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Abstract 

Environment is facing more danger from anthropogenic activities like industrialization and westernization that have been mostly found to 
have negative impact on living systems. Destruction of friendly stratospheric ozone layer is one of the visible evidence for this. Ozone 
depleting substances are Chlorofluorocarbons (CFC’s) and halogen derivatives of hydrocarbons that resulted into ozone thinning in the 
Antarctica as well as other parts of the globe and hence, harmful ultraviolet radiations are capable to reach the earth surface that show 
negative effects on ecosystem health. However, the implementation of strict laws and regulations for the use of ozone depleting substances 
have reduced the further deterioration of ozone layer, hence, rejuvenation of ozone may be expected in the future and is a ray of hope for 
healthy environment. The objective of this paper is to review the origin, causes, mechanisms and effects of ozone layer depletion as well as 
the protective methodologies for its rejuvenation. 
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I. INTRODUCTION 

   The atmosphere of earth has been divided into four distinct layers namely-troposphere, stratosphere, mesosphere and 
thermosphere. The stratosphere layer is also referred as ozonosphere as it contains relatively high concentrations gaseous ozone 
(O3) that absorbs approximately 93-99% of the sun's high frequency potentially damaging ultraviolet light [1]. The existence of 
ozone layer was reported in 1913 by the French physicists Charles Fabry and Henri Buisson. Ozone layer is located in the lower 
portion of the stratosphere that extends approximately 10 km to 50 km above Earth’s surface, though the thickness varies 
seasonally and geographically [2].While ozone can be found through the entire atmosphere, the greatest concentration occurs at 
altitudes between 19 and 30 km above the earth's surface because most ozone particles are scattered between 19 and 30 kilometers. 
This band of ozone-rich air is known as the "ozone layer"[3]. The stratosphere is chemically composed of ozone (85-90%), Nitrous 
Oxide, Methane, Chlorofluorocarbons CFCs, Halogens, Halogen Oxides along with volcanic eruptions and stratospheric clouds. 
Ozone is much less common than normal oxygen. The average concentration of ozone in the stratosphere is about 10 ppm [4]. 
Out of 10 million air molecules, about 2 million are normal oxygen, but only 3 are ozone. The ozone layer absorbs most of the 
harmful ultraviolet-B (UV-B) radiation from the sun. If the ozone layer depletes, more harmful UV-B radiation will reach the 
earth through the damaged ozone layer and can cause various diseases in plants, animals including humans in addition to loss of 
ecosystem stability. The thickness of Stratospheric ozone layer is measured in Dobson Units (100 Dobson Units =1 mm). The 
Dobson Unit is named after the atmospheric ozone pioneer G.M.B. Dobson who carried out the earliest studies on ozone in the 
atmosphere from the 1920s to the 1970s. The global average ozone of 300 Dobson units would be 3 mm if compressed to one 
atmosphere of pressure - the approximate thickness of two pennies. In the ozone “hole”, the layer would only be about 1mm thick 
[5]. 
 

II. OZONE DEPLETION 

 

   Since there is a dynamic equilibrium between rate of formation and destruction of ozone in the stratosphere, ozone depletion 
occurs when the natural balance between the production and destruction of stratospheric ozone get disturbed. It was first suggested 
by Dr. M. Molina and S. Rowland in 1974 that a man-made group of compounds known as the chlorofluorocarbons (CFCs) were 
likely to be the main source of ozone depletion [6]. The chemicals that make up CFCs, mainly chlorine and fluorine, float around 
the stratosphere, breaking up ozone molecules. One molecule of CFC can destroy more than 100,000 molecules of stratospheric 
ozone [7]. A variety of ozone depleting substances have been recognized in addition to Chlorofluorocarbons (CFCs) such as 
Carbon tetrachloride (CCl4), Methyl chloroform (CH3CCl3), Hydrochloric acid (HCl), Methyl chloride (CH3Cl), Methyl bromide 
(CH3Br). These compounds are commonly used as halocarbon refrigerants; solvents, propellants, and foam-blowing agents 
(CFCs, HCFCs, halons).The Chlorofluorocarbons (CFCs) affect the ozone significantly [8]. Chlorofluorocarbons (CFCs) also 
known as Freons were invented in 1928 and named wonder gas for their vast commercial applications. The main CFCs include 
CFC-11 (Trichlorofluoromethane -CFCl3), CFC-12 (Dichloro-difluoromethane-CF2Cl2), CFC-113 (Trichloro-trifluoroethane- 
C2F3Cl3), CFC-114 (Dichloro-tetrfluoroethane - C2F4Cl2), and CFC-115 (Chloropentafluoroethane - C2F5Cl). These compounds 
are transported into the stratosphere by the winds after being emitted at the surface. Once in the stratosphere; they release halogen 
atoms through photodissociation, which catalyze the breakdown of ozone (O3) into oxygen (O2) [Fig. 1, 2]. 
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Figure 1: Chemistry of breakdown of ozone by CFC’s in which Chlorine Oxide is the key player 

 

In Most part of stratosphere, ClO react with nitrogen dioxide gas which comes from Natural sources as well as human activity. 

 
This prevents the ClO from reacting with ozone and slows down the depletion of ozone. In Antarctica, due to formation of polar 
stratospheric clouds, there is more probability of formation of chlorine free radicals that further reacts with ozone and result into 
its depletion. 

 
 

This reaction produces nitric acid and Cl2, which break into chlorine radicals in the presence of UV radiations and again wreak 
havoc on ozone. 

 

 
Figure 2: Mechanism of ozone depletion  

 

 

III. OZONE HOLE 

 

   Depletion in the concentration of ozone over a restricted area as over Antarctica is referred as ozone hole. During 1956-1970 
periods, springtime thickness over Antarctica was 280-325 DU. During 1979, it was 225 DU, 136 DU in 1985 and 94 DU in 1994.  
Ozone hole is quite large approximately 23 million sq.km. in 1992 and 28.3 million sq. km. in 2000 .A small ozone hole also 
occurs over North Pole that was discovered in 1990. Thinning of ozone has also been reported elsewhere (8% between 30°-50° 
N). In Antarctic stratosphere, the recent ozone levels have dropped to as low as 33 percent of their pre-1975 values. It allows UV-
B wavelengths of ultraviolet radiations to enter earth’s atmosphere having profound negative impact on human and ecological 
health. In 1985, Joseph Farman, Brian Gardiner, and Jonathan Shanklin had discovered a balding patch of ozone in the upper 
stratosphere over Antarctica. The ozone hole has been identified in Antarctica specifically due to the global dynamics of 
stratosphere in Antarctica which causes polar vortex and extreme cold temperature of Antarctica that causes production of Polar 
stratospheric clouds (PSC’s). During winter, air in stratosphere cools and slowly descends. It is also accompanied by a loss of 
most wavelengths of sunlight which causes drop in stratosphere temperature to - 80oC.As the cooling stratospheric air descends, 
the temperature difference with surrounding air masses create a strong westerly circulation around the pole called polar vortex. 
This vortex isolate the air over Antarctica from rest of globe and thus stratosphere over Antarctica in winter is large, dark and 
extremely cold region and isolate from other areas. These conditions are ideal for the chemical reactions involved in ozone 
destruction. In addition to this, extreme cold temperature of Antarctic region causes the formation of unusual clouds called Polar 
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stratospheric clouds (PSC’s).These clouds are made up of mixture of ice crystals, Nitric acid and Sulphuric acid. These clouds act 
as a catalyst for the production of Chlorine and store them. When UV radiation falls on clouds, the free chlorine causes ozone 
depletion. Every time 1% of ozone depleted, 2% of more UV light can reach the earth. Technically, the term "ozone hole" should 
be applied to regions where stratospheric ozone depletion is so severe that levels fall below 200 Dobson Units (D.U.), the 
traditional measure of stratospheric ozone. Dobson Units are measured by how thick the layer of ozone would be if it were 
compressed into one layer at 0 degrees Celsius and with a pressure of one atmosphere above it [9]. In an unpolluted atmosphere 
there is a balance between the amount of ozone being produced and the amount of ozone being destroyed. As a result, the total 
concentration of ozone in the stratosphere remains relatively constant.  
 

IV. IMPACTS OF OZONE DEPLETION 

 

   Ozone depletion has influenced the biosphere significantly by affecting the human as well as ecosystem health. UV radiations 
which become capable to reach the earth’s surface have been found to induce skin cancer, Melanoma, Cataracts and genetic 
mutations [10]. The 1% decrease in Ozone level may increase the incidence of cataract by 0.3% - 0.6% [11]. More exposure to 
UV radiations can severely damage eye lens and cornea of eye through formation of reactive oxygen free radicals having potent 
oxidative activity [12-14]. Photokeratitis, cataract, blindness all are caused due to UV rays [15]. UV-B radiations may affect 
Immune system function with increased incidence, severity and duration of infectious diseases as well as reduced efficacy of 
vaccinations in humans. More chlorine means more destruction of ozone that will allow more UV-B radiation that induces more 
skin cancers, more diseases and eye cataracts and fewer yields from plants as well as less productivity from oceans. Over exposure 
to UV radiations may increase risk of non-melanoma and malignant melanoma skin cancers. Females are more susceptible to the 
skin cancers due to thinner skin that allows more UV absorption as well as penetration into their skin tissue than the males 
especially in summer [16-18]. EPA estimates 60 million American born by 2075 will get skin cancer and about 1 million of these 
will die. Decrease ozone increases malaria and other infectious diseases due to fluctuations in pathogen population and physiology 
of pathogenesis. Exposure to UV radiations equally affects lungs. Bronchitis, obstruction of lungs, Emphysema, asthma all can 
be resulted from UV radiations exposure. Ecological health is also affected largely due to adverse impacts on biodiversity [19]. 
There would be reduction in the biomass productivity. Phytoplankton in the ocean will die and it disturbs food chain. While more 
than 30 percent of the world’s animal protein for human consumption comes from the sea alone, it is feared that increased levels 
of UV exposure can have adverse impacts on the productivity of aquatic systems. High levels of exposure in tropics and subtropics 
may affect the distribution of phytoplankton which forms the foundation of aquatic food webs [20]. UV-B can also cause damage 
to early development stages of fish, shrimp, crab, amphibians and other animals, the most severe effects being decreased 
reproductive capacity and impaired larval development. Polar systems are especially vulnerable to attacks of UV exposure due to 
ozone hole. Reduction of stratospheric ozone and increased penetration of UV-B radiation result in higher photo dissociation rates 
of key trace gases that control the chemical reactivity of the troposphere. This can increase both production and destruction of 
ozone and related oxidants such as hydrogen peroxide which are known to have adverse effects on human health, terrestrial plants 
and outdoor materials. In addition to these effects; ozone depletion may influence the economy of the world as well. There would 
be a need of plastics that are designed with stabilizers to withstand UV radiation of certain intensity and replacement of key 
medical equipment and supplies will be required. This may alter manufacturing practices and ultimately increases consumer cost 
and burden. 
 
 

V. PROTECTIVE MEASURES FOR OZONE 
 

    The ozone layer is expected to eventually recover if all nations maintain their efforts to reduce ozone-destroying chemicals. 
The layer is still thinning at the poles and it could be at least the year 2050 before we begin to see definite signs of recovery. The 
international response to ozone layer depletion was first given in 1978 by the United States of America, Canada, Sweden and 
Norway who put ban on the use of CFCs in aerosols. In 1981, UNEP starts inter-governmental negotiations to protect the ozone 
layer. In 1987, 46 governments agree to a fifty per cent cut in the production and consumption of CFCs by the year 2000; a freeze 
in production and consumption of halons by 1992; further controls linked to assessments by experts. Parties agree to completely 
phase out CFCs by the year 2000, and to establish a multilateral fund to assist developing countries.US$ 240 million was allocated 
for 1991 - 1993. An inter-governmental document Montreal protocol signed by many countries in 1987, which established 
restrictions for the manufactures on use of ozone depleting substances to reduce ozone depletion. The treaty took effect on January 
1, 1989 when it was ratified by 36 nations including United States of America. Till date 197 Countries signed. India Signed in 
1992. The original Protocol aimed to decrease the use of chemical compounds destructive to ozone in the stratosphere by 50% by 
the year 1999.As a result of the Montreal Protocol, atmospheric concentrations of some ozone-depleting substances, such as CFC-
11, has begun to decline. In 1994, the United Nations General Assembly voted to designate September 16 as the International Day 
for the Preservation of the Ozone Layer, or "World Ozone Day", to commemorate the signing of the Montreal Protocol on that 
date in 1987 [21].But without the principle of think globally and act locally, ozone recovery is impossible. In order to rejuvenate 
the ozone, the CFC’s release into atmosphere must be completely banned and use of ozone friendly products must be popularized 
[Table: 1].  
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VI. CONCLUSION 
 
   The reduction in the ozone concentration in the stratosphere due to ozone depleting substances such as chlorofluorocarbon is a 
highly alarming situation of today. There should be a complete ban on the use of ozone eaters. In addition to this, their alternatives 
which are ozone friendly should be commercialized. There is an urgent need for framing and execution of awareness programmes 
among masses for recognition of the friendly role played by the ozone layer as well as consequences of ozone depletion. The 
implementation of strict laws and regulations for the use of ozone depleting substances have reduced the further deterioration of 
ozone layer, hence, rejuvenation of ozone may be expected in the future and is a ray of hope for healthy environment. Recovery 
is projected to continue over the next century, and the ozone hole is expected to reach pre-1980 levels by around 2075 [23]. 
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Table 1:Alternatives /Preferred Substitutes for Chlorofluorocarbons and other Ozone 
Depleting Substances 

Sector- Refrigeration & Air Conditioning 

 
Items 

 
Gas Used/Present 

Scenario 

 
Alternative/Preferred substitute 

 
Domestic 
Refrigerator 
Deep Freezers 
Water Cooler 
Cars, Buses Trucks etc. 
Central AC Plants 
 

 
CFC-12 
Foam blowing 
Same as above 
 CFC-12 
 CFC-12 
CFC-11 
 

 
HFC-134a Isobutane 
Cyclopentane CFC-11 HCFC-141b 
HFC-134a Blend of HC-290 & HC-600a 
HFC-134a 
HCFC-22 (Trains only) 
HFC-134a 

Sector- Aerosol Sector 
Perfumes,Shaving Creams, 
Pharmaceutical,Paints etc.  
Metered Dose Inhalers 

 

CFC-11 

CFC-12 
 

Di-methyl Ether   
 

HFC-134a 
 

 Sector- Foams 

Flexible PUF 
Flexible moulded PUF 
Rigid PUF 
Thermoware 
Thermoplastic Foams 
 

CFC-11 
CFC-11 
CFC-11 
CFC-11 
CFC-11/12 
 

Methylene Chloride 
Water Blown Technology 
HCFC-141b    
HCFC-141b/ Water Blown   
HCCO2    
 

Sector- Fire Extinguisher Sector 

Fire Extinguisher 
 

H-1211 
H-1301 
 

ABC Powder, CO2 
Fixed Type: FM200, HCFC Blend 
 

Sector-Solvent 

Electronic & Precision 
cleaning  
Coatings 
Pesticide Manufacturing  
Metal Cleaning 
Chlorinated rubber 

 

CFC-13 
 
Methyl Chloroform 
CFC-113 
CTC 
CTC 
 

D1 Water   
 
Organic non- halogenated Solvents  
Tri-Chloro Methyl Chloroform ethylene 
Ethylene Dichloride   
Ethylene Dichloride  
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