


Your Instructor

U of MI Diving Safety Coordinator

AAUS sanctioned Diving Safety Officer

Internationally rated 3 - star instructor (CMAS)

National Master Scuba Instructor (President’s Council)

> 100 Diving Certifications

> 200 Diving Publications

> 1,200,000 visitors to “Diving Myths & Realities” web site

Library: one of the best resources in North America

Scuba Diver since 1977

Scuba Instructor since 1980

DAN Instructor since 1991

EAN, Instructor since 1992
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Heat 1s a Fluid

Flows from hotter to colder
until
temperatures are equal



Thermal Balance

In cold
environment 'T‘.h"t
the body will Z‘;r(‘jd't\',\‘/’nrl‘s ::r?
Heat OUt: Iocr):;gl)e/at hegt rapi%ly
Cond UCt_I ol HEAT LOSS - HEAT GAIN
Convection g
Radiation
Heat In:
Respiration
Perspiration
Excretion :
Conduction

Radiation



Humans are Tropical Critters
Better coping with heat than cold

How the body responds to cold

©

Increase in
central blood

volume
Gooseflesh

Halrs

Skin

Increased
urine production

Increased heat
production (increase
In muscle tone and
shivering)

\

Decreased blood flow
to the periphery,
insulation maximized

Hot

Cold

Vasodilation

Arterioles dilate (enlarge) so
more blood enters skin
capillaries and heat is lost

Sweating

Sudorific glands secrete
sweat which removes heat
when water changes state

Pilorelaxation
This means the hairs flatten

Stretching Out
By opening up, the body was
a larger surface area

Vasoconstriction
Arterioles get smaller to
reduce blood going to skin
keeping core warm

Shivering

Rapid contraction and
relaxing of skeletal muscles
Heat produced by respiration

Piloerection
Hairs on skin stand up

Curling Up
Making yourself smaller so
smaller surface area




Hyperthermia




Hyperthermia
Body temperature too high
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Hyperthermia: Symptoms
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Heat Exhaustion

nausea, vomiting, fatigue, weakness,
headache, muscle cramps, aches, and dizziness.

Heat Stroke

high body temp, absence of sweating, hot red or
flushed dry skin, rapid pulse, difficulty breathing,
strange behavior, hallucinations, confusion,

agitation, disorientation, seizure, and/or coma.

Death

lack of breathing, no heart beat, silence,
rigor, and complete reduction in running pace.




Hyperthermia: Biochemistry

Hyperthermia -[ Increased metabolic rate ]

Increased generation of
reactive oxygen species

Protein damage {
* Oxidation

*  Aggregation

. Denaturatlon

< 74

Nuclear protein damage "‘h'b'tw" of cell Membrane damage

* Inhibition of DNA proliferation * Altered transport functions
repair mechanisms * G1cell cycle arrest * Altered cell signaling mechanisms

* Mitotic catastrophe . Altered receptor functions

Tumor cell death
* Apoptosis (low heat dose)

* Necrosis (high heat dose)
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Must Understand Heat Loss to Protect From the Cold




Ignoring (or Not Understanding) Heat Loss




In-\Water Heat Loss

Afr Movement




Water removes heat
~ 25 X faster
than dry, still air
at same temperature

Atorn (or molecule)

Direct transfer of energy at the molecular level
Major source of in-water heat loss



Thermal Loss: Convection

Cold Moving liquid removes heat
Continual process

Hot

. insulating wetsuit

8 trapped water

warm surfer

. cold seawater
~= radiating body heat




Thermal Loss: Radiation

Emission of infra red radiation

LPT



Thermal Loss: Evaporation / Respiration

REMEMBER, sweat that drips off your body can’t
Keep you cool. Sweat has to evaporate from your

skin to cool you off.

Evaporation

@ svet oland 9.72 kcal / mole
n .
Pre-dive sweating

Insensible perspiration
Humidifying dry breathing gas



Simplistic View of a Biochemist:

Heat = Life
Cold Robs Heat
No Heat = No Life




Body Response to Temperature LosS

*C BODY TEMPERATURE

First Shiver: Abort the dive!



Estimated Unprotected In-Water Survival Time
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Wind Chill Can Lead to Substantial Heat Loss

Calm 40

)
Q.
E
TC
£
=

D 10 minutes |:| 5 minutes

Wind Chill (°F) = 35.74 + 0.6215T - 35.75(V%15) + 0.4275T(V°'9)
Where, T= Air Temperature (°F) V=Wind Speed (mph) Effective 11/01/01




Cold:

Thermal protection is part of life support



Patent Foramen Ovale

LPT



General Heart-Lung Circulation




Patent Foramen Ovale
Opening in septum secundum

PFO:
Some blood flow bypasses the lungs (bubble filter)
Bubbles in circulation: can pass into arterial circulation

Possible source of CNS lesions seen in brain and spinal cord .



PFO: Allows Direct Path to Arterial Circulation
Bubbles can move into arterial circulation

CNS lesions
Severe neurological DCS
Ailr embolism on descent

Diagnosed with Ultrasound




Outer Ear Middle Ear Inner Ear I

Ear Issues



“Clearing” The Ears

> 80 % of basic students suffer ear barotrauma on first open water
George Hapur (Canadian Hyperbaric Physician)



Equalizing (““Clearing”) Middle Ear Pressure

“Clearing” equalizes pressure across the tympanic membrane

On Descent:
Tympanic Membrane Moves Inward
On Ascent:

Tympanic Membrane Moves Outward

Tympanic Membrane
Separates Outer and Middle Ear
Transmits Vibrations to Middle Ear

Too much movement (~ 8 fsw change) can rupture the ear drum
Possible ear infection from water entering the middle ear



“Clearing” Techniques:
(Most often a problem on descent)

Common Techniques:
Valsalva: Pinch nostrils and blow
Toynbee: Pinch nostrils and swallow

For all descents:
Start prior to descent
Slowly move feet first

Look up

If feeling pressure:

Ascend a bit to relieve Do NOT swallow

Extend jaw forward Air in stomach can expand on ascent

This can rupture the stomach

LPT



The Valsalva Maneuver

Pinch Nostrils and Gently Blow
Most Taught Technique

Vigorous Valsalva - Dangerous technique

Builds Internal Pressure

Transmitted via CSF to Brain
Possible Round Window Rupture

Can drive bubbles thru PFO (if present)
Possible air embolism on descent

Can Constrict Eustachian Tubes

LPT



Frenzel Technique
Developed During WWII For German Stuka Pilots




Frenzel Technique

Hands Free Equalization of Ear Pressures

Driving the tongue through the top of your head

From the air flow hitting the back of the tympanic membrane

Avoids all the i1ssues with Valsalva
Safest method of equalizing ear pressures



“Clearing” While Ascending

Sy

N

Valsalva is opposite of need
Need to decrease middle ear pressure
Pinch nostrils and gently suck



Middle Ear Barotrauma

Symptoms of mild ear barotrauma: Tympanic Membrane

Grade 0

Symptoms of moderate to severe ear barotrauma:

Unequal response

Grade 4 Grade 5



Swimmer’s Ear (Otitis Externa)

Most freshwater contains microbes and fungi
They survive well in warm, dark places
They do not survive well in acidic environments

Infection

LPT



Near Drowning




Near Drowning

Drowning: Death by submersion
Near Drowning: Surviving unconscious submersion

Drowning Sequence:
Struggling
Water enters alrway
Airway closes (laryngospasm) =» Seizure, Hypoxia
(Dry Drowning ~ 15 % of cases)
Laryngospasm relaxes
Water enters lung
Lungs cannot function when filled with water
Eventual death

Survival odds improved:
Little struggling, very cold water, very young, good condition

Aggressive first response
LPT



Near Drowning

Symptoms:
Difficulty breathing
Chest pain

Cyanosis (Bluish lip color)
Abdominal distention
Confusion

Coughing
Frothy sputum
Irritability
Unconsciousness

LPT
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Gases In Alr

Composition of Dry Air

Concemratlon

Symbol | Volume % pPRrmy

o Cxygen 2 209,470

-

et

Carbon dioxide a MEon

~" other gasaes .0 Helium . 0.000520

Methane CH. 0000200 200

0000 10 1.10

“Inert gases (mainly
II| argaon) . 97%

Water vapor 1% 00001 00 1.00

Y ! " 0.50
Oxygen: necessary for life Tt Gl 050

: 0.09
o.aor

g (R

Mot
Nitrogen: considered physiologically inert = PP S PR per mililen (e by vslome:
-- Miater vapor varies up to maximum of 4 wolume percent

- The tota lume percent of the listed gases does
equal es y 100 percent due to rounding numb

Others



AlIr as a Breathing Mix

Air:

Relatively inexpensive

Commonly available

Most common underwater breathing mix

But, N, causes problems at deeper depths:
Decompression Sickness
Nitrogen Narcosis

LPT



Carbon Dioxide (CO,)

LPT



Carbon Dioxide (CO,)
Carbon Dioxide

Excess levels In blood most undesirable

CO, Production:
300 mL/min
2000 mL/min

(unfit person has >> production)

Hed blood celis



Carbon Dioxide (CO,): Major Problem in Diving
Sources of Carbon Dioxide:

snorkel
poor regulator
full face mask




Cardinal Rule of Diving
“Never Hold You Breath”

But, you hold your breath every time you breathe with a regulator

Inhale ... exhale ... hold

Inhale ... hold ... slow exhale ... hold

During the hold, you are:
holding breath (embolism risk)
building up CO,

Don’t consciously extend the “hold phase”
(called ““skip breathing”)



Hypercapnia (High CO,)

A CO, “Hit”

Slight CO, build-up

Increased respiration (attempt to vent)
Poor ventilation

CO, continues to Iincrease

High CO, perceived as “regulator not working”
Suspicion: many “out of air” emergencies are CO, hits

LPT



CO, Cascade

Carbon dioxide exacerbates most dive maladies

Density Density

Incruand \J Gas Mix

naptn

VanN

*’ ln:rnnd Y

Incr&ull Y
[ En Illl'lill'r ) I:flr;?::‘ E::“',ﬂ

gram/liter of gas gram/liter of gas

Mitrogen 1.1009 Air at 1 ATA 1.138

Helium L1343 Adr at 99 FSW

Oxygen

Ilurnnd I

Lun ) 4 —
"_Ventilation Decreased |
o T 'l. Awirinlu y

32% Nitrox at 99 F5W

Neon 0.7930

Argon 1.5696

[ Increased
co, )

e Sy Loss of
i Consciousness

,,,;__‘;; Israeli military studies:
¢ ' Breathing EAN, increases CO, retention

E:l rtion




Hypercapnia (High CO,)

Studies show oxygen-enriched air promotes CO, retention
Higher the O, concentration, the greater the effect
Greater density at depth requires more work to breathe




Hypercapnia (High CO,)

Carbon dioxide toxicity

Central

. Dimmed - Drowsness
siaht - Mild narcosis

- 1% - Dizziness

- 3% Auditory - Confusion

- 9% - Reduced
- 8% hearing

Volume % | Visual

in air

- Unconscousness

e SKiNy
) - Sweating
Respratory -
- Shortmess
of breath

g

e ..
- Increased

heart rate
and blood
pressure

Muscular
- Tremor

Main Diving Issues:

Center of forehead




Shallow Water Blackout
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Shallow Water Blackout

Problem During Ascent:
Skin Diving
Free Diving
Only Using Mask & Snorkel

Associated with pre-dive hyperventilation
Ventilation exceeds metabolic demands

LPT



Shallow Water Blackout

Medulla

\
| \\— Glossopharyngeal nerve

/

: |
g .o
’ 7 Vagus nerve

/ I //

—— i v
W= Carotid body

High CO, communicates to respiratory center
“Need to breathe NOW to ventilate xs CO,”



Shallow Water Blackout

To avoid “Breathe now” from high CO,
To extend bottom time




Shallow Water Blackout
During Free Dive:

hyperventi- | dive — O level
lation m— CO:2 level

trigger not reached, urgent need
blackout kicks in to breathe

. 02 blackout zone .




Shallow Water Blackout

A DANGER

NO prolonged
breath holding

or underwater
swimming.

Competitive and repetitive
breath holding can be deadly.

Doing so tells your body not to ask for oxygen, which can
cause you to pass out and drown.

AUSTRALIAN SAFETY SIGNS by StikyStul 1500 23 05 63
v s Fr s afu by sdgn st sy
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Carbon Monoxide (CO)




CO Binds To Heme In Hemoglobin ~250 X Stronger than O2

Prevents Heme from carrying O,

= ?h\ AN
Y _ ' {: ;9"‘ MONOXIDE g /- ' ‘
581 U N
e 1 QLS Pk
’/(*1,_: | 27N *‘:’}TL .

Too Much CO =» No O, = Lethal



21?;';:?::):?;xldc poisoning Carbon MonOXide (CO)

» Dirziness
* Hoadiache

- Disorientation ¢ From incomplete combustion:

e Impalrment of
the cerebral function
« Coma

* Visual
disturbances

Normal
oxygenation

* Disease of the
heart and respiratory

9

Carbon
monoxide
poisoning

» Muscle cramps
¢ Sefzures

* Nauseca S ————

l'u. '
5 - y
e Muscle weakness ’&\"

'l
* AgQgravation of !
Meexisting , -3
b Q ; -?/f
diseases ’

.—' ‘V

Humans metabolism releases CO
Minor amount: factor in closed environments (habitats, subs & space capsules)

1 cigarette: more CO than USN allows in their breathing gas



N2
“ N=N

Nitrogen

»
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Nitrogen Narcosis
Narcosis:

So-called Martini’s Law: (Not considered valid)

15 METERS ..vvenes

30 METERS ........

4 F Yy 45 METERS ....uuu. V v v

- s -
60 METERE .uvvere. v .6 v ‘v
- - - Y

il
dl



Many Gases Have a Narcotic Potency
Meyer-Overton Theory of Anesthesia

Relative
Gas nharcotic
potency

Ne 0.3
H 0.6

Helium
Y @ Hydrogen

Lipids NOT total picture
GABA receptors involved

™ Nitrogen

Argmrl""'",,_ Carbon Tetrafluoride

:-..,,Eulfur Hexaflouride

" Mitrous Oxide
I Xenon

Complex Problem
“.Cyclopropane Not all understood

~@ Fluroxene
Diethyl Ether
Enflurane - Halothane
Chlaroform
¢ Methoxilurane

Carbon Dioxide ®

!
[
2
>
o
| =
@
-
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0il/Gas Solubility




Nitrogen Narcosis
Signs & Symptoms

Tendency to giggle

Tunnel vision (syncope)

Idea fixation (repetitive behaviors)
Shortened attention span

Declining neuro-muscular coordination
Numb lips

Inability to concentrate

Sense of being stalked (“It” is out there ... somewhere)
Loss of confidence (sense of helplessness)
Intense anxiety



Nitrogen Narcosis

Symptoms exacerbated by:
cold
work load (CO,)
anxiety
fatigue
drugs
alcohol
menses (?)

Symptoms:
Typically noticeable ~ 100 fsw, but onset as shallow as ~ 60 fsw
Sense of well-being: masks CNS impairment
May be not be noticed by affected diver
Individually variable
CNS impairment increases with time / depth
Ascent relieves problems; typically, no residuals
LPT



Underwater “Narcosis Test”

“OK?” signal is “automatic reflex”
Often NOT reliable indicator

Narcosis Test

(for cognitive processing)
Show 1 to 4 fingers to diver
Diver adds 1 to # fingers
Shows added count

LPT



Nitrogen Narcosis: Classic Myth
Narcosis Is reason for 130 fsw sport diving depth limit

LPT



“Bubble Trouble”: Decompression Sickness
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Origin of “The Bends”

Building of Brooklyn Bridge (1870’s)

Caisson workers experienced pain on surfacing

Assumed postures similar to women dancing “Grecian Bend”
Wanted to return to work to lessen the pain

Being “Bent” was an insult

\;“4.|] Established:

Rl Caisson's disease and |
Sponge Diver’s disease | £8
Same malady 5

] - -

T

Haldane used goats to develop dive tables (1930°s)
. Goats forelimbs would bend on too rapid ascents
So, they were “bent”

Developed ascent tables that would not bend goats




Gases at Depth

On the surface:

On descent:

At depth:




Gases at Depth

Gases eventually equilibrate tissue gas pressure with environment
Increased depth increases amount of dissolved gas
Nitrogen: accumulates ... not used by metabolism

Different tissues (solubility compartments) build up gas at different rates

No correlation between a biological tissue and a mathematical compartment

Different models will use

Gas Solubility — Effect of Pressure

Nitrogen Partial Pressures:
Surface: 0.79 x 1 ata =0.79 ata
99 fsw: 0.79 x4 ata = 3.16 ata

Initial equilibrium Increased pressure New equilibrium




Decompression Sickness

On ascent, gas pressure in tissues greater than ambient
Gas bubbles out of tissues
Bubbles may form on dive (diver / profile dependent)
Some dives /divers may not show significant bubbles)
Too many bubbles: Decompression Sickness (DCS)
Symptoms observed depend on where bubbles form

Bubbles in Tissue Bubbles in VVeins

LPT



Bubble Trouble

Most bubbles safely eliminated via venous circulation and lungs
Too many bubbles overwhelm physiology
Proteins of coagulation cascade react to gas bubbles in tissues
coat bubble and initiate clotting at site of bubble




Bubble Trouble

(Z: NOR;\AAL o Bubbles in capillaries block flow
F"J'Lj

| E . . ; i
FLU\E’=L3= " Very complex biochemical complications

| Much still not understood




Symptoms Depend on # Bubbles and their Location
Freguency and Onset of Symptoms

local joint pain

within 1 hour
arm symptoms

leg symptoms within 3 hours
dizziness

paralysis A within 8 hours

shortness of breath
within 24 hours
extreme fatigue

collapse/unconsciousness 5% within 48 hours




Bubble Trouble

Bubble trouble assumed to be primarily a “too much N,” malady

abundance of N, in breathing mix

Increased time / depth drives N, into tissues
N, not used in metabolism

Over abundant N, escapes tissues on ascent

Basis of oxygen-enriched air

Obvious remedy: decrease amount of N, in breathing mix
Use gas involved in metabolism (oxygen)

R

LPT



Oxygen Enriched Air Reduces Nitrogen Tissue Loads
Breathing Air Breathing EAN,,

800
700
600

[ Total (kpa) 500

M Nitrogen (kpa) ;}'gg

[1Oxygen (kpa) >0

1001
0
Oft 66 132 198

ft ft ft




Too Many Bubbles: Decompression Sickness

vertigo, poor balance, confusion,
'  nausea, fatigue, unconsciousness

\ 1] AN i
skin rash

abdominal pain, loss of
.\ bladder function, paralysis

tingling, pinsand *
needles

DAN:
> 60% of DCS involve depths > 80 fsw

Type | (Pain Only)

limb or joint pain

Type Il (CNS Involved)

numbness / tingling
bi-lateral paralysis

no bladder function
loss of sexual response



Skin Bends

Signs & Symptoms:
Skin discoloration
Purplish and flat
Compared to a rash:
More reddish and “textured”
Itching

Most often:

Chamber dives
Females
Hot shower post-dive

~ 20% show neurological involvement

LPT



DCS Risk Factors

The following conditions are considered to increase DCS risk:

LPT



N

Fy
%
%

sl T

b 4

‘)

R
&

Serious DCS Cases Involve Spinal Cord

Bi-lateral dysfunction/numbness
May increase with time

May result in permanent dysfunction
Affects Ability to:

walk
excrete
have sex

Best tactic: Love your spinal cord: dive conservatively

LPT



Lowering Bubble Formation

Minimize risk by: Ascent Rate: A Compromise

Not “pushing” tables

Slow ascents
especially “shallow”

Safety Stops

Staying hydrated

Agonizingly slow:
Monitor with gauges US Navy Combat Swimmers: ~120 fsw / min
US Navy Salvage Divers: ~25 fsw/min

US Navy Compromise: 60 fsw / min

No correlation to physiology

LPT



Arterial Gas Embolism (AGE)

LPT



Alveoli: Site of Gas Exchange

Oxygenated

blood to heart - .
Deoxygenated /
blood from heart /

Pulmonary venule —

Ercnch.us Pulmonary a
Bronchiole —._ 5, arteriole /)

Alveoli =,

Smallest ~o. RS P «é 4
blood St ) 0,

b
A EY
vessels P
(capillaries) &

Alveoll:

(allows gas exchange)

Blood Out

)




Pulmonary Barotrauma of Ascent
Expanding gas in alveoli exceeds capacity
Alveoli tissue tears

(Gas escapes




Pulmonary Barotrauma of Ascent

Ruptured Alveoli:

If Gas Goes:
Under SKin:
Chest Cavity:

Against Lung:

Into Arterial Circulation:

+-=— Brain

Carotid

/ artery

Heart

Air
bubbles

Ruptured
alveoli

Arterial gas embolism Mediastinal emphysema

Collapsed
lung

* | Pleural
~ cavities

Pneumothorax/ Subcutaneous emphysema
Tension pneumothorax




Greatest volume change:
where pressure Is less

Do NOT need “panic ascent” to develop overpressure

~ 20-25 % of injuries “undeserved”

Its Your body chemistry on the day you dive:
Internal air trapping, asthma, cysts, fibrosis, inflammation
tumors, blebs, wave height, diseases, inadequate exhalation



Pulmonary Barotrauma of Ascent
The Emphysemas: Signs & Symptoms

Under Skin:
Chest Cavity:

(if gas moves into throat)

Tachycardia
Cyanosis
Hypotension




Pulmonary Barotrauma of Ascent
Pneumothorax: Mechanism of Injury

Pneumothorax
(Collapsed Lung)

Lung function diminishes




Pulmonary Barotrauma of Ascent
Pneumothorax: Signs & Symptoms

Medical staff will check for this malady prior to recompression



Pulmonary Barotrauma of Ascent
Arterial Gas Embolism (AGE)

Worst case scenario

S i

Autopsy bubbles in brain



Pulmonary Barotrauma of Ascent: Signs & Symptoms

Bubbles in Brain (“stroke”): Damage depends on where bubbles lodge
Major clue: CNS involvement; may see

Rapid Onset:
Before surfacing
< 10 minutes after dive

Libermeister’s Sign (white triangle on tongue)
Gas bubbles visible in retina of eye
Abnormal EKG

Red froth at the mouth



OXYGEN
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Oxygen Toxicity

LPT



Oxygen Necessary For Life
Metabolism: narrow oxygen partial pressure window

C.H.,,0,+6 0, 6 CO,+ 6 H,0

Cellular components + O, = “Bad stuff” (ROS)

g 3 L,

q"ﬂﬁ ? do &

ok

& ,é**.é?
. ™ "'r-'} a‘ ?. & .
Hypoxia @ o % - Hyperoxia

pO, <0.16 ata pO, > 1.6 ata

20

LPT



Hypoxia (too little oxygen) A

Simplistic View of Body Chemistry:

Brain can only use sugar supplied by blood flow
Any trauma (shock) reduces blood flow / sugar / O,
Brain among first tissue to be compromised

Brain uses ~ 20%o of total metabolic O, consumed

Low O, reduces / stops above energy reaction:



Hypoxia Symptoms

Early R - Restlessness

NG A - Anxiety

T - Tachycardia/Tachypnea

s Lateto B - Bradycardia
O @ -\ [ - Extreme Restleseness

~ [D - Dyspnea (Severe)

C YMILLER.
AN i ] (O S DB > |

Ultimately: No oxygen =» no life




Hyperxia (Too Much Oxygen)

Oxygen is a highly reactive element

ROS: Reactive Oxygen Species (Cellular Saboteur)

Q)D
LPS TNF-a 0S BMP4
\N/

|

/ W
i CALPAIN \ ﬁ
/2 . ;'» =il NK
AP-1 (NF-xB) /= r
DY ’ ,




Hyperoxia

Reactive Oxygen Species (ROS) Constantly Produced
Direct result of oxygen molecule’s chemical reactivity

Endogenous Exogenous Antioxidant
sources of ROS causes of ROS defenses
« Mitochondria ~ Production » Enzymes (catalase,
* Peroxisomes * Ultraviolet light superoxide
« NADPH * [onizing radiation dismutase, and
oxidase * Drugs glutathione
e Other * Inflammatory Normal %elr?x:gase)
cytokines : * Glutathione
it ° Eynvironmental pySiogy e Vitamins A, C, and E
toxins * Other antioxidants

Excessive ROS - Inadequate ROS

* Cell death * Impaired immune function
* Diseases — * Impaired cell proliferation
* Aging * Other impaired responses

ROS are biologically very destructive
Numerous biological defenses against ROS



Hyperoxia Effects

Higher pO, increases ROS concentrations

Increase partial pressure: drive reaction to the right
Cellular components + O, = “Bad stuff” (ROS)

High inspired oxygen pressure

Renal
Chemical toxicity Erythrocyte damage
Tracheobronchial tree hemolysis
Capillary endothelium

e Toxic effects upon
Alveolar epithelium

Hepatic enzymes and cells of

Myocardial effects central nervous system

damage Chemical toxicity

Pulmonary damage Destruction of any cell
Atelectasis Death

_ Endocrine effects Twitching
Hypoxemia ’ Adrenal Convulsions
Acidosis Retinal Gonads Destruction of neurons
Death damage Thyroid Death




Hyperoxia Effects

7 AN

Eyes ) > o Central

- Visual field loss - - Seizures
- Near-sightedness
- Cataract formation
- Bleeding

- Fibrosis

Respiratory

- Jerky breathing

- Irritation

- Coughing

- Pain

- Shortness of breath

- Tracheobronchitis

- Acute respiratory
distress syndrome

Muscular——
- Twitching

Symptoms depend on pO, and exposure time




VENTID — C Hyperoxia Effects on CNS

\4 Not a progression ... maybe no warning
= May start with convulsions
‘NI' Twitching usually starts at lower lip
| Common causes:
D Exceeding the oxygen exposure limits
® Using an incorrect mix for the depth
Using wrong deco gas at depth
ConVENTID
Recognition of ANY Symptom =» |mmed|ately ascend

(reduce pO,)

LPT



Hyperoxia Effects on CNS

Heavy exercise

Breathing dense gas
Breathing against resistance
Increased CO, buildup
Chilling or hypothermia
Water immersion (as opposed to “chamber diving”)

Oxygen tolerance tests no longer considered valid



Hyperoxia Effects on CNS
Seilzure In sport diving equipment is usually fatal

Diving EAN, requires monitoring oxygen exposure
Surviving convulsions: reason to use full face mask




Hyperoxia Effects on CNS

Anecdotal suggestion that Sudafed increases seizure risk
(seizures are a side effect in children)
Other concerns:
anti-motion drugs (especially transderm (scopolamine))
aspirin, caffeine, viagra, nitro heart medication




Biological Defenses Occasionally Sold to Divers
No evidence that ingestion of unprotected SOD has any physiological effects

SOD bound to wheat proteins MIGHT improve its ROS protection

Nitrox Therapy is a power workout Nitric Oxide promoter

Recent Findings suggest eating dark chocolate bar
~ 30 minutes pre-dive offers some protection from oxidative cell damage

DAN
e NUTRITIO
“HOXIDE Dis =




Whole Body Oxygen Toxicity

Formerly Pulmonary Toxicity (Lorrain Smith Effect)
Contrasted to CNS Toxicity (Paul Bert Effect)

CNS |

» . ‘
Toxicity | CNS Toxicity Precedes

Is Detectable Pulmonary Effects
Evident', &

Pulmonary Toxicity
No Detectable Is Evident

Toxicity for Rapid Onset

Limited Exposure P “'mona,y Limits

Z
L]
O
>..
X
O
0
L
(c
o
%)
Z

PRESSURE, Atmospheres

Slow Onset

8 12 16 20

DURATION OF
OXYGEN BREATHING, Hours




Whole Body Oxygen Toxicity
No-deco stop diving concerned primarily with CNS toxicity

Whole Body a concern for:
Extended range
Deco diving
Intensive, multiple dive operations =« =
Mixes with high O, concentration 7

Onset: breathing high pO, (> 0.5 ata) for hours
Relief: breathing pO, < 0.5 ata

Primarily effects the lungs
Typically, not a concern in standard range diving

LPT



Whole Body Oxygen Toxicity

Symptoms

Chest pain or discomfort
Coughing

Chest tightness

Fluid in the lungs
Reduction in vital capacity

Skin numbness and itching
Headache

Dizziness

NEREE

Visual disturbances
Diminished aerobic capacity

Body optimized for 21% O,
High pO, alters tissue structure
Lung tissue

Thickens

Becomes less pliable

Reduces vital capacity




Oxygen Toxicity Units (OTU)

Based on decreased lung vital capacity while breathing 100 % O,

Pulmonary Oxygen Tolerance Curve

1 OTU = Breathing 100% O, for 1 minute (o aocroment it capacg

At constant depth:

Ascending and descending:

time (t) in minutes

PO, at constant depth in absolute atmospheres
PO, ; at final condition in absolute atmospheres
PO, , at initial condition in absolute atmospheres

Solving involves integration of pressure over time =» best done by computer



Oxygen Toxicity Units (OTU)
EAN, diving below OTU threshold, so typically not tracked

Divers Track OTU’s By
Allowed Daily Exposure: 1440 Computer Planning Software
Typical DCS Treatments: In-water Dive Computers
Table 5: 297 OTU Tables
Table 6: 607 OTU Spreadsheets
Table 6A: 820 roa e
EAN, Diving: ~40 - 300 o d 5 T B

Extended Range Diving: ~850

Rt 4
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NOAA Oxygen Exposure Limits

Example: Example:
EAN,, mix at 130 fsw EAN,, mix at 130 fsw
% O, Depth to Pressure % O, Depth to Pressure
pO,=0.32[(130 fsw /33 fsw/atm) +1 atm] pO, = 0.40[(130 fsw /33 fsw/atm) +1 atm]
pO, = 1.58 ata pO,=1.98 ata

NOAA Oxygen Exposure Limits PO, exceeds oxygen exposure limits

Maximum Single | Maximum PO, too high for 130 fsw
(Poz) Exposure per 24 hr Unacceptable oxygen toxicity risk
atm

(minutes) (minutes)

Single Dive limit of 45 minutes



NOAA Oxygen Exposure Limits

Example:
Using EAN,,
Reduce allowed pO, to 1.40 ata

Single Dive limit of 150 minutes

Need to determine time and max depth for all EAN, dives



Percent CNS Oxygen Exposure
% Daily O, Allowance = [Dive Time / 24 hour Allowed] x 100

NOAA Summary for Common Dives




CNS% Oxygen Exposure Surface Interval Credit Table

Surface Interval

Start

a0 MIMS

B0 MAIMNE

S0 MAIME

120 MINS

180 MM

240 MIN S

300 MM

Jb0 MM

100%:

83 %o

bk %

43%

41 %

24 %

16%

11%

7 Yo

55 %

79%

b3 %

46 %

38 %

22%

15%

10%

7 Y

S0 %

75 %

59 %

44 %

37 %

2%

15%

10%

7 %

85 %o

7 %

56 o

42 %

35 %

21 %

14 %

5%

b %

il

b %o

53 %

39 %

32 %

159%

13%

2%

b %

75 %

b2 %

49%

37 %o

31 %

15 %

12 %

8%

5%

7%

53 Yo

46 %

34 %

28 %

17 %

11 %

7 %

5%

RS %

54 %

43%

32 %

A7 %

165 %

11%

7%

5%

Bl %

S0 %

A0 %

29%

24 %

14 %

5%

b %

4%

55 %

A6 %

36 %

27 %

22 %

13%

5%

b%

4%

S0 %

41 %a

3%

24 %

0%

12%

8%

5%

3%

45 %

37 %o

30 %

22 %

18 %

11 %

7%

5%

3%

A0 %

3%

2B %

0%

17 %

10%:

7%

5%

1%

5%

29%

23%

17 %

14%

8 %

5%

3%

2%

0%

25%

20%

15%

12%

£ Y

5%

3%

2%

25%

21 %

1h%

12%

10%

b %

4%

3%

2%

20%

17 %

13%

10%

8%

5 %o

3%

2%

1%

15%

12%

10%

7o

b

3%

2%

1 %

1%

10%

8%

7%

5%

4%

2%

1 %

1 %a

1%

Start

A0 MINS

RO RIS

S0 MINS

120 MINS

180 MIMNS

240 WINS

00 kIS

360 kNS




Cumulative %0 CNS Oxygen Exposure

Example:
First Dive: 40 minutes at pO, of 1.60 ata
% CNS Oxygen Exposure: (40 min /45 min x 100) = 89%

Surface Interval: 120 minutes
New (Residual) % CNS Oxygen Exposure: 37 %

Second Dive: 30 minutes at pO, of 1.2 ata
Dive % CNS Oxygen Exposure: (30 min /210 min x 100 =14 %

Total CNS Exposure = (14 + 37) % = 51 %

LPT



Per Minute % CNS Oxygen Exposure

CNS%/min

CNS%/min

CNS%/min

0.14

0.35

0.68

0.14

0.36

0.71

0.15

0.38

0.74

0.16

0.4

0.78

0.17

0.42

0.83

0.18

0.43

0.93

0.18

0.43

1.04

0.9

0.44

1.19

0.2

0.46

1.47

0.21

0.47

2.22

0.22

0.48

5

0.23

0.51

6.25

0.24

0.52

7.69

0.25

0.54

10

0.26

0.56

12.5

0.28

0.57

20

0.29

0.6

25

0.3

0.62

31.25

0.31

0.63

50

0.32

0.65

100

0.33




Maximum Operating Depth (MOD)

MOD - the maximum depth that should be dived with a given EAN, mixture

MOD — ((POz limit, ata )

: —Jatm |33 fsw/atm
(FOzmix )

Example: Determine MOD for a 36% mix with a pO, 1.60 ata:

Enriched Air Fill Data

MOD = (M —1atm} 33fsw/atm=114 fsw

(0.36)

GAS MIX




Maximum Operating Depth (MOD)
For NOAA | (32% O,)

MOD = (M —1atmj 33 fsw/atm =132 fsw

(0.32)

1.50 ata)

(0.32)

I\/IOD:((

-1 atmj 33 fsw/atm =122 fsw

MOD = (w —1atmj 33fsw/atm=111fsw

(0.32)




Maximum Operating Depth (MOD)
For NOAA 11 (36% O,)

MOD = (M — 1atmj 33 fsw/atm =114 fsw

(0.36)

MOD = (@Lata) —1atm] 33 fsw/atm =105 fsw

(0.36)

MOD = (@Lata) —1atmj 33 fsw/atm =95 fsw

(0.36)



EAN, has shallower onset of CNS toxicity than air

(Has more O,)

For 1.4 ata limit
Alr 187 fsw
NOAA | 111 fsw
NOAA Il 95 fsw

For 1.6 ata limit
Alr 218 fsw
NOAA | 132 fsw
NOAA Il 114 fsw

Higher the pO,
Shallower the MOD

LPT



Using Dalton’s Law (Determine Partial Pressures)

Dalton’s law (based on fraction of component gas)
Py =Fy X Py
P, = partial pressure of the component gas

g = fraction of the component gas
P. = total pressure of gas mixture (determined from depth)

For air (21 % O,) being breathed at 90 fsw:

P, =F,xP where P=[(D fsw/33 fsw/atm) +1 atm]

PO, =0.21 [ (90 fsw / 33 fsw/atm ) + 1 atm)
pO, =0.78 ata

NS P



Classic Recreational Diving Dalton’s “Pie”
Hide wanted segment: Result Solves for hidden segment

Also called:
P “
g Diamond
Gas Partial Pressure
P,=F,XP,

Fraction Total
Of a Gas Pressure
Fe= By Pi= By
P, F,

LPT
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Using the NOAA pO, Chart

Determine pO, of a 32% mix being breathed at 110 fsw
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nd Of Class T

Dive long and prosper



