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Introduction 

Ozone is present only in small amounts of Earth’s atmosphere. Most of which resides in the upper 

part of the atmosphere. This region, called the stratosphere, is more than 10 kilometres (6 miles) above 

Earth’s surface and extends up to about 50 kilometres (31 miles) altitude. In the mid-1970s it was 

discovered that some human-produced chemicals could lead to depletion of the ozone layer. 

Following the discovery of this environmental issue, researchers sought a better understanding of this 

threat to the ozone layer, which revealed an abundance of ozone-depleting substances (ODSs) and 

the existence of a hole in the ozone layer. This article attempts to explore the formation of the ozone 

hole, measures taken to control its spread and its current status.  

 

Facts about the Ozone Layer 

The stratospheric region with the highest ozone concentration is commonly known as the “ozone 

layer”. Here, about 90% of atmospheric ozone is contained in the “ozone layer,” which shields us 

from harmful ultraviolet radiation from the Sun. The remaining ozone, about 10%, is found in the 

troposphere, which is the lowest region of the atmosphere, between Earth’s surface and the 

stratosphere. 
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Fig 1: Ozone in the Stratosphere 

 

Source: Fahey, D.W. & Hegglin, M.I. (2010).  

 

Location of the Ozone Layer 

The ozone layer resides in the stratosphere surrounding the entire Earth. UV-B radiation (280- to 315-

nanometer (nm) wave- length) from the Sun is strongly absorbed in this layer. As a result, the amount 

of UV-B reaching Earth’s surface is greatly reduced. Human exposure to UV-B radiation increases 

the risks of skin cancer, cataracts, and a suppressed immune system. UV-B radiation exposure can also 

damage terrestrial plant life, single-cell organisms, and aquatic ecosystems. 

 

 

 

 

 

Figure 1: Ozone in the 
atmosphere. 
This profile shows 
schematically how ozone 
changes with altitude. 90% 
of the atmospheric ozone 
resides in the stratospheric 
“ozone layer.” The vertical 
extent or thickness of this 
layer varies from region to 
region and with season 
over the globe. Increases in 
ozone occur near the 
surface as a result of 
pollution from human 
activities. 
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Formation of ozone 

Stratospheric ozone is created and destroyed primarily by ultraviolet (UV) radiation. The air in the 

stratosphere is bombarded continuously with UV radiation from the Sun. When Ultra violet rays 

strike molecules of ordinary oxygen (O2), they split the molecule into two single oxygen atoms. The 

free oxygen atoms can then combine with oxygen molecules (O2) to form ozone (O3) molecules as 

is shown in the equations below: 

 

O2 + UV light → 2 O  

O + O2 + M → O3 + M (where M indicates conservation of energy and momentum) 

 

The same characteristic of ozone that makes it so valuable – its ability to absorb a range of UV 

radiation – also causes its destruction. When an ozone molecule is exposed to UV energy it splits into 

O2 and O. During dissociation, the atomic and molecular oxygens gain kinetic energy, which produces 

heat and causes an increase in atmospheric temperature. 

O3 + UV, visible light → O + O2 

 

The free oxygen atom may then combine with an oxygen molecule, creating another ozone molecule, 

or it may take an oxygen atom from an existing ozone molecule to create two ordinary oxygen 

molecules. 

O + O2 → O3 or O3 + O → O2 + O2 
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When this natural process of destruction is accelerated by the introduction of manufactured 

compounds, the anthropogenic factor in ozone depletion becomes fairly important. Chlorine, released 

from CFCs and bromine (Br), released from halons, are two of the most important chemicals 

associated with ozone depletion.  

 

Anthropogenic Reasons for Destruction of Ozone 

 

Chlorofluorocarbons or CFC’s were originally created to provide a substitute for toxic refrigerant 

gases and to reduce the occupational hazard of compressor explosions. While in the troposphere, 

CFC’s are relatively harmless and do not react with any material which is the reason, they were chosen 

as a benign technical solution to environmental and engineering problems, with hardly any negative 

side effects. While CFCs remain in the troposphere, they are virtually indestructible as they are not 

water soluble and cannot even be washed out of the atmosphere by rain. This quality i.e. their stability 

– is what makes them so dangerous to the Earth’s system. These man made compounds remain in the 

troposphere for more than 40 years before their slow migration to the stratosphere, where it becomes 

an active component. In the stratosphere, high energy UV radiation causes the CFC molecules to 

break down through photo dissociation. Atomic chlorine, a true catalyst for ozone destruction, is 

released in the process. Chlorine initiates and takes part in a series of ozone-destroying chemical 

reactions and emerges from the process unchanged. The free chlorine atom initially reacts with an 

unstable oxygen containing compound (such as ozone) to form chlorine monoxide (ClO): 

 

Cl + O3 → ClO + O2 
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The ClO molecule then reacts with atomic oxygen to produce molecular oxygen (O2) and more 

atomic chlorine. The regenerated Cl atom is then free to initiate a new cycle: 

 

ClO + O → Cl + O2 

 

This destructive chain of reactions will continue over and over again, limited only by the amount of 

chlorine available to fuel the process (NASA: Goddard Earth Sciences Data and Information Services 

Centre, n.d). 

 

The Ozone Hole 

In 1984 British Antarctic Survey scientists, Joesph Farman, Brian Gardiner, and Jonathan Shanklin, 

discovered a recurring springtime Antarctic ozone hole. Their paper was published in Nature, May 

1985, showing that ozone levels had dropped to 10% below normal January levels for Antarctica. The 

ozone "hole" is really a reduction in concentrations of ozone high above the earth in the stratosphere. 

The word hole isn’t literal; no place is empty of ozone. Scientists use the word hole as a metaphor for 

the area in which ozone concentrations drop below the historical threshold of 220 Dobson Units. The 

ozone hole is defined geographically as the area wherein the total ozone amount is less than 220 

Dobson Units. This has steadily grown in size (up to 27 million sq. km.) and length of existence (from 

August through early December) over the past two decades.  
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Why over Antarctica? 

Ozone-depleting substances are present throughout the ozone layer in the stratosphere mostly due to 

atmospheric air motions. Hence the formation of an ozone hole over Antarctica poses questions. 

Temperatures in both polar regions reach minimum values in the lower stratosphere (between 30 to 

50 kilometers high) in the winter season. However special atmospheric and chemical conditions exist 

over Antarctica and nowhere else on the globe. Average daily minimum values over Antarctica are as 

low as −90°C in July and August in a typical year. Over the Arctic, average minimum values are near 

−80°C in late December and January. Polar stratospheric clouds (PSCs) are formed in the polar ozone 

layer when winter minimum temperatures fall below the formation temperature of about −78°C. This 

occurs on average for 1 to 2 months over the Arctic and 5 to 6 months over Antarctica (see heavy red 

and blue lines). Reactions on liquid and solid PSC particles cause the highly reactive chlorine gas ClO 

to be formed, which catalytically destroys ozone (see Q9). The range of winter minimum temperatures 

found in the Arctic is much greater than in the Antarctic. In some years, PSC formation temperatures 

are not reached in the Arctic, and significant ozone depletion does not occur. In contrast, PSC 

formation temperatures are always present for many months somewhere in the Antarctic, and severe 

ozone depletion now occurs in each winter season (Fahey, D.W. & Hegglin, M.I. 2010).  
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Dealing with the Ozone Hole 

The ozone hole opened the world’s eyes to the global effects of human activity on the atmosphere. 

The global recognition of CFCs’ destructive potential, led to the 1989 Montreal Protocol, banning the 

production of ozone-depleting chemicals. The Montreal Protocol on Substances that Deplete the 

Ozone Layer was designed to reduce the production and consumption of ozone depleting substances 

in order to reduce their abundance in the atmosphere, and thereby protect the earth’s fragile ozone 

Layer. The original Montreal Protocol was agreed on 16 September 1987 and entered into force on 1 

January 1989. (Ozone Secretariat, UNEP, n.d).  

After a series of rigorous meetings and negotiations, the Montreal Protocol on Substances that 

Deplete the Ozone Layer was finally agreed upon on 16 September 1987 at the Headquarters of the 

International Civil Aviation Organization in Montreal.  The Montreal Protocol stipulates that the 

production and consumption of compounds that deplete ozone in the stratosphere--

chlorofluorocarbons (CFCs), halons, carbon tetrachloride, and methyl chloroform--are to be phased 

out by 2000 (2005 for methyl chloroform). Scientific theory and evidence suggested its capacity to 

wreak havoc on the stratospheric ozone layer, which shields the planet from damaging UV-B radiation. 

Instead, compounds consisting of hydrogen, chlorine, fluorine and carbon (HCFCs), which have a 

lower potential to destroy ozone, are being used to temporarily replace CFCs. 
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Recent Status of the Ozone Hole – on the way to recovery 

The original Montreal Protocol, signed in 1987, was the first step in international efforts to protect 

stratospheric ozone. Under the original Montreal Protocol agreement (1987), developed countries 

were required to begin phasing out CFCs in 1993 and achieve a 20% reduction relative to 1986 

consumption levels by 1994 and a 50% reduction by 1998. Additionally, developed countries were 

required to freeze their production and consumption of halons relative to their 1986 levels. After the 

Montreal Protocol was signed, new data showed worse-than-expected damage to the ozone layer 

(United States Environmental Protection Agency, n.d).  

A drastic fall in chlorine and bromine levels have been observed since the mid-1990s. However, the 

long lifetimes of CFCs in the atmosphere mean it may take until the middle of the 21st century as the 

abundances of these gases decline in the stratosphere and the chlorine content to go back to values 

like those of the 1960s. Research findings indicate that full recovery is expected in midlatitudes by 

2050, or perhaps earlier. Recovery in the Antarctic will occur somewhat later (European Space Agency, 

2013).  

Fig 2: Antarctic ozone hole Shrinks to new records 

 

Source: Antarctic ozone hole Shrinks to new records. Retrieved from:  

http://wordlesstech.com/antarctic-ozone-hole-shrinks-to-new-records/ 

Satellite data show that the recent 
ozone hole over Antarctica was the 
smallest seen in the past decade. 
Long-term observations also reveal 
that Earth’s ozone has been 
strengthening following 
international agreements to protect 
this vital layer of the atmosphere. 
According to the ozone sensor on 
Europe’s Metop weather satellite, 
the hole over Antarctica in 2012 
was the smallest in the last 10 
years. 

http://wordlesstech.com/antarctic-ozone-hole-shrinks-to-new-records/
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But though there has been progress, there's still a long way to go. The Antarctic ozone hole, where 

protective ozone thins dramatically to create a "hole," is still reappearing annually though the extent 

of the hole has decreased to a great extent. But new research by NASA scientists suggests the 

damage cannot be fully undone as because of the impact of greenhouse gas warming, the ozone 

layer over the tropics and mid-southern latitudes may not recover for more than a century, and 

perhaps not ever. 
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