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Introduction

The Meetings of the Parties to the Moatreal Protocol
appointed three Assessment Panels to review the progress in
scientific knowledge on their behalf. These panels are: the
Scientific Assessment Panel, the Technological and Economic
Assessment Panel and the Environmental Effects Assessment
Panel. Each panel covers a designated area and there is very
little overlap hetween their reports, The main reports are
published every four years as required by the Meetings of the
Parties. All these reporis have an executive summary that is
distributed more widely than the main report itself. It became
customary to add a set of questions end answers — mainly for
lay readers - 1o the report. This document contains the ques-
tians and answers prepared by members of the Environmentat
Assessment Panel. It is based mainly on the 2002 report of the
Effects Panel but also contains informatidn from previous
assessments. Readers who need more detailed information on
any of the questions are referred to these full reports for a more
complete scientific discussion.

This set of questions refers mainly to the environmental
effects of ozone depietion. The report of the Scientific Assess-
ment Panel coatains questions and answers related 1o the other
scientific issues addressed by that Panel. All the reports can be
found on the UNEP website (http:/fwww.anep,orgfozone).

Q1 What is ozone and how do we. define ultraviolet
radiation? : -

Ozone is a gas that occurs in t}ae armosphere It is formed in the
stratosphere by the action of ulrraWoIel radiatign from the sun on
oxygen. The ozone molecule camams three atoms of oxygen. It is
also formed near the Earth's surface in chemt(_a! reactions caused
by man-made pollution. Ozone absorbs a part of the ultraviolet
rudiation from the sun, thereby reifuiing the porenrm[l fye dangeroua
UV-B rudiation readmlg the surface of the edrth.

. Ozone i5 a strang oxidising agent. It will destroy any orgamc
material on contact by axidising the molecules of the cells, This
property is often used 1o sterilise drmkmg nnd swimmirg
pool water, Inha]mg ozone can be harmful to mammals in small
daoses and toxic in [arge doses. In the Jower aimospherc ozone is
one ‘of the detrimental _components’ of photochemical smog
that is produced 4s the result of pollution (Bad ozane). How-

ever, in the stratosphere, ‘ozone absorbs ultraviolet radiation -

and protects the environmerit against the detnmentn! effects of
the UV-B radiation (Good ozone)

The radiation emitted by the sun contams an ultraviolet
component. This cavers the range with wavelengths from 100 to
400 nm snd is divided into three bands; UV-A (315-400 nm),
UV-B (280-315 nm) and-UV-C (100-280 nm). As the sunlight
passes ihrough the atmosphere, no UV-C and approximately
10% of the UV-B is transmitted. They are absorbed mainly
by ozone and oxygen. UV-A radidtion is less affected by the
atmosphere, Therefore. the uliraviolet radiation reaching the
Earth’s surface is composed of mainly UV-A.with a small
UV-B component. A decrease-in 1he concentration of ozone in
the aimosphere results in .increased UV-B Jevels, DNA and
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other biological macromolecufes absorb UV-B and can be

damaged in the process.
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Q2 What determines the level of UV-B at a
particular location?

The sun is the origin of ultraviolet rodiation reaching the earth.
This radiation is absorbed by the components of the Earth's
atmosphere including ozone. At higher latitudes the rays of the
sun have to take a longer path through the atmosphere before they
reach the Earth. In general, the level of ultraviolet radiation is
higher at the equator und diminishes towards the poles. The levels
increase with elevation above sea level. Clouds, particulate matter
and aerasols absorh ultraviclet radiation and diminish ultra-
violet levels. The level of the ultravioler radiation at any particu-
lar location is determined by a combination of ulf these factors.

‘The YV-B levels vary with the time of day and season, The
highest level accurs when the sun is at its maximum elevation,
around midday during the summer months. The radiation levels
are higher in the intertropical regions.

On average, the highest ultsaviclet radiation levels occur on
cloudless days. Cloud cover reduces the radiation but it can still
be high under partly cloudy conditions when the sun is aot
obscured. Evidence shows that over the time span of satellite-
based ozone measurements, changes in cloud cover have been
much less important than stratospheric ozone reductions in
causing surface UV changes.

Higher elevations have less atmosphere overhead, as evi-
denced by the thinner air and lower atmospheric pressure. The
increase in UV radiation varies between 10% and 20% for each
kilometre of elevation, the exact number depending on the
specific wavelength, solar angle, reflections, and other local
conditions.

Frequently, other factors besides thickness of the atmos-
phere cause even farger differences in UV radiation between
elevations. Snow is more common at higher elevations, and
reflects a5 much as 90% of the ultraviolet radiation. Dry beach
sand reflects about 15% and sea foam about 25%.
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Q3 What is the effect of atmﬂspherlc pollutlon on
the level of UV-B?

Man-made pallunon often contains _oxide'.f ofnirragén and sulfur
and various hydrocarbons. Chemical reactions. between these
compounds can form ozone. This mixture of gaseous compounds
and particulate matter appears as a brown haze known as photo-
chemical smog, The pzone in the .s*mag will also ab.mrb ultraviolet
radiation. ‘

While mast of the utmosphenc ozone remdes in the strato-
sphere, some ozone is made in the troposphere by the chemical
reactions of pollutants such as nitrogen oxides and hydro-
carbons. This tmposphanc ozone is a component of the phoio-
chemical smog found in many polluted dreas, Airborne
perticles (smoke.:dusl, sulfate aerosols) block UV ridiation, but
at the same time can increase the amount of scattered light
{haze) and therefore increase the UV exposure of side-facing
surfaces (e.g., face, eves). Comparisons of measurements made
in industriakised regions of the Northern ‘Hemisphere (eg.
central Europe} and in very clean locitions at similar Jatitudes
in the Southern Hemisphere (e.g., New Zealand) indicate the
importance of particulate and pollution-retated- UV-B redue-
tions. At any particular location there is a direct relationship
between UV-B levels and the smount of ozone in the atmos-
phere. UV-B increases with ozene depletion in the stratosphere
but decreases with ozone formation in the lower atmosphere.
The natural UV-B variability (e g., [rom lime of day, or clouds)

can be larger, but poes in both directions, up and down. Many
detrimental effects of UV-B are proportional to the cumulative
UV-B exposure,

Photochem. Phatobiol, Sci., 2003 xi



Q4 What is the solar UV index?

The solar UV index { UVI) describes the level of solar UV radi-
ation at the Earth's surface. The values of the index range from
zera upward — the higher the ltidex value, the greater the potential
Jor damage to the skin and eye, -ond the less time it takes
Jor harm to occur. The UV index is computed using forecasted
ozone levels, a computer. model that relates ozone levels 1o UV
incidence on the ground, forecasted clowd amounts, and the
elevation of the fore:a.rr cmes Some caumne.& also use ground
observations.

The calculation starts w1th measurements of corrent total
ozone amounts. The data are then used to produce a forecast of
ozone levels for the next day a1 various points. A model is used
to determine the amount of UV radiation with wavelengths
from 290 to 400 nm reaching the ground. The time of day (solar

~noon}, day of year, and latitude are used, The informatian is
then weighted according to how human skin responds to each
wavelength. It is more important to protect peaple from wave-

lengths that harm skin than from wavelengths that do not

damage the skin.

The weighted lrradmnces are integraied over the 290 to 400
nm range resulting in a value representing the effect a given UV
radiation intensity will have on skin. The estimates sre then
adjusted for the effects of elevation and clouds. UV at the sur-
face increases by about 10% per kilometre above sea level. Clear
skies allow 100% of the incoming UV radiation from the sun to
reach the surface, whereas scattered clouds transmit about 90%,
broken clouds about 75%, and overcast coaditions about 30%.
Once adjusted for elevation and clouds, this value is then scaled
by a conversion factor. This resuils in a number that usually
ranges from 0 (where there is no sualight) to the mid teens. This
value is called the UV index. Ideally, the computation of the
UY index should include the effects of variable surface reflec-
tion {(e.g., sand, water, or snow), atmospheric pollutants or
haze.

Exposure category UV range
Low <3
Moderate 3-5

High 6-7

Very High B-10
Extreme 11+
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Q5 How does the UV index vary with geographical
location and season?

The combination of total ozone and solar zenith angle, wiich is
determined by the geogruphical position, season and time of the
duy, can lead to a variety of situations.

Modelled noon UV index caléulated under clear sky condi-
tions at 20° 30° and 60°S is shown in the fgure. The total ozone
column values sefected for calculation at 20° and 30° are typical
values. observed at those latitudes, while the ozone column
value used for calculations at 60° are observed under ozone hole
conditions. Values around 150 Dobson Units (DU) can-be pres-
ent at 60°S during October, while 200 DU have been abserved
later in the spring. S :

The UV index at 60°S under & total ozone column of 200 DU
is always lower than the value present at 30°S. On the other
hand, the UV index caleulated for 150 DU would only exceed
those at 30°S if that ozone total column is present at the end of
October or later, and exceed those at 20° if present later than
the middle of December.

The presence of “patchy™ skies ar snow-covered ground can
result in irradiances larger than those shown in the figure. Alti-
tude can increase the UV index. A good example is the inter-
trepical high altitude desert of Puna de Atacama in Argentina
where 3 UV index of 18 is common in January and December,
wiih & maximum of 20 and even more on certain days, A com-
bination of low solar zenith angle near noon, high altitude, a
naturally low ozone total column and very clean atmosphere is
responsible for these exceptionally high values,
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Q6 What is the effect of exposure to UV-B on
mammals?

The cells of three different systens can be directly exposed to UV
radiation—the eyes, the skin, and the immune system. Acute
exposure of the eyes to UV radiation causes photokeratitis { snow
blindness) and chronic exposure contributes to cataract forma-
tion. In the skin, UV irradiation causes sunburn, photoaging, and
skin cancer.

Moderate exposure to sunlight in the course of everyday life
is essential for health. UV-B radiation is involved in the form-
ation of vitamin D, which is necessary for growth 2nd mainten-
ance of bones and teeth. There is some evidence suggesting that
maintaining normal vilamin D levels protects apainst the
development of colon, breast, and prostate cancers. However,
very moderate exposure is all that is required, and excessive
exposure confers ne added benefiz.

Skin cancer is found in almost all animals that have been
studied in the long-term, for example, cattle, goats, sheep, cats,
dogs, guinea pigs, rats, and mice. Direct effects of UV-B radi-
ation on body parts that are covered by thick hair are negligible,
However, even furred animals usually have exposed skin around
the mouth, nostrils and on other parts of the bhody. These
parts, unless they are heavily pigmented, can be damaged by
radiation.

xiv Photochem. Photobiol Sci., 2003

Q7  What is the effect of exposure to UV-B on the
skin?

Actite exposure af the skin to UV radiation causes sunburn, The
amount of UV required o produce sunburn depends on the
ubsarption in the superficial layers {Le. the thickness and amount
of pigment) of the skin and on other genetic factors, The effi-
ciency with which sunlight produces sunburn depends on the
arnount of UV-B radiation it contains. For example, more UV-B
is present at high altitudes and more is present in noontime sun
than at earlier or later hours, Chronic expoiure of the skin to UV
radiation alsv causes wrinkling, thinning, and loss of elasticity of
the skin (photoaging); however, UV-A radiation may be more
important than UV-B radiation in causing these changes,

Sunscreens are designed to protect against sunburn and can
be highly effective in this regard. There is also evidence that
they reduce the incidence of squamous cell carcinoma and
precancerous Jesions in the skin. Sunscreens can also provide
protection against the photoaging and immunological effects
of UV radiation, particularly if they contain chemicals that
absorb both UV-B and UV-A radiation. There is no evidence
that getting a suntan will help prevent skin cancer. The UV
exposure needed to acquire the tan adds to the skin cancer risk.
The fact that one is able to tan well does, however, signify that
the personal risk is lower (by a factor of 2 to 3) than for people
who do not tan. Naturally dark-skinned people have a built-in
pratection of their skin against sunlight.

Basal and squamous cefl carcinomas occur most often and
with high frequency in light-skinned Caucasians living in sunny
ciimates, Fortunately, most of these skin cancers are readily
treated and are rarely fatal. Cutaneous melanoma is much more
dangerous, but occurs with a much lower frequency than the
other types. Its relationship to UV radiation is not welf under-
stood, but exposure early in life seems to be an important factor
in the subsequent development of melanoma. Light-skinned
populations have the highest risk of developing melanoma,
Although melanoma can occur in highly pigmented persons,
such caneers are often not related to sun exposure.

UV irradiation causes skin cancers by altering critical genes
that control cell division and cell desth. Altered genes result
from the ability of UV to make chemical alterations in DINA,
the building block of genes. Some of the genes involved in skin
cancer development have been identified. These include the p53
tumour suppressor gene (squamous and basal cell earcinomas),
the PTCH gene (basal cell carcinomas), the pl6 gene
(melanomas), and a variety of genes involved in the repair of
UV-damaged DNA (all types).



Q8 How does UV-B affect the immune system?

The immune spstem con be aliered by UV irradiation, leading to
diminished immune response 10 infectious agents and some
cancers.

Some cells of the immune system, called antigen-presenting
cells, reside in the skin. Their function is to capiure invading
micro orgenisms and carry them ta the lymph aodes, where the
immune response is initiated. These cells can be damaged
directly by UV radiation and will then no longer be able to
initiate an immune response or produce an aberrans one, Othes
cells in the skin produce chemical mediators that direct the
immune response toward either immune suppression of active
immunity. Exposing these cells directly to UV-B radiation
stimulates the release of mediators that favour the development
of immune suppressien. Finally, 2 molecule in the keratin layer
of the skin, wrocanic acid, undergoes a chemical chanpe in
respionse to UV radiation, which allows it to trigger the release
of c¢hemical mediators from mast cells in the skin, which also
divert the itnmune tesponse toward a pathway of immune
suppression.

What is the significance of UV-induced immune suppression
for human diseases? The answer is not yet clear. Although there
are some examples in which UV exposure increases suscepti-
bility to and the severity of an infection, such as with herpes
virus infections (cold sores, shingles), the full implications of

the immunological effects are unknown. Numerous laboratory
animal models of infectious diseases demaonstrate that exposure
te UV radiation at a critical time during infection can increase
the severity and duration of the disease. Also, UV exposure
during immunisation can reduce the effectiveness of vacein-
ations. How these observations may apply to human diseases
remains a subject of intense interest and research.
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Q9 What are the effects of increased UV-B
radiation on crops and forests?

Aose plants have UV shielding, but not always sufficient for com-
plete protection. Only a small proportion of the UV-8 radiation
striking a leaf penetrates into the inner tissues. When exposed (o
enhanced UV-B radiation, many species of plants can increase
the UV-absorbing pigments in their outer leaf tissues. Other
adaptations may include increased thickness of leaves that
reduces the proportion of inner tissues exposed to UV-B radiation
and changes in the protecting waxy layer of the leaves. Several
repair mechanisms exist in plants, including repair systems for
DNA darnage or oxidant injury. The net damage a plani experi-
ences is the result of the balance between domage and protection
and repair processes.

There are some UV-B-sensitive varieties of crops that experi-
ence reductions in yield. There are also UV-B-tolerant varieties,
providing the opportunity 1o breed and geneticlly engineer for
UYV-B tolerant crops. For commercial forests, tree breeding and
genetic engineering may be used to improve UV-B tolerance.
While many forest tree species appear 1o be UV-B tolerant,
there is limited evidence that detrimental UV-B effects accumu-
late stowly [rom year 1o year in sensitive species. The bio-
chemistry und physiology of plants are influenced by UV-B
exposure such as in the accumulation of UV-B pigments, It is
not possible to conclude whether or not the changes will have
any appreciable impact on the quality of foad.

xvi Phatochem. Photobiol. Sci., 2003

Plants and animals have, during their evolution, adapted to
particular environments. They have acquired protection and
repair mecharisms appropriate for their particular situations,
However, the present rate of global change is so rapid that
evolution may not keep up with it, particularly in long-lived
plants like trees. Thus, plants adapted to low UV-B environ-
ments may suffer even from an increase that is smaller than the
difference between natural levels at the equator and higher
latitudes, For example, herbaceous plants native to the southern
tip of South America (Tierra del Fuego, Argentina) and the
Antarctic Peninsula have been shown to be affected by the
current ambient UV-B levels. Ovér long times and many gener-
ations, there is the possibility that genetic adaptation can

develop.
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Q10 What is the effect of UV-B exposure on
aquatic life? : '

Pure water is almost transparent to UV radiation. A beam of
U V-8 radiation can penetrate more than 500 metres through pure
water before it is completely absorbed. Natural waters contain
UV-absorbing substances, such as dissolved organic matter, that
partly shields aguatic organisms from UV-B, although the degree
of shielding varies widely from ene warer body to anather,

In clear ocean and lake waters ecologicalily significant levels
of UV-B can penetrate to tens of metres. In turbid rivers and
wetlands, however, UV-B may be completely absorbed within
the top few centimetres, Most organisms in aquatic ecosysterns,
such as phytoplankton, live in the illuminated euphatic zone
close to the water surface where exposure to UV-B can occur, In
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particular, UV-B radiation may damage those organisms that
live at the surface of the water during their early life stages.

Most adult fish are well protected from excessive solar uv,
since they inhabit deep waters. Some shallow water fish have
been found to develop skin cancer and other UV-related dis-
eases, The eges and larvae of many fish are sensitive to UV-B
exposure. In the Gulf of Maine, UV penetrates to considerable
depth where the embryos and larvae of the Atlantic cod
develop, Exposure to UV equivalent to 10 m depth resulted in a
significant mortality of developing embryos and a significant
decrease in length of larvae. These irradiances occur in many
ternperate latitudes where these ecologically and commercially
important fish spawn. In contrast, lobster larvae seem to be
tolerant to UV radiation even though they develop in the
surface layers of the water column.
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Q11  Does global warming alter the effect of UV
radiation on aquatic ecosystems?

Climate change may result in temperature and sea level changes,
shifts in the timing and extent of seq ice cover, changes in wave
climate, ocean circulation, salinity and altered stratification of
the water column. These complex changes are likely to have sig-
nificant impacts that will vary both spatiolly and temporalfy.
These changes will affect biological systems ( including human
marine resources), the global hydrological cycle, vertical mixing
and efficiency of carbon dioxide uptake by the ocean. Ozone-
related increnses in UV-B are an important additional ecological
stress that will have both positive and negative impacts in assaci-
ation with the other factors.

Increasing carbon dioxide concentrations will result in warm-
ing of the troposphere and simultaneous cooling of the strato-
sphere, which favours further ozone destruction. One of the
possible feedback mechanisms is chapge in cloud cover and
increased rainfall, but this is not well understood. Global
warming changes the amount of ice and snow cover in polar
and sub-polar areas. Ice and snow strongly attenuate the pene-
tration of solar radiation into the water column. Therefore, any
substantial decrease in ice and snow cover will alter the
exposure of aquatic ecosystems to solar UV radiation. Another

xviii Phatochem. Photobiol. Sci,, 2003

aspect is the dependence of many physiological responses
orn temperature. Enzymatic repair mechanisms are inhibited by
low temperature, while elevated temperatures may augment
enzymatic repair mechanisms. '
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Q12  What are the effects of stratospheric ozone
depietion on certain processes and cycles in the
environment?

Ozone depletion results in greater amounts of UV-B radiation
that will have an impact on terrestrial and nquatic biogeochemical
systems. Biogeochemical cycles are the complex nteractions of
physical, chemical, geological and biological processes thar con-
trol the transpart and transformation of substances in the natural
environment and therefore the conditions that humans experience
in the Earth's system. The increased UV-B radiation impinging
on terrestrial and aquatic systems, due 1o azone depletion, results
in changes in the trace gas exchange between the continents,
oceans and the atmosphere. This results in complex alterations to
armaspheric chemistry, the global elemental cycles, such as the
earbon cycle, and may have an impact on the survival and health
of all arganisms an Earth, inchiding humans.

Oceanographic Institution {WHOI)

Figure provided by the US Surface Ocean Lower Almosphere Study (SOLAS) and Woods Hole

In the fipure, UV radiation is shown 1o influence oceanic
primary productivity and the production of trace gases at the
surface of the oceans and subsequent transfer to the atmos-
phere. Once in the atmosphere, trace gases such as CO, interact
with the physical climate system resulting in alterations to
climate and feedbacks in the global biogeochemical system.
Since atmospheric CO, concenirations play a centrai role in
determining the distribution of heat in the atmosphere, the
multiple complex components of the physical climate system
such as wind, air-sea momentum, heat exchange and precipi-
tation are influenced, There are also similarly complex inter-
actions between biogeochemical cycling on land and the
integrated climate system that have important implications for
organisms on Earth. At this stage it is not possible to predict
the overall effects of these complex interactions.
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Q13 Do increased UVY-B levels shorten the lifetime
of commercial polymers?

The outdoor service life of commercial plastics is aften limited by
their UV-stability and weatherability. The oiitdvar lifetimes of
plastics, however, depend on their fermulations and specifically on
the type and concentration of photostubiliser additives used in
them. Information on the lifetimes of unstabilised {virgin) plastic
materials is therefore of limited practical value in assessing the
UV stability of plastics exposed outdoars.

Avnilable data on the degradation of plasties by UV in sun-
tight show that for some polymers 4 portion of the damage is
attributable to the UV-B radiation component. As any deple-
tion of the stratospheric ozane layer would increase the UV-B
content of the solar radiation reaching the Earth's surface, it is
reasonable to expect a consequent increase in the rate of
degradation of plastics containing these polymers (and other
materials such as wood) under these conditions. The amount
by which the service life of materials will be shortened by this
phenomenon will of course depend on the type of polymer,
location in question, and the light-stabiliser used in the
formulation.

Climatic factors, particularly higher ambient temperatures
due to global warming, will tend to accelerate UV-induced
degradation to an extent depending on the type of plastic and
on the locaticn of exposure,

These reductions in service life of plastics can probably be
countered by using higher than normat concentrations of exist-
ing light stabilisers in the plastic formufation, surface protec-
tion of materials {e.g. painting wood) or by selecting different
polymeric materials with better UV-resistant materials far out-
door applications. These approaches might be able to retain the
service life at present-day levels but may increase the cost of
relevant products.

XX Phetochem. Phorobiel Sci., 2003
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Q14  Will stratospheric ozone depletion change air
quality, and how does this rela_fe to global warming?

Stratospheric ozone depletion normally increases the azone con-

centration at ground level. In gelieral the impact of stratespheric _

ozone depletion is sma[[er.rhan;t{‘_mt of local and regional air
pollution sources. fncreases it Hhe particulates in the atmosphere
related 1o global warming may redutce trapospheric azone produc-

tion. Modelling and field studies ‘show that the reddriction of pzone -

photolysis rate and ‘oFone. pr’aduct.ron i the :ropusphere arg
expected in the presence af mcrea.sed apiouits: af ab.mrbmg aero-
sols in the boundary layer. :

Climate change can alter air quallty in muny ways Changes
in temperature, winds and cloudiness can all be impoertant,
Some of these changes will also” al[er the lmpact of struto-
spheric czone depletion.

As an example, an increase in almospherlc CO1 concen-
tration would acceleraté photosynthesis, which might enhance
the emissions of biologicat volatile organic compounds from
forests and other natural ecelogical systems. Other sources of
tropospheric air pollutants may be affected by glebal warm-
ing. It is known that local and large-scale biomass fires, such as
are used for fand-clearing, are rich sources of nitrogen oxides,
carbon monoxide, methane, and other non-methane hydro-
carbons, that can lead to enhanced tropospheric ozone
production, Climate changes resulting from global warming
may increase the visk of large-scale forest and brush fires and
so affect concentrations of tropospheric air pollutants. The

resulting particulates in the atmosphere can scatter sunlight,
thus improving the efficiency of UV-B absorption of the

‘boundary layer ozone and contributing to global warming.
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Q15 What risks do the breakdown products of
HFCs and HCFCs present to humans and the
environment?

The new hydrofluorocarbons (HFCs) and hydrochloroffuore-
carbans (HCFCs) replacements for the chlorafluarocarbons

{CFCx) are largely degraded before reaching the stratesphere.

The final breakdown products are various fluorinated and chiorin-
ated acetic acids, Some of these are rapidly broken down by
microbiological activity in water, soil, and sediments. Other
breakdown products such as triffucroacetic deid (TFA) are very
persistent but they are very water soluble and chemically non-
reactive. Because of their properties, these breakdown products
will ultimately collect in aguacic environments. They have low
toxicity to aguatic orgunisms and are very unlikely to adversely
affect human health or the environment.

HFCs and HCFCs (CF,CXYH) break down relatively
rapidly to several products including the persistent substances
such as trifluoroacetic acid (CF,COOH) and chlorodifluoro-
acetic acid (CF,CICOOH). These are washed from the atmos-
phere by precipitation and reach surface waters, along with
other chemicals washed from the soil. In locations where there
is little or no outflow and high evaporation {seasonal wetlands,
salt lakes and playas}, these products are expected to increase in
concentration over time. The concentrations of triflucroacetic
acid and chloredifluoroacetic acid are expected to increase.
While this may present a risk to aquatic organisms, these areas
would also experience increases in concentrations of other
water-soluble materials such as has already occurred. The
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effects of increased concentrations. of these naturally occurring
salts end other materials:would likely be greater and mare bio-
logically significant than those of breakdown products of the
HFCsand HCFCs, © - - .. .7 |

The results of this interdetion with global climate change are
judged to be of low significance, since the phytotoxicity of
triftuoroacetic acid is not high.




Q16 Isozone depletion affected by global warming?

The interactions are complex, and not all of them are fully under-
stoed (see schematic), In the past, scientists have sometimes
srressed the differences berween global warming and azone deple-
tion. Global warming Is due to a build-up of gases that absorb
outgoing infrared radiation, especially COhy, wiile ozone depletion
is primarily due to a release of guses that catalytically destray
ozone, ) S

Ozone, the CFCs and their substitutes are minor greenhouse
pases, Several other gases involved with the chemistry of ozone
depletion are also preenhouse active. These include water
vapeur, methane (CH,), and nitrous oxide {N,0) that are
increasing and will ultimately lead to increases in stratospheric
gases that catalytically destroy ozone. There are several radi-
ative feedback processes involved. Increases in temperature can
lead to changes in cloud cover, rainfall patterns, ice accumu-
tation, surface albedo, and ocean circulation. The direct radi-
ative forcing from increases in UV-B that results from changes
in ozone are not significant, since only a small fraction of the
incoming solar energy falls within the UV-B range. However,
increases in UV radiation at the Earth’s surface influence
photochemical reactions in the troposphere that would affect
the lifetimes of greenhouse pases. It has been suggested that
changes in cloud cover can be induced by climate change.

. Reactive species (Chlorine etc)

Changes in solar output and future veleanic eruptions will
influence both global warming and ozone depletion.

It seems that while current ozone depletion is dominated by
chiorine and bromine in the stratosphere, in the longer term
(=100 years) the impact of climate change will dominate,
through the effects of changes in atmospheric dynamics and
chemistry. The result is thai over the first half of the current
century, increases in greenhouse gases may contribute to cooler
stratospheric temperatures, since they act as infrared emitters in
the ‘straiosphere. This will lead to a decrease in the rate of
catalytic destruction of ozone outside Polar regions, In Polar
regions, however, the cooler temperatures may lead to increased
polar stratospheric clouds, thus exacerbating ozone depietion.
The temperature changes will lead to changes in atmospheric
circulation. These changes may aid the mixing of long-lived
CFCs from the troposphere 1o the stratosphere, which wili
increase their rate of photochemical destruction, again con-
tributing to a faster recovery of ozone. Changes in polar czone
can also lead to changes in tropospheric circulation patterns,
which in turn affect surface climate,

The effects of global warming on UV radiation are twofold.
The first effect results from chanpes in giobal warming that
influence total ozone. The second effect results from climate
change effects on other variables such as clouds, aerosols, and
snow cover that influence UV directly,
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Q17 In what way is the Monireal Protocol
beneficial?

Several aftempts have been made to investigate the economic

impacts of the problem of a depleted ozone layer. Such artempts -

meet with many problems. There are good reasons for concern for
effects on humans, animals, plants and materials, but most of
these cannot be estimated in monetary terms. Caoleulating the
overall economic impact of such effects is difficult. Economic
terms apply only to some of the effects, such as the cost of
medical treatments, and the loss of production in fisheries and
agriculture, and damuage 1o materials; but how doey one caleulate
the coit equivalent to the swffering of a blind or dying person, or
the loss of a rare plant or animal species?

The most comprehensive study was initiated by Environment
Canada in 1997 for the 10th anniversary of the Montreal
Protocol on Substances that Deplete the Ozone Layer. In this
study the costs were calculated for all measures taken inter-
nationally to protect the ozone layer, such as replacement of
technologies using ozone-depleting substances. The benefits are

Q18 Where can { get more information about the
science and effects of ozone depletion?

There are many websites that contain information on ozene, UV,
environmental effects and related topics. However, some are
owtdated and some may contain incorrect information. The sites
mentioned belpw belong 1o dependable organisations and contain
dependable informuation. Most of these sites contein links to other
sources of information.

UNEP WWW.UNEep.org

WMO www.wrio.ch

WHO www,who.int

IPCC www.ipce.ch

NOAA www.ill.noai.gov

EPA WWW.EPR.EOV

NASA hitp:ijwocky.gsfe.nasa.goy
MNIWA www.niwa.co.nz
Environment Canzda WWW.EC.EC.Ca
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the total value of the damaging effects avoided in this way. The
total costs of the measures taken to protect the ozone layer were
calculated to be 235 billion US dollars.
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