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Abstract 
Electronic waste is one of the fastest-growing waste streams globally and poses a dual challenge: hazardous exposure risk when products are poorly handled and lost circular-economy value when recoverable materials are not safely captured. Globally, 62 billion kg of e-waste were generated in 2022, yet only 22.3% was documented as formally collected and recycled in an environmentally sound manner. In the United States, federal hazardous-waste rules, voluntary recycler certification, and locally organised collection systems create a fragmented governance landscape, while worker-health evidence continues to identify exposure risks from lead, cadmium, and other toxicants during recycling operations. This original research article examines the relationship between environmental health compliance and resource recovery outcomes in the five-county Metro Atlanta core of Fulton, DeKalb, Cobb, Gwinnett, and Clayton. Using a cross-sectional mixed-methods design grounded in official regulatory, county service, certification, and demographic sources, the study develops a simulated analytical dataset for manuscript development and applies an Environmental Health Compliance Index alongside recovery indicators for reuse, materials recovery, and access continuity. Illustrative results suggest that higher compliance is associated with higher recovery efficiency, lower residual disposal, and better county-level service continuity, with the strongest performance observed in counties with permanent or appointment-based formal collection and the weakest in counties relying on periodic events or lacking county-run electronics acceptance. The study indicates that environmental health compliance is not only a regulatory obligation but also a practical determinant of safer urban e-waste management and stronger resource recovery. 
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Introduction
Electronic waste has become a defining environmental health problem of the digital era. The latest global monitoring data show that 62 billion kg of e-waste were generated in 2022, equal to 7.8 kg per capita, but only 22.3% entered documented formal collection and environmentally sound recycling; by 2030, generation is projected to reach 82 billion kg under business-as-usual conditions [1]. The same global evidence also identifies a substantial economic loss associated with mismanaged e-waste, including externalised health and environmental costs linked to lead, mercury, plastic leakage, and climate impacts [1]. 
The public health concern is not limited to disposal volumes. WHO notes that e-waste contains components of economic value when recycled properly, but also hazardous substances that may be released directly into the environment when items are handled inappropriately; additional hazardous substances can be formed during recycling itself when modern industrial safeguards are absent [2]. WHO further emphasises that e-waste-related exposures include lead, mercury, cadmium, and dioxins, with neurodevelopmental and other health risks especially important for vulnerable populations [2,3]. 
Occupational evidence from the United States reinforces this risk pathway. NIOSH has documented employee exposures to lead, cadmium, chromium, and noise in e-scrap recycling facilities and reported that workers in facilities processing CRT glass can be overexposed to lead and cadmium, including in areas away from the main processing zone [9,10]. NIOSH also found toxic-metal contamination on surfaces outside production areas and described conditions that enable “take-home” exposure through clothing, shoes, vehicles, and homes, while the Georgia Department of Public Health specifically warns that disassembly and shredding can expose workers to toxic lead dust by inhalation and ingestion [18]. 
These risks explain why environmental health compliance matters in e-waste management. At the federal level, EPA states that CRTs marked for disposal are hazardous waste because of lead in funnel glass unless managed under qualifying recycling conditions [6], and Georgia EPD maintains a hazardous-waste compliance program that inspects generators for adherence to applicable rules [19]. Georgia EPD also requires, beginning 22 January 2025, registration and account maintenance in RCRAInfo for large- and small-quantity generators that need access to final signed e-Manifests from receiving facilities [20]. Together, these requirements show that legal compliance, documentation, tracking, and safe handling are foundational public health functions rather than administrative formalities [6,19,20]. 
At the same time, compliance is closely linked to sustainability and resource recovery. EPA notes that electronics contain metals, plastics, and glass whose recovery conserves natural resources and avoids air and water pollution [4], and EPA’s broader recycling-system assessment states that electronic recycling infrastructure is needed to recapture silver, gold, palladium, copper, plastics, and glass [7]. R2 guidance similarly adopts a reuse-first hierarchy and then emphasises maximising materials recovery when reuse is no longer feasible, connecting environmental health management with circular-economy performance [16,17].
The United States context remains institutionally fragmented. EPA encourages the use of certified recyclers and recognises R2 and e-Stewards as third-party standards that assess environmental, worker health, and security practices [5]. EPA’s implementation study found that these standards have generally brought better management and a growing understanding of regulatory, environmental, health, and safety requirements, although knowledge gaps remain in legal requirements, hazardous substances, and health-and-safety best practices [8]. EPA also identified 772 certified electronics recyclers in the United States in its recent recycling infrastructure assessment, indicating a formal processing network that exists but still requires modernization and stronger collection access [7].
Georgia reflects this broader patchwork. The Land Protection Branch at Georgia EPD regulates hazardous waste, solid waste, and recovered materials [19], while the state’s Recycling and Waste Diversion Grant explicitly aims to reduce solid waste, recover valuable materials, and support local innovation [22]. Even so, Georgia EPD acknowledges that household hazardous waste options in the state are “extremely limited,” suggesting that safe handling opportunities for households remain uneven and often locally mediated [21]. 
Metro Atlanta is therefore an important urban case. In the five-county core used in this study, Fulton, DeKalb, Cobb, Gwinnett, and Clayton, the combined 2024 estimated population approached 3.95 million residents [31-35]. Yet county and city service models differ substantially: the City of Atlanta provides appointment-only e-waste and hazardous-material collection; DeKalb County operates e-recycling drop-off at Seminole Road Landfill; Cobb County accepts electronics at its transfer station with fees and excludes televisions from electronics recycling; Gwinnett County emphasizes special collection events; Fulton County promotes annual HHW days and directs residents to hard-to-recycle centers; and Clayton County’s recycling drop-off center does not list electronics among accepted materials, although the Clayton County Water Authority hosts annual HHW collection [23-30]. 
This fragmentation suggests a practical research gap. Publicly available regulatory and local-program sources describe rules, services, and selected certification mechanisms, but they do not provide an integrated, Metro Atlanta-centred analysis of how environmental health compliance conditions may shape resource recovery performance across counties. The present study addresses that gap by proposing and applying a county-comparative framework that links compliance, hazardous-exposure prevention, and recovery outcomes in a major southeastern metropolitan region [4-8,16-30].
Aim and Objectives. The overall aim of this study was to analyse how environmental health compliance conditions influence resource recovery outcomes in sustainable e-waste management across Metro Atlanta. The specific objectives were: (i) to characterize the formal e-waste management landscape in Fulton, DeKalb, Cobb, Gwinnett, and Clayton counties; (ii) to develop a composite framework for assessing environmental health compliance in e-waste collection and processing settings; (iii) to estimate county- and facility-type variation in resource recovery performance using illustrative analytical estimates; (iv) to examine the relationship between compliance performance and recovery outcomes; and (v) to identify actionable implications for local governments, recyclers, regulators, and public health practitioners. The study was guided by the hypothesis that stronger environmental health compliance would be associated with higher formal recovery efficiency and lower residual disposal.
Materials and Methods
2.1. Study Area. The study focused on the five-county core of Metro Atlanta: Fulton, DeKalb, Cobb, Gwinnett, and Clayton. Using 2024 U.S. Census QuickFacts estimates, these counties had populations of 1,090,354; 770,307; 787,538; 1,003,869; and 297,703, respectively, for a combined population of approximately 3.95 million [31-35]. The five-county focus was selected because it captures the most densely urbanized and administratively interconnected portion of the Atlanta region while still containing distinct local waste-service models. 
2.2. Study Design. A convergent mixed-methods, cross-sectional observational design was developed for this manuscript. The qualitative component consisted of a structured review of official regulations, collection-program descriptions, certification requirements, and worker-health guidance. The quantitative component used simulated study data for manuscript development, parameterised from those public sources to create illustrative facility/program observations and county-comparative estimates. Because the quantitative dataset is simulated, the study should be interpreted as a rigorously informed analytic framework rather than a completed field investigation.
2.3. Data Sources. Data sources included: WHO global health guidance on e-waste; ITU/UNITAR global e-waste statistics; EPA guidance on electronics donation, certified recyclers, CRT regulation, and recycling infrastructure; Georgia EPD hazardous-waste compliance guidance, e-Manifest registration requirements, HHW guidance, and recycling/diversion grant materials; official county and city pages describing e-waste or HHW collection services; Fulton County public pollution-prevention materials; Clayton County Water Authority HHW materials; the SERI R2 directory and R2v3 requirements; and U.S. Census county quickfacts [1-35]. Publicly visible R2 directory results also indicated active certified capacity in the Atlanta/Alpharetta market, supporting the assumption that formal private processing exists in the study area [16,17]. 
2.4. Sampling Strategy and Study Population. The illustrative analytic sample contained 18 program/facility observations distributed across the five counties, with intentional representation of four types of formal e-waste management actors: permanent public drop-off systems, event-based public collection programs, private R2-certified IT asset disposition/recycling facilities, and private non-certified collection/brokerage actors. The simulated county allocation was Fulton (n = 5), DeKalb (n = 4), Cobb (n = 3), Gwinnett (n = 3), and Clayton (n = 3). This design was intended to reflect spatial diversity, service continuity, and differences in regulatory visibility without claiming a census of all actual facilities.
2.5. Environmental Health Compliance Indicators. An Environmental Health Compliance Index (EHCI; range 0–100) was created from nine domains: legal compliance planning; hazardous-component segregation; documented battery/CRT handling; worker toxic-exposure controls; environmental health and safety management systems; downstream chain-of-custody controls; manifest or throughput documentation; emergency preparedness/spill response; and clarity of public-facing acceptance/restriction instructions. Indicator selection was informed by EPA’s certified recycler framework, EPA’s CRT rule, Georgia EPD hazardous-waste compliance guidance and e-Manifest requirements, OSHA/NIOSH worker-hazard findings, and the R2v3 core requirements for environmental health and safety management, legal compliance, and tracking throughput [5,6,9,10,16-20].
2.6. Resource Recovery Outcome Measures. Resource recovery performance was measured using four indicators: (i) estimated formal collection/service intensity, expressed as a normalized access proxy; (ii) estimated materials recovery rate, defined as the percentage of incoming mass directed to formal recycling; (iii) estimated reuse/refurbishment share; and (iv) residual disposal share. These measures were chosen because EPA and R2 both frame electronics management around reuse, recycling, and safe downstream handling, while circular-economy literature emphasizes prolonged device life, higher-value recovery, and reduced virgin-material demand [4,7,14-17]. 
2.7. Data Collection Procedures. Each county’s public-facing electronics and HHW service model was coded for continuity of access, restrictions, fee barriers, and explicit hazardous-material handling language. Regulatory and certification sources were coded for legal, occupational, and downstream accountability requirements. The simulated dataset was then generated by assigning plausible parameter ranges to each observation on the basis of service type, apparent formalization, certification status, and county program maturity [23-30]. To avoid false precision, all modeled outputs were rounded and reported as illustrative analytical estimates.
2.8. Data Analysis. Descriptive statistics were used to summarize sample composition, EHCI performance, and county-level recovery proxies. Comparative analysis grouped observations into high (≥80), moderate (65–79), and low (<65) compliance tiers. A simple illustrative regression model examined the association between EHCI score and materials recovery rate, adjusting for facility/program type and county. Because the numeric dataset was simulated, modeled coefficients are presented as scenario-based directional estimates rather than inferential evidence suitable for causal claims.
2.9. Ethical Considerations. The manuscript development dataset used public documents and simulated analytic values only; no human-subject interviews, surveys, or facility inspections were carried out for this draft. Accordingly, no personally identifiable information was processed. A future real-world version of the study that includes worker interviews, municipal informants, or facility auditing should undergo institutional ethics review and, where applicable, obtain informed consent.
Figure 1. Conceptual framework linking environmental health compliance, safe e-waste handling, and resource recovery outcomes.
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Results
3.1. Characteristics of E-Waste Management Facilities or Respondents. The simulated sample included 18 program/facility observations. Public-sector observations dominated the analytic frame, but certified private processors were included to capture formal downstream capacity. This distribution reflects the public evidence base in Metro Atlanta, where several counties emphasize collection access while formal processing capacity is also visible through the R2 directory. 
Table 1. Characteristics of sampled e-waste facilities, programs, or respondents.
	Facility/program type
	Description
	Illustrative n (%)

	Permanent public collection
	County landfill, transfer station, convenience center, or appointment-based site
	6 (33.3)

	Event-based public collection
	HHW or recycling event model with periodic electronics acceptance
	4 (22.2)

	Private R2-certified processor/ITAD
	Formal private processor with certification-based management assumptions
	5 (27.8)

	Private non-certified collector/broker
	Commercial collector or intermediary with lower public compliance visibility
	3 (16.7)


In the simulated sample, Fulton and DeKalb contained the greatest concentration of formal access points or partner pathways, while Gwinnett and Clayton depended more heavily on event-based or partial-service models. Cobb represented an intermediate case with an established transfer-station route but clearer fee barriers for some item categories. These county differences align with official service descriptions published by local governments [23-30]. 
3.2. Environmental Health Compliance Performance. The simulated mean EHCI score across all 18 observations was 71.8/100. By facility/program type, the highest mean scores were observed for private R2-certified processors (84.8), followed by permanent public programs (74.2), event-based public programs (63.5), and non-certified private collectors/brokers (57.1). Six observations fell in the high-compliance tier, seven in the moderate tier, and five in the low tier.
The best-performing domains were public-facing acceptance/restriction instructions, battery/CRT segregation language, and general legal-compliance visibility. The weakest domains were auditable manifest or throughput documentation visible to the public, explicit worker toxic-exposure protections, and downstream transparency. This pattern is consistent with the fact that local collection pages often explain what residents may bring, while occupational, downstream, and documentation controls are more likely to be embedded in certification and internal compliance systems than in public communications [16-30]. 
Table 2. Environmental health compliance indicators and performance levels.
	Indicator
	Operational basis
	Illustrative performance

	Legal and hazardous-waste compliance
	Georgia EPD compliance guidance, EPA certified recycler framework, R2 legal requirements [5,16,17,19]
	72% documented; moderate overall

	Worker protection and toxic-exposure control
	OSHA/NIOSH and Georgia DPH lead/cadmium guidance [9,10,18]
	56% high or moderate; weakest domain

	Segregation, tracking, and downstream management
	CRT rule, e-Manifest pathway, R2 tracking/downstream requirements [6,16,17,20]
	67% documented chain-of-custody; 50% auditable visibility

	Public-facing collection safeguards
	Accepted-item instructions, fee clarity, HHW integration, battery/CRT restrictions [21,23-30]
	83% clear guidance; strongest domain


The composite pattern suggests that formal compliance maturity in Metro Atlanta is likely driven less by basic public awareness materials and more by the extent to which facilities can demonstrate auditable environmental health systems, worker safeguards, and documented downstream accountability [16-20,23-30].
3.3. Resource Recovery Outcomes. Simulated resource recovery performance also varied by facility/program type. R2-certified private processors showed the highest materials recovery rate (mean 79%), the highest reuse/refurbishment share (18%), and the lowest residual disposal share (21%). Permanent public programs achieved a mean recovery rate of 73%, while event-based programs averaged 67%, partially reflecting episodic access and higher user inconvenience. Non-certified collectors/brokers performed worst in the simulated dataset, averaging a 61% recovery rate and the lowest traceable reuse share.
These results are plausible in light of EPA’s emphasis on recycling through certified recyclers and R2’s reuse-first hierarchy, which prioritizes testing, repair, and materials recovery while requiring stronger tracking and management systems. They also align with the practical reality that year-round collection pathways are better positioned than occasional events to direct materials into stable downstream channels [4,5,16,17]. 
3.4. Relationship Between Compliance and Resource Recovery. In the illustrative model, each 10-point increase in EHCI score was associated with a 4.6 percentage-point increase in the estimated materials recovery rate after adjustment for county and facility type. High-compliance observations achieved a mean recovery rate of 79%, compared with 61% among low-compliance observations. The same pattern was visible for reuse share, which rose from 9% in the low-compliance tier to 18% in the high-compliance tier.
This simulated association suggests that environmental health compliance may operate as a systems-quality signal. Facilities/programs with stronger legal controls, better hazardous-material segregation, and more robust throughput tracking appear better equipped to recover value, minimize leakage to disposal, and manage high-risk streams safely.
3.5. Spatial or County-Level Variation Across Metro Atlanta. County-level results showed a clear gradient. DeKalb and Fulton displayed the strongest simulated combined performance because of formal e-recycling or appointment-based systems supplemented by HHW or partner hard-to-recycle pathways. Cobb ranked in the middle because formal access exists but fee barriers and item exclusions reduced continuity and equity of access. Gwinnett scored lower due to reliance on periodic special events, and Clayton scored lowest because official county recycling-center acceptance lists did not include electronics, leaving HHW events as the most visible formal hazardous-material route [23-30]. 
Table 3. Resource recovery outcomes by county.
	County
	Public service profile
	Illustrative county outcome

	Fulton
	Appointment-based e-waste site, HHW events, partner hard-to-recycle sites [23,27,28]
	EHCI 75/100; recovery 74%; moderate-high access

	DeKalb
	Permanent e-recycling drop-off at Seminole Road Landfill [24]
	EHCI 77/100; recovery 76%; highest access

	Cobb
	Transfer-station electronics drop-off with fees and TV restrictions [25]
	EHCI 69/100; recovery 71%; moderate access

	Gwinnett
	Special event model for electronics and hard-to-recycle materials [26]
	EHCI 62/100; recovery 68%; lower continuity

	Clayton
	County recycling center excludes electronics; annual HHW route visible [29,30]
	EHCI 55/100; recovery 63%; lowest formal access


Table note: County profiles were constructed from official county/city service descriptions and then translated into simulated performance estimates for manuscript development. 
Figure 2. Metro Atlanta county-level comparison of compliance and resource recovery performance.
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3.6. Summary of Key Findings. Overall, the simulated Metro Atlanta analysis indicates that environmental health compliance and resource recovery outcomes are positively aligned. Counties and facility types with stronger formalization, certification visibility, or more continuous collection access achieved better modeled outcomes for safe handling and material recovery. Conversely, fragmented service models, fee barriers, and weak evidence of downstream documentation were associated with lower performance and potentially greater public-health vulnerability at the point of discard.
Discussion
The study’s central finding is that environmental health compliance appears to function as both a protective health mechanism and a circular-economy enabler in urban e-waste systems. In the Metro Atlanta scenario developed here, higher compliance scores coincided with higher materials recovery, higher reuse shares, and lower residual disposal. This is conceptually consistent with EPA’s view that responsible electronics recycling reduces environmental and human health impacts while conserving valuable materials, and with R2’s requirement to prioritize reuse and then maximise materials recovery under documented environmental health and safety controls [4,7,16,17].
The environmental-health interpretation of these results is especially important. NIOSH has repeatedly shown that e-scrap recycling can expose workers to lead, cadmium, chromium, noise, and contamination beyond direct processing areas, while WHO emphasises the broader risks posed by toxicants in e-waste and by unsafe recycling conditions. The implication is that compliance should not be framed only as law-following; it is an exposure-prevention strategy that directly affects workers, families, nearby communities, and downstream users of recovered materials [2,3,9,10,18]. 
The simulated association between compliance and recovery also agrees with prior evidence on certification systems. EPA’s implementation study concluded that R2 and e-Stewards generally improved management order, regulatory understanding, and awareness of environmental, health, and safety risks, even while identifying continued needs for stronger knowledge of hazardous substances and federal/state legal requirements. That conclusion maps closely onto the present study’s pattern, where the strongest-performing observations were those assumed to operate within certification-style management systems and auditable downstream controls [5,8,16,17]. 
The circular-economy implications are equally clear. Global and review literature continues to argue that electronics must be managed through reuse, repair, and higher-value recovery rather than disposal. The 2024 Global E-waste Monitor documented continued underperformance in formal collection and recycling, while recent review work has emphasized the need for policy architectures and life-cycle thinking that connect product longevity, collection access, and end-of-life recovery [1,14,15]. The Metro Atlanta findings, even as scenario-based estimates, support this perspective by showing that recovery performance improves when governance and operational safeguards become stronger and more continuous [1,14,15]. 
At the county level, the study underscores the policy significance of service continuity. DeKalb and Fulton performed best in the simulated results because they offer formalized access points or partner routes that appear easier for residents to use on an ongoing basis. Gwinnett and Clayton performed less well because formal electronics pathways were more episodic or incomplete. This does not imply that those counties lack institutional capacity; rather, it suggests that public access architecture is itself a determinant of both exposure prevention and resource recovery. Where households cannot conveniently separate electronics from general waste, the probability of stockpiling, improper disposal, informal handoff, or missed recovery rises [23-30]. 
The results also matter for equity. Metro Atlanta’s five-county study area includes nearly four million residents [31-35], but the burden of navigating fee structures, appointment systems, travel distance, or event timing is unlikely to fall evenly across the population. Public-health protection in e-waste management therefore depends not only on the existence of a compliant downstream processor, but also on whether residents can reach formal pathways reliably and affordably. This is one reason Georgia’s Recycling and Waste Diversion Grant framework is relevant: grant-supported expansion of collection and diversion infrastructure could improve both safety and circular recovery, particularly in counties with weaker formal electronics access [22]. 
Implementation implications for Metro Atlanta. First, local governments should shift from predominantly episodic collection models toward year-round access wherever feasible, especially in counties that currently rely on special-event collection [23-30]. Second, county and municipal contracts should preferentially require certified downstream recyclers and explicit battery/CRT handling protocols, because EPA and R2 both treat certification and auditable controls as mechanisms for safer management [4-8,16,17]. Third, Georgia EPD’s e-Manifest environment should be used more strategically to strengthen transparency where regulated hazardous streams are involved [20]. Fourth, county communications should standardize public instructions on accepted items, fees, data security, batteries, and hazardous components to reduce contamination and mis-sorting [23-30]. Finally, metropolitan coordination could help equalize service coverage across county boundaries rather than leaving residents dependent on uneven local arrangements [23-30]. 
Conclusions and Limitations
Conclusions
This study developed and applied an original urban environmental-health framework for analyzing e-waste management in Metro Atlanta. Using a cross-sectional mixed-methods structure and simulated study data for manuscript development, it showed that stronger environmental health compliance is associated with better modeled resource recovery outcomes, including higher recycling efficiency, greater reuse share, and lower residual disposal.
The findings reinforce a broader public-health principle: safe e-waste management depends on more than collection volume. It requires regulatory literacy, formal tracking, toxic-exposure controls, downstream accountability, and accessible local collection pathways. Where those elements are stronger, hazardous-exposure risks are more likely to be reduced and circular-economy benefits are more likely to be realized. 
For Metro Atlanta, the comparative county pattern suggests that permanent and clearly governed service models outperform fragmented or periodic systems. This finding has direct implications for local governments, recyclers, public health officials, environmental regulators, and communities seeking to reduce landfill burden, prevent hazardous exposure, and improve urban resource recovery. As a manuscript framework, the study contributes a publishable structure and an analytically coherent model for future field-based environmental health research on e-waste in U.S. metropolitan regions.
Limitations
This manuscript has several important limitations. First, the analytic design is cross-sectional and cannot establish causality. Second, the facility-level quantitative values are simulated study data for manuscript development rather than observed operational records. Third, some public-facing county and facility sources provide clearer information on accepted items and access conditions than on worker controls, audits, manifests, or downstream processing, which may bias compliance scoring toward what is publicly disclosed. Fourth, the findings are context-specific to the five-county Metro Atlanta core and should not be generalized automatically to the entire Atlanta metropolitan statistical area or to other U.S. regions. Fifth, the absence of primary field interviews, inspections, and measured throughput data limits external validity. A future longitudinal study using audited facility data, worker/manager interviews, and geospatial access modeling would provide stronger empirical support.
Data Availability Statement
The public-source corpus used to inform this manuscript is cited throughout [1-35]. The simulated study framework, coding logic, and illustrative analytical estimates used for manuscript development are available from the corresponding author on reasonable request.
Abbreviations
	Abbreviation
	Meaning

	EPR
	Extended Producer Responsibility

	EPA
	Environmental Protection Agency

	E-Waste
	Electronic Waste

	GADNR
	Georgia Department of Natural Resources

	GIS
	Geographic Information System

	HHW
	Household Hazardous Waste

	ITAD
	IT Asset Disposition

	OSHA
	Occupational Safety and Health Administration

	R2
	Responsible Recycling

	WEEE
	Waste Electrical and Electronic Equipment





Highlights
Public health relevance
· Improper electronic waste handling can release lead, cadmium, mercury, flame retardants, and other hazardous substances into workplaces, homes, soil, water, and air, making e-waste management an environmental health issue rather than a narrowly technical waste problem.
· In Metro Atlanta, residents encounter uneven access to formal electronics collection services across counties, while Georgia’s hazardous-waste oversight still depends heavily on generator compliance, documentation, and safe downstream management. 
Public health significance
· Formal collection, safe segregation, worker protection, and auditable downstream controls can reduce hazardous exposures while supporting the circular recovery of metals, plastics, and reusable devices. 
· Global e-waste generation reached 62 billion kg in 2022, while only 22.3% was documented as formally collected and recycled, indicating that weak compliance and insufficient infrastructure remain major barriers to both exposure prevention and material recovery. 
Public health implications
· For Metro Atlanta, strengthening year-round access, certification-based procurement, hazardous-material tracking, and public instructions for batteries, CRTs, and other high-risk components could improve both environmental health protection and recovery performance. 
· For researchers and policy makers, this study offers a reproducible county-level framework for evaluating how environmental health compliance conditions shape circular-economy outcomes in urban e-waste systems. 
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Figure 1. Conceptual framework: complance inputs  intermediate controls-> resource recovery outcomes.
‘Dashed arrows indicate secondary or cross-tier pathways. Metro Atianta e-waste study.
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