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Abstract: Forensic science plays an increasingly significant role in addressing environmental
challenges and promoting sustainability. Traditionally associated with criminal investigations, its scope
has expanded to include the identification, analysis, and monitoring of environmental pollutants and
ecological damage. Environmental forensic techniques help trace the sources of contamination in air,
water, and soil, enabling authorities to hold industries and individuals accountable for environmental
crimes. Methods such as chemical fingerprinting, DNA analysis and toxicological assessments are used
to detect illegal dumping, oil spills, wildlife poaching, and biodiversity loss.

Furthermore, forensic science contributes to sustainable resource management by providing scientific
evidence for policy-making and environmental regulations. It aids in the assessment of long-term
ecological impacts and supports restoration efforts by identifying the extent and origin of damage.
Wildlife forensics, for instance, helps combat illegal trade in endangered species, thereby preserving
biodiversity and maintaining ecological balance.

The integration of advanced technologies such as remote sensing, geographic information systems (GIS),
and molecular tools has enhanced the precision and efficiency of environmental investigations. These
approaches not only strengthen legal frameworks but also promote environmental awareness and
responsibility.

In conclusion, forensic science serves as a vital interdisciplinary tool that bridges science, law, and
environmental conservation. Its application is essential for ensuring accountability, protecting natural
resources, and achieving sustainable development goals in the face of growing environmental threats.
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L. INTRODUCTION
The quick growth of industries, cities, and the population has caused harm to the environment, making it a major issue
worldwide (UNEP, 2021).
Human actions such as cutting down forests, polluting, and using too many natural resources have had a big impact on
nature and the variety of life (Tilman et al., 2017). Because of this, there is a growing need for scientific tools to assess,
track, and reduce environmental damage (Doyle, 2014).
Forensic science, which was originally used to help solve crimes, has now become a broad field with applications in
protecting the environment (Saferstein, 2018).
Environmental forensics combines ideas from chemistry, biology, geology, and toxicology to study pollution and
ecological changes (Morrison et al., 2016). It gives solid, legally accepted evidence that can be used in lawsuits and to
enforce environmental rules (White, 2018). Thus, environmental forensic science plays a key role in linking scientific
findings with legal systems to support environmental justice and sustainability (Murphy & Morrison, 2018).

Copyright to IJARSCT
www.ijarsct.co.in

DOI: 10.48175/IJARSCT-36868 496

| 2581-9429 |1
R\ 1JARSCT /3
& <




({ IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

ISSN: 2581-9429 Volume 6, Issue 7, June 2026 Impact Factor: 8.2

II. ENVIRONMENTAL FORENSICS: CONCEPTS AND SCOPE
Environmental forensics is the use of science to find out where, when, and how pollution started (Morrison et al.,
2016).
It involves checking pollutants to see if they come from natural processes or human activities (Wang et al., 2019). This
field includes studying pollution in the air, water, and soil, as well as looking at how waste is handled and industrial
emissions are managed (Houck & Siegel, 2015).
One main goal of environmental forensics is to clearly link pollutants to their sources, which is important for holding
people legally responsible (White, 2018).
It is often used in cases like oil spills, polluted groundwater, and industrial accidents (Murphy & Morrison, 2018).
Additionally, environmental forensics helps industries follow rules by assisting them in tracking and managing their
environmental effects (Doyle, 2014). So, the field goes beyond just investigating to also help in preventing and
managing ecological damage (Morrison et al., 2016).

III. TECHNIQUES IN ENVIRONMENTAL FORENSIC SCIENCE
3.1 Chemical Fingerprinting
Chemical fingerprinting is a method used to identify unique chemical patterns in contaminants (Wang et al., 2019).
It involves analyzing mixtures of hydrocarbons, heavy metals, or other pollutants to find out their source (Peters et al.,
2005). This technique is especially useful in assessing oil spills, as it helps determine different sources of petroleum
pollution (ITOPF, 2020).
By comparing the chemical composition of samples from polluted areas with known reference materials, scientists can
trace contaminants back to their origin (Morrison et al., 2016).
This information is vital for enforcing environmental laws and making polluters accountable (White, 2018).

3.2 DNA Analysis and Molecular Tools

DNA-based methods have changed environmental forensics by allowing accurate identification of biological materials
(Hebert et al., 2003).

DNA barcoding is commonly used to identify species involved in illegal wildlife trafficking and poaching (Ogden &
Linacre, 2015). These molecular tools are very sensitive and can detect even tiny amounts of genetic material in
environmental samples (Ferrier et al., 2012).

Moreover, environmental DNA (eDNA) analysis lets scientists study biodiversity and find out which species are
present without seeing them directly (Smith et al., 2016).

These methods are essential for monitoring ecosystems and conservation efforts (Beebee & Rowe, 2008).

3.3 Toxicological Assessments

Toxicological studies are important for understanding how pollutants affect living things and ecosystems (Walker et al.,
2012).

These assessments involve measuring the levels and effects of harmful substances like heavy metals, pesticides, and
industrial chemicals (Eisler, 2000).

Toxicology helps identify the risks linked to environmental pollution and guides decisions in environmental
management (Newman, 2015).

It is used to evaluate long-term ecological damage and develop strategies for cleaning up polluted areas (Hill, 2010).

3.4 GIS and Remote Sensing

Geographic Information Systems (GIS) and remote sensing are key tools in modern environmental forensics (Jensen,
2016).GIS helps visualize and analyze spatial data, allowing researchers to spot patterns and trends in environmental
pollution (Foody, 2002).
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On the other hand, remote sensing uses satellite and aerial images to observe changes in the environment over large
areas (Campbell & Wynne, 2011).

These technologies are especially useful for tracking deforestation, oil spills, and land use changes (UNEP, 2021).
Using them in forensic investigations improves accuracy, efficiency, and the analysis of data (Jensen, 2016).

IV. ROLE OF FORENSIC SCIENCE IN SUSTAINABILITY
4.1 Pollution Detection and Control
Forensic science is essential for identifying and managing environmental pollution (Morrison et al., 2016).It helps
pinpoint contamination sources and provides scientific evidence for regulatory actions (White, 2018). This allows
officials to enforce environmental rules and prevent further damage (Blackman, 2010).
By monitoring industrial emissions and waste management practices, forensic methods help create cleaner ecosystems
and support sustainable development (UNEP, 2021).

4.2 Conservation of Wildlife

Wildlife forensics is a critical application of forensic science aimed at protecting biodiversity (Ogden & Linacre,
2015).It uses genetic and physical methods to identify species and investigate illegal wildlife activities (Hebert et al.,
2003).

This field is important for stopping the illegal trade of endangered species, which threatens global biodiversity (Pimm
et al., 2014). Wildlife forensics helps protect ecosystems and maintain ecological balance by providing evidence in
legal cases (Dirzo et al., 2014).

4.3 Resource Management

Forensic science supports sustainable resource management by assessing environmental harm and guiding restoration
projects (Doyle, 2014).

It helps evaluate the extent and severity of pollution, leading to better cleanup strategies (Newman, 2015).

In addition, forensic data provides important information for policymakers to establish sustainable practices and
regulations (White, 2018).

This ensures the sustainable use of natural resources and the health of ecosystems (UNEP, 2021).

V.LEGAL AND REGULATORY CONSEQUENCES
Forensic science plays a key role in environmental investigations and has significant legal and policy implications
(White, 2018).
It is widely used in courtrooms to establish who is responsible and to enforce environmental rules (Saferstein, 2018).
This scientific approach helps create policies and regulations aimed at protecting the environment (Houck & Siegel,
2015). Government agencies and international organizations rely on forensic evidence to deal with issues like pollution
and climate change (UNEP, 2021).
As a result, forensic science is essential for promoting environmental justice and ensuring that sustainability goals are
met (Doyle, 2014).

VI. CHALLENGES AND FUTURE PERSPECTIVES
Although it is important, environmental forensic science faces several challenges, including high costs, limited access
to data, and complex technical procedures (Murphy & Morrison, 2018).
The lack of standardized methods can affect the reliability of findings (Morrison et al., 2016).
Advancements in technology, such as artificial intelligence and big data analysis, could make forensic investigations
more efficient and accurate (Wang et al., 2019).
Close collaboration between scientists, lawmakers, and legal experts is needed for the field to grow (White, 2018).
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Future research should focus on developing cost-effective solutions and integrating new technologies to strengthen
environmental monitoring and sustainability efforts (Jensen, 2016).

VII. CONCLUSION

Forensic science has become a powerful tool for addressing environmental problems and supporting sustainable
practices (Saferstein, 2018). It helps identify pollution sources, supports legal actions, and aids in the protection of
biodiversity (Morrison et al., 2016). The use of modern technology has greatly improved forensic science’s capabilities,
making it an important part of current environmental management (Jensen, 2016). As environmental issues become
more pressing, forensic science will be even more important in holding people accountable and protecting natural
resources (White, 2018). Overall, environmental forensic science connects science, law, and sustainability, helping
move toward a greener and more sustainable future (UNEP, 2021).
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