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Abstract

The United States, as a leading generator of electronic waste (e-waste), faces mounting challenges in regulating its
transboundary movement in a manner that aligns with environmental sustainability and international trade norms.
This literature review critically examines the inconsistent landscape of U.S. e-waste export governance, highlighting
regulatory gaps at federal and state levels, limited enforcement capacity, and non-compliance with global frameworks
such as the Basel Convention. Drawing on peer-reviewed scholarship and policy analyses, the review explores the
environmental and social consequences of e-waste exports, particularly in developing countries where informal
recycling practices pose significant health and ecological risks. Comparative models from the European Union and
Canada demonstrate the efficacy of extended producer responsibility (EPR), centralized oversight, and traceability
mechanisms. Reform proposals, including legislative initiatives like the Secure E-Waste Export and Recycling Act
(SEERA) and the CIRCLE Act are evaluated for their potential to strengthen domestic recycling, improve compliance,
and foster a circular economy; an approach that minimizes waste through reuse, repair, and recycling, creating a closed-
loop system that reduces resource input and environmental impact. The review concludes that scalable reform is
achievable through harmonized federal policy, stakeholder engagement, and digital innovation, offering a pathway
toward environmentally sound and legally coherent e-waste export governance.

Keywords: E-waste governance; Electronic waste exports; Trade compliance; Basel Convention; Extended Producer
Responsibility (EPR); Environmental regulation; Circular economy

1. Introduction

The exponential growth of electronic consumption in the United States has led to a corresponding surge in electronic
waste (e-waste), which refers to discarded electrical or electronic equipment, posing significant environmental and
regulatory challenges. As one of the largest producers of e-waste globally, the U.S. faces mounting pressure to
modernize its export governance frameworks to ensure environmental sustainability and compliance with
international trade norms [1].

E-waste contains hazardous substances such as lead, mercury, and brominated flame retardants, which pose serious
risks to human health and ecosystems when improperly handled or disposed of [2]. Despite the existence of state-level
regulations and voluntary industry initiatives, the absence of comprehensive federal legislation has resulted in
fragmented governance and inconsistent enforcement across U.S. jurisdictions [3].

Internationally, the Basel Convention is the most comprehensive global agreement regulating the transboundary
movement of hazardous and other wastes, including electronic waste. Although the United States has signed the
Convention, it has not ratified it and therefore is not legally bound by its provisions. As a result, under Article 4(5) of
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the Convention, Basel Parties are generally prohibited from trading hazardous waste with non-Parties like the U.S,,
unless a separate bilateral or multilateral agreement exists [4]. Recent amendments to the Convention, effective January
2025, now require prior informed consent for both hazardous and non-hazardous e-waste exports, in line with the new
international requirements for electrical and electronic waste, placing new compliance demands on U.S. exporters [5].

Scholars have emphasized the need for a coordinated and enforceable governance framework that aligns domestic
policy with international environmental standards. This includes addressing loopholes in trade compliance, enhancing
transparency in export chains, and adopting extended producer responsibility (EPR) models to reduce the
environmental footprint of discarded electronics [6].

This literature review synthesizes existing scholarship and policy analyses to evaluate the effectiveness of current U.S.
e-waste export governance, identify key environmental and trade compliance challenges, and explore reform proposals
aimed at achieving a more sustainable and legally coherent system.

2. Methodology

This literature review adopts a narrative and thematic approach, relying exclusively on secondary sources to examine
the governance of U.S. e-waste exports in relation to environmental and trade compliance. No primary data was
collected. Instead, the review synthesizes insights from peer-reviewed academic articles, policy documents, and
institutional reports to identify regulatory gaps, environmental impacts, trade compliance challenges, and reform
proposals. This approach was chosen due to the abundance of existing scholarly and policy literature on e-waste
governance.

2.1. Search Strategy

A structured search was conducted across academic databases and institutional websites, including Google Scholar,
JSTOR, ScienceDirect, SpringerLink, Oxford Academic, and official sources such as the U.S. Environmental Protection
Agency (EPA), Congress.gov, and the Basel Convention Secretariat. The following keywords were used: E-waste
governance, Electronic waste exports, Trade compliance, Basel Convention, Extended Producer Responsibility (EPR),
Environmental regulation, and Circular economy. Results were refined through the application of Boolean operators
and filters, specifically delimiting the search to publications from 2015 onwards, English-language materials, and
documents classified as peer-reviewed articles, reports, or legal texts.

2.2. Inclusion and Exclusion Criteria

2.2.1. Inclusion Criteria

e Studies and publications issued from 2015 to the present

e Investigations pertaining to U.S. e-waste export governance, international compliance frameworks, and
comparative policy models

e English-language publications exclusively

e Peer-reviewed articles and publications issued by institutions of established credibility

2.2.2. Exclusion Criteria

e Articles focused solely on technical recycling processes without policy relevance
e Non-scholarly sources lacking citations or institutional credibility
e Duplicates and inaccessible full texts

2.3. Screening and Selection Process

The initial search yielded ninety-two records. After removing thirty-three duplicates, fifty-nine records were screened
based on titles and abstracts. Of these, twenty-one were excluded due to irrelevance or insufficient policy focus. The
remaining thirty-eight sources were reviewed in full and selected for thematic analysis.

2.4. Data Extraction and Analysis

Selected literature was analyzed to extract key themes related to:

e U.S.regulatory structures and enforcement mechanisms
e Environmental and social impacts of e-waste exports

233



Magna Scientia Advanced Research and Reviews, 2026, 17(01), 232-240

e Trade compliance challenges and international obligations
o Comparative governance models from the EU, Canada, and other jurisdictions
e Policy reform proposals and their feasibility within the U.S. context

The findings were synthesized to inform a critical discussion on the modernization of U.S. e-waste export governance,
with attention to both environmental sustainability and trade law compliance.

3. Regulatory Landscape

The governance of e-waste exports in the United States is shaped by a complex interplay of federal statutes, state-level
regulations, and international obligations. At the federal level, the Resource Conservation and Recovery Act (RCRA) of
1976 provides the foundational legal framework for hazardous waste management, including certain categories of
electronic waste. However, the classification of e-waste under RCRA remains inconsistent, as not all electronics are
deemed hazardous, and materials destined for reuse may be exempt from regulation [7; 8]. For instance, cathode-ray
tubes are classified as hazardous, while intact circuit boards intended for reuse may be exempt.

State-level legislation has emerged to fill regulatory gaps, with 25 states and the District of Columbia implementing e-
waste recycling laws, many of which are based on Extended Producer Responsibility (EPR) models, which makes
producers financially and operationally responsible for end-of-life management. These laws vary significantly in scope,
covered products, and financing mechanisms, creating a disparate regulatory landscape that complicates compliance
for manufacturers and recyclers [9]. Empirical studies have shown that such regulations can stimulate eco-innovation
among producers, particularly in states with more stringent take-back requirements [3].

Despite these efforts, the absence of comprehensive federal legislation on e-waste exports has left enforcement largely
decentralized. Agencies such as the Environmental Protection Agency (EPA), U.S. Customs and Border Protection (CBP),
and the Office of the U.S. Trade Representative (USTR) play roles in regulating transboundary shipments, but
coordination remains limited, and enforcement is often reactive rather than preventive [10; 11].

Internationally, the Basel Convention governs the transboundary movement of hazardous waste, including e-waste.
Although the United States is a signatory, it has not ratified the Convention, which restricts its ability to engage in formal
trade with Basel Party countries unless bilateral agreements are in place [4]. Recent amendments to the Convention,
effective January 1, 2025, now extend control to non-hazardous e-waste under the new Y49 listing, requiring prior
informed consent (PIC) for all exports to Basel Parties [5]. These changes significantly impact U.S. exporters, who must
now navigate stricter notification and consent procedures even for materials previously considered outside the scope
of regulation.

4. Environmental and Social Impacts

The export of electronic waste from the United States to developing countries has generated significant environmental
and social consequences, particularly in regions with weak regulatory frameworks and informal recycling sectors. E-
waste contains hazardous substances such as lead, mercury, cadmium, and brominated flame retardants, which pose
serious risks to ecosystems and human health when improperly handled [12].

In many recipient countries, informal recycling practices such as open burning, acid leaching, and manual dismantling
release toxic pollutants into the air, soil, and water, contributing to biodiversity loss and long-term ecological
degradation [13]. Case studies from Agbogbloshie in Ghana and Guiyu in China illustrate severe health impacts on
workers and nearby communities, including respiratory illnesses, skin disorders, and DNA damage [14]. These practices
also expose individuals to toxic metals such as cadmium and lead, increasing risks of respiratory issues and
developmental disorders [13].

Studies have documented elevated concentrations of hazardous substances near informal recycling sites, with adverse
effects on workers and surrounding communities [15]. These findings are corroborated by global studies showing
elevated risks of hormonal imbalances, renal dysfunction, and cardiovascular symptoms among exposed populations
[16].

Beyond physical health, the social impacts of e-waste dumping are significant, including displacement of traditional

livelihoods and increased child labor in informal recycling sectors. The practice disproportionately affects marginalized
communities in the Global South, raising concerns of environmental justice. Scholars argue that the transboundary
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movement of e-waste from high-income to low-income countries reflects a form of modern waste imperialism, where
environmental burdens are externalized to vulnerable populations [17; 18].

The environmental justice lens highlights the unequal distribution of environmental harms and the need for corrective
and procedural justice in global waste governance. Without robust international cooperation and domestic
accountability, the environmental and social costs of e-waste exports will continue to undermine sustainable
development and public health in affected regions.

5. Trade Compliance Challenges

Trade compliance in the context of U.S. e-waste exports is fraught with legal ambiguities, enforcement gaps, and
systemic loopholes that undermine environmental and regulatory integrity. Despite the presence of federal agencies
such as the U.S. Customs and Border Protection (CBP), Environmental Protection Agency (EPA), and the Office of Foreign
Assets Control (OFAC), enforcement of e-waste export regulations remains inconsistent and reactive [11].

Section 321 of the Trade Facilitation and Trade Enforcement Act (TFTEA) is originally intended to expedite low-value
shipments and reduce customs burden. One major challenge, however, is the exploitation of informal trade routes and
the use of de minimis exemptions under the TFTEA, which allows shipments under $800 to bypass formal customs
declarations. This loophole has enabled the export of small parcels of e-waste without adequate oversight, contributing
to regulatory evasion and environmental harm. Wijethilake, Adhikari, and Upadhaya [19] argue that such regulatory
gaps facilitate transboundary waste dumping from the Global North to the Global South, undermining accountability
and enabling environmental harm through informal and poorly monitored channels.

The lack of harmonized export controls also complicates compliance. The United States has not ratified the Basel
Convention, which prohibits trade in hazardous waste between Parties and non-Parties. As a result, U.S. recyclers often
rely on bilateral agreements or operate in legal grey zones, risking violations of international law and reputational
damage. Renckens [20] argues that the U.S.’s failure to ratify the Basel Convention, combined with weak domestic
legislation on e-waste exports, has created regulatory gaps that non-state actors have attempted to fill through
voluntary certification programs, such as e-stewards and R2 certification schemes. These efforts, however, reflect
fragmented governance and underscore the challenges of enforcing environmental standards in the absence of binding
international commitments.

Case studies reveal widespread non-compliance among U.S. recyclers, particularly in the export of mixed plastic
fractions of e-waste. These materials are often shipped to countries with inadequate recycling infrastructure, where
they are dumped or burned, violating both environmental and trade norms. Saxena and Chaudhary [15] document how
informal recycling practices in countries like India and China result in toxic exposure and environmental degradation,
exacerbated by the export of poorly sorted e-waste from developed nations such as the United States.

Moreover, the World Trade Organization (WTO) framework presents legal constraints on unilateral export restrictions.
Any attempt by the U.S. to impose a ban or quota on e-waste exports must be carefully justified under Article XX of the
General Agreement on Tariffs and Trade (GATT) to avoid trade disputes. Rathore and Singh [21] argue that while Article
XX provides a legal basis for environmental exceptions, its application is constrained by strict requirements of necessity,
non-discrimination, and good faith. WTO jurisprudence, including cases like US-Shrimp and US-Gasoline, demonstrates
that environmental trade measures must pass both the specific exception criteria and the chapeau test to be deemed
WTO-compliant, making unilateral restrictions legally complex and vulnerable to challenge.

6. Comparative Models and Global Best Practices

Comparative analysis of international e-waste governance reveals several models that offer valuable lessons for
reforming U.S. export policies. Table 1 summarizes key features, strengths, and challenges of these governance models,
providing a quick reference for comparative insights. The European Union (EU) stands out for its comprehensive
regulatory framework, particularly the Waste Electrical and Electronic Equipment (WEEE) Directive, which mandates
Extended Producer Responsibility (EPR) and sets ambitious collection and recycling targets. Under the WEEE Directive,
producers are financially and operationally responsible for the end-of-life management of electronic products, including
proper collection, treatment, and recycling [22].

Despite challenges, including high compliance costs and low consumer participation in take-back programs in meeting
collection targets, the EU’s approach has led to significant improvements in formal recycling infrastructure and
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stakeholder coordination. A recent review of 20 years of EU e-waste regulation highlights the integration of circular
economy principles and the evolution of innovation technologies for low-impact recycling [23]. Countries such as
Germany, Belgium, and Italy have implemented national EPR schemes with varying degrees of success, often through
Producer Responsibility Organizations (PROs) that facilitate compliance and logistics [24].

In Canada, e-waste governance is decentralized, with provinces adopting their own Extended Producer Responsibility
(EPR) programs. While this mirrors the decentralized U.S. state-level approach, Canadian provinces have achieved
higher collection rates through harmonized standards and centralized coordination bodies. Leclerc and Badami [25]
found that multilevel governance frameworks in Canadian provinces, particularly those that foster collaboration
between municipalities and producer responsibility organizations, contribute to more effective e-waste collection and
recycling outcomes. Their empirical study highlights how program legitimacy, logistical efficiencies, and funding
mechanisms drive municipal participation, while lack of transparency and limited scope can hinder success.

Globally, best practices in e-waste export regulation include mandatory take-back schemes, traceability systems, and
prior informed consent (PIC) procedures aligned with the Basel Convention. The International Telecommunication
Union (ITU) and UNITAR report that 81 countries have adopted e-waste legislation, with 67 incorporating Extended
Producer Responsibility (EPR) provisions. These frameworks aim to reduce illegal dumping, promote domestic
recycling, and ensure environmentally sound management of exported waste. Forti, Baldé, and Kuehr [26] emphasize
that while global e-waste generation reached 62 million tonnes in 2022, only 22.3% was formally collected and recycled,
underscoring the urgency of harmonized policy implementation and international cooperation.

Table 1 Comparative Models of E-Waste Governance

Region Key Features Strength Challenges

European WEEE Directive; Mandatory | Strong centralized oversight; | Difficulty meeting

Union (EU) | Extended Producer Responsibility | High formal recycling rates; | ambitious collection
(EPR); Collection and recycling | Integration of circular economy | targets; Compliance costs
targets principles for producers

Canada Provincial EPR programs; | Higher collection rates; Clearer | Decentralized
Harmonized standards; | coordination; Strong stakeholder | governance; Variability in
Collaboration between | engagement program  scope and
municipalities and Producer transparency

Responsibility Organizations (PROs)

Global Best | Basel Convention controls; Prior | Reduces illegal dumping; | Enforcement gaps;
Practices Informed Consent (PIC) for exports; | Promotes environmentally sound | Limited  capacity in
Traceability systems management; Encourages | developing countries

international cooperation

Effective e-waste governance is characterized by EPR, centralized oversight, and robust traceability. The EU's
harmonized approach and Canada's decentralized model highlight the importance of coordination and stakeholder
engagement. Basel Convention principles emphasize international cooperation and prior informed consent. These
insights inform U.S. policy reform, underscoring the need for harmonization, transparency, and innovation in e-waste
export governance.

7. Policy Reform Proposals in Literature

Recent literature and legislative developments underscore the urgent need to modernize U.S. e-waste export
governance through comprehensive policy reforms. Scholars and policymakers alike have proposed a range of
interventions aimed at strengthening federal oversight, incentivizing domestic recycling, and enhancing transparency
in export chains.

One of the most prominent legislative efforts is the Secure E-Waste Export and Recycling Act (SEERA), introduced in the

119th Congress as H.R.2998. The bill seeks to prohibit the export of untested, non-working electronic waste to countries
with inadequate recycling infrastructure, thereby curbing environmental harm and reducing the risk of counterfeit
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electronics re-entering U.S. supply chains. According to Diaz-Balart and Espaillat [27], SEERA also aims to create
domestic jobs by mandating that e-waste recycling occur within the United States, aligning with broader circular
economy goals and national security priorities.

Complementing SEERA, the CIRCLE Act proposes fiscal incentives for private and municipal investments in recycling
infrastructure, underscoring a burgeoning recognition that economic instruments can expedite the transition to a
circular economy by enhancing the financial viability of domestic recycling initiatives. According to Fitzpatrick and
Suozzi [28], the CIRCLE Act institutes a 30% investment tax credit, incrementally phased out over a 10-year period, for
qualified investments in recycling infrastructure, encompassing machinery, equipment, and software. Municipalities
are eligible for direct rebates, thereby enabling local governments to modernize recycling systems without imposing
additional fiscal burdens on taxpayers. Projections indicate that the bill is poised to stimulate over $30 billion in
economic value, generate over 200,000 jobs, and avert the landfilling of 169 million tons of recyclable materials. The
EPA’s National Recycling Strategy also emphasizes the need for systemic reforms, including improved market
development for recycled materials and stakeholder-led actions to build a resilient recycling system [29].

Academic literature supports these policy directions. Padi and Nyapom [30] advocate for holistic and enforceable
frameworks that integrate education, infrastructure, and global collaboration to manage e-waste sustainably. Similarly,
Singh et al. [31] highlights the importance of circular economy models and calls for stronger regulatory mechanisms to
improve recycling rates and reduce environmental harm.

Transparency and traceability in export chains are also central to reform proposals. Emerging technologies such as
blockchain and IoT are being explored to track e-waste from origin to final processing, to ensure accountability and
reduce illegal dumping [32; 33]. These innovations offer promising avenues for enhancing compliance and building
trust among stakeholders.

8. Feasibility and Scalability

While policy reform proposals for U.S. e-waste export governance are abundant, their feasibility and scalability are
shaped by a complex mix of political, institutional, economic, and stakeholder dynamics. The fragmented heterogeneeus
nature of U.S. e-waste legislation, where 25 states have adopted varying policies, and the federal government has yet to
enact comprehensive national regulation poses a significant barrier to harmonized reform [34]. A barrier that can be
mitigated through a federal harmonization mandate supported by enhanced interagency coordination.

Institutional constraints such as limited federal authority, competing agency mandates, and budgetary limitations
hinder the implementation of cohesive national strategies. The National Strategy for Electronics Stewardship (NSES),
developed by the EPA and other federal agencies, outlines goals for improving domestic recycling and reducing harmful
exports, but its voluntary nature and lack of enforcement mechanisms limit its impact [5].

Political will is another critical factor. Although EPR frameworks have gained traction in several states, federal-level
adoption has stalled due to industry lobbying, regulatory inertia, and competing legislative priorities. Walls and Calcott
[35] argue that fragmented governance and strong producer opposition have hindered national EPR legislation in the
United States, despite evidence that harmonized federal standards could improve recycling efficiency and reduce
compliance costs. Their analysis highlights how political economic dynamics, particularly electronics manufacturers’
lobbying, shape the feasibility of nationwide e-waste policy.

Stakeholder perspectives reveal both opportunities and challenges. Manufacturers express concern over cost burdens
and logistical complexities, while recyclers advocate for clearer standards and financial support. Civil society
organizations emphasize the need for transparency and environmental justice, particularly in preventing harmful
exports to the Global South [36; 37].

Implementation pathways must also consider infrastructure readiness. Many U.S. states lack adequate recycling
facilities, and informal handling persists in some regions. Technological innovations such as Al-driven sorting and
blockchain-based traceability offer scalable solutions but require investment and regulatory support [38]. For example,
the implementation of blockchain-based traceability systems in European recycling programs has improved compliance
rates and reduced the incidence of illegal exports.
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9. Strategic Pathways for Harmonized E-Waste Governance

The evolving regulatory landscape underscores the urgent need for a harmonized federal policy that aligns with
international standards and supports environmentally sound management of e-waste [4; 26]. Without such alignment,
the United States risks continued non-compliance and reputational damage in global environmental governance.
Current trade compliance is marked by disparate oversight, legal loopholes, and limited international engagement,
necessitating coordinated policy reform, enhanced enforcement mechanisms, and stronger global alignment [35; 34].
Comparative evidence from successful governance models highlights key features, including clear legal mandates,
centralized oversight, robust data systems, and strong enforcement that remain largely absent in U.S. export governance
[23; 25]. Consequently, the literature converges on a multi-pronged reform agenda: strengthening federal oversight,
incentivizing domestic recycling, aligning with international standards, and leveraging digital technologies for
traceability [32; 33]. Scalable reform is possible but contingent on multi-level coordination, stakeholder engagement,
and sustained political commitment. Best practices identified across literature include: (i) mandatory Extended
Producer Responsibility (EPR) schemes, (ii) centralized oversight and harmonized standards, (iii) robust traceability
systems using digital technologies, and (iv) international cooperation through Basel Convention principles. These
elements collectively form the foundation for effective and scalable e-waste governance. A phased approach, beginning
with federal harmonization, followed by infrastructure development and digital integration, offers the most viable
pathway toward an environmentally sound and legally coherent e-waste export governance framework [28].

10. Conclusion

The literature reveals that U.S. e-waste export governance is characterized by disparate domestic regulation, limited
federal oversight, and weak alignment with international environmental and trade standards. The environmental and
social harms associated with informal recycling in importing countries underscore the urgency of reform. Comparative
models from the EU and Canada demonstrate the effectiveness of extended producer responsibility, centralized
oversight, and traceability mechanisms. Policy proposals such as SEERA and the CIRCLE Act offer promising pathways,
but their success depends on overcoming institutional inertia, political resistance, and infrastructure gaps. A
harmonized, enforceable, and transparent governance framework, grounded in circular economy principles and global
cooperation is essential for ensuring environmentally sound and legally compliant e-waste export practices in the
United States. Future research should explore the integration of Al-driven sorting technologies and assess the
effectiveness of blockchain in ensuring traceability. Policymakers should prioritize federal harmonization as the first
step toward reform.
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