


Environmental Pollution and Public Health in the United States: Air Pollution as a Dominant and Unequal Health Risk

Abstract
Air pollution remains one of the most significant environmental threats to human health and a major contributor to climate change at the global level. Despite regulatory efforts, population exposure to harmful air pollutants continues to pose substantial public health risks, particularly among vulnerable and marginalized groups. This study adopts an integrative narrative review approach to synthesize existing epidemiologic, exposure, and policy-related evidence on air pollution. With emphasis on pollutant sources, exposure pathways, associated diseases, and affected populations. The review highlights fine particulate matter and ground-level ozone as dominant pollutants linked to respiratory, cardiovascular and systemic health outcomes, with effects observed across both short- and long-term exposure periods. Evidence consistently demonstrates disproportionate exposure and health burdens among children, older adults, and socioeconomically disadvantaged communities. By integrating health and climate perspectives, this manuscript underscores the importance of addressing air pollution as both a public health and environmental challenge. The findings support the need for evidence-based, adaptive, and equity-centered policies to mitigate health impacts and contribute to sustainable environmental and public health outcomes.
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I. Introduction 
Air pollution represents the most significant environmental determinant of morbidity and premature mortality in the United States, exerting a sustained and pervasive influence on population health. Despite decades of regulatory intervention and measurable improvements in ambient air quality, exposure to harmful air pollutants remains widespread, contributing to a substantial burden of respiratory, cardiovascular, and systemic disease[1]. Recent estimates indicate that millions of Americans continue to reside in areas where pollutant concentrations exceed health-based standards, underscoring the persistent and evolving nature of air pollution as a public health threat. Importantly, the health impacts of air pollution extend beyond acute clinical outcomes, shaping long-term disease trajectories and amplifying underlying health vulnerabilities across the life course[2].
The existing literature on air pollution and health is extensive but fragmented. Research has often been compartmentalized by individual pollutants, specific health endpoints, or discrete population groups, limiting the ability to capture the cumulative and interactive effects of real-world exposures. Moreover, while epidemiological evidence linking air pollution to adverse health outcomes is robust, less attention has been paid to synthesizing this evidence within a unified framework that integrates exposure patterns, biological mechanisms, and social determinants of risk.[3]. This fragmentation is particularly evident in studies addressing environmental inequities, where air pollution is frequently examined in isolation from broader structural and policy contexts that shape differential exposure and vulnerability.
A focused and integrative analysis of air pollution is therefore warranted. Such an approach is especially timely given the convergence of climate change, increasing wildfire activity, and persistent socioeconomic disparities that are reshaping the distribution and intensity of air pollution exposures in the United States. These dynamics challenge traditional regulatory paradigms and call for a reassessment of how air pollution is conceptualized, measured, and addressed within environmental health research. By situating air pollution within a broader systems-based framework, it becomes possible to better understand not only its direct health effects but also the pathways through which it reinforces health inequities and undermines public health resilience.[4].
The objective of this study is to synthesize current evidence on air pollution in the United States through an integrated public health lens, emphasizing population exposure patterns, health burden, and inequitable risk distribution. By critically examining existing research and policy responses, this analysis aims to advance understanding of air pollution as a dominant and unequal environmental health risk. In doing so, it seeks to contribute to environmental health scholarship by highlighting key gaps, identifying emerging challenges, and informing more effective and equitable approaches to air pollution prevention and control.
This manuscript is an integrative narrative review that synthesizes existing epidemiologic, exposure, and policy-oriented evidence to characterize pollutant exposure pathways, associated diseases, duration of evidence, and population-level health impacts in the United States, rather than presenting new primary exposure or health data.

Limitations of the Review
This review is subject to limitations. As a narrative synthesis, it does not include formal meta-analysis or original exposure modeling. Additionally, variability in study designs and exposure assessment methods may influence comparability across studies. Nevertheless, the consistency of findings across diverse populations and methodologies supports the robustness of the conclusions.
Methods: Literature Search and Evidence Synthesis
A structured literature search was conducted using major scientific databases, including PubMed, Web of Science, and Scopus, to identify peer-reviewed studies published in English. Search terms included combinations of “air pollution,” “PM₂.₅,” “ozone,” “health effects,” “epidemiology,” “climate change,” and “environmental justice.” Studies were selected based on relevance to population exposure, health outcomes, and policy implications in the United States. Evidence was synthesized thematically across exposure pathways, health outcomes, duration of exposure, and affected populations.

II. Conceptual Framework: From Emissions to Health Outcomes
Understanding the public health implications of air pollution requires a conceptual framework that captures the full sequence of processes linking pollutant generation to population health outcomes. Air pollution is not a singular exposure but the product of interconnected pathways that connect emission sources, atmospheric conditions, human exposure, biological response, and disease. An integrated exposure–response framework is therefore necessary to move beyond fragmented analyses and to reflect the complexity of real-world air pollution dynamics.[5].
At the upstream level, pollutants originate from multiple anthropogenic and natural sources, including transportation systems, industrial operations, energy production, and climate-related events such as wildfires. Following emission, pollutants undergo chemical and physical transformations in the atmosphere, resulting in spatially and temporally variable ambient concentrations[6]. As illustrated in Figure 1, population exposure is determined not only by these ambient levels but also by factors such as residential location, proximity to emission sources, time spent indoors and outdoors, housing quality, and access to protective resources. These exposure patterns shape the magnitude and duration of inhaled pollutants across different population groups.
Once pollutants are inhaled, they trigger a series of biological responses that provide the mechanistic link between exposure and adverse health outcomes. Figure 1 highlights key biological pathways, including oxidative stress, inflammatory responses, vascular dysfunction, and immune system alteration. These processes contribute to the development and progression of a wide range of health outcomes, including respiratory and cardiovascular disease, metabolic dysfunction, and increased risk of premature mortality. The accumulation of these effects over time underscores the importance of considering both acute and chronic exposure within a unified framework.[7].
This exposure–response pathway is further modified by broader environmental and social conditions.[8]. As depicted in Figure 1, climate change interacts with air pollution by influencing atmospheric chemistry, increasing temperatures, and intensifying extreme events such as wildfires, all of which can elevate pollutant concentrations and prolong exposure periods. Simultaneously, social vulnerability shapes differential exposure and susceptibility. Socioeconomic disadvantage, residential segregation, and structural inequities influence where people live, the quality of their built environment, and their capacity to mitigate or avoid exposure. These factors contribute to cumulative and disproportionate health risks among marginalized populations.
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Figure 1. Conceptual framework linking air pollution to population health outcomes
This figure presents an integrated framework illustrating how emissions from major sources contribute to ambient air pollution, population exposure, and adverse health outcomes through key biological mechanisms. Climate change and social vulnerability modify these pathways by influencing pollutant levels, exposure patterns, and susceptibility, resulting in unequal health impacts across populations.
III. Composition and Sources of Air Pollution in the United States
Air pollution in the United States arises from a complex mix of anthropogenic and climate-influenced sources that vary substantially across space and time. Anthropogenic emissions remain the dominant contributors, with transportation, industrial activity, and energy production accounting for a large share of ambient pollutant concentrations. Motor vehicle emissions are a primary source of nitrogen oxides, carbon monoxide, and fine particulate matter in urban areas, while industrial processes and fossil fuel–based power generation contribute sulfur dioxide, hazardous air pollutants, and precursor compounds that drive secondary pollutant formation. Together, these sources shape the baseline composition of ambient air pollution across much of the country.[9].
In recent years, climate-amplified sources have become increasingly important drivers of air pollution exposure. Wildfires now represent a major and episodic source of fine particulate matter, often affecting regions far removed from the original burn areas through long-range atmospheric transport. In addition, rising temperatures and altered atmospheric conditions associated with climate change enhance the formation of secondary pollutants such as ground-level ozone and secondary organic aerosols. These processes complicate traditional source-based regulatory approaches by introducing greater variability and uncertainty into pollutant mixtures and exposure patterns[10].
Air pollution is not uniformly distributed, and substantial spatial heterogeneity exists in both pollutant concentrations and composition. Urban areas with dense traffic networks and industrial infrastructure often experience complex mixtures of primary and secondary pollutants, while rural regions may be affected by agricultural emissions, power generation, or transported pollution from distant sources. This heterogeneity has important implications for exposure assessment and health risk estimation, as pollutant mixtures differ in toxicity and biological impact across locations.[11].
The regulatory classification and monitoring of air pollutants in the United States are overseen by the Environmental Protection Agency, which establishes standards for criteria air pollutants and identifies hazardous air pollutants of public health concern.[12]. National monitoring networks provide essential data on ambient concentrations and trends, forming the empirical foundation for epidemiologic research and policy evaluation.[13]. Table 1 synthesizes key information on major air pollutants, summarizing their primary sources, atmospheric behavior, and dominant exposure pathways. By consolidating this technical detail, the table supports a clearer understanding of how diverse emission sources contribute to population exposure without duplicating narrative content.
Table 1. Major air pollutants in the United States: sources, atmospheric behavior, and primary exposure pathways
	Pollutant
	Primary Sources
	Atmospheric Behavior
	Primary Exposure Pathways

	Fine particulate matter (PM₂.₅)
	Motor vehicles, power plants, industrial combustion, wildfires
	Can remain suspended for days to weeks; undergoes chemical aging and long-range transport
	Inhalation of ambient outdoor air; infiltration into indoor environments[14]

	Coarse particulate matter (PM₁₀)
	Road dust, construction, agriculture, and mechanical processes
	Settles more rapidly than PM₂.₅; limited long-range transport
	Inhalation, particularly near emission sources[15]

	Ground-level ozone (O₃)
	Secondary pollutant formed from nitrogen oxides and volatile organic compounds in sunlight
	Highly reactive; concentrations vary diurnally and seasonally; enhanced by heat.
	Inhalation during outdoor activity, especially in warm seasons[16]

	Nitrogen dioxide (NO₂)
	Traffic emissions, power generation, and industrial combustion
	Short atmospheric lifetime; strong spatial gradients near roads
	Inhalation near roadways and urban centers[17]

	Sulfur dioxide (SO₂)
	Fossil fuel combustion, especially coal-fired power plants and industrial facilities
	Converts to sulfate aerosols; contributes to secondary PM formation
	Inhalation, particularly near point sources[18]

	Volatile organic compounds (VOCs)
	Fuel combustion, industrial solvents, gasoline evaporation, wildfires
	Participate in photochemical reactions; precursors to ozone and secondary organic aerosols
	Inhalation of ambient air and indoor air infiltration[19]

	Hazardous air pollutants (air toxics)
	Industrial emissions, fuel combustion, chemical manufacturing
	Varies by compound; some persist and bioaccumulate
	Inhalation of ambient air; localized exposure near sources[20]



IV. Population Exposure Patterns and Temporal Trends
Population exposure to air pollution in the United States reflects both long-term regulatory progress and persistent, and in some cases widening, disparities across regions and communities. At the national level, concentrations of several major air pollutants have declined over recent decades, largely as a result of emissions controls targeting transportation, industrial activity, and power generation. These aggregate improvements, however, mask important heterogeneity in exposure patterns and obscure areas where progress has stalled or reversed. In particular, fine particulate matter and ground-level ozone continue to pose significant health risks, even at concentrations below existing regulatory thresholds [21].
Regional variation in air pollution exposure remains pronounced. Urban areas with dense traffic networks and industrial infrastructure tend to experience higher concentrations of traffic-related pollutants, such as nitrogen dioxide and fine particulate matter, while rural regions may be disproportionately affected by agricultural emissions, power plants, or pollution transported from distant urban or industrial sources. Urban–rural contrasts are therefore not defined solely by overall pollution levels but by differences in pollutant composition, exposure duration, and proximity to sources. These contrasts have important implications for health risk assessment, as pollutant mixtures vary in toxicity and biological effect[22].
Temporal variability further shapes exposure patterns. Seasonal changes influence pollutant formation and dispersion, with ground-level ozone peaking during warmer months and particulate matter often increasing during colder seasons due to combustion-related emissions. Climate-driven phenomena have intensified this variability, particularly through the increasing frequency and severity of wildfires. Wildfire smoke events can cause abrupt and extreme elevations in particulate matter concentrations, leading to episodic but substantial population exposures that extend across large geographic areas and persist for days or weeks. Such events challenge traditional assumptions about stable exposure patterns and complicate efforts to estimate long-term health impacts.[23].
Accurate characterization of population exposure is constrained by limitations in current monitoring and exposure assessment methods. Fixed-site monitoring networks, overseen by the Environmental Protection Agency, provide critical data on ambient air quality but are unevenly distributed and often sparse in rural or marginalized communities. These networks may not capture fine-scale spatial variability or short-term exposure peaks, particularly near major roadways or during extreme events. While advances in satellite data, low-cost sensors, and modeling techniques have expanded exposure assessment capabilities, methodological challenges remain in integrating these data sources and translating ambient concentrations into individual-level exposure estimates. Addressing these limitations is essential for improving the precision of epidemiological studies and for informing more equitable and effective air quality policy.[24].
 Quantitative Overview of Pollutant Exposure and Affected Populations
Population-level exposure to air pollution in the United States remains substantial despite regulatory progress. Recent national assessments report annual average PM₂.₅ concentrations ranging from approximately 6–12 µg/m³ across urban regions, with episodic wildfire events causing short-term increases exceeding 35 µg/m³[15]. Ground-level ozone concentrations frequently exceed 70 ppb during warm seasons in multiple metropolitan areas. Epidemiologic evidence linking these exposures to adverse health outcomes spans more than three decades and includes large cohort, time-series, and case-crossover studies involving millions of individuals[25]. Children, older adults, individuals with preexisting cardiopulmonary disease, and socioeconomically disadvantaged populations consistently exhibit higher exposure levels and greater susceptibility to pollution-related health effects[26].

V. Health Burden Attributable to Air Pollution
A substantial body of epidemiologic and toxicological evidence demonstrates that air pollution contributes meaningfully to the burden of disease in the United States. Exposure to major air pollutants has been consistently linked to a wide range of adverse health outcomes, most prominently affecting the respiratory and cardiovascular systems but also extending to metabolic, neurological, and systemic effects. Fine particulate matter and ground-level ozone are among the most extensively studied pollutants, with robust associations observed across diverse populations and geographic contexts. These associations persist even at relatively low exposure levels, highlighting the absence of a clear threshold below which health effects do not occur.[2].
Health impacts vary according to both the duration and intensity of exposure. Short-term exposure to elevated pollutant concentrations is associated with acute outcomes, including asthma exacerbations, respiratory infections, arrhythmias, myocardial infarction, and increased emergency department visits and hospital admissions. In contrast, chronic exposure contributes to the development and progression of long-term conditions such as chronic obstructive pulmonary disease, ischemic heart disease, stroke, and lung cancer. Long-term exposure also accelerates disease onset and worsens prognosis, thereby shaping population health trajectories over the life course [27].
At the population level, air pollution accounts for a substantial number of preventable illnesses and premature deaths each year. Burden estimates consistently identify air pollution as a leading environmental risk factor for morbidity and mortality in the United States, with fine particulate matter responsible for the largest share of attributable deaths. These impacts are not evenly distributed, as populations with higher exposure and greater baseline vulnerability experience disproportionately greater health burdens. Such estimates underscore the public health significance of air pollution not only as a contributor to individual disease risk but also as a driver of population-level health inequities [28].
Surveillance and burden estimation efforts led by the Centers for Disease Control and Prevention play a critical role in quantifying these impacts and tracking trends over time. By integrating air quality data with health outcome surveillance systems, these efforts provide essential evidence to inform risk assessment, guide regulatory decision-making, and evaluate the effectiveness of air quality interventions.[26]. Table 2 synthesizes key epidemiologic findings by summarizing major health outcomes associated with air pollution, the strength of supporting evidence, and the populations most affected, thereby consolidating complex evidence without duplicating narrative discussion.
Table 2. Health outcomes associated with major air pollutants: strength of evidence and affected populations

	Health Outcome
	Primary Pollutants Involved
	Strength of Epidemiologic Evidence
	Populations Most Affected

	Asthma exacerbation
	PM₂.₅, O₃, NO₂
	Strong
	Children, individuals with asthma, urban populations[29]

	Chronic obstructive pulmonary disease
	PM₂.₅, SO₂
	Strong
	Older adults, long-term smokers, and industrial and urban communities[30]

	Cardiovascular disease (ischemic heart disease, stroke)
	PM₂.₅, NO₂
	Strong
	Older adults, individuals with preexisting cardiovascular conditions[31,32]

	Acute cardiovascular events
	PM₂.₅, O₃
	Moderate to strong
	Older adults, individuals with underlying heart disease[33]

	Lung cancer
	PM₂.₅
	Strong
	Long-term exposed populations, urban residents[34]

	All-cause premature mortality
	PM₂.₅, O₃
	Strong
	Populations with chronic exposure, socioeconomically disadvantaged groups[15]

	Adverse birth outcomes
	PM₂.₅, NO₂
	Moderate
	Pregnant individuals, infants in high-exposure areas[35]

	Neurological and cognitive effects
	PM₂.₅
	Emerging to moderate
	Older adults, children[36]



These tables provide a quantitative synthesis of dominant pollutants, exposure pathways, associated health outcomes, strength of epidemiologic evidence, and populations most affected, addressing real-world exposure scenarios at the population level.
Quantitative burden estimates indicate that long-term exposure to fine particulate matter is responsible for tens of thousands of premature deaths annually in the United States, primarily from cardiovascular and respiratory causes. Relative risk estimates from cohort studies demonstrate increased all-cause mortality, cardiovascular events, asthma exacerbations, and adverse birth outcomes per incremental increases in PM₂.₅ and ozone concentrations. These associations have been observed across both short-term (days to weeks) and long-term (years to decades) exposure windows, reinforcing the robustness and temporal depth of the epidemiologic evidence base[37].
VI. Environmental Inequities and Differential Health Risk
Air pollution exposure and its associated health burdens are distributed unevenly across the United States, reflecting longstanding social, economic, and political inequities. Low-income communities and marginalized populations are disproportionately exposed to higher levels of air pollution and more toxic pollutant mixtures. These disparities are evident across urban, suburban, and rural settings and persist even after accounting for regional differences in overall air quality. As a result, populations already experiencing elevated baseline health risks often face compounded vulnerability to air pollution–related disease.[38].
The unequal distribution of exposure is driven by structural factors embedded in land use, housing, and transportation policy. Historical zoning practices, industrial siting decisions, and highway construction have concentrated pollution sources in or near communities with limited political power. Residential segregation and housing disinvestment have further constrained mobility, increasing the likelihood that marginalized populations live in proximity to major roadways, industrial facilities, and other emission sources. Transportation policies that prioritize automobile traffic over public transit or active transportation have reinforced these patterns, sustaining high levels of traffic-related pollution in densely populated neighborhoods[39].
Beyond elevated ambient concentrations, cumulative exposure plays a critical role in shaping differential health risk. Many affected communities experience simultaneous exposure to multiple air pollutants, along with co-occurring environmental stressors such as noise, heat, and limited access to green space. These environmental burdens interact with social stressors, including economic insecurity, limited healthcare access, and chronic psychosocial stress, to amplify susceptibility to adverse health outcomes. The result is not merely additive risk but compounded harm, in which repeated and overlapping exposures accelerate disease onset and worsen health trajectories across the life course.[40].
These patterns of inequity have significant implications for environmental justice–oriented public health frameworks. Addressing air pollution solely through average population-level improvements risks obscuring persistent disparities and may leave the most burdened communities inadequately protected. An environmental justice perspective emphasizes the need to account for cumulative exposure, structural vulnerability, and differential susceptibility in both research and policy. Integrating these considerations into air quality standards, monitoring strategies, and intervention design is essential for reducing health inequities and ensuring that air pollution control efforts translate into meaningful and equitable public health gains.[41].

VII. Policy Effectiveness and Regulatory Limitations
Regulatory efforts to control air pollution in the United States have produced substantial public health benefits, most notably through the establishment and enforcement of national air quality standards. These policies have driven significant reductions in emissions from major sources and have been associated with measurable declines in morbidity and premature mortality. Nevertheless, evidence indicates that existing regulatory frameworks have not fully eliminated harmful exposures, nor have they adequately protected all populations. Persistent exceedances of health-based guidelines in certain regions, along with continued disease burden at concentrations below current standards, raise important questions about the sufficiency of existing thresholds and enforcement mechanisms.[42].
A central limitation of current regulatory approaches is their emphasis on individual pollutants rather than the complex mixtures that characterize real-world exposures. Air quality standards are typically designed to regulate pollutants in isolation, despite growing evidence that combined exposures may produce additive or synergistic health effects. This single-pollutant framework also limits the ability of regulations to address cumulative exposure, particularly in communities that experience multiple sources of pollution alongside social and environmental stressors. As a result, regulatory success measured by compliance with individual standards may not translate into meaningful health protection for the most affected populations.[43].
Climate change presents an additional and increasingly significant challenge to air pollution regulation. Rising temperatures, altered atmospheric chemistry, and the increasing frequency of extreme events such as wildfires complicate efforts to maintain consistent air quality improvements. These dynamics can elevate pollutant concentrations, extend exposure duration, and undermine gains achieved through emissions controls. Existing regulatory frameworks were largely developed under assumptions of relatively stable environmental conditions and may not be sufficiently adaptive to account for climate-driven variability. Addressing these limitations will require more flexible, health-protective regulatory strategies that incorporate emerging scientific evidence, account for cumulative and climate-amplified exposures, and prioritize equitable protection across populations.[44].

VIII. Emerging Challenges and Research Frontiers
The landscape of air pollution and public health in the United States is being reshaped by a set of emerging challenges that extend beyond the scope of traditional regulatory and research frameworks. Among the most prominent of these is the increasing frequency, intensity, and geographic reach of wildfire smoke exposure. Wildfire-related air pollution now affects large populations across vast regions, often far removed from the source of combustion through long-range atmospheric transport. These events produce extreme and episodic elevations in fine particulate matter and introduce complex pollutant mixtures that differ in composition and toxicity from those generated by conventional urban or industrial sources. The expanding influence of wildfire smoke raises new questions about both acute and long-term health effects and challenges existing approaches to exposure mitigation and public health preparedness.[45].
In parallel, growing attention is being directed toward emerging pollutants and increasingly complex air pollution mixtures. Advances in monitoring and analytical techniques have revealed the presence of ultrafine particles, secondary organic aerosols, and previously understudied chemical constituents that may contribute to adverse health outcomes[46]. These pollutants often coexist with regulated criteria pollutants, complicating efforts to disentangle individual effects and assess combined toxicity. The health implications of chronic exposure to such mixtures remain incompletely understood, underscoring the need for research that moves beyond single-pollutant paradigms.[47].
Methodological limitations in exposure assessment and health attribution further constrain progress in the field. Traditional reliance on fixed-site monitoring and ambient concentration estimates may inadequately capture fine-scale spatial variability, short-term exposure peaks, and individual-level differences in exposure. While emerging tools such as satellite-based measurements, low-cost sensors, and advanced modeling techniques offer promising avenues for improvement, challenges remain in validating these approaches and integrating them into epidemiologic analyses. Accurately attributing health effects to specific pollutants or exposure scenarios is particularly difficult in the context of overlapping sources, complex mixtures, and co-occurring social and environmental stressors[48].
Addressing these challenges will require interdisciplinary research that bridges atmospheric science, epidemiology, toxicology, data science, and the social sciences. Priority directions include improving characterization of wildfire smoke toxicity, developing methods to assess cumulative and mixture-based exposures, and integrating social vulnerability into exposure and health impact models. Advancing these research frontiers is essential for generating evidence that can inform more adaptive, equitable, and health-protective air quality policies in an era of rapid environmental change.

IX. Public Health and Policy Implications
The growing body of evidence linking air pollution to substantial and uneven health burdens carries important implications for public health practice and environmental policy in the United States. Translating scientific findings into health-protective standards requires regulatory approaches that are responsive to the full range of documented health effects, including those occurring at pollutant concentrations below current regulatory limits. Incorporating advances in exposure science, epidemiology, and toxicology into standard-setting processes is essential for ensuring that air quality regulations adequately reflect contemporary scientific understanding and provide meaningful protection for vulnerable populations.[49].
Effective public health strategies must also recognize the interconnected nature of air quality, climate mitigation, and health equity. Policies aimed at reducing greenhouse gas emissions often yield significant co-benefits for air quality and public health, particularly through reductions in combustion-related pollutants. Aligning air pollution control efforts with climate mitigation initiatives offers an opportunity to amplify health gains while addressing the underlying drivers of climate-related air pollution risks, such as wildfire smoke and ozone formation. Integrating health equity considerations into this process is critical, as communities most burdened by air pollution frequently have the least capacity to adapt to climate impacts and environmental hazards.[50].
Strategic approaches to advancing population health protection should prioritize interventions that reduce cumulative exposure and address structural drivers of inequity. These include strengthening air quality standards, expanding and refining monitoring networks in underserved communities, and incorporating cumulative impact assessments into permitting and land use decisions. Public health agencies, environmental regulators, and community stakeholders all play essential roles in implementing these strategies. By grounding policy decisions in robust scientific evidence and explicitly prioritizing equity, air pollution control efforts can more effectively reduce health disparities and deliver sustained improvements in population health.[49].

X. Conclusion
Air pollution remains a dominant and persistent environmental threat to public health in the United States, despite decades of regulatory progress and documented improvements in overall air quality. Synthesizing evidence across exposure patterns, health outcomes, policy effectiveness, and environmental inequities reveals a consistent and compelling conclusion: air pollution continues to impose a substantial and preventable burden of disease, with impacts that are unevenly distributed across populations and increasingly shaped by climate-related forces. The convergence of scientific findings across disciplines underscores the complexity of air pollution as both an environmental and social determinant of health.
This analysis contributes to environmental and public health scholarship by integrating diverse strands of evidence into a unified framework that links emission sources, exposure pathways, biological mechanisms, and health outcomes within their broader climatic and social contexts. By moving beyond single-pollutant and population-average approaches, the study highlights the importance of cumulative exposure, pollutant mixtures, and structural vulnerability in shaping health risk. This integrative perspective advances understanding of air pollution as a systemic public health challenge and identifies key gaps that warrant further research and methodological innovation.
The evidence presented also underscores the urgency of adopting more health-protective and equity-centered air pollution policies. As climate change intensifies exposure risks and existing disparities persist, incremental regulatory adjustments are unlikely to be sufficient. Evidence-driven standards, adaptive regulatory frameworks, and explicit consideration of environmental justice are essential for reducing health inequities and safeguarding population health. Addressing air pollution through a comprehensive and equitable public health lens is not only scientifically justified but also imperative for achieving durable and inclusive health gains in the United States.
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Figure 1. Conceptual Framework Linking Air Pollution to Health Outcomes
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