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ABSTRACT  

Purpose - The aim of this project was to increase awareness and encourage an environmental 

organization to advocate for further research focused on the association of autism spectrum 

disorder in children that have been exposed to per- and polyfluoroalkyl substances (PFAS) 

prenatally. 

Background - PFAS are a group of synthetic chemicals used in various industries worldwide. 

They are found in stain and water-resistant fabrics, nonstick cookware, and fire-fighting foams. 

Most people have been exposed to PFAS through contaminated water or food, air containing 

PFAS and using products made with PFAS. Emerging animal studies have shown PFAS can lead 

to neurobehavioral toxicity and several human studies have found an association between 

prenatal PFAS exposure and autism spectrum disorder (ASD).  

Methods - Utilizing a convenience sampling method, a post-pretest survey was used to evaluate 

knowledge and readiness to advocate for future prenatal PFAS exposure research following an 

educational presentation. Participants (n = 8) were members of the Alliance of Nurses for 

Healthy Environments (ANHE).  

Results - Knowledge of prenatal PFAS exposure improved following the educational 

presentation.  

Conclusions - Following an educational presentation on the current research of prenatal PFAS 

exposures and autism, members of the environmental organization ANHE, reported an increase 

in knowledge and conveyed interest in advocating for expanding future research to include 

mental health effects of PFAS exposure. 
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INTRODUCTION 

Per- and polyfluoroalkyl substances (PFAS) are a group of synthetic compounds, 

including perfluorooctanoic acid (PFOA), perfluorooctane sulfonate (PFOS), and many other 

chemicals (United States Environmental Protection Agency [EPA], 2021). Due to the widespread 

use of PFAS in industrial and consumer products, PFAS have been detected in the serum of most 

of the general population in the US (Centers for Disease Control and Prevention [CDC], 2019; 

Shin et al., 2019). These synthetic chemicals are persistent in both the environment and the 

human body (EPA, 2021). Humans are exposed to PFAS through the air, contaminated water, 

food, and breast milk (Bangma et al., 2020); exposures can lead to adverse health effects, 

including cancer, thyroid dysfunction, low infant birth weights and decreased immunity (EPA, 

2021). Emerging studies have shown an association between PFAS exposure and 

neurobehavioral toxicity in laboratory animal studies (Kim et al., 2020; Liew et al., 2015). 

Several studies have shown that PFAS can cross the placental barrier (Bangma et al., 2020; Cai 

et al., 2020; Long et al., 2019) and others have found an association between prenatal PFAS 

exposure and autism spectrum disorder (ASD) (Long et al., 2019; Shin et al., 2019). Further 

research linking the risk of prenatal PFAS exposure and ASD is needed to increase awareness, 

improve health outcomes, and increase efforts to eliminate the use of PFAS in industrial and 

consumer products. This growing public health concern can lead to improved health and 

environmental policies through advocacy and coalition building. 

Background Knowledge and Significance 

PFAS are a group of synthetic chemicals that have been utilized in various industries 

worldwide due to their ability to reduce friction, making them useful in aerospace, automotive, 
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electronics and construction industries (Agency for Toxic Substances and Disease Registry 

[ATSDR], 2019; United States Environmental Protection Agency [EPA], 2021). PFAS are also 

found in stain and water-resistant fabrics, nonstick products, and cookware. Groundwater can 

become contaminated with PFAS from fire-fighting foams used on military bases and airports 

(ATSDR, 2019; EPA, 2021). 

The main source of PFAS exposure comes from drinking contaminated water, eating 

food that has been packaged in materials containing PFAS, and eating fish grown in PFAS 

contaminated water (ATSDR, 2019). The margin of protection from potential adverse health 

effects in humans in drinking water is 70 parts per trillion (ppt), and some states have established 

their own guidelines, typically lower than the EPA Health Advisory (ATSDR, 2019). 

Perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS) are two chemicals 

that have been extensively produced and studied (EPA, 2021). These chemicals are known as 

“forever chemicals” as they are not broken down easily and accumulate in the environment and 

in the human body. PFOS can remain in the body for up to 27 years, and PFOA can remain for 

up to 10 years (ATSDR, 2019). In the United States (US) and other industrialized countries, most 

people have measurable amounts of PFAS in their blood. Exposure to PFAS can lead to adverse 

health effects on animals and humans (ATSDR, 2019). Growing concerns surrounding the long-

term effects to human health and the environment led to the phase-out of PFOS and PFOA 

manufactured in the US between 2002 and 2015 (Utah Department of Environmental Quality, 

2020). However, new PFAS compounds emerged to replace them, and they are still being 

manufactured in other countries (Utah Department of Environmental Quality, 2020). 
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Human studies’ most common health effects include hypercholesterolemia, ulcerative 

colitis, thyroid toxicity, elevated blood pressure during pregnancy, preeclampsia, testicular and 

kidney cancer (ATSDR, 2019). Emerging research in animal studies linking prenatal and 

neonatal exposure to neurocognitive and neurobehavioral effects raises concerns about the 

impact of PFAS exposure in human development (Kim et al., 2020; Niu et al, 2019). Although 

there is a growing body of evidence suggesting prenatal exposure to environmental pollutants 

and neurotoxins is associated with an increased risk for autism spectrum disorder (ASD) (Long 

et al., 2019; Lyall et al., 2018; Oh et al., 2021), studies have been limited and findings are 

inconclusive (Spratlen et al., 2020). Further studies using human subjects are needed to address 

neurobehavioral and neuropsychiatric changes and prenatal exposure to PFAS. 

Collaborative approaches can address complex social challenges to advance community 

health and well-being by leveraging diverse organizations and individuals’ resources, talents, and 

strengths (Reid et al., 2019). Health care policies within a community are fostered through 

collaboration between community members, advocates, local non-profits, and health care 

organizations (Prochnow et al., 2020). Well-founded collaboration across organizations and 

sectors contributes to sustained improvement of health outcomes in communities (Reid et al., 

2019). Various organizations, including a coalition of fourteen state governors (Whitmer et al., 

2019), the Natural Resources Defense Council (NRDS) (Dean et al., 2020), the American Water 

Works Association (Mehan, 2019), and scores of environmental and health advocacy groups 

have pushed for more PFAS-specific regulations. Despite the growing public health risk and 

advocacy from these organizations, the US Environmental Protection Agency (EPA) continues to 



 

 
14 

allow the release of PFAS without requiring essential research on new PFAS toxicity before use 

(Dean et al., 2020). 

Local Problem 

Studies have linked PFAS exposure to adverse health effects in animal studies and in 

humans. Animal studies have shown an association between prenatal exposure to PFAS with low 

birth weight, alteration in neuropsychological development, delayed learning, and decreased 

motor function (Niu et al., 2019). The results from these animal studies raises concerns regarding 

the role prenatal exposure to PFAS may have in human development.  

In 2019, the Department of Environmental Quality (DEQ) created a workgroup to assess 

the potential for environmental contamination from PFAS in Utah (Utah Department of 

Environmental Quality [DEQ], 2020). Although Utah has never produced PFAS compounds, 

their use in firefighting foams, consumer products, and industrial processes creates the potential 

for contamination in the state, and it is unknown how many businesses are using PFAS (DEQ, 

2020). The DEQ enlisted regulatory and technical experts to serve on the PFAS workgroup and 

includes representatives from DEQ’s Division of Water Quality, Department of Health, Bureau 

of Epidemiology, Environmental Response and Remediation, Waste Management, and Radiation 

Control, Drinking Water and Communications (DEQ, 2020). The DEQ examined potential 

sources of contamination, evaluated routes of exposure, and potentially exposed populations 

(DEQ, 2020). Possible industrial sectors that could be using PFAS include plastic manufacturers, 

semi-conductor manufacturers, aerospace manufacturers, metal-finishing companies, fabric-

coating businesses, and spring and wire manufacturers (DEQ, 2020). Industrial sites that use or 

have repeatedly applied aqueous fire-fighting foam (AFFF) have the most potential for PFAS 
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releases in the environment (DEQ, 2020). Potential sources for public PFAS exposure include 

Hill Air Force Base, Utah National Guard, Tooele Army Depot, various industrial sites, landfills, 

wastewater, drinking water, farm products, fish, and waterfowl (DEQ, 2020). According to the 

Reconnaissance Plan for per- and polyfluoroalkyl substances (PFAS) in Utah (2020), more 

information and research is needed to determine what industries use, or have used, PFAS that 

may have been released in the environment, and they have recommended a three-phase plan. 

This includes monitoring and sampling (1) public water systems, (2) surface, wastewater, and 

biosolids, and (3) evaluating PFAS concentrations in fish and waterfowl tissue (DEQ, 2020).  

Despite phasing out the manufacturing of PFOA and PFOS in the US, these chemicals 

are still being produced internationally (EPA, 2021). Consumer goods such as carpet, textiles, 

leather and apparel, coatings, rubber, and plastics containing PFAS can be imported into the US 

(EPA, 2021). The majority of people in the US have been exposed to PFAS and have it in their 

blood. In 2020, approximately 15 states enacted at least 27 bills focused on regulating PFAS in 

consumer products and firefighting foam, establishing maximum contaminant levels (MCL) for 

PFAS in drinking water, and appropriating funds for remediation of PFAS contamination 

(National Conference of State Legislatures [NCSL], 2021).  

Current research is limited and inconsistent. Advocating for funding of research focused 

on prenatal PFAS exposure and childhood ASD is essential to increasing awareness and stricter 

regulation and testing of PFAS and PFAS alternatives used and imported into the US. 

Intended Improvement 

Human studies have found an association between adverse health effects in various organ 

systems and PFAS exposure; however, there is limited data on the associations between ASD 
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and prenatal PFAS exposure. Previous studies have been small, and the results are variable. 

Several animal studies have shown a link between PFAS exposure and neurobehavioral effects 

(Kim et al., 2020; Liew et al., 2015). Increasing awareness and collaborating with an 

environmental organization may encourage further advocating for health policy changes 

(Prochnow et al., 2020; Reid et al., 2019). 

Project Purpose 

The purpose of this DNP project is to increase awareness and advocate for further 

research focused on the association between prenatal PFAS exposure and the increased risk for 

ASD. 

Project Question 

Will an environmental organization choose to advocate for more PFAS research with 

human subjects after watching an educational presentation on the neurobehavioral effects in 

children prenatally exposed to PFAS compared to before receiving education? 

Project Objectives 

This project aims to increase awareness and encourage an environmental organization to 

advocate for further research focused on the association of ASD in children who have been 

exposed to PFAS prenatally. 

Theoretical Framework 

The multiple streams framework (MSF), developed by John Kingdon (Kingdon, 2011), is 

an accepted multi-theoretic approach used to analyze the policy process. There are five key 

structural components in the MSF which lead to a policy output (Herweg et al., 2018). They 

include the three streams, the policy or agenda window, and the policy entrepreneur. The MSF is 
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an adaptation of Cohen, March, and Olsen’s garbage can model of organizational choice 

(Herweg et al., 2018). Within organizations, choice opportunities can be viewed as a garbage can 

into which different kinds of problems and solutions are dumped (Cohen et al., 1972). In this 

model, four variables, or “streams,” are put into the system independently. These streams are 

problems, solutions, participants, and choice opportunities (Cohen et al., 1972). MSF assumes 

that policy processes are characterized by ambiguity, and any given problem has a multitude of 

solutions all competing for relevance among policymakers. The main sources of ambiguity 

include time constraints, problematic preferences, unclear technology, and fluid participation 

(Fowler, 2020; Herweg et al., 2018). Consequently, there is a perpetual state of chaos 

surrounding issues that need to be addressed and various solutions to these problems. With 

limited information, policymakers must make sense of these issues (Fowler, 2020; Herweg et al., 

2018). 

Problem Stream 

According to the MSF, problems are defined as conditions that citizens and policymakers 

need to address, and government action is needed to resolve them (Herweg et al., 2018; Smith, 

2018). Problems may arise from changes in the perception and interpretation of conditions that 

were previously considered acceptable or when they are considered in a different context. 

However, many conditions differing from the ideal states of citizens and policymakers do not 

receive political attention.  

Despite substantial evidence that PFAS exposure can lead to adverse health effects in 

humans including cancer, decreased immunity, thyroid dysfunction, and low infant birth weights 
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(EPA, 2021; NCSL, 2021), PFAS and PFAS substitutes regulations are not strict in the US (Dean 

et al., 2020).  

Indicators, focusing events, and feedback are necessary to bring attention to specific 

problems (Herweg et al., 2018). Indicators, such as unemployment figures or crime statistics, 

must be defined by an actor as a problem. Otherwise, they will merely inform about conditions. 

A focusing event has the potential to be harmful and is often sudden and uncommon, such as a 

natural disaster and may trigger a condition to become a problem (Herweg et al., 2018). 

Feedback from existing programs may be good and lead to replication of the program, or poor 

and prompt a policymaking process to change the program (Herweg et al., 2018; Smith, 2018).  

Policy Stream 

Within the policy stream, persuasion is the method of interaction, and actors aim to 

acquire acceptance for a policy solution (Herweg et al., 2018). Policy communities, comprised of 

civil servants, researchers, academics, and consultants, generate policy alternatives within the 

policy stream (Herweg et al., 2018; Smith, 2018). An assortment of ideas or policy “primeval 

soup,” as described by Kingdon (2011), compete for a place on the agenda (Herweg et al., 2018). 

Only a few are selected and narrowing down various ideas is influenced by their technical 

feasibility, value acceptability, financial viability, and public acceptance (Herweg et al., 2018). 

The structure and level of integration of the community also influence the policy process. Policy 

communities that are larger, less integrated, and more competitive are likely to facilitate a 

quantum to gradualist development of ideas (Herweg et al., 2018; Smith, 2018). Initially, they 

may not attract much support, and steps are taken to soften resistance and propel the policy idea 

towards one that is more broadly acceptable. In contrast, smaller, more integrated policy 
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communities are more likely to follow an evolving to a convergent pattern. More time is spent in 

consensus-based debates and subsequent acceptance of policy ideas (Herweg et al., 2018; Smith, 

2018).  

Political Stream 

While persuasion is the main method of interaction in the policy stream, bargaining is the 

action in the political stream (Herweg et al., 2018). According to Kingdon (2011), there are three 

core elements in the political stream: the national mood, interest groups, and government 

(Herweg et al., 2018).  

The national mood refers to the belief that, a considerable amount of the public has 

shared views towards issues, values, or solutions pertaining to a policy problem (Herweg et al., 

2018). Kingdon (2011) posits that government officials endorse certain items on the agenda 

based on the current national mood (Herweg et al., 2018). The second element of the political 

stream is interest group campaigns. When powerful interest groups oppose an idea, it is less 

likely it will make it on the agenda. Policy communities include interest group representatives 

and can participate in the softening-up process; however, these activities should take place in the 

policy stream (Herweg et al., 2018). The Clean Water Action is an example of one environmental 

advocacy organization that launched a campaign to educate the public about the risks of PFAS 

and has co-sponsored a bill that will ban the use of PFAS in food packaging in California. The 

third element of the political stream is governments and legislatures. Changes in their 

composition can occur when certain ideas align with the ideology of one party and not another, 

influencing which items make it on the agenda (Herweg et al., 2018). 
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A policy proposal does not require the alignment of all three elements of the political 

stream. Some argue that because the government and legislatures are the ones who will have to 

adopt a policy change, they are the most pertinent actors in the political stream (Herweg et al., 

2018). Their positions may be influenced by the national mood and interest group campaigns, but 

they do not determine their decisions. Coupling of the political stream requires the support of a 

key policymaker who is willing to further the idea and build a majority. In many cases, 

legislative majorities are built after an issue is on the agenda (Herweg et al., 2018).  

Policy Window 

A policy window is a rare and fleeting “opportunity for advocates of proposals to push 

their pet solutions, or to push attention to their special problems” (Kingdon, 2011). Policy 

windows open during the problem or political stream. A window in the political stream opens 

when there are administration turnovers or shifts in the national mood (Herweg et al., 2018). A 

window in the problem stream opens following a focusing event or with the deterioration of 

indicators. Coupling is doctrinal or problem-focused, where the government searches for a 

problem to a known solution (Herweg et al., 2018). Problem-focused coupling is consequential, 

and the window is open for a longer period of time than in doctrinal coupling because a solution 

must be found that fits the problem on the agenda. In most instances, the limited period of time is 

insufficient to figure out a solution after the problem has occurred (Herweg et al., 2018).  

Policy Entrepreneur 

In the MSF, policy entrepreneurs are key actors who advocate for a policy idea by 

investing time, energy, and money (Herweg et al., 2018; Smith, 2018). Policymakers, academics, 

journalists, or interest group representatives can become policy entrepreneurs. Entrepreneurs 
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drive their proposals in the policy stream, making adjustments to find support amongst affiliates 

within the policy community (Herweg et al., 2018). Once they have made their proposal a viable 

alternative, they attempt to couple it with the problems and political streams. The chances of 

achieving agenda status significantly increase when all three streams are coupled together 

(Herweg et al., 2018).  

Project Application 

Further research is needed to determine the strength of correlation between prenatal 

exposure to PFAS and autism in children. The use of these chemicals was once acceptable, but it 

has become increasingly evident that PFAS has broad toxicity. The properties making PFAS 

useful in consumer goods and industrial applications are the same ones that make them 

extremely persistent in the environment and cause accumulation in human tissue. Despite the 

growing public health risk, the US Environmental Protection Agency (EPA) has failed to stop 

the release of PFAS and does not require substantive research on new PFAS toxicity before use. 

At the federal level, PFAS have been largely unregulated until recently. In 2019, the EPA issued 

an advisory level for PFOA and PFOS of 70 parts per trillion (ppt) (EPA, 2020). A study 

conducted by the Centers for Disease Control and Prevention indicated that toxic effects occur 

well below the EPA’s current advisory level for safe concentrations of PFAS (Chou et al., 2018). 

PFAS are likely harmful; therefore, more research is necessary. A variety of organizations, 

including a coalition of fourteen state governors (Whitmer et al., 2019), the Natural Resources 

Defense Council (NRDC) (Dean et al., 2020), the American Water Works Association (Mehan, 

2019), and scores of environmental and health advocacy groups have pushed for more PFAS-

specific regulations. 
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Literature Synthesis 

A growing body of scientific evidence has found potential adverse health effects 

associated with exposure to PFAS including thyroid disease, liver damage, cancer, increased 

cholesterol levels and low infant birth weights (ATSDR, 2019; EPA, 2021). A review of current 

supporting evidence is essential when building an inclusive and powerful coalition that can be 

sustained long-term. The purpose of a literature review is to answer focused questions that can 

inform the healthcare decisions of professionals and patients, inform policy, and identify areas 

where further research is needed (Smith & Noble, 2016). 

Evidence Search 

A literature search was conducted utilizing the following search engines and sources: 

PubMed, the American Psychological Association (APA), Psych INFO, the Cumulative Index of 

Nursing and Allied Health Literature (CINAHL), the National Library of Medicine (MEDLINE) 

and the University of Arizona Library. Search terms include “PFAS mental health,” “PFAS 

autism,” “PFAS regulation,” “PFAS policy,” “Kingdon framework,” “Utah healthcare PFAS 

policy,” “public health coalition building,” and “health coalition building.” This yielded 9,470 

results. 

Comprehensive Appraisal of Evidence 

Criteria for inclusion include articles published within the past five years, peer-reviewed, 

written in the English language, discussed pre- and postnatal exposure to PFAS, discussed the 

effect of PFAS on childhood neurodevelopment, included human or animal studies, or discussed 

environmental and mental health coalition building. Exclusion criteria for articles used included 

studies focused on non-PFAS chemicals and those not examining the effects of PFAS on 
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neurocognitive and neurobehavioral development in children. Inclusion and exclusion criteria 

narrowed the final number of sources down to 33 articles. 

Strengths of Evidence 

Despite restrictions and the phase-out of several PFAS manufacturers in the US, PFAS 

have been detected in serum samples of pregnant women and children (Vuong et al., 2018). The 

accumulation of animal studies emphasizing the neurocognitive and neurobehavioral effects in 

prenatally and neonatally exposed mice raises concerns regarding the role of PFAS in human 

development. In animal studies, PFAS exposure during pregnancy was associated with decreased 

birth weight, alteration in neuropsychological development, decreased motor function and 

delayed learning (Niu et al., 2019).  

Autism spectrum disorder (ASD) is a complex neurodevelopmental disorder 

characterized by impairments in social communication and interaction, restrictive interests, and 

repetitive behaviors (Long et al., 2019; Lyall et al., 2018; Oh et al., 2021). Although there is a 

genetic component to ASD, a growing body of evidence suggests prenatal exposure to 

environmental pollutants and neurotoxins are associated with an increased risk for ASD (Long et 

al., 2019; Lyall et al., 2018; Oh et al., 2021). During the prenatal period, children are most 

vulnerable to neurotoxic chemical exposure, and some toxic substances passing through the 

placenta have been detected in amniotic fluid. 

Coalitions have the capability to significantly impact their communities. Health care 

policies and outcomes within a community are fostered through collaboration between 

community members, community advocates, local non-profits, and health care organizations 

Prochnow et al., 2020). Collaborations begin when a group of individuals or an organization 
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recognize a collective effort is required to address an issue in their community (Reid et al., 

2019). Effective collaborations empower communities to address larger social agendas and 

complicated issues while inspiring local support and encouraging creativity among stakeholders. 

Research shows that a well-founded collaboration across organizations and sectors contributes to 

the sustained improvement of health outcomes in communities (Reid et al., 2019). 

Weaknesses, Gaps and Limitations of Evidence 

Epidemiological studies evaluating potential neurocognitive and neurobehavioral effects 

of PFAS in children have been limited, with inconclusive findings (Spratlen et al., 2020). Two 

studies, conducted in the United Kingdom (UK) (Jeddy et al., 2017) and Denmark (Liew et al., 

2018) found both positive and negative associations between PFAS exposure and early 

communication and developmental milestones. A US study found elevated prenatal PFAS serum 

concentrations were associated with both positive and negative cognitive outcomes. In some 

cases, children born to women with the highest serum concentrations of PFOA and PFOS 

performed better on cognitive assessments (Harris et al., 2018).  

In cross-sectional studies, associations of PFAS elevated serum concentrations and 

positive cognitive outcomes may be impacted by reverse causation in children diagnosed with 

neurobehavioral disorders (Harris et al., 2018; Liew et al., 2014). All participants in the 

MARBLES study, which showed an association between elevated prenatal serum concentrations 

of PFOA and an increased risk of ASD, had a first-degree relative with ASD (Oh et al., 2021). 

Null associations could indicate that genetic factors rather than environmental factors may 

contribute to ASD development (Oh et al., 2021).  
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Lastly, sex-specific trends are documented between prenatal PFAS exposure and 

behavioral outcomes in epidemiologic and animal studies (Spratlen et al., 2020). Several studies 

show positive correlations between elevated serum PFAS levels and better cognitive scores in 

females, but not males (Liew et al., 2018; Spratlen et al., 2020; Vuong et al., 2019). 

In summary, PFAS has been detected in the serum of most people in the US and is 

associated with various health effects, including neurotoxicity. The prevalence of ASD in the US 

continues to increase; there are many theories about the origin of ASD, but evidence of causation 

is inconclusive. Several studies suggest a link between prenatal PFAS exposure and 

neurodevelopmental problems including ASD, but further research is needed to substantiate or 

disqualify an association or causal factor. Coalition building and policy advocacy are needed to 

address these issues.  

METHODS 

Project Design 

This DNP project utilized a quality improvement (QI) framework to assess an 

environmental organization’s readiness to advocate for more substantial research for prenatal 

PFAS exposure and its association with autism spectrum disorder (ASD). An educational 

PowerPoint was presented to members of the organization, and a post/pretest was used to 

compare the knowledge of increased risk for ASD in children with prenatal PFAS exposure 

before and after the intervention, as well as readiness to advocate for future research. 

Model for Implementation 

This project utilized the Model for Improvement (MFI) developed by the Associates in 

Process Improvement and adopted by the Institute for Healthcare Improvement (IHI) (Langley et 
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al., 2009). The Model for Improvement (MFI) provides a framework for developing, testing, and 

implementing changes to accelerate improvement. It is comprised of two key parts: three 

fundamental questions that drive improvement; and the Plan-Do-Study-Act (PDSA) cycle 

(Langley et al., 2009). 

The first question examines what is trying to be accomplished (Langley et al., 2009). 

Prior to making improvements, it is important to identify the aim of the project. The aim of this 

project was to increase members of the Alliance of Nurses for Healthy Environments (ANHE) 

knowledge about ASD associated with prenatal PFAS exposure and readiness to advocate for 

more research. The second question asks how we will know that the change has made an 

improvement (Langley et al., 2009). A post-pretest survey was used to compare members’ 

current and post-intervention knowledge about prenatal PFAS exposure and its association with 

ASD. The test also compared current and post-intervention readiness to advocate for more 

prenatal PFAS exposure research. The final question inquires what change can be made that will 

result in improvement (Langley et al., 2009). An educational PowerPoint was presented to 

members of the ANHE, focusing on current research showing an association between ASD and 

prenatal PFAS exposure. Increasing ANHE members’ willingness to advocate can lead to further 

research and increased awareness about the potential link between ASD and prenatal PFAS 

exposure.  

The Plan-Do-Study-Act (PDSA) Cycle 

The PDSA cycle was used to determine if the educational presentation increased ANHE 

members’ knowledge and readiness to advocate for future prenatal PFAS exposure research. The 
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PDSA cycle examines the outcomes from the change being tested and makes modifications for 

the next cycle (Langley et al., 2009).  

Plan 

The “Plan” stage includes developing the test, predicting outcomes and a plan for data 

collection (Langley et al., 2009). This project aimed to disseminate a single online educational 

presentation to educate and encourage further research focused on the link between ASD and 

prenatal PFAS exposure. The expectation was an increase in knowledge that would encourage 

ANHE to use their influence to raise awareness and advocate for further research. A post/pretest 

was created using the cloud-based platform Qualtrics. Data from this survey was collected by the 

Project Director (PD).  

Do 

The second stage, “Do,” is the implementation of the intervention. Problems and 

unexpected observations are documented, and data analysis will begin during this stage 

(Christoff, 2018; Langley et al., 2009). During this stage, the PD presented an educational 

PowerPoint, followed by a post/pretest survey. Data from the post/pretest was collected from 

Qualtrics through the University of Arizona (n.d.). 

Study 

The “Study” stage is the analysis of the data comparing the expected outcomes and 

confirmed results of the post/pretest (Christoff, 2018; Langley et al., 2009). Data was collected 

from the post/pretest. Lessons learned will be summarized, reflected upon, and considered for the 

final stage (Christoff, 2018; Langley et al., 2009).  
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Act 

During the final stage, “Act,” the change is adapted, adopted, or abandoned (Christoff, 

2018; Langley et al., 2009). Future QI projects can build on the results of this project, increasing 

awareness and working with legislators to present a bill for funding research focused on the 

association between ASD and prenatal PFAS exposure. 

Setting and Stakeholders 

The presentation was delivered through an online video platform, with voluntary 

participation from ANHE members. An online video conferencing platform allows for increased 

opportunity for participation from members in various parts of the country and world who would 

not be able to attend an in-person presentation.  

The ANHE is a national organization comprised of nurses and nursing organizations from 

around the world participating in critical national environmental health efforts by improving 

education, increasing awareness, and furthering research (ANHE, n.d.). There are four main 

work groups that operate within the ANHE. The education work group is comprised of nurse 

educators in academia and clinical practice that develop environmental health curricula for 

continuing education and nursing programs (ANHE, n.d.). The practice work group is involved 

in the development of best practices and policies to decrease environmental exposures in the 

workplace and sharing resources with nurses who are pushing for the implementation of 

environmentally safe practices in health care facilities (ANHE, n.d.). The research work group 

offers support, mentorship, and resources for nurse researchers of all levels of experience 

(ANHE, n.d.). The aim of the policy-advocacy work group is to address environmental health 

policies at the state and national level by encouraging nursing communities to support policies 
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that increase public knowledge of potential environmental hazards and chemicals in the air, 

water, soil, food, and consumer products (ANHE, n.d.). The presentation was given to members 

of the policy-advocacy work group during their monthly meeting with the aim of mobilizing 

increased advocacy for more substantial research on the association of prenatal PFAS exposure 

and ASD. 

Planning the Intervention 

The PD developed the educational PowerPoint slides. The slides contained basic 

information about PFAS, routes of exposure, associated health effects, research finding linking 

ASD with prenatal PFAS exposure, and recommendations for future research. The educational 

PowerPoint slides can be viewed in Appendix E.  

The PD contacted the organization through email to discuss the purpose and details of the 

presentation. The presentation lasted approximately 15 minutes, and the PowerPoint slides were 

screen shared by the PD via Zoom. Following the presentation, the post/pretest survey was 

disseminated via a unique link. 

Participants and Recruitment 

Participation was voluntary and included members of ANHE’s policy-advocacy work 

group. The policy-advocacy work group hosts monthly discussions about current policy issues 

and the role nurses have as advocates protecting the environment and public health. As one of 

the most trusted professions, nurses have a unique opportunity to use their united voice to 

advocate for the people they serve. Members and those interested in getting involved in 

advocacy stay up to date on future discussions and other activities by joining the policy-



 

 
30 

advocacy email list. Participation inclusion criteria included the following: (1) over the age of 

18, (2) member of the ANHE organization, and (3) English speaking. 

Consent and Ethical Considerations 

Maintaining the privacy of participants in this project is of utmost importance. The project 

did not involve working directly with a vulnerable population, nor did it require acquiring 

personal or identifiable information of participants. Participation was voluntary, and participants 

had the right to withdraw from the study at any point. The post/pretest survey was conducted 

using Qualtrics through the University of Arizona. Surveys were restricted to participants that 

attended the monthly meeting and viewed the presentation. Following the presentation, they were 

given a unique survey link. To maintain anonymity, the surveys were set to automatically 

remove any personal information as well the IP address from data responses.  

The request for participation was conducted prior to administering the survey by the PD. 

Communication included the purpose of the project and the proposed timeline. Assurance was 

given that participant’s confidentiality would be maintained, and no personal or identifiable 

information was required. The PD is the sole investigator and is responsible for ensuring the 

protection and privacy of data. The project was approved by the University of Arizona 

Institutional Review Board (IRB) prior to initiation. 

Data Collection 

Members that attended the presentation were provided a unique link to complete the 

post/pretest survey. The post/pretest survey can be viewed in Appendix D. The post/pretest 

survey collected information about participants years of nursing and advocacy experience. These 

questions were answered on a 4-point Likert scale. The survey also determined current 
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knowledge of the human health effects of PFAS, prenatal PFAS exposure and whether they think 

more research is needed. These questions were also answered on a 5-point Likert scale. For 

example, to assess PFAS knowledge, the question reads, “What did you know about the human 

health effects of PFAS exposure prior to the educational presentation?” Answers range from 

“none” to “expert.”” Lastly the survey evaluated whether the participants were satisfied with the 

information provided in the educational presentation and if they found it useful in improving 

their knowledge of PFAS and prenatal exposure. These questions were answered on a 5-point 

Likert scale, with answers ranging from “strongly agree” to “strongly disagree.” 

Data Analysis 

Data from the post/pretest surveys were collected and analyzed by the PD. Participants’ 

experience with environmental advocacy and as a health care professional was organized into 

tables. Participants’ knowledge before and after the educational presentation was compared. The 

quantitative ordinal data was evaluated, the input analyzed, and was displayed using the software 

program Microsoft Excel. 

RESULTS 

A convenience sample of nurses from the ANHE’s advocacy-policy work group 

participated in this project. The survey was distributed following the educational presentation on 

October 7, 2021. The survey was available for members to complete from October 7, 2021, 

through October 15, 2021. For a detailed timeline of the project, view Appendix F. 

Demographics 

Twenty-seven ANHE members (N = 27) viewed the presentation, and eight participants 

(n = 8) completed the post/pretest survey. Survey questions 1 and 2 obtained demographic 
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information of participants, which can be viewed in Figures 1 and 2. The first question inquired 

about years of experience as a healthcare provider. The sample results indicated 88% (n = 7) had 

more than 15 years of experience, and 12% (n = 1) had 10-15 years of experience.  

Figure 1 

Demographic Question 1 – Years of Experience as a Healthcare Provider 

 

The second question inquired about experience with environmental advocacy. The 

sample results indicated 37.5% (n = 3) had a great deal of experience, 37.5% (n = 3) a lot, 12.5% 

(n = 1) moderate, and 12.5% (n = 1) had a little experience. 

  

12%

88%

Years of experience as a 
healthcare provider

0-5 years 6-10 years 10-15 years More than 15 years
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Figure 2 

Demographic Question 2 – Experience with Environmental Advocacy 

 

Background Knowledge 

Survey questions 3 and 4 asked participants about their knowledge of PFAS exposure 

prior to the educational presentation. Question 3 addressed prior knowledge of the human health 

effects of PFAS exposure. Most participants (n = 6) reported having a basic understanding, 

12.5% (n = 1) reported adequate understanding and 12.5% (n = 1) reported expert understanding 

of the health effects of PFAS exposure. Question 4 addressed prior level of knowledge of 

prenatal PFAS exposure, 12.5% (n =1) reported having adequate knowledge, 37.5% (n = 3) 

reported basic knowledge, 37.5% (n = 3) reported minimal knowledge, and 12.5% (n = 1) 

reported no prior knowledge (Table 1).  

  

12%

12%

38%

38%

Experience with environmental 
advocacy

None A little Moderate A lot A great deal
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Table 1 

Question 4: How Would You Rate Your Knowledge Level on PFAS and Prenatal Exposure Prior 
to the Educational Presentation? 

Question 4: Prior Knowledge of Prenatal PFAS Exposure Percentages (n =) 
None 12.50% 1 

Minimal 37.50% 3 

Basic 37.50% 3 

Adequate 12.50% 1 

Expert 0.00% 0 

Totals 100% 8 

Outcomes 

Survey question 5 asked participants to rate their level of knowledge of prenatal PFAS 

exposure after the educational presentation. Following the presentation 12.5% (n = 1) reported 

having expert knowledge, 25% (n = 2) reported having adequate knowledge, 50% (n = 4) 

reported having basic knowledge, and 12.5% (n = 1) reported having basic knowledge (Table 2).  

Table 2 

Question 5: How Would You Rate Your Knowledge Level on PFAS and Prenatal Exposure After 
the Educational Presentation? 

Question 5: Knowledge of Prenatal PFAS Exposure After Percentages (n =) 
None 0 0 

Minimal 12.50% 1 

Basic 50.00% 4 

Adequate 25.00% 2 

Expert 12.50% 1 

Totals 100% 8 

Survey questions 6 and 9 addressed the need for future advocacy and expanded further 

research focused on PFAS exposure and mental health effects including ASD. Question 6 asked 
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participants if they think more research is needed focused on prenatal PFAS exposure and 

autism. All participants (n = 8) strongly agreed that more research is needed (Table 3). Question 

9 asked participants if they will advocate for expanding future research to include the mental 

health effects of PFAS exposure. Most participants (n = 5) said they are extremely likely to 

advocate for more research and 37.5% (n = 3) are likely (Table 4).  

Table 3 

Question 6: I Think There Needs to be More Research Focused on Prenatal PFAS Exposure and 
Autism. 

Question 6: More Research Percentages (n =) 
Strongly agree 100% 8 

Somewhat agree  
 

Neutral  
 

Somewhat disagree  
 

Strongly disagree  
 

Totals 100% 8 

Table 4 

Question 9: Following the Educational Presentation, How Likely Are You to Advocate for 
Expanding Future Research to Include Mental Health Effects of PFAS Exposure? 

Question 9: PFAS and Mental Health Advocacy Percentages (n =) 
Extremely likely 62.50% 5 

Likely 37.50% 3 

Neutral  
 

Unlikely  
 

Extremely unlikely  
 

Totals 100% 8 

Survey question 7 and 8 addressed participant satisfaction with the educational 

presentation and if it was increased knowledge of prenatal PFAS exposure. Question 7 asked 
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participants if they were satisfied with the contents and information of the educational 

presentation, 87.5% (n = 7) reported they were extremely satisfied, and 12.5% (n = 1) reported 

they were somewhat satisfied (Table 5). Question 7 asked participants if the presentation 

improved their knowledge of prenatal PFAS exposure, 100% (n = 8) strongly agreed.  

Table 5 

Question 7: How Satisfied Were You with the Contents and Information of the Educational 
Presentation? 

Question 7: Overall Satisfaction Percentages (n =) 
Extremely satisfied 87.50% 7 

Satisfied 12.50% 1 

Neutral  
 

Dissatisfied  
 

Extremely dissatisfied  
 

Totals 100% 8 

DISCUSSION 

Summary 

The aim of this QI project was to increase awareness and present current research focused 

on the association between prenatal PFAS exposure and autism to an environmental 

organization. Furthermore, the project sought to determine if the environmental organization 

would advocate for more PFAS research following an educational presentation. 

Results from the survey validated these outcomes as evidenced by an increase in ANHE 

members’ knowledge regarding prenatal PFAS exposure, and 100% of participants reported that 

they “strongly agree” there needs to be more research focused on the association between 

prenatal PFAS exposure and ASD. 
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Interpretation 

This project shows that an educational presentation increased ANHE member’s 

knowledge of the adverse effects of PFAS and prenatal exposure. Furthermore, it demonstrated 

that all participants agreed that further research on prenatal PFAS exposure and its link to autism 

is needed. All participants reported they “strongly agree” there needs to be more research 

focused on the association between prenatal PFAS exposure and ASD and are likely to advocate 

for more research. Lastly, the study revealed that all participants were either “satisfied” or 

“extremely satisfied” with the presentation, demonstrating advocacy eagerness. 

Implications  

Research 

Emerging studies in animals have shown an association between PFAS exposure and 

neurobehavioral toxicity (Kim et al., 2020; Liew et al., 2015). Several studies have found 

prenatal PFAS exposure may be connected to ASD (Oh et al., 2021; Shin et al., 2019) and PFAS 

has been shown to cross the placental barrier (Bangma et al., 2020; Cai et al., 2020; Long et al., 

2019). More research is needed to spread awareness, increase efforts to eliminate the use of 

PFAS and improve health outcomes. 

Policy 

During his 2020 campaign, President Biden pledged to accelerate toxicity studies and 

regulation of PFAS. With growing momentum in Congress, there is pressure on the EPA to act. 

On July 22, 2021, House approved a bill (HR 2467), the “PFAS Action Act of 2021”, that would 

give the EPA one year to designate PFOA and PFOS as hazardous substances. The EPA would 

have five years to determine whether the remaining PFAS compounds should be classified as 
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hazardous substances and toxic pollutants under the Clean Water Act. It will establish mandatory 

limits for PFAS in drinking water and require more water systems to filter the chemicals out. 

There is more public awareness about the risk of PFAS. Currently, the EPA Lifetime 

Drinking Water Health Advisory level is set at 70 ppt of PFOA and PFOS. Certain states have 

started the process of regulating PFAS in drinking water on their own and adopting enforceable 

standards or maximum contaminant levels (MCLs). Prospective DNP students can carry on this 

project to advocate for legislation for stricter regulation of PFAS and research. 

Limitations 

Although the results of the study were positive, there are several limitations that have 

been identified. First, because the sample size of the study is small, the results are not 

generalizable and may not reflect the consensus of ANHE’s interest in advocating for prenatal 

PFAS research. The response rate was 30% (n = 8) among members that attended the monthly 

meeting, which can also be considered a limitation of the study. Lastly, we acknowledge the bias 

presenting to the ANHE advocacy-policy work group who has been hosting webinars educating 

nurses about the risks of PFAS and opportunities for action. 

DNP Essentials Addressed 

The American Association of College of Nursing (AACN) published The Essentials of 

Doctoral Education for Advanced Nursing Practice, outlining competencies that are the 

foundation of all advanced nursing practices roles (AACN, 2006). 
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DNP Essential III: Clinical Scholarship and Analytical Methods for Evidence-Based 

Practice 

This DNP essential focuses on the critical examination of ethical dilemmas that are 

inherent in health care organizations, patient care and research as well as the DNP’s role in 

ensuring quality care and patient safety (AACN, 2006). PFAS exposure has been linked to 

adverse health effects. This project meets this essential by examining current research on 

prenatal PFAS exposure and its association with ASD.  

DNP Essential V: Health Care Policy for Advocacy in Health Care 

This DNP essential focuses on advocating for social justice and the nursing profession 

through critical analysis of health policy (AACN, 2006). The aim of this project was to 

encourage an environmental organization to advocate for more research following an educational 

presentation on the association between ASD and prenatal PFAS exposure.  

DNP Essential VII: Clinical Prevention and Population Health for Improving the Nation’s 

Health 

This DNP essential focuses on the evaluation and interpretation of epidemiological, 

environmental, occupational and biostatistical information crucial to improving individual and 

community health (AACN, 2006). This project meets this essential by evaluating research 

focused on the environmental and health impacts of PFAS and the effects it has on community 

health. 

Conclusions 

It is widely known that PFAS chemicals are persistent in the human body and the 

environment. Due to the widespread use of PFAS in consumer and industrial products, people 
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can be exposed to contaminated water, food, air, and breast milk and has been found in the serum 

in most of the general population in the US (CDC, 2019; Shin et al., 2019). Emerging animal 

studies have shown that PFAS can lead to neurobehavioral toxicity (Liew et al., 2015; Kim et al., 

2020) and several human studies have found an association between prenatal PFAS exposure and 

ASD (Long et al., 2019; Oh et al., 2021; Shin et al., 2019). 

Following an educational presentation on the current research of prenatal PFAS 

exposures and autism, members of the environmental organization ANHE, reported an increase 

in knowledge and conveyed interest in advocating for expanding future research to include 

mental health effects of PFAS exposure.  

Plan for Sustainability 

The use of an online platform to deliver educational material to organizations requires 

minimal to no cost. Geographical barriers are removed with an online platform, and it permits 

the dissemination of information to local and national organizations. Addressing complex 

environmental challenges requires collaboration between community member advocates and 

established organizations. This project has opened the door for collaboration between ANHE and 

University of Arizona students who may choose to carry this project further. 

Plan for Dissemination 

Dissemination of findings will occur through a recorded educational presentation to BSN, 

MSN, and DNP students. The hope is that future students will continue to collaborate with 

ANHE, increasing advocacy for the expansion of PFAS research to include mental health effects, 

including ASD.  
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APPENDIX A: 

SITE APPROVAL/THE UNIVERSITY OF ARIZONA INSTITUTIONAL REVIEW BOARD 

APPROVAL LETTER 
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APPENDIX B: 

CONSENT DOCUMENT (DISCLOSURE FORM AND CONSENT FORM) 
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Coalition Building and Advocacy: Promoting Research on Prenatal PFAS Exposure and 
Autism 

Liani Eccles 
 
The purpose of this program evaluation is to determine if an educational presentation will 
increase awareness and advocacy for further research focused on the association between 
prenatal PFAS exposure and the increased risk for ASD in Utah.  
 
If you choose to take part in this project, you will be asked to participate in a survey following an 
educational PowerPoint presentation. It will take approximately 3-5 minutes to complete this 
survey. There are no foreseeable risks associated with participating in this project. You will 
receive no immediate benefit from your participation. Your responses are anonymous. Your 
name will not be collected or linked to your answers. 
 
If you choose to participate in the project, participation is voluntary, refusal to participate will 
involve no penalty or loss of benefits to which you are otherwise entitled. You may withdraw at 
any time from the project. In addition, you may skip any question that you choose not to answer. 
By participating, you do not give up any personal legal rights you may have as a participant in 
this project.  
 
For questions, concerns, or complaints about the project, you may contact Liani Eccles, RN, 
BSN at 435-962-0130 or lianieccles@email.arizona.edu. 
 
You agree to have your responses used for this project.  
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APPENDIX C: 

RECRUITMENT MATERIAL (RECRUITMENT EMAIL) 

 



 

 
47 



 

 
48 

APPENDIX D: 

EVALUATION INSTRUMENTS (POST/PRETEST SURVEY) 
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Post-pretest Survey 

1. Which best describes your years of experience as a health care professional? 
a. 0 – 5 years 
b. 6 – 10 years 
c. 10 – 15 years 
d. More than 15 years 

2. What is your experience with environmental advocacy? 
a. None 
b. A little  
c. Moderate 
d. A lot 
e. A great deal 

3. What did you know about the human health effects of PFAS exposure PRIOR to the 
educational presentation? 
a. None 
b. Minimal 
c. Basic 
d. Adequate 
e. Expert 

4. How would you rate your knowledge level on PFAS and prenatal exposure PRIOR to the 
educational presentation? 
a. None 
b. Minimal 
c. Basic 
d. Adequate 
e. Expert 

5. How would you rate your knowledge level on PFAS and prenatal exposure AFTER the 
educational presentation? 
a. None 
b. Minimal 
c. Basic 
d. Adequate 
e. Expert 

6. I think there needs to be more research focused on prenatal PFAS exposure and Autism 
a. Strongly Agree 
b. Somewhat Agree 
c. Neutral 
d. Somewhat Disagree 
e. Strongly Disagree 
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Post-pretest Survey Continued 

7. How satisfied were you with the contents and information of the educational presentation? 
a. Extremely Satisfied 
b. Satisfied 
c. Neutral 
d. Dissatisfied 
e. Extremely Dissatisfied 

8. Do you agree or disagree with the following statement: “This presentation was useful in 
improving my knowledge on PFAS and prenatal exposure”? 
a. Strongly Agree 
b. Somewhat Agree 
c. Neutral 
d. Somewhat Disagree 
e. Strongly Disagree 

9. How likely are you to advocate for expanding future research to include mental health effects 
of PFAS exposure?  
a. Extremely Likely 
b. Likely 
c. Neutral 
d. Unlikely 
e. Extremely Unlikely 
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APPENDIX E: 

PARTICIPANT MATERIAL (POWERPOINT PRESENTATION) 
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APPENDIX F: 

PROJECT TIMELINE 
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Date Project 

08/17/2021 IRB application submission 

08/18/2021 IRB application approval 

09/30/2021 Recruitment email 

10/07/2021 Project implementation, disclosure form presented, post-pretest disseminated 

10/15/2021 Post-pretest results collected 

10/15/2021-  Data analysis and outcomes 

 DNP project presentation to committee 
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APPENDIX G: 

LITERATURE REVIEW GRID 
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Project Question: Will an environmental organization choose to advocate for more PFAS research with human subjects after watching 
an educational presentation on the neurobehavioral effects in children prenatally exposed to PFAS compared to before receiving 
education? 

Pub. Year; Author’s 
Last Name Title of Publication Type of Study Main Outcomes of 

Findings 
Support for and or 

Link to Project 

2020; Cai et al. High trans-placental transfer 
of perfluoroalkyl substances 
alternatives in matched 
maternal-cord blood serum: 
Evidence from a birth cohort 
study 

Cohort study Maternal blood was collected 
during 37-42 gestational 
weeks and cord blood was 
collected at delivery. 
 
PFOS alternatives and PFOA 
short-chain alternative were 
widely detected in the cord 
and maternal serum.  

Despite long chain PFAS 
being phased out, PFAS 
substitutes are being 
produced as a substitute. 
 
Prenatal exposure to 
chemical compounds via 
placenta may lead to adverse 
health outcomes. 
 
PFAS can cross the placental 
barrier and is associated with 
fetal growth restriction, 
immunosuppression, and 
neurotoxicity.  
 
Findings suggest that PFAS 
alternatives may cross the 
placenta more easily than 
conventional PFAS. 

2020; Fowler Using the multiple streams 
framework to connect policy 
adoption to implementation 

Quasi-experiment   

2020; Kim et al. 8:8 Perfluoroalkyl 
phosphonic acid affects 
neurobehavioral 
development, thyroid 
disruption, and DNA 

Animal study Zebrafish exposed to 
perfluoroalkyl phosphonic 
acids showed a significantly 

The results from these 
animal studies raises 
concerns regarding the role 
prenatal exposure to PFAS 
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Pub. Year; Author’s 
Last Name Title of Publication Type of Study Main Outcomes of 

Findings 
Support for and or 

Link to Project 
methylation in developing 
zebrafish 

down-regulated 
neurodevelopmental gene. 

may have in human 
development. 

2015; Liew et al. Attention 
deficit/hyperactivity disorder 
and childhood autism in 
association with prenatal 
exposure to perfluoroalkyl 
substances: A nested case-
control study in the Danish 
national birth cohort 

Case-control study PFOS and PFOA were 
detected in all samples in this 
Danish National Birth 
Cohort.  
 
Results did not suggest that 
prenatal PFAS exposure 
increased the risk of ADHD 
or childhood autism in 
children.  

Some epidemiologic studies 
investigating the association 
between PFAS and 
hyperactivity or behavioral 
problems in children have 
had inconclusive findings. 
 
This study was limited to 
children diagnosed with 
childhood autism. Children 
with Asperger’s syndrome or 
other pervasive 
developmental disorders 
were not included in the 
study.  

2019; Long et al. Autism spectrum disorders, 
endocrine disrupting 
compounds and heavy metals 
in amniotic fluid: A case-
control study 

Case-control study PFAS and other metals were 
detected in amniotic fluid 
samples, indicating that they 
can cross the placenta. 
 
There was an inverse 
association between levels of 
PFAS.  

Detection of PFAS in 
amniotic fluid suggests they 
cross the placenta.  

2018; Lyall et al. Prenatal maternal serum 
concentrations of per- and 
polyfluoroalkyl substances in 
association with autism 
spectrum disorder and 
intellectual disability 

Case-control study Prenatal exposure to PFAS 
resulting in serum 
concentrations consistent 
with levels of the general 
population did not increase 

The study included mostly 
Hispanic women from 
southern California, and 
therefore may not be 
representative of the broader 
population.  
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Pub. Year; Author’s 
Last Name Title of Publication Type of Study Main Outcomes of 

Findings 
Support for and or 

Link to Project 
risk of ASD or intellectual 
disability. 

PFAS concentrations of the 
study population were within 
the range of those from the 
national sample. 

2019; Niu et al. Prenatal plasma 
concentrations of 
perfluoroalkyl and 
polyfluoroalkyl substances 
and neuropsychological 
development in children at 
four years of age 

 PFHxS, PFOS, PFOA, 
PFNA, PFDA, PFUdA and 
PFDoA were detected in all 
maternal plasma samples. 
 
Prenatal PFAS 
concentrations were equally 
distributed in girls and boys. 
 
Girls with higher maternal 
concentrations of PFHxS, 
PFOS, PFOA, PFNA, PFDA, 
PFUdA, and PFDoA  

PFAS were found in all 
maternal plasma samples. 
There was an increased risk 
of developmental problems 
in girls at 4 years of age, 
mainly personal-social skills. 

2021; Oh et al. Prenatal exposure to per- and 
polyfluoroalkyl substances in 
association with autism 
spectrum disorder in the 
MARBLES study 

Cohort study There was an observed 
increased risk of ASD in 
children exposed to 
perfluorooctanoate (PFOA) 
and perfluorononanoate 
(PFNA).  

Prenatal exposure to PFOA 
and PFNA showed a positive 
association with ASD.  
 
There was an increased risk 
associated with 
untransformed PFAS 
concentrations, PFOA, 
PFNA. 
 
Future studies should be 
done, as the population for 
this study were a high-risk 
ASD cohort. 
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2021; Oh et al. Prenatal exposure to per- and 
polyfluoroalkyl substances 
and cognitive development in 
infancy and toddlerhood 

Cohort study Six PFAS were detected in 
more than 60% of prenatal 
maternal serum samples. 
Perfluorooctanoate (PFOA) 
was inversely associated with 
children’s composite score at 
both 24 and 36 months.  

Prenatal PFOA seems to 
adversely affect the cognitive 
development during 
toddlerhood.  
 
A large portion of children in 
the MARBLES study are at 
risk for atypical 
development, therefore, more 
research is needed. 

2020; Piekarskim et al. Perfluoroalkyl chemicals in 
neurological health and 
disease: Human concerns and 
animal models 

 Epidemiological studies have 
shown an association 
between PFAA and 
neuroendocrine, 
neurobehavioral, and 
neurobiological effects.  
 
Results often conflict, which 
may be due to age variations, 
sex, nationality, and route of 
exposure. 
 
Many animal studies focus 
on extreme levels of 
exposure, that are rarely 
observed in the human 
population.  

There are several human 
epidemiological studies that 
have shown an association 
between perfluoroalkyl acids 
(PFAA) and neuroendocrine, 
neurobiological, and 
neurobehavioral outcomes.  
 
Most of PFAAs discussed in 
the review are mostly being 
phased out, however the 
‘next generation’ of shorter 
chain polyfluoroalkyl 
substances may cross the 
BBB more readily and 
impact neurocognitive 
outcomes. 

2019; Reid et al. Using collaborative 
coalitions processes to 
advance community health, 
well-being, and equity: A 
multiple case study analysis 

Case study Advancing Collaborating for 
Equity and Justice principles 
requires self-reflection, 
learning from failure, 
addressing power with 

Two coalitions used SCALE 
tools for processes such as 
aim setting, relationship 
building and shared 
community decision making. 
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from a national community 
transformation initiative 

productive conflict to test 
systems improvement ideas. 

2019; Shin et al.  Exposure to per- and 
polyfluoroalkyl substances in 
association with autism 
spectrum disorder: A case-
control study 

Case-control study Perfluorohexane sulfonate 
(PFHxS) was associated with 
an increased risk of ASD.  
 
Participants were mother-
child pairs from CHARGE 
(CHildhood Autism Risk 
from Genetics and 
Environment). Children in 
the cohort had clinical 
diagnoses of ASD. 
 
Maternal serum samples 
were collected in mother’s 
whose child was 2 to 5 years 
of age. Logistic regression 
was used to evaluate the 
association of maternal 
PFAS concentration with 
ASD. 

In utero exposure to PFAS 
was associated with an 
increased risk of autism 
spectrum disorder (ASD). 
 
Positive association with 
ASD risk were highest with 
perflurooctane sulfate 
(PFOS) and PFHxS.  

2020; Spratlen et al. The association between 
prenatal exposure to 
perfluoroalkyl substances 
and childhood 
neurodevelopment 

Cohort study PFAS were among various 
pollutants suspected to have 
been released during the 
collapse of the World Trade 
Center on 9/11.  
 
Findings suggest sex-specific 
associations between 
prenatal PFAS exposure and 
childhood 
neurodevelopment. This 

Another study showing the 
sex-specific association 
between PFAS exposure and 
childhood neurodevelopment 
in females.  
 
Specifically, PFOA and 
PFHxS were found to show 
positive associations.  
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association was seen 
specifically in females but 
not males.  
 
Neurotoxic findings across 
PFAS compounds analyzed 
showed a positive association 
for PFOA and PFHxS but 
negative associations for 
PFNA.  

The relationship between 
prenatal PFAS exposure and 
childhood neurodevelopment 
is complex and inconsistent. 
Further research is needed to 
clarify the biological 
relationships. More research 
should include evaluating 
sex-specific associations.  

2018; Vuong et al. Prenatal and childhood 
exposure to perfluoroalkyl 
substances (PFAS) and 
measures of attention, 
impulse control, and visual 
spatial abilities 

Prospective cohort study Mixed associations were 
observed between prenatal 
and childhood serum PFAS 
concentrations and visual 
spatial abilities was mixed.  

Inconclusive results. Further 
research with larger sample 
sizes is needed to investigate 
the association between 
prenatal and childhood PFAS 
serum concentrations and 
measures of impulsivity, 
attention, and spatial 
abilities.  

2019; Lenters et al. Early-life exposure to 
persistent organic pollutants 
(OCPs, PBDEs, PCBs, 
PFASs) and attention-
deficit/hyperactivity 
disorder: A multi- pollutant 
analysis of a Norwegian birth 
cohort 

Cohort study Early-life exposure to PFOS 
was associated with 
increased risk of ADHD.  

Concentrations of PFOS 
found in breast milk were 
associated with increased 
odds of ADHD.  
 
The association was sex-
specific: stronger and only 
significant in girls.  
 
Other studies have shown 
adverse associations between 
ADHD/behavioral symptoms 
in prenatal/child serum 
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concentrations of PFOS or 
PFOA in girls and not boys. 

2020; Tukker et al., 2020 Perfluorooctane sulfonate 
(PFOS) and 
perfluorooctanoate (PFOA) 
acutely affect human α1β2γ2L 
GABAA receptor and 
spontaneous neuronal 
network function in vitro 

Animal study PFOS and PFOA exhibit 
concentration-dependent 
antagonistic effects on the 
GABA receptor.  

PFOS and PFOA exposure 
has a negative impact on 
memory, learning and motor 
functions, which may 
involve structural changes in 
brain or affect neuronal 
plasticity as a result from 
effects on several 
neurochemical targets. 
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