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ABSTRACT — Climate change poses a serious threat to aquatic ecosystems, impacting water quality, biodiversity, and overall
environmental stability. Green chemistry, often referred to as sustainable or eco-friendly chemistry, has gained prominence as a
transformative approach in the chemical sciences. Its core aim is to develop and implement chemical processes and products that
reduce environmental harm. This review examines the role of green chemistry in mitigating climate change’s negative effects on
these crucial ecosystems. It begins by outlining the fundamental principles of green chemistry, particularly the 12 principles
formulated by Anastas and Warner, which provide a framework for sustainable chemical design. These principles advocate for
waste minimization, the utilization of renewable raw materials, and the reduction of hazardous substances in chemical processes.
The study concludes by emphasizing the necessity of ongoing research and education in green chemistry to enhance its adoption. It
also highlights green chemistry’s potential to contribute to a more sustainable and environmentally responsible future, positioning
chemistry as a key player in addressing today’s pressing environmental challenges.
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|I. INTRODUCTION

Climate change signifies prolonged variations in
Earth's temperature, precipitation patterns, and
atmospheric conditions, largely driven by human
activities such as burning fossil fuels, deforestation,
and industrial pollution. These actions elevate
greenhouse gas (GHG) levels, including carbon
dioxide (CO:), methane (CH4), and nitrous oxide
(N20), which trap heat in the atmosphere and
contribute to global warming.

Current state of climate change

The change in climatic patterns mostly brought on
by greenhouse gas emissions is known as climate
change. The primary driver of global warming has
been greenhouse gas emissions, which trap heat in
the earth's atmosphere. Natural systems and human
activity are the primary sources of these emissions.
Earthquakes, marshes, permafrost, forest fires, mud
volcanoes, and volcanoes are examples of natural
systems.l!l  Although the majority of human
activities are associated with the generation of
energy, industrial activity, forestry, land usage, and
land-use change.?l. After conducting a statistical
analysis of global greenhouse gas emissions from
both natural and man-made sources, Yue and Gao
came to the conclusion that while the earth's natural

systems may be thought of as self-balancing, man-
made emissions put additional strain on them. ™!

Impacts, hazards, and weaknesses of
climate change

Understanding the current state of climate
emergency requires first understanding the serious
effects of climate change on human and ecological
systems, as well as the risks and vulnerabilities that
go along with them. The United Nations Climate
Change Secretariat (UNCCS) recently released a
study that identified changes in climate indicators,
including temperature, precipitation, seal-level rise,
ocean acidification, and extreme weather.
Droughts, floods, hurricanes, severe storms, heat
waves, wildfires, cold spells, and landslides were
among the climate hazards that were documented. !
The Centre for Research on the Epidemiology of
Disasters (CRED) reports that 315 natural disasters
occurred worldwide in 2018, the most of which
were caused by climate change. This includes ten
occurrences of wildfire, 127 episodes of floods, 13
cases of landslides, 95 cases of storms, 26 cases of
severe temperatures, and 16 cases of drought. In
2018, 68.5 million people were impacted by natural
disasters, with 94% of those affected being
impacted by floods, storms, and droughts. !
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Impact on Aquatic Ecosystems

Q) Rising Water Temperatures

(i)  Ocean Acidification

(iii))  Changes in Salinity and Water Levels
(iv)  Deoxygenation (Hypoxia)

(v) Disruption of Marine Biodiversity

(vi)  Increased Frequency of Extreme Events

Introduce green chemistry as a sustainable
solution

Green chemistry, also referred to as sustainable
chemistry, is a forward-thinking scientific
discipline dedicated to developing chemical
processes and products that reduce environmental
harm and promote sustainability. Its primary goal is
to minimize or eliminate the use and production of
hazardous substances while enhancing efficiency in
industrial and chemical manufacturing.

Literature Review
Principles of Green Chemistry

1. Prevention

“Prioritize preventing waste production instead of
managing or discarding it afterward.”

The goal of green chemistry's preventative
concept is to reduce waste and dangerous materials
before they are produced. This strategy promotes
the design of procedures that minimize or
completely eradicate hazardous byproducts rather
than controlling pollution after it has already
occurred. Industries may minimize environmental
harm, cut expenses, and advance sustainability by
utilizing safer chemicals, streamlining reactions,
and increasing productivity. B4

2. Atom Economy

“Ensure that all reactant atoms are efficiently
utilized in the final product to minimize waste.”

Atom economy quantifies how well a chemical
process minimizes waste by transforming reactants
into desired products. By ensuring that the majority
of the starting elements are used in the finished
product, a reaction with high atom economy lowers
resource consumption and byproducts. By
increasing yield, decreasing environmental impact,
and increasing the cost-effectiveness of chemical
processes, this approach encourages sustainable
practices.

3. Less Hazardous Synthesis

“Use safer chemicals and processes that pose
minimal risk to humans and the environment.”

This idea encourages the creation of chemical
processes and reactions that utilize and produce
materials that are as non-toxic to people and the
environment as possible. Industries may lower
pollution, hazardous waste, and health concerns by
using safer reagents, solvents, and reaction
conditions. This method promotes sustainable
chemistry, reduces disposal costs, and improves
worker safety.[

4. Designing Safer Chemicals

“Develop chemical products that perform their
function with reduced toxicity.”

This idea is on creating chemical products that
are efficient and have low levels of toxicity to both
people and the environment. Researchers can
develop safer substitutes that lessen environmental
persistence, bioaccumulation, and health risks by
carefully choosing molecular architectures and
functional groups. This strategy guarantees
sustainability without sacrificing the functionality
of the product.

5. Safer Solvents and Auxiliaries

“Minimize or eliminate the use of harmful solvents
and auxiliary substances.”

The application of non-toxic,
biodegradable, and ecologically friendly solvents
and auxiliary materials is emphasized by this
principle. Conventional solvents frequently
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increase energy use, pollution, and toxicity.
Alternatives like water, supercritical CO., or 1onic
liquids are encouraged by green chemistry to lower
environmental impact and health hazards while
preserving process efficiency.

6. Design for Energy Efficiency

“Reduce energy consumption by designing
reactions that occur at ambient temperature and
pressure.”

In order to minimize expenses and the
impact on the environment, this approach focuses
on lowering the energy requirements of chemical
processes. Energy consumption can be reduced by
using effective catalysts, renewable energy sources,
and softer reaction conditions. Businesses may
reduce greenhouse gas emissions and advance
sustainability by developing processes that run at
room temperature and pressure.

7. Use of Renewable Feedstocks

“Prefer renewable raw materials over
renewable sources.”

In place of fossil fuels, this idea encourages
the use of raw materials obtained from renewable
sources, such as plants, agricultural waste, or bio-
based compounds. Renewable feedstocks have a
less environmental effect, are sustainable, and
lessen reliance on non-renewable resources. This
strategy lowers carbon emissions and promotes a

circular economy.

non-

8. Reduction of Derivatives

“Minimize unnecessary modifications
blocking groups) that generate waste. «
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Reducing needless changes such as blocking
groups, protection, and transient changes in
chemical synthesis is encouraged by this idea.
These processes utilize more energy, produce
waste, and employ more chemicals. Scientists can
decrease byproducts, increase production, and
create more sustainable processes by creating direct
and effective interactions.

9. Catalysis

“Use catalysts to enhance reaction efficiency and
minimize waste.”

By employing chemicals that accelerate
reactions without being consumed, catalysis
improves reaction efficiency. Catalysts provide for
more selectivity, less waste, and lower energy
consumption  than  stoichiometric  reagents.
Utilizing non-toxic, reusable, or biodegradable
catalysts—Ilike enzymes or green metal catalysts—
reduces environmental impact and encourages
sustainability.

10. Design for Degradation

“Ensure chemical products break down into
harmless substances after use.”

After usage, this concept guarantees that
chemical compounds decompose into innocuous,
non-toxic chemicals. Pollution and the long-term
buildup of hazardous waste can be reduced by
creating materials that break down naturally
through environmental processes like
biodegradation or photodegradation. This strategy

promotes sustainability and helps save habitats.

11. Real-Time Analysis for Pollution Prevention

“Implement monitoring techniques to detect and
prevent hazardous byproducts.”

This idea is centered on real-time chemical
process monitoring in order to identify and stop the
creation of dangerous compounds. Industries can
increase safety, minimize waste, and optimize
reactions with the use of sophisticated analytical
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instruments. Early detection reduces pollution,
increases efficiency, and allows for quick
modifications.

12. Inherently Safer Chemistry for Accident
Prevention

“Design chemicals and processes that reduce the
risk of explosions, leaks, or toxic releases.”

Designing chemical processes and materials
to reduce the likelihood of explosions, spills, or
harmful discharges is the main focus of this
approach. Industries may avoid accidents rather
than deal with their aftermath by employing stable
materials, safer reaction conditions, and less
dangerous chemicals. This method improves
environmental  protection and occupational
safety.[>6l

Conclusion

Green chemistry is essential for mitigating climate
change because it offers sustainable substitutes for
conventional chemical processes. Green chemistry
lowers greenhouse gas emissions, pollution, and
resource depletion by emphasizing non-toxic
materials, energy efficiency, waste prevention, and
renewable resources.

Green chemistry may help create a low-carbon
future through important tactics including carbon
capture and utilization (CCU), bio-based products,
sustainable energy generation, and circular
economy practices. Scaling up green chemistry
solutions requires ongoing research, government
assistance, and industry collaboration, despite
obstacles including economic viability, regulatory
impediments, and technological limits.

Green chemistry concepts can ultimately result in a
more sustainable and climate-resilient society by
lowering environmental impact and promoting
economic and technical breakthroughs through
their integration into industrial processes, energy
systems, and waste management.
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