than men.

Symptoms of decompression sickness include:

1. Pain in joints;

2. Tingling, burning, itching, numb or blotched skin;

3. Dizziness;

4. Ringing ears;

5. Blindness;

6. Paralysis;

7. Loss of feeling;

8. Breathing difficulties;

9. Unusual fatigue;

10. Unconsciousness.

If a diver experiences any of the above symptoms following a
dive, the diver, dive buddy and/or Diving Supervisor should
immediately evaluate the diving schedule for the day and answer
the following questions:

1. Was the dive s! timed accurately?

2. Were depth measurements accurate?
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3. Did the diver remain within the "no-decompression"
limits?

4, Were repetitive dive schedules calculated accurately' ?

5. Were reasonable margins of safety included in the
dive profiles' ?

6. Did the diver avoid decompression dives?

7. Did a physical injury sustained during the dive cause
the diver's symptoms?

8. Was the dive properly planned and executed in accordance
with the tables?

9. Were the tables read accurately?

10. Was the proper ascent rate used?

ll. Was exercise level, prior susceptibility, cold,
age, sex, fitness, and so on taken into account?

12. Did the diver avoid heavy exertion following a dive
close to the no-decompression limit?

If a diver has apparent symptoms of decompression sickness and
the answer is "no" or "unsure" to one or more of the above
questions, then decompression sickness can be suspected.
Symptoms generally appear within 2 to 3 hours following the
dive. However, symptoms delayed up to 24 hours are possible.

Zf decompression sickness is suspected, immediate arrange-
ments must be made for medical attention and therapeutic recom-
pression. The management procedure should include the following:

1. Take measures to prevent shock;

2. Start the victim on oxygen breathing;

3. Maintain a qualified diver/first aider with the victim
at all times, respiratory or cardiac arrest is possibLe;

4. Be alert for intensifying pain, onset of extremity
weakness or paralysis, etc.;

5. Provide physical and psychological comfort for the
victim;

6. Do not administer drugs or pain killers;

7. Transport to an emergency medical facility or obtain
on site services of a physician;

8. Provide the examining/attending Physician  s!
complete history of the dive s! and subsequent onset
of symptoms;
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9. Provide the physician with the location and telephone
numbers of the nearest recompression facilities and
physicians knowledgeable in diving medicine; provide
512/LEO-FAST information;

10. If necessary, assist in arranging transportation to
the recompression facility; and

ll. Maintain oxygen breathing during transport.

BREATHING GAS RELATED PROBLEMS

Carbon Monoxide Poisonin

Carbon monoxide more readily combines with the hemoglobin
in the blood than does oxygen. Since hemoglobin is the principal
component of the blood that carries oxygen, the stronger
carbon monoxide-hemoglobin bond greatly reduces the oxygen
transport capacity of the blood. Tissue hypoxia results even
though sufficient oxygen is available in the breathing medium.
Consequently, carbon monoxide is probably the most life-threatening
of all possibe diver's air contaminants.

Carbon monoxide is the byproduct of petroleum compound
combustion. Exhaust fumes from the exhaust of a gasoline
engine contain extremely large amounts of carbon monoxide.
If a gasoline engine driven compressor is operated in a closed
space or with the air intake close to the exhaust, dangerous
amounts of carbon monoxide will be pumped into the scuba
cylinder. Any oil lubricated compressor, whether electric
or gasoline powered, can produce carbon monoxide internally
through burning or flashing of the lubrica.ting oil in the
compression chambers. The ambient air where a compressor
is operated must also be free of carbon monoxide contamination.

The diver must. be provided with an uncontaminated air
supply. Periodic testing and/or air purification is necessary
to insure a proper air supply.

Victims of carbon monoxide poisoning will frequently lose
consciousness without warning. However, they may experience
tightness across the forehead, pounding in the temple area,
headache, nausea, vomiting, weakness, dizziness, confusion,
mental changes, or unconsciousness. Apparently these symptoms
can appear in any combination. In severe cases, breathing
will cease and the skin, lips, and fingernails wi] 1 sometimes
exhibit an abnormal red coloration.

If carbon monoxide poisoning is suspected, the victim
should be immediately exposed to fresh air and placed on
oxygen brea. thing. Continuously monitor the victim since
respiratory arrest can occur even after the removal of the
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contaminated air source. Even if the victim regains conscious-
ness or condition improves  if not previously unconscious!,
they must be examined by a physician. Many hours, generally
under medical treatment, will be required to eliminate carbon
monoxide from the blood. Therapeutic oxygen recompression is
highly beneficial.

Carbon Dioxide Excess

Sufficient. quantities of carbon dioxide will cause
symptoms ranging from an increase in respiration and heart
rate to unconsciousness. For the scuba diver, unconsciousness
in the water can quickly lead to death by drowning. However,
the potential of carbon dioxide build-up in open-circuit
scuba diving is somewhat limited when compared to the use of
recirculating scuba and some surface-supplied equipment. Con-
tamination of the air supply with sufficiently high concentrations
of carbon dioxide to induce symptoms is extremely rare. The
diver is more likely to ret,ain carbon dioxide produced in the
body because of inadequate ventilation of the lungs. Some
divers attempt to conserve air while diving by using a short
period of breathholding in each breathing cycle. This leads
to inadequate ventilation of the lungs and the retention of
abnormal amounts of carbon dioxide by the body. Overexertion
can lead to an abnormal breathing pattern where shallow, rapid
breaths also fail to adequately ventilate the lungs and elevated
carbon dioxide levels are retained by the body.

The diver may or may not notice signs of carbon dioxide
build-up. Generally, there is an increase in breathing rate.
As the concentration increases the diver may experience shortness
of breath, panting, headache, dizziness, mental confusion,
slowing of responses, weakness, nausea, and/or drowsiness.
As symptoms progress the skin, lips, and nails will appear
blue. Unconsciousness soon follows. The diving buddy should
be alert for signs of excessive fatigue and abnormal breathing
patterns. Once a fatigued diver begins the shallow, rapid
breathing pattern, the buddy must take immediate action to make
the diver relax  stop, rest., and breathe deeply!, surface, and
provide flotation  inflate buoyancy system!. The affected
diver can quickly pass into unconsciousness and drown if left
unattended. Once the diver rests and breathes fresh air, normal
breathing should return. A period of oxygen breathing may be
beneficial. If respiratory arrest occurs, take appropriate
steps to administer artificial respiration. An unconscious,
breathing victim should be immediately placed on oxygen breathing.
If the victim has lost consciousness, requires resuscitaiton,
or feels ill after an apparent carbon dioxide episode, he/she
must be examined by a physician.

The term shallow-water blackout is sometimes applied to
a carbon dioxide related episode where the diver suddenly
loses consciousness without warning. Hypoxia or insufficient
oxygen to maintain normal body function also results in shallow-
water blackout.
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In contrast to carbon dioxide excess, a diver may also
lose consciousness because of abnormally low levels of carbon
d.ioxide in the body. Hyperventilation or deep, rapid breathing
may be initiated by anxiety and/or physical stress. This
"overventilation" breathing pattern can lead to excessive
depletion of carbon dioxide with a subsequent acid-base im-
balance in the blood and body. The diver may experience a
light headed sensation, dizziness, or minor muscle spasms and
pass quickly into unconsciousness. The diving buddy must be
alert for this abnormal breathing pattern development,
especially in novice divers, stressful diving situations,
and during periods of heavy underwater work. The affected
diver must stop work, relax, regain normal breathing, and,
in some cases be taken to the surface for a period of rest.
If unconsciousness occurs, follow appropriate procedures and
provide surface flotation. Any diver that loses consciousness
during or following a dive must be seen by a physician.

Lipoid Pneumonia

Oil vapor, from oil-lubricated compressors, is a serious
air supply contaminant. Oil gives an unpleasant taste and
odor, and in sufficient concentrations will cause serious
pulmonary irritation, coughing, and pneumonia. The presence
of oil is detectable by odor and taste. Do not use an oil
contaminated air supply. Lipoid pneumonia requires medical
attention.

Hypoxia occurs whenever tissue cells fail to receive
or utilize sufficient oxygen to maintain normal function.
Brain tissue is particularly susceptible to hypoxia.
Hypoxia is not commonly associated with open-circuit scuba
diving. It is more commonly considered a problem in the use
of recirculating scuba.

Unconsciousness in breathhold or skin diving is generally
the result of hypoxia. An experienced, conditioned skin diver
may remain submerged long enough to reduce the blood oxygen
to an hypoxic level. The possibility of skin diver hypoxia
is greatly enhanced when the diver hyperventilates before
submergence. Through hyperventilation the respiratory stimu-
lating carbon dioxide content in the blood is reduced to an
abnormally low level. Hypoxia may render the submerged diver
unconscious before the blood carbon dioxide increases to a
sufficient level to stimulate the need for breathing. Conse-
quently, the skin diver must avoid extensive hyperventilation
and observe self-imposed time limits on submergence.

At least one open-circuit scuba diving fatality has been
attributed to hypoxia. In this case the air contained in the
scuba cylinder contained only about two percent oxygen.
Apparently, moisture had entered the cylinder during or prior
to charging. During storage, oxidation of the steel  rusting!
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consumed most of the oxygen in the air. Consequently, the diver
breathed a medium of 98'4 nitrogen/2% oxygen. The importance
of periodic internal inspection of cylinders, proper storage,
and adequate measures to prevent introduction of moisture into
scuba cylinders cannot be over-emphasized.

Unfortunately, the usual effects of hypoxia are quite
pleasant, and by the time they are noticed, the will to take
action is usually gone. Symptoms of hypoxia include a general
feeling of well-being or giddiness, decreased ability to
concentrate, impairment of muscular control, increase in pulse
and respiration rates, and fainting. A hypoxic individual will
often have blue lips and/or fingernails. Trembling and muscle
tremors are noted in advanced cases.

If a diver appears hypoxic, have him/her immediately breathe
fresh air. Oxygen breathing will speed recovery. If breathing
has ceased, start appropriate artificial respiration procedures
and seek medical attention.

Nearly any situation or condition that leads to uncon-
sciousness, inability to retain an air supply/stay afloat, or
impairment of normal function in or underwater can end in
near-drowning. The management of near-drowning is covered
under artificial respiration and cardio-pulmonary resuscita-
tion. Emphasis is placed on immediate action with in-water
resuscitation techniques being a mandatory part of scuba diver
training. Resuscitation procedures must be started as soon
as possible regardless of apparent non-breathing/submersion
time. Successful resuscitation has been accomplished even
after 30 minutes of submersion, especially in cold water
near-drownings.

Nitro en Narcosis

Exposure to an excessive partial pressure of nitrogen,
breathing air in excess of 100 fsw �0 msw!, produces an
anesthetic or intoxication effect on the central nervous system.
The degree of nitrogen narcosis response will vary with
individuals and from day to day for the same individual. Some
persons exhibit noticeable effects of nitrogen narcosis at
130 fsw �9 msw!. Below 130 fsw �9 msw! the intoxication
effect increases rapidly with depth and nearly everyone
experiences severe narcosis beyond 200 fsw �0 msw!.

The U.S. Navy and the Occupational Safety and Health
Administration have established 130 fsw �9 msw! as the maximum
safe diving depth for use of compressed air scuba. In some
incidences provisions are made for specially trained and
experienced scuba divers to exceed this depth. However, diving
time is limited and there is increased risk. Divers can pre-
vent nitrogen narcosis by limiting their dives to the recommended
130 fsw �9 msw! depth.
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The effects of nitrogen narcosis are similar to those of
alcohol intoxication. The diver will generally experience a
slowing of mental activity, fixat.ion of ideas; difficulty in
concentration and reasoning; memory impairment; a feeling of
well-being; lack of concern for personal safety; and difficulty
in accomplishing simple tasks. Some divers experience severe
depression. As the diver proceeds deeper than 200 fsw �0 msw!
and the effects intensify, he/she may lose awareness of the
surrounding and the situation and enter a state near of
near unconsciousness. Deep divers must be aware of symptoms
of nitrogen narcosis in both themselves and their buddy. The
effects subside with ascent.

Ox en Toxicit

Breathing 3.00% oxygen at a depth of 33 fsw �0 msw! or
greater can have a significant toxic effect on some individuals.
Although oxygen is used in surface decompression and therapeutic
recompression at depth equivalents up to 60 fsw  l8 rnsw!, the
conditions are controlled in a dry chamber. An oxygen sensi-
tive individual may experience adverse effects at shallow
depths. Underwater, especially with scuba, an oxygen toxicity
seizure can most certainly lead to drowning. Consequently,
open-circuit scuba must not be charged with oxygen as a sub-
stitute for compressed air. Some advanced divers who use oxygen
charged scuba for decompression stop breathing. Although
this practice has physiological benefits from the standpoint
of decompression, it carries a significant risk for oxygen
sensitive individuals. Consequently, this procedure is not
commonly practiced or accepted in the scuba diving community.

Warning symptoms of oxygen toxicity include muscular
twitching  often in face/lips!, nausea, dizziness, disturbed
hearing or vision  tunnel vision is common!, a feeling of increased
breathing resistance, anxiety, mental confusion, fatigue and
clumsiness. If these warning symptoms are not heeded, convul-
sions and loss of consciousness may quickly follow. Convulsions
and/or loss of consciousness may also occur immediately with
little or no warning.

As soon as oxygen toxicity symptoms appear, place the
diver on air and protect, from injury in the event of convulsions.
Symptoms will soon subside with fresh air, rest, and hyperven-
tilation.


