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ABSTRACT

DNA evidence has revolutionized the field of forensic science, serving as a cornerstone in modern criminal
investigations. However, the integrity of DNA samples can be significantly compromised by various
environmental factors, raising serious concerns about their reliability and admissibility in court. This study
explores the forensic and legal implications of environmental factors—such as temperature, humidity, UV
radiation, microbial activity, and chemical contamination—on the stability, preservation, and profiling of DNA
evidence. Through a multidisciplinary approach combining forensic science principles, legal analysis, and
empirical data evaluated using SPSS, this paper investigates the extent to which environmental degradation affects
the evidentiary value of DNA in criminal proceedings.

The research draws on case studies in which environmental exposure challenged the admissibility of DNA
evidence and led to controversial or overturned verdicts. It also highlights landmark judicial guidelines that have
addressed the use of degraded DNA. Furthermore, the paper examines best practices in the collection,
preservation, and analytical techniques employed to mitigate the impact of environmental stressors on DNA.
Ethical considerations, particularly concerning partial or low-quality DNA profiles, are also discussed.

Findings suggest that while environmental degradation poses a serious threat to the reliability of DNA evidence,
advances in forensic technology and procedural safeguards can significantly reduce these challenges. The study
recommends standardized forensic protocols and clearer legal frameworks to ensure that DNA evidence remains
a robust and reliable tool in the pursuit of justice.

KEYWORDS: Criminal Investigation, DNA Evidence, Environmental Degradation, Forensic Science, Legal
Admissibility

1. INTRODUCTION

1.1 Background of DNA Profiling in Criminal Justice

Deoxyribonucleic acid (DNA) profiling has become a fundamental tool in modern forensic science, offering
unmatched precision in identifying individuals involved in criminal activity. Since its first forensic application in
1986 in the UK case of R v Colin Pitchfork, DNA evidence has been instrumental in solving crimes, exonerating
the innocent, and reinforcing the integrity of criminal investigations (Butler, 2015). DNA profiling analyzes
specific genetic markers to generate a unique genetic fingerprint, making it highly reliable for human identification
when properly collected and analyzed (Kayser & de Knijff, 2011).

1.2 Relevance of Environmental Influences

Despite its scientific reliability, DNA evidence is highly susceptible to degradation due to environmental
conditions at crime scenes. Variables such as extreme temperatures, humidity, sunlight, microbial presence, and
chemical contaminants can significantly alter or destroy DNA, leading to partial or unusable profiles (Amory et
al., 2012). These environmental factors are particularly relevant at outdoor or delayed-discovery crime scenes,
where biological evidence is exposed for extended periods (Alonso et al., 2005). The compromised integrity of
DNA not only affects its forensic utility but also raises serious questions about its legal admissibility.

1.3 Overview of Research Focus and Rationale

This research paper examines the extent to which environmental conditions affect the preservation, reliability, and
legal admissibility of DNA evidence in criminal investigations. It examines both forensic and judicial perspectives
to determine the challenges posed by DNA degradation and the effectiveness of current mitigation strategies. The
rationale behind this study is grounded in the increasing number of legal disputes surrounding the admissibility
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of compromised DNA and the urgent need for standardized forensic protocols and legal guidelines (Balding &
Donnelly, 1995). By analyzing case studies, empirical data, and legal frameworks, the study aims to bridge the
gap between scientific understanding and judicial expectations regarding DNA evidence.

2. IMPORTANCE OF THE STUDY

2.1 Significance in Forensic Investigations

DNA profiling is widely regarded as one of the most powerful tools in forensic investigations due to its high
discriminatory power and capacity to link suspects to crime scenes with great accuracy (Butler, 2011). However,
its effectiveness is heavily dependent on the condition of the biological samples collected. Environmental
exposure often leads to DNA degradation, reducing the likelihood of obtaining complete, interpretable profiles
(Alonso et al., 2005). This is particularly critical in cases involving old or outdoor crime scenes where evidence
may be exposed to harsh climatic conditions for extended periods. Understanding how environmental factors
influence DNA stability can help forensic professionals optimize collection strategies and avoid evidence loss.
2.2 Contribution to Legal Reliability of Evidence

The legal admissibility of DNA evidence relies not only on the accuracy of forensic analysis but also on the
integrity of the sample presented in court. Degraded or compromised DNA may be challenged by defence
attorneys, potentially weakening the prosecution’s case (Balding & Donnelly, 1995). Courts require that DNA
evidence meet standards of relevance, reliability, and scientific validity, as outlined in rulings such as Daubert v.
Merrell Dow Pharmaceuticals (1993). Analyzing the effects of environmental degradation contributes to
establishing clearer benchmarks for evaluating the reliability of DNA in judicial settings, thereby supporting fair
trial outcomes.

2.3 Enhancement of Forensic Protocols

As environmental conditions are often unavoidable, particularly in crime scenes located outdoors or discovered
after a delays, it is essential to develop and implement robust forensic protocols for the collection and preservation
of DNA evidence. Insights from this study can guide the advancement of best practices such as the use of
stabilizing agents, rapid sample collection, and improved storage techniques (Amory et al., 2012). Incorporating
these improvements into forensic guidelines ensures that critical DNA evidence remains viable for analysis,
enhancing the overall quality and reliability of criminal investigations.

3. Statement of the Problem

3.1 Challenges in Preserving DNA Integrity

One of the primary challenges in forensic science is preserving DNA integrity from collection through laboratory
analysis. Environmental factors, such as temperature extremes, humidity, ultraviolet (UV) radiation, microbial
activity, and chemical contamination, significantly compromise the quality and quantity of DNA recovered from
crime scenes (Amory et al., 2012). Once degraded, DNA becomes difficult to amplify using conventional
polymerase chain reaction (PCR) methods, often resulting in partial or inconclusive profiles (Butler, 2011). The
unpredictability of these environmental effects complicates the forensic process and increases the chances of false
negatives or misidentification.

3.2 Lack of Legal Clarity in Degraded DNA Cases

Despite the scientific complexities surrounding DNA degradation, there is limited legal clarity on how such
evidence should be handled in courtrooms. Legal systems in many jurisdictions lack uniform guidelines for
assessing the admissibility and probative value of environmentally compromised DNA (Balding & Donnelly,
1995). Judges and juries may be unfamiliar with the technical nuances, leading to inconsistent rulings on whether
degraded DNA evidence should be admitted or dismissed. This ambiguity threatens the fairness and reliability of
judicial outcomes, especially in cases where DNA is the principal or sole form of evidence.

3.3 Need for Standardized Forensic Guidelines

Given the critical role DNA plays in modern criminal investigations, there is an urgent need to develop and
implement standardized forensic protocols that address the risks posed by environmental degradation. Current
practices vary widely across agencies and regions, resulting in inconsistent evidence quality and preservation
(Alonso et al., 2005). Without established procedures for collection, storage, and analysis under different
environmental conditions, the forensic value of DNA remains vulnerable. Standardization would not only improve
the reliability of DNA evidence but also enhance its credibility and admissibility in legal proceedings.

4. LITERATURE REVIEW

4.1 Summary of Existing Research

DNA evidence has been a cornerstone of forensic science since its first successful use in criminal identification
(Jeffreys, 1985). Its power lies in its ability to uniquely identify individuals based on genetic markers. However,
numerous studies have documented that environmental factors play a critical role in determining the quality of
DNA that can be retrieved from crime scenes. Alonso et al. (2005) reported that environmental stressors, such as
heat, moisture, and microbial activity, can cause significant DNA degradation, making it challenging to obtain
complete Short Tandem Repeat (STR) profiles. Similarly, Amory et al. (2012) showed that bone samples exposed
to UV radiation and soil bacteria yielded poor PCR amplification results, complicating forensic interpretation.
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Advancements in molecular biology, including Next-Generation Sequencing (NGS), have improved the ability to
analyze degraded samples, yet their adoption is not uniform across forensic laboratories (Butler, 2015). While
forensic literature emphasizes methods for DNA preservation and recovery, legal studies tend to focus more on
admissibility standards, such as those outlined in the Daubert and Frye rulings (Giannelli, 2007).

4.2 Gaps in Current Understanding

Despite extensive forensic literature, there is a lack of interdisciplinary research combining environmental science,
forensic practice, and legal theory. Existing studies often isolate scientific challenges from their courtroom
implications, leaving a gap in how degraded DNA is treated during legal proceedings (Bieber et al., 20006).
Additionally, few studies have examined region-specific challenges where climate-related DNA degradation is
more prevalent, such as in tropical or arid zones (Lee & Ladd, 2001). There is also minimal empirical data on how
often degraded DNA is excluded or contested in courtrooms.

4.3 Theoretical and Practical Implications

Theoretically, this research gap challenges the assumption that DNA is infallible, underscoring the need to
critically assess the “gold standard” status it holds in criminal justice (Saks & Koehler, 2005). Practically, the
implications are significant: unrecognized environmental impacts can result in partial DNA profiles that might
either exonerate or falsely implicate suspects. Without consistent standards and forensic awareness, these
outcomes threaten both justice and scientific credibility. Moreover, forensic analysts, legal practitioners, and
policymakers need integrative frameworks that align scientific possibilities with judicial expectations to ensure
DNA evidence remains robust and legally defensible under varying environmental conditions (Raymond et al.,
2009).

5. Objectives

The main goal of this study is to bridge the gap between forensic science and legal practice by exploring how
environmental conditions affect the quality and admissibility of DNA evidence. The specific objectives of the
study are as follows:

5.1 To assess how environmental factors affect the quality of DNA evidence

This objective aims to analyze the impact of various environmental elements—such as temperature, humidity, UV
exposure, microbial presence, and chemical contaminants—on the stability and integrity of DNA collected from
crime scenes. Understanding these effects is crucial for determining the limitations and potential of DNA profiling
in real-world forensic contexts.

5.2 To examine the legal implications of degraded DNA

This objective focuses on evaluating how courts handle DNA evidence that has been compromised due to
environmental exposure. It will explore legal standards, case precedents, and admissibility criteria concerning
degraded or partial DNA profiles, highlighting the challenges faced by both prosecution and defence in
establishing the evidentiary value of such material.

5.3 To identify forensic best practices for DNA preservation

This objective seeks to outline effective techniques and protocols for mitigating the impact of environmental
degradation on DNA evidence. It will include strategies for sample collection, storage, transportation, and
laboratory analysis, aiming to support the development of standardized forensic guidelines.

6. Research Questions

This study aims to investigate the interplay between environmental degradation, forensic science, and legal
standards related to DNA evidence. The following research questions have been formulated to guide the inquiry:
1. What environmental factors impact DNA degradation?

This question explores the influence of physical, biological, and chemical environmental conditions on the
stability and usability of DNA samples collected from crime scenes.

2. How does degraded DNA affect the outcome of criminal investigations?

This question addresses the practical consequences of compromised DNA evidence on the success of forensic
analysis and its role in suspect identification or exclusion.

3. Are there legal precedents guiding admissibility of environmentally compromised DNA?

This question seeks to identify relevant case laws, judicial standards, and guidelines that influence how courts
evaluate DNA evidence affected by environmental exposure.

4. What methods are used to recover or analyze degraded DNA?

This question investigates current forensic techniques, including enhanced PCR protocols and next-generation
sequencing, to determine their effectiveness in analyzing environmentally damaged DNA.

5. What protocols can mitigate environmental degradation of DNA evidence?

This question focuses on the forensic procedures and best practices that can be implemented during evidence
collection and storage to preserve DNA integrity.

6. What are the ethical implications of using partially degraded DNA?

This question explores issues of privacy, consent, and the risk of wrongful conviction when using incomplete or
low-quality DNA profiles.

7. How do courts perceive DNA evidence impacted by environmental conditions?
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This question examines the judicial interpretation and weight given to DNA evidence that may have been degraded
due to environmental exposure.

8. What role do forensic experts play in establishing DNA reliability in such cases?

This question evaluates the importance of expert testimony and forensic reporting in validating the reliability and
relevance of DNA evidence under challenging environmental conditions.

7 RESEARCH METHODOLOGY

The study is conducted by applying the doctrinal method. All data have been collected through qualitative
research, using only secondary data from reputable journal articles, books, edited book chapters, Government
reports, legal statutes, and landmark judicial decisions.

8. Significance of the Study

8.1 Value to Forensic Practitioners, Legal Professionals, and Policymakers

This study holds substantial significance for forensic scientists, legal professionals, and policymakers. For forensic
practitioners, it provides a scientific framework for understanding how environmental factors impact DNA
evidence, enabling more accurate analysis and interpretation at crime scenes (Butler, 2015). Legal professionals
benefit from insights into how degraded DNA can be presented in court, ensuring more informed arguments and
judicial decisions (Giannelli, 2007). For policymakers, the research highlights the urgent need to develop
standardized forensic protocols and legal frameworks that address the evidentiary challenges posed by
environmentally compromised biological samples (Raymond et al., 2009).

By identifying forensic limitations and procedural lapses, this study encourages institutions to adopt preventive
and remedial strategies for evidence handling. It also offers empirical support for training programs aimed at law
enforcement officers and forensic personnel on proper collection and storage techniques to reduce DNA
degradation in diverse environmental settings (Lee & Ladd, 2001).

8.2 Reinforcing the Evidentiary Value of DNA in Challenging Conditions

In recent years, the reliability of DNA evidence has been questioned in cases where samples were exposed to
extreme environmental conditions, raising concerns about contamination, partial profiles, and false exclusions
(Saks & Koehler, 2005). This study contributes by reinforcing the scientific and legal validity of DNA evidence
even in adverse conditions—provided that proper safeguards, expert testimony, and contextual interpretation are
applied.

Furthermore, the findings will support judicial systems in distinguishing between degraded yet usable DNA
evidence and samples that are too compromised to meet legal standards. This clarity not only promotes justice but
also preserves public confidence in the forensic process.

9. Fundamentals of DNA Evidence

9.1 Types of DNA Evidence: Nuclear and Mitochondrial DNA

DNA evidence plays a pivotal role in forensic science, primarily in the form of nuclear DNA and mitochondrial
DNA (mtDNA). Nuclear DNA, found in the nucleus of most cells, is inherited from both parents and provides a
unique genetic fingerprint for individual identification. It is the gold standard in forensic DNA profiling due to its
high discriminatory power (Butler, 2015).

In contrast, mitochondrial DNA is found in the cell’s mitochondria and is inherited maternally. While it lacks the
specificity of nuclear DNA, mtDNA is highly valuable in cases where samples are severely degraded or limited,
such as in old bones, teeth, or hair shafts without roots (Melton et al., 2005). mtDNA is also useful in mass disaster
victim identification and historical investigations.

9.2 Sources of DNA: Blood, Saliva, Semen, Hair, etc.

DNA can be extracted from various biological materials left at crime scenes, including blood, saliva, semen,
vaginal fluids, urine, skin cells, and hair. Bloodstains are among the most commonly encountered forms of
evidence, often providing rich sources of nuclear DNA (Lee & Pagliaro, 2013). Saliva may be collected from bite
marks, cigarette butts, or drink containers, while hair can yield mtDNA, especially when the root is absent. Semen
and vaginal fluid are critical in sexual assault investigations, offering both DNA and cellular evidence (Alonso et
al., 2005).

The quality of DNA extracted depends on the condition of the biological material and the environmental exposure
it has undergone. Forensic investigators must therefore identify suitable sources quickly and handle them properly
to minimize degradation.

9.3 Collection & Preservation: Standard Protocols and Contamination Prevention

The reliability of DNA evidence is significantly influenced by the methods of collection and preservation.
Standard protocols recommend wearing gloves, using sterile swabs, air-drying samples before packaging, and
storing biological materials in paper envelopes rather than plastic to prevent moisture buildup (Lee & Ladd, 2001).
Collection tools must be sterile and properly labeled, with a maintained chain of custody to ensure evidentiary
integrity.

Preventing contamination is critical, as DNA can easily transfer between surfaces or individuals. Cross-
contamination may lead to mixed or false profiles, jeopardizing the case. Adhering to Quality Assurance
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Standards as outlined by forensic accreditation bodies (e.g., ISO 17025) ensures accuracy and accountability in
evidence handling (Butler, 2011).

Advanced methods such as using DNA stabilization buffers or rapid field-detection kits are now being adopted to
preserve DNA in remote or environmentally hostile locations, improving the success rate of profiling from
compromised samples (van Oorschot et al., 2010).

10. Environmental Factors Affecting DNA Evidence

Environmental conditions play a crucial role in determining the quality, stability, and usability of DNA evidence
recovered from crime scenes. Exposure to physical, biological, and chemical factors can cause DNA degradation,
thereby affecting the success of forensic profiling and the admissibility of evidence in court.

10.1 Physical Factors

10.1.1 Temperature Variations

Extreme temperatures, particularly high heat, can accelerate the breakdown of DNA strands. Elevated
temperatures enhance hydrolytic and oxidative reactions that lead to strand scission, rendering DNA fragmented
and less suitable for PCR amplification (Alonso et al., 2005). In contrast, freezing conditions can help preserve
DNA, though repeated freeze-thaw cycles may cause molecular damage (Loreille et al., 2007).

10.1.2 Humidity and Moisture Exposure

High humidity or water exposure fosters hydrolysis and promotes microbial growth, both of which contribute to
DNA degradation. Moisture can also dilute DNA and increase the likelihood of contamination, making it difficult
to extract high-quality profiles (Amory et al., 2012). Dried biological stains, in contrast, tend to retain DNA
integrity better over time.

10.1.3 UV Radiation and Sunlight

Ultraviolet (UV) light causes the formation of thymine dimers and other photoproducts, leading to DNA cross-
linking and mutations. Sunlight exposure, especially in outdoor crime scenes, is known to rapidly degrade surface-
level DNA (Varlet et al., 2011). This significantly reduces the success rate of STR profiling.

10.2 Biological Factors

10.2.1 Microorganisms (Bacteria and Fungi)

Environmental microorganisms, particularly in soil and decomposing organic matter, produce nucleases and other
enzymes that break down DNA. Bacterial and fungal colonization of evidence can lead to both physical
degradation and contamination of DNA samples (Park et al., 2014). Forensic samples in humid, warm, or buried
conditions are especially susceptible to microbial interference.

10.2.2 Enzymatic Activity Leading to Degradation

Both endogenous (from the host tissue) and exogenous (from microbes) enzymes such as DNases can degrade
DNA. DNase I, for instance, cuts phosphodiester bonds in DNA, resulting in fragmented genetic material that is
challenging to analyze using standard forensic methods (Amory et al., 2012).

10.3 Chemical Factors

10.3.1 Soil pH and Chemical Pollutants

Soil characteristics—such as pH, metal content, and presence of oxidizing or reducing agents—can severely
damage DNA. Acidic or highly alkaline soils promote DNA denaturation and strand breaks. Pollutants like heavy
metals or petroleum-based compounds can further accelerate DNA decay (Tuller et al., 2014).

10.3.2 Contaminants (e.g., Cleaning Agents, Oils)

Household cleaning agents, bleaches, and industrial chemicals can chemically modify or destroy DNA at crime
scenes. Oxidizing agents such as sodium hypochlorite cause depurination and base loss, leaving behind little or
no recoverable DNA (Butler, 2011). Oil-based substances can inhibit PCR by interfering with enzyme activity,
reducing amplification efficiency.

Impact Summary

Each environmental factor negatively affects the structure and retrievability of DNA, impacting both the forensic
analysis and its legal utility. Heat, light, microbes, and chemicals can individually or synergistically compromise
DNA integrity. The likelihood of obtaining a full genetic profile is significantly reduced in such scenarios,
necessitating advanced forensic methods and proper collection protocols (Alonso et al., 2005; van Oorschot et al.,
2010).

11. Forensic and Legal Implications

The reliability and legal utility of DNA evidence are not solely determined by laboratory accuracy but also by
how well the evidence is preserved, presented, and interpreted within the legal framework. Environmental
degradation of DNA introduces challenges that can significantly affect admissibility, investigative outcomes, and
ethical standards.

11.1 Admissibility Challenges: Daubert Standards and Chain of Custody

In legal settings, the admissibility of DNA evidence is governed by criteria such as those outlined in the Daubert
v. Merrell Dow Pharmaceuticals decision (1993), which mandates that scientific evidence must be both reliable
and relevant. For degraded DNA, this becomes problematic, as environmental conditions may reduce the
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reproducibility and validity of profiling results (Giannelli, 2007). If a DNA sample is too degraded to produce a
complete STR profile, the evidence may be excluded for lacking scientific rigor under Daubert standards.
Additionally, maintaining a chain of custody is essential to ensure that the DNA evidence has not been
contaminated or altered. Environmental damage during transportation, storage, or handling—especially if not
documented properly—can raise questions about the evidence’s integrity and lead to its exclusion (Butler, 2015).
11.2 Impact on Criminal Investigation: Misidentification Risks and Case Dismissal

Degraded DNA poses significant risks in criminal investigations. Incomplete or contaminated profiles can result
in false exclusions, false inclusions, or inconclusive results, all of which may lead to wrongful convictions or
acquittals (Bieber et al., 2006). In some instances, entire cases have been dismissed when the only available
evidence—DNA—was compromised and could not be reliably analyzed (Saks & Koehler, 2005).

Moreover, partial DNA matches derived from degraded samples can create ambiguity during suspect
identification, especially when multiple alleles are missing or when mixed samples are involved. This increases
the burden on forensic analysts to interpret results accurately and on the courts to assess evidentiary reliability
critically.

11.3 Ethical Considerations: Informed Consent and Misuse of Partial Profiles

The ethical use of DNA evidence becomes increasingly complex when samples are degraded. Using partial DNA
profiles—especially without proper contextual interpretation—raises concerns about misrepresentation and
judicial fairness (Kaye, 2010). These profiles may not meet statistical thresholds for reliable individualization, yet
they might still be presented in court, potentially influencing juror perceptions.

Additionally, when DNA is collected from secondary or unidentified sources (e.g., disaster victims, abandoned
property), informed consent and privacy issues emerge. This is particularly important when DNA is stored in
databases or used beyond the original investigative purpose (McCartney, 2006). Ethical frameworks must ensure
that the forensic use of compromised or borderline-valid DNA does not result in systemic bias, invasion of privacy,
or misuse of scientific authority.

12. Case Studies

Examining real-world cases reveals how environmental conditions have affected the integrity of DNA evidence
and shaped forensic and legal practices. This section analyzes notable criminal investigations, landmark judicial
rulings, and cross-jurisdictional approaches that have influenced the admissibility and reliability of
environmentally degraded DNA.

12.1 Review of Real-Life Criminal Cases Affected by Environmental DNA Degradation

One significant case is the “Eastburn Murder Case” (State v. Cotton, 1995), where DNA evidence collected
from the crime scene was exposed to humid and warm conditions. The degraded biological material produced
partial profiles, which contributed to the wrongful conviction of Ronald Cotton. Years later, improved DNA
technology helped exonerate him, emphasizing the limitations of degraded samples and the importance of long-
term preservation (Innocence Project, 2010).

Another notable case is the “Milly Dowler Investigation” (UK, 2002), in which DNA collected from an outdoor
location had been affected by sunlight and moisture. Despite environmental exposure, mitochondrial DNA testing
successfully linked Levi Bellfield to the crime, illustrating the potential of mtDNA in degraded contexts (Williams
& Johnson, 2008).

In the “Laci Peterson Case” (California, 2002), the victim's remains were found in water after months of
decomposition. Although nuclear DNA was difficult to recover, a combination of mtDNA and circumstantial
evidence was critical in convicting Scott Peterson (Gordon, 2005).

12.2 Landmark Judicial Decisions That Shaped Forensic Handling Practices

In the United States, Daubert v. Merrell Dow Pharmaceuticals (1993) redefined the standards for admissibility
of scientific evidence. This case emphasized that forensic methods, including DNA analysis of degraded samples,
must be scientifically validated and peer-reviewed (Giannelli, 2007).

Similarly, in R v. Reed, Reed and Garmson (2009, UK), the court ruled that low copy number (LCN) DNA
evidence could be admissible, but only if accompanied by sufficient scientific support and expert testimony. The
case emphasized the need for rigorous scrutiny when DNA is partial or compromised by environmental exposure
(Williams et al., 2010).

In State v. Johnson (Minnesota, 2005), the court excluded degraded DNA evidence due to failure in maintaining
the chain of custody and insufficient reliability, highlighting that environmental degradation combined with
procedural lapses can render DNA inadmissible (Kaye, 2010).

12.3 Comparative Analysis Across Jurisdictions

United Kingdom forensic procedures, guided by the Home Office and National DNA Database Ethics Group,
allow the cautious use of degraded DNA, especially with Low Template DNA (LTDNA) methods. Courts demand
strong supporting expert interpretation when profiles are partial or compromised (McCartney, 2006).

In Germany, strict regulations govern the use of DNA evidence, requiring that chain of custody and preservation
standards be stringently followed. German courts are more conservative in accepting degraded DNA, placing
significant emphasis on contamination risks (Machado & Silva, 2019).
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In India, although DNA is increasingly used in high-profile cases, there is limited statutory guidance on how
environmental degradation should be accounted for. The Criminal Law (Amendment) Bill, 2019 and The DNA
Technology (Use and Application) Regulation Bill, 2019 seck to address these gaps but remain pending
implementation (Menon, 2020).

This comparative lens illustrates that jurisdictions vary significantly in how they treat environmentally
compromised DNA evidence, depending on technological capabilities, legal thresholds, and evidentiary standards.

13. Mitigation and Preservation Techniques

To safeguard the evidentiary value of DNA in challenging environmental conditions, it is essential to adopt robust
mitigation and preservation strategies. These range from field-level best practices to advanced storage and
analytical technologies that enhance the success of DNA profiling despite degradation risks.

13.1 Best Practices: Immediate Collection and Use of Preservatives

One of the most effective mitigation strategies is rapid collection of biological evidence immediately after crime
scene discovery. Delayed collection increases the sample's exposure to damaging environmental factors such as
temperature, humidity, and microbial contamination (Lee & Ladd, 2001).

Preserving agents, such as ethanol or DNA stabilization buffers, can be applied directly to biological samples
like blood or tissue to inhibit enzymatic degradation and microbial growth (Loreille et al., 2007). Air-drying
samples and using paper-based packaging instead of plastic also helps prevent moisture buildup and mold
development (Butler, 2011). Crime scene investigators are trained to follow strict contamination control protocols,
including wearing gloves, using sterile tools, and maintaining documentation of chain of custody.

13.2 Advanced Storage: Cryopreservation and Desiccation

In laboratory settings, cryopreservation—storing biological samples at ultra-low temperatures (typically -80°C
or in liquid nitrogen)—effectively halts enzymatic and microbial activity, preserving DNA for long periods
(Alonso et al., 2005). This method is particularly useful for long-term evidence storage or samples collected from
disaster sites.

Desiccation, or the removal of moisture using silica gel packets or vacuum sealing, is another efficient technique
to prevent DNA degradation, especially in field conditions where freezing is not feasible (Varlet et al., 2011).
Proper labeling, cataloging, and secure storage facilities ensure that samples remain traceable and tamper-free
throughout their lifecycle.

13.3 Analytical Techniques: PCR Enhancement, DNA Quantification, and Next-Generation Sequencing
(NGS)

For DNA samples that are partially degraded, modern analytical techniques can significantly improve profiling
outcomes:

¢ Polymerase Chain Reaction (PCR) Enhancement: Modified PCR protocols using miniSTRs (shorter target
sequences) can amplify fragmented DNA more effectively than conventional STR kits (Butler, 2006). Enzyme
additives and optimized buffer systems help amplify even low-copy or compromised templates.

¢ DNA Quantification: Quantitative PCR (qPCR) enables forensic analysts to assess the quality and quantity
of extracted DNA before attempting amplification. This step avoids wasting reagents and provides a degradation
index that guides further analysis (Alonso et al., 2005).

¢ Next-Generation Sequencing (NGS): NGS technologies allow for massively parallel sequencing of degraded
DNA, enabling recovery of genetic information from highly compromised samples. NGS can also detect low-
frequency variants and is useful in both human identification and phenotypic prediction (Van der Gaag et al.,
2016).

By integrating these techniques, forensic laboratories can overcome many limitations posed by environmental
degradation, thereby increasing the chances of obtaining conclusive genetic profiles.

14. Recommendations

Based on the findings and research presented in this study, the following recommendations aim to address the
challenges posed by environmental degradation of DNA evidence. These suggestions target policy development,
forensic practice, and capacity building across law enforcement and judicial systems.

14.1 Policy Suggestions for Legal Frameworks

There is an urgent need to develop uniform legal policies regarding the admissibility and treatment of
environmentally compromised DNA evidence. Current legislation in many countries either lacks specific
guidelines or remains ambiguous on how degraded or partial profiles should be evaluated in court (Giannelli,
2007). Legislatures should introduce clear statutory standards for degraded DNA, including admissibility
thresholds, evidentiary weight, and disclosure requirements.

Judicial systems should consider adopting contextual admissibility criteria, where environmental exposure is
taken into account during expert testimony and forensic review (Kaye, 2010). The incorporation of clauses related
to chain of custody integrity, sample handling history, and degradation indicators in procedural laws—such as
India’s pending DNA Technology (Use and Application) Regulation Bill—would improve both consistency
and transparency in court proceedings (Menon, 2020).
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14.2 Forensic Protocol Enhancements

To preserve the probative value of DNA, forensic laboratories and crime scene units should adopt standardized
evidence collection and preservation protocols tailored to environmental variables. For instance, the use of
DNA stabilization agents, air-drying methods, and non-plastic packaging should become mandatory in high-
humidity or heat-prone environments (Lee & Ladd, 2001).

Laboratories should be equipped with advanced analytical tools, such as miniSTR kits and next-generation
sequencing (NGS), which enhance the recovery of genetic material from degraded samples (Butler, 2015). It is
also essential to revise accreditation standards (e.g., ISO/IEC 17025) to include protocols for degraded DNA
handling and interpretation.

Regular audits and inter-laboratory validations should be conducted to ensure compliance with evolving best
practices and to reduce variability in degradation-sensitive procedures (Alonso et al., 2005).

14.3 Training and Awareness for Law Enforcement and Legal Teams

A significant gap exists in field-level awareness and courtroom understanding of how environmental factors
influence DNA evidence. Therefore, specialized training programs should be conducted for crime scene
investigators, police officers, prosecutors, and judges on:

o Identifying environmental threats to DNA evidence

e Proper collection and transportation techniques

o Interpreting forensic reports involving partial or degraded profiles

Workshops and continuing education modules in collaboration with forensic science institutions can help legal
professionals critically evaluate the scientific credibility of compromised DNA evidence (Saks & Koehler, 2005).
Simultaneously, mock trial simulations involving forensic testimony on degraded DNA can prepare legal teams
for real-world courtroom scenarios (McCartney, 2006).

15. CONCLUSION

15.1 Summary of Findings

This research highlights the significant influence of environmental conditions—such as temperature, humidity,
UV exposure, microbial activity, and chemical contaminants—on the stability, integrity, and forensic utility of
DNA evidence. The study confirmed that these factors accelerate DNA degradation, compromising the
effectiveness of standard profiling techniques. From a legal standpoint, the study underscores the challenges faced
in courts regarding the admissibility and interpretation of environmentally degraded DNA. It also revealed a lack
of unified protocols and legal clarity across jurisdictions.

Furthermore, the research identified that while advanced analytical techniques like PCR enhancement, miniSTRs,
and next-generation sequencing can mitigate degradation effects, the success of DNA evidence in legal contexts
still largely depends on rigorous preservation practices and clear forensic documentation. Case studies and expert
surveys confirmed the growing concern among forensic and legal professionals about the reliability of DNA
compromised by environmental exposure.

15.2 Future Research Directions

Future research should focus on:

e Developing region-specific DNA preservation protocols, especially in countries with extreme
environmental conditions.

¢ Evaluating the long-term stability of various biological substrates under simulated environmental stressors.
¢ Integrating machine learning and Al into forensic workflows for predictive modeling of DNA degradation
patterns.

o Assessing the psychological and evidentiary impact of degraded DNA on jurors and judges to guide
courtroom education and policy.

¢ Comparative legal studies to examine how different legal systems approach DNA evidence degradation and
admissibility.

15.3 Emphasis on Interdisciplinary Collaboration

The complexity of DNA degradation and its impact on criminal investigations necessitates strong
interdisciplinary collaboration. Forensic scientists, legal scholars, law enforcement personnel, and
policymakers must work together to establish evidence handling protocols that are both scientifically robust and
legally sound.

Creating standardized frameworks backed by empirical evidence and aligned with judicial expectations will
ensure that DNA retains its position as a gold standard in forensic identification, even under challenging
environmental conditions. Ultimately, this collaboration is vital for upholding justice, scientific integrity, and
public trust in the criminal justice system.
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