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FIGURE 11. A comparison of the devel opment of foot pad
oedema in iron deficient and iron supplemented rats after
challengewith Freund’ scompleteadjuvant. Solid squares=
iron deficient, solid circles=iron supplemented. * p<0.05
, ** p<0.01 (Student’s Test).

perhapspeoplehavethought. Maybeinthefuturewewill be
seeing copper complex non steroidal agents.

Mr Christian Narkowicz
Isthereany way of binding freetheironinthejoints?

Dr Fiona Andrews

There hasbeen somework to suggest that infusion of
desferrioxamine into a model of inflamed synovial-like
tissue, namely the alergic air pouch in rats, reduces the
inflammatory reaction although | am not aware of studies
where desferrioxamine has been infused into the human
arthritic joint.
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Dr Fiona Andrews address is Department of Sur-
gery, Monash University Medical School, Alfred Hospital,
Commercial Road, Prahran, Victoria 3181, Australia

FREE RADICALSIN HEALTH AND DISEASE

Janet Vid

An dternative title for my talk today would be
oxygen, friend or foe. | am sure Joseph Priestly in 1775
never really appreciated theimplications of hiswordswhen
hewrote, “ Though pure dephlogisticated air (whichwashis
name for oxygen) might be useful asamedicineit might be
not so proper for usintheusual healthy state of the body for
as the candle burns so much faster in dephlogisticated than
in common air so we might as may be said live out too fast
and the animals powers be too soon exhausted in this pure
kind of air”. So from the very beginning Priestly perhaps
appreciated themixed blessing that oxygenis. Althoughwe
can point to many substancesin our environment which are
both good and bad, perhaps oxygen is unique in being
essential to life but also being so potentially toxic to living
cells.

| would like to go back in time. Back five hillion
years to the beginning of the earth. When the earth was
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young it was arather inhospitable place; very geologically
active with volcanoes and fumaroles. Therewas no protec-
tionfromultraviol et radiation and other radiationfromextra
terrestrial sources. The atmosphere consisted of small or-
ganic moleculeslikemethane, ammonia, hydrogen, sul phur,
and somewater vapour. Although rather inhospitableto our
eyesthat combination of substances, plusthefact that there
was no protection from extraterrestrial radiation set up the
circumstancesinwhich lifecould evolve. It hasbeen shown
inthe laboratory that if one combines the substances which
wereintheearly atmospherewith radiation one can produce
amino acidswhich arethe building blocks of proteins. With
time, increasingly complex organic moleculeswere synthe-
sized from the combination of simple molecules and still
later molecules which had the ability to reproduce them-
selvesdevel oped. Thesewereeither DNA or substanceslike
DNA andtheremay havebeen several trialsbeforelifeaswe
know it evolved.

Inthe beginning the DNA and cells, when they came
along, depended for their energy on the breakdown of the
complex molecules around them. In time algae evolved
which had the ability to synthesize carbohydrates using the
energy fromthesunand carbondioxide. Photosynthesishad
arrived. This was a very important stage in evolution be-
causetheby product of thisphotosynthesiswasoxygen. For
thefirst time significant amounts of oxygen appeared inthe
earth’ satmosphere. Thiswastoxictotheorganismsthat had
never been exposed to oxygen before and | am sure many
forms of life disappeared at that time. Those that survived
either had tofind nichesthat were away from oxygen or else
they had to develop mechanisms to defend themselves
against oxygen damage. Those organisms that learned to
livewith oxygen had many advantages, because metabolism
using oxygen was very much more efficient than the previ-
ous anaerobic metabolism. Thisimproved ability to gener-
ate energy wasimportant pre-requisite for the devel opment
of multi celled organisms. Oxygenwasimportant inanother
way. Ozoneisderived fromoxygen. Upuntil thistimethere
washo protectionfor thesurfaceof theearthfromultraviol et
radiation. With increasing amounts of oxygen the ozone
layer was able to develop and the surface of the earth was
then protected to some degree from UV radiation. This
allowed theevolution of lifeonland. Oxygen and develop-
ment of organisms that both released and were able to use
oxygen was avery important part of the evolution of lifeon
earth.

| have mentioned cellular metabolism that uses oxy-
gen. Most reduction of oxygen in cells occurs through the
addition of four electrons to oxygen. That is important
becauseit meansthat freeradicalsare not produced. Before
I gofurther | will explainwhat freeradicalsare. That perhaps
will explain why oxygen was toxic to those primitive cells
that had no defence against it. So what are free radicals?
Remember the structure of an atom or a molecule. The
nucleus of an atom consists of protons, positively charged
particles, and neutronswhichhavenocharge. They formthe
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nucleus and spinning around the nucleus in orbitals are
electrons, the negatively charged particles. Theseelectrons
usually occur in pairs. These electrons, aswell as spinning
aroundthenucleus, also spinontheir ownaxiswhich creates
magnetic forces. However thetwo electronsthat make up a
pair spin in opposite directions, so their magnetic forces
cancel each other out effectively. A free radical isamol-
ecule that has only one electron in an outer orbital. Asa
result it is unbalanced and has the potentia to act as a
magnet. Becausethisisan unstable state theradical tendsto
grab other electronsto makeitsouter orbital stable. Sofree
radical stendtobevery reactiveandtendtoreact very readily
with other molecules.

Oxygen is interesting in that it is a biradical. An
oxygen molecule consists of two atoms of oxygen and the
two atoms are each radicals in that they each have an
unpaired electronintheir outer orbital. One might ask why
do not the two electrons pair up? Unfortunately they have
parallel spins so they are not able to pair up because only
electrons with opposite spins can pair up. That makes
oxygen an unusual molecule as even if one adds another
electrontooxygenthereisstill oneunpairedelectron. Infact
oneneedsto add four electronstothemoleculeto get astable
situation. So oxygen, and metabolism of oxygen, hasagreat
propensity to produce free radicals. This is overcome in
most cellular metabolism by an enzyme called cytochrome
oxidase which adds four electronsin asingle step therefore
avoiding the production of free radicals. However some of
the oxygeninthe cell bypassesthissystem and electronsare
added one at atime producing freeradicals. So from every
cell there is a leak of free radicals as part of celular
metabolism.

Other enzymesin the cell, which act on oxygen, also
producefreeradicals. Thisisaninevitablesideeffect of the
production of important cell messengersand themetabolism
of a number of drugs and chemicals also result in the
production of freeradicals. Exposuretoultraviolet light and
toionising radiation also can produce freeradicals. These
aresome of the sources of freeradicalsinthebody (Table 1)
that are known and there may be othersthat asyet we do not
know about. The production, inthebody, of freeradicalsis
something that ishappening all thetime as part of itsnormal
functioning and it is essentia that the body has means of
dealing with them to prevent potential damage.

Why arefreeradicalspotentially harmful, why dowe
have to worry about them? The major oxygen free radical
product of biological reactionsissuperoxide. Itisanoxygen
molecule with an extra electron and because it has an extra
electron it is negatively charged.

In itself the superoxide does not seem to be particu-
larly damaging. Inthelaboratory it isvery difficult to show
that superoxide doesany harmto tissues so it isthought that
itisaproduct of this superoxide that isresponsible for free
radical damage. The superoxide radical in the presence of
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TABLE 1
Sour ces of free radicalsin the body

Cellular metabolism

Enzymes (oxidases)

Metabolism of drugs and chemicals
Exposure to UV light and ionizing radiation

iron Fet+++ donates an el ectron theiron molecul e producing
Fe™ (Figurel). Superoxideinthepresenceof hydrogenions
produces hydrogen peroxide plus molecular oxygen and
then the combination of this hydrogen peroxide and Fe**
results in the production of hydroxyl radical (Figure 1)
which isthought to be one of the villains of the piece. The
hydroxyl radical has been shown to be a potent cause of
damage in the body.

HABER-WEISS REACTION

. 3+ 2+
02 + Fe ) + 02 + Fe
+ .
2+ 20, + H)0, + 0,
Ho0, + Fe2t +  OH + OH + Fedt

FIGURE 1. Thechemical reactionsby whichtherelatively
harmless superoxide radical, the major oxygen free radical
product of biological reactions, isthought to be converted to
the tissue damaging hydroxyl radical (OH).

How doesthis hydroxyl radical cause damageto the
body? Thenext playersinthe sagaare polyunsaturated fatty
acids.  Polyunsaturated fatty acids are fairly ubiquitous
substances. They are very important constituents of cell
membranes. Cell membranes are vital for function. If the
cell membrane is destroyed then very shortly thereafter the
cell dies. Polyunsaturated fatty acids are particularly prone
tofreeradical attacks. They consist of acarbon backbonebut
they have a number of double bonds, or unsaturated bonds
between the carbon atoms, and free radicals can attack at
these points. When an hydroxy! radical attacks at a carbon
double bond theresult isthe production of alipidradical. In
the presence of oxygen the next product isalipid peroxide
radical (Figure 2). Thisradical can break down, in certain
circumstances, to form a number of different substances
whichinthemselvesaretoxicto cells. They areresponsible
for the bad taste and bad smellsof rancid fat and of food that
contains fat when it goes off.
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FIGURE 2. The reactions by which polyunsaturated fatty
acids (RH) and the hydroxyl radicals (OH’) produce lipid
radicals (R), lipid peroxyl radicals (ROO) and lipid perox-
ides (ROCH).

If that does not happen the lipid peroxide radical in
the presence of more polyunsaturated fatty acids can pro-
duce lipid peroxide and at the same time produce a further
radical from the polyunsaturated fatty acid (Figure 2). At
thisstageinthecycle other sortsof compounds can comein.
Proteins or DNA can be introduced into the system and
radical scan begenerated fromthem. Thiscan becomeaself
sustaining reaction with eventual destruction of the organ-
ism if there is not some block in the system.

What happens to the lipid peroxide? It can hang
around for awhilein cell wallsnot doing much at all. Butin
theright circumstancesand in the presence of small amounts
of iron it can break down with the production of hydroxy!l
radical and thewholeprocesscan start all over again (Figure
2).

This damage particularly effects lipids which are
very important in cell membranes, for cellular integrity, but
asitasoinvolvesproteinsand DNA, onecan seevery easily
how radicals, if they get out of control, can wreak havoc at
many levelsin the cell and result in cell destruction.

Before getting carried away with the damaging ef-
fects of uncontrolled free radicals one should ook to seeiif
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thereisanother side of thecoin. Interestinfreeradicalsand
related compoundsasis something necessary tolifeisfairly
new so there is not a lot of research in this area. It is
becoming clear in acouple of areasthat acertain low level
of freeradical sisneeded for good health. For someenzymes
full activity requires a low level of lipid peroxides. this
appliesto the cyclooxygenase enzyme which isresponsible
for producing prostaglandins, important mediators in in-
flammation, clotting and control of blood vessel diameter.
The white cells are very important in defending the body
against bacterial infection and agroup of thewhitecells, the
polymorphonuclear leukocytes, have the ability to release
packets of free radicals in the right circumstances to kill
bacteria. The body has thus used free radicals for its own
defence against bacteria and people who do not have this
ability are very prone to bacterial infections and often die
prematurely as aresult.

Thereareacouple morespecul ative areaswherefree
radicals may be necessary for normal health. Thereissome
evidence that free radicals are involved in the control of
blood vessels and blood flow. An even more speculative
areaisin brain function. People with Down’s Syndrome
havean extrachromosome21. Chromosome21 containsthe
genetic code for superoxide dismutase which is a very
important protective enzymethat preventsfreeradical gen-
eration. SopeoplewithDown’'sSyndromehaveat |east 50%
more superoxide dismutase in their brain than normal peo-
ple. It has also been found that some people with chronic
psychiatric conditions have more superoxide dismutase in
their brain than normal and it has been speculated that
perhaps a certain level of free radicals is necessary in the
brain for normal brain functioning. That is an areathat is
going to need moreresearch but it isinteresting to specul ate.

How can one prevent tissue damage due to free
radicals? First, by reducing production of free radicals
through reducing exposure to oxygen, other chemicals and
radiation that might produce freeradicals. Reduction of the
pool of labile transition metalswill also reduce free radical
production. | indicated before how iron could promote the
production of hydroxy! radicals and other transition metals
likecopper and manganesecandothesamething. Protective
enzymes and antioxidants are al so important for preventing
and reducing tissue damage.

Defence mechanisms vary in different parts of the
body. Let usfirst consider the blood stream. Proteininthe
blood stream isimportant in defending against free radical
damage. Some of the body’s waste products which are
carried inthe blood stream actually have afunction. Biliru-
bin, which is the breakdown product of red cells and uric
acid, which is a breakdown product of DNA and nucleic
acids are both important scavengers of free radicals in the
blood stream. The antioxidants, Vitamin C and vitamin E
are also important blood stream defences against free radi-
cas(Table2, page 135). Inthecell membrane, Vitamin E
seems to be the main factor protecting against damage, and
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is very important in breaking the lipid peroxidation cycle
(Table 2).

Inside the cell, some of the proteins are important as
are several protective enzyme systems. The glutathione
system, which is a complex enzyme system, isinvolved in
preventing freeradical damage, asarethe enzymes superox-
ide dismutase and catalase and the antioxidant vitamin C
(Table2, page 135). These multiple mechanismstendto be
overlapping. If there is a deficiency in one, free radical
damagedoes not necessarily follow because oftenthe others
can compensate to some degree.

How do someof the enzyme systemsin the cell work
to prevent free radical damage? Superoxideisthefirst free
radical product and superoxide dismutase converts it to
hydrogen peroxide. Then catalaseor glutathioneperoxidase
convertshydrogen peroxideto water preventing the produc-
tionof hydroxyl radical sand damage (Figure 3). What about
thelipid peroxide radicals and lipid peroxides? The oxida-
tion of Vitamin E results in the lipid peroxide radical
becoming alipid peroxide and then glutathione peroxidase
converts the lipid peroxide into innocuous alcohol that can
not do any damage. Vitamin C transforms the oxidised
Vitamin E back to reduced Vitamin E (Figure 4). This
illustrates some of the interlinking of the different free
radical defence mechanisms.

- superoxidase
Oé dismutase H202 catalase HZO
? glutathione
peroxidase

FIGURE 3. Dismutation of superoxideto hydrogen perox-
ide (H,0,) and conversion of hydrogen peroxideto water by

either catalase or glutathione peroxide.

ROO* ROOH
glutathione
peroxidase
reduced oxidised
vit E vit E OH
oxidised reduced
vit C vitC

\___/

FIGURE 4. Thelipid peroxyl radical (ROQ)) isreduced to
lipid peroxide (ROOH) by vitamin E and the lipid peroxide
is converted to an alcohol by glutathione peroxidase. The
oxidised vitamin E is reduced by vitamin C.
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TABLE 2
Freeradical defencesin the blood stream, cell membrane
and insidethe cell.

Blood Cell Membrane Cdll

protein vitamin E heme proteins

bilirubin glutathione system

uric acid superoxide dismutase (SOD)
vitamin C catalase

vitamin E vitamin C

Free radical damage occursif thereisan increasein
production of free radicals or a reduction in free radical
defence mechanisms. Some of the diseases where free
radical mechanisms have been implicated are listed (Table
3). Agingissomething of interest to most people, oxygen
toxicity, atherosclerosis, reperfusion damage and cancer |
will discussin more detail shortly. Thereissomedifficulty
infinding out exactly if and to what degreefreeradicalsare
involved in human disease. Thefirst difficulty isthat they
areoften hardtomeasure. Many of themarevery short lived
so they are hard to capture, particularly in biological sys-
tems. So much of the evidence comes indirectly through
studieswhichinvolveincreasingfreeradical defencemecha
nisms or reducing free radical defence mechanisms. This
makes the involvement of free radicals difficult to prove
absolutely for many diseases, though the techniques are
improving all thetime and thisisan areaof avid research at
the moment.

TABLE 3
Some diseases in which freeradicals have been
implicated

Aging

Oxygen toxicity lungs

retrolental fibroplasia
Cataract formation

Atherosclerosis

Rheumatoid arthritis

Parkinson’s Disease

Reperfusion damage in heart attacks and strokes
Cancer

Drug toxicity

Todeal with oxygentoxicity first. It hasbeenknown
for along timethat patients exposed to very high concentra-
tions of oxygen for along period get damage to their lungs.
It has been shown in premature baby nurseriesthat if babies
are exposed to high concentrations of oxygen they get
damage to their eyes sometimes producing blindness and
also to a lesser extent damage to their lungs. Because

exposureto high concentrations of oxygen hasthe potential
to produce free radical sthis has been suggested as amecha-
nism. Certainly thereisquitealot of indirect evidencefrom
laboratory studies where free radical defence mechanisms
have been reduced or enhanced and this has altered the
extent of oxygen damage. Premature babies are thought to
be particularly sensitive to oxygen damage because they
have very low levels of vitamin E. Studies have been done
totry toincreasetheir levelsof vitamin E to reduce damage.

We have been interested in this area of oxygen
toxicity and havedone somestudiesin coll aborationwith Dr
Peter McCartney. The hyperbaric chamber is particularly
useful for studying oxygen toxicity because one can expose
people or animals to high concentrations of oxygen in a
controlled environment. Our studiesalso haveimplications
for hyperbaric treatment itself. Hyperbaric oxygen isin-
creasingly being used to treat a number of medical condi-
tions, but there is always aworry that perhaps some of the
potential benefit could be counteracted by an increase in
oxygen free radicals. So for maximising the value of this
treatmentitisimportant toknow whether infact freeradicals
are produced and whether there is some way of preventing
the production of freeradicals. So we have been interested
in measuring free radicals. What we have been doing is
measuring freeradicalsinblood. Wehavebeentaking blood
and snap freezing it in liquid nitrogen.  This has the
advantage that it stops any further free radical processes.
Alsoitiseasier to examinefreeradical susing thetechniques
that we use, in asolid staterather thanin aliquid state. We
have been using electron spin resonance to measure free
radicals.

The principal behind electron spin resonance (ESR)
measurement of freeradicalsisthat the unpaired electronin
afreeradical canactasamagnet andif putinamagneticfield
it will line up in that magnetic field. If one then applies
energy, in the form of microwave radiation, there may be a
change in the energy level of the “magnet”, i.e.. it will
change its orientation in the magnetic field and this will be
picked up as an absorption in the microwave radiation.

We have found that in the blood of volunteersin the
hyperbaric chamber breathing 100% oxygen at 3 atmos-
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pheresthereisanincreasein the ESR peak height compared
toroom air indicating an increasein freeradical concentra-
tion. Not only doesthe peak increasebut itsposition changes
slightly, suggesting that the radical produced during hyper-
baric oxygen treatment is perhaps different from the base
lineradical present beforethesubject went into thechamber.

Wehavenow studied anumber of policediversinthe
hyperbaric chamber. They breathe 100% oxygen at three
atmospheresfor three periods of 20 minuteswith 5 minutes
break breathing air. Thereisanincreaseinfreeradical peak
height at the end of each oxygen periodinthechamber. The
encouraging thing isthat the increase in height comes back
tonormal very quickly after re-exposuretoroomair. | think
this demonstrates that the healthy human can tolerate an
increasein freeradical stressand copewith it quitereadily.

There has been alot of interest in free radicals and
aging. Scientists have done some interesting calculations.
They took anumber of speciesof animal sand measuredtheir
superoxide dismutase level, superoxide dismutase being an
important free radical defence mechanism, and measured
their metabolicrate. They divided the superoxidedismutase
level by themetabolicrateand they foundthat thiscorrel ated
roughly with the potential life span of the animals. This
seemed to be good evidence that maybe free radicals were
important in determining the life span of different species.
Since then there have been a number of laboratory studies,
depleting or increasing the free radical defence mechanism
of experimental animals to see whether this makes any
differencetotheir life span. | am sorry to report that it does
not seemto makemuchdifferencetotheir potential lifespan.
So perhapsswallowing vitamin E and vitamin Cisnot going
to betheelixir of youth wethought. But onething that did
come out of these sort of studies is that many of the
degenerative diseases that stop individuals from reaching
their potential life span do seem to befreeradical mediated.
Soit may bethat enhancing freeradical defencemechanisms
will have some valuein allowing more individualsto reach
their potential life span without degenerative illness.

A major degenerativediseaseisatherosclerosis. The
risk factorsof cigarette smoking, hypertension, diabetesand
high cholesterol, arewell known. Theserisk factorsarewell
established from the epidemiological evidence but how do
theserisk factors actually cause the atherosclerosis? Onthe
surface of it, it might look simple, there is cholesteral in
atherosclerotic plaques and perhaps the cholesterol just
crossesinto the blood vessel wall but itisnot quiteassimple
asthat. Cholesterol can not just passby itself into the blood
vessel wall, it doessoinsidemacrophages. Asmacrophages
normally do not take up cholesterol there has been abit of
amystery asto how the cholesterol getsinside. There has
been alot of progress recently in this area. 1f one exposes
cholesterol to oxygen or other oxidants and damagesit, and
makesaradical or aperoxide out of it then macrophages do
take up the cholesterol. Macrophages take up damaged
cholesterol but not normal cholesterol. This damage to
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cholesterol may be a very important point along the se-
guence of cholesterol to atherosclerosis, and so now thereis
increasing interest in looking at anti-oxidant treatment to
prevent atherosclerosis. Certainly it has been shown in the
laboratory that depleting the anti-oxidants, such asvitamin
E, vitamin A and betacarotene, increases the oxidation of
cholesterol. Thisisan areafor interesting future research.

Another important group of diseases that limit the
potential life span of many peopleis cancer. DNA can be
damaged by the lipid peroxidation process | mentioned
previously and damage to DNA certainly isaprecursor for
the devel opment of carcinogenesis. What of the evidence of
theinvolvement of freeradicalsinhuman cancer? Thereare
a number of animal studies where animals have been de-
pleted in anti-oxidants like vitamin A, C and E and it has
been shownthat theseanimal shaveanincreased tendency to
develop malignancies. Humans who eat a vegetarian diet
whichishighinbetacaroteneandvitaminsA and C haveless
risk of both ischaemic heart disease and cancer. There have
been a number of epidemiological studieswhere blood has
been taken from normal populations and these various
vitamins and anti-oxidants have been measured, the people
have then followed for many years and then when some of
them eventually died of cancer their blood levels have been
compared with those who did not die of cancer. From these
studiesevidenceisemerging that those who diefrom cancer
or certainformsof cancer often do havelower levelsof anti-
oxidantsthan thosewho do not. 1t hasbeen shownwithlung
cancer and breast cancer that those who get it have lower
levels of vitamin E, for example, than those who do not get
these malignancies. With gastrointestinal tumours it has
been shown that those who get these malignancies have
lower levelsof vitamin A, C, E and betacarotene than those
whodonot. So some circumstantial evidenceis starting to
accumulatethat thesefreeradical processesmay have some-
thing to do with cancer.

| would liketo briefly discussreperfusion damagein
heart attacks. It is now clear that a heart attack usualy
resultsfrom aclot in one of the arteries supplying the heart,
often at a point of atherosclerosis. There is increasing
interest now intrying to limit the damage from heart attacks
by getting these peopleto hospital very soon after their heart
attack and giving themtherapy tobreak downtheclot andre-
establish blood flow. Drugssuch asstreptokinaseand tissue
plasminogen activator are being increasingly used for this
purpose. There is a potential problem in this treatment.
When a tissue is not receiving blood it does not receive
oxygen soit can not makefreeradicals. However it can not
metabolizenormally either and thisresultsinthebreakdown
of thefreeradical defence mechanisms. So when the blood
supply isrestored and oxygen reintroduced thereisasudden
burst of free radicals and the tissue has no way of defending
itself against them. There is certainly some evidence that
this period of reperfusion when blood flow startsagainisa
time when there can be damage. Some of the benefit of
reintroducing the blood flow may be counteracted by the
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disadvantage of this reperfusion damage. Because we are
using this sort of treatment there is increasing interest in
using freeradical scavenging mechanismsto prevent dam-
age. Thereareclinical trials, | know, going oninthe United
Stateslooking at treatment with free radical scavengers. It
remains to be seen how beneficial it will be in presenting
reperfusion damage.

This brief outline shows that free radicals have the
potential to be very important in many human diseases
including some of the most common diseasesthat arelikely
to stop usfrom reaching our potential life span. | hopethat
| have provided some insight into how free radicals which
were once the domain of academic chemists now have
implicationsfor medical research and hopefully inthefuture
understanding of their rolein diseasewill resultinimprove-
ments in prevention and treatment.

Thisisan edited transcript of arecording made at a
lectureduring the joint SPUMSand Royal Hobart Hospital
meeting on Hyperbaric and Diving Medicine in November
1988.

Dr Janet Vial isSenior Lecturer inthe Department of
Medicine, University of Tasmania Clinical School, 43 Col-
lins Street, Hobart, Tasmania 7000, Australia.

DIVING SAFETY MEM ORANDA

Department of Energy
London SW1P 4QJ
May 1989

DIVING SAFETY MEMORANDUM NO. 4/1989
EXPOSURE LIMITSFOR IN-WATER
DECOMPRESSION

Diving Safety Memorandum No. 5/1988 recom-
mended that all surface decompression dives should be
arranged so that the planned bottom timesdid not exceed the
exposure limits defined in the table attached thereto.

At that timethere was only limited dataavailable on
the experience of using in-water decompression techniques
inthe UK sector. Hencediving using thistechniquewasnot
included in the safety memorandum.

From the 1988 dive data, it is evident that there has
been an increased use of the in-water decompression tech-
nigue, and that long bottom times using this technique have
resultedin seriouscasesof decompressionsickness. Though
the amount of information availableislimited, it isfelt that
the industry should be made aware of this trend.
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It is therefore strongly recommended that the guid-
ance on exposure limitsgiven in Table 1 to DSM 5/1988 is
also followed when using the in-water decompression tech-
nique.

R. GILES
Chief Inspector of Diving

DIVERSALERT NETWORK (DAN)
14th DIVING ACCIDENT AND HYPER-

BARIC OXYGEN TREATMENT COURSE
October 21 - 31, 1989
Palau Pacific Resort, Palau, Micronesia.

Course Description

This eight day course in Diving Accident Manage-
ment and Hyperbaric Oxygen therapy isdesigned for physi-
cians, emergency medical personnel, including paramedics
and nurses. Portionsof the course may be of interest todive
masters, diveinstructors, and other non-medical diverelated
personnel.

The aims of the course are to provide the facts
relevant to understanding the management of diving acci-
dents, especially those bearing on the basic physics and
physiology, and the subsequent treatment methods avail-
able.

The course format will involve morning and some
afternoon and evening didactic sessions of lecturesand case
presentations. These will be supplemented by small group
interactions with the faculty for direct question and answer
sessions, review of case histories and some special video
instructional tapes. Six afternoons will allow spectacular
two tank diving.

All proceeds from the Course go to support the
Divers Alert Network (DAN).

Faculty
Drs. Peter Bennett, Carl Edmonds, Des Gorman and
Y ancey Mebane.

Cour sechar ge$US495 payableto DukeUniver sity M edi-
cal Center. Register by sending cheque with name, address
and telephone number to:

Office of Continuing Medical Education

Box 3108, Duke University Medical Center

Durham, North Carolina 27710, USA.

For accommodation and travel from USA contact:
“Duke/DAN Palau Course”,
International Diving Expeditions,
11265 Knott Avenue,
Cypress, California 90630, USA
Telephone: (714) 897-3770



