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Abstract

Per- and polyfluoroalkyl substances (PFAS) are among the most persistent and widespread
classes of synthetic chemicals detected in U.S. drinking water systems. Due to their chemical
stability, environmental persistence, and bioaccumulative properties, PFAS exposure has
emerged as a significant public health concern. This narrative review examines toxicological
evidence, biomonitoring data, regulatory evolution, national detection patterns, and
preventive mitigation strategies relevant to chronic low-dose exposure. While recent federal
regulatory standards represent substantial progress, permissible limits do not equate to zero
biological risk. A complementary public health framework emphasizing environmental
literacy, exposure awareness, and decentralized preventive strategies may strengthen
long-term national health resilience.

Keywords

PFAS, drinking water, environmental exposure, toxicology, public health, environmental
literacy, regulatory policy

1. Introduction

Per- and polyfluoroalkyl substances (PFAS) comprise a large and diverse class of synthetic
fluorinated organic compounds that have been extensively manufactured and utilized since
the mid-20th century. These substances have been incorporated into numerous industrial
processes and consumer products, including non-stick cookware coatings, aqueous
film-forming foams (AFFF) used in firefighting operations, stain-resistant textiles,
grease-resistant food packaging, and various manufacturing applications.

The defining characteristic of PFAS compounds is the strength of the carbon—fluorine bond,
one of the most stable bonds in organic chemistry. This molecular stability confers resistance
to thermal degradation, chemical breakdown, and biological metabolism. As a consequence,
PFAS persist in environmental matrices such as soil, groundwater, and surface water for
extended periods, often spanning decades. Their environmental persistence, combined with
bioaccumulative potential in human and animal tissues, has led to their widespread
designation as “forever chemicals.”

Over the past decade, advancements in analytical detection methods have enabled
measurement of PFAS at increasingly lower concentrations, including parts-per-trillion levels
in drinking water systems. Nationwide monitoring initiatives have identified PFAS
contamination in public water systems and private wells across multiple U.S. states,
reflecting both legacy industrial use and ongoing environmental mobility. These findings



have intensified concern regarding cumulative lifetime exposure, particularly in communities
located near industrial facilities, military installations, and other high-risk sites.

Given the persistence, bioaccumulation, and long biological half-lives associated with certain
PFAS compounds, chronic low-dose exposure through drinking water represents a significant
environmental health consideration. The intersection of toxicology, environmental policy, and
public health prevention underscores the need for integrated strategies that address not only
regulatory compliance but also long-term exposure awareness and mitigation.

2. Toxicological and Biological Considerations

Extensive toxicological research has associated certain PFAS compounds, particularly PFOA
and PFOS, with:

* Immune system modulation

* Increased serum cholesterol

* Thyroid hormone disruption

* Developmental and reproductive effects
* Potential carcinogenic associations

Biomonitoring data from the Centers for Disease Control and Prevention, through the
National Health and Nutrition Examination Survey (NHANES), have identified measurable
concentrations of several PFAS compounds in the serum of a majority of the U.S. population,
demonstrating widespread background exposure.

The toxicological complexity of PFAS exposure arises from several factors:

* Biological half-lives in humans estimated between approximately 2 to 8 years for certain
compounds

* Potential effects at very low concentrations (parts-per-trillion levels)
* Cumulative and multi-source exposure (water, food, packaging, dust)
* Co-exposure to multiple PFAS compounds with possible additive or synergistic interactions

Chronic exposure may not produce immediate symptoms, and latency periods for certain
health outcomes can extend over years or decades, complicating risk perception and policy
response.



3. Regulatory Evolution in the United States

The Environmental Protection Agency (EPA) has progressively revised its health advisory
levels and regulatory standards for PFAS as scientific understanding has evolved.

In 2024, the EPA finalized National Primary Drinking Water Regulations (NPDWR)
establishing enforceable Maximum Contaminant Levels (MCLs) for specific PFAS
compounds at parts-per-trillion concentrations. These regulatory updates reflect a
precautionary shift in environmental health governance.

However, regulatory thresholds represent legally enforceable compliance limits and do not
necessarily equate to zero biological risk, particularly within the framework of cumulative
lifetime exposure.

Additional regulatory limitations include:
* Private wells are not regulated under the Safe Drinking Water Act
* Monitoring frequency and remediation timelines vary

* Infrastructure replacement and advanced treatment implementation may require extended
time horizons

This creates a temporal exposure gap between regulatory recognition and full mitigation.

4. National Exposure Patterns

Documented sources of PFAS contamination include:

* Military installations utilizing AFFF firefighting foam
* Industrial discharge and manufacturing facilities

» Wastewater treatment plant effluent

* Landfill leachate

* Biosolids land application

Geospatial mapping studies have identified contamination clusters near industrial and
military sites. Due to environmental persistence, PFAS may migrate through soil and
groundwater systems, leading to long-term infiltration of drinking water sources.

The decentralized nature of U.S. water infrastructure further contributes to variable exposure
risk across communities.



5. Chronic Low-Dose Exposure and Cumulative Burden

Unlike acute toxic exposures, PFAS risk is characterized by:
* Long serum half-life

* Bioaccumulation

* Repeated low-dose ingestion over time

From a preventive medicine perspective, cumulative environmental toxicant burden is
increasingly recognized as a relevant public health variable.

Reduction of chronic environmental exposure may theoretically decrease persistent
low-grade inflammatory signaling pathways associated with metabolic and immune
dysregulation. While chronic disease etiology remains multifactorial, environmental
toxicology supports the principle that long-term exposure reduction may contribute to
improved population-level resilience.

6. Preventive Risk Mitigation and Environmental Literacy

Regulatory compliance alone may not fully address cumulative exposure risk.
Complementary preventive strategies include:

* Review of annual Consumer Confidence Reports (CCR)

* Private well testing in unregulated systems

* Evaluation of certified point-of-use or point-of-entry filtration technologies
* Community-level risk communication initiatives

* Environmental literacy education

Environmental literacy refers to the capacity of individuals and communities to understand,
interpret, and act upon environmental exposure information. In the context of PFAS,
literacy-based interventions may enhance informed decision-making regarding testing,
filtration adoption, and exposure reduction behaviors.

Such decentralized awareness models may be particularly impactful in higher-risk
communities and regions with legacy industrial contamination.



7. Public Health and Economic Considerations

Chronic disease burden represents a substantial national economic challenge. Environmental
exposure reduction strategies may contribute indirectly to:

* Reduced long-term healthcare strain

* Improved workforce productivity

* Increased public trust in environmental governance systems
* Enhanced infrastructure sustainability

Preventive environmental literacy complements regulatory governance and may support
long-term national health resilience.

8. Limitations

This review synthesizes existing toxicological, epidemiological, and regulatory literature and
does not present primary experimental data. While associations between PFAS exposure and
health outcomes are supported by multiple studies, causal relationships in complex chronic
disease pathways remain multifactorial and subject to ongoing research.

9. Conclusion

PFAS contamination in drinking water represents a persistent environmental health challenge
requiring coordinated regulatory, infrastructural, and educational responses.

Recent federal standards reflect meaningful progress; however, chronic exposure reduction
extends beyond compliance thresholds. A complementary strategy emphasizing
environmental literacy, risk awareness, and preventive mitigation may strengthen long-term
national public health outcomes.

Chronic exposure reduction is not solely a regulatory objective but a societal responsibility
supported by science-based education and decentralized environmental awareness.
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