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Abstract
This article explores the most pressing
environmental challenges of the 21st century and
highlights the pivotal role of biology in addressing
them. Topics such as air and water pollution,
biodiversity loss, and climate change are examined.
Particular attention is given to biological approaches
including bioremediation, genetic engineering,
ecological monitoring, and bioindication. The study
underscores the importance of sustainable practices
and international cooperation in environmental
protection. Biological sciences offer innovative
solutions for ecosystem restoration and pollution
mitigation, making them essential for achieving
long-term environmental sustainability.
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1 Introduction
Environmental problems are among the most pressing
challenges of the 21st century, affecting all spheres
of society’s life. Uncontrolled use of natural
resources, industrialization, population growth, and
increasing waste volumes lead to significant changes
in ecosystems. According to the United Nations
Environment Programme (UNEP), more than 36
billion tons of carbon dioxide are released into the
atmosphere annually, contributing to global warming
and climate change. Additionally, about 8 million tons
of plastic enter the world’s oceans, causing the death of
marine organisms and the destruction of ecosystems.
One of the key tasks of modern science is to find
solutions to minimize the anthropogenic impact on
nature. In this context, biology plays a crucial role
as it studies the mechanisms of living organisms’
functioning, their interaction with the environment,
and their adaptive capabilities. Biological research
contributes to the development of methods for
restoring ecosystems, preserving biodiversity, and
improving environmental quality.
Innovative approaches such as biotechnology, genetic
engineering, and bioremediation are becoming
particularly relevant. These methods help clean
contaminated areas, restore soil fertility, reduce
toxic waste levels, and develop organisms that are
resilient to adverse conditions. For example, the use
of microorganisms to decompose petroleum products
has become an effective way to combat industrial
pollution.
Thus, biology not only provides an understanding of
the causes of environmental problems but also offers
scientifically grounded methods for their resolution.
This article examines the main environmental threats
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of today, analyzes their consequences, and explores
possible biological approaches to their elimination.

2 Main Part
Environmental problems arising from anthropogenic
activities pose a serious threat to the sustainable
development of the biosphere. This work examines
the most pressing ecological challenges, their causes,
and consequences.
One of the most critical issues is atmospheric pollution
and the associated global warming. According to
the International Energy Agency (IEA), in 2023,
carbon dioxide (CO2) emissions reached 36.8 billion
tons, leading to an increase in the average annual
temperature by 1.1°C compared to pre-industrial levels.
Greenhouse gases such as CO, methane (CH4), and
nitrogen oxides (NOx) trap Earth’s heat radiation,
disrupting climate conditions.
The main consequences of climate change include:
• An increase in extreme weather events

(hurricanes, droughts, abnormal cold spells);
• Rising sea levels due to the melting of glaciers;
• A decrease in agricultural productivity and

desertification of territories.

2.1 Pollution of the hydrosphere and freshwater
shortages

Water resources are under threat due to industrial
and household discharges, agricultural activities,
and plastic pollution. According to the World
Health Organization (WHO), approximately 2.2
billion people worldwide lack access to safe drinking
water. Every year, up to 8 million tons of plastic enter
the oceans, leading to the death of marine organisms
and the destruction of ecosystems.

2.2 Types of water pollution
• Chemical pollution (heavy metals, oil,

fertilizers);
• Biological pollution (bacteria, viruses,

pathogenic microorganisms);
• Plastic pollution (microplastics accumulate in the

bodies of fish and seabirds).
According to the Intergovernmental Science-Policy
Platform on Biodiversity and Ecosystem Services
(IPBES), in the last 50 years, the population of wild
animals has declined by an average of 68%. The

main causes of this process include deforestation,
environmental pollution, climate change, and
poaching.

2.3 Consequences of biodiversity loss
• Disruption of ecosystem relationships (extinction

of pollinators, imbalance in food chains);
• Reduced agricultural resilience (extinction of

beneficial insects);
• Threats to medical science (many drugs are

developed based on natural compounds).
Modern scientific research confirms that biological
approaches can be effectively used to address global
environmental problems. Let us examine the key
directions for biological environmental protection.
Bioremediation is the process of using
microorganisms to break down toxic compounds. For
example, bacteria from the genera Pseudomonas and
Bacillus decompose petroleum products, reducing
their toxicity.

2.4 Examples of bioremediation
• In 2010, after the oil spill in the Gulf of Mexico,

bacteria that break down hydrocarbons were
used;

• In China, algae have been developed that can
absorb heavy metals from polluted rivers;

• The use of genetic engineering allows the
creation of plants and microorganisms that are
resistant to adverse conditions. For example,
genetically modified wheat and corn crops
that are drought-resistant help reduce water
consumption in agriculture;

• Genetically modified bacteria capable of
processing plastic;

• Use of phytoremediation plants (mustard,
sunflower) to clean soil from heavy metals.

2.5 Ecological monitoring and bioindication
Bioindication is a method of assessing environmental
quality using living organisms. For example, lichens
of the genus Cladonia are indicators of heavy metal
content in the air.
• Saprobic index – determination of water

pollution levels based on species of bacteria and
algae;
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• Phytoplankton analysis – monitoring marine

ecosystems using algae;
• Bioaccumulation of toxic substances – studying

pollution levels by the accumulation of toxins in
animal tissues.

3 Conclusion
Environmental problems have become a global
challenge for humanity, threatening not only natural
ecosystems but also social and economic stability.
The degradation of the environment, associated
with air, water, and soil pollution, climate change,
and biodiversity loss, requires immediate action.
Humanity has already faced the consequences of
its activities: an increase in natural disasters, a
decrease in agricultural yields, water shortages, and a
deterioration in public health.
The study confirms that biology plays a significant
role in solving these problems. Biotechnology,
genetic engineering, ecological monitoring, and
bioremediation open new opportunities for
environmental restoration and preventing further
destruction. For example, the use of bioengineering
methods for recycling plastics, cleaning water and
soil from heavy metals and hydrocarbons has
already proven effective. At the same time, further
development and large-scale implementation of these
technologies are necessary to achieve a global effect.
Despite progress in environmental science, many
issues remain unresolved. The shortage of freshwater,
excessive deforestation, and pollution of the world’s
oceans require not only scientific approaches but
also effective international political decisions. In this
context, cooperation between states, corporations, and
research institutions plays a critical role.
Based on the analysis of existing problems and
solutions, several key areas requiring further
development can be highlighted:
• Development of innovative biotechnologies.

The creation of new biodegradable materials,
microorganisms for cleaning water and soil, and
genetically modified crops resistant to drought
and pollution.

• Implementation of ecological monitoring using
artificial intelligence. Modern automated systems
can track environmental changes in real time,
allowing for timely prevention of ecological
disasters.

• Development of renewable energy sources.
Transitioning to green energy, such as hydrogen
fuel, biogas, and solar panels, will significantly
reduce greenhouse gas emissions.

• Systematic reduction of plastic waste. Countries
must introduce strict regulations on single-use
plastics and develop recycling technologies and
alternatives using biodegradable materials.

• Expansion of protected areas and ecosystem
restoration. Protecting forests, water bodies,
and habitats of endangered species should be a
priority for all countries, as biodiversity is the
foundation of ecosystem resilience.

• Formation of an ecological culture.
Environmental education should be an integral
part of school and university curricula, as well as
public initiatives.

The future of humanity directly depends on how
effectively environmental strategies are implemented
in the coming decades. If urgent measures are
not taken, the damage to the environment could
become irreversible. However, modern scientific
advancements offer hope for solving many problems.
Biology and ecology, combined with technological
innovations, can ensure the sustainable development
of the planet. International cooperation, governmental
initiatives, and responsible behavior from every
individual play a key role in preserving the
environment. The implementation of biotechnology,
the expansion of renewable energy use, and the
development of ecological culture will reduce the
strain on nature and preserve resources for future
generations.
It is essential to realize that environmental
security is not only the responsibility of scientists
and governments but also of every individual.
Transitioning to rational consumption, reducing
pollution levels, and supporting environmental
protection initiatives can significantly change the
situation. Only a comprehensive approach will create
a safe and comfortable living environment for both
the current and future generations.
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