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Given that human biomonitoring surveys show per- and polyfluoroalkyl substances (PFAS) to be 

ubiquitous, humans can be exposed to PFAS through various sources, including drinking water, 

food, and indoor environmental media. Data on the nature and level of PFAS in residential 

environments are required to identify important pathways for human exposure. This work 

investigated important pathways of exposure to PFAS by reviewing, curating, and mapping 

evidence for the measured occurrence of PFAS in exposure media. Real-world occurrence for 

20 PFAS was targeted primarily in media commonly related to human exposure (outdoor and 

indoor air, indoor dust, drinking water, food, food packaging, articles, and products, and soil). 

A systematic-mapping process was implemented to conduct title-abstract and full-text screening 

and to extract PECO-relevant primary data into comprehensive evidence databases. Parameters 

of interest included the following: sampling dates and locations, numbers of collection sites 

and participants, detection frequencies, and occurrence statistics. Detailed data were extracted 

on PFAS occurrence in indoor and environmental media from 229 references and on PFAS 

occurrence in human matrices where available from those references. Studies of PFAS occurrence 

became numerous after 2005. Studies were most abundant for PFOA (80% of the references) and 

PFOS (77%). Many studies analyzed additional PFAS, particularly, PFNA and PFHxS (60% of 

references each). Food (38%) and drinking water (23%) were the commonly studied media. Most 

studies found detectable levels of PFAS, and detectable levels were reported in a majority of states 

in the United States. Half or more of the limited studies for indoor air and products detected 

PFAS in 50% or more of the collected samples. The resulting databases can inform problem 

formulation for systematic reviews to address specific PFAS exposure queries and questions, 

support prioritization of PFAS sampling, and inform PFAS exposure measurement studies. The 

search strategy should be extended and implemented to support living evidence review in this 

rapidly advancing area.

Graphical Abstract
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INTRODUCTION

Addressing human exposure and health impacts of both legacy and emerging per- and 

polyfluoroalkyl substances (PFAS) poses a pressing environmental health challenge.1,2 

Humans can be directly exposed to PFAS through various exposure media, including 

drinking water, food, indoor dust, soil, indoor and outdoor air, and consumer and personal 

care products.

The most significant source of PFAS exposure to impacted communities is through 

contaminated drinking water. Drinking water supplies for over six million U.S. residents 

were estimated to exceed the former U.S. EPA lifetime health advisory levels of 70 ng/L 

for perfluorooctanoic acid (PFOA) and perfluorooctanesulfonate (PFOS), with military sites 

and civilian airports with fire training areas using aqueous film forming foams (AFFF), 

industries manufacturing or using PFAS, and wastewater treatment plants associated with 

increased drinking water levels of PFAS.3 Hu et al. demonstrated that while tap water 

contributions in a general population cohort of U.S. women were substantially lower than 

those for impacted communities, water concentrations were still significant predictors of 

plasma PFOA and perfluorononanoic acid (PFNA).4 In addition, the presence of PFAS in 

98% of samples in the National Health and Nutrition Examination Survey (NHANES)5 

suggests that multiple exposure sources and pathways likely play roles in widespread human 

exposure to PFAS.

De Silva et al.6 summarized the current knowledge and key gaps for understanding PFAS 

exposure pathways. Literature-based estimates for the general population showed diet to 

contribute most to exposures for many PFAS, with dust, drinking water, and consumer 

goods also contributing. Sunderland et al.7 reviewed studies of exposure pathways for 

selected PFAS. In general, dietary sources contributed most to human exposures, followed 

by tap water, house dust, and other sources, but the contributions varied substantially 

across different populations and PFAS, and in some cases, they depended on which media 

were examined or considered in the reviewed studies. In another review, Jian et al. found 

important sources and pathways included diet (primarily through fish, shellfish, and meat 

consumption) and drinking water (well and tap), and neutral PFAS were dominant in indoor 

air and dust.8 For young children, ingestion of breastmilk9 as well as house dust10 may be 

particularly important exposure pathways.

In the residential environment, PFAS may be present in and released from building 

materials, textiles, and consumer products, creating the potential for human exposure by 

multiple routes through contaminated dust, surfaces, indoor air, and soil. PFAS may also 

be present in some personal care products, with the potential for more direct dermal and 

inhalation exposures. House dust measurements suggest widespread presence of PFAS 

in U.S. residences11,12 and dust measurements show the potential for exposures in other 

indoor environments including day care centers.10 However, limited number of U.S. studies 

have characterized exposures to PFAS from these sources and pathways. For example, 

in a systematic review of studies with both residential indoor media and resident serum 

PFAS measurements, DeLuca et al. found only three U.S. and seven total studies.13 

Given the limited information available and the rapid increase in studies being published, 
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understanding important sources of exposure and maintaining current curated data remain 

challenges for decision makers.

Systematic mapping approaches can be applied to collate, describe, and catalogue available 

evidence relating to a topic of interest in a transparent manner to identify available evidence 

for policy-relevant questions, assess critical data gaps, and enable further investigation of 

the identified information. Evidence maps pull together and categorize primary research 

studies in a particular area, and visually distill the scope of the resulting information.14 

James et al. present a methodology for systematic mapping in environmental sciences where 

a sparsity of empirical data may limit application of systematic review methodologies 

to answer specific study questions.15 In turn, results of systematic evidence mapping 

may facilitate identification of trends, which can be used to facilitate efficient systematic 

reviews or targeted studies.16 The National Academies of Science notes that “systematic 

evidence maps also have considerable potential value in and of themselves as a public 

good by providing a publicly accessible database that could be queried and used by any 

research organization to identify knowledge gaps and clusters” to inform research and 

policy prioritization.17 Recently, systematic−evidence−mapping (SEM) methods were used 

to summarize epidemiology and toxicology evidence for PFAS. Of over 150 PFAS reviewed, 

only 15 were measured in human studies.18

The objective of this work was to investigate evidence for important pathways of human 

exposure to PFAS by considering the measured occurrence of PFAS in exposure media. 

The focus of this investigation is to understand the potential for direct exposures in 

non-occupational settings. We applied a SEM approach to gather and collect quantitative 

information where available for the occurrence of PFAS in selected media including 

environmental samples collected in residential environments. The result is a catalogue of 

available evidence that can be leveraged to describe the state of knowledge and critical gaps 

as well as to identify subsets of evidence or topics suitable for further secondary synthesis.

METHODS FOR SYSTEMATIC MAPPING

We largely followed the methodological framework presented by DeLuca et al.19 (adapted 

from the EPA ORD Staff Handbook for Developing IRIS Assessments20) from the problem 

formulation through data extraction steps (Figure 1). For this SEM, we visualized and 

explored the resulting evidence base15 but did not evaluate quality of studies or fully 

synthesize the evidence.

Problem Formulation.

This systematic mapping to identify evidence for potentially important exposure pathways 

aimed to answer the question, “For the studied communities, what media in their immediate 

environment are contaminated with measurable levels of PFAS?” To address this question, 

we conducted a systematic review of peer-reviewed literature from scientific journals to 

identify references with occurrence data in indoor or environmental media. The goal was 

to identify and extract available information to understand the contribution of exposure 

sources to levels measured in human biomonitoring studies. We targeted a subset of 16 

perfluoroalkyl acids (PFAAs) that have been measured in NHANES and four fluorotelomer 

Holder et al. Page 4

Environ Sci Technol. Author manuscript; available in PMC 2024 May 28.

E
PA

 A
uthor M

anuscript
E

PA
 A

uthor M
anuscript

E
PA

 A
uthor M

anuscript



alcohols (FTOH; PFAA precursors) that may be relevant precursors for understanding 

exposure pathways (Table 1). These substances were selected for this SEM because 

measurement methods were available, and as a result, these were the most well studied.

The population, exposure, comparator, and outcome (PECO) criteria were as follows:

• Population: Adults and children in communities in the US, Canada, and Europe.

• Exposure: Real-world occurrence of any of the target PFAS in the following 

environmental media: outdoor air, indoor air, (indoor) dust, drinking water, 

food (breast milk is included as a food), food packaging, products (articles and 

consumer products), and soil.

• Comparator: [not applicable].

• Outcomes: [not applicable].

Note that we required the occurrence data to be measurements (not modeled values) and 

obtained through primary data collection. The geographic scope was limited for this review 

to demonstrate the search strategy and SEM methodology for this research question. We 

considered data from narrative review articles and studies using data that were previously 

presented elsewhere to be secondary data.

Strategy for Literature Search.

We used the results from literature searches previously conducted by EPA to obtain the 

initial list of 8112 unique references. A separate search was not performed for this SEM. 

The search strategies and search dates are described in DeLuca et al.19 and Carlson et al.,18 

and the search results are available in EPA’s Health and Environmental Research Online 

(HERO) database.21 We provide in Table S1 (in Supporting Information) the link to each 

relevant HERO web page, the date on which we accessed them, and the search strategies 

that EPA used for the Web of Science (Thomson Reuters), PubMed (National Library of 

Medicine), and ToxNet/ToxLine (National Library of Medicine) literature databases. (Note: 

ToxNet was retired in 2019. HERO used an offline version of the data set for their searches.)

We downloaded the search results directly from HERO and filtered the references to 

those published 2003−2020 (or 2021, depending on when the search was conducted). The 

resulting 7345 unique references were then imported into Sciome Workbench for Interactive 

computer-Facilitated Text-mining (SWIFT)-Review software (a product of Sciome22) to 

further filter the references for relevancy. In brief, the SWIFT-Review filters function like 

a search strategy where studies are tagged to a category if the search terms appear in 

the title or abstract. We used pathway-specific filters (e.g., environmental media, food 

packaging, etc.) previously developed by De Luca et al.19 (see Table S2 in the Supporting 

Information) to further narrow down the list of studies for manual screening. This filtering 

process resulted in 3840 unique references that were exported as a RIS file for title-abstract 

screening for relevance (i.e., we excluded 3505 references) (see the top of Figure 2).
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Evidence Screening.

We established a team of over 30 environmental and health scientists, including persons 

with subject-matter expertise and experience in screening and data extraction, to screen 

the references, extract the data from the references into a database, and conduct quality 

assurance and quality control (QA/QC). For all stages of the process, an experienced project 

manager led team trainings, provided verbal and written guidance, facilitated question-and-

answer sessions, and provided real-time feedback as needed. Prior to title-abstract (TiAb) 

screening, all team members calibrated on a set of ten pilot articles, purposefully selected 

to represent a range of studies encountered. Similarly, team members were required to 

complete two full-text screenings and data extractions, which underwent full QC with 

feedback provided before participating in the project. In this section, we describe our 

relevancy screens for the literature—first with TiAb screens and then with full-text screens.

Title-Abstract Screens.—For the 3840 references entering TiAb screening, we followed 

the PECO criteria to screen their titles and abstracts for relevance, using litstream.23 

We set up litstream to indicate PECO relevancy (or not) and the media being sampled, 

and we provided an optional text field to enter the geographic regions where the PFAS 

measurements were made. While human biomonitoring data were not the focus of this SEM, 

we also asked reviewers to tag studies with biomonitoring data for potential future use. 

Each study was screened by two independent reviewers, with conflicts resolved by a third 

independent expert.

As shown in Figure 2, 305 studies moved to full-text screening for relevancy. Of the 3535 

studies that we excluded from full-text screening, the vast majority (over 3000 references) 

were not PECO-relevant, while the remaining either did not have their full text available 

in HERO, their full text was not in English, and/or they were not peer-reviewed in a 

scientific journal. References which we tagged as having only human biomonitoring data 

were part of the studies excluded, and we do not discuss them here; however, in Supporting 

Information section C, we provide a brief description of how we screened a subset of these 

biomonitoring studies for potential future use.

Full-Text Screens.—For all 305 references tagged as PECO-relevant during TiAb 

screens, with full texts in English originating from a peer-reviewed scientific journal and 

available in HERO, we further screened their full text for PECO relevance. We utilized 

only the information presented in the main text of the reference, which may have included 

statements about the content of Supporting Information (SI), though we did not screen 

the SI itself. In addition to screening for PECO relevancy, we also asked screeners 

to answer basic questions about the presence of SI, markers for information on other 

PFAS, participant questionnaires, and secondary data (see Table S3 and Table S4 in the 

Supporting Information for the screening questions). Each reference was screened by a 

primary reviewer, and a second independent expert performed QA/QC. As shown in Figure 

2, 250 references were identified as PECO-relevant during FT screens and proceeded to data 

extraction, while 55 were non-PECO relevant and did not proceed.
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Data Extraction.

We used litstream to extract information from the 250 references that we determined were 

PECO-relevant during full-text screens. We extracted from each reference the information 

shown in Table S5 (in the Supporting Information), with one person conducting the 

extraction and a second person performing a QA/QC review. Specifically, we extracted a 

combination of summary information (e.g., study populations and geographies) and topic-

specific information (e.g., occurrence medium and PFAS sampled, sampling and analytical 

details, etc.), with a comprehensive extraction protocol to capture quantitative information 

such as numeric values for limits of detection/quantification, detection frequencies, and 

occurrence statistics. While team members could make simple calculations of chemical 

detection frequency based on information provided in a study (e.g., if the study authors 

stated that a PFAS was detected in 5 out of 20 samples, we computed a detection frequency 

of 0.25), we did not make our own calculations of occurrence statistics (e.g., we did not 

compute means from available information). We encouraged team members to use several 

different text fields to provide additional helpful information such as names of nontarget 

PFAS, specific kinds of media (e.g., apples, if the selected medium was food:fruit), short 

descriptions of sampling and analytical methods, and where in the study paper certain 

information was presented. For references that contained data both from relevant exposure 

media and from human biomonitoring data, we also extracted the biomonitoring data, 

recognizing that these paired data may be of potential future interest.

The QA/QC review focused most especially on ensuring that the extraction accurately 

captured or recognized: the relevant populations, geographies, media, and stats; the 

numbers of participants and collection sites; impacted locations; the limits of detection 

or quantification; the types of occurrence statistics, numbers of samples, and occurrence 

values. All data fields were reviewed during QA/QC. Once we completed QA/QC on every 

extraction, we implemented a final QC step on the databases to improve the extraction 

accuracy and consistency where appropriate. This step included checks such as ensuring that 

the concentration units were consistent with expected units for a medium, that a specified 

submatrix correctly fell under the selected medium, and that detection frequencies were 

specified as fractions, among other checks. For items that were flagged during the database 

QC step, an expert reviewed the reference and resolved any issues. We identified that a 

relatively small number of references (n = 21) did not meet our PECO-inclusion criteria but 

whose data we unintentionally extracted (referred to as incidental extractions). For a small 

number of PECO-relevant references, we also unintentionally extracted non-PECO relevant 

media from them. We retained these incidental data, although we separated them from the 

main database.

The results of our work are available as Excel files (Supporting Information section B). 

From the 229 references which we confirmed sampled for at least one of the target 

PFAS from the target indoor or environmental media and were, upon final decision, 

PECO-relevant, there are 8389 data sets (defined by unique combinations of data fields 

of interest including population/geographic group, media, location type, data period, and 

sampled PFAS), and most of these (n = 7724) had quantitative information available on 

PFAS detection frequencies and/or occurrence.
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RESULTS AND DISCUSSION

For our exploration of the evidence of PFAS occurrence from the extracted data, we focused 

on the 229 unique references, which we confirmed were PECO-relevant and sampled for the 

target PFAS from the target indoor or environmental media.

In the databases, which are limited to references that sampled locations in the United States, 

Canada, and Europe, 198 references sampled locations in continental Europe including 

Scandinavian countries (particularly Italy, Norway, Spain, Germany, and Sweden), while 

11 references sampled locations in the United Kingdom or Ireland (not shown). In Figure 

3, we show the state and provincial locations that references sampled in the United States 

and Canada, where the counts refer to the number of references detecting PFAS relative 

to the number not detecting PFAS. References presented quantitative PFAS occurrence 

results for samples from 29 states and 4 provinces, and at least one reference reported 

PFAS occurrences above levels of detection in each of those states and provinces except for 

Colorado. Across all results from the United States, Canada, and Europe, it is important to 

note that 39 references obtained measurements from locations with known PFAS sources, 

most commonly from firefighting training facilities and manufacturing, production, or 

treatment facilities (together comprising over half of the studies of sites with known 

sources), but also including military airports, landfills and other waste flows, accident zones, 

and other types of industrially impacted areas (not shown). Given the limited scope of this 

review and mounting data indicating broad environmental PFAS contamination, we expect 

that the literature reporting measurements of occurrence for increasing numbers of PFAS in 

residential media across the globe will increase.

In Figure 4, we show the number of references sampling different combinations of media 

and PFAS. We count some references several times because they sampled multiple PFAS 

and media, though the “total counts” column and row indicate unique references separately 

by PFAS and medium. As expected, the PFAS we most frequently extracted (i.e., were most 

frequently studied in the references) were PFOA (80% of references) and PFOS (77%). 

Food (38%) and drinking water (23%) were the target indoor or environmental media most 

frequently studied. Among the references studying food, the most frequently studied foods 

were seafood (40 references) and “other” (28 references, the majority studying herbs and 

spices, diet composites, eggs, or soft drinks, pastries, or other sweets) (not shown). The least 

studied PFAS were PFNS and PFPeS (each <1% of references) and PFHpS (5%). The 6:2, 

8:2, and 10:2 FTOHs were the most commonly studied PFAS in indoor and outdoor air. 

The least studied target indoor/environmental media were consumer products and articles 

(9%), indoor and outdoor air (8% each), and food packaging (5%). Consumer products and 

articles included clothing, bedding, and linens, as well as cookware, other household items, 

flooring, building materials, and aqueous film-forming foams. Food packaging included 

cooking foils and papers, food wrappers, popcorn bags and containers, and food and 

beverage containers. These sparse data provide evidence of important and understudied 

human exposure pathways. To this end, recent and current studies are actively advancing and 

deploying methods to measure a larger suite of PFAS in air24 and articles.25
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Users of these databases may wish to study the time trends in reported PFAS occurrence. 

In Figure 5, we indicate the number of references sampling each PFAS, organized by the 

years during which the sampling took place. For convenience, these are the years that the 

sampling ended, so for a reference with sampling that took place in 2009−2011, we count it 

only in the 2011−2015 period. If a reference had more than one sampling period, then we 

also included the different end years of sampling across each period, effectively counting the 

reference multiple times. Some references also are counted multiple times if they sampled 

multiple PFAS. We do not include in this figure the references where the sampling end 

dates were unclear. As shown in Figure 5, which comprises references published from 2003 

through mid-2020 (or 2021, depending on when the search was conducted), most of the 

PFAS sampling concluded in the period of 2006−2015.

Of particular interest in examining pathways of PFAS exposure are references that make 

PFAS measurements both in target indoor or environmental media and in biomatrices. A 

small number (n = 17) of references meet this criterion,26−42 and in Figure 6, we display the 

PFAS and media sampled in these references. Note that we do not determine here whether 

the people supplying biomatrix samples were in contact with the indoor or environmental 

media being sampled; we only which references sampled the same PFAS in these multiple 

media. Food (8 references) and drinking water (7 references) were the target media most 

commonly sampled concurrently with biomatrices, with smaller numbers of references 

examining dust (3 references), indoor air (2 references), and consumer products and articles 

(2 references) and no references concurrently examining biomatrices with food packaging, 

soil, or outdoor air. Fifteen references had concurrent measurements in biomatrices and 

target media for PFOA and PFOS, 14 references had concurrent measurements for PFHxS, 9 

references had concurrent measurements for PFNA, and 10 other PFAS had 1−6 studies with 

concurrent measurements.

In Figure 7, we look more closely at the evidence for PFAS occurrence by considering 

the frequency of detection. For each combination of PFAS and medium, we identified the 

references quantifying chemical detection (including non-detects), and then we present the 

fractions of those references where the PFAS was detected in that medium in 50% or more 

of samples. PFOA and PFOS were the most frequently detected (particularly in human 

biomatrices, indoor dust, and soil), while PFBS, PFDA, and PFHxA were less frequently 

detected relative to the large number of studies which sampled for them. PFAS were more 

frequently detected in human biomatrices, indoor dust, soil, and consumer products and 

articles (though the numbers of references studying some PFAS and media combinations 

were quite small), and they were less frequently detected in food, food packaging, and 

outdoor air. Three of the perfluoroalkyl acid precursors, 6:2, 8:2, and 10:2 FTOH, were 

frequently detected in several media (indoor and outdoor air, indoor dust, food packaging, 

and consumer products and articles), but like most of the PFAS on the bottom half of the 

figure they were relatively less studied in the body of literature compared to the other PFAS.

CONCLUDING DISCUSSION

The results of our SEM are databases with, altogether, over 17000 rows of meta-data from 

peer-reviewed studies and, where available, quantitative information on the occurrence of 
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PFAS in scenarios potentially relevant to human exposure. These data should enable or 

improve interpretation of PFAS biomonitoring data and inform understanding and modeling 

of important sources and pathways related to personal exposure to PFAS. These data can 

be used as the starting point to (a) answer specific research questions through a focused 

systematic review of subsets of the data, (b) improve interpretations of PFAS biomonitoring, 

(c) increase the understanding of important PFAS sources, (d) understand pathways of 

personal exposure, and (e) prioritize future research efforts.

For example, these results indicate the potential for exposure to PFAS from multiple media. 

In addition to diet and drinking water, exposures from product use in the residential 

environment may be important and would benefit from further study. Generally, the 

scientific understanding of sources of PFAS intake and modeling of PFAS body burden 

related to exposure to PFAS-containing media would benefit from additional studies 

that make concurrent measurements in these media and human biomatrices, as our 

research identified only 17 such studies meeting our relevancy criteria. Absent concurrent 

measurements, our SEM indicated less research on occurrences of PFAS like PFPeA, PFDS, 

PFHpS, PFPeS, and the FTOHs (relative to the other PFAS studied here) and less research 

on PFAS occurrences in indoor and outdoor air, products, and food packaging (relative to the 

other media studied here). Additional sampling of these PFAS and media would help define 

their possible contributions to human exposure.

Of course, there has been a notable increase in the last 20 years in industrial/commercial, 

scientific, and public attention on the growing number of PFAS being manufactured 

and their potential uses as well as fate-and-transport characteristics and human and 

environmental health impacts. Despite these advances, there remain important questions 

related to sources and pathways of exposure for vulnerable groups, including children. 

Where untreated household water is used to shower and clean, PFAS and precursors may 

partition to indoor air and house dust, resulting in continued exposures for communities 

impacted by contaminated water supplies. More generally, emissions of PFAS from products 

and materials in the home will also be distributed throughout and may result in inhalation 

and dermal exposures.43 In addition, as uses of PFOS and PFOA have been phased out 

and levels measured in biomonitoring have been declining, new shorter chain PFAS are 

being substituted, and these are levels are rising.44 As analytical chemistry methods advance, 

increasing numbers of PFAS have been identified in environmental samples.45 The sources, 

distribution, and exposure pathways for these newer PFAS may be different. The fast pace 

of this area of research means that there is a need for a “living evidence” approach to 

keeping this body of evidence compiled and current (e.g., Elliott et al.46). The strategy and 

approach described here can enable regular review to identify and curate new data about 

PFAS occurrence.

Users may find these databases useful in conducting a meta-analysis to synthesize results 

across multiple studies for the purposes of a more robust statistical analysis of environmental 

occurrences than may be possible with individual studies. Users are encouraged to conduct 

their own critical appraisal of the data that suits their specific research needs.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Workflow of systematic evidence mapping.
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Figure 2. 
Diagram of the literature workflow, with counts of references. SWIFT-Review is a product 

of Sciome;22 litstream is a product of ICF;23 TiAb = title-abstract; FT = full-text; PECO = 

population, exposure, comparator, outcome.
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Figure 3. 
United States and Canada locations of PFAS sampling from PECO-relevant references. 

Note: Shaded states and provinces are where the PECO-relevant references reported 

quantitative sampling results for at least one target PFAS in at least one target human, 

indoor, or environmental medium. The labels show state or province abbreviation, followed 

by the number of unique references reporting PFAS occurrences above levels of detection 

(in blue font) and then the number of unique references reporting no PFAS occurrences 

above levels of detection (in black font). The embedded table shows these counts for 

references that did not specify the state or province location as well as the total counts for 

the United States and Canada regardless of state or province.
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Figure 4. 
Counts of PECO-relevant references by PFAS and medium.

Notes: See Table 1 for full chemical names. The green shading corresponds to the magnitude 

of the reference count within each combination of medium and PFAS. We use gray shading 

for the total counts individually by PFAS and medium. Breast milk is included in the food 

category.
a The references counted under “Human Biomatrices” are those which sampled human 

biomatrices AND at least one of the target indoor or environmental media.
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Figure 5. 
Counts of PECO-relevant references, by PFAS and the final year of sampling period(s). See 

Table 1 for full chemical names. If a reference had more than one sampling period, then we 

also included the different end years of sampling.
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Figure 6. 
Media sampled in 17 PECO-relevant references having concurrent PFAS Measurements in 

target indoor or environmental media and human biomatrices. See Table 1 for full chemical 

names. Sampled media: H = human biomatrices, W = drinking water, F = food, I = indoor 

air, P = products, D = indoor dust. We use gray font to indicate PFAS sampling that was not 

concurrent (i.e., where human biomatrices were sampled but not target indoor/environmental 

media or vice versa). For sampling that was concurrent, for ease of viewing, we use different 

font colors for different media.
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Figure 7. 
Counts of PECO-relevant references reporting chemical detection frequencies in 50% or 

more of samples, ratioed against counts of PECO-relevant references reporting any values 

of detection frequency, by PFAS and medium. aThe references counted under “Human 

Biomatrices” are those which sampled human biomatrices AND at least one of the target 

indoor or environmental media, though not necessarily for the same PFAS. The counts in 

this column are specific to which PFAS was sampled in human biomatrices.

Holder et al. Page 21

Environ Sci Technol. Author manuscript; available in PMC 2024 May 28.

E
PA

 A
uthor M

anuscript
E

PA
 A

uthor M
anuscript

E
PA

 A
uthor M

anuscript



Notes: See Table 1 for full chemical names. The shading corresponds to the percentage 

implied by each fraction shown. Breast milk is included in the food category.
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Table 1.

Target PFAS

name abbreviation Chemical Abstracts Service (CAS) registry number

perfluorooctanoic acid PFOA 335-67-1

perfluorooctanesulfonate PFOS 45298-90-6

perfluorobutanoic acid PFBA 375-22-4

perfluorobutanesulfonate PFBS 375-73-5

perfluorodecanoic acid PFDA 335-76-2

perfluorononanoic acid PFNA 375-95-1

perfluorohexanoic acid PFHxA 307-24-4

perfluorohexanesulfonate PFHxS 108427-53-8

perfluorodecanesulfonic acid PFDS 335-77-3

perfluorododecanoic acid PFDoA 307-55-1

perfluorononanesulfonic acid PFNS 68259-12-1

perfluoroheptanoic acid PFHpA 375-85-9

perfluoroheptanesulfonic acid PFHpS 375-92-8

perfluoroundecanoic acid PFUdA 2058-94-8

perfluoropentanoic acid PFPeA 2706-90-3

perfluoropentanesulfonic acid PFPeS 2706-91-4

4:2 fluorotelomer alcohol 4:2 FTOH 2043-47-2

6:2 fluorotelomer alcohol 6:2 FTOH 647-42-7

8:2 fluorotelomer alcohol 8:2 FTOH 678-39-7

10:2 fluorotelomer alcohol 10:2 FTOH 865-86-1

Environ Sci Technol. Author manuscript; available in PMC 2024 May 28.


	Abstract
	Graphical Abstract
	INTRODUCTION
	METHODS FOR SYSTEMATIC MAPPING
	Problem Formulation.
	Strategy for Literature Search.
	Evidence Screening.
	Title-Abstract Screens.
	Full-Text Screens.

	Data Extraction.

	RESULTS AND DISCUSSION
	CONCLUDING DISCUSSION
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Figure 4.
	Figure 5.
	Figure 6.
	Figure 7.
	Table 1.

