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Abstract

Environmental crime, once considered a peripheral legal concern, has evolved into a critical challenge at the confluence
of law, science, and public policy. Forensic Environmental Science (FES) applies scientific techniques such as soil, air,
and water analysis, satellite imaging, and bio-indicators to detect and document ecological harm. Despite its potential,
admissibility of such scientific evidence in courts often encounters hurdles relating to methodological validity, chain of
custody, and the qualifications of expert witnesses. This paper conducts a doctrinal and empirical analysis of how
Indian courts and international tribunals treat forensic environmental data under evidentiary law. It compares the
admissibility standards under the Indian Evidence Act, 1872, with global benchmarks like the Daubert and Frye tests
applied in the U.S. judicial system. The study critically examines National Green Tribunal (NGT) cases, pollution
board prosecutions, and PILs involving complex environmental data, revealing a gap in the legal system’s preparedness
to handle scientific uncertainties. Based on interviews with environmental scientists, legal experts, and judicial officers,
the paper recommends a harmonized framework for the collection, preservation, and judicial scrutiny of environmental
forensic evidence. It advocates for legislative amendments, judicial training, and clearer evidentiary protocols to
reinforce the role of forensic science in advancing environmental justice. The integration of scientifically robust data
with legally admissible standards is essential for ensuring accountability in environmental governance.

Keywords: Environmental Forensics, Legal Admissibility, Scientific Evidence, Expert Testimony, Daubert Standard,
Indian Evidence Act, Environmental Justice, Chain of Custody, National Green Tribunal

1. INTRODUCTION

1.1 Defining Forensic Environmental Science

Forensic Environmental Science (FES) is an interdisciplinary field that applies scientific principles and
investigative methods to assess, document, and legally attribute environmental harm. It integrates
environmental chemistry, biology, physics, geology, and digital technologies such as satellite imaging and
Geographic Information Systems (GIS), to detect pollutants, identify sources, and establish causality.
Unlike traditional environmental science, which focuses on understanding natural systems, FES is
concerned with collecting evidence admissible in courts to support criminal, civil, or administrative
proceedings involving ecological damage.

The scope of FES has grown with increasing incidents of illegal deforestation, hazardous waste dumping,
industrial contamination, and violations of environmental norms by both state and non-state actors. In
this context, forensic tools such as air and water quality sensors, soil composition analysis, and
environmental DNA (eDNA) sampling serve as crucial instruments to support fact-finding and judicial
determinations. Notably, FES aligns with the principles of environmental justice, offering victims—
especially in marginalized communities—scientific means to assert their rights against polluters and
negligent authorities.'

1.2 Significance of Data in Environmental Litigation

Environmental disputes often hinge on complex scientific questions such as pollution thresholds,
dispersion patterns, and biological impacts. As such, scientific data plays a pivotal role in establishing

'See G. L. Rusch, Forensic Environmental Science: Principles and Applications, 1 ENVTL. FORENSICS 1 (2010).
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liability, assessing damages, and determining remediation strategies. However, a major barrier to effective
adjudication lies in the lack of standardized methods for collecting, presenting, and interpreting this data
within the legal framework.”

For example, in M.C. Mehta v. Union of India, the Supreme Court relied on expert reports and satellite
images to enforce anti-pollution directives for the Ganga river.’ Similarly, the National Green Tribunal
(NGT) has increasingly accepted technical evidence such as water quality indices, pollutant load
modeling, and noise maps to issue fines, stop-work orders, or restoration directives. Yet, questions about
the evidentiary value of such data, particularly under the Bharatiya Sakshya Adhiniyam, 2023, remain
largely unexplored.

The integration of science into litigation also raises epistemological concerns—judges, lawyers, and
enforcement officers often lack scientific literacy, leading to underutilization or misinterpretation of
critical forensic data.* Thus, the need for a scientifically literate legal system becomes central to advancing
sustainable environmental governance.

Research Problem

Despite the growing availability and application of advanced environmental forensic tools—such as
satellite imagery, remote sensing data, environmental DNA (eDNA), and geospatial mapping—India’s
legal system lacks a standardized framework for the admissibility and judicial evaluation of such scientific
evidence in environmental litigation. This gap undermines the credibility of environmental prosecutions,
weakens regulatory enforcement, and hampers the delivery of environmental justice.

While countries like the United States, European Union, Canada, and Australia have institutionalized
legal mechanisms (e.g., Daubert Test, Environmental Liability Directives) to evaluate and admit scientific
evidence, India still operates without codified protocols or institutional authorities that can validate
forensic environmental data in court. Furthermore, the absence of accreditation for environmental labs,
the non-recognition of digital ecological records under the Bharatiya Sakshya Adhiniyam, 2023, and the
lack of scientific training among judicial officers exacerbate this problem.

Hypotheses

Primary Hypothesis (H,):

The lack of codified legal standards and institutional frameworks in India significantly impedes the
admissibility and effectiveness of forensic environmental evidence in judicial proceedings.

Null Hypothesis (Hg):

There is no significant relationship between the absence of legal standards/institutions and the
admissibility of forensic environmental evidence in Indian courts.

Supporting Sub-Hypotheses

Hj.1:

Digital ecological evidence such as satellite imagery, e DNA, and GIS data is inconsistently admitted in Indian courts
due to the absence of explicit statutory recognition under the Bharatiya Sakshya Adhiniyam, 2023.

H;.2:

The absence of a centralized forensic environmental authority leads to variability in data reliability, chain of custody,
and lab accreditation, undermining the evidentiary value of scientific findings.

H,.3:

Judicial officers and legal practitioners lack adequate scientific training to effectively assess and interpret
environmental forensic data, contributing to evidentiary exclusion or misinterpretation.

H.4:

International jurisdictions with codified admissibility standards (e.g., Daubert Test, EU Directives) demonstrate higher
acceptance and effective use of forensic environmental evidence in legal disputes.

? Bhavani Prasad Panda, Legal Recognition of Scientific Evidence in Environmental Adjudication in India, 12 INDIAN J. ENVTL. L.
34 (2019).

> M.C. Mehta v. Union of India, (1988) AIR 1037 (SC) (India).

* Shibani Ghosh, Adjudicating Environmental Disputes in India: Role of Scientific Evidence, CPR Occasional Paper Series (2021),
available at https://www.cprindia.org.
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1.3 Research Objectives and Methodology This paper aims to bridge the gap between forensic
environmental science and legal admissibility by analyzing the role, challenges, and future of scientific
evidence in environmental litigation in India. The specific objectives include:

To define the scope and tools of forensic environmental science;

To examine the admissibility of scientific evidence under Indian evidence law, especially the Bharatiya
Sakshya Adhiniyam, 2023;

To evaluate landmark judicial decisions and assess the treatment of forensic environmental data;

To propose legal and institutional reforms to strengthen the evidentiary value of environmental forensics.
The methodology adopted is a doctrinal and analytical one, combining:

Statutory analysis of Indian evidence laws and environmental statutes (e.g., Environment Protection Act,
1986; BSA, 2023);

Case law review of judgments by the Supreme Court, High Courts, and NGT involving scientific
evidence;

Comparative study of international legal frameworks such as the Daubert standard (U.S.), Environmental
Liability Directive (EU), and Australian protocols on environmental forensics;

Secondary sources, including journal articles, expert reports, and government documents on the use of
science in environmental regulation.

Through this approach, the paper seeks to contribute to an emerging jurisprudence that embraces
scientific rigor as essential to environmental justice.

2. Scientific Tools in Environmental Forensics

Environmental forensic science uses a diverse array of scientific tools to detect, document, and attribute
sources of ecological harm. The methods are drawn from chemistry, biology, geospatial analysis,
hydrology, and digital forensics, and are employed to reconstruct past pollution events, establish
compliance violations, and assist courts in determining liability.

2.1 Remote Sensing and Satellite Imagery

Remote sensing technologies provide synoptic, real-time data to monitor land-use changes, deforestation,
illegal mining, and river encroachments. Satellite imagery and aerial photography have been used in
several Indian environmental litigations, notably in T.N. Godavarman Thirumulpad v. Union of India,
to track forest cover loss.’The Indian Space Research Organisation (ISRO) has played a vital role in
generating high-resolution satellite images that help demonstrate patterns of environmental degradation
over time. These images are now increasingly accepted as probative evidence, particularly when
authenticated by government agencies or licensed analysts.®

2.2 Geographic Information Systems (GIS) and Spatial Analysis

GIS is a core component of forensic environmental investigation. It allows multi-layered spatial
visualization and analysis of pollution sources, ecological sensitivity zones, groundwater contamination
plumes, and urban sprawl. Courts in India, especially the National Green Tribunal (NGT), have relied
on GIS-generated data in cases related to illegal construction in eco-sensitive zones and for the
demarcation of floodplains.” However, the lack of statutory guidelines for GIS data authentication poses
admissibility concerns in adversarial legal settings.®

2.3 Soil and Water Contaminant Profiling

Scientific techniques such as Gas Chromatography-Mass Spectrometry (GC-MS), Inductively Coupled
Plasma Mass Spectrometry (ICP-MS), and X-ray fluorescence spectroscopy (XRF) are widely used to detect
heavy metals, pesticides, industrial solvents, and hydrocarbons in soil and water samples. In cases like the
Bhopal Gas Tragedy and the Sterlite Copper Pollution incident, soil and groundwater samples played a
key role in establishing corporate liability.” The challenge, however, lies in ensuring a chain of custody

> T.N. Godavarman Thirumulpad v. Union of India, (1997) 2 SCC 267 (India).

¢ Rajiv Ranjan, Remote Sensing in Environmental Jurisprudence, 8 ENVTL. L. & TECH. REV. 112, 117 (2021).

"V. Venkataraman & B. Chaudhuri, Geospatial Technologies and the Law, 14 J. INDIAN L. & SOC’Y 89 (2020).

8 Nidhi Srivastava, Admissibility of Spatial Data in Indian Environmental Courts: A Gap in Law and Technology, 9 INDIAN J. L. &
TECH. 44, 48 (2019).

® Aruna Rodrigues v. Union of India, (2012) AIR 310 (SC) (India).

548



International Journal of Environmental Sciences
ISSN: 2229-7359

Vol. 11 No. 125,2025
https://theaspd.com/index.php

and scientifically defensible sampling protocols, which are currently not mandated under Indian
procedural law."

2.4 Environmental DNA (eDNA) and Biomonitoring

eDNA refers to genetic material collected from environmental samples (soil, water, air) without isolating
the target organisms. It is emerging as a non-invasive tool to detect species presence and assess ecosystem
health. In India, researchers have used eDNA to monitor riverine biodiversity and endangered species in
protected areas.'’ This method can potentially serve as proof of ecological injury in legal actions under
the Wildlife (Protection) Act, 1972 or the Biological Diversity Act, 2002. However, courts have yet to
fully accept eDNA results as legal evidence due to a lack of recognized admissibility standards."

2.5 Air and Noise Quality Monitoring Systems

Environmental forensic investigations also rely on ambient air quality data, collected using Continuous
Ambient Air Quality Monitoring Stations (CAAQMS), and noise mapping through acoustic sensors. In
the Delhi air pollution litigation series (including M.C. Mehta v. Union of India), such data became the
backbone for judicial directives.” Despite this, the scientific methodology for collecting and validating
this data must be standardized and legally codified to be consistently admissible under the Bharatiya
Sakshya Adhiniyam, 2023.

2.6 Digital Forensics and Blockchain for Environmental Compliance

Recent innovations include the use of blockchain-based logging systems for environmental compliance,
enabling transparent recording of emissions data, hazardous waste disposal, and environmental audits.
Digital forensics also includes analysis of CCTV footage, drone surveillance, and sensor-based data
loggers. While promising, such technologies require judicial recognition and regulatory oversight to
ensure legal integrity and prevent tampering.'*

3. Legal Framework for Admissibility of Scientific Evidence

The admissibility of scientific and forensic environmental evidence in courts is governed by statutory,
procedural, and judicial mechanisms. In India, this framework has recently undergone reform with the
enactment of the Bharatiya Sakshya Adhiniyam, 2023 (BSA), which replaced the Indian Evidence Act,
1872. While the BSA modernizes several provisions to address digital and scientific evidence, gaps remain
concerning the treatment of environmental forensic data, especially in terms of evidentiary weight, expert
credibility, and standardization of scientific methodology.

3.1 Statutory Provisions under the Bharatiya Sakshya Adhiniyam, 2023

The BSA, 2023 introduces broader recognition of electronic and digital records as admissible evidence."
Section 61 of the Act recognizes “electronic or digital records as documentary evidence,” which is essential
for accepting data from satellite imagery, GIS systems, and air/water monitoring sensors.'® Moreover,
Section 63 outlines the conditions for the admissibility of electronic records, including integrity,
authenticity, and secure custody.

However, the BSA does not explicitly refer to environmental data or establish protocols for technical
validation. There is also a lack of clarity on the burden of proof when using complex environmental
datasets. For example, when a party submits e DNA results or a GIS contamination map, the standard for
validation is not specified. This creates judicial uncertainty, particularly in PILs or tort-based
environmental claims.

3.2 Role of Expert Testimony

Under Section 39 of the BSA, the opinion of experts is admissible when the court has to form an opinion
on matters involving science, art, or foreign law."" This is critical in cases requiring interpretation of

19 Alok Pratap, Evidence Protocols in Environmental Litigation: A Forensic Science Perspective, 10 NUALS ENVTL. L.J. 24, 30 (2022).
K. Sivakumar et al., Monitoring Riverine Ecosystems Using eDNA Techniques in India, NAT'L BIODIVERSITY AUTH. TECH.
BRIEF (2022).

12 Sarita Menon, Legal Acceptance of eDNA in India: Emerging Trends and Challenges, 6 ENVTL. L. DIG. 35, 37 (2023).

BB M.C. Mehta v. Union of India, (2019) SCC OnLine SC 1603 (India).

14 Shweta Ghosh, Blockchain and the Law: Redefining Environmental Audits and Compliance, 12 INT'L J. ENVT. SCI. & L. 56, 59
(2023).

Y Bharatiya Sakshya Adhiniyam, No. 46 of 2023, § 61, Acts of Parliament, 2023 (India).

11d. § 63.

71d. § 39.
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environmental reports, pollutant thresholds, or atmospheric dispersion modeling. However, there is no
accreditation authority in India for environmental forensic experts, unlike in other fields such as medicine
or ballistics."®

In the absence of uniform accreditation, the credibility of expert testimony often depends on judicial
discretion, which may vary widely. For instance, in Research Foundation for Science v. Union of India,
the court admitted technical reports from the Central Pollution Control Board (CPCB) and NEERI as
authoritative, but in other instances, conflicting expert reports have led to evidentiary disputes."

3.3 Chain of Custody and Authenticity of Environmental Samples

A recurring challenge in forensic environmental litigation is the establishment of an unbroken chain of
custody for physical or digital environmental samples. While criminal law emphasizes this rigorously for
narcotics or weapons, environmental cases often lack standardized procedures for collecting, preserving,
transporting, and analyzing samples.”

In the Sterlite Copper pollution case, the Tamil Nadu Pollution Control Board’s (TNPCB) sampling
methodology was questioned for lack of transparency, leading to contestation of the data’s reliability.*!
The absence of a forensic sampling protocol under the Environmental Protection Act, 1986 or in BSA,
2023 contributes to such legal ambiguities.

3.4 Judicial Trends in Admissibility

Indian environmental jurisprudence reflects increasing judicial openness to scientific evidence,
particularly by the National Green Tribunal (NGT) and the Supreme Court. Courts have acknowledged
the importance of scientific tools, such as remote sensing, water testing kits, and data loggers, to enforce
environmental compliance. However, such recognition often occurs on a case-by-case basis without a
consistent evidentiary standard.

The NGT in Almitra Patel v. Union of India relied on air quality indices and solid waste maps, while the
Supreme Court in the Delhi air pollution cases routinely accepted ambient air quality monitoring data.*
Nonetheless, the ad hoc treatment of such data raises concerns about objectivity, especially when both
parties present contradictory scientific findings.

3.5 Limitations in Procedural Law and Evidence Guidelines

Unlike countries like the United States, where the Daubert standard provides a framework for the
admissibility of scientific evidence (based on peer review, error rates, and general acceptance), India lacks
a codified test for scientific reliability.”*The BSA, while progressive in its embrace of digital records, does
not fill this lacuna. The need for court-appointed neutral scientific panels, evidentiary calibration, and
expert cross-examination protocols remains unmet.

Moreover, there are no detailed rules of evidence tailored for environmental litigation, as seen in
specialized jurisdictions like the Environment Court of New South Wales or the Land and Environment
Court in New Zealand.*

4. Case Studies

a. Sterlite Copper Case (TNPCB Evidence vs Corporate Defense)

The Sterlite Copper smelting plant in Thoothukudi, operated by Vedanta Ltd., was permanently shut
down in 2018 after massive protests led to violent police action and the death of 13 civilians. Central to
the closure decision were environmental assessments submitted by the Tamil Nadu Pollution Control
Board (TNPCB). These assessments highlighted:

High concentrations of sulphur dioxide (SO;) exceeding permissible limits.

Contaminated groundwater with toxic heavy metals such as arsenic and lead.

18 S R. Sahoo, Forensic Expertise and Legal Standards in Indian Environmental Law, 7 NAT. ENVTL. ]. 55, 58 (2022).

19 Research Foundation for Science v. Union of India, (2005) 10 SCC 510 (India).

20 Manoj Kumar & Aparna Das, Chain of Custody in Environmental Litigation: An Overlooked Necessity, 3 ENVTL. FORENSICS
INDIA 23, 25 (2021).

2 People’s Union for Civil Liberties v. Union of India, W.P. (C) No. 278 (Madras HC 2018).

22 Almitra H. Patel v. Union of India, (2000) 2 SCC 679 (India).

B Daubert v. Merrell Dow Pharmaceuticals, Inc., 509 U.S. 579, 593 (1993).

2 Jason Morrison, Admissibility of Scientific Evidence in Environmental Courts: Lessons from Australia and New Zealand, 15 ASIA

PAC.]. ENVTL. L. 131, 140 (2020).
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Vedanta challenged these findings before the National Green Tribunal (NGT) and later the Supreme
Court of India, arguing:

The testing procedures lacked transparency.

No proper chain of custody was maintained for the samples.

The sampling sites and timing were not scientifically controlled, raising questions about the reliability
and reproducibility of the results.

The courts were faced with a dilemma over the admissibility of environmental data that lacked strict
forensic standards. While the NGT initially allowed Vedanta to reopen the plant in 2018 citing
procedural lapses by the TNPCB, the Supreme Court reversed this decision, emphasizing precautionary
principles and the importance of scientific risk assessments in safeguarding environmental and public
health®.

Keylssue:

This case demonstrates the lack of standardized legal frameworks to assess the scientific validity of
environmental monitoring reports. The data, though indicative of pollution, were challenged successfully
due to loopholes in evidence collection and certification, pointing to the urgent need for robust forensic
environmental protocols.

b. Vizag Gas Leak (Scientific Failure vs Regulatory Liability)

The Vizag gas leak, which occurred on May 7, 2020, from the LG Polymers India plant, released large
volumes of styrene vapors, resulting in 12 deaths, over 500 hospitalizations, and the evacuation of
thousands. Post-incident investigations were carried out by:

NEERI (National Environmental Engineering Research Institute)

Andhra Pradesh Pollution Control Board (APPCB)

A government-appointed High Power Committee (HPC)

These scientific reports revealed:

Degraded quality of styrene monomer, stored beyond its safe threshold.

Failure of temperature control and refrigeration systems.

Inadequate safety audits and emergency protocols.

However, in court proceedings and public inquiries, legal ambiguity emerged regarding:

The admissibility of expert reports under evidentiary standards.

The vicarious liability of government regulators for failing to ensure compliance with hazardous waste
handling norms.

There was no uniform forensic process adopted to analyze the site post-accident, and evidence such as
chemical samples, surveillance data, and employee logs were not collected under formal legal guidelines.
Judicial Response:

The National Green Tribunal, while awarding 50 crore as interim compensation, admitted the
findings of the HPC but did not subject the evidence to rigorous judicial scrutiny. This raised concerns
about whether quasi-judicial bodies like the NGT are equipped to evaluate scientific causality in such
cases’.

Key Insight:

The case highlights the gap between scientific findings and evidentiary admissibility, especially in the
context of regulatory negligence and criminal environmental liability. It calls for the incorporation of
forensic environmental science as a distinct discipline within legal procedures.

c. Yamuna River Pollution (Satellite Imaging and Judicial Acceptance)

The pollution of the Yamuna River, especially in the Delhi-NCR stretch, has been the subject of
continuous judicial intervention. In 2021, during hearings on illegal encroachments and industrial
effluents, the National Green Tribunal (NGT) admitted satellite imagery and remote sensing data
supplied by:

Indian Space Research Organisation (ISRO)

Central Pollution Control Board (CPCB)

National Remote Sensing Centre (NRSC)

5 Vedanta Ltd. v. State of Tamil Nadu, 2019 SCC OnLine SC 1558.
2 NGT Suo Motu Proceedings, In re: Vizag Gas Leak, Original Application No. 73,/2020
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The satellite images revealed:

Unauthorized construction and urban encroachments along the floodplains.

Unreported sewage outfalls and industrial discharge points.

Seasonal variations in biochemical oxygen demand (BOD) and dissolved oxygen (DO) levels, mapped
geospatially.

The NGT accepted this data as prima facie proof of environmental violations and directed remediation
measures. However, the judicial order also noted:

Lack of codified procedures for verification and validation of satellite and GIS-based data.

Absence of legislation on chain of custody, tampering protection, and metadata standards for digital
ecological evidence.

Judicial Significance:

This case is a pioneering example where non-traditional, digitally sourced scientific evidence was
accepted in a court of law. However, it also exposed the fragility of judicial reliance on such data in the
absence of formal forensic certification.

Key Challenge:

To ensure consistent and lawful reliance on remote sensing and satellite data, India must develop
specific protocols under the Bharatiya Sakshya Adhiniyam (BSA), 2023, for environmental geospatial
evidence, including standards of authenticity, source attribution, and technical validation®".

These three cases - Sterlite, Vizag, and Yamuna - demonstrate the increasing reliance on scientific data
in environmental litigation, while also exposing serious legal deficiencies in the evidentiary framework.
Whether it is the lack of lab accreditation, absence of forensic protocols, or untrained judicial personnel,
the Indian legal system currently lacks the infrastructure to systematically evaluate and admit forensic
environmental evidence. These cases collectively underscore the urgent need for legal reform and
scientific integration in environmental justice delivery.

Comparative Analysis of Key Environmental Case Studies in India

Type of . Implications
Case Key Facts Scientific ]}ifi d Issues Eimfise for
Evidence p Admissibility
Closure of [TNPCB's  air E/;ethOdchfly e Need for
Sterlite  Copper||Vedanta’s copper||and water|| L Pllsc upheld||forensic
Case smelter due to||quality reports chain ’ o closure; NGT's||standards  in
(Thoothukudi, |jalleged pollution|showing SO, custod reopening order||lab testing,
2018) and public|jarsenic, lead roce dsi;ral was reversed data
protests levels p admissibility
lapses
NEERI & . NGT imposed
expert Vicarious . . NERT
Styrene gas leak ) 1 interim Highlights
. committee liability of] . N
Vizag Gas Leak||from LG . n lat lackl[compensation  lgaps in digital
(Visakhapatnam, |[Polymers; 12 ripcr)rl;s 1 © refgu 4 ofrs, A but lacked|land chemical
2020) deaths and 500+ 3 er ;cati N Orim orl;ensm detailed scrutiny|/forensic
hospitalized areé aca S(; fo Croch;CJiee of scientific|ladmissibility
lapses [P evidence
Satellite evidence||Remote No legislative NGT ced ?]iejl di iftorl
Yamuna  River|lused to track|sensing, GIS|/framework for tialc ce;c)let Oi J Z; gia
Pollution (Delhi{lencroachments, |maps, ISRO-|satellite gecc)lspa a J 33 v te CT d
NCR, 2021) sewage discharge||CPCB evidence anti a ordere Iranroto;cls an
into river pollution data|[verification actlo ctacata
standards

7 M.C. Mehta v. Union of India, AIR 2021 SC 80
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5. INTERNATIONAL LEGAL PRACTICES

Scientific evidence in environmental litigation is becoming increasingly vital across jurisdictions.
Countries such as the United States, members of the European Union, Canada, Australia, and the
Netherlands have evolved specific legal frameworks and judicial practices that can serve as instructive
models for India. These frameworks ensure that forensic environmental data—whether physical, chemical,
biological, or digital—is legally admissible, scientifically validated, and judicially scrutinized.

a. Daubert Standard (United States of America)

The landmark U.S. Supreme Court ruling in Daubert v. Merrell Dow Pharmaceuticals, Inc., 509 U.S.
579 (1993), fundamentally transformed the admissibility of expert scientific testimony under the Federal
Rules of Evidence. The Court ruled that:

Judges must serve as “gatekeepers” to determine whether expert testimony is both relevant and reliable.
The methodology underlying the testimony must be:

Tested and peer-reviewed

Associated with known or potential error rates

Generally accepted within the relevant scientific community

This replaced the older Frye Standard, which admitted evidence solely based on general acceptance.

In the context of environmental litigation, U.S. courts now frequently assess:

Environmental sampling techniques

Geospatial data accuracy

Statistical modeling of ecological impacts

For example, in cases involving toxic torts, oil spills, or groundwater contamination, Daubert has ensured
that only rigorously vetted forensic environmental data—like soil spectroscopy, air dispersion modeling,
and eDNA analysis—is admitted into courtrooms®.

Implication:

India currently lacks a uniform evidentiary gatekeeping standard for expert testimony in environmental
disputes. Adopting a Daubert-like approach would improve judicial scrutiny of complex scientific
evidence.

b. EU Directives on Environmental Liability

The Environmental Liability Directive (2004/35/EC) is a key legislative instrument of the European
Union that:

Embodies the “polluter pays” principle

Holds operators strictly liable for environmental damage to biodiversity, water, and land

Encourages the use of modern scientific methods in both detection and prosecution of ecological harm
Key features include:

Courts are encouraged to admit GIS data, aerial surveillance, remote sensing, and digital ecological
forensics.

Environmental authorities are mandated to:

Maintain centralized registers of pollution incidents

Implement risk assessment tools for prevention and remediation

Several EU countries have advanced this directive by:

Allowing cross-border ecological evidence sharing

Recognizing certified environmental laboratories

Ultilizing real-time monitoring systems (e.g., nitrate sensors in agriculture runoff cases)

For instance, Germany’s environmental courts often accept evidence derived from drone-based soil
analysis and digital flow mapping of rivers.

Implication:

India can learn from the EU’s integrated legal-scientific approach, especially in creating legal mechanisms
that validate and certify environmental data, and encouraging judicial openness to new technologies.

c. Lessons from Canada, Australia, and the Netherlands

2 Daubert v. Merrell Dow Pharmaceuticals, 509 U.S. 579 (1993)
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Canada

Canada integrates eco-forensics across both civil liability and criminal prosecution for environmental
harm. Its key practices include:

Mandatory lab accreditation under ISO 17025 for environmental testing

Rigorous chain-of-custody protocols for physical and digital samples

Use of forensic entomology, water isotope tracing, and chemical fingerprinting

In cases like R. v. Bata Industries Ltd., Canadian courts emphasized the need for scientifically validated
evidence in determining corporate liability for toxic waste dumping.

Australia

Australia’s Environmental Protection Authorities (EPAs), especially in New South Wales and Victoria,
are leaders in:

Using environmental DNA (eDNA) to detect illegal species introduction or biodiversity loss

Accepting satellite-based surveillance, including vegetation index mapping and fire risk modeling
Adopting codified evidentiary standards through legislations like the Protection of the Environment
Operations Act, 1997

The Land and Environment Court of New South Wales maintains an environmental scientific expert
registry, aiding admissibility and cross-examination.

Netherlands

The Netherlands is a pioneer in forensic hydrology and digital modeling for resolving water law and
climate resilience disputes. Legal systems here:

Integrate digital elevation models (DEMs) and hydraulic simulation data in floodplain disputes

Train judges in basic environmental science and digital data interpretation

Recognize blockchain-backed environmental ledgers in carbon credit litigations

For example, Dutch Water Boards work closely with environmental scientists to provide authenticated
data in climate adaptation lawsuits.

Implication:

These countries show that structured institutional investment, scientific training for the judiciary, and
standardized lab and data protocols are essential to ensuring the legal strength of environmental evidence.
Comparative Snapshot Table

Accepted Scientifi
Country/Region||Legal Standard Ecicc‘lsepnie clentiiie Special Features
%
Peerreviewed studies, Judges act as gatekeepers; strict
USA Daubert Standard expert modeling, field test| ges S B PeTs;
results scientific validation

Polluter pays, centralized data

Environmental Liability|GIS, remote sensing,|| . )
registry,  harmonized  across

EU

Directive digital forensics
member states
Canad Eco-Forensics in||Accredited  lab  data,||Criminal prosecution of|
anada , . . .
Environmental Law chain-of-custody evidence ||environmental offenses
EPA  protocols  +
i " ) eDNA, satellite imagery,||[Expert  witness  regist in
Australia Codified Evidence||, ;. ’ [ABETY, |[EXD! gistty
Rul biodiversity metrics environmental courts
ules
Netherland Forensic Hydrology +||Hydraulic simulation,|{Judicial training in
etherlands . . . ‘ .
Digital Law digital elevation models |lenvironmental science

6. CHALLENGES IN ADMISSIBILITY OF ENVIRONMENTAL DATA
The admissibility of scientific and environmental data in Indian courts faces several structural and
procedural hurdles. Despite advancements in environmental science, the judicial and regulatory systems
often struggle to accommodate the complexity, format, and origin of such evidence. These challenges
hinder the delivery of justice in pollution-related and ecological harm cases.
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a. Lack of Accreditation for Environmental Labs

One of the foremost challenges is the absence of a mandatory accreditation regime for environmental
testing laboratories in India. While the National Accreditation Board for Testing and Calibration
Laboratories (NABL) provides ISO 17025 certification, not all labs conducting environmental analysis—
particularly those affiliated with state pollution control boards—possess this accreditation.
Consequences:

Courts frequently encounter disputes over the reliability of test results, particularly regarding air, water,
and soil quality.

Opposing parties often challenge the validity of sample collection procedures, raising doubts about
tampering, contamination, or non-standard methods.

In cases like the Sterlite Copper Case, Vedanta questioned the methodology and data credibility of
TNPCB lab findings, weakening the prosecution’s scientific narrative.

Legal Gap:

Unlike forensic labs dealing with criminal evidence (regulated under the Ministry of Home Affairs), there
is no statutory requirement that environmental labs be accredited or audited for judicial usage.
Implication:

Without standardized accreditation, scientific environmental data is vulnerable to cross-examination and
exclusion, weakening cases based on pollution, biodiversity loss, or climate impact.

b. No Protocols for Forensic Digital Data Under Current Indian Law

The emergence of digital environmental evidence—like satellite imagery, remote sensing, GIS data, and
sensor-based pollution tracking—has outpaced the Indian legal framework’s ability to assess its
admissibility and evidentiary value.

Key Issues:

No clear rules under the Indian Evidence Act, 1872 or the Bharatiya Sakshya Adhiniyam, 2023 on how
to verify satellite or sensor data for authenticity, accuracy, and provenance.

Metadata, timestamps, and chain-of-custody protocols for digital ecological data are poorly understood or
unregulated.

In the Yamuna River Pollution Case (2021), although the NGT accepted satellite data from ISRO and
CPCB, concerns were raised about the lack of standardized verification protocols for geospatial imagery.
Legal Implication:

Without legal recognition of digital ecological data and clear admissibility thresholds, courts remain
inconsistent in their approach. This undermines confidence in digital forensics as a tool of environmental
justice.

c. Gaps in Training of Judges and Lawyers

A critical, systemic issue is the limited exposure of legal professionals to scientific principles and
environmental forensics. Most judges and lawyers are not trained in:

Interpreting statistical models or chemical analysis

Evaluating remote sensing imagery

Understanding error margins and modeling assumptions

Real-World Impact:

Courts often defer excessively to expert reports without cross-examining scientific rigor, or, conversely,
dismiss data they do not understand.

In cases involving eDNA, atmospheric dispersion models, or hydrological mapping, legal practitioners
often lack the skills to assess validity or challenge opposing data.

Training Shortcomings:

Judicial academies in India offer limited or no training on environmental science, digital forensics, or
data integrity.

Environmental law curricula in law schools generally focus on statutes and case law, ignoring forensic
methodologies.

Implication:
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This leads to a technocratic-legal disconnect, where valuable scientific evidence is either over-relied upon

without scrutiny or rejected due to lack of understanding, impairing the credibility and balance of judicial
outcomes.

Key Challenges and Implications

Challenge HDescription HLegal/ Evidentiary Implication
Lack of]

Accreditation for Many labs providing environmental data||Data admissibility is challenged due to
Labs are not ISO 17025 certified lack of quality assurance

No Protocols for||Satellite, GIS, IoT, and drone-based datal|Inconsistency in judicial acceptance;
Digital Data are not regulated under Indian law no metadata standards

Lack of Scientific||Judges/lawyers not trained in interpreting|[Misuse or misunderstanding of]
Training technical environmental data evidence; erratic judgments

Accreditation Status of Environmental Labs in India®

ICategory HNumber of Labs HPercentage of Total Labs
ITotaI Operational Labs (approx.) H250,000+ HIOO%
INABL-Accredited Labs (Total) 8,588 173.4%

lAccredited Testing Labs ‘ 5,127 H 2.0%

IAccredited Environmental Labs H 7300 (estimate) H 70.12%

Accreditation Status of Laboratories in India (Approximate)

NABL-Accredited Labs

96.6%

Non-Accredited Labs

pie chart showing the approximate accreditation status of laboratories in India. It highlights that only
about 3.4% of operational labs are NABL-accredited, emphasizing the gap in quality-

certified scientific data sources for admissibility in courts.

2 See, NABL Official Website
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Miscellaneous
Foreign Client ( NABL. Pharma Biomedicals-1%
1% Housing. Higher studies
petroleum) Institutions
1% 1%
Telecommunication

1%

Automobile-4%

Electrical/Electronic-
7%

Environmental-1%
Manufacturing
Industry Gowvt

11% 1%
Left Pie Chart: Sector-wise Distribution of Legal Metrology/Calibration Services
This chart breaks down the types of sectors or organizations utilizing calibration, testing, or legal
metrology services:
Legal Metrology (32%): This is the largest segment, suggesting that a significant number of service requests
or certifications fall under weights and measures regulation.
S&T (Science & Technology) - 18%: Research institutions or scientific bodies seeking precision
measurement.
Calibration/Testing Labs - 16%: Labs that themselves need regular calibration of instruments.
Manufacturing Industry - 11%: Industries that rely on accurate measurement for production and quality
control.
Electrical/Electronic - 7%: Companies in electronics or electrical appliances.
Automobile - 4%: Vehicle manufacturers and service providers.
Other - 8%: Unspecified or miscellaneous sectors.
Environmental - 1%: A small portion relates to environmental testing - indicating limited legal metrology
or standardization in this critical field.
Government, Foreign Clients, Miscellaneous (NABL, Pharma, Housing, Petroleum), Telecommunication
- each at 1%.
Insight: Environmental services are only 1%, underscoring the lack of standardization or accredited
metrology services in this domain—a key concern in environmental litigation.
Right Pie Chart: Institutional Clients (Minor Sectors)
This smaller chart focuses on specific institutional users:
Banking - 3%: Possibly for ATM calibration, weighing scales, etc.
Air India, PMQC (Precision Measurement & Quality Control), Higher Education, Biomedical,
Telecommunication - each at 1%.
Insight: Again, sectors like biomedical, education, and telecommunication have minor representation,
which may indicate a lack of awareness or under-utilization of standardized services.
Overall Analysis
The dominance of legal metrology and manufacturing points to strong enforcement in consumer goods
and industry.
The underrepresentation of environmental testing (1%) reflects a critical gap in the forensic readiness of
environmental labs.
This supports your thesis: that lack of accredited and standardized environmental data severely weakens
legal evidence in ecological disputes.
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Kalesar National Park Yamuna Embankment Case (2025)

What happened:

In May 2025, the Supreme Court-appointed Central Empowered Committee (CEC) confirmed that an
illegal embankment built across the Yamuna in the eco-sensitive zone (ESZ) of Kalesar National Park,
Haryana, remained intact, challenging the government’s earlier claim that it had been removed. The
embankment reportedly diverted river water to facilitate illegal mining in Uttar Pradesh

Type of scientific evidence:

Satellite imagery submitted by petitioner Sanjay Kumar indicated unauthorized construction.

A site inspection by the CEC corroborated the digital findings, with field verification conducted on
May 19.

Legal issues addressed:

Authenticity of satellite data: The CEC relied on aerial and remote evidence to confirm environmental
violations.

Chain of custody and field validation: Government submissions were tested against physical inspections,
demonstrating the importance of triangulating digital evidence with on-ground verification.

Regulatory compliance in ESZ: The case highlighted procedural failure by the ESZ monitoring committee
in preventing unauthorized constructions.

Judicial action & implications:

The Supreme Court has scheduled hearings in July 2025, with the CEC recommending penal action and
enhanced training for ESZ officials

This case marks a paradigm shift in using geospatial digital data, backed by forensic ground-truthing, to
enforce environmental laws in India.

This Case Reveals

Growing Reliance on Digital Evidence
Satellite imagery is now central to proving environmental manipulation—even in remote ecologically
sensitive zones.

Validation Protocols Matter
Field inspections by the CEC ensured that digital evidence wasn't speculative—underscoring the value of
structured verification protocols.

Legal Standards Are Evolving
Courts are increasingly accepting non-traditional ecological evidence, provided it’s buttressed by scientific
rigor and transparency.

Need for Formal Standards
This case amplifies the call for:

Legal protocols governing admissibility of satellite data,

Metadata and chain-of-custody standards, and

Training for both enforcement personnel and judges on such evidence.

7. RECOMMENDATIONS

a. Establishment of a National Forensic Environmental Authority (NFEA)

India currently lacks a centralized authority to oversee the generation, handling, and judicial scrutiny of
forensic environmental evidence. The proposed National Forensic Environmental Authority (NFEA)
would be an autonomous body under the Ministry of Environment, Forest and Climate Change
(MoEFCC), in collaboration with the Ministry of Law and Justice.

The NFEA should have the following functions:

Certification and regulation of environmental forensic laboratories.

Formulation of standardized chain-of-custody procedures for environmental samples.

Liaison with judiciary and pollution control boards on evidentiary admissibility.
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Such a model is inspired by the U.S. Environmental Protection Agency’s Office of Enforcement and
Compliance Assurance (OECA), which bridges regulatory oversight with environmental forensics and
legal accountability.”

b. Legal Recognition of Digital Ecological Evidence

India's evidence law, particularly the Bharatiya Sakshya Adhiniyam, 2023, recognizes digital records under
Section 65B, but does not specifically address digital ecological evidence, such as:

Satellite imagery for land use and pollution patterns.

Remote sensing data for effluent mapping.

Environmental DNA (eDNA) as proof of biodiversity disruption.

Geographic Information Systems (GIS) for temporal pollution visualization.

A specific amendment to the BSA, 2023, should be introduced to recognize and define environmental
datasets as admissible evidence under a new clause or as part of an expanded Section 65B. Such a move
would follow models seen in the EU and U.S. under the Daubert standard’’

c. Training and Certification for Judges and Lawyers

Judges and legal professionals must be equipped with scientific literacy to handle complex environmental
disputes. The National Judicial Academy (NJA) and State Judicial Academies should mandate certified
programs in:

Fundamentals of environmental science and forensic ecology.

Evidentiary principles applicable to digital and ecological datasets.

Interpretation of laboratory reports, environmental statistics, and expert testimony.

These programs should incorporate international benchmarks like the Daubert Test in the U.S.**and
the EU'sEnvironmental Liability Directive.”

Legal professionals must be trained in evaluating:

Chain-of-custody documentation,

Lab accreditation status (e.g., NABL),

Peer-reviewed environmental methodologies.

Currently, 0% of judicial training modules in India cover digital environmental forensics, based on a
2023 report by the Indian Institute of Judicial Training & Research.™

d. Mandatory Scientific Protocols in PILs and Criminal Trials

Courts dealing with environmental PILs and criminal proceedings under laws like the Environment
(Protection) Act, 1986, or Water (Prevention and Control of Pollution) Act, 1974, must enforce the use
of scientifically validated protocols. This includes:

Evidence only from NABL-accredited or equivalent certified labs.

Full disclosure of sampling techniques, equipment calibration, and raw data.

Scientific cross-examination mechanisms to challenge forensic accuracy, similar to Rule 702 of the U.S.
Federal Rules of Evidence.

The introduction of mandatory forensic standards will reduce pseudoscientific claims and prevent
dilution of judicial outcomes due to technical incompetence or misrepresentation.

Findings

1. Doctrinal Evidence (Legal Texts, Case Law, Policy Gaps)

30 U.S. Environmental Protection Agency, Office of Enforcement and Compliance Assurance (OECA),
https://www.epa.gov/enforcement/about-office-enforcement-and-compliance-assurance-oeca (last visited June 13, 2025).

31 Bharatiya Sakshya Adhiniyam, No. 46 of 2023, § 65B (India); see also European Parliament, Directive 2004,/35/EC on
Environmental Liability, OJ L 143, 30.4.2004.

32 Daubert v. Merrell Dow Pharms., Inc., 509 U.S. 579 (1993) (setting criteria for the admissibility of scientific expert testimony
in U.S. federal courts).

33 European Commission, Guidance Document on the Implementation of the Environmental Liability Directive, EUR-Lex (2023),
https://eur-lex.europa.eu.

3% Indian Institute of Judicial Training & Research, Annual Curriculum Review: Judicial Education Needs in Environmental

Adjudication (2023).
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Absence of statutory framework: The Bharatiya Sakshya Adhiniyam, 2023 does not include any dedicated
provision for digital environmental data, such as satellite imagery or environmental DNA. This omission
creates legal uncertainty about admissibility.

Case Study Support:

In the Sterlite Copper Case, the court questioned lab methodology and chain of custody—indicating poor
evidentiary standards.

In the Vizag Gas Leak, there was ambiguity around the weight of scientific assessments in assigning
liability.

In the Kalesar 2025 case, while satellite data was accepted, it was not regulated or standardized—yet it
influenced decision-making due to CEC’s involvement, not legal mandate.

2. Comparative Jurisdictions

The Daubert Standard (USA) and EU Environmental Liability Directives offer clear frameworks for the
admissibility of scientific data, which India lacks.

Countries like Canada and Australia have institutional mechanisms and trained judiciary for evaluating
scientific ecological evidence.

The National Green Tribunal (NGT) has shown increasing openness to digital ecological data, like
satellite images and GIS reports.

In Yamuna and Kalesar cases, courts accepted non-traditional data sources; however, this is based more
on judicial discretion than a legal mandate.

Thus, while judicial trends are evolving, the absence of codified protocols, institutional infrastructure,
and standardized training largely supports your hypothesis.

Conclusion on Hypothesis

The primary hypothesis is supported.

India’s current legal and institutional framework is inadequate to fully accommodate and regulate the
admissibility of forensic environmental evidence. While some judicial willingness exists, it lacks
statutory backing, trained interpretation, and procedural uniformity.

CONCLUSION

The increasing complexity of environmental degradation in India—ranging from industrial pollution to
biodiversity loss—demands a legal framework capable of integrating scientific precision with judicial
scrutiny. However, as this study has demonstrated, there exists a significant gap between the generation
of environmental data and its admissibility, interpretation, and enforcement within the current legal
system. Despite the proliferation of environmental data tools—remote sensing, eDNA analysis, GIS
mapping—Indian courts still operate without standardized protocols for verifying, authenticating, or
assessing such evidence.

The case studies analyzed—Sterlite Copper, Vizag Gas Leak, and Yamuna River Pollution—highlight
systemic weaknesses: unreliable data chains, resistance to novel forms of evidence, and the lack of judicial
familiarity with scientific methodologies. In contrast, jurisdictions like the United States, European
Union, Canada, and Australia have evolved sophisticated mechanisms for admitting and evaluating
scientific evidence in environmental litigation through standards such as the Daubert Test or EU
Environmental Liability Directive. These models showcase the potential for a science-driven legal process.
To bridge this technocratic-legal divide, India must take decisive steps: establish a National Forensic
Environmental Authority (NFEA), legislate the admissibility of digital ecological evidence, and invest in
capacity-building for judges and lawyers. Courts must also demand scientifically validated data in Public
Interest Litigations (PILs) and environmental crimes, applying forensic protocols as legal norms, not
exceptions.

In a future increasingly shaped by climate emergencies, technological advances, and environmental
conflicts, the credibility of judicial interventions will depend on their ability to engage with scientific
truth. Only by mainstreaming forensic environmental science into legal practice can India ensure that its
environmental justice system is not only procedurally sound but also empirically informed. A judiciary
that understands and trusts science is a judiciary that can deliver lasting ecological justice.
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Annexure I: Interview Schedule for Experts
Title: Structured Interview Guide for Environmental Scientists, Legal Experts, and Judicial Officers
Purpose: To understand the challenges and gaps in the legal admissibility of forensic environmental
evidence.
Sample Questions:What are the primary scientific challenges you face in collecting and preserving
environmental forensic data?
How frequently is your expert testimony accepted or rejected in court proceedings’
What is your view on the reliability and judicial trust in scientific data (e.g., remote sensing, soil analysis,
air quality indices)?
Are Indian courts adequately equipped to understand and evaluate complex scientific evidence?
What procedural reforms would you recommend to improve admissibility and judicial appreciation of
forensic environmental science?
Annexure [I: Case Law Matrix - Legal Treatment of Forensic Environmental Evidence

Case Name Court/Tribunal  |[Type of Evidence éﬁzlssmblhty Remarks

Vellore (?mzens Supreme Court of|[Water samples, ) Landmark case; invoked

Forum v." Union of India expert opinion Admitted recautionary principle

India (1996) pertop P 1y prneip

Sterlite Industries||Madras High Air pollut‘10n ) Relied on  multiple
data, medical/|Admitted

Case (2013) Court & NGT records expert reports
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Case Name Court/Tribunal || Type of Evidence étizlsssmlhty Remarks
. . Forest  reports )
Orissa Mining Corp. v. D ’ . Environmental
Union of India (2013) Supreme Court blOleGl‘SltY Admitted clearance denied
impact
Union of India wv. Toxic as Major issues over cross-
Union Carbide Corp.||U.S. Court , £ Disputed border scientific
dispersal model
(Bhopal gas case) standards
Annexure III: Comparative Table of Admissibility Standards
I]urisdictionHLegal Standard HKey Criteria for Admissibility HLeading Case I
Indi Indian Evidence Act, 1872|Expert qualification, relevance,|[Selvi v. State  of
a (Sec. 45, 65B) electronic record rules Karnataka (2010)
USA Daubert Standard Peer review, error rates, general||Daubert v. Merrell Dow
acceptance (1993)
) Common law + Criminal Procedure|[R  v. Dlugosz (2013)
UK Relevance + Jury Guidance Rules EWCA Crim 2
‘EU HFlexible Relevance Model HAdmissibility decided case-by-case HECtHR standards I

Annexure IV: Sample Chain of Custody Template for Environmental Samples

‘StepHAction ”Officer/ Agency HDate & Time HRemarks |
1 ||Soil sample collection Pollution  Control - Board)|12/03/2025, 10:00 GPS location tagged
Inspector AM
Sealed in container 12/03/2025, 10:15
2 with label Same AM Photographed

3 Sent to certified lab Inspector — Lab Courier ||13/03/2025 Accompanied by Form

10
‘4 HAnalysis completed HXYZ Environmental Lab H 15/03/2025 HSignature of lab analyst
5 Presented in court Expert Witness 25/03/2025 I:Sd g;fed under Sec.

Annexure V: Survey Questionnaire (If Applicable)

Title: Perceptions on the Admissibility and Utility of Forensic Environmental Evidence in Courts
Respondents: Lawyers, Environmental Scientists, Judges, Policymakers

Sample Items (Likert Scale 1-5):

Courts understand the technicalities of environmental forensic reports.

There is a lack of standard procedure for handling environmental evidence.

Expert witnesses are often not cross-examined effectively.

NGT provides better scope for admissibility of scientific data compared to regular courts.

There is a need for a national protocol on forensic environmental investigation.
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