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Abstract

The Ganges-Brahmaputra-Meghna (GBM) basin, spanning Bangladesh, India, Nepal, and Bhutan, faces critical
transboundary plastic pollution challenges that existing water governance frameworks fail to address. This study
employs a comprehensive multi-method research design combining comparative legal analysis, documentary
assessment, and stakeholder mapping to examine regulatory gaps in managing plastic waste flows across the
world's most densely populated river system. Analysis reveals that approximately 316,911 metric tons of plastic
waste annually enter the GBM network, with Bangladesh receiving 24 times more upstream plastic pollution than
domestic generation. Current bilateral water treaties, including the Ganges Water Sharing Treaty (1996), Kosi
Agreement (1954), and Mahakali Treaty (1996), contain zero provisions for pollution control or plastic waste
management. Comparative analysis with international best practices, particularly the Rhine and the Danube River
frameworks, demonstrates critical institutional and legal deficiencies in the GBM basin. Key findings indicate a
complete absence of basin-wide coordination mechanisms, joint monitoring protocols, and harmonized
enforcement standards. The study suggests establishing a multilateral river commission with explicit plastic waste
mandates, amending existing treaties to include comprehensive pollution control provisions, and implementing
standardized transboundary monitoring systems. These findings contribute essential insights for regional
environmental governance and transboundary pollution management in developing country contexts.

Keywords: Transboundary plastic waste, Ganges-Brahmaputra-Meghna basin, water governance, environmental
law, regional cooperation.

1. Introduction

Transboundary plastic waste accumulation in the Ganges-Brahmaputra-Meghna (GBM) basin represents an urgent
environmental governance challenge threatening ecosystem integrity across South Asia. The GBM basin, draining
approximately 1.72 million square kilometers and supporting over 630 million people across Bangladesh, India,
Nepal, and Bhutan, serves as a primary conduit for plastic debris transport, discharging an estimated 1-3 billion
microplastic particles daily into the Bay of Bengal (Napper et al., 2021; World Bank, 2024). Current scientific
evidence demonstrates that Bangladesh receives approximately 24 times more plastic waste from upstream riverine
inputs than domestic generation, with the combined Padma, Meghna, and Jamuna rivers carrying 73,000 tonnes of
plastic waste daily compared to Bangladesh's domestic generation of 3,000 tonnes per day (ESDO, 2018). This
stark disparity exemplifies the environmental injustice inherent in transboundary pollution flows where
downstream nations bear disproportionate environmental burdens from upstream activities.

Existing legal frameworks governing shared water resources in the GBM basin remain fundamentally inadequate
for addressing pollution control. The India-Bangladesh Ganges Water Sharing Treaty (1996), India-Nepal
agreements including the Kosi Agreement (1954) and Mahakali Treaty (1996), and various India-Bhutan
hydropower arrangements focus exclusively on water allocation and infrastructure development without operative
pollution control provisions (Bandyopadhyay & Ghosh, 2009). Despite the Basel Convention's 2021 Plastic Waste
Amendments requiring strict prior informed consent procedures for transboundary plastic waste shipments,
domestic implementation across South Asia remains fragmented, with limited integration into regional water
governance frameworks (Basel Convention, 2021). Current regional initiatives such as SACEP's Plastic Free
Rivers and Seas for South Asia (PLEASE) operate outside formal treaty frameworks with constrained enforcement
authority, highlighting the persistent disconnect between evolving international plastic waste obligations and
legacy transboundary water governance structures (World Bank, 2024).
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This study addresses critical research gaps by systematically examining the intersection of existing water treaties
with emerging plastic pollution control obligations, mapping specific legal and institutional lacunae preventing
effective transboundary action, and benchmarking GBM arrangements against international best practices. The
impending expiration of the India-Bangladesh Ganges Water Sharing Treaty in 2026 presents a unique policy
window for meaningful reform toward integrated, enforceable transboundary plastic waste governance, making
this analysis both timely and essential for regional environmental cooperation.

2. Methodology
2.1 Study Area and Research Design

This study employs a multi-method research design integrating comparative legal analysis, documentary
assessment, and institutional evaluation to examine transboundary plastic waste governance gaps in the Ganges-
Brahmaputra-Meghna (GBM) basin. The methodological approach ensures systematic triangulation across legal,
institutional, and operational dimensions affecting plastic pollution flows across Bangladesh, India, Nepal, and
Bhutan.

The GBM basin constitutes one of the world's largest transboundary river systems, draining approximately 1.72
million square kilometers and supporting over 630 million people across four nations (FAO, 2023). The basin
comprises three primary systems: the Ganges (Padma) flowing from India through Bangladesh; the Brahmaputra
(Jamuna) originating in Tibet, traversing India, and entering Bangladesh; and the Meghna system connecting
northeastern India with Bangladesh before discharging into the Bay of Bengal (Table 1). This interconnected
network facilitates upstream-downstream plastic waste transport, making it ideal for examining transboundary
pollution governance challenges.

Table 1: Transboundary River systems in the GBM basin

River Name Origin Transboundary Flow Final Discharge Associated River
Country System
Ganges (Padma) India India — Bangladesh Bay of Bengal Main GBM
Brahmaputra China (Tibet) China — India — Bay of Bengal Main GBM
(Jamuna) Bangladesh
Meghna India India — Bangladesh Bay of Bengal Main GBM
Karnali (Ghaghara) Tibet/Nepal Nepal — India Ganges (India) Ganges Tributary
Gandak Nepal Nepal — India Ganges (India) Ganges Tributary
Kosi Nepal Nepal — India Ganges (India) Ganges Tributary
Barak India India — Bangladesh Meghna Meghna System
(Bangladesh)
Torsa Bhutan Bhutan — India — Jamuna (Bangladesh)  Brahmaputra System
Bangladesh
Jaldhaka Bhutan Bhutan — India — Brahmaputra/Teesta Brahmaputra System
Bangladesh
Teesta India India — Bangladesh Jamuna (Bangladesh)  Brahmaputra System
Manas Bhutan Bhutan — India Brahmaputra (India)  Brahmaputra System
Subansiri Tibet Tibet — India Brahmaputra (India)  Brahmaputra System

2.2 Data Collection and Analysis Framework

The study analyzed key legal documents, including 6 major bilateral and multilateral water treaties, national
environmental legislation from all four GBM countries, and relevant Basel Convention provisions. The examined
treaties included the India-Bangladesh Ganges Water Sharing Treaty (1996), India-Nepal agreements (Kosi
Agreement 1954/1966, Gandak Agreement 1959/1964, Mahakali Treaty 1996), India-China MoU on Brahmaputra
data sharing (2002), and India-Bhutan hydropower arrangements (2003-2006). Document selection criteria
focused on: (1) active legal status governing transboundary water resources, (2) direct relevance to water or waste
management, and (3) accessibility in English. Moreover, academic literature and grey literature from international
organizations, including UNEP, IUCN, World Bank, and regional bodies, were systematically reviewed. Search
strategies targeted "transboundary plastic waste," "GBM basin pollution," "water governance South Asia," and
"Basel Convention implementation” to identify relevant scholarly and policy sources.

For the legal analysis framework, treaty provisions were systematically assessed across several dimensions, such
as institutional coordination mechanisms, enforcement procedures, monitoring and data sharing requirements, and
plastic waste or pollution control clauses. National legal frameworks were evaluated for plastic-specific
regulations, water body protection measures, and implementation challenges.
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3. Results and Discussion

3.1 Transboundary Plastic Waste Flows and Management Disparities

The analysis reveals significant disparities in plastic waste generation and management capacity across the four
GBM basin countries, creating pronounced upstream-downstream pollution burdens. India generates the highest
absolute plastic waste volume at 11,884 kt annually, with 39% (approximately 4,635 kt) entering the GBM system
and flowing downstream to Bangladesh (Waves of Plastics: A Snapshot of Marine Plastic Pollution in South Asia,
2024). Despite India's relatively high collection rate (88.8%), the sheer volume of generation overwhelms
management capacity, resulting in substantial transboundary pollution flows.

Bangladesh exhibits the most problematic combination of high per capita consumption (15.9 kg/year), extremely
low collection rates (43.4%), and disproportionate GBM contribution (73% of national leakage). This creates a
dual burden where Bangladesh both receives massive upstream pollution and contributes significantly to
downstream marine contamination. Nepal and Bhutan, despite lower absolute generation, contribute 100% of their
plastic leakage to the GBM system due to complete drainage dependency, highlighting the interconnected nature
of basin-wide pollution flows. The recycling rate disparities are particularly concerning, with Nepal achieving only
14.7% and Bhutan 9.9% recycling efficiency compared to India's 40.6%. These gaps in circular economy
implementation upstream directly impact downstream water quality and marine ecosystem health in the Bay of
Bengal.

3.2 National Legal Framework Fragmentation

Comparative analysis reveals comprehensive national environmental legislation across all four countries, yet
complete disconnection from transboundary coordination mechanisms. Bangladesh operates under a robust legal
architecture, including the Environment Conservation Act (1995, amended 2002) with specific plastic prohibition
powers, complemented by the Solid Waste Management Rules (2021) and Jute Packaging Act (2010) mandating
biodegradable alternatives.

Table 2: National Legal Frameworks for Plastic Waste Management

Country

Key Environmental
Laws

Plastic-Specific
Regulations

Water Body
Protection

Implementation
Challenges

Bangladesh  Environment

Conservation Act
1995 (amended
2002); Solid Waste
Management Rules
2021

Plastic bag ban (2002,
reinforced 2020); Jute
Packaging Act 2010;
Single-use plastic ban
(2020)

Water pollution
control under the
Environment
Conservation Act;
River protection
measures

Low collection rates
(43.4%); Limited
enforcement
capacity

India Environment Single-use plastic ban ~ Water (Prevention High generation
Protection Act 1986;  (2021); Extended and Control of (11,884 kt/year);
Plastic Waste Producer Pollution) Act 1974;  Enforcement gaps
Management Rules Responsibility; National Green despite
2016 (amended 2021- Recycled Plastics Tribunal Act 2010 comprehensive laws
2024) Rules 1999

Nepal Environment Plastic bag ban (below Water Resources Act  Very low recycling
Protection Act 2019; 40 microns, 2021); provisions; (14.7%); Limited
Solid Waste Action Plan for Ban Environmental institutional capacity
Management Act on Plastics (2022) Protection Rules
2011 2020

Bhutan Environment Plastic carry bag ban Water resources Small-scale but high
Protection Act 2007; (1999, reinforced protection under the per capita
Waste Prevention and 2005, 2009, 2019); Forest and Nature consumption;
Management Act Comprehensive plastic  Conservation Act Remote area
2009 restrictions 1995 management

India maintains the most comprehensive regulatory framework through the Plastic Waste Management Rules
(2016, amended 2021-2024), incorporating extended producer responsibility mechanisms and single-use plastic
prohibitions (Table 2). However, implementation faces significant challenges given the scale of generation (11,884
kt/year) and enforcement capacity limitations. Nepal and Bhutan implement plastic bag restrictions with varying
thickness thresholds, yet both countries lack sufficient recycling infrastructure and institutional capacity for
effective enforcement. All national frameworks operate territorially without cross-border coordination
mechanisms. No legal provisions exist for harmonizing upstream-downstream pollution control, establishing joint
monitoring protocols, or coordinating enforcement actions across shared river systems. This fragmentation enables
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pollution generated in one jurisdiction to impose environmental costs on downstream countries without
accountability mechanisms.

3.3 Transboundary Treaty Governance Gaps

Systematic analysis of existing bilateral and multilateral water agreements reveals fundamental gaps in pollution
control provisions. The India-Bangladesh Ganges Water Sharing Treaty (1996), representing the most
comprehensive water management agreement in the basin, contains zero provisions addressing water quality,
plastic pollution, or waste management despite governing significant contaminated flow transport from India to
Bangladesh (Table 3).

Table 3: Existing Transboundary Water Treaties in the GBM Basin

Treaty/Agreement Year Signed Countries Primary Purpose Validity/Status Pollution
Involved Control
Provisions
Ganges Water 1996 India- Water sharing 30 years None
Sharing Treaty Bangladesh  during the dry (expires 2026)
season
Agreement on the 1954/1966 India-Nepal ~ Flood control, 199 years None
Kosi Project irrigation
Gandak Agreement 1959/1964 India-Nepal  Irrigation, power ~ Ongoing None
generation
Mahakali Treaty 1996 India-Nepal  Integrated river 75 years None
development
India-China MoU 2002 India-China  Hydrological data  Seasonal data None
(Brahmaputra) sharing sharing
India-Bhutan Various India- Hydropower Project-specific None
Hydropower (2003-2006) Bhutan development
Agreements

The India-Nepal agreements demonstrate similar limitations. The Koshi Agreement (1954/1966), with its 199-year
validity, governs flood control and irrigation infrastructure but lacks mechanisms for monitoring or controlling
plastic waste flows through the Kosi River system. The Mahakali Treaty (1996), designed for integrated river
development, contains provisions for maintaining "natural flow and level” but fails to define water quality
standards or pollution control measures. Moreover, the India-China MoU on Brahmaputra data sharing (2002)
provides limited seasonal information exchange, excluding pollution monitoring, despite the river's multi-
jurisdictional pollution transport potential. India-Bhutan hydropower agreements focus exclusively on energy
generation without environmental coordination provisions.

3.4 Institutional and Operational Gap Analysis

The systematic gap assessment identifies six critical categories undermining effective transboundary plastic
pollution control. Legal framework gaps represent the most severe deficiency, creating regulatory vacuums where
pollution transport occurs without oversight, monitoring requirements, or enforcement mechanisms across
international boundaries (Table 4).

Table 4: Legal and Institutional Gaps in Transboundary Pollution Control

Gap Category Current State in GBM Impact on Plastic Pollution

Legal Framework  No plastic waste provisions in water treaties;  Legal vacuum allows unregulated
National laws exist, but are disconnected transboundary plastic transport.

Institutional No transboundary waste coordination body; Fragmented response; Upstream actions

Coordination Bilateral commissions focus only on water not coordinated with downstream
guantity impacts

Monitoring and No joint waste monitoring; Limited No tracking of pollution sources or

Data Sharing hydrological data sharing during floods only  flows across borders.

Enforcement Informal waste trade continues; Weak border  Continued illegal dumping in rivers;

Mechanisms controls; No joint enforcement Weak compliance mechanisms

Public Treaty negotiations lack stakeholder input; Communities cannot participate in

Participation No public access to pollution data solutions; Lack of transparency

Emergency No coordinated response to pandemic waste;  Surge in medical waste during COVID-

Response No disaster waste protocols 19 without regional coordination
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Institutional coordination gaps manifest through the absence of any transboundary body with waste management
mandates. The Joint Rivers Commission (India-Bangladesh) operates with a water quantity focus only, lacking
pollution control authority or technical capacity. No multilateral institution coordinates policy responses across all
four GBM countries despite interconnected pollution transport dynamics. Monitoring and data sharing deficiencies
critically undermine evidence-based policy responses. Current protocols limit information exchange to seasonal
hydrological data during floods, with no systematic waste flow data collection or source attribution across borders.
This information deficit prevents accurate assessment of pollution sources, transport pathways, and downstream
impacts necessary for effective intervention strategies. Emergency response vulnerabilities became evident during
COVID-19 when medical waste generation surged without coordinated management protocols. The absence of
joint frameworks for pandemic waste, disaster debris, or industrial accidents affecting multiple countries represents
significant regional pollution control capacity gaps.

These findings reveal a fundamental misalignment between transhoundary plastic pollution dynamics and existing
governance frameworks in the GBM basin. The combination of high upstream generation (India: 11,884 kt/year),
poor collection rates (Bangladesh: 43.4%), and complete downstream dependency (Nepal and Bhutan: 100% GBM
contribution) creates a pollution transport system without legal oversight or coordination mechanisms. The
regulatory vacuum identified across all transboundary water treaties contrasts sharply with successful international
models. European frameworks demonstrate effective integration of pollution control with water quantity
management, providing templates for GBM basin reform. The impending 2026 expiration of the Ganges Water
Sharing Treaty presents a critical policy window for incorporating comprehensive pollution control mechanisms
and establishing regional coordination frameworks addressing the inherently transboundary nature of plastic
pollution in shared river systems.

4. Way Forward

The analysis portrays critical shortcomings necessitating swift reforms across the Ganges-Brahmaputra-Meghna
basin. Foremost, an intergovernmental commission for the river's governance should be constituted following
successful European models like the multilateral Rhine Convention and Danube River Protection Convention. This
commission would coordinate pollution control amongst riparian nations through enforcement powers, technical
know-how, and thorough environmental oversight. Current water-sharing accords, such as the expiring Ganges
Agreement of 2026, demand renegotiation with provisions for comprehensive waste management along the plastic
life cycle. Environmental assessments and sharing of waste movement data across borders should be mandated
while national rules are harmonized under the Basel Convention's precepts. Regional cooperation through such a
commission offers the sole means of appropriately addressing the environmental crises posed by the accumulation
of plastic refuse in these mighty transboundary rivers. Emergency response protocols for pandemic-related medical
waste surges represent critical implementation components, requiring transparent stakeholder participation
mechanisms, including affected communities, NGOs, and private sector actors in treaty negotiations and
enforcement monitoring. Technical cooperation should focus on capacity building for plastic waste monitoring,
recycling technology sharing, and the development of regional waste trading systems, preventing illegal dumping
while promoting circular economy principles. Financial sustainability demands dedicated funding mechanisms
combining government contributions, international donor support, and private sector partnerships, with particular
attention to supporting least developed countries like Nepal and Bhutan in building institutional capacity for
effective waste management and cross-border coordination.

5. Conclusion

This comprehensive analysis reveals fundamental misalignment between transboundary plastic pollution dynamics
and existing legal frameworks designed exclusively for water allocation in the GBM basin, creating a regulatory
vacuum that perpetuates environmental injustice, with downstream nations bearing disproportionate pollution
burdens from upstream activities. The high generation levels in India at nearly 12 million metric tons yearly,
coupled with Bangladesh's inadequate collection rate of less than half, and complete reliance by Nepal and Bhutan
on contributions from the GBM, demonstrate the urgent necessity for coordinated transregional governance
tackling the over 316,900 metric tons of plastic refuse annually swept into the GBM system. International
exemplars from the Rhine and Danube demonstrate that transboundary pollution control can be achieved through
integrated legislation combining water quantity and quality administration, offering viable templates for reform
within the GBM basin. The proposed GBM River Commission with explicit plastic waste mandates offers a
pathway toward coordinated regional action, with the Ganges Water Sharing Treaty's 2026 expiration presenting
a unique policy window for incorporating comprehensive pollution control mechanisms into regional water
governance frameworks. The systematic gaps identified across legal frameworks, institutional coordination,
monitoring protocols, enforcement mechanisms, public participation, and emergency response highlight specific
intervention points for effective action, while future research should examine detailed implementation pathways
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for treaty amendments and assess the feasibility of regional financing mechanisms for joint monitoring
infrastructure. The urgency of action cannot be overstated, given the projected doubling of regional plastic waste
by 2050, requiring immediate coordination among all four riparian countries to prevent further deterioration of
shared water resources and marine ecosystems in the Bay of Bengal.
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