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ABSTRACT 

	[bookmark: _GoBack][bookmark: _Hlk214453626]Traditional clinical and sociodemographic risk factors such as advanced maternal age, obesity, chronic hypertension, pregestational diabetes, prior obstetric complications, and limited prenatal care account for only part of the burden on maternal health. A growing body of evidence identifies environmental contaminants in water, housing, air, and consumer products, like nicotine in cigarettes, as modifiable contributors to adverse maternal and birth outcomes. This review examines synthesised evidence on exposure-outcome relationships, quantifies the preventable burden, and evaluates scaling strategies for evidence-based interventions for achieving elimination. A narrative review of studies linking prenatal environmental exposures to maternal outcomes, systematic reviews, meta-analyses examining effect sizes and remediation interventions, and case studies of successful contamination elimination programs in the United States was conducted. Studies show that lead exposure is associated with a 2-3-fold increased risk of gestational hypertension and preeclampsia, mercury exposure with a 1.5- 2.0-fold increased risk of gestational diabetes, and Per- and polyfluoroalkyl substances (PFAS) exposure with elevated odds of pre-eclampsia and pregnancy-induced hypertension. The study showed that Lead, mercury, and Per- and polyfluoroalkyl substances (PFAS) exposures contribute to tens of thousands of maternal complications annually in the U.S., including preeclampsia, gestational diabetes, and preterm birth, leading to significant health and economic impacts. Eliminating these exposures is feasible through interventions like lead service-line replacement and PFAS water treatment, but it requires sustained policy, funding, and community governance. Coordinated national action, focused on equity and accountability, can prevent harm, reduce maternal morbidity, and promote environmental and reproductive justice.
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INTRODUCTION 

The complications of maternal morbidity and mortality and their association with neonatal health have been a global problem for a long time. However, the most affected countries related to maternal morbidity, mortality, and neonatal health are the middle- and low-income countries [35]. The United States is experiencing a maternal health crisis unparalleled among high‑income nations. Maternal mortality has steadily increased over three decades to 32.9 deaths per 100,000 live births in 2021, more than double the rates in comparable wealthy countries and the highest among developed nations. [1], [2], [3] Severe maternal morbidity (SMM) now affects roughly 50,000–60,000 women annually, with corresponding 1.4–1.7% of birth outcomes, and has increased markedly since 2006, driven by rises in events such as blood transfusion and eclampsia.[4], [5] These outcomes are inequitably distributed among American women of African descent, Indian, and Alaska Native descent, who experience maternal mortality rates many times higher than those of non-Hispanic women of European ancestry, disparities that persist after accounting for education, income, and insurance, and implicate structural racism and systemic barriers to quality care. [1], [6], [7]
Traditional clinical and sociodemographic risk factors such as advanced maternal age, obesity, chronic hypertension, pregestational diabetes, prior obstetric complications, and limited prenatal care account for only part of the burden on maternal health. A growing body of evidence identifies environmental contaminants in water, housing, air, and consumer products, like nicotine in cigarettes, as modifiable contributors to adverse maternal and birth outcomes [8], [9]. Environmental  exposure  refers  to  direct  or  indirect  contact  with  physical,  biological,  solid  and  liquid chemical substances that is capable of endangering human health [37,38]. Lead, mercury, and per‑ and polyfluoroalkyl substances (PFAS) are of particular concern because these substances are nearly ubiquitous in reproductive‑age women, environmentally persistent, disproportionately concentrated in marginalized communities, biologically plausible drivers of placental, endocrine, inflammatory, metabolic, and vascular dysfunction, and in principle preventable through remediation and regulation [10], [11], [12]. High  exposure  of  humans  to polycyclic    aromatic    hydrocarbon    compounds during  pregnancy  has  been  shown  to  increase the    risk    of    adverse    pregnancy    outcomes including   low   birth   weight,   preterm   delivery, stillbirth  and  congenital  malformations [36].
Framing exposure reduction as an elimination goal leverages a successful public‑health paradigm. Reducing prevalence to near zero within a defined area through sustained intervention has precedent in environmental health, including the phase-out of leaded gasoline (yielding a nearly 90% decline in childhood blood lead), substantial reductions in mercury emissions under Clean Air Act rules, and bans on persistent organic pollutants such as Dichlorodiphenyltrichloroethane (DDT).[11], [12], [13], [14] This review synthesises evidence linking lead, mercury, and PFAS to maternal and birth complications. It evaluates elimination-oriented strategies ( such as regulatory reform, targeted remediation, exposure surveillance, community-centred interventions, and equity-focused policy levers) that could plausibly decrease environmentally attributable maternal morbidity and mortality within the coming decade.

Dynamics of Heavy Metal EXPOSURE TO ADVERSE MATERNAL Birth Outcomes

2.1 Lead Exposure and Maternal Outcomes
Epidemiologic evidence links maternal lead burden, measured in blood, cord blood, placental tissue, and bone, to hypertensive disorders, gestational diabetes, preterm delivery, and placental complications; associations are observed at levels below conventional reference thresholds and across diverse cohorts.[15], [16]  An experimental study by Zhong et al. and other observational cohorts in 2022 demonstrated that maternal blood lead levels, even below 5 μg/dL, are significantly associated with preeclampsia risk across multiple populations, with physiological mobilisation of skeletal lead during pregnancy contributing to the maternal burden. [16], [17]
Recent studies using early‑pregnancy measures and placental or bone matrices that reflect exposure during critical windows or cumulative burdens tend to show more potent effects, with lead adversely affecting maternal and fetal health. In a survey of 5,215 Korean women, higher maternal blood concentrations of heavy metals, including lead, during early pregnancy were linked to reduced birth weights of approximately 24 grams. [15], [16] Additionally, elevated placental cadmium levels (≥ 0.31 μg/g) are associated with an increased risk of pre-eclampsia and poor fetal growth, likely due to placental toxicity and nutrient transfer disruption.[18] This impact suggests both recent and lifetime heavy metal stores contribute to hypertensive and metabolic dysfunction in pregnancy.


2.2 Mercury Exposure and Maternal Birth Outcomes
Mercury exposure may contribute to gestational diabetes, preeclampsia, and preterm birth through its disruption of thyroid function and downstream effects on glucose and vascular regulation. A 2023 Swedish prospective birth cohort study of 515 women found that 12% of methylmercury's total impact on reduced birth weight and length was mediated through decreased maternal thyroid hormone levels in the third trimester, suggesting thyroid disruption as a mechanistic pathway. [19] Mercury’s interference with thyroid function and downstream effects on glucose and vascular regulation offer a plausible mechanistic pathway linking exposure to increased risks of GDM, pre-eclampsia, and preterm birth in susceptible populations. [18], [19]

2.3 PFAS exposure and maternal outcomes
Emerging epidemiologic evidence links prenatal PFAS exposure to hypertensive disorders of pregnancy, gestational diabetes, pregnancy loss, and placental dysfunction, with several large cohorts reporting dose–response relationships and stronger effects for early‑onset preeclampsia and in metabolically susceptible women. [20], [21], [22]A plasma analysis of early pregnancy links PFAS exposure to hypertensive disorders, with PFOA doubling associated with 51% higher odds of gestational hypertension. Meta-analyses showing PFOA, PFOS, and PFNA significantly increase preeclampsia risk (ORs 1.20–1.23) and pregnancy loss [22], especially in the first trimester. [23] These associations with estimated population‑attributable fractions of 15–20% in one cohort support the need for regulatory action despite remaining mechanistic uncertainties. [24] These findings collectively support a precautionary stance, given that pregnancy PFAS levels are associated with placental parameters of fetal-maternal exchange, highlighting their broad physiological impact despite heterogeneous findings across settings.

3. INTERVENTIONS TO ELIMINATE ENVIRONMENTAL CONTAMINANTS

3.1 Federal-Level Interventions
In 2024, the EPA finalised landmark regulations, including the Lead and Copper Rule Improvements, requiring the replacement of all lead service lines within 10 years and lowering the action level to 10 parts per billion. [25]  The PFAS National Primary Drinking Water Regulation establishes MCLs of 4.0 ng/L for PFOA/PFOS and 10 ng/L for other PFAS compounds, with compliance required by 2029.[25], [26] The designation of PFOA and PFOS as CERCLA hazardous substances enables cost recovery from responsible parties while protecting passive receptors, such as water utilities, through enforcement discretion policies [25], complemented by the Minamata Convention's comprehensive mercury controls, now implemented by 151 countries, including the U.S. [27] The Bipartisan Infrastructure Law provides unprecedented funding of $15 billion for lead service line replacement and $9-10 billion for PFAS remediation in drinking water systems, supporting communities most affected by environmental contamination.[26]  These regulatory actions are monitored through robust surveillance systems, including the CDC's National Health and Nutrition Examination Survey program, which tracks 17+ PFAS compounds and heavy metals in blood samples from participants in the US [28], and Pregnancy Risk Assessment Monitoring System (PRAMS), [29]  which collects population-based maternal health data from 46 states to assess the impacts of environmental exposures on birth outcomes.[28]

3.2 State and Regional Strategies
States are already demonstrating that stronger protections are both feasible and practical. Michigan’s 2020 PFAS limits and bans on PFAS uses show comprehensive source control at the state level. Rhode Island’s Lead Law, which combines universal screening with mandatory remediation in rental housing and imposes liability on landlords, has led to significant reductions in childhood lead poisoning. California’s Proposition 65 has driven product reformulation through disclosure requirements, and federal technical assistance and funding incentives should help accelerate adoption and foster interstate cooperation on cross-border contaminants. 
State Revolving Funds need to be restructured to provide equitable, maternal-health-focused infrastructure: significantly increase SRF capitalisation, implement equity-based prioritisation, directing 40–50% of resources to disadvantaged communities with dedicated application assistance, expand principal forgiveness to 30–40%, targeting environmental justice areas, and establish maternal-health set-asides (e.g., lead service-line replacement prioritised for households with pregnant women; PFAS treatment for maternity facilities) to ensure financing supports for elimination timelines. 

3.3 Community and Local Interventions
Community‑level action translates policy into measurable improvements in environmental quality and maternal health by pairing rapid infrastructure remediation with genuine community partnership, targeted public‑health capacity, and clinical integration. For instance, fast and equity-prioritised lead service‑line replacement and PFAS treatment yield rapid declines in tap concentrations and improvements in birth outcomes when accompanied by political leadership, diversified funding, multilingual outreach, and resident engagement.[30] Community‑based participatory research that positions residents as co‑investigators produces actionable science and sustained remediation priorities [31], whereas ignoring community reports prolongs exposure and erodes trust with severe health consequences.[32]  Local health departments should be resourced with environmental epidemiologists, GIS specialists, community health workers, and data‑integration infrastructure to identify hotspots and coordinate responses. At the same time, prenatal care settings must screen for ecological exposures, provide targeted testing and advisories, and link pregnant women to remediation and point‑of‑use interventions to protect maternal and perinatal outcomes.[30]

3.4 Clinical Interventions
Clinical care for environmentally exposed pregnant women should combine systematic screening, exposure‑focused management, and clinician advocacy while recognising that medical actions cannot substitute for upstream remediation. Additionally, implementing brief environmental health histories and EHR‑integrated screening tools to identify high‑risk housing, water, occupational, and dietary exposures. [33] Mitigating near-term risks in pregnancy involves implementing targeted biomarker testing, such as blood lead screening for high-risk individuals and selective mercury testing for frequent consumers of high-mercury fish, paired with exposure-specific counselling (e.g., lead hazard avoidance, nutritional support, substitution of low-mercury fish or omega-3 supplements, and PFAS mitigation via point-of-use filters or bottled water). These strategies should be integrated with enhanced surveillance protocols, including earlier glucose screening, more frequent blood pressure monitoring, and serial fetal growth scans, as well as selective interventions like aspirin for preeclampsia prevention, micronutrient supplementation, and thyroid function testing based on individual risk profiles.[33] Importantly, clinicians must document and report exposure‑related clusters to health departments, support patient access to remediation resources, and engage in policy advocacy. Clinical measures reduce individual risk and inform public‑health action but cannot replace the structural investments required to eliminate sources of lead, mercury, and PFAS.[34]



4. The Economic Case: Costs of Inaction Versus Investment in Elimination

4.1 The Economic Burden of Contamination-Attributable Adverse Birth Outcomes
Adverse birth outcomes represent one of the most economically consequential manifestations of environmental contamination, imposing costs that extend far beyond the perinatal period and reverberate across healthcare systems, educational institutions, labour markets, and families for decades. Low birth weight, preterm birth, stillbirth, and related complications generate immediate medical expenditures while also increasing the likelihood of lifelong disability, reduced educational attainment, and diminished economic productivity. When such outcomes are attributable to preventable environmental exposures to lead, mercury, per- and polyfluoroalkyl substances (PFAS), and other hazardous substances, including industrial effluents. These constitute not only a public health failure but also a sustained and avoidable economic burden.
At the most immediate level, adverse birth outcomes substantially increase healthcare utilisation during infancy, contributing to high healthcare spending, particularly in the US. Preterm infants, particularly those born before 32 weeks’ gestation, often require prolonged neonatal intensive care unit (NICU) stays involving mechanical ventilation, parenteral nutrition, and specialised monitoring. Average NICU costs exceed $3,500 per day, with hospitalisations lasting from 10 days for moderate prematurity to 60–90 days or longer for extremely preterm infants. Even infants born moderately preterm (32–36 weeks) incur first-year medical costs ranging from $15,000 to $25,000, while very preterm infants routinely incur costs between $100,000 and $250,000 in the first year alone. Additionally, low-birth-weight infants born at term also incur elevated medical expenditures. Compared with normal birth weight infants, they experience 30–40% higher rates of physician visits, emergency department use, and prescription drug utilisation in the first year of life. These elevated costs persist beyond infancy, driven by increased prevalence of respiratory disease, metabolic disorders, neurodevelopmental impairments, and sensory deficits. Collectively, across approximately 3.7 million births annually in the US, adverse birth outcomes account for an estimated $25 billion in direct medical expenditures each year.
Several cost estimates indicate that environmental contamination contributes a meaningful fraction of the economic burden. Conservative attribution estimates suggest that lead, mercury, and PFAS exposure together account for approximately 25,000–38,000 adverse birth outcomes annually, corresponding to $375–570 million in direct medical costs. These figures represent a pressing healthcare expenditure that does not capture downstream economic consequences, which are far larger in magnitude. Furthermore, Lifetime and indirect costs account for the majority of the financial burden of adverse birth outcomes. Children born preterm or with low birth weight face elevated risks of cognitive impairment, learning disabilities, behavioural disorders, and chronic medical conditions that persist in adulthood. These impairments necessitate early intervention services, special education, and long-term medical care, while also reducing educational attainment and labour market participation. The National Academy of Medicine estimates that the average lifetime cost per preterm birth exceeds $75,000 in 2023 dollars, even when excluding more severe disability. For the subset of children, approximately 15–20% of preterm births, who develop moderate to severe developmental disabilities, lifetime costs range from $400,000 to $700,000 per affected individual. Therefore, applying these costs to contamination-attributable cases yields a total annual economic burden of approximately $10–15 billion, amortised over the lifespans of affected cohorts. When combined with direct medical expenditures, the total annual economic burden attributable specifically to lead, mercury, and PFAS contamination reaches approximately $12–15 billion. Notably, this estimate excludes contamination-attributable congenital anomalies, stillbirths, and maternal morbidity such as preeclampsia and gestational hypertension. It also omits the broader neurodevelopmental impacts of environmental neurotoxicants among children whose birth outcomes were nominally expected, an omission that substantially understates actual societal costs.
Crucially, the economic burden of environmental contamination is not evenly distributed, as it fails to assess disparities in exposures among underserved and underrepresented populations in the US. Communities of colour and low-income populations experience higher exposure levels due to legacy infrastructure, industrial siting, housing conditions, and regulatory inequities. As a result, contamination-attributable adverse birth outcomes exacerbate existing socioeconomic disparities and contribute to intergenerational cycles of disadvantage. For example, children with environmentally mediated developmental disabilities require special education services costing school systems $10,000–25,000 per student annually, diverting resources from broader educational investments. Therefore, reduced educational attainment results in lower lifetime earnings, reduced tax contributions, and increased reliance on public assistance. Furthermore, broader analyses of environmental chemical exposures estimate total annual economic losses exceeding $300 billion due to IQ decrements, developmental disabilities, and childhood disease. Against this backdrop, the birth outcome–focused estimates presented here represent only a narrow slice of a much larger economic burden. Moreover, traditional cost-of-illness frameworks fail to capture intangible but tangible harm, including parental stress, reduced quality of life, and the emotional toll of caring for children with preventable disabilities. These distributional impacts constitute a form of structural economic harm that conventional cost-benefit analysis often fails to internalise fully.

4.2 Costs of Elimination: Infrastructure and Systems Investment Requirements
Eliminating contamination-related adverse birth outcomes requires substantial upfront investment in physical infrastructure, environmental remediation, and public health systems. While these costs are high in absolute terms, they must be weighed against the persistent, compounding costs of inaction. Importantly, elimination investments are essentially finite, while the costs of ongoing exposure accrue indefinitely. Across all three contaminants, i.e., lead, mercury, and PFAS, comprehensive elimination requires $102–165 billion over 10–15 years, equivalent to $7–12 billion annually. While substantial, these investments are modest relative to overall public spending and should be considered long-term capital investments that yield durable health and economic benefits.
Lead elimination represents the most significant and most capital-intensive component of comprehensive contamination control. The United States is estimated to have between 6 and 10 million lead service lines connecting water mains to residential properties, concentrated in older urban areas but also present in many small municipalities. Replacement costs range from $3,000 to $8,000 per service line, with a national average of approximately $4,500. Comprehensive lead service line replacement, therefore, requires $30–45 billion in investment. Additional water system costs, including corrosion control optimisation, replacement of lead-containing fixtures in schools and childcare facilities, and distribution system upgrades, add an estimated $10–15 billion. Housing-based lead hazards represent an equally significant challenge. Approximately 3.6 million housing units with children present contain deteriorating lead-based paint requiring remediation. Professional lead hazard control measures, including paint stabilisation, window replacement, and soil remediation, cost an average of $11,000 per dwelling. Comprehensive housing remediation, therefore, requires an additional $40–55 billion. Taken together, complete lead elimination requires $80–115 billion in investment over 10–15 years, or $5–8 billion annually.
Mercury elimination differs fundamentally from lead and PFAS in that the primary drivers of exposure reduction—coal-fired power plant retirement and emissions controls—are already underway as part of climate and energy policy. As a result, the marginal costs attributable specifically to mercury reduction are relatively modest. Remaining investments include enhanced fish tissue monitoring, culturally appropriate consumption advisories, and support for subsistence fishing communities, costing approximately $100–200 million annually. Additional costs associated with the dental amalgam phase-down are minimal. Total marginal mercury elimination costs are estimated at $2–5 billion over 10 years.
PFAS remediation entails a different but comparably complex investment profile. Municipal drinking water treatment systems using granular activated carbon or ion exchange can achieve greater than 95% PFAS removal but require substantial capital investment. Estimates suggest that 1,000–1,500 water systems serving approximately 200 million people need treatment upgrades, at a total capital cost of $15–25 billion. Point-of-use treatment for private wells adds $2–5 billion, while groundwater remediation at military and industrial sites may require $10–15 billion. In aggregate, PFAS elimination requires $20–45 billion over 10–15 years, or $2–4 billion annually. Overall, while the cost of investing in infrastructure and systems to eradicate these environmental contaminants is high, the risk hazardous substances pose to population health outweighs the cost of building a lasting solution to eliminate ecological pollutants.
4.3 Return on Investment: Comparative Cost-Benefit and Portfolio Analysis
When elimination investments are compared against the economic burden of contamination-attributable adverse birth outcomes, the conclusion is unequivocal: elimination is not only ethically justified but economically optimal. Benefit-cost analyses consistently demonstrate positive returns across all three contaminants, even under conservative assumptions. Considering the portfolio, the integrated investments in lead, PFAS, and mercury remediation generate total benefits estimated at $350–540 billion over 20 years, relative to assets valued at $102–165 billion. The benefit-cost ratio of this portfolio ranges from 2.1:1 to 3.3:1, with the break-even point reaching within 6–9 years. Few public investments provide comparable returns at the national level.
Regarding lead, improvements in birth outcomes alone nearly reach cost neutrality, with benefit-cost ratios ranging from 0.4:1 to 1.6:1. However, this limited view overlooks the main economic advantages of lead elimination, including neurodevelopmental improvements, lower cardiovascular disease rates, and higher lifetime productivity. Overall societal benefits are estimated at $200–280 billion over 20 years, with benefit-cost ratios of 2.5:1 to 3.5:1 and payback periods around 10 years. Historical evidence supports this: removing leaded gasoline provided returns of over 40:1. PFAS cleanup also shows strong economic returns, with benefit-cost ratios of 2:1 to 4:1 and payback periods of 5–8 years. Though research on PFAS health effects beyond birth outcomes is still developing, links to immune issues, endocrine disruption, and cancer imply the total benefits are likely underestimated. Achieving these gains depends on effective source control; without stopping ongoing PFAS production and release, cleanup costs continue. Mercury elimination delivers the highest returns, with benefit-cost ratios from 6:1 to over 17:1, and total ratios above 15:1. Since the main action, retiring coal plants, is economically justified even without health benefits, mercury-related health improvements are a costless co-benefit of climate policies. In summary, the costs of investing in a contaminant-free environment outweigh the economic burden imposed by these chemicals on preventable adverse birth outcomes.
4.4 Financing Mechanisms and Fiscal Feasibility
The scale of investment required to eliminate contamination is well within national fiscal capacity, particularly when costs are distributed across multiple financing mechanisms. Federal appropriations represent the cornerstone of elimination funding. Existing allocations under recent infrastructure legislation provide a foundation but fall short of comprehensive needs. Expanding federal investment to $7–12 billion annually would require less than 0.25% of federal revenues and is comparable in scale to historical infrastructure initiatives. Additionally, State Revolving Funds offer an effective mechanism for financing water infrastructure upgrades, particularly when paired with principal forgiveness for disadvantaged communities. Utility rate structures and municipal bonding can also support investment, with evidence from cities such as Newark demonstrating feasibility with modest household cost increases. For PFAS, polluter-pays liability under environmental law represents both an equitable and fiscally prudent approach. Shifting remediation costs to responsible manufacturers and institutions reduces taxpayer burden while preserving public health benefits. Finally, innovative financing mechanisms such as social impact bonds offer potential to monetise future healthcare savings, aligning private capital with public health objectives.  In conclusion, the economic evaluation of eliminating contamination-attributable adverse birth outcomes is compelling. Inaction imposes large, recurring, and inequitable costs, while elimination represents a finite investment with durable returns. From a purely economic perspective, setting aside moral and ethical considerations, elimination is the rational policy choice.
5. PROJECTION OF ELIMINATION
5.1 Future Projection of Elimination: Framework and Assumptions
Projecting the future elimination of contamination-attributable maternal health complications requires a robust, policy-sensitive modelling framework that integrates exposure science, infrastructure timelines, regulatory action, and maternal health trends. Unlike models based solely on epidemiological forecasting, this approach recognises that elimination is not an inevitable consequence of time or medical advancement, but a function of deliberate and sustained intervention. The framework is structured around four interrelated drivers: regulatory and financial commitment; infrastructure remediation capacity; population-level reductions in toxic exposures (specifically lead, mercury, and PFAS); and the subsequent improvement in maternal health outcomes. By simulating these components across various investment and implementation scenarios, the model forecasts how quickly different levels of elimination can be achieved and under what policy conditions.
Key assumptions guide this forward-looking model. First, dose-response relationships between contaminants and maternal health outcomes are assumed to be log-linear, without a safe threshold—consistent with toxicological data showing harm at even the lowest exposure levels. This ensures the model captures the full benefit of even modest exposure reductions. Second, infrastructure-based interventions (e.g., lead pipe replacement, PFAS water treatment) are expected to reduce exposures by 80–95% within two to five years of implementation, based on outcomes observed in Newark, Oakdale, and similar case studies. Third, health benefits—particularly reductions in preeclampsia, gestational hypertension, and other maternal complications—are projected to materialise within two to three years after exposure levels decline, reflecting biological and systemic response lags. Notably, the model adopts a conservative posture by excluding synergistic effects among multiple contaminants, even though real-world interactions likely amplify both the harm and the potential benefits of reductions. Finally, ongoing background trends such as improving healthcare access, smoking cessation, and prenatal care improvements are assumed to continue at historical rates, contributing a baseline 1–2% annual decline in maternal morbidity independent of environmental interventions.
Within this future-oriented framework, elimination is defined pragmatically. Due to unavoidable background exposures, such as trace PFAS in consumer goods, legacy soil contamination, and mercury from global atmospheric circulation, absolutely zero exposure is unattainable. Thus, the model defines elimination targets in relative terms: 80% elimination (reducing contamination-related maternal complications from ~20,000 to 4,000 annually), 90% (down to 2,000), and 95% (down to 1,000), with the latter serving as a benchmark for "functional elimination." These targets provide measurable, outcome-based goals that align with environmental health policy and enable scenario-based comparisons. Critically, they also provide policymakers with a timeline for impact, illustrating that under aggressive interventions, functional elimination is feasible within 15–20 years, while under current trajectories, progress may take several decades. This structured, assumption-grounded model enables transparent forecasting of what is possible—and what is at stake, when choosing between delayed action and ambitious investment.
5.2 Scenario-Based Projections Under Alternative Policy Pathways
To translate the modelling framework into actionable timelines, three policy scenarios are evaluated: Conservative, Moderate, and Accelerated. These scenarios differ systematically in investment levels, regulatory ambition, and implementation speed, providing a structured framework for examining how policy choices shape elimination outcomes. Rather than representing optimistic versus pessimistic forecasts, these scenarios reflect plausible trajectories under differing political and institutional commitments.
The Conservative Scenario assumes continuation of current policy trajectories. Federal investment remains limited to $3–5 billion annually, approximately half of the estimated need, with minimal state or local supplementation. Regulatory standards are finalised but weakened, such as PFAS drinking water limits set above proposed health-based levels, while lead regulations remain essentially unchanged. Mercury reduction proceeds only through existing Clean Air Act mechanisms, without targeted acceleration. Implementation is slow and fragmented: lead service line replacement proceeds over 15–25 years, PFAS treatment is confined primarily to the largest utilities, and housing remediation remains minimal. Under this scenario, progress is incremental. By year five, only a 20% reduction in contamination-attributable maternal complications is achieved, reflecting limited completion of infrastructure. By year ten, reductions reach 40%, and by year fifteen, approximately 60%. Functional elimination is not achieved until 2045–2050, and 90% elimination remains unattainable by mid-century. This scenario illustrates that while incremental progress occurs, insufficient investment and weak standards result in prolonged exposure for millions of women, effectively locking in avoidable harm for a generation.
The Moderate Scenario represents the most likely trajectory under sustained but imperfect political commitment. Federal investment increases to $7–9 billion annually, covering 70–80% of the estimated need, with meaningful state and local cost-sharing. Regulatory standards are finalised as proposed, including stringent PFAS limits and updated lead action levels, while coal retirement for mercury is modestly accelerated. Implementation adopts proven best practices: lead service line replacement proceeds at the pace demonstrated in high-performing cities, PFAS treatment prioritises high-risk systems, and housing remediation is targeted toward pregnant women and families with young children. Under this scenario, reductions accelerate substantially. By year five, contamination-attributable maternal complications decline by approximately 35%. By year ten, reductions reach 65%, and by year fifteen, approximately 85%. Functional elimination (95%) is achieved between 2045 and 2048, while 80% elimination occurs by the late 2030s. This scenario demonstrates that elimination within 15–20 years is realistic if policy commitments align with technical capacity. Compared with the Conservative Scenario, tens of thousands of maternal complications and hundreds of maternal deaths are prevented.
The Accelerated Scenario represents the upper bound of feasible action given current technology and institutional constraints. Federal investment reaches $10–12 billion annually, fully meeting estimated needs, supplemented by robust state and local matching and polluter-pays financing for PFAS. Regulatory standards are strengthened across all contaminants, including near-zero lead goals and more protective PFAS limits. Implementation proceeds as a national emergency mobilisation: lead service line replacement occurs at Newark-level pace nationwide, PFAS treatment is rapidly deployed, housing remediation is comprehensive, and surveillance and enforcement are intensified. Under this scenario, progress is rapid. By year five, contamination-attributable maternal complications declined by approximately 50%. By year ten, reductions reach 80%, and by year twelve, 90%. The early 2040s achieve functional elimination. The cumulative benefits are substantial: over 100,000 maternal complications and more than 1,000 maternal deaths are prevented relative to the Conservative Scenario. Although total investment ranges from $120 to $ 144 billion over 12 years, these costs are offset by avoided healthcare expenditures and long-term reductions in cardiovascular and metabolic diseases. These scenarios illustrate that elimination timelines are not fixed or inevitable; they are policy-contingent. Faster elimination is achievable, but only with commensurate investment, regulatory ambition, and implementation capacity.
5.3 Heterogeneity in Elimination Progress Across Geography, Demography, and Contaminants
National-level projections necessarily obscure substantial heterogeneity in elimination progress across communities, populations, and contaminants. Understanding this variation is critical for both realistic planning and ensuring that elimination efforts do not inadvertently exacerbate existing inequities. Geographic disparities are among the most pronounced. Large urban centres with political will, fiscal capacity, and technical expertise can implement remediation rapidly, particularly when supported by federal funding. Cities that have demonstrated successful lead service replacement or PFAS treatment deployment may achieve near-complete elimination within a decade. In contrast, small rural communities often lack administrative capacity, engineering expertise, and matching funds required to access and deploy remediation resources. Without targeted support, these communities may lag decades behind national averages, perpetuating exposure inequities.
Environmental justice considerations add another layer of complexity. Communities with the highest exposure burdens, often low-income communities of colour, stand to gain the most from elimination. If equity-based prioritisation is implemented, such as directing a substantial share of federal investment to disadvantaged areas, these communities may benefit first. Conversely, in the absence of explicit equity provisions, they risk being served last, as wealthier communities leverage greater capacity to secure funding and implement projects. Thus, elimination timelines are not merely technical projections but reflections of distributive choices. State-level variation further contributes to heterogeneity. States with strong environmental governance, proactive regulation, and administrative capacity may achieve elimination targets years ahead of the national average. Others, particularly those resistant to ecological regulation, may lag substantially. This divergence raises concerns about unequal protection and suggests a need for federal backstops to ensure minimum progress nationwide.
Finally, elimination timelines differ markedly by contaminant. Mercury is likely to be eliminated fastest, mainly as a co-benefit of coal retirement and clean energy transition. PFAS elimination is intermediate: treatment technologies are effective, but widespread use and diffuse sources complicate source control. Lead elimination is the slowest, requiring physical replacement of millions of service lines and remediation of millions of housing units. These differences underscore the need for contamination-specific strategies within a unified elimination framework.
5.4 Monitoring, Accountability, and Adaptive Management for Sustained Progress
Achieving projected elimination timelines requires continuous monitoring and adaptive management. Without robust accountability mechanisms, even well-designed policies risk falling short due to implementation bottlenecks, funding gaps, or unforeseen challenges. Process indicators provide early signals of progress or delay. Annual tracking of lead service line replacements, PFAS treatment installations, housing remediation units, and funding allocations allows policymakers to assess whether implementation is on track. Targets are ambitious but achievable, reflecting the pace required to meet elimination goals within defined timelines.
Outcome indicators assess whether reductions in exposure translate into improvements in health. Biennial monitoring of population biomarkers, water system compliance, and maternal health outcomes provides evidence of real-world impact. Disaggregation by race, ethnicity, and geography is essential to ensure equitable progress. Adaptive management is triggered when indicators fall below expectations. If process indicators lag by more than 20% for two consecutive years, a structured review process is initiated to identify barriers and adjust strategies. Similarly, if maternal health outcomes fail to improve as projected, further investigation is warranted to determine whether exposure reductions are insufficient or whether other factors are offsetting gains.
In this way, elimination is treated not as a static target but as a dynamic process requiring continuous learning and adjustment. Robust monitoring ensures that projections remain grounded in reality and that policy remains responsive to emerging evidence. The projection of elimination is not merely an academic exercise but a roadmap for action. The timelines presented here demonstrate that eliminating contamination-attributable maternal health harms is achievable within a generation, and sooner with decisive action. The pace of elimination depends not only on technical feasibility but also on political will, investment, and a commitment to equity. The choice is not whether elimination is possible, but how quickly society chooses to realise it.
Conclusion

6.1 Summary of key findings
This review concludes that lead, mercury, and PFAS materially contribute to adverse maternal outcomes in the United States, with robust epidemiologic evidence linking these contaminants to preeclampsia, gestational hypertension, gestational diabetes, preterm birth, and pregnancy loss. An estimate of roughly 15,000–25,000 excess maternal complications annually attributable to these exposures, producing thousands of SMM events and tens of maternal deaths each year, and imposing multi‑billion-dollar health and long‑term economic burdens. [2]
6.2 Feasibility of elimination
Elimination is technically and economically feasible. Proven technologies (lead service-line replacement, housing abatement, PFAS water treatment, mercury source control) and benefit-cost estimates show that remediation investments pay for themselves within 10–15 years. The principal barrier is sustained policy and governance to marshal resources, enforce standards, and maintain commitment across electoral cycles.
6.3 Critical success factors
Achieving timely elimination requires coordinated action across domains: sustained federal funding and permanent trust mechanisms, health‑science–based regulatory standards (zero‑lead water goals; stringent PFAS Maximum Contaminant Levels), polluter‑pays liability frameworks, community co‑leadership in intervention design, equity‑based prioritisation for environmental‑justice communities, and integration of environmental, housing, maternal‑health, and climate policy to maximise co‑benefits and efficiency.
6.4 Priority actions and accountability
Immediate priorities include finalising and enforcing protective PFAS standards, scaling lead service‑line and housing remediation prioritisation, and principal forgiveness for disadvantaged communities, updating occupational protections for reproductive‑age workers, expanding biomonitoring and integrated exposure–outcome surveillance, and institutionalising transparent targets and triggers for adaptive management to ensure implementation stays on schedule.
6.5 The path forward and moral imperative
The evidence, precedent, and economic analysis converge: elimination of environment‑attributable maternal complications is achievable and ethically required; delayed action perpetuates preventable harm concentrated in marginalized communities, whereas timely, well‑resourced, and equity‑centered elimination strategies will avert substantial morbidity, save lives, reduce long‑term disease burden, and advance environmental and reproductive justice, if political will is mobilized to turn knowledge and tools into sustained national action.
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