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Abstract 
The intersection of environmental pollution, climate change, and public health represents one 

of the most pressing challenges of the 21st century, with profound implications for disease 

prevention and population health outcomes. This comprehensive review examines the 

conceptual frameworks that link pollution exposure and climate-related environmental changes 

to public health outcomes, providing a systematic analysis of the mechanisms through which 

environmental factors influence disease patterns and health disparities. The study synthesizes 

current research on environmental health determinants, exploring the complex pathways 

through which air pollution, water contamination, extreme weather events, and ecosystem 

disruption contribute to disease burden across diverse populations. Through an extensive 

literature review encompassing epidemiological studies, environmental health assessments, and 

climate science research, this paper identifies key conceptual models that explain the 

relationships between environmental exposures and health outcomes. The analysis reveals that 

environmental health impacts operate through multiple interconnected pathways, including 

direct toxic effects of pollutants, indirect effects through ecosystem disruption, and social 

vulnerability factors that amplify exposure risks among marginalized populations. Climate 

change acts as a threat multiplier, exacerbating existing environmental health risks while 

creating new exposure scenarios and altering disease transmission patterns. The paper presents 

a comprehensive framework for understanding these relationships, incorporating concepts of 

environmental justice, cumulative risk assessment, and adaptive capacity in health systems. Key 

findings indicate that effective environmental health protection requires integrated approaches 

that address both immediate pollution control and long-term climate adaptation strategies. The 

research highlights the importance of place-based interventions, community engagement, and 

multi-sectoral collaboration in developing effective disease prevention strategies. Policy 

implications emphasize the need for proactive environmental health governance that 

incorporates climate resilience, equity considerations, and evidence-based risk assessment. The 

study concludes with recommendations for strengthening conceptual frameworks through 

improved environmental health surveillance, enhanced inter-disciplinary research collaboration, 

and the development of innovative intervention strategies that address the root causes of 

environmental health disparities. These findings contribute to the growing body of knowledge 

on environmental determinants of health and provide practical guidance for public health 

practitioners, policymakers, and researchers working to address the complex challenges at the 

intersection of environmental change and population health. 
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1. Introduction 

Environmental health represents a fundamental determinant of population health outcomes, encompassing the complex 

relationships between physical, chemical, and biological factors in the environment and their impacts on human health and 

disease patterns (Prüss-Ustün et al., 2016). The field has evolved significantly over the past several decades, moving from a 
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focus on acute exposures and immediate health effects to a 

more comprehensive understanding of how environmental 

factors interact with social, economic, and behavioral 

determinants to influence health outcomes across the lifespan 

(Landrigan et al., 2018). This evolution has been driven by 

mounting evidence of the profound ways in which 

environmental exposures contribute to the global burden of 

disease, with estimates suggesting that environmental factors 

account for approximately 24% of the global disease burden 

and 23% of deaths worldwide (WHO, 2016). 

The conceptual frameworks that guide environmental health 

research and practice have undergone substantial refinement 

as our understanding of exposure pathways, dose-response 

relationships, and population vulnerability has advanced 

(Nkwazema et al., 2023). Traditional models focused 

primarily on single pollutant exposures and direct health 

effects have given way to more sophisticated frameworks that 

recognize the complexity of real-world exposures, which 

typically involve multiple pollutants, multiple exposure 

routes, and interactions with other environmental and social 

stressors (Dominici et al., 2010). These contemporary 

frameworks emphasize the importance of cumulative risk 

assessment, environmental justice considerations, and the 

role of social determinants in modifying environmental 

health impacts (Morello-Frosch & Lopez, 2006). 

Climate change has emerged as a critical factor that 

fundamentally alters the environmental health landscape, 

acting as both a direct driver of health outcomes and a 

modifier of existing environmental health risks (Watts et al., 

2021). The Intergovernmental Panel on Climate Change has 

identified numerous pathways through which climate change 

affects human health, including altered patterns of 

temperature-related morbidity and mortality, changes in the 

distribution and incidence of climate-sensitive infectious 

diseases, impacts on food security and nutrition, and health 

effects related to extreme weather events and ecosystem 

disruption (IPCC, 2022). These climate-health linkages 

operate through complex mechanisms that intersect with 

existing environmental health risks, creating new exposure 

scenarios and exacerbating existing health disparities (Hayes 

et al., 2018). 

The integration of climate change considerations into 

environmental health frameworks has necessitated the 

development of new conceptual models that can capture the 

dynamic and interconnected nature of climate-environment-

health relationships (Berry et al., 2018). These models 

recognize that climate change acts as a threat multiplier, 

amplifying existing environmental health risks while creating 

novel exposure pathways and altering the effectiveness of 

traditional disease prevention strategies (Ebi & Semenza, 

2008). The temporal and spatial scales at which climate 

change operates present unique challenges for environmental 

health assessment and intervention, requiring frameworks 

that can address both immediate adaptations needs and long-

term prevention strategies (Friel et al., 2011). 

Environmental justice has become a central consideration in 

contemporary environmental health frameworks, recognizing 

that environmental health impacts are not distributed equally 

across populations (Bullard & Johnson, 2000). Communities 

of color, low-income populations, and other marginalized 

groups often face disproportionate exposure to environmental 

hazards while having limited access to resources that could 

help them cope with or avoid these exposures (Malin & 

Ryder, 2018). These disparities are often compounded by 

climate change, which tends to exacerbate existing 

inequalities and create new forms of environmental injustice 

(Islam & Winkel, 2017). Conceptual frameworks that fail to 

account for these equity dimensions provide an incomplete 

picture of environmental health impacts and may 

inadvertently perpetuate health disparities (Schlosberg & 

Collins, 2014). 

The complexity of environmental health challenges has 

driven the development of systems-based approaches that 

recognize the interconnected nature of environmental, social, 

and health systems (McMichael, 2013). These approaches 

emphasize the importance of understanding feedback loops, 

tipping points, and emergent properties that arise from the 

interaction of multiple system components (Bai et al., 2016). 

Systems thinking has proven particularly valuable in 

addressing climate change and health linkages, where the 

impacts of environmental changes cascade through multiple 

pathways and scales to influence health outcomes (Hosking 

& Campbell-Lendrum, 2012). 

The role of technology and data analytics in environmental 

health has expanded dramatically, creating new opportunities 

for exposure assessment, health surveillance, and 

intervention design (Nwankwo et al., 2024). Advanced 

modeling techniques, remote sensing technologies, and big 

data approaches are enabling more sophisticated analyses of 

environment-health relationships while supporting the 

development of predictive models that can inform proactive 

public health responses (Akinboboye et al., 2022). These 

technological advances are particularly important for 

addressing climate-related health risks, where early warning 

systems and adaptive management approaches are essential 

for effective prevention strategies (Frempong et al., 2022). 

Public health practice is increasingly recognizing the 

importance of place-based approaches that account for the 

unique environmental, social, and economic characteristics 

of specific communities (O'Neill & Abson, 2009). These 

approaches acknowledge that environmental health 

interventions must be tailored to local contexts and that 

community engagement is essential for developing effective 

and sustainable solutions (Israel et al., 2012). Place-based 

frameworks also recognize the importance of local 

knowledge and community capacity in identifying 

environmental health risks and developing appropriate 

response strategies (Corburn, 2005). 

The integration of environmental health considerations into 

broader health promotion and disease prevention strategies 

represents an important evolution in public health practice 

(Hancock, 2015). Rather than treating environmental factors 

as separate from other health determinants, contemporary 

approaches recognize the need for comprehensive strategies 

that address multiple determinants simultaneously (Marmot 

& Wilkinson, 2006). This integrated approach is particularly 

important for addressing climate change and health linkages, 

where effective responses require coordination across 

multiple sectors and scales of action (Woodcock et al., 2009). 

 

2. Literature Review 

The literature on environmental health and disease prevention 

has expanded exponentially over the past two decades, 

reflecting growing recognition of the critical role that 

environmental factors play in shaping population health 

outcomes (Landrigan et al., 2018). Early environmental 

health research focused primarily on occupational exposures 

and acute effects of high-level pollution exposures, but the 
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field has evolved to encompass a much broader range of 

environmental factors and health outcomes (Brunekreef & 

Holgate, 2002). Contemporary research addresses complex 

exposure scenarios involving multiple pollutants, chronic 

low-level exposures, and the interaction of environmental 

factors with genetic, behavioral, and social determinants of 

health (Wild, 2005). 

The conceptual frameworks that guide environmental health 

research have undergone significant refinement as the field 

has matured (Okoye et al., 2024). Early models were largely 

based on toxicological paradigms that emphasized dose-

response relationships and threshold effects, but these have 

been supplemented by more sophisticated frameworks that 

account for population heterogeneity, cumulative exposures, 

and the role of social determinants in modifying 

environmental health impacts (Sexton & Hattis, 2007). The 

development of the exposome concept represents a 

particularly important advancement, providing a framework 

for considering the totality of environmental exposures across 

the lifespan and their interactions with internal biological 

processes (Wild, 2012). 

Air pollution research has provided some of the most 

compelling evidence for the health impacts of environmental 

exposures, with studies demonstrating associations between 

ambient air pollution and a wide range of health outcomes 

including cardiovascular disease, respiratory disease, cancer, 

and premature mortality (Pope et al., 2020). The Global 

Burden of Disease project has identified air pollution as one 

of the leading risk factors for disease burden globally, with 

particular impacts on vulnerable populations including 

children, elderly adults, and individuals with pre-existing 

health conditions (Cohen et al., 2017). Research has 

increasingly focused on understanding the mechanisms 

through which air pollution affects health, with evidence 

pointing to systemic inflammation, oxidative stress, and 

epigenetic modifications as key pathways (Rajagopalan et al., 

2018). 

Water quality and sanitation represent fundamental 

environmental health determinants, with substantial evidence 

linking inadequate water and sanitation services to infectious 

disease transmission, malnutrition, and impaired child 

development (Prüss-Ustün et al., 2019). The literature 

demonstrates that water-related health impacts extend 

beyond infectious diseases to include chemical 

contamination effects, with particular concerns about 

emerging contaminants such as pharmaceuticals, personal 

care products, and endocrine-disrupting chemicals 

(Richardson & Ternes, 2018). Climate change is altering 

water availability and quality patterns, creating new 

challenges for water security and associated health outcomes 

(Howard et al., 2016). 

Chemical exposure research has expanded to address the 

health impacts of thousands of synthetic chemicals that are 

now present in the environment, with particular attention to 

persistent organic pollutants, heavy metals, and endocrine-

disrupting chemicals (Grandjean & Bellanger, 2017). The 

literature reveals that chemical exposures often occur as 

complex mixtures, making it difficult to isolate the effects of 

individual chemicals and necessitating new approaches to 

mixture risk assessment (Kortenkamp et al., 2009). Research 

on developmental origins of health and disease has 

highlighted the particular vulnerability of early life stages to 

chemical exposures, with evidence that exposures during 

critical developmental windows can have long-lasting effects 

on health outcomes (Heindel et al., 2017). 

The climate change and health literature has grown rapidly, 

with comprehensive assessments identifying multiple 

pathways through which climate change affects human health 

(Watts et al., 2021). Direct health effects include 

temperature-related morbidity and mortality, with evidence 

showing increased risks of heat-related illness, 

cardiovascular events, and respiratory complications during 

extreme heat events (Basu, 2009). Indirect health effects 

operate through multiple pathways including altered patterns 

of infectious disease transmission, food security impacts, 

extreme weather events, and ecosystem disruption 

(McMichael et al., 2012). The literature increasingly 

recognizes that climate change acts as a threat multiplier, 

exacerbating existing environmental health risks while 

creating new exposure scenarios (Hayes et al., 2018). 

Environmental justice research has documented substantial 

disparities in environmental health impacts across racial, 

ethnic, and socioeconomic groups, with marginalized 

communities often facing disproportionate exposure to 

environmental hazards (Malin & Ryder, 2018). The literature 

reveals that these disparities arise through multiple 

mechanisms including discriminatory land use decisions, 

differential access to resources for avoiding or coping with 

exposures, and cumulative impacts of multiple stressors 

(Morello-Frosch & Lopez, 2006). Climate change is expected 

to exacerbate these existing disparities, with vulnerable 

populations facing greater risks from climate-related health 

impacts while having limited capacity for adaptation (Islam 

& Winkel, 2017). 

Systems approaches to environmental health have gained 

prominence in the literature, with researchers recognizing the 

need for frameworks that can capture the complex 

interactions between environmental, social, and health 

systems (McMichael, 2013). These approaches emphasize 

the importance of understanding feedback loops, non-linear 

relationships, and emergent properties that arise from system 

interactions (Bai et al., 2016). The literature on social-

ecological systems has provided valuable insights into how 

human and natural systems interact to influence health 

outcomes, with particular relevance for understanding 

climate change and health linkages (Folke et al., 2010). 

The role of urban environments in shaping health outcomes 

has received increasing attention in the literature, with 

research demonstrating that urban design and planning 

decisions have profound impacts on environmental exposures 

and health outcomes (Frumkin et al., 2004). The concept of 

healthy cities has emerged as an important framework for 

integrating health considerations into urban planning 

processes, with evidence showing that well-designed urban 

environments can promote health while reducing 

environmental risks (Rydin et al., 2012). Research on urban 

heat islands, air quality, and green space access has provided 

important insights into the mechanisms through which urban 

environments influence health (Akhamere, 2023). 

The literature on environmental health interventions has 

evolved from a focus on end-of-pipe pollution control to 

more comprehensive approaches that address the root causes 

of environmental health problems (Friel et al., 2011). Primary 

prevention strategies that eliminate or reduce environmental 

exposures at their source are increasingly recognized as more 

effective and cost-efficient than approaches that focus on 

treating health effects after exposure has occurred 

(Grandjean, 2013). The literature emphasizes the importance 
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of multi-sectoral collaboration, community engagement, and 

policy interventions that address the structural determinants 

of environmental health disparities (Corburn, 2005). 

Technological advances in environmental monitoring, 

exposure assessment, and health surveillance have created 

new opportunities for advancing environmental health 

research and practice (Appoh et al., 2022). The literature on 

environmental health informatics demonstrates how big data 

approaches, remote sensing technologies, and advanced 

modeling techniques can enhance our ability to understand 

and address environmental health challenges (Jerrett, 2009). 

These technological tools are particularly important for 

addressing climate change and health linkages, where real-

time monitoring and predictive modeling are essential for 

effective adaptation strategies (Umana et al., 2022). 

The integration of environmental health considerations into 

broader public health and health care practice represents an 

important theme in recent literature (Hancock, 2015). 

Research has demonstrated that health care systems have 

important roles to play in addressing environmental health 

challenges, both through direct patient care and through 

advocacy and policy engagement (Sheffield & Landrigan, 

2011). The literature on planetary health has emerged as an 

important framework for understanding the connections 

between human health and the health of natural systems, 

emphasizing the need for approaches that address both 

human and environmental wellbeing (Whitmee et al., 2015). 

 

3. Methodology 

This comprehensive review employed a systematic approach 

to examine the conceptual frameworks linking pollution 

exposure, climate change, and public health outcomes in the 

context of environmental health and disease prevention. The 

methodology was designed to provide a thorough analysis of 

current knowledge while identifying key gaps and 

opportunities for advancing the field. The research approach 

integrated multiple methodological strategies including 

systematic literature review, conceptual framework analysis, 

and evidence synthesis to develop a comprehensive 

understanding of the complex relationships between 

environmental factors and health outcomes (Okoli et al., 

2022). 

The literature search strategy was developed using a 

combination of key terms related to environmental health, 

pollution exposure, climate change, and public health 

outcomes. Primary databases searched included PubMed, 

Web of Science, Scopus, and Environmental Index, with 

additional searches conducted in specialized databases such 

as TOXLINE and GreenFILE. The search strategy was 

designed to capture both empirical research studies and 

theoretical papers that contribute to our understanding of 

environment-health relationships. Search terms were 

combined using Boolean operators to create comprehensive 

search strings that could identify relevant literature across 

multiple domains of environmental health research (Afrihyia 

et al., 2022). 

Inclusion criteria for the literature review were established to 

focus on peer-reviewed articles published between 2000 and 

2024 that addressed environmental health determinants, 

pollution exposures, climate change impacts, or public health 

outcomes related to environmental factors. Studies were 

included if they provided empirical evidence of environment-

health relationships, presented conceptual frameworks for 

understanding these relationships, or offered methodological 

advances relevant to environmental health research. Both 

quantitative and qualitative studies were included to ensure 

comprehensive coverage of the literature. Priority was given 

to studies that addressed multiple environmental exposures, 

vulnerable populations, or intervention strategies (Omolayo 

et al., 2023). 

The conceptual framework analysis involved systematic 

examination of the theoretical models and frameworks used 

in environmental health research to understand environment-

health relationships. This analysis focused on identifying 

common elements across frameworks, assessing the strengths 

and limitations of different approaches, and examining how 

frameworks have evolved over time to address emerging 

challenges such as climate change and environmental justice. 

The analysis also examined how different frameworks 

address issues of scale, complexity, and uncertainty that are 

inherent in environmental health research (Frempong et al., 

2024). 

Data extraction was conducted using standardized forms that 

captured key information about study design, population 

characteristics, environmental exposures, health outcomes, 

and study findings. For conceptual framework analysis, data 

extraction focused on identifying the key components of each 

framework, the relationships between components, and the 

underlying assumptions and theories that inform the 

framework. Quality assessment was conducted using 

established criteria appropriate for different study designs, 

with particular attention to issues of exposure assessment 

quality, confounding control, and generalizability of findings 

(Akhamere, 2022). 

The evidence synthesis approach involved both narrative 

synthesis and where appropriate, quantitative synthesis of 

findings across studies. The narrative synthesis focused on 

identifying patterns in the evidence, assessing the consistency 

of findings across different contexts and populations, and 

examining factors that might explain heterogeneity in results. 

The synthesis was structured around key themes including 

direct health effects of environmental exposures, indirect 

effects operating through ecosystem disruption, the role of 

social determinants in modifying environmental health 

impacts, and the implications of climate change for 

environmental health risks (Dogho, 2023). 

Geographic and temporal considerations were integrated into 

the methodology to ensure that the analysis captured 

variation in environmental health relationships across 

different contexts and time periods. The review included 

studies from diverse geographic regions including both 

developed and developing countries, with particular attention 

to studies from Africa and other regions that may face unique 

environmental health challenges. Temporal analysis 

examined how environmental health risks and conceptual 

frameworks have evolved over time, with special focus on 

how climate change has altered our understanding of 

environment-health relationships (Ayumu & Ohakawa, 

2024). 

Population vulnerability analysis was incorporated as a key 

methodological component, with systematic examination of 

how environmental health impacts vary across different 

demographic groups including children, elderly adults, 

pregnant women, and socioeconomically disadvantaged 

populations. This analysis examined both biological factors 

that may increase susceptibility to environmental exposures 

and social factors that may increase exposure risk or reduce 

capacity to cope with environmental health threats. The 
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analysis also examined how climate change may alter 

patterns of vulnerability and create new at-risk populations 

(Olajide et al., 2023). 

The methodology included systematic assessment of 

intervention strategies and their effectiveness in addressing 

environmental health challenges. This analysis examined 

both traditional pollution control approaches and more 

innovative strategies that address the social and structural 

determinants of environmental health disparities. The 

assessment considered the scalability, sustainability, and 

equity implications of different intervention approaches, with 

particular attention to strategies that could be effective in 

addressing climate-related health risks (Alonge et al., 2023). 

Quality assurance procedures were implemented throughout 

the methodology to ensure the reliability and validity of the 

findings. These procedures included independent screening 

and data extraction by multiple reviewers, regular calibration 

exercises to ensure consistency in data extraction and quality 

assessment, and systematic documentation of methodological 

decisions and potential sources of bias. The analysis also 

included sensitivity analyses to examine the robustness of 

findings to different methodological choices and assumptions 

(Ilori, 2022). 

The methodology incorporated stakeholder engagement 

strategies to ensure that the analysis addressed the needs and 

priorities of environmental health practitioners, 

policymakers, and affected communities. This engagement 

involved consultation with experts in environmental health, 

climate change, and public health to validate the analytical 

framework and ensure that the synthesis addressed key policy 

and practice questions. Community stakeholder input was 

also incorporated to ensure that the analysis reflected the 

perspectives and experiences of populations most affected by 

environmental health challenges (Fagbore et al., 2024). 

 

3.1. Theoretical Foundations of Environmental Health 

Frameworks 

The theoretical foundations of environmental health 

frameworks have evolved substantially over the past several 

decades, reflecting advances in our understanding of 

exposure pathways, biological mechanisms, and the complex 

interactions between environmental, social, and individual 

factors that determine health outcomes. Early environmental 

health frameworks were largely grounded in toxicological 

models that emphasized linear dose-response relationships 

and assumed that health effects could be predicted based on 

exposure levels and toxicity data (Sexton & Hattis, 2007). 

These models provided important insights into acute health 

effects of high-level exposures but proved inadequate for 

understanding the complex, multi-factorial nature of 

environmental health impacts in real-world settings where 

people are exposed to multiple pollutants at varying levels 

over extended periods. 

The development of epidemiological approaches to 

environmental health research introduced new theoretical 

perspectives that emphasized population-level patterns of 

disease and the role of environmental factors as determinants 

of health across populations (Rothman et al., 2008). 

Epidemiological frameworks brought attention to issues of 

confounding, effect modification, and the challenges of 

establishing causal relationships between environmental 

exposures and health outcomes in observational studies. 

These frameworks also highlighted the importance of 

vulnerable populations and individual susceptibility factors 

that could modify the relationship between exposure and 

health outcomes (Vrijheid, 2014). The integration of 

epidemiological and toxicological perspectives has been 

essential for developing comprehensive frameworks that can 

address both mechanistic understanding and population 

health impacts. 

Systems thinking has emerged as a fundamental theoretical 

foundation for contemporary environmental health 

frameworks, recognizing that environmental health outcomes 

arise from complex interactions within and between multiple 

systems including environmental, social, economic, and 

biological systems (McMichael, 2013). Systems approaches 

emphasize the importance of feedback loops, non-linear 

relationships, and emergent properties that cannot be 

understood by examining individual system components in 

isolation. This perspective has been particularly valuable for 

understanding climate change and health linkages, where 

environmental changes cascade through multiple pathways to 

influence health outcomes at different temporal and spatial 

scales (Bai et al., 2016). 

The concept of environmental justice has provided crucial 

theoretical grounding for frameworks that address the social 

determinants of environmental health disparities (Bullard & 

Johnson, 2000). Environmental justice theories emphasize 

that environmental health impacts are not randomly 

distributed across populations but are shaped by social, 

economic, and political factors that influence both exposure 

patterns and vulnerability to environmental health risks. 

These theories highlight the importance of procedural justice 

in environmental decision-making, distributive justice in the 

allocation of environmental benefits and burdens, and 

recognition justice in acknowledging the knowledge and 

experiences of affected communities (Schlosberg, 2007). 

The exposome concept represents a significant theoretical 

advancement that provides a framework for considering the 

totality of environmental exposures across the lifespan and 

their interactions with internal biological processes (Wild, 

2012). This concept recognizes that individuals are exposed 

to complex mixtures of environmental agents that may 

interact with each other and with individual biological 

characteristics to influence health outcomes. The exposome 

framework emphasizes the need for comprehensive exposure 

assessment approaches that can capture both external 

environmental exposures and internal biological responses to 

those exposures. This perspective has important implications 

for understanding cumulative health impacts and developing 

personalized approaches to environmental health protection 

(Vermeulen et al., 2020). 

Life course epidemiology has provided theoretical 

foundations for understanding how environmental exposures 

at different life stages contribute to health outcomes across 

the lifespan (Ben-Shlomo & Kuh, 2002). This theoretical 

perspective emphasizes that certain developmental periods 

may be particularly sensitive to environmental exposures, 

with effects that may not manifest until later in life. The 

developmental origins of health and disease hypothesis has 

been particularly influential, providing evidence that 

environmental exposures during critical developmental 

windows can have long-lasting effects on health outcomes 

(Heindel et al., 2017). These concepts have important 

implications for environmental health policy and intervention 

strategies, emphasizing the need for protection of vulnerable 

life stages. 

Social-ecological systems theory has provided important 
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theoretical foundations for understanding the interactions 

between human and natural systems that influence 

environmental health outcomes (Folke et al., 2010). This 

theoretical perspective recognizes that human health is 

fundamentally dependent on the health of natural systems and 

that environmental health challenges cannot be understood 

without considering the social, economic, and political 

factors that influence human-environment interactions. 

Social-ecological systems theory emphasizes concepts such 

as resilience, adaptive capacity, and transformation that are 

essential for understanding how communities can respond to 

environmental health challenges, particularly in the context 

of climate change (Norberg & Cumming, 2008). 

The precautionary principle has emerged as an important 

theoretical foundation for environmental health policy and 

practice, particularly in situations where scientific 

uncertainty exists about the health effects of environmental 

exposures (Kriebel et al., 2001). This principle suggests that 

protective action should be taken even in the absence of 

complete scientific certainty when potential health impacts 

are serious or irreversible. The precautionary principle has 

been particularly important for addressing emerging 

environmental health threats such as endocrine-disrupting 

chemicals and nanoparticles, where traditional risk 

assessment approaches may be inadequate for protecting 

public health (Grandjean, 2013). 

 

 
Source: Author 

 

Fig 1: Theoretical Evolution of Environmental Health Frameworks 

(2000-2024) 

 

Risk assessment frameworks have provided important 

theoretical foundations for evaluating environmental health 

hazards and informing regulatory decision-making (NRC, 

2009). Traditional risk assessment approaches involve hazard 

identification, dose-response assessment, exposure 

assessment, and risk characterization, providing a systematic 

approach for evaluating the potential health impacts of 

environmental exposures. However, these frameworks have 

been critiqued for their focus on single chemicals, their 

reliance on animal toxicity data, and their limited 

consideration of vulnerable populations and cumulative 

exposures (Sexton et al., 2004). Contemporary risk 

assessment frameworks are evolving to address these 

limitations through approaches such as cumulative risk 

assessment, aggregate exposure assessment, and community-

based participatory risk assessment. 

Health impact assessment has emerged as an important 

theoretical framework for evaluating the potential health 

consequences of policies, programs, and projects that may 

affect environmental conditions (Dannenberg et al., 2008). 

This framework provides a systematic approach for 

identifying, predicting, and evaluating the health impacts of 

proposed actions, with particular attention to impacts on 

vulnerable populations and health equity considerations. 

Health impact assessment frameworks emphasize 

stakeholder engagement, interdisciplinary collaboration, and 

the use of multiple types of evidence including quantitative 

data, qualitative information, and community knowledge 

(Harris-Roxas et al., 2012). 

One Health approaches have provided theoretical 

foundations for understanding the interconnections between 

human health, animal health, and environmental health 

(Zinsstag et al., 2011). This perspective recognizes that 

human health cannot be understood in isolation from the 

health of animals and ecosystems and emphasizes the need 

for collaborative approaches that address health challenges 

across these domains. One Health frameworks have been 

particularly valuable for understanding zoonotic disease 

transmission, antimicrobial resistance, and food safety issues 

that arise at the interface of human, animal, and 

environmental health systems (Ruckelshaus et al., 2020). 

 

3.2. Pollution Exposure Pathways and Health Impact 

Mechanisms 

Environmental pollution exposures operate through complex 

pathways that involve multiple environmental media, 

exposure routes, and biological mechanisms that ultimately 

influence health outcomes across diverse populations. 

Understanding these exposure pathways is fundamental to 

developing effective environmental health frameworks and 

designing appropriate intervention strategies. The complexity 

of real-world exposures, which typically involve 

simultaneous exposure to multiple pollutants through 

multiple routes over varying time periods, requires 

sophisticated analytical approaches that can capture the 

cumulative and interactive effects of these exposures (Sexton 

& Hattis, 2007). 

Air pollution represents one of the most significant 

environmental health threats globally, with exposure 

pathways involving inhalation of particulate matter, gaseous 

pollutants, and complex mixtures of atmospheric 

contaminants (Pope et al., 2020). Fine particulate matter 

(PM2.5) has received particular attention due to its ability to 

penetrate deep into the respiratory system and enter the 

bloodstream, where it can trigger systemic inflammatory 

responses and contribute to cardiovascular and respiratory 

disease (Rajagopalan et al., 2018). The mechanisms through 

which air pollution affects health include oxidative stress, 

systemic inflammation, endothelial dysfunction, and 

epigenetic modifications that can alter gene expression 
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patterns and contribute to disease development (Brook et al., 

2010). These mechanisms help explain why air pollution 

exposure is associated with such a wide range of health 

outcomes, from acute respiratory symptoms to chronic 

diseases and premature mortality. 

Water contamination pathways involve exposure to 

chemical, biological, and physical contaminants through 

drinking water consumption, recreational water contact, and 

food preparation activities (Richardson & Ternes, 2018). 

Chemical contaminants in water supplies include heavy 

metals, organic pollutants, disinfection byproducts, and 

emerging contaminants such as pharmaceuticals and personal 

care products. The health impacts of water contamination 

operate through multiple mechanisms including direct 

toxicity, disruption of endocrine function, carcinogenic 

effects, and increased susceptibility to infectious diseases 

(Prüss-Ustün et al., 2019). Biological contaminants in water 

systems can cause acute gastroenteritis and other infectious 

diseases, with particular risks for vulnerable populations 

including children, elderly adults, and immunocompromised 

individuals. 

Soil contamination represents another important exposure 

pathway, with human exposure occurring through direct 

contact with contaminated soil, inhalation of dust particles, 

and consumption of contaminated food grown in polluted soil 

(Swartjes, 2011). Heavy metals such as lead, cadmium, and 

arsenic can accumulate in soil from industrial activities, 

mining operations, and agricultural practices, creating long-

term exposure risks for nearby communities. The health 

impacts of soil contamination are particularly concerning for 

children, who may have higher exposure rates due to hand-

to-mouth behavior and may be more susceptible to the 

developmental effects of toxic exposures (Lanphear et al., 

2016). The persistence of many soil contaminants means that 

exposure risks can continue for decades or centuries after the 

original contamination occurred. 

Food chain contamination pathways involve the 

accumulation and concentration of pollutants as they move 

through the food web, with particular concerns about 

persistent organic pollutants and heavy metals that 

bioaccumulate in fatty tissues (Schecter et al., 2010). Seafood 

consumption represents a major exposure pathway for 

mercury, which can cause neurological damage, particularly 

during fetal development. Agricultural practices can 

introduce pesticides, antibiotics, and other contaminants into 

the food supply, creating widespread population exposures to 

these chemicals. The globalization of food systems has 

increased the complexity of food chain contamination, as 

pollutants released in one region can affect food supplies 

consumed in distant locations (Nwankwo et al., 2024). 

Indoor air pollution represents a significant exposure 

pathway that is often overlooked in environmental health 

assessments, despite the fact that people spend the majority 

of their time indoors (Jones, 1999). Indoor pollutants include 

combustion products from cooking and heating, volatile 

organic compounds from building materials and consumer 

products, biological contaminants such as mold and dust 

mites, and outdoor pollutants that infiltrate into indoor 

spaces. The health impacts of indoor air pollution can be 

substantial, particularly for vulnerable populations who 

spend more time indoors, such as young children, elderly 

adults, and individuals with chronic diseases (Mendell, 

2007). 

Occupational exposure pathways represent a critical 

component of environmental health, with workers often 

facing higher levels of exposure to toxic substances than the 

general population (Landrigan et al., 2018). Occupational 

exposures can occur through inhalation, dermal contact, and 

ingestion of workplace contaminants, with health impacts 

ranging from acute poisoning to chronic diseases such as 

cancer, respiratory disease, and neurological disorders. The 

health effects of occupational exposures extend beyond 

individual workers to affect families and communities 

through take-home exposures and environmental releases 

from industrial facilities (Grandjean & Bellanger, 2017). 

 

Table 1: Major Environmental Pollution Exposure Pathways and Associated Health Mechanisms 
 

Exposure 

Pathway 
Primary Contaminants Exposure Route Key Health Mechanisms Vulnerable Populations 

Air Pollution PM2.5, NO2, O3, VOCs Inhalation 

Oxidative stress, systemic 

inflammation, endothelial 

dysfunction 

Children, elderly, 

respiratory/cardiovascular disease 

patients 

Water 

Contamination 

Heavy metals, pathogens, 

disinfection byproducts, 

pharmaceuticals 

Ingestion, dermal 

contact 

Direct toxicity, endocrine 

disruption, infectious disease 

Children, pregnant women, 

immunocompromised individuals 

Soil 

Contamination 

Lead, cadmium, arsenic, 

petroleum products 

Ingestion, dermal 

contact, inhalation 

Neurotoxicity, carcinogenesis, 

developmental effects 

Children, agricultural workers, urban 

residents 

Food Chain 
Mercury, pesticides, persistent 

organic pollutants 
Ingestion 

Bioaccumulation, neurotoxicity, 

endocrine disruption 

Pregnant women, high seafood 

consumers, subsistence communities 

Indoor Air 
VOCs, combustion products, 

biological agents 
Inhalation 

Respiratory irritation, 

sensitization, carcinogenesis 

Households using solid fuels, children, 

asthmatic individuals 

Occupational 
Industrial chemicals, dusts, 

metals 

Inhalation, 

dermal, ingestion 

Acute toxicity, chronic disease, 

carcinogenesis 

Industrial workers, agricultural 

workers, healthcare workers 

 

Environmental mixture effects represent a particularly 

important consideration in understanding pollution exposure 

pathways, as real-world exposures typically involve 

simultaneous exposure to multiple pollutants that may 

interact in complex ways (Kortenkamp et al., 2009). These 

interactions can result in additive effects, where the combined 

effect equals the sum of individual effects, synergistic effects 

where the combined effect is greater than the sum of 

individual effects, or antagonistic effects where one pollutant 

reduces the toxicity of another. Understanding mixture 

effects is crucial for accurate risk assessment and for 

developing effective intervention strategies that address the 

full complexity of environmental exposures (Rider et al., 

2018). 

The temporal dimension of exposure pathways is critical for 

understanding health impacts, as the timing, duration, and 
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frequency of exposures can significantly influence the 

magnitude and nature of health effects (Ben-Shlomo & Kuh, 

2002). Acute exposures may cause immediate health effects 

such as respiratory irritation or poisoning, while chronic 

exposures may contribute to the development of cancer, 

cardiovascular disease, or other chronic conditions over 

many years or decades. Critical windows of exposure, 

particularly during fetal development and early childhood, 

may have particularly significant impacts on health outcomes 

that may not manifest until later in life (Heindel et al., 2017). 

Geographic variation in exposure pathways reflects 

differences in pollution sources, environmental conditions, 

and population characteristics that influence both exposure 

levels and health impacts (Jerrett, 2009). Urban areas may 

have higher levels of air pollution from traffic and industrial 

sources, while rural areas may have greater exposures to 

agricultural chemicals and naturally occurring contaminants. 

Developing countries may face unique exposure scenarios 

related to industrial development, inadequate environmental 

controls, and limited access to clean water and sanitation 

(Landrigan et al., 2018). Understanding these geographic 

patterns is essential for developing targeted intervention 

strategies and addressing environmental health disparities. 

The role of individual susceptibility factors in modifying 

exposure-health relationships represents an important area of 

environmental health research, with evidence showing that 

genetic factors, nutritional status, pre-existing health 

conditions, and other individual characteristics can influence 

how people respond to environmental exposures (Vrijheid, 

2014). These susceptibility factors help explain why some 

individuals may experience health effects from 

environmental exposures while others do not, and why 

certain populations may be more vulnerable to environmental 

health risks. Understanding individual susceptibility is 

important for developing personalized approaches to 

environmental health protection and for identifying 

populations that may need additional protection from 

environmental exposures. 

 

3.3. Climate Change as an Environmental Health 

Determinant 

Climate change has emerged as one of the most significant 

environmental health challenges of the 21st century, 

fundamentally altering the environmental conditions that 

determine human health outcomes and creating new 

pathways through which environmental factors influence 

disease patterns (Watts et al., 2021). The health impacts of 

climate change operate through multiple interconnected 

mechanisms that span direct physiological effects, indirect 

effects mediated through environmental and social systems, 

and complex feedback loops that can amplify health risks 

over time. Understanding these climate-health linkages 

requires conceptual frameworks that can capture the 

dynamic, multi-scale, and often non-linear nature of climate 

impacts on human health (McMichael et al., 2012). 

Direct health effects of climate change include temperature-

related morbidity and mortality, which have become 

increasingly evident as global temperatures continue to rise 

and extreme heat events become more frequent and intense 

(Basu, 2009). Heat-related health impacts operate through 

multiple physiological pathways including heat stress, 

dehydration, exacerbation of cardiovascular and respiratory 

conditions, and heat stroke in severe cases. Vulnerable 

populations including elderly adults, young children, 

individuals with chronic diseases, and outdoor workers face 

disproportionate risks from extreme heat exposure. Urban 

heat island effects can amplify these risks in densely 

populated areas, where built environments retain heat and 

create temperature differentials that can exceed surrounding 

rural areas by several degrees (Rizwan et al., 2008). 

Extreme weather events represent another direct pathway 

through which climate change affects health, with increasing 

frequency and intensity of hurricanes, floods, droughts, and 

other extreme events creating immediate and long-term 

health risks (Hayes et al., 2018). The health impacts of 

extreme weather events include injuries and deaths from the 

events themselves, mental health impacts from trauma and 

displacement, infectious disease outbreaks related to 

disrupted water and sanitation systems, and chronic health 

effects from exposure to contaminated flood waters or other 

environmental hazards. The recovery period following 

extreme weather events can be prolonged, with health 

impacts persisting for months or years after the initial event 

(Goldmann & Galea, 2014). 

Air quality impacts of climate change create important 

indirect pathways for health effects, as rising temperatures 

and changing weather patterns alter the formation and 

distribution of air pollutants (Jacob & Winner, 2009). 

Climate change can increase ground-level ozone formation 

through temperature-dependent photochemical reactions, 

extend pollen seasons and increase allergen exposure, and 

alter the transport and dispersion of particulate matter and 

other air pollutants. Wildfires, which are becoming more 

frequent and severe due to climate change, represent a 

particularly important source of air pollution that can affect 

air quality over large geographic areas and create health risks 

for millions of people (Reid et al., 2016). 

Water security and quality impacts of climate change affect 

health through multiple pathways including altered 

precipitation patterns, increased flooding and drought, rising 

sea levels, and temperature-related changes in water quality 

(Howard et al., 2016). Drought conditions can concentrate 

pollutants in water supplies and reduce access to safe 

drinking water, while flooding can contaminate water 

supplies with pathogens, chemicals, and other hazardous 

substances. Rising sea levels can lead to saltwater intrusion 

into freshwater supplies, making them unsuitable for drinking 

and agriculture. Changes in water temperature can alter the 

growth of waterborne pathogens and create new risks for 

waterborne disease outbreaks (Hunter, 2003). 

Food security and nutrition impacts represent critical 

pathways through which climate change affects health, as 

changing temperature and precipitation patterns alter 

agricultural productivity and food availability (Wheeler & 

von Braun, 2013). Heat stress, drought, and extreme weather 

events can reduce crop yields and livestock productivity, 

leading to food shortages and increased food prices that 

disproportionately affect low-income populations. Climate 

change can also alter the nutritional quality of food crops, 

with elevated carbon dioxide concentrations reducing protein 

and micronutrient content in many staple crops (Myers et al., 

2014). These changes in food security and nutrition can have 

cascading effects on child development, maternal health, and 

population health outcomes. 

Vector-borne disease transmission represents an important 

climate-sensitive health outcome, as changing temperature 

and precipitation patterns alter the geographic distribution, 

seasonal patterns, and transmission intensity of diseases such 
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as malaria, dengue fever, and Lyme disease (Ogden & 

Lindsay, 2016). Warmer temperatures can expand the 

geographic range of disease vectors such as mosquitoes and 

ticks, while changes in precipitation can create new breeding 

habitats or eliminate existing ones. The relationships between 

climate and vector-borne disease transmission are complex 

and vary by disease system, but there is growing evidence 

that climate change is already altering disease transmission 

patterns in many regions (Semenza & Menne, 2009). 

Mental health impacts of climate change operate through 

multiple pathways including direct effects of extreme 

weather events, indirect effects of environmental degradation 

and displacement, and broader psychological impacts related 

to climate anxiety and concern about future climate impacts 

(Clayton, 2020). Natural disasters can cause acute trauma and 

lead to post-traumatic stress disorder, depression, and other 

mental health conditions. Slow-onset climate impacts such as 

drought, sea level rise, and ecosystem degradation can cause 

chronic stress and contribute to mental health problems, 

particularly in communities whose livelihoods depend on 

climate-sensitive resources. Climate change can also 

exacerbate existing mental health conditions and create new 

stressors that affect psychological wellbeing (Palinkas, 

2020). 

 

 
 Source: Author 

 

Fig 2: Multi-Pathway Framework for Climate Change Health Impacts 

 

Ecosystem health impacts of climate change affect human 

health through the disruption of ecosystem services that 

support human wellbeing, including clean air and water 

provision, climate regulation, pollination services, and 

natural hazard protection (Millennium Ecosystem 

Assessment, 2005). Climate change can alter ecosystem 

structure and function, leading to biodiversity loss, habitat 

degradation, and reduced capacity of natural systems to 

provide these essential services. Coastal ecosystems such as 

coral reefs and mangroves provide important protection from 

storm surge and flooding, and their degradation due to 

climate change can increase vulnerability to extreme weather 

events (Barbier et al., 2008). 

Social and economic disruption caused by climate change 

creates additional pathways for health impacts, as climate-

related damages to infrastructure, agriculture, and other 

economic sectors can affect employment, income, and access 

to health care and other essential services (Berry et al., 2018). 

Climate-related migration and displacement can disrupt 

social networks and community support systems that are 

important for health and wellbeing. These social and 

economic impacts often disproportionately affect vulnerable 

populations who have limited resources to adapt to changing 

conditions (Islam & Winkel, 2017). 

The temporal and spatial scales at which climate change 

operates present unique challenges for environmental health 

assessment and response, as climate impacts can manifest 

across multiple time scales from immediate effects during 

extreme events to gradual changes that unfold over decades 

or centuries (Friel et al., 2011). Similarly, climate impacts 

can operate at scales ranging from local microclimates to 

global atmospheric systems, requiring analytical frameworks 

that can address cross-scale interactions and emergent 

properties that arise from complex system dynamics (O'Neill 

et al., 2017). 

Adaptation and mitigation strategies represent important 

components of climate change and health frameworks, as 

reducing greenhouse gas emissions and building adaptive 

capacity can significantly reduce health risks from climate 

change (Watts et al., 2015). Health co-benefits of climate 

mitigation strategies, such as reduced air pollution from clean 

energy transitions and increased physical activity from active 

transportation, can provide immediate health benefits while 

also addressing long-term climate risks. Adaptation strategies 

that focus on building resilient health systems, improving 

early warning systems, and strengthening community 

capacity can help reduce vulnerability to climate-related 

health risks (Ebi et al., 2018). 

 
3.4. Social Determinants and Environmental Health Equity 

The intersection of social determinants and environmental 

health represents a critical area of inquiry that recognizes 

environmental health impacts are not distributed equally 

across populations, but are shaped by complex interactions 

between environmental exposures and social, economic, and 

political factors that influence both exposure patterns and 

vulnerability to environmental health risks (Malin & Ryder, 

2018). Understanding these relationships is essential for 

developing effective environmental health interventions that 

can address the root causes of health disparities and promote 

environmental justice. The conceptual frameworks that guide 

this work must account for the structural factors that create 

and maintain environmental health inequities while also 

addressing the cumulative impacts of multiple stressors that 

disproportionately affect marginalized communities. 

Environmental justice has emerged as a foundational concept 

for understanding how social determinants interact with 

environmental factors to create health disparities (Bullard & 

Johnson, 2000). Research has consistently demonstrated that 

communities of color, low-income populations, and other 

marginalized groups face disproportionate exposure to 

environmental hazards while having limited access to 

environmental amenities such as parks, clean air, and safe 

drinking water. These disparities arise through multiple 
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mechanisms including historical patterns of discriminatory 

land use planning, the siting of hazardous facilities in 

disadvantaged communities, and the differential enforcement 

of environmental regulations (Pellow, 2017). The cumulative 

effect of these disparities is that some communities face much 

higher environmental health risks than others, contributing to 

persistent health inequities across racial, ethnic, and 

socioeconomic lines. 

Cumulative risk assessment has become an important 

framework for understanding how multiple environmental 

and social stressors interact to affect health outcomes in 

disadvantaged communities (Sexton & Hattis, 2007). 

Traditional environmental health approaches often focus on 

single exposures or single pollutants, but research has shown 

that many communities face simultaneous exposures to 

multiple environmental hazards combined with social 

stressors such as poverty, discrimination, and limited access 

to healthcare. These cumulative exposures can have additive 

or synergistic effects that result in health impacts that are 

greater than would be predicted from considering individual 

stressors in isolation. Cumulative risk frameworks recognize 

the need to assess the combined impact of chemical stressors, 

non-chemical stressors, and social vulnerability factors to 

accurately characterize health risks in disadvantaged 

communities (Morello-Frosch & Lopez, 2006). 

Social vulnerability represents a key concept for 

understanding how social and economic factors influence 

susceptibility to environmental health risks (Cutter et al., 

2003). Socially vulnerable populations may have higher 

exposure to environmental hazards due to factors such as 

residential location, occupational exposures, or limited 

ability to avoid contaminated areas. They may also be more 

susceptible to the health effects of environmental exposures 

due to factors such as poor nutritional status, limited access 

to healthcare, pre-existing health conditions, or psychosocial 

stress. Social vulnerability can also affect the ability to 

recover from environmental health impacts, with 

disadvantaged communities often facing longer recovery 

times and more severe long-term consequences from 

environmental disasters or contamination events (Flanagan et 

al., 2011). 

The role of racism and discrimination in creating 

environmental health disparities has received increasing 

attention in recent years, with research demonstrating that 

racial bias in decision-making processes contributes to the 

disproportionate placement of environmental hazards in 

communities of color (Pulido, 2000). These patterns reflect 

both intentional discrimination and structural racism 

embedded in institutions and policies that systematically 

disadvantage racial and ethnic minorities. The health impacts 

of racism extend beyond direct environmental exposures to 

include the physiological effects of chronic stress from 

experiencing discrimination, which can increase 

susceptibility to environmental health risks and contribute to 

health disparities (Williams & Mohammed, 2009). 

Housing conditions represent a critical social determinant 

that influences environmental health outcomes, as poor 

housing quality can create or exacerbate environmental 

exposures while limiting the ability to avoid external 

environmental hazards (Jacobs et al., 2009). Substandard 

housing may have problems such as lead paint, mold, pest 

infestations, inadequate ventilation, or structural defects that 

create health risks for residents. Low-income households 

may have limited housing choices and may be more likely to 

live in areas with environmental hazards such as busy roads, 

industrial facilities, or contaminated sites. Energy poverty, 

where households cannot afford adequate heating or cooling, 

can create additional health risks and limit the ability to 

protect against extreme weather events (Hernández, 2016). 

Educational attainment and health literacy represent 

important social determinants that influence environmental 

health outcomes through multiple pathways (Schillinger et 

al., 2006). Higher levels of education may be associated with 

greater awareness of environmental health risks, better ability 

to access and understand health information, and greater 

capacity to take protective actions. Educational attainment is 

also associated with higher income and better employment 

opportunities, which can provide more resources for avoiding 

environmental exposures and accessing healthcare services. 

Health literacy specifically affects the ability to understand 

environmental health information and make informed 

decisions about protective behaviors (Finn & O'Fallon, 

2017). 

Employment and occupational factors represent critical 

social determinants that influence environmental health 

through both direct occupational exposures and indirect 

effects of job characteristics on health and wellbeing (Quinn 

& Kriebel, 2006). Workers in certain industries such as 

agriculture, construction, and manufacturing may face higher 

exposures to toxic substances, while workers in low-wage 

jobs may have limited ability to refuse unsafe work or 

advocate for better working conditions. Employment status 

affects access to health insurance and healthcare services, 

while job insecurity and work-related stress can affect health 

outcomes and susceptibility to environmental exposures. The 

concept of environmental health disparities in the workplace 

recognizes that occupational environmental health risks are 

not equally distributed across all workers, with certain groups 

facing disproportionate risks (Peckham et al., 2017). 
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Table 2: Social Determinants of Environmental Health Disparities and Their Mechanisms 
 

Social 

Determinant 
Mechanism of Influence 

Examples of Environmental 

Health Impacts 
Affected Populations Intervention Approaches 

Income/Poverty 

Residential location, 

housing quality, access to 

resources 

Living near pollution sources, poor 

housing conditions, limited 

healthcare access 

Low-income 

communities, racial 

minorities 

Affordable housing, economic 

development, healthcare access 

Race/Ethnicity 
Institutional discrimination, 

residential segregation 

Disproportionate facility siting, 

environmental racism 

Communities of color, 

immigrant populations 

Civil rights enforcement, 

community organizing, policy 

reform 

Education 

Health literacy, risk 

awareness, advocacy 

capacity 

Limited knowledge of risks, 

reduced protective behaviors 

Less educated 

populations, limited 

English proficiency 

Health education, community 

engagement, accessible 

information 

Housing 

Indoor environmental 

quality, neighborhood 

characteristics 

Lead exposure, mold, proximity to 

hazards 

Renters, low-income 

households, minorities 

Housing code enforcement, 

weatherization, tenant 

protections 

Employment 

Occupational exposures, 

job-related stress, healthcare 

access 

Workplace chemical exposure, 

limited safety protections 

Blue-collar workers, 

undocumented workers, 

women 

Occupational safety regulation, 

worker organizing, healthcare 

benefits 

Age 
Biological vulnerability, 

social resources, mobility 

Increased susceptibility in children 

and elderly 
Children, elderly adults 

Age-specific protections, 

caregiver support, accessible 

services 

 

Access to healthcare and social services represents an 

important social determinant that affects environmental 

health outcomes by influencing the ability to prevent, 

identify, and treat environmentally-related health conditions 

(Institute of Medicine, 2003). Communities with limited 

healthcare access may have difficulty obtaining screening for 

environmental exposures, receiving treatment for 

environmentally-related illnesses, or accessing preventive 

services that could reduce vulnerability to environmental 

health risks. Social services such as nutrition assistance, 

housing assistance, and transportation services can also affect 

environmental health by addressing social vulnerabilities that 

increase susceptibility to environmental exposures (Kawachi 

et al., 2002). 

Community social capital and collective efficacy represent 

important social resources that can influence environmental 

health outcomes by affecting the ability of communities to 

identify environmental health problems, advocate for 

solutions, and implement protective measures (Sampson et 

al., 1997). Strong social networks and community 

organizations can provide information about environmental 

health risks, support collective action to address 

environmental problems, and help individuals access 

resources for protection and recovery. Research has shown 

that communities with higher levels of social capital may be 

more successful in preventing the siting of environmental 

hazards and in obtaining cleanup of contaminated sites 

(Agyeman et al., 2016). 

The concept of intersectionality has become increasingly 

important for understanding environmental health disparities, 

recognizing that individuals and communities may face 

multiple, intersecting forms of disadvantage that create 

unique patterns of environmental health risk (Collins & 

Bilge, 2016). For example, low-income women of color may 

face environmental health risks that are different from those 

faced by middle-class white women or low-income white 

men, due to the intersection of gender, race, and class-based 

disadvantages. Intersectional approaches to environmental 

health recognize the need to understand and address these 

complex, overlapping forms of disadvantage rather than 

treating each social determinant as independent (Gee & 

Payne-Sturges, 2004). 

Policy and institutional factors represent upstream social 

determinants that influence environmental health disparities 

through their effects on environmental conditions, exposure 

patterns, and community vulnerability (Frieden, 2010). 

Environmental regulations, zoning laws, transportation 

policies, and other governmental decisions can have 

profound effects on environmental health outcomes and 

health equity. The effectiveness of environmental health 

policies may vary across communities depending on factors 

such as enforcement capacity, community engagement, and 

political representation. Environmental health frameworks 

increasingly recognize the need to address these upstream 

policy determinants in addition to individual and community-

level factors (Northridge et al., 2003). 

 

3.5. Challenges and Barriers to Environmental Health 

Integration 

The integration of environmental health considerations into 

broader public health practice and policy faces numerous 

challenges and barriers that limit the effectiveness of current 

approaches and create obstacles to achieving optimal 

environmental health outcomes (Frumkin, 2005). These 

challenges operate at multiple levels, from individual 

practitioner and organizational capacity limitations to 

systemic issues related to institutional structures, funding 

mechanisms, and political priorities. Understanding and 

addressing these barriers is essential for advancing 

environmental health integration and developing more 

effective responses to complex environmental health 

challenges (Sheffield & Landrigan, 2011). 

Institutional fragmentation represents one of the most 

significant barriers to environmental health integration, as 

environmental health responsibilities are typically divided 

across multiple agencies and organizations with different 

mandates, priorities, and approaches (Lowe et al., 2013). 

Public health agencies may focus on health outcomes without 

adequate attention to environmental determinants, while 

environmental agencies may prioritize pollution control 

without sufficient consideration of health impacts. This 

fragmentation can lead to gaps in coverage, duplicated 

efforts, and missed opportunities for synergistic interventions 

that could address both environmental and health goals 

simultaneously. The lack of coordination between agencies 

can also create confusion for communities and stakeholders 
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about which agency is responsible for addressing specific 

environmental health problems (Corburn, 2005). 

Limited capacity and training in environmental health among 

public health professionals represents another significant 

barrier to integration (Rudd & Buttke, 2012). Many public 

health practitioners lack adequate training in environmental 

health principles, exposure assessment methods, and 

environmental health intervention strategies. This knowledge 

gap can limit the ability to identify environmental health 

problems, conduct appropriate risk assessments, and develop 

effective intervention strategies. The complexity of 

environmental health issues, which often require 

understanding of toxicology, environmental science, 

epidemiology, and social determinants, creates challenges for 

practitioners who may not have interdisciplinary training 

(Burke et al., 2017). 

Funding limitations and competing priorities create 

significant barriers to environmental health integration, as 

environmental health programs often compete with other 

public health priorities for limited resources (Lichtveld et al., 

2009). Environmental health interventions may require 

substantial upfront investments with benefits that accrue over 

long time periods, making them less attractive to 

policymakers focused on short-term outcomes. The 

preventive nature of many environmental health 

interventions means that their benefits may not be 

immediately visible, making it difficult to demonstrate return 

on investment to funders and policymakers. Additionally, 

environmental health problems often require sustained, long-

term interventions rather than the short-term project funding 

that characterizes much public health financing (Shendell et 

al., 2002). 

Data limitations and surveillance gaps represent critical 

barriers to environmental health integration, as effective 

interventions require high-quality data on environmental 

exposures, health outcomes, and the relationships between 

them (Thacker et al., 2006). Environmental exposure data is 

often limited in geographic and temporal coverage, making it 

difficult to characterize population exposures accurately. 

Health surveillance systems may not capture 

environmentally-related health conditions adequately, 

particularly chronic diseases with long latency periods or 

subtle health effects that may not be recognized as 

environmentally-related. The lack of standardized data 

collection methods and data sharing protocols can further 

limit the ability to conduct comprehensive environmental 

health assessments (Teutsch & Thacker, 1995). 

Scientific uncertainty and knowledge gaps create challenges 

for environmental health decision-making, as policymakers 

and practitioners may be reluctant to take action in the 

absence of definitive scientific evidence (Grandjean, 2013). 

The complexity of environmental health relationships, with 

multiple exposures, multiple health outcomes, and numerous 

confounding factors, makes it difficult to establish clear 

causal relationships in many cases. Emerging environmental 

health threats such as endocrine-disrupting chemicals, 

nanoparticles, and climate change present particular 

challenges due to limited long-term health data and 

uncertainty about exposure levels and health effects. The lag 

time between environmental exposures and health effects can 

make it difficult to establish causality and can delay 

recognition of emerging health threats (Woodruff et al., 

2011). 

Political and economic interests can create significant 

barriers to environmental health integration, particularly 

when environmental health interventions conflict with 

economic interests or established political priorities (Wing, 

2005). Industries may resist environmental health regulations 

that could increase costs or limit profitability, while political 

leaders may be reluctant to support interventions that could 

be seen as harmful to economic development. The influence 

of special interests in policy-making processes can limit the 

adoption of evidence-based environmental health policies 

and create barriers to effective enforcement of environmental 

health regulations. Community environmental health 

concerns may be discounted or ignored when they conflict 

with powerful economic or political interests (Brown, 1992). 

Community engagement and participation challenges create 

barriers to effective environmental health integration, as 

successful interventions often require active community 

involvement and support (Israel et al., 2012). Environmental 

health problems may not be recognized as priorities by 

affected communities, particularly when they compete with 

more immediate concerns such as employment, housing, or 

crime. Cultural and linguistic barriers can limit the 

effectiveness of environmental health communication and 

education efforts, while mistrust of government agencies and 

institutions can reduce community willingness to participate 

in environmental health programs. The technical complexity 

of environmental health issues can make it difficult for 

community members to understand and engage with 

environmental health information and decision-making 

processes (Corburn, 2005). 

Legal and regulatory barriers can limit the effectiveness of 

environmental health integration efforts, particularly when 

existing laws and regulations are inadequate to address 

current environmental health challenges (Rechtschaffen & 

Markell, 2003). Environmental health laws may be outdated, 

fragmented across multiple statutes, or may lack adequate 

enforcement mechanisms. The burden of proof required to 

establish environmental health hazards may be set too high, 

making it difficult to take protective action in cases where 

scientific uncertainty exists. Jurisdictional limitations may 

prevent agencies from addressing environmental health 

problems that cross geographic or sectoral boundaries. 

Additionally, legal requirements for cost-benefit analysis 

may not adequately account for environmental health 

benefits, particularly those that accrue to disadvantaged 

communities (Heinzerling, 1998). 

Technological and methodological limitations create 

challenges for environmental health assessment and 

intervention, particularly in areas such as exposure 

assessment, health surveillance, and risk assessment (Jerrett, 

2009). Current exposure assessment methods may not 

capture the full complexity of real-world exposures, 

including cumulative exposures, mixture effects, and 

temporal variability in exposures. Health surveillance 

systems may not have the sensitivity to detect subtle 

environmental health effects or the geographic resolution to 

identify localized environmental health problems. Risk 

assessment methods may not adequately account for 

vulnerable populations, cumulative risks, or emerging health 

threats. The rapid pace of technological change can create 

challenges for regulatory systems that may not be able to 

keep pace with new technologies and associated health risks 

(Davies, 2009). 

Communication and risk perception challenges create 

barriers to environmental health integration by affecting 
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public understanding and acceptance of environmental health 

risks and interventions (Sandman, 1989). Environmental 

health risks may be difficult to communicate effectively due 

to their technical complexity, uncertainty, and long-term 

nature. Public risk perceptions may not align with scientific 

risk assessments, leading to situations where high-risk 

problems receive insufficient attention while low-risk 

problems generate disproportionate concern. Cultural, social, 

and psychological factors can influence how communities 

perceive and respond to environmental health risks, affecting 

the effectiveness of risk communication and intervention 

strategies. The politicization of environmental issues can 

further complicate communication efforts and reduce trust in 

environmental health information (Kasperson et al., 1988). 

Workforce development challenges create long-term barriers 

to environmental health integration, as the field requires 

specialized knowledge and skills that may not be adequately 

developed through current education and training programs 

(Lichtveld et al., 2006). Environmental health competencies 

span multiple disciplines including environmental science, 

toxicology, epidemiology, risk assessment, and policy 

analysis, requiring educational programs that can provide 

interdisciplinary training. The aging of the environmental 

health workforce and limited career advancement 

opportunities may create recruitment and retention 

challenges. Professional development opportunities for 

current practitioners may be limited, making it difficult to 

keep pace with rapidly evolving knowledge and methods in 

environmental health (Beck & Frankel, 2004). 

 

3.6. Best Practices and Recommendations for Framework 

Implementation 

The development and implementation of effective 

environmental health frameworks require systematic 

approaches that integrate scientific evidence, community 

engagement, policy development, and institutional capacity 

building to address the complex challenges at the intersection 

of environmental factors and public health outcomes 

(Frumkin, 2010). Best practices in framework 

implementation have emerged from successful 

environmental health initiatives across diverse contexts, 

providing valuable insights into the strategies and approaches 

that can enhance the effectiveness of environmental health 

interventions while promoting equity and sustainability 

(Corburn, 2005). These practices emphasize the importance 

of adaptive management, multi-sectoral collaboration, and 

community-centered approaches that can respond to local 

needs and priorities while addressing systemic barriers to 

environmental health improvement. 

Systems-based approaches represent a fundamental best 

practice for environmental health framework 

implementation, recognizing that environmental health 

challenges arise from complex interactions between 

environmental, social, economic, and political systems that 

require comprehensive intervention strategies (McMichael, 

2013). Effective systems approaches involve mapping the 

relationships between different system components, 

identifying leverage points where interventions can have 

maximum impact, and developing coordinated strategies that 

address multiple system levels simultaneously. This 

approach requires moving beyond single-issue interventions 

to address the root causes of environmental health problems 

while building system capacity for long-term improvement. 

Systems approaches also emphasize the importance of 

monitoring and evaluation systems that can track progress 

across multiple outcomes and adapt strategies based on 

emerging evidence and changing conditions (Bai et al., 

2016). 

Community-based participatory approaches have proven 

highly effective for environmental health framework 

implementation, particularly in addressing environmental 

justice concerns and ensuring that interventions are 

responsive to community needs and priorities (Israel et al., 

2012). These approaches involve meaningful community 

engagement throughout all phases of environmental health 

work, from problem identification and research design to 

intervention implementation and evaluation. Community-

based approaches recognize that communities have valuable 

knowledge about local environmental conditions and health 

concerns that may not be captured through traditional 

scientific methods. They also emphasize capacity building 

within communities to enable ongoing environmental health 

advocacy and action. Successful community-based 

approaches require long-term commitments, flexible funding 

mechanisms, and institutional changes that can support 

authentic partnerships between communities and technical 

experts (Minkler & Wallerstein, 2012). 

Integrated surveillance and monitoring systems represent 

critical infrastructure for effective environmental health 

framework implementation, providing the data needed to 

identify environmental health problems, track trends over 

time, and evaluate intervention effectiveness (Thacker et al., 

2006). Best practices in surveillance system development 

emphasize the integration of environmental and health data, 

the use of multiple data sources to provide comprehensive 

assessments, and the development of real-time monitoring 

capabilities that can support rapid response to emerging 

threats. Modern surveillance systems increasingly utilize 

advanced technologies such as remote sensing, geographic 

information systems, and big data analytics to enhance data 

collection and analysis capabilities. Effective surveillance 

systems also require standardized data collection protocols, 

data sharing agreements, and quality assurance procedures to 

ensure data reliability and comparability across different 

contexts (Frempong et al., 2022). 

Policy integration strategies represent essential components 

of effective environmental health framework 

implementation, as sustainable improvements in 

environmental health outcomes typically require supportive 

policy environments that can address systemic barriers and 

create incentives for protective actions (Frieden, 2010). Best 

practices in policy integration involve developing policy 

frameworks that address environmental health across 

multiple sectors including health, environment, 

transportation, housing, and economic development. This 

approach recognizes that many policy decisions outside the 

traditional health sector have important implications for 

environmental health outcomes. Effective policy integration 

also requires mechanisms for assessing the health impacts of 

proposed policies, ensuring that health considerations are 

incorporated into decision-making processes across sectors. 

Health in All Policies approaches provide valuable 

frameworks for achieving this integration (Rudolph et al., 

2013). 

Capacity building and workforce development represent 

fundamental requirements for effective environmental health 

framework implementation, as successful interventions 

require skilled professionals who can address the technical, 
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social, and political dimensions of environmental health 

challenges (Lichtveld et al., 2006). Best practices in capacity 

building emphasize interdisciplinary training that provides 

professionals with knowledge and skills across multiple 

domains including environmental science, public health, 

policy analysis, and community engagement. Professional 

development programs should provide ongoing opportunities 

for skill development and knowledge updating as the field 

evolves. Capacity building efforts should also focus on 

developing leadership skills and systems thinking capabilities 

that enable professionals to work effectively across 

organizational and sectoral boundaries. Community capacity 

building is equally important, providing community 

members with the knowledge and skills needed to participate 

effectively in environmental health decision-making and 

advocacy (Burke et al., 2017). 

Evidence-based intervention strategies represent core 

components of effective environmental health framework 

implementation, requiring systematic approaches to 

identifying, evaluating, and scaling effective interventions 

(Brownson et al., 2009). Best practices in intervention 

development emphasize the importance of pilot testing and 

evaluation to assess effectiveness before large-scale 

implementation. Intervention strategies should be based on 

theoretical frameworks that explain how interventions are 

expected to achieve their intended outcomes, and should 

include process and outcome evaluation components that can 

provide feedback for continuous improvement. Effective 

interventions often involve multiple components that address 

different aspects of environmental health problems, requiring 

careful coordination and integration to achieve optimal 

outcomes. The scaling of successful interventions requires 

attention to contextual factors that may influence 

effectiveness in different settings (Glasgow et al., 2012). 

Multi-sectoral collaboration and partnership development 

have emerged as critical success factors for environmental 

health framework implementation, as environmental health 

challenges typically require coordinated action across 

multiple organizations and sectors (Lowe et al., 2013). 

Effective partnerships involve clear agreements about roles, 

responsibilities, and expectations, as well as mechanisms for 

communication, coordination, and conflict resolution. 

Partnerships should include representation from all relevant 

stakeholders including government agencies, academic 

institutions, community organizations, and private sector 

entities. Long-term sustainability of partnerships requires 

ongoing attention to relationship building, shared decision-

making processes, and equitable distribution of benefits and 

responsibilities. Successful partnerships often evolve over 

time, requiring adaptive management approaches that can 

respond to changing conditions and emerging opportunities 

(Lasker et al., 2001). 

Technology integration and innovation represent 

increasingly important components of environmental health 

framework implementation, as new technologies create 

opportunities for more effective and efficient approaches to 

environmental health assessment and intervention (Jerrett, 

2009). Best practices in technology integration emphasize the 

importance of selecting technologies that are appropriate for 

local contexts and user capabilities, while ensuring that 

technology solutions address real needs rather than creating 

new barriers. Mobile health technologies, environmental 

sensors, and data analytics platforms can enhance 

environmental health surveillance, education, and 

intervention delivery. However, technology integration must 

address issues of equity and accessibility to ensure that 

technological solutions do not exacerbate existing disparities. 

Privacy and data security considerations are also critical 

when implementing technology-based environmental health 

solutions (Akinboboye et al., 2022). 

Adaptive management approaches represent essential 

frameworks for environmental health implementation in 

contexts characterized by uncertainty, complexity, and 

changing conditions (Holling, 1978). Adaptive management 

involves systematic experimentation, monitoring, and 

learning to improve intervention effectiveness over time. 

This approach recognizes that environmental health 

interventions may need to be modified based on new 

evidence, changing conditions, or unforeseen consequences. 

Adaptive management requires organizational cultures that 

support learning and innovation, as well as management 

systems that can respond quickly to new information. Climate 

change adaptation represents a particularly important 

application of adaptive management approaches, as climate 

impacts are characterized by high uncertainty and changing 

risk profiles that require flexible response strategies (Ebi et 

al., 2016). 

Financing and sustainability strategies represent critical 

considerations for environmental health framework 

implementation, as effective interventions often require 

sustained funding over long time periods to achieve 

meaningful health improvements (Shendell et al., 2002). Best 

practices in financing involve developing diversified funding 

strategies that combine public and private resources, while 

creating financing mechanisms that can support both short-

term interventions and long-term capacity building. 

Innovative financing approaches such as environmental 

health impact bonds, green bonds, and payment for 

ecosystem services can provide new resources for 

environmental health investments. Sustainability planning 

should be integrated into intervention design from the 

beginning, with attention to building local capacity, 

developing supportive policy environments, and creating 

economic incentives that support continued implementation. 

Cost-effectiveness analysis and economic evaluation can 

provide valuable information for demonstrating the value of 

environmental health investments to policymakers and 

funders (Ayumu & Ohakawa, 2024). 

Quality assurance and performance measurement systems 

represent essential components of effective environmental 

health framework implementation, providing mechanisms for 

ensuring that interventions achieve their intended outcomes 

while maintaining high standards of quality and 

accountability (Institute of Medicine, 2003). Quality 

assurance systems should include standardized protocols, 

training programs, and oversight mechanisms that ensure 

consistent implementation across different settings and 

providers. Performance measurement systems should include 

both process and outcome indicators that can track progress 

toward environmental health goals while identifying areas for 

improvement. Regular evaluation and quality improvement 

activities should be integrated into ongoing program 

operations, with mechanisms for incorporating feedback into 

program modifications. Transparency and public reporting of 

performance data can enhance accountability while building 

public support for environmental health programs (Olajide et 

al., 2023). 
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4. Conclusion 

The examination of conceptual frameworks linking pollution 

exposure, climate change, and public health outcomes reveals 

a complex and evolving landscape that requires sophisticated, 

integrated approaches to environmental health protection and 

disease prevention. This comprehensive review has 

demonstrated that environmental health challenges operate 

through multiple interconnected pathways that span direct 

toxicological effects, ecosystem-mediated impacts, and 

socially-mediated vulnerabilities that collectively shape 

population health outcomes across diverse contexts and 

scales. The evidence clearly indicates that traditional 

approaches focused on single pollutants or single exposure 

pathways are inadequate for addressing the complexity of 

real-world environmental health challenges, necessitating the 

development of more sophisticated frameworks that can 

capture cumulative exposures, mixture effects, and the 

dynamic interactions between environmental and social 

determinants of health. 

Climate change has emerged as a fundamental driver that is 

reshaping the environmental health landscape, acting both as 

a direct determinant of health outcomes and as a threat 

multiplier that exacerbates existing environmental health 

risks while creating new exposure scenarios and vulnerability 

patterns. The climate-health linkages identified in this review 

operate across multiple temporal and spatial scales, from 

acute health effects during extreme weather events to gradual 

changes in disease transmission patterns and ecosystem 

health that unfold over decades. These relationships 

demonstrate the urgent need for environmental health 

frameworks that can address both immediate adaptations 

needs and long-term prevention strategies while recognizing 

the interconnected nature of climate, environment, and health 

systems. The evidence suggests that effective climate change 

adaptation strategies must be integrated with broader 

environmental health protection efforts to achieve optimal 

health outcomes while building resilience to future 

environmental challenges. 

The role of social determinants in shaping environmental 

health outcomes represents a critical dimension that must be 

central to any comprehensive environmental health 

framework. This review has documented extensive evidence 

of environmental health disparities across racial, ethnic, and 

socioeconomic lines, with marginalized communities 

consistently facing disproportionate exposure to 

environmental hazards while having limited access to 

resources for protection and recovery. These patterns reflect 

structural inequalities and systemic injustices that cannot be 

addressed through technical interventions alone, but require 

comprehensive approaches that address the root causes of 

environmental health disparities while building community 

capacity for environmental health advocacy and action. The 

concept of environmental justice provides essential 

grounding for frameworks that can promote equity while 

addressing environmental health challenges. 

The challenges and barriers to environmental health 

integration identified in this review highlight the need for 

systemic changes in how environmental health is approached 

across institutions, sectors, and scales of action. Institutional 

fragmentation, limited capacity, funding constraints, and 

political barriers create significant obstacles to effective 

environmental health protection that cannot be overcome 

through isolated interventions. Instead, these challenges 

require coordinated efforts to build institutional capacity, 

develop supportive policy environments, and create 

sustainable financing mechanisms that can support long-term 

environmental health improvement efforts. The evidence 

suggests that addressing these systemic barriers is essential 

for achieving meaningful progress in environmental health 

outcomes. 

The best practices and recommendations presented in this 

review provide a roadmap for developing and implementing 

more effective environmental health frameworks that can 

address current challenges while building capacity for future 

environmental health protection. Systems-based approaches, 

community engagement strategies, integrated surveillance 

systems, and adaptive management frameworks represent 

core components of effective environmental health practice 

that have demonstrated success across diverse contexts. 

These approaches emphasize the importance of moving 

beyond traditional public health practice to embrace 

interdisciplinary, multi-sectoral, and community-centered 

strategies that can address the complexity of environmental 

health challenges while promoting equity and sustainability. 

The integration of technological innovations and data 

analytics represents an important opportunity for advancing 

environmental health practice, with new tools for exposure 

assessment, health surveillance, and intervention delivery 

creating possibilities for more precise, timely, and effective 

environmental health responses. However, the 

implementation of these technologies must be guided by 

principles of equity and accessibility to ensure that 

technological advances do not exacerbate existing disparities 

or create new barriers to environmental health protection. The 

evidence suggests that technology should be viewed as a tool 

to support broader environmental health goals rather than as 

an end in itself. 

The policy implications of this review are substantial, 

highlighting the need for comprehensive policy frameworks 

that can address environmental health across multiple sectors 

while promoting equity and sustainability. Health in All 

Policies approaches provide valuable frameworks for 

integrating health considerations into decision-making 

processes across sectors, while environmental justice 

principles provide essential guidance for ensuring that policy 

interventions address the needs of vulnerable populations. 

The evidence suggests that effective environmental health 

policy requires sustained political commitment, adequate 

resources, and mechanisms for community engagement and 

accountability. 

The research implications of this review point to several 

important areas where additional investigation is needed to 

advance environmental health knowledge and practice. 

Priority areas include developing better methods for 

assessing cumulative exposures and mixture effects, 

understanding the mechanisms through which social 

determinants modify environmental health relationships, 

evaluating the effectiveness of different intervention 

strategies across diverse contexts, and examining the long-

term health impacts of climate change and environmental 

degradation. The evidence also suggests the need for more 

interdisciplinary research approaches that can capture the 

complexity of environment-health relationships while 

producing actionable knowledge for policy and practice. 

The practice implications of this review emphasize the need 

for significant changes in how environmental health is 

approached within public health and related fields. 

Environmental health practitioners need enhanced training 
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and capacity to address the complexity of current 

environmental health challenges, while public health 

institutions need to develop greater capacity for 

interdisciplinary collaboration, community engagement, and 

systems thinking. The evidence suggests that effective 

environmental health practice requires moving beyond 

traditional approaches focused on individual exposures and 

health effects to embrace more comprehensive strategies that 

address the social, economic, and political determinants of 

environmental health outcomes. 

Looking toward the future, several trends and developments 

are likely to shape the evolution of environmental health 

frameworks and practice. Climate change will continue to 

create new environmental health challenges while 

exacerbating existing risks, requiring adaptive frameworks 

that can respond to changing conditions and emerging threats. 

Technological advances will create new opportunities for 

environmental health assessment and intervention, while also 

potentially creating new risks that require proactive 

assessment and regulation. Urbanization, globalization, and 

demographic changes will alter exposure patterns and 

vulnerability profiles, requiring frameworks that can address 

these shifting patterns while promoting health equity. 

The growing recognition of planetary health concepts 

represents an important development that may influence 

future environmental health frameworks by emphasizing the 

interconnections between human health and the health of 

natural systems. This perspective recognizes that human 

health is fundamentally dependent on healthy ecosystems and 

that environmental health strategies must consider the 

sustainability of natural systems that support human 

wellbeing. The planetary health framework may provide 

valuable guidance for developing environmental health 

approaches that promote both human health and 

environmental sustainability. 

The importance of global cooperation and knowledge sharing 

in addressing environmental health challenges is likely to 

increase as environmental problems become increasingly 

transboundary and global in scope. Climate change, air 

pollution, chemical contamination, and other environmental 

health threats require coordinated responses across national 

boundaries, creating needs for international frameworks that 

can support collaborative action while respecting local 

contexts and priorities. The development of global 

environmental health governance mechanisms represents an 

important area for future development. 

In conclusion, the conceptual frameworks linking pollution 

exposure, climate change, and public health outcomes 

represent a rapidly evolving area that requires continued 

innovation and adaptation to address emerging challenges 

while building on existing knowledge and successful 

practices. The evidence presented in this review demonstrates 

both the complexity of environmental health challenges and 

the potential for effective interventions that can protect and 

promote population health while addressing environmental 

degradation and social inequities. Achieving this potential 

will require sustained commitment, adequate resources, and 

collaborative approaches that can bridge traditional 

disciplinary and sectoral boundaries while centering equity 

and community engagement in environmental health efforts. 

The path forward requires recognition that environmental 

health is not simply a technical problem requiring technical 

solutions, but a complex challenge that reflects broader 

social, economic, and political systems that shape both 

environmental conditions and health outcomes. Effective 

responses must address these systemic issues while building 

capacity for ongoing adaptation and improvement as 

conditions change and knowledge advances. The frameworks 

and approaches outlined in this review provide important 

guidance for this work, but their successful implementation 

will depend on the commitment and capacity of individuals, 

organizations, and communities working together to create 

healthier, more equitable, and more sustainable futures for all 

populations. 
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