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I. Introduction 

Ozone is formed from dioxygen by the action of UV light and atmospheric electrical discharges and is present in 

low concentrations throughout the stratosphere. Ozone is a naturally occurring gas found throughout the 

atmosphere, with a maximum mixing ratio at altitudes ranging from 15 to 30 km above the earth. This region is 

known as ozone layer. [1] The ozone layer or ozone shield is a region present in stratosphere that absorbs most 

of the ultraviolet (UV) radiation of the sun. The ozone (O3) concentration is high in this part than in other parts of 

the atmosphere. The ozone layer is mainly found in the lower portion of the stratosphere, from approximately 20 

to 30 kilometres above Earth. The thickness of ozone varies seasonally and geographically. [2] The thickness of 

ozone layer is measured in “Dobson Units” (DU), where 1 DU = 0.01 nm of the compressed gas at 0˚C and 760mm 

Hg pressure. [3] The ozone layer absorbs 97 to 99 percent of the Sun's medium-frequency ultraviolet light, which 

otherwise would potentially damage exposed life forms near the surface. [2] The groundbreaking research for 

which they were awarded Noble Prize for chemistry in 1995, concluded that the atmosphere only had “finite 

capacity for absorbing chlorine” atoms in the stratosphere. After being widely attacked by the chemical industry, 

Molina and Rowland’s work was indicated 11 years later in 1985, when a team of English scientists realized the 

dire implications of their findings: the CFCs in the atmosphere had created ozone hole. The loss of the protective 

ozone can lead to increased rates of skin cancer in humans and animals. [4] 

 

II. Depletion of Ozone Layer 

Ozone occurs at two levels, the stratospheric ozone and the tropospheric ozone. The tropospheric (ground) ozone 

varies with the daylight variations. Ozone near ground is a pollutant and its production is enhanced due to air 

pollutants, like, nitrogen oxides (NOx) and volatile organic compounds (VOCs). The increase in terrestrial ozone 

particulates results in their enhanced scattering and improved absorption of UV-B radiations, contributing to 

global warming by acting as a greenhouse gas and also shows harmful effects on both animals and plants. An 

increase in the UV-B radiation is one of the major causes for enhanced production of carbon monoxide from dead 

organic matter and release of nitrogen oxides. The ground ozone along with carbon monoxide is responsible for 

acid rain causing damage to lung tissue and its long-term exposure can cause permanent tissue damage. Tree leaf 

and needle losses are linked to acidification and high percentage of ground ozone. Ground ozone concentration is 

lower in Polar and equatorial regions. The sub-tropical ground ozone concentration in Northern hemisphere is 

twice the corresponding region in Southern hemisphere. [5] Although, O3 is present in low concentration (~0.6 

ppm) in the atmosphere, it plays an important role by efficiently screening out harmful radiations. The UV rays 

are of shorter wavelengths ranging from 100 - 280 nm (UV-C), 280 - 315 nm (UV-B) to 315 - 400 nm (UV-A). 
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Of the UV rays, UV-C is completely absorbed by the ozone layer and only 5% of UV-B reaches the earth surface, 

while nearly 95% of UV-A is able to penetrate the atmospheric layers [6]. When human skin is exposed to UV-A 

radiation, cyclobutane pyrimidine dimers are produced in significant amount, leading to photo-carcinogenesis of 

the skin [7].The ability of UV-B to penetrate water bodies affects the cellular DNA in phytoplankton and 

zooplankton that led to increased mortality due to physiological anomalies. [6] The sunspot cycle leads to an 

increase in UV-B influxes during its various stages, which causes stratospheric temperature fluctuations. The solar 

maxima of the sun-spot cycle are responsible for increased UV-C radiation which stimulates the formation of 

stratospheric ozone. [8] The ozone depletion over the Antarctic has been noticed since 1970s and the Arctic region 

has also been witnessing the occurrence of an ozone-hole during the last decade. The overall depletion has been 

increasing at the rate of 0.5% per year since 2000, because of the extensive use of ozone depleting substances 

(ODSs) such as propellants (in the manufacture of soft and hard foams), refrigeration, air conditioning and as 

cleaning solvents [9]. The atmospheric release of ODSs such as halocarbons including chlorofluorocarbons 

(CFCs), hydro chlorofluorocarbons (HCFCs), hydro-fluorocarbons (HFCs) and bromofluorocarbons (BFCs) has 

led to a significant decrease of the ozone layer. Halocarbons are artificially synthesized gases consisting of carbon 

and one or more halogens (fluorine, chlorine, iodine and bromine) released in enormous amounts and they are 

responsible for an increased concentration of Cl and Br in the atmosphere [10]. CFCs (Freons) are a group of 

colorless, non combustible liquids which are highly volatile substances and poorly soluble in water. Hence, they 

are mainly released into the air through evaporation during their production and use. These do not bind to soil 

strongly and thus they can easily leach to the groundwater. The use of these chemicals has been phased out because 

of their deleterious effects on ozone layer but they may still be found as an environmental hazard as they degrade 

slowly in groundwater.  

CFCs are also found to have health effects which include short-term (acute) and long-term (chronic) effects. 

Exposure to pressurized CFCs can cause frostbites to the skin and to the upper airway if inhaled. At high 

temperature, they can degrade to more acutely toxic gases such as chlorine and phosgene. Increased health impacts 

had been observed with the increase in CFCs concentration [11].  

Apart from this, traces of gaseous nitrogen compounds, such as NO, NO2 and N2O, present in small quantities in 

the atmosphere are considered to be the largest ozone depleting substances emitted by human activities exceeding 

the contribution of chlorofluorocarbons [12]. If these chemicals escape into the environment, they drift up the 

stratosphere where Cl and Br radicals are liberated by the action of ultraviolet light on their molecule and act as a 

catalyst affecting the ozone layer at −78°C (critical temperature required by chlorine to breakdown ozone at 

surface of polar stratospheric cloud crystals), where they lead to a complete breakdown of ozone and thus reduce 

it to oxygen molecules. One chlorine or CFC molecule can destroy 100,000 ozone molecules. As a result the 

ozone layer becomes incapable of absorbing UV radiations which enter the earth’s surface from polar areas, 

especially from Antarctica and affect various living organisms.  

The CFCs have been phased out in both developed and developing countries since 1996 and 2010, respectively. 

Alternative to CFCs, HCFCs will also be phased out in both developed and developing nations by the year 2020 

and 2030, respectively.  

The World Meteorological Organization (WMO), 1995 predicted that the depletion of the ozone layer peaked 

around 1998 and the layer would slowly recover by 2045 [13]. But many researchers do not agree with these 

predictions [14, 15] and express their concern regarding a delayed recovery of stratospheric ozone [16]. Thus, at 

present the anthropogenic damage to the ozone layer strongly exceeds its recovery. There is a burgeoning need to 

reduce the production of industrial products causing ozone depletion and global warming. 

 The Vienna Convention for protection of Ozone layer was adopted by 43 nations in 1985. It addressed the 

importance of conservation of Ozone layer and established global mechanism for research, monitoring and 

exchange of information. Two months later, its adoption by the British scientists announced the presence of Ozone 

hole over Antarctic triggering concern about human safety. Nearly 60 plus countries met at Montreal in 1987 to 

come up with a protocol on curbing the Ozone Depleting Sub- stances (ODSs). For the first time the CFCs were 

identified as a major culprit and CFCs-11, 12, 13, 114 and 115 and Halons-1211, 1301 and 2402 were targeted 

for reduction. The onus for reduction was more on developed countries, but to encourage developing countries 

for joining the protocol was made possible through favorable trade benefits. The signatories have been given ten 

year time for total phase out for enlisted ODSs. It has targeted to 2040 for a total phase out of all kinds of ODSs 

[17]. The Kyoto Protocol sought reduction of CO2 emissions and was signed in 1997. [18]. 

 

III. Consequences of Ozone Layer Depletion 
The ozone layer plays an important role in the biology and climatology of the earth’s environment. Radiations 

below the wavelength of 3000 Å are biologically harmful and ozone helps to filter-out these radiations. The 

stratospheric ozone layer protects life on earth by absorbing the damaging, high-energy UV-C radiation. Depletion 

of stratospheric ozone increases the concentration of terrestrial ozone, which is considered harmful for health. 

Ozone depletion resulted in global warming by increase of the atmospheric temperature by 5.5°C [19]. 
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 Exposure to UV rays due to ozone depletion causes innumerable biological hazards such as variation in the 

physiological and developmental processes, reduced growth and productivity of plants. Indirect damage caused 

by the UV-B includes changes in the plant form and distribution of nutrients within the plant. These changes have 

important implications for plant competitive balance, herbivory, plant diseases, and biogeochemical cycles. 

Exposure to solar UV- B radiation has been shown to affect both orientation mechanisms and mortality in 

phytoplankton, resulting in reduced survival rates for these organisms. Solar UV-B radiation has also been found 

to cause damage to the early developmental stages of fish, shrimp, crab, amphibians and other animals. Most 

severe effects decrease reproductive capacity and impaired larval development. Increase in solar UV radiations 

affect terrestrial and aquatic biogeochemical cycles, thus altering both sources and sinks of greenhouse and 

chemically important trace gases such as carbon dioxide (CO2), carbon monoxide (CO), carbonyl sulphide (COS) 

and possibly other gases, including ozone. [20] Exposure of UV radiations leads to the formation of patches on 

skin and weakens human immune system. The UV radiations damage skin either by damaging melanocyte cells 

or by causing sun-burns due to faster flow of blood in capillaries of exposed areas. Malignant melanoma, a type 

of skin cancer is also caused by UV exposure which is less common but far more dangerous. Its relationship with 

UV exposures has not been understood yet but it is thought both UV-A and UV-B are involved [21].  

Studies showed 10% increase in UV-B resulted in 19% increase in melanomas in men and 16% in women. Excess 

of UV light exposure causes DNA breakage, inhibition and alteration of DNA replication and premature ageing 

in humans [22]. 

According to biological classification ultraviolet radiation is divided into three classes- 

a) UV-A, 315 to 400 nm (the near ultraviolet ranging into visible). It forms about 7% of solar flux and is 

particularly harmful to living species. 

b) UB-B, 280 to 315 nm (1.5% of the total solar flux). It can be harmful to both plant and animal species, 

especially after prolonged exposure. 

c) UV-C,< 280 nm (0.5% of the total flux) which rapidly damages the biota of all types.[23] 

 

IV. Mending of Ozone Layer 

Scientists find evidence that the hole is finally shrinking, because of the phasing out of harmful chemicals 30 years 

ago. After three decades of observation, scientists have finally found the first fingerprints of healing in the 

notorious Southern Hemisphere ozone hole. Susan Solomon, a professor of atmospheric chemistry and climate 

science at MIT and his research team, found multiple lines of evidence for the healing. Over Antarctica ozone 

hole forms every year, beginning in August and generally peaking in October. Solomon's team compared 

September ozone measurements, collected from balloon data and satellites, with statistical simulations that predict 

ozone. [4] 

The team found that the September ozone hole has shrunk by more than 4 million square kilometers — about half 

the area of the contiguous United States — since 2000, when ozone depletion was at its peak. The team also 

showed for the first time that this recovery has slowed somewhat at times, due to the effects of volcanic eruptions 

from year to year. Overall, the ozone hole appears to be on a healing path. 

The authors used “fingerprints” of the ozone changes with season and altitude to attribute the ozone’s recovery to 

the continuing decline of atmospheric chlorine originating from chlorofluorocarbons (CFCs). These chemical 

compounds were emitted by dry cleaning processes, old refrigerators, and aerosols such as hairspray. In 1987, 

virtually every country in the world signed on to the Montreal Protocol in a concerted effort to ban the use of 

CFCs and repair the ozone hole. [24] 

“We can now be confident that the things we’ve done have put the planet on a path to heal,” says lead author 

Susan Solomon, the Ellen Swallow Richards Professor of Atmospheric Chemistry and Climate Science at MIT. 

“Which is pretty good for us, isn’t it? Aren’t we amazing humans, that we did something that created a situation 

that we decided collectively, as a world, ‘Let’s get rid of these molecules’? We got rid of them, and now we’re 

seeing the planet respond.”[4] 

A. Tackling the Problem 

In the 1980s, ozone in the atmosphere dropped like a rock at the initial onset of the affliction. The Montreal 

Protocol 1987, implementation widely considered a triumph of international cooperation—quickly phased out 

industrial CFCs, and thus the ozone layer stabilized, though still it was at a depleted level. The ozone hole size 

varies from year to year, influenced by changes in meteorology and volcanism, which can make it difficult to 

identify a healing trend. Scientists believe that it has remained relatively stable since the turn of the century, but 

the October 2015 hole was the largest on record. Scientists have long thought the ozone layer was recovering 

slowly, but Solomon and her team—comprising researchers from MIT, the National Center for Atmospheric 

Research, and the University of Leeds—are the first to rigorously uncover evidence of the healing. 

Though the size of the 2015 hole was unusual, Solomon attributes it largely to the April 2015 eruption of the 

volcano Calbuco in Chile. Though volcanoes do not spew chlorine molecules into the atmosphere, their 

contribution of small particles increases the number of polar stratospheric clouds that react with human-made 

chlorine. [4] 
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B. Future Implications 

These findings suggest that ozone healing is right on pace with the expected timeline. As Blake explained, this 

shows that the gases that affect ozone are decreasing in the atmosphere. 

Both Solomon and Blake expect to see a continued trend of slow healing; a whole recovery is not expected until 

mid-century. The production of CFCs ceased in the 1990s, but has lifetimes of 50 to 100years, so the chlorine 

molecules produced in the 1970s and '80s are still hanging around the atmosphere. Still, the findings are a happy 

culmination of decades of work by scientists, engineers, and diplomats around the world. “It’s been quite a 

remarkable history,” says Solomon. “It gives us hope that we shouldn’t be afraid to tackle large environmental 

problems.”[4] 

 

V. Conclusion 

A large number of environmental problems such as ozone depletion and global warming are associated with 

increased development and economic growth throughout the world during the last century.  It became important 

to heal them. Several researches were there to sort out the problem of ozone depletion. For this purpose, different 

conventions and protocols have been adopted to control ozone depletion and its impacts on all life forms. These 

include Vienna Convention in 1985 followed by the Montreal Protocol in 1987 and the Kyoto Protocol in 1997. 

These protocols banned the use of ozone depleting substances (ODSs) in both developed and developing countries. 

Chlorofluorocarbons (CFCs) have been found to be the main cause of ozone depletion and have many health 

impacts.  Finally, after a long time nearly 30 years, it is made possible to heal the ozone. Susan Solomon and her 

team noticed this change in ozone layer.  Solomon’s team found that, in recent years, the hole is not eclipsing the 

12-million-square-kilometer threshold until later in the southern spring, which indicates that the September hole 

is shrinking. In fact, the researchers believe the ozone hole has shrunk by more than 4 million square kilometers. 

Furthermore, the hole is not as deep as it used to be. 

It is a great research. It shows “Nature also has a changing Nature.” The signs of ozone mending can lead us to a 

positive result of saving ozone and environment. 
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