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This work is presenteci with the in-
tention of both inforrning and provo-
king action. It has been researehed as 
thoroughly as limited time, resources, 
and availability of information allow. 

Ozone occurs nattirally and is dis-
tributed throughout the stratosphere 
froni about 10 - St) km aboye the Earth's 
surface. Its concntration is low and 
it would compless to a layer of a mere 
15 mm at ground ICVCi. It is being con-
tinuaPy created and destroyed in com-
piex chemical reactions which are not 
really relevant tú the foliowing discus-
sion. 

There are natural cyclical variations 
in ozone leveis but overail a fairly 
'steady state" is mainfained and the 
biosphere has evolvrd tinder this pro-
tective "layer". 

In 19,74 scientists first suspected that 
Ihe ozone layer might be at risk from 
the chiorofluorocarbon (CFC) and 
halon (bromine-containing equivalents) 
gases which are being produceci by in-
dustry. This has since proven to be true 
and there has been a decrease of more 
than 2 % in total ozono since 1979. 

However, more scrious]y, there has 
also appeard n unexpected "hole" in 
the ozono layer over Antarctica during 
spring. This vas first noted by British 
scientists in 1985, having previouslv 
been missed because NASA satellite 
data vas programmed lo automatically 
excludc major cleviations From the ex-
pected norm! 

The hole is in part caused by the 
specific c4matic conclitions of Antarc-
tica and while there is also now an 
Arctic hole this is much smaller. The 

Antarctic hole is increasing in exient 
and duration with time and may Icad 
tú a more general deplel ion of ozono 
fliroughout the Southcrn Flemisphere 
It is also possible that the loss of ozone 
is augmented by the couditions created 
by stratospheric aerosol particles vlicb 
arise froni the massive burn-off of the 
Aniazon forcsts for gra'ing land. 

Ozone filters out solar ultraviolet 
radial ion, particularly in the B and C 
hands (wavelengths les less than 320 
nm). Most UV-C is absorbed in the 
upper atmospherc and as the ozone 
layer depiet-es the rnost disturbing effect 
is likely to be the mercase in ambient 
IJV-B. This is precisely the wavelength 
range where biological damage hc'conies 
highly significant. 

Amhient UV-B leve!s also depend 
upon a host of other variables: solar 
zcnith angle, latitude, altitude, season. 
cloud cover, atrnospheric air currents, 
atmospheric pollution, dusl, stratosphe-
rio conditions, time of day, reflective 
surfaces, shadows, and others. 

The effects on living cclls and tissues 
vary with ambient leveis, protectivo 
properties or behaviour of organisrns or 
plants, and specific properties of the 
tissues themselves: pigment, action 
spectrum, repair processcs, etc. 

There is an estimated average 2 % 
rise in ambient UV-B for a 1 % dep'?-
tion jo ozone. In fact this is now 
knovn to be modified jo sorne arcas 
to an unknown degree by the presenco 
of ground levcl ozono, ¡ .e.  smog 
are irradiated or suffocated! 

During the spring of 1987 the ozono 
in the Antaictic bol, dropped to below 
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50 A of the 1979 figures for the first 
time. At sorne altitudes 11w loss ,vas 
9,5 %. In fact there s now an ozone 
depletion of about 15 Ç4 in all rcgions 
at latitudes greater than 45S (just 
South of Tasmania and cutting across 
Southern New Zealand. Chile and Ar-
gentina) during spring. There niay al-
ready be significant lcsser depletion for 
a longer period of time. The annual 
average clecreases in ozone from 30 - 
609N (cutting right across Europe. 
USSR, USA, Southern Canada and 
Northern Africa), are from 1.7 - 3.0 %. 
with 2.3 - 6.2 % in spring. Thcsc figu-
res are grcater than Ihose prcdicf cd hv 
(kvc10ped computer rnocicls. 

Very clearly ve human bcings are 
not as clever as we like to believe we 
are and are producin1u clangcrously un 
predictable changes to our ecospherc. 

If the 1986 (655,000 tons) production 
i-ates for CFC's are maintained there 
will be a 6.5 % global average deple-
tion of ozone by the ycar 2000. They 
are heing released at a rafe 5 times 
faster than natural proccsses can dis-

OSC of thern and thcy stay in the 
atniosphere for many decacles. Even if 
there verc no more prodtiction WC 
would still liave a reservoir which wou'd 
cause the ozone laver lo contiriue lo 
deplete for decades. 

Depletion of the Ozone laycr is not 
occurring in isolation, but. concurrently 
with the greenhouse cf fect, loss of fo-
rcsts, land-clegradat.ion, water and soil 
contamination, atmospheric pollution. 
and all the other environmental damage 
ve human beings are causing. Many of 

the iiiteractions are synergistic and WC 

have no way of predicting the precise 
consequences of wbat we are doing 
other than to know that gcneraly ve 
are heading for disaster. 

BIOLOGICAL CONSEQUENCES OF 
DEPLETION OF THE OZONE LAYER 

This data is limitcd by the !ack of 
relevant research which has been under-
taken in field conditions. It indicatcs 
the clrctons of changes rather, than  

the magnitudes, which are iinpossiblc 
lo predict for ah the reasons Iiscussed 
aboye ancl more. 

CELL I)AMAGE 

Celis exposed to UV-B can be advcr-
sely affectcd in many ways. Up to a 
threshokl level of exposure, which va-
ries with tissue and wavelerigth, they 
are able to repair themselves. Sorne re-
pair processcs are even photoactivated 
by concurrent exposure ro Uy-A in 
sunlight. 

Basicaly, radiation is absorbed by 
certain moleculcs and converts them to 
a high energy state. From there they 
participate in a variety of chemical res-
ponses - heat release, fluorescence, and 
production of photoproducts either by 
rearrangements of bonds within the 
molecules or interaction with other mo-
Iccules. Thcse phofochemical reactions 
can occur in rnlny key cellular substan-
ces: pioteins, hipids, steroids, melanin. 
urocanic acid and nucleic acids, alTec-
ting membranes, cytoplasm, organe'les. 
1IIZymCS and gcnetic material. In plants 
l.berc is dcstruction of the enzyrnes and 
chlorosplasts needed for photosynthesis. 
Many reactive oxygen species are- pro-
duced which initiate numerous destruí-
tive biochernical rcactioís. UV-B spans 
the photoabsoiption spectrum of DNA 
and produces pyrimidine clirners that 
chistort the normal hehical structure. 

EFFECTS ON SKIN 

In 1986, already more than half of 
all skin diseases seen by derniatolo 
gists in fair-skinned people from arcas 
of high sun exposure (e.g rural Aus-
tralia) were sun-induced. 

The usual effects of exposure to ex-
cessive amounts of UV-B radiation are. 
of course, sunburn, degrees of tanning. 
and more chronic changes - altered 
pigrncnt and surface architecture, atro-
phy, telangiectasia, elastosis and ke-
ratosis. 

1-lowever, there is also sorne sup-
preson of local immune responses and 
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repair processes. This could result in 
an increased incidence of skin infec-
tions, eg. herpes sirnplcx and leishrna-
fliasis. 

More serious is the relationship be-
tween UV-B exposure and skin can-
cer. Australia already has thc highc 
incidence of skin cancer in the world. 
3 years ago it was estimated that 2 
out of 3 Australians vilI need tical-
ment for skin cancer during their lite-
times. Non-melanotic skin cancers are 
about three times as frcquent in Aus-
tralia as ah] other cancers conibined. 

The non-melanotic skin cancers are 
in the main diiectly related to expo-
sure to ultra-violet radiation. A 217e 
increase in ambient UV-B is Iike1y to 
lead to a 4 - 1017o risc in squamous 
ceil carcinomas and a 2 - 5% increase 
in basal ceil carcinomas. SCC's are 
often mis-diagnosed as BCC's and 
thcir incidence is generaily under-es-
timated. They re-present. sorne 257o of 
all non-melanotic skin cancers. 

For malignant melanomas the posi-
tions is a little more cornplex. Of the 
4 types it is the lentigo maligna mc-
lanoma which is rnost directly related 
to UV-B exposure. However, for ma-
lignant melanomas generaily there is 
epidemiological evidence which is hi-
g1Iy supportive of a connection be-
tween UV-B exposure and the occu-
rrence of the conclition. It sccms thai 
acute, severe exposure may be more 
barmfull than chronic, low-grade ex-
posure. It is possiblc that the UV-B 
affects growth, rather than induction, 
of cancer. It may aggravatc a genetic 
sensitivity to sun-induced cancer, cg. 
as in xeroderma pigmcntosum. 

The action spectruni for skin carci-
nogens is similar to that for DNA da-
mage, the more so as temperature and 
humidity mercase, as jo tropical cli-
mates. Uy-A, while being ablc to pho-
toactivato repair processes, can also 
potentiate the carcinogenic effect of 
UV-B. Certain chemicais which occur 
frequently in our environrncnt are also 
able to potentiate this effect. 

The U.S. Environment Protection 
Agertcy has estiniated that a 2.5 % re-
ductíon in the ozone laver (already  

superseded nlany times in muv pla-
ces) vould lead to an aciditional 
1,000,000 skin cancers and 20,000 
death over the lifetime of 11w exis-
ting U.S. population. 

There is also a wide range of other 
knovn conditions related at lcast in 
part lo increascd UV-B irradiation of 
the skin: 

- iwmunologic: S. L. E., pemphigiis, 
etc. 

- metabohic: porphyria cutanca tarda, 
etc, 

- infectious: lymphogranulorna vene-
rcum, herpés simplex etc. 

- genetic: xeroderma pigmeutosuni, 
albinism, etc. 

- nutritional: pehlagra, kwashiorkor, 
etc. 

- chemical: drug and other phototoxic 
interactions of various manifesta-
tions. 

- allergenie: the UV triggered reac-
tion may persist for years aftei the 
ahlergen is removed. 

- sensitizing: many chemicals, dyes. 
drugs, antibacterial agents, plant pro-
ducts, etc., can augment1'alter the 
tissue response to UV radiation. 

EFFECTS ON HUMAN EYES 

Normahhy wavelengths of 400 - 
1400nm pass through the ayc tissues 
and impinge on the retina. Of this, the 
400 - 780nm rango only is visible, the 
rcmainder being in the infra-red region. 
Wavclengtbs of 300 - 400nrn, j.c. UV-
A and honger wavelengt.h UV-B, pene-
trate fue cornea and are largehy ab-
sorbed by the lens. 

Onhy 257o of ambient solar radia-
tion iii-  áj upright person looking fo-
rward aclually reaches the face, and 
maybe only 1017o the eye, as it is pro-
tected somewhat by facial contours. 
As well as the usual factors which 
affect fue leve] of ambient radiation 
thcre are also in particular the cffects 
of chothing, hats, spectacles, and the 
activity of the person under conside-
ration. 
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Excessive UV-B may produce an 
acute kcrato-conjunctivitis, as in snow-

blindness. This may be severe enough 
lo produce ce!! necrosis. A chronic ac-
tinic kcratopatby OCCUTS in arcas oE 
thc world with high insolation. UV-B 
mav UIS() trigger herpes sunpex kera-
titis or recurrent corncal erosions. 

Pcrhaps of greater significance, 
though, is the epidemiological eviden-
cc whích relates UV-B irradiation of 
the leus with the OCiirrenCc of age-
relatecl cataracts even at normal leveis 
of exposure. The effect of UV on the 
leus depends generaily on radiant ex- 
postire durat.ioñ, pupil size, ab- 
sorption characterisitic's of the over-
lying tissucs, leus franSparcnCy and ye-
Ilowing, nutritional fact ors and the 
state of hvclration of the leus. The 
thresholds for dama ge are wavelength 
speciíic. 

Most hard evideiice for leus dama-
ge with UV-B is in experimental ani-
mais, but it does parallel the changes 
normally seen with ageing. There are 
also clinical reports of photosensitizecl 
cataracts in human beings. Hence. 
vitb the (lepletiofl of ozone it is likely 

that the incidence of thesc cataracts 
vill mercase and they will occur at 

progressively carlier ages, cataracts 
are already a massive world health 
problem 

\Vhfle the retina is certainly vu!neta-
blc to UV-B damage, cxcept in apbi-
kics it wi!l niostly be protected by the 
leus and other eye tissues. However, 
thc developing eye of the infant is 
known to be vu1nerahl' (retinopathy 
of premnaturity) and it may well have 
lower thresholds for damage even in 
the slightiv older infant. 

HUMAN IMMUNE SYSTEM 

This is an arca which seerns to bt 
id atively unknown, no dou bt because 
of the difficulties in conclucting ado 
quatc stuclics. 

The general direction is toward sup-
pression of irnzrnine function, proba-
bly relating tú the total cumulative 
effeLt of the UV irradiation. The tune- 

tion and Vial)ility of individual circu-
ial ing aiid non-circulating cclls of the 
uimune systcm is altered, there is a 

general suppression of lyniphocyte 
íuiiction, and tbere may be production 
of supprcssor T cells vhich respond tú 
tuniour antigens. 

Obvious!y a whole host of poten-
tial consequenees which are adverse tú 
human health appcar at this point. 

Medical considerations would nor-
maily stop here, but this creates an 
illusiouary s'nse of the separation of 
human beings from the anirnate and 
inanimate (nvironment. In fact we are 
mt imately bound into reiationship 
with our ecosphere and until 've re-
cogllize this we vill be at a loss to 
undcrsland much of what happens tú 
u s. 

Lfntil the last 150 years or so the 
world's population was relatively small 
and its tcclinology relatively primitive, 
we mcl not sufficient pover to do too 
inuch haun and a relative hemeosta-
sis liad heen preserved for millenia. 
13ut nov WC liave technologies way 
bevond our capacify tu exercise com-
mon Scuse and rcsponsihility and we 
will soon pay a heavy lance if we do 
not dcvelop new attitudes of respect 
and co-operation for cach othr and 
or environment, 

PROTECCION 

Therc must be imrnediate mea-
sures taken jo reduce production of 
CFC's and halons by 95% within the 
next 2-5 years. This requires UR-
GENT, INTERNATIONAL e 1:  f o r t s. 
The Australian govcrnment is at pre-
sent considering its response to the 1987 
Montreal Protocol. This Protocol was 
drawn up without taking into account 
the unoxpccted Antarctic dep!etion and 
is consiclered tú be inadequate in its 
provisions by Ihose who are well-infor-
mcd. 

Inmediate steps must be ta-
ken to recycle those gases already in 
use ¡ti refrigerators, air-conditioning 
units and fire-extinguishers. 
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(3) There must be public education 
as fc) protecti\e measures lo be taken, 
apart from the avoidance of CFC pro-
pellants in spray cans. The dermato-
Iogists have aIi-ead.' mide sorne hea-
dway in thcir carnpaign against skin 
cancers. 

- proteCtive clothing: natural fibres 
have a closer weave 1 han svnthetic 

- hats 

- lcss exposure, particulurly in arcas 
OF high insalation particular'y II fair-
skinnt'd, unusccl lo exposure, and of 
youngcr age group. 

- one cannot rely on sunglasses and 
goggles which are currently on the 
market these ¡iced •tdcquate testing 
over all wavelengths, and urgent 
standard spccification 

sunscrcens: these do fol prevent 
irnnlunc suppression and it used too 
olten have heen kuuwn lo lead to 
Vitarnin 1) dcficicucy st ates, especia-
uy 1)) the elderly 

- good nutrition: skiii, eyesancl ¡ni-
mune svsteni ah have certaiii clic- 

larv requirements for optima fune-
tioning, cg. vitarnins A, C, E, B2, B. 
B8, zinc, seleniurn, etc. 

FINAL COMMENT 

Wc are lookiiig, tlien, al a plauetary 
atuation the hikes of which we have 
never seen before, It is a challenger 
of cnornious dimcnsions. Asa Profes-
sion, surely, Wc have a great respon-
sibi1ity tú inform, firstly ourselves, but 
also governments (world-wide) and 
he population gcnerally. Wc are mo-

ral y, cthk ally, and spiritually bound 
lo "see' and lo act before it is too 
late. With the exponential increase in 
Ihe world's population (currently 
225,000 per day) and the consequent 
dram upon himited natural tesorces, tu-
gether with increased industrialization 
and production of environrnentally da-
maging and wastelul products, we are 
in a situation which is NON-SUSTAI-
NABLE in the SHORT TERM. We ha-
ve a ehoice which is ultiniately a per-
sonal choice and ve have,  tú make it 
NO\V. Surelv ve must. 1 ry. 


