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Introduction

It is, of course, well-known that climate change and the depletion of the ozone layer will have
deleterious effects on our environment and our well-being as a species, but those effects are often
ill-defined. It is frequently assumed that individuals, and even entire countries, are powerless to halt
or reverse climate change, but measures must be taken to avert catastrophe; governments have not

only a capability but a responsibility to restrict these environmentally harmful practices.

The ozone layer is a layer of gas in the upper atmosphere that protects all life on Earth from harmful
ultraviolet rays emitted by the sun; however it has been steadily depleted over the past several
decades, creating a major environmental hazard. The depletion of the ozone layer can be blamed on
certain man-made chemicals, such as chlorofluorocarbons (CFCs) in aerosol sprays, refrigerants,
insulation, air conditioning, certain solvents, aircraft emissions of nitrogen oxides, and even water
vapor. Many of these chemicals persist in the upper atmosphere for long periods of time—decades,

ot even centuries—slowly destroying the ozone layer as they do.

In recent years the thickness of this layer has decreased to alarmingly low levels; in some areas, the
ozone layer is absent completely (“holes” in the ozone layer). In the Antarctic, for instance, more
than “95% of the ozone concentrations are destroyed;” severe depletion of this layer goes back to
the 1980s. The international response to this hazard was to form the Montreal Protocol, which has

been signed by 191 countries.

The major consequences of the depletion of the ozone layer and related climatic changes can be

listed as follows:

- a number of serious health risks to humans, including skin cancer and cataracts;

- disturbance of the thermal structure of the atmosphere, probably resulting in changes in

atmospheric circulation;

- reductions in the levels of plankton in the oceans (plankton are a major food source for a

huge variety of fish and marine mammals);
- adverse effects on plant growth;

- reductions in agricultural productivity; and
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- changes in the tropospheric ozone and in the oxidizing capacity of the troposphere.

Although many efforts have attempted to address ozone depletion, international cooperation is still
required, as the ozone layer continues to be depleted and atmospheric changes remain a threat to

our world today.

Background
History

The serious study of the ozone layer began in 1956 at Halley Bay, Antarctica. Satellite
measurements of ozone started in the early 1970’s, but the first worldwide measurements were not
taken until 1978. Today many different satellites measure the concentrations of ozone and other
gases in the upper atmosphere; gases in the troposphere and lower stratosphere are sampled by
weather balloons or by airplanes such as the ER-2, managed by the United States’ National

Aeronautics and Space Administration (NASA).

Chloroflnorocarbons

The first chlorofluorocarbon, dichlorodifluoromethane (more commonly known as CFC-12 or by
the trade name Freon), was synthesized in 1928 by Thomas Midgley, a chemist at General Motors.
CFCs found their first use as refrigerants and were widely considered superior to the chemicals that
had been used for that purpose to that point, which were explosive and toxic (Freon is neither);

DuPont began industrial-scale production of CFCs in the mid-1930’s.

In 1974, Sherwood Rowland and Mario Molina conducted a study of the “path” of CFCs; they

were able to prove that CFCs were entering the upper atmosphere, and they concluded that 99% of
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all CFC molecules can eventually end up in the stratosphere. A decade later, in 1984, the Antarctic
ozone layer hole was discovered. A series of studies connecting CFCs to ozone depletion were
published between the mid-1970s and about 1990; the United States banned CFCs in aerosol cans
in 1978 (the first of a long string of regulatory actions against CFCs by developed nations), and

nearly all countries had ceased the manufacture of CFCs by 1994.

When CFCs reach the stratosphere, they are dissociated by ultraviolet light to release chlorine
radicals. These radicals act as a catalyst for the decay of ozone; a single chlorine radical can lead to
the dissociation of many thousands of ozone molecules. A CFC molecule takes an average of 15

years to go from the ground level to the upper atmosphere, where it can stay for about a century.

Man-made (anthropogenic) halogen compounds, of which CFCs are a type, have been proven to

play a role in ozone depletion. There are many different types of halogen gases (see diagram).
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Since the ozone layer absorbs UVB light from the sun, ozone layer depletion increases UVB levels
at the surface of the earth. Most organisms are highly sensitive to UVBs; this form of light is

responsible for sunburns, for instance, and there is a correlation between UVB exposure and skin

cancer in humans. Ultraviolet radiation can also severely inhibit plant growth; the implications for
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agriculture are obvious. These were the reasons for the Montreal Protocol (discussed later in this
document). (It should be noted that, although the causal relationship between stratospheric ozone
depletion and CFCs is reasonably well-substantiated and there are good theoretical reasons to
believe that decreases in ozone leads to increases in surface UVB, there is some disagreement about

this relationship.)
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The “greenhouse effect” of gases like methane and carbon dioxide has gained a scientific consensus
and is typically regarded, in the mainstream of thought, as the driving force behind current climate
change. Ozone depletion exacerbates this effect because it leads to increases in water vapor
concentrations in the upper atmosphere; this water vapor heats the upper atmosphere by the
greenhouse effect, which delays the recovery of the ozone layer and feeds a vicious cycle. Increases

in methane in the stratosphere have a similar effect.
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Ozone in the Atmosphere Although many have expected the ozone
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Year is still work to be done.

In 2009 the Antarctic ozone hole reached its tenth largest measured size since careful measurements
began in 1979, an area of 24 million square kilometers on 17 September. Although the hole largely
closed thanks to the warming of the Antarctic summer, at the time of this conference the Antarctic
winter is rapidly approaching, and the 2010 Antarctic ozone hole is expected to be similarly

mammoth.
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Previous efforts to address ozone depletion

In 1978, the use of CFC propellants in spray cans was banned in the U.S. In the early 1980s, the

Antarctic ozone hole was discovered and multiple scientific assessments more strongly linked the

release of CFCs and ozone depletion; these results led directly to the 1987 signing of the Montreal

Protocol.

More about the Montreal Protocol

The Montreal Protocol is one of the most important advances that took place regarding ozone layer

depletion. It was negotiated and signed by 24 countries and by the European Economic Community

in September 1987. The Protocol called for the Parties to phase down the use of CFCs, halogens

and other man-made ozone-depleting substances (ODSs); under the Protocol, the production and

consumption of compounds that deplete ozone in the stratosphere was to be phased out by 2000.

The table below summarizes the measures agreed upon by the signatory countries:

Summary of Montreal Protocol Control Measures

Ozone Depleting Substances
Chlorofluorocarbons (CFCs)

Halons

Carbon tetrachloride

Methyl chloroform
Hydrochlorofluorocarbons (HCFCs)

Hydrobromofluorocarbons (HBFCs)
Methyl bromide

Developed Countries

Phased out end of 1995 2
Phased out end of 1993

Phased out end of 1995 2
Phased out end of 1995 2
Freeze from beginning of 1996 #
35% reduction by 2004

65% reduction by 2010

90% reduction by 2015

Total phase out by 2020 ¢
Phased out end of 1995

Freeze in 1995 at 1991 base level ¢
25% reduction by 1999

50% reduction by 2001

70% reduction by 2000

Total phase out by 2005
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Developing Countries

Total phase out by 2010
Total phase out by 2010
Total phase out by 2010
Total phase out by 2015

Freeze in 2016

at 2015 base level

Total phase out by 2040
Phased out end of 1995
Freeze in 2002 at average
1995-1998 base level

20% reduction by 2005 ¢
Total phase out by 2015



The treaty has since been modified to ban CFC production after 1995 in the developed
countries,and later in developing countries. Today, over 180 countries have ratified the treaty. As of
January 2010, under the terms of the Protocol, the production of certain halons and CFCs has
completely ended in developed countries, and only recycled and stockpiled specimens of these

chemicals are available for use in those counttries.

The Montreal Protocol has been a very effective response to the shocking and rapid change in the
ozone layer over Antarctica. Now ratified by all but one of the UN’s Member States, it is having a
clear effect in reducing the amount of ozone-destroying substances in the atmosphere. CFCs and
similar substances are, however, very stable, so their atmospheric concentration drops very slowly
and will not reduce to pre-ozone hole values until at least 2070. It is likely to be several more years
before we can be confident that the ozone hole is shrinking and many decades before ozone levels
during the Northern Hemisphere’s spring (ozone is typically thickest in April and May) return to
those of the early 1970s. One unintended consequence of the reduction in ozone-destroying
substances has been its significant effect on reducing global warming, as the substances are often

also powerful greenhouse gases.

The United States Environmental Protection Agency (EPA) is an independent federal agency
established to coordinate programs aimed at reducing pollution and protecting the environment. It
helps individual countries tackle their environmental issues and coordinates numerous regulatory
programs designed to help the ozone layer; the EPA continues to be active in developing ozone

protection policies, not just for the United States but for the international community as well.
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Action must be taken in order to reduce the depletion of the ozone layer and related climatic change
since they have a drastic effect on the future. Because CFCs are so widespread and have been used
in such a great variety of products, limiting their use has been (and, in some cases, continues to be)
difficult. We must come to terms with the fact that it is impossible to completely ban the use of
CFCs; it is believed that CFCs are still widely (and clandestinely) used in poorer countries where
more environmentally friendly alternatives are either unavailable or beyond the financial reach of
their users. Even in the developed world, CFCs still see limited use in (for example) fire suppression

systems for passenger aircraft, because no safe, effective alternative has yet been developed.

The problem we face is that some amount of CFCs will remain in the stratosphere for at least
another century, so any discussion of “short term” solutions is likely to be meaningless; the focus
should be on mitigating CFCs’ effects until such time as their presence in the atmosphere is

relatively unimportant.

Although the Montreal Protocol has been an important step in combating ozone depletion, many
environmentalists felt the treaty did “too little, too late.” The treaty asked for CFC makers to only
eliminate half of their CFC production, making some people feel it was inadequate. Nonetheless, by
the year 2000, the US and twelve nations in Europe had agreed to ban all use and production of
CFCs. This will be highly significant, because these countries produce three quarters of the world’s
CFCs. Many other countries have signed treaties and written laws restricting the use of CFCs.
Companies are finding substitutes for CFCs, and people in general are becoming more aware of the

dangers of ozone depletion.

The impact of United Nations-sponsored resolutions depend a great deal on the willingness of
individual governments to back those resolutions with laws, preferably laws which offer meaningful
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punishments and rewards to their respective industries. Although collective UN interest in
preserving the environment is high, individual ambassadors must return to their countries with

agreements that their governments can realistically implement.

In November 1990, United States President George Bush signed an amended federal Clean Air Act.
This legislation included a section (Title IV) entitled “Stratospheric Ozone Protection,” which
directs the EPA to write regulations affecting every industry using Class 1 and 2 halocarbons. Even
prior to this, in 1988, Sweden had become the first country to legislate the complete phase-out of
CFCs, with a scheduled phase-out of CFCs in all new goods by 1994. In March 1989 environmental

ministers of the EEC announced a total phase-out of CFCs by the year 2000.

Will the ozone layer recover? Can we make more ozone to fill in the hole? The answers, in order, are
yes and no. Regenerating enough ozone to fill the hole is currently beyond our capabilities, but
provided that we stop producing ozone-depleting substances, natural ozone production reactions
should return the ozone layer to normal levels by about 2050. It is very important that the world
comply with the Montreal Protocol; delays in ending production could result in additional damage

and prolong the ozone layet's recovery petiod.
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Questions to Consider:

How can we find more effective substitutes for CFCs and make it economical for

countries to use them? What are these substitutes?
How do we know that natural sources are not responsible for ozone depletion?
Will the ozone layer recover? Can we make more ozone to fill in the hole?

Can developed countries help developing countries in reducing their pollution levels?

Recommended Sources:

1. http://library.thinkquest.org /26026 /Environmental Problems/ozone depletion.html
2. http://esljrc.it/envind/pf intro/pf int06.htm
3. http://www.theozonehole.com/0zone2009.htm
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