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CURRENT AND FUTURE ADVANCEMENTS 

IN PFAS RESEARCH

INTRODUCTION

Per- and polyfluoroalkyl substances (PFAS) are a class of synthetic chemicals used extensively in various industrial 

processes and consumer products. Their unique characteristics—resistance to water, heat, oil, and stains—have led 

to their widespread adoption. However, the very properties that make PFAS useful have resulted in widespread 

environmental contamination and significant concerns regarding human health. PFAS persist in the environment for 

decades, accumulating in soil, water, and living organisms. Given the persistence and ubiquity of these chemicals, 

PFAS have become a critical focus for researchers, regulatory agencies, and public health professionals.

This white paper delves into PFAS health risks, environmental impacts, detection technologies, and the current state of 

PFAS research. Moreover, it examines the regulatory landscape and the essential role that companies like ZeptoMetrix 

play in providing PFAS reference materials, which are critical for accurate testing. Lastly, the paper highlights future 

directions for PFAS research.

UNDERSTANDING PFAS: WHAT ARE THEY?

Per- and polyfluoroalkyl substances (PFAS) consist of thousands of compounds, all of which contain carbon-fluorine 

bonds. This bond is one of the strongest in chemistry, contributing to PFAS’s durability and resistance to degradation. 

PFAS are commonly divided into two categories: long-chain and short-chain compounds. The long-chain compounds, 

such as perfluorooctanoic acid (PFOA) and perfluorooctanesulfonic acid (PFOS), are well-known and have been 

phased out due to their associated health risks. These compounds were commonly used in firefighting foams, non-

stick cookware, stain-resistant fabrics, and some food packaging [1].

THE SCOPE OF PFAS CONTAMINATION

Environmental Persistence and Widespread Presence

PFAS have been detected globally in water sources, soils, and even the atmosphere. In some cases, PFAS have been 

found in remote regions such as the Arctic, far from industrial centers. This ability to spread far from their original 

source points to the global nature of PFAS contamination [2]. PFAS enter the environment primarily through industrial 

discharges, leachates from landfills, and the use of products such as firefighting foams. Once in the environment, PFAS 

can persist for decades due to their resistance to natural degradation processes.

The widespread contamination of drinking water with PFAS is of particular concern. Communities near manufacturing 

facilities and military bases have been disproportionately affected. For example, in the United States, drinking water 

contamination has led to numerous lawsuits and regulatory actions, and the costs associated with PFAS cleanup are 

rising globally.
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Bioaccumulation in Living Organisms

PFAS not only persist in the environment but also accumulate in living organisms, including humans. They are found 

in the blood serum of humans and animals alike, with evidence suggesting that they concentrate over time in the liver 

and kidneys. PFAS bioaccumulate in fish and other aquatic life, posing a risk to ecosystems and food chains [3]. Human 

exposure to PFAS can occur through contaminated water, food, and even air, as well as direct exposure to products 

containing PFAS.

HEALTH EFFECTS OF PFAS EXPOSURE

Known Health Risks

The health effects of PFAS exposure have been the subject of increasing scientific scrutiny over the past decade. 

Research has established that PFAS exposure can lead to a variety of adverse health outcomes, even at low levels of 

exposure. Numerous studies have shown a link between PFAS exposure and a range of health issues, including:

1. Increased cholesterol levels: Multiple epidemiological studies have reported that PFAS exposure, particularly to 

PFOA and PFOS, is associated with increased cholesterol levels [4].

2. Immune system suppression: PFAS exposure has been linked to a reduced immune response, including weakened 

vaccine responses in children [5].

3. Cancer: Long-term exposure to certain PFAS, particularly PFOA, has been associated with an increased risk of 

kidney and testicular cancers. The International Agency for Research on Cancer (IARC) has classified PFOA as a 

possible carcinogen [6].

4. Liver damage: Studies have shown that PFAS exposure can elevate liver enzymes, indicating potential liver damage 

[7].

5. Developmental effects: Animal studies suggest that PFAS exposure during pregnancy can lead to developmental 

delays and low birth weight in offspring [8].

Special Populations at Risk

Certain populations are at higher risk of PFAS exposure and its associated health effects. For example, individuals 

living near industrial sites or military bases where PFAS-containing firefighting foams were used are likely to have 

higher levels of exposure. Occupational exposure is also a concern for workers in industries that manufacture or use 

PFAS in their processes. Pregnant women and children may be especially vulnerable to the toxic effects of PFAS, with 

research suggesting potential developmental and reproductive risks from exposure [9].
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CURRENT RESEARCH AND MONITORING ON PFAS: STATE OF THE SCIENCE

Advances in Understanding PFAS Toxicity

Scientists are making significant strides in understanding how PFAS compounds exert their toxic effects. Researchers 

are investigating the biological mechanisms through which PFAS interact with cells and tissues, and the results are 

revealing more about the potential risks. For instance, because PFAS can mimic fatty acids, they may interfere with 

normal cellular processes, including metabolism and hormone regulation. This interference could explain some of the 

observed health effects, such as immune system suppression and liver damage [10].

Emerging PFAS Compounds and Knowledge Gaps

While much research has focused on legacy PFAS such as PFOA and PFOS, new short-chain PFAS are increasingly 

being introduced as replacements. These compounds, though structurally different, share many of the same properties 

as their long-chain predecessors. There are growing concerns that short-chain PFAS may also bioaccumulate and 

cause harm to human health and the environment [11]. Significant knowledge gaps remain about the toxicity of these 

newer compounds. 

Ongoing research is essential to determine their long-term effects and inform future regulatory actions. Scientists are 

working to develop better methods for detecting and analyzing these compounds in the environment and in biological 

systems.

ADVANCEMENTS IN PFAS TESTING: A KEY TO PROGRESS

Analytical Methods

One of the greatest challenges in PFAS research is detecting and quantifying these compounds at the low levels 

typically found in the environment. Significant progress has been made in developing sensitive analytical methods 

to detect PFAS in water, soil, and biological tissues. Techniques such as liquid chromatography-mass spectrometry 

(LC-MS) and high-resolution mass spectrometry (HRMS) have become the gold standard for PFAS detection [12]. 

These methods allow researchers to detect PFAS at levels as low as parts per trillion (ppt), which is essential for 

environmental monitoring and risk assessment.

Also, the TOP Assay is used to detect compounds that can convert into PFAS in the environment. This assay is crucial 

for understanding the long-term impact of PFAS contamination in the environment and is becoming a standard tool 

for environmental assessments.

Another area of progress is in the development of standardized methods for testing PFAS across different matrices, 

such as water, soil, and food products. These standardized methods are critical for ensuring that data collected across 

various studies are comparable and reliable.
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ZEPTOMETRIX’S ROLE IN SUPPORTING PFAS RESEARCH

Zeptometrix provides high-quality PFAS reference materials through the Chiron brand, which brings a comprehensive 

portfolio of off-the-shelf PFAS products alongside its advanced in-house synthesis capabilities and custom offerings. 

These reference materials are crucial for the calibration and validation of testing methods, ensuring accuracy and 

reliability in analytical results [14].

With Chiron reference materials, laboratories can confidently assess PFAS levels in various samples, supporting 

research and enhancing the integrity of environmental monitoring. Our commitment to quality and innovation makes 

us a trusted partner in the ongoing efforts to address PFAS challenges.

REGULATORY LANDSCAPE AND INDUSTRY STANDARDS

Global Efforts to Regulate PFAS

Regulating PFAS is a complex challenge, as thousands of different compounds fall under the PFAS umbrella, and their 

toxicity profiles vary. However, regulatory agencies around the world are taking steps to address the risks posed by 

these chemicals. In the United States, the Environmental Protection Agency (EPA) has set health advisory levels for 

PFOA and PFOS in drinking water, and several states have established enforceable limits for a broader range of PFAS 

compounds [15].

In the European Union, the use of PFAS is more tightly regulated, with the European Chemicals Agency (ECHA) 

proposing a broad restriction on PFAS use in consumer products [16]. European regulations also include stringent 

limits on the concentration of PFAS in drinking water and food packaging.

EMERGING TRENDS AND FUTURE DIRECTIONS

1. New PFAS Compounds: The introduction of short-chain PFAS as replacements for legacy compounds brings 

new challenges. Ongoing research is needed to understand the risks associated with these newer compounds, 

particularly their ability to bioaccumulate.

2. Rapid Testing Technologies: The development of field-based PFAS detection technologies is gaining momentum. 

These rapid testing methods provide immediate results, which are crucial for timely decision-making, particularly 

in areas of suspected contamination.

3. Health Impacts: The focus of future research will be on the long-term health impacts of exposure to PFAS mixtures, 

rather than individual compounds, and on identifying effective remediation strategies.
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CONCLUSION

This paper demonstrates significant advancements in PFAS research, highlighting the importance of reference 

materials in ensuring accurate testing and regulatory compliance. However, as new PFAS compounds continue to 

emerge, ongoing research is critical for understanding their environmental and health impacts. Laboratories must 

adopt cutting-edge technologies to detect these compounds and work within the evolving regulatory framework to 

ensure public safety.

NEXT

Learn more about our PFAS reference materials here. 
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