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General

Ozone depletion describes two distinct, but related observations: a slow, steady decline of about
4% per decade in the total volume of ozone in Earth's stratosphere (ozone layer) since the late
1970s, and a much larger, but seasonal, decrease in stratospheric ozone over Earth's Polar
Regions during the same period. The latter phenomenon is commonly referred to as the ozone
hole. In addition to this well-known stratospheric ozone depletion, there are also tropospheric
ozone depletion events, which occur near the surface in Polar Regions during spring.

The detailed mechanism by which the polar ozone holes form is different from that for the mid-
latitude thinning, but the most important process in both trends is catalytic destruction of ozone
by atomic chlorine and bromine. The main source of these halogen atoms in the stratosphere is
photo dissociation of chlorofluorocarbon (CFC) compounds, commonly called Freon, and of
bromofluorocarbon compounds known as halons. These compounds are transported into the
stratosphere after being emitted at the surface. Both ozone depletion mechanisms strengthened as
emissions of CFCs and halons increased.

CFCs and other contributory substances are commonly referred to as ozone-depleting substances
(ODS). Since the ozone layer prevents most harmful UVB wavelengths (270-315 nm) of
ultraviolet light (UV light) from passing through the Earth's atmosphere, observed and projected
decreases in ozone have generated worldwide concern leading to adoption of the Montreal
Protocol banning the production of CFCs and halons as well as related ozone depleting chemicals
such as carbon tetrachloride and trichloroethane. It is suspected that a variety of biological
consequences such as increases in skin cancer, damage to plants, and reduction of plankton
populations in the ocean's photic zone may result from the increased UV exposure due to ozone
depletion.

Causes of Ozone Depletion

The Antarctic ozone hole is an area of the Antarctic stratosphere in which the recent ozone levels
have dropped to as low as 33% of their pre-1975 values. The ozone hole occurs during the
Antarctic spring, from September to early December, as strong westerly winds start to circulate
around the continent and create an atmospheric container. Within this polar vortex, over 50% of
the lower stratospheric ozone is destroyed during the Antarctic spring.

There are a few main causes of ozone layer depletion. They are: CFC's (chlorofluorocarbons),
halons, and tetra chloride, but the biggest one would definitely be CFCs.
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Manmade chemicals like chlorofluorocarbons, bromofluorocarbons and oxides of nitrogen are
the main depleters of ozone layer. There is evidence that bromides and chlorides from ocean
spray can contribute to the depletion of the ozone as well as the Chlorofluorocarbons and
Bromofluorocarbons. It is thought that these levels have been constant and the "normal" ozone
levels are in balance with this natural depletion.

Effects of Ozone Depletion

Since the ozone layer absorbs UVB ultraviolet light from the Sun, ozone layer depletion is
expected to increase surface UVB levels, which could lead to damage, including increases in skin
cancer. This was the reason for the Montreal Protocol. Although decreases in stratospheric ozone
are well-tied to CFCs and there are good theoretical reasons to believe that decreases in ozone
will lead to increases in surface UVB, there is no direct observational evidence linking ozone
depletion to higher incidence of skin cancer in human beings. This is partly due to the fact that
UVA, which has also been implicated in some forms of skin cancer, is not absorbed by ozone,
and it is nearly impossible to control statistics for lifestyle changes in the populace.

Increased UV

Ozone, while a minority constituent in the earth's atmosphere, is responsible for most of the
absorption of UVB radiation. The amount of UVB radiation that penetrates through the ozone
layer decreases exponentially with the slant-path thickness/density of the layer. Correspondingly,
a decrease in atmospheric ozone is expected to give rise to significantly increased levels of UVB
near the surface.

Biological Effects of Increased UV and Microwave Radiation from a Depleted Ozone Layer

The main public concern regarding the ozone hole has been the effects of surface UV on human
health. So far, ozone depletion in most locations has been typically a few percent and, as noted
above, no direct evidence of health damage 1s available in most latitudes. Were the high levels of
depletion seen in the ozone hole ever to be common across the globe, the effects could be
substantially more dramatic. As the ozone hole over Antarctica has in some instances grown as
large as to reach southern parts of Australia and New Zealand, environmentalists have been
concerned that the increase in surface UV could be significant.

Basal and Squamous Cell Carcinomas

The most common forms of skin cancer in humans, basal and squamous cell carcinomas have
been strongly linked to UVB exposure.

Malignant Melanoma

Another form of skin cancer, malignant melanoma, is much less common but far more
dangerous, being lethal in about 15% — 20% of the cases diagnosed. The relationship between
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malignant melanoma and ultraviolet exposure is not yet well understood, but it appears that both
UVB and UVA are involved.

Cortical Cataracts

Studies are suggestive of an association between ocular cortical cataracts and UV-B exposure,
using crude approximations of exposure and various cataract assessment techniques.

Increased Tropospheric Ozone

Increased surface UV leads to increased tropospheric ozone. Ground-level ozone is generally
recognized to be a health risk, as ozone is toxic due to its strong oxidant properties. At this time,
ozone at ground level is produced mainly by the action of UV radiation on combustion gases
from vehicle exhausts.

Effects on Crops

An increase of UV radiation would be expected to affect crops. A number of economically
important species of plants, such as rice, depend on cyanobacteria residing on their roots for the
retention of nitrogen. Cyanobacteria are sensitive to UV light and they would be affected by its
increase.

Effects on Plankton

Research has shown a widespread extinction of plankton 2 million years ago that coincided with
a nearby supernova. There is a difference in the orientation and motility of planktons when
excess of UV rays reach earth. Researchers speculate that the extinction was caused by a
significant weakening of the ozone layer at that time when the radiation from the supernova
produced nitrogen oxides that catalyzed the destruction of ozone (plankton are particularly
susceptible to effects of UV light, and are vitally important to marine food webs).
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