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Abstract:
The depletion of the ozone layer is a major environmental 
problem with wide-ranging and far-reaching consequences 
for life on Earth. Chemical means have become an 
important method of protecting the ozone layer. The 
ozone layer is an important part of the Earth’s atmosphere, 
absorbing most of the harmful ultraviolet radiation and 
serving to protect life on Earth. However, since the end 
of the 20th century, there has been a significant depletion 
of the ozone layer, especially in the polar regions, due to 
the emission of ozone depleting substances (ODS) such 
as chlorofluorocarbons (CFCs) and halocarbons from 
human activities. These substances were once widely used 
in refrigeration, air-conditioning and industrial processes, 
leading to a thinning of the ozone layer, which in turn 
increased the intensity of ultraviolet (UV) radiation at 
the surface, posing a serious threat to human health, 
ecosystems and biodiversity, such as an increase in the 
incidence of skin cancers and cataracts, as well as damage 
to marine life and agriculture. Since the 1970s, scientific 
studies have revealed the damaging effects of CFCs on 
the ozone layer. In response to this threat, the international 
community has actively worked to control and phase 
out ozone-depleting substances, of which the Montreal 
Protocol, signed in 1987, has achieved remarkable results 
in reducing the production and use of CFCs and other 
substances.
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1. Introduction
The depletion of the ozone layer is a major environ-
mental problem that has extensive and far-reaching 
impacts on life on Earth. Chemical means have be-

come a crucial approach to protecting the ozone lay-
er. The purpose of this introduction is to explore var-
ious chemical initiatives that have been implemented 
and their significance in ozone layer protection.
The ozone layer is a critical component of the Earth’s 

Chemical Measures for Ozone Layer 
Protection: A Review from Theory to 
Practice

Yaopeng Li1, *, 

Siyu Pu2

1Department of Marquette 
University, Beijing, China
2Vision academy Shenzhen, 
Guangdong, China

*Corresponding author: yaopengli.
li@marquette.edu

1

mailto:yaopengli.li@marquette.edu
mailto:yaopengli.li@marquette.edu


Dean&Francis

1189

YAOPEng LI, SIYU PU

atmosphere, serving as a protective shield that absorbs the 
majority of the sun’s harmful ultraviolet (UV) radiation. 
The depletion of the ozone layer has been a significant 
environmental concern since the late 20th century, largely 
due to the release of ozone-depleting substances (ODS) 
such as chlorofluorocarbons (CFCs), halons, and other 
related chemicals. These substances, once widely used in 
refrigeration, air conditioning, and industrial processes, 
have led to a thinning of the ozone layer, particularly over 
the polar regions. The resulting increase in UV radiation 
reaching the Earth’s surface poses severe risks to human 
health, ecosystems, and biodiversity, including higher 
incidences of skin cancer, cataracts, and damage to ma-
rine life and agriculture.The ozone layer is located in the 
stratosphere and functions as a barrier against harmful ul-
traviolet radiation. However, human activities, especially 
the emission of certain chemicals, have led to the deple-
tion of the ozone layer.  [1]Chlorofluorocarbons (CFCs) 
are one of the main culprits responsible for ozone layer 
depletion. Since the 1970s, scientific research has revealed 
the destructive effect of CFCs on the ozone layer[2].
In response to this threat, the international community has 
been committed to regulating the use of ozone-depleting 
substances and gradually phasing them out. The Montreal 
Protocol signed in 1987 is a landmark agreement that has 
been highly effective in reducing the production and con-
sumption of CFCs and other ozone-depleting substanc-
es[3].

2. Mechanisms of the formation of the 
ozone hole

2.1 Formation mechanism of the ozone hole
The author, through consulting articles on Google Scholar, 
concludes that there are three main reasons for the ozone 
hole. The first point is that human activities’ emissions 
deplete ozone layer substances. According to the ‘Caus-
es of Ozone Layer Depletion and Its Effects on Human: 
Review’, all ozone-depleting chemicals contain chlorine 
and bromine [6]. CFCs are highly volatile and non-com-
bustible, so they are very quickly evaporated and can 
easily reach the stratosphere where ozone is present. Here 
they start depleting ozone molecules. These CFCs also 
have adverse effects on human health [7]. According to 
the chemical model for ozone destruction proposed about 
20 years ago, the photolysis of Cl2O2 is key to the ozone 
depletion reaction. The second reason is the chemical re-
action that destroys ozone. It is divided into two chemical 
reactions. The first is the reaction initiated by chlorine 
atoms: the released chlorine atoms react with ozone (O₃), 

and one chlorine atom can react with one ozone molecule 
to generate oxygen (O₂) and chlorine monoxide (ClO). 
Cl + O₃ → ClO + O₂. The second is the catalytic cycle 
reaction: chlorine monoxide (ClO) will further react with 
atomic oxygen in the atmosphere to regenerate chlorine 
atoms and continue to destroy ozone. ClO + O → Cl + 
O₂. In this way, one chlorine atom can destroy thousands 
of ozone molecules, forming a catalytic cycle and leading 
to a large consumption of ozone. The third reason is the 
influence of meteorological conditions. The author found 
that there are two kinds of meteorology. The stratospheric 
clouds in polar regions are formed when the temperature 
reaches a very low level. These clouds have special sur-
faces, which lead to the conversion and reaction of sub-
stances that deplete the ozone layer. Such a result leads to 
an acceleration of the destruction of the ozone layer. An-
other meteorology mentioned by the author is atmospheric 
circulation. The atmospheric circulation pattern will also 
affect the distribution and concentration of ozone-deplet-
ing substances in the stratosphere, thus affecting the for-
mation and change of the ozone hole.

2.2 Sub headingChemical Formation mecha-
nism of the ozone layer

2.2.1 Oxygen Molecule Photolysis and Ozone Forma-
tion

Under the irradiation of solar ultraviolet rays, oxygen 
molecules (O₂) in the stratosphere undergo photolysis 
reactions:
O₂ + hv (ultraviolet rays) → O + O.
The generated oxygen atoms (O) are extremely reactive. A 
portion of these oxygen atoms will combine with oxygen 
molecules to form ozone: O + O₂ → O₃.In this process, 
ultraviolet radiation provides the energy required to de-
compose oxygen molecules, leading to the generation of 
oxygen atoms and the subsequent formation of ozone.. 
Ozone in the stratosphere is continuously generated in this 
manner. At the same time, it will also decompose under 
certain conditions, maintaining a dynamic equilibrium.
For instance, the intense ultraviolet radiation from the sun 
acts as a powerful driving force. As oxygen molecules 
absorb the energy of the ultraviolet rays, the bonds within 
O₂ are weakened and eventually broken, resulting in the 
release of highly reactive oxygen atoms. These oxygen 
atoms, being extremely active, quickly seek opportuni-
ties to combine with other oxygen molecules. When they 
encounter oxygen molecules, they react to form ozone. 
This continuous cycle of formation and decomposition of 
ozone is crucial for maintaining a relatively stable ozone 
layer in the stratosphere. However, this delicate balance 
can be disrupted by various factors.
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2.2.2 Ozone Formation with the Participation of nitric 
Oxide

In the stratosphere, nitric oxide (NO) can also participate 
in the formation process of ozone. For example NO₂ 
+ hv (ultraviolet rays) → NO + O. Then, oxygen atoms 
combine with oxygen molecules to generate ozone as de-
scribed in the previous reaction. At the same time, nitric 
oxide can react with ozone: NO + O₃ → NO₂ + O₂. 
This reaction influences the concentration of ozone to a 
certain extent. If the concentration of nitric oxide is too 
high, it will consume a certain amount of ozone. Howev-
er, in the entire chemical system of the stratosphere, the 
presence of nitric oxide also participates in the complex 
reaction network of ozone formation under certain cir-
cumstances.
For instance, when nitrogen dioxide is exposed to ultra-
violet rays in the stratosphere, it undergoes photolysis to 
release nitric oxide and an oxygen atom. The oxygen atom 
then participates in the formation of ozone as mentioned 
earlier. Meanwhile, the reaction between nitric oxide and 
ozone plays a dual role. On one hand, it can reduce the 
concentration of ozone. On the other hand, it is also part 
of a complex set of reactions that contribute to the over-
all balance of ozone in the stratosphere. The interaction 
between nitric oxide and ozone represents just one aspect 
of the intricate web of chemical reactions governing the 
formation and stability of the ozone layer

3. MontChemical measures of ozone 
layer protection
Located in the stratosphere, the ozone layer is a crucial 
part of Earth’s atmosphere. Its primary job is to shield 
life on Earth from UV damage by absorbing damaging 
ultraviolet (UV) rays from solar radiation. However, since 
the middle of the 20th century, human activity has been 
releasing ozone depleting substances (ODS), such as halo-
carbons (Halons) and chlorofluorocarbons (CFCs), which 
has caused an ozone hole to form in the Antarctic. As a 
result, the ozone layer is being destroyed more quickly. 
The world community has responded to this global envi-
ronmental disaster by enacting a number of chemical reg-
ulations and policies designed to slow down the depletion 
of the ozone layer and encourage its recovery.
Adopted in 1987, the Montreal Protocol on chemicals that 
Deplete the Ozone Layer is a historic global accord that 
attempts to phase out the use and manufacture of chemi-
cals that deplete the ozone layer (ODS). The Protocol has 
been successful in cutting back on the release of danger-
ous chemicals like CFCs. Recent data indicate that the 
Protocol has contributed to the ozone layer’s slow recov-

ery and resulted in a significant drop in these chemicals’ 
atmospheric concentrations.

3.1 Effectiveness of the Montreal Protocol
Since the Protocol’s adoption, emissions that deplete the 
ozone layer have significantly decreased. The ozone layer 
is showing signs of recovery, according to satellite data 
and atmospheric measurements. By the middle of this 
century, it is predicted that the ozone hole above Antarc-
tica may close.An essential part of ozone layer protection 
is the study and development of chemical substitutes, in 
addition to global regulations. Scientists have created a 
number of substitutes, including HFCs, hydrofluoroole-
fins (HFOs), and natural refrigerants, in response to the 
prohibition of CFCs and other ODSs.Because they don’t 
include chlorine, HFCs can prevent the ozone layer from 
being destroyed, but they have a significant global warm-
ing potential (GWP). 
As a result, industry and research are creating new, more 
ecologically friendly materials, such HFOs, which have a 
lower global warming potential, and more effective nat-
ural refrigerants, like carbon dioxide, ammonia, and pro-
pane. 
The creation of these substitutes offers a significant 
chance to address global climate change in addition to 
ODS. However, the spread of these novel materials is 
hampered by technological, financial, and policy issues. 
For instance, certain naturally occurring refrigerants may 
be poisonous or combustible, therefore industrial applica-
tions must ensure their controllability and safety. Further-
more, new refrigeration technologies can be expensive, 
particularly in developing nations, necessitating increased 
technology transfer and financial assistance from the glob-
al community.
Techniques for increasing the ozone layer artificially 
While the ozone layer recovers, researchers are looking 
into artificially thickening the layer through technological 
techniques. One potential technique to hasten the regrowth 
of the ozone layer is ozone injection technology, which 
involves using high-altitude aircraft or balloons to pump 
ozone directly into the stratosphere. Even while this tech-
nology has showed some promise in tests, there are still a 
lot of obstacles in the way of its widespread application, 
including high costs, technical viability, and long-term 
environmental effects. To find out if this method works 
better than natural recuperation, more investigation and 
assessment are required.

3.2 Challenges and Future Directions
Notwithstanding these achievements, a full restoration of 
the ozone layer is still a long-term objective. The Protocol 
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needs to be updated frequently to handle new issues, such 
as the possible effects of substitute materials like hydro-
fluorocarbons (HFCs), which are strong greenhouse gases 
but less hazardous to ozone.

3.3 Development of Safe Alternatives
An essential component of maintaining the ozone layer 
has been the creation of CFC substitutes. In many differ-
ent applications, hydrofluorocarbons (HFCs) and other 
substances have been utilized as replacements. Despite 
their lesser ability to deplete the ozone layer, HFCs still 
contribute to global warming, hence research into more 
sustainable options is still needed.Because HFCs have 
very little influence on ozone, they have been widely 
embraced. However, they bring with them additional 
environmental issues due to their high global warming 
potential (GWP). Hydrofluoroolefins (HFOs) and natural 
refrigerants are two examples of alternatives with lower 
GWPs that are being developed in place of HFCs. 
The goal of research is to discover novel, environmental-
ly safe materials that neither cause global warming nor 
ozone depletion. 
Compounds with reduced environmental effect and im-
proved energy efficiency are two examples.In order to 
hasten the ozone layer’s recovery, artificial means of im-
proving it, such as ozone injection, are being investigated. 
Through direct introduction, the concentration of ozone is 
raised in the stratosphere using these techniques. High-al-
titude airplanes or balloons are examples of technological 
methods for ozone injection. While these approaches have 
demonstrated promise in testing environments, issues with 
cost, scalability, and long-term effectiveness remain.
More research is necessary to determine whether large-
scale ozone injection is feasible. In comparison to natural 
healing processes, it is critical to evaluate the total ad-
vantages, cost-effectiveness, and potential environmental 
consequences. 

4. Conclusion
As a crucial component of the Earth’s atmosphere, the 
ozone layer is essential for both absorbing damaging 
UV rays and preserving life. However, ozone-depleting 
compounds (such as chlorofluorocarbons (CFCs), etc.) 
released from human activity are seriously harming the 
ozone layer. Developing successful protection tactics re-
quires an understanding of the chemical production mech-
anisms of the ozone layer and the factors that influence its 
stabilization. The ozone layer has recovered largely as a 
result of the Montreal Protocol’s successful reduction of 
ozone-depleting substance emissions on a global scale. 

To secure the long-term health of the ozone layer, howev-
er, it is crucial to pursue scientific research, create substi-
tute materials, and investigate cutting-edge remediation 
technologies in the face of emerging pollutant types and 
the difficulties presented by climate change. These initia-
tives established the groundwork for international legisla-
tion and technological advancement in addition to offering 
significant support for environmental protection. As a cru-
cial component of the Earth’s atmosphere, the ozone layer 
is essential for both absorbing damaging UV rays and pre-
serving life. However, ozone-depleting compounds (such 
as chlorofluorocarbons (CFCs), etc.) released from human 
activity are seriously harming the ozone layer.
Effective protection measures can be established by com-
prehending the chemical production mechanisms of the 
ozone layer and the elements that influence its stabiliza-
tion. The ozone layer has recovered largely as a result of 
the Montreal Protocol’s successful reduction of ozone-de-
pleting substance emissions on a global scale. To secure 
the long-term health of the ozone layer, however, it is cru-
cial to pursue scientific research, create substitute materi-
als, and investigate cutting-edge remediation technologies 
in the face of emerging pollutant types and the difficulties 
presented by climate change. These initiatives established 
the groundwork for international legislation and techno-
logical advancement in addition to offering significant 
support for environmental protection.
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