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Abbreviations and Acronyms
		11Cl-PF3OUdS
	11-chloroeicosafluoro-3-oxaundecane-1-sulfonic acid

	9Cl-PF3ONS
	9-chlorohexadecafluoro-3-oxanone-1-sulfonic acid

	ALT
	Alanine aminotransferase

	ATSDR
	Agency for Toxic Substances and Disease Registry

	DCHI
	Division of Community Health Investigations

	DE
	Design effect

	dL
	Deciliter

	DoD
	US Department of Defense

	DONA
	4,8-dioxa-3H-perfluorononanoic acid

	EA
	Exposure Assessment

	EPA
	Environmental Protection Agency

	EtFOSAA
	N-ethyl perfluorooctanesulfonamidoacetic acid

	FRB
	Field reagent blank

	FtS 8:2
	fluorotelomer sulfonic acid 8:2

	FtS 6:2
	fluorotelomer sulfonic acid 6:2

	FtS 4:2
	fluorotelomer sulfonic acid 4:2

	g 
	Gram

	GGT
	Gamma-glutamyl transferase

	HDL 
	High density lipoprotein

	HFPO-DA (GenX)
	hexafluoropropylene oxide dimer acid

	ICC
	intra-cluster correlation coefficient

	L
	Liter

	LDL
	Low density lipoprotein

	LOD
	Limit of detection

	MeFOSAA
	N-methyl perfluorooctanesulfonamidoacetic acid

	Mg
	Milligrams

	mL
	Milliliter

	MRL
	Minimum risk level

	n-PFOA
	ammonium perfluorooctanoate

	n-PFOS
	sodium perfluoro-1-octanesulfonate

	NCEH
	National Center for Environmental Health

	NDAA
	National Defense Authorization Act

	Ng
	Nanogram

	NHANES
	National Health and Nutrition Examination Survey

	NIEHS
	National Institute of Environmental Health Sciences

	PFAS
	Per- and polyfluoroalkyl substances

	PFBA
	perfluorobutanoic acid

	PFBS
	perfluorobutane sulfonic acid

	PFDA
	perfluorodecanoic acid

	PFDS
	perfluorodecane sulfonic acid

	PFDoA
	perfluorododecanoic acid

	PFHpA
	perfluoroheptanoic acid

	PFHpS
	perfluoroheptane sulfonic acid

	PFHxA
	perfluorohexanoic acid

	PFHxS
	perfluorohexane sulfonic acid

	PFNA
	perfluorononanoic acid

	PFNS
	perfluorononane sulfonic acid

	PFOA 
	perfluorooctanoic acid

	PFOS
	perfluorooctane sulfonic acid

	PFOSA
	perfluorooctane sulfonamide

	PFPeA
	perfluoropentanoic acid

	PFPeS
	perfluoropentane sulfonic acid

	PFTA
	perfluorotetradecanoic acid

	PFTrA
	perfluorotridecanoic acid

	PFUnA
	perfluoroundecanoic acid

	Sb-PFOA
	mixture of perfluoro-5-methylheptanoic acid isomers

	Sm-PFOS
	mixture of sodium perfluoro-5-methylheptane sulfonate isomers



	

	
	



 This protocol has been updated to reflect changes necessary to compete the Exposure Assessments during the Covid-19 pandemic. Appropriate safety precautions, including the use of all appropriate personal protective equipment (PPE), will be implemented to keep the EA team and participants safe during the EA process. Appendix J, the PFAS EA Restart Plan, has been included that outlines the additional procedures that will be implemented during recruitment, field work and community meetings to ensure that the EAs are completed in compliance with CDC and state requirements. https://www.cdc.gov/coronavirus/2019-ncov/hcp/non-covid-19-client-interaction.html for non-COVID-19
The activities that will be modified include:
· Holding virtual community meetings, including the kickoff meeting and the presentation of results. Small group (less than 10 participants) may be held as needed following applicable local, state and CDC guidelines in place at the time of the meeting.
· Ensuring that social distancing and the use of PPE are employed to comply with CDC and state guidelines during door-to-door recruitment.
· Adding information to the recruitment letter to reassure potential EA participants that all state and CDC guidelines will be in place during the EA testing.
· Asking participants about their and their family’s health/COVID-19-status during their appointment reminder phone call and prior to beginning the testing process. 
· Monitoring the temperature of EA team members (CDC/ATSDR and contractor staff) twice daily and taking participant’s temperatures prior to entering the EA testing facility.
· Administering the exposure questionnaire over the phone instead of at the testing facility to reduce exposure time: consent form administration and collection of biological samples will occur at the testing location.
These changes are provided in modified Appendices and scripts.




[bookmark: _Toc536793461][bookmark: _Toc6924081]Project Overview
[bookmark: _Toc536793462][bookmark: _Toc6924082]Title 
Biological and Environmental Sampling of Per- and Polyfluoroalkyl Substances (PFAS)
[bookmark: _Toc536793463][bookmark: _Toc6924083]Protocol Summary
Under Section 8006 of the Consolidated Appropriations Act, 2018, ATSDR is required to conduct statistically based biomonitoring exposure assessments (EAs) at “no less than eight current or former domestic military installations” that have or have had documented exposures to PFAS in drinking water. This protocol describes how these EAs will be conducted. 
For each site, a statistically based, community sampling design will be used to determine:
· The distribution of PFAS serum concentrations in communities with recent or past exposures to PFAS in drinking water. 
· PFAS urine concentrations from a subset of participants with recent or past exposures to PFAS in drinking water. 
· PFAS concentrations in indoor dust and tap water samples from a subset of homes of participants in biological sampling. 
A questionnaire will be administered to all participants to gather information to characterize each individual’s exposure. 
Blood and urine samples from EA participants will be analyzed to determine the distribution of PFAS levels in each community. Individual and aggregated community serum and urine concentrations will be compared to reference ranges from nationally representative data. Environmental samples will be analyzed to determine PFAS exposure concentrations and, in conjunction with questionnaire data, to provide insight into environmental contributors to biological PFAS concentrations across all included sites. 
Each exposure assessment will include the following goals:
· Provide a public health service to the community: This investigation will provide information to community members about their PFAS body burden, including an assessment of how their PFAS concentrations compare to national reference populations. The investigation will also provide information about aggregate serum concentrations and exposure in the community from which participants are selected.
Depending on the results of the investigation, ATSDR will make recommendations to further reduce exposure or conduct additional activities to better understand the impact of PFAS exposure on human health.
· Generate information about pathways of exposures in the community: Environmental sampling data will be combined with biological sampling results to generate information about the impact of drinking water and some non-drinking water PFAS exposure pathways on PFAS body burden in each community. For example, environmental sampling data might allow investigators to assess the relative contribution of dust to PFAS exposure, but not necessarily other exposure sources such as foods.

· Inform future studies to evaluate the impact of PFAS exposure on human health: The results of these EAs will inform the design and implementation of the CDC Multi-site PFAS Health Study. 
· For example, exploration of indoor dust sampling and analysis may provide valuable insight into the utility of including indoor dust sampling in future PFAS studies. 
· Similarly, collection of paired serum and urine samples will provide information on relationships between PFAS concentrations measured in these media and may generate insight into the utility of measuring PFAS in urine in future health studies. 
· Additionally, measurement of PFAS in serum and urine will generate data that could potentially be used for validation and calibration of physiologically-based pharmacokinetic modeling tools in support of historical dose reconstruction for PFAS health studies. 
· Tracking information on recruitment outcomes and response rates will allow ATSDR to improve methodology for conducting statistically representative sampling in the future. 
[bookmark: _Toc536793464][bookmark: _Toc6924084]Participating Agencies/Contractors
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[bookmark: _Toc536793467][bookmark: _Toc6924087]Literature Review
PFAS are a large family of chemicals with several thousand members. They are used in a variety of industrial and consumer applications and products, including: fire-fighting foams; personal care and cleaning products; as well as oil, stain, grease, and water-repellent coatings on carpet, textiles, leather, and paper [1]. Perfluorooctanoic acid (PFOA), perfluorooctane sulfonic acid (PFOS), perfluorononanoic acid (PFNA), and perfluorohexane sulfonic acid (PFHxS) are the most extensively studied PFAS but there is little toxicity data available for other PFAS.
PFOS is no longer manufactured in the United States. In January 2006, the Environmental Protection Agency (EPA) initiated the 2010/15 PFOA Stewardship Program, in which the eight major companies in the PFAS industry committed to working toward eliminating emissions and product content of PFOA by 2015 [2, 3]. The goals set forth by this program were met, resulting in a significant decrease in the manufacture and use of PFOA in the United States. However, PFOA, PFOS, and other PFAS continue to be found in the environment, wildlife, and blood of the general population [4-7]. Additionally, new PFAS have been developed to replace PFOA and PFOS, many of which have been detected in environmental samples near manufacturing facilities [8-10]. Very little is known about these new PFAS, though they may have the potential to cause adverse health effects. 
Due to past environmental contamination, PFAS have been detected in numerous public and private drinking water systems throughout the United States. As a result, public health agencies are concerned about the possible health risks for communities exposed to these drinking water supplies as well as other sources of PFAS contamination. In 2016 the EPA established a lifetime health advisory level of 70 parts per trillion for two PFAS (PFOA and PFOS, either separately or combined) in drinking water [11, 12].  This health advisory level offers a margin of protection for all Americans throughout their life from adverse health effects resulting from exposure to PFOA and PFOS in drinking water. These values may be revised as the science of PFAS progresses or if new values are established for other PFAS. In addition, several states have developed their own standards and guidance. 
Human dietary exposure is thought to be a significant exposure route for PFAS [13-19]. Some PFAS have been shown to accumulate in fish. In the general population, fish and shellfish consumption have been associated with PFAS serum levels [20-22]. In communities near PFAS point-sources, a positive relationship between consumption of fish from PFAS-impacted waters and serum PFAS concentrations have been clearly demonstrated [23]. Additionally, several peer reviewed studies have shown a direct correlation between PFAS concentrations in soil and bioaccumulation in plants [13, 14, 24]. PFAS have been detected in potatoes and cereal seeds as well as leafy vegetables and fruits [24]. Thus, consideration of the consumption of locally-grown fruits and vegetables as well as locally-caught fish is important for exposure assessment.
Infant consumption of formula reconstituted with PFAS-contaminated water as well as consumption of breastmilk from mothers who have been exposed to PFAS are significant dietary sources of PFAS exposure for young children. Empirical data have demonstrated that infant PFOA serum concentrations are higher than those of older individuals exposed to the same contaminated drinking water source for breastfed infants and those fed formula reconstituted with PFAS-contaminated water [25, 26]
ATSDR is currently updating its Toxicological Profile for Perfluoroalkyls. The profile will include Minimal Risk Levels (MRLs) for four PFAS (PFOA, PFOS, PFHxS, and PFNA). MRLs are estimates of daily human exposure to a hazardous substance at or below which that substance is not expected to pose a measurable risk of adverse non-cancerous (e.g., neurological, respiratory, or reproductive) effects. MRLs are used to derive screening values used by ATSDR health assessors and others to identify potentially harmful levels of contaminants at hazardous waste sites and determine whether further investigation is needed to protect communities from exposure.
Limited epidemiological studies have assessed the relationship between PFAS exposure and adverse health effects in humans. These studies have been conducted in occupationally exposed populations, residential populations exposed to PFAS through contaminated drinking water, and the general United States population. 

PFOS, PFOA, PFHxS, and PFNA have been more widely studied than other PFAS. Some, but not all, studies in humans with PFAS exposure have shown that certain PFAS may:
· affect growth [27, 28], learning [29], and behavior [30-32] of infants and older children
· lower a woman’s chance of getting pregnant [33, 34] 
· interfere with the body’s natural hormones [35, 36]
· increase cholesterol levels [37-40]
· affect the immune system [41-45]
· increase the risk of cancer [46]

Scientists are still learning about the health effects of exposures to mixtures of PFAS. More research will help scientists fully understand how PFAS may affect human health.

Although none of the results are definitive due to limitations in the study designs and relevance of the PFAS exposures in those studies to community settings and relevance of other factors that may influence health effects in affected communities, these studies have generated concerns amongst communities with identified exposures to PFAS. Though the PFAS exposure assessments described in this protocol are not designed to assess the relationship between PFAS exposure and health effects, they will measure body burden of PFAS, may result in recommendations to reduce exposure, and will inform the design and implementation of future health studies.
For instance, epidemiological studies have demonstrated a positive association between serum PFOA and elevated cholesterol levels in occupational and residential populations, though no consistent trend between serum PFOA and low density lipoprotein (LDL) and high density lipoprotein (HDL) is evident [47-50]. PFOA and PFOS have been shown to modulate expression of genes related to cholesterol metabolism and transport in men and women [51]. 
Evaluation of liver enzymes suggests that there is a positive association between serum PFOA and liver enzymes and an inverse association between serum PFOA and bilirubin levels [48-50, 52, 53]. This association is evident in both occupational and residential populations. A positive relationship between liver enzyme gamma-glutamyl transferase (GGT) and PFOA serum concentration was observed in an occupational cohort [49]. A positive association between serum PFOA and serum PFOS concentrations and serum alanine aminotransferase (ALT) levels (a marker of hepatocellular damage) was observed in a large residential study [52].
There is evidence to suggest a positive association between serum PFOA and chronic kidney disease [54, 55] in the general population, although questions remain. Because of the cross-sectional nature of some studies, it is not clear if high PFOA and PFOS serum concentrations preceded the observed chronic kidney disease or vice versa [4]. Similarly, some cross-sectional studies also indicate an association between serum PFAS concentrations and early menopause, however the design of these studies makes it difficult to determine the direction of causality [4].
PFOA has been associated with kidney and testicular cancer in a survivor cohort living near a chemical plant [54]. A retrospective cohort study showed an association between length of employment at 3M Chemical Division (while PFAS production was ongoing) and prostate cancer [56]. In 2005, EPA’s Science Advisory Board suggested that PFOA is “likely to be carcinogenic in humans,” based on the evidence available at the time [57]. The International Agency for Research on Cancer has characterized PFOA as “possibly carcinogenic to humans [46, 58].”  
Immune system responses have been observed in adults exposed to PFAS. Epidemiological studies suggest a positive association between serum PFOA and serum PFOS concentrations and suppressed antibody responses to vaccines. In vitro studies with human cell lines suggest that PFOA inhibits cytokines that help regulate immune responses [59]. In studies of children, evidence suggests that early development of the adaptive immune system may be vulnerable to exposure to PFOA and PFOS [60]. Studies in the Faroe Islands showed that a doubling in PFOA and PFOS exposure at seven years of age was associated with clinically-significant decreases in diphtheria antibody concentrations at 7 and 13 years of age [61]. In 2016, the National Toxicology Program concluded that both PFOA and PFOS are presumed to be an immune hazard to humans [62]. 
Cross-sectional studies provide some evidence for associations between exposure to PFOA and other PFAS species and asthma-related outcomes in children, though this is not yet well studied [63, 64]. There is no evidence of association between human maternal serum PFOA or PFOS and preterm birth [65], despite observed impacts on pup mortality in rodent studies [66]. A modest inverse association between maternal PFOS serum concentration and birth weight in full term infants has been observed [65].
In animals, adverse health effects have been demonstrated in response to PFOA and PFOS exposure [67, 68]. These studies identify increased liver weight as one of the primary critical effects [67, 69-73]. Other effects include changes in spleen and thymus [70, 74], as well as developmental effects [68, 75]. However, it is important to note that extrapolation from animals to humans is uncertain because of pronounced differences in elimination rates and substantial variability across species [76-78].
There is much uncertainty regarding the toxicokinetics of PFAS, especially in humans [79]. The toxicokinetic behavior of these compounds appears to be very different in humans than in laboratory species. The rate at which PFAS are eliminated from the body is an important driver of toxicity, with longer half-lives indicating greater potential for bioaccumulation [80]. Biological half-life has been estimated in humans for several PFAS in both occupationally [81] and residentially exposed populations [80, 82, 83]. However, differences in the studied populations, including the level of exposure and the treatment of ongoing background exposures, have resulted in discrepancies across estimates [83]. 
PFAS excretion is an important determinant of human body burden for these compounds. In humans, PFAS are excreted primarily in the urine [78, 80, 84, 85]. Renal excretion of PFAS occurs by both active and passive mechanisms and is determined by the sum of glomerular filtration, renal tubular secretion and renal tubular absorption [77-79]. Diabetes [86] is associated with a significant lifetime risk or kidney disease [87] and diabetic kidney disease is the leading cause of end-stage renal disease in North America [87]. Diabetic kidney disease is characterized by the development of macroalbunuria which is followed by a decline in glomerular filtration rate [88, 89]. Hepatitis C has been shown to be an important risk factor for the development of renal insufficiency and decline in glomerular filtration rate [90]. Chronic kidney disease is characterized by decreased kidney function [91]. Clinically, decreased kidney function is a diagnostic marker of chronic kidney disease and is defined by a glomerular filtration rate persistently below 60 mL/minute/1.73 m2 [89, 92, 93]. Anemia is a common complication of chronic kidney disease [94]. An analysis of NHANES data demonstrated that lower estimated glomerular filtration rate was associated with higher prevalence of anemia in non-Hispanic white persons, non-Hispanic black persons, and Mexican Americans [95]. Diabetes, hepatitis C, chronic kidney disease and decreased kidney function, and anemia may have the potential to significantly impact glomerular filtration and PFAS excretion.
Dialysis treatment, often prescribed for individuals with kidney disease, may also have the potential to increase the removal of some PFAS from the body and thereby lower some PFAS serum concentrations. The primary treatment for renal failure is hemodialysis, a process by which a patient’s blood is drawn out through a tube, pumped through a dialyzer to remove waste products and then returned to the patient’s body. The membranes used in dialysis have been shown to provide clearance of PFAS [96]. In particular, concentrations of POFA and PFOS were reduced following dialysis with polysulfone dialysis membranes [96, 97].
Scientific evidence reported in the peer reviewed literature clearly demonstrates that PFAS accumulate in humans in protein-rich compartments including kidney, liver, and blood. This is attributed primarily to the fact that PFAS have a strong affinity for binding to serum proteins, serum albumin in particular [84].  For example, PFOA and PFNA have been reported to be 90% and 99.9% bound to human serum albumin [98]. As such, anything that causes significant blood loss will impact the excretion profile. In particular, menstrual fluid contains high levels of albumin [99]. Epidemiologic studies have shown that higher PFAS serum concentrations are measured in postmenopausal women compared with women who are still menstruating [100, 101]. Further, pharmacokinetic modeling provides additional evidence that menstrual cycles effect PFAS serum concentrations [102, 103].
Relatedly, PFAS have been demonstrated to pass through the placental barrier and into the developing fetus during gestation. PFAS have been measured in maternal serum [104-109], cord blood [27, 29, 104, 108, 110-114], placenta [76, 106, 107, 115], fetal tissue [116], and neonates [117, 118]. These studies clearly establish gestation and birth as a significant excretion pathway for mothers and a significant exposure pathway for infants. Women who have been pregnant have a distinct excretion profile from women who have not.
Further, lactation is also a significant excretion pathway for breastfeeding women, and an exposure route for breastfed infants [119-129]. PFAS have been measured in breastmilk in many populations  and the duration of breastfeeding has been demonstrated to be positively associated with serum-PFAS concentrations in children and negatively associated with PFAS-serum concentrations in mothers [130].
[bookmark: _Toc536793468][bookmark: _Toc6924088]Justification for Exposure Assessments
Human exposure to PFAS is a growing environmental health concern. These EAs will fulfill the requirements of the 2018 Consolidated Appropriations Act, which requires CDC/ATSDR to conduct statistically-based biomonitoring EAs in “no less than eight current or former domestic military installations” that have or have had documented exposures to PFAS in drinking water. 
The results of these EAs may help individual participants and their communities better understand the magnitude of their environmental exposures to PFAS. The sampling is designed to yield results that are generalizable to the entire population consuming the drinking water in each community and to allow for estimation of serum PFAS concentrations in community members who were not tested. 
[bookmark: _Toc6924089]Limitations of the Investigation
PFAS concentrations measured in this EA cannot be used to predict the occurrence of disease for an individual and cannot explain an individual’s current health problems. 
Serum, urine, and environmental PFAS concentrations may improve the understanding of exposure in this community, but will not provide discrete information about all sources of exposure. Additionally, it is not possible to identify every potential confounding exposure. CDC/ATSDR will take this limitation into account when drawing conclusions. The results of this investigation may generate new hypotheses about which PFAS exposure pathways exist in this community. The results of this investigation will be applicable to all the individuals eligible for inclusion in the investigation (see ‘Biological Sampling Eligibility and Recruitment’ section for eligibility criteria), but cannot be generalized to groups not eligible for inclusion in the investigation. 
The results will not be applicable to residents who previously lived in the community but moved away prior to this work or to residents who have moved into the community within one year of this work. While the results are generalizable to the community as a whole, they will not be able to estimate the exact concentrations for individual community members. After analysis of the data, ATSDR will include information on our website and through community meetings to provide individuals with specific information about what the data can and can not say about their exposures. The investigation is designed to estimate the mean concentration of PFOS in the population with a given level of precision. Estimates for other species or in sub-populations may not have the same level of precision in estimating means. The actual precision for other estimated means will be presented with the results.
While CDC/ATSDR will strive to obtain a representative sample at each site, the ultimate outcome of recruitment may introduce limitations in the ability to make generalizations in each community. These limitations may result in uncertainty in conclusions regarding the comparison of a community’s exposure profile to nationally representative data. CDC/ATSDR will track non-response rates in order to evaluate the potential impact of the response on generalizability of conclusions. 
At all sites identified for exposure assessments, mitigation actions have been implemented to reduce concentrations of PFOA and PFOS in drinking water to below 70 ppt. While there may be ongoing exposure to lower concentrations of PFAS in drinking water, the elevated exposures to PFOA and PFOS have been stopped (to the best of our knowledge). While remediation targeted PFOA and PFOS (per the EPA lifetime health advisory guidance) it is likely that the concentrations of some of the other PFAS chemicals were also reduced. In most cases, less than one biological half-life of time has passed since exposure was reduced. This means that the exposure assessments will attempt to quantify PFAS concentrations in blood and urine based on past exposure to PFAS above 70 ppt, not current exposure. 
[bookmark: _Toc536793469][bookmark: _Toc6924090]Intended/Potential Use of Exposure Assessment Findings
Individual blood and urine results will be provided to participants. Household environmental sampling results will be provided to each participant following laboratory analysis and quality assurance procedures, depending on when analytical methods become available. If a participant’s blood or urine concentration level is higher than the 95th percentile reported in the National Health and Nutrition Examination Survey (NHANES) data, or if the participant’s tap water sample is higher than either the EPA lifetime health advisory or a state value, that participant will be contacted sooner in order to facilitate rapid exposure source assessment and mitigation, as needed. If PFAS concentrations in tap water samples are higher than either the EPA lifetime health advisory or a state value, we will contact local water utilities and state drinking water officials to share this information. CDC/ATSDR intends to align communications with participants regarding water sampling concentrations with EPA’s guidelines for use of the lifetime health advisory. The findings from each EA will be released as a report for the general public as soon as possible and aggregate findings will be submitted for publication in the peer-reviewed scientific literature. 
The findings of these EAs will inform design and implementation for the multi-site PFAS health study that will be conducted by CDC/ATSDR in consultation with the National Institute of Environmental Health Sciences (NIEHS) and the US Department of Defense (DoD). 
[bookmark: _Toc536793470][bookmark: _Toc6924091]Exposure Assessment Locations
EAs will occur at no less than eight communities associated with current or former military facilities that have or have had documented exposures to PFAS in drinking water. 
ATSDR developed a multistep approach to selecting sites for the PFAS exposure assessments. The process reflects the legislative requirements and the scientific needs of the project. At each step of the process, efforts were made to collect as much information as possible. 
ATSDR drew on a variety of candidate sources to assemble a list of candidate sites. Sources of information included information from other federal agencies, including DoD and EPA’s UCMR3 data. ATSDR applied inclusion criteria to the candidate list to ensure that the communities were near a current or former military installation, had a completed drinking water exposure pathway for PFOA and/or PFOS above the EPA’s lifetime health advisory of 70 ppt, a population of potentially exposed persons larger than the sample size calculated in the ‘Sampling Strategy’ section, no previous CDC/ATSDR sponsored PFAS biomonitoring at the site, and how recently PFAS exposure mitigation had been implemented.
ATSDR categorized the eligible sites based on the predominant source of drinking water to ensure the exposure assessments included communities served by both public and/or private water systems and private wells.  ATSDR used information from the local water utilities to estimate the exposed population for each site. ATSDR evaluated the maximum measured concentrations of PFOA and PFOS combined in drinking water to assess the magnitude of exposure. ATSDR estimated the duration of exposure using information about initial use of AFFF at nearby military installations, service dates for drinking water wells, and information about documented releases of AFFF to surface water. Based on the information available, ATSDR chose sites that included both private well and water system sites and a geographical diversity of sites. 
Listed in alphabetical order by county, the sites selected for PFAS exposure assessments are:
· Berkeley County, WV near Shepherd Field Air National Guard Base (Berkeley County)
· El Paso County, CO near Peterson Air Force Base (El Paso County)
· Fairbanks North Star Borough, AK near Eielson Air Force Base (Fairbanks North Star Borough)
· Hampden County, MA near Barnes Air National Guard Base (Hampden County)
· Lubbock County, TX near Reese Technology Center (Lubbock County)
· New Castle County, DE near New Castle Air National Guard Base (New Castle County)
· Orange County, NY near Stewart Air National Guard Base (Orange County
· Spokane County, WA near Fairchild Air Force Base (Spokane County)
To our knowledge, all municipal systems serving the communities identified as exposure assessment sites took steps to reduce concentrations of PFOA and PFOS below 70 ppt between 2014 and 2017. Additionally, the information available for private wells within these communities indicates that either treatment systems were installed, or alternate sources of water provided between 2015 and 2018 in cases where PFOA and PFOS concentrations in private wells exceeded 70 ppt. Exposure to lower levels of a wide range of PFAS may be ongoing. When available, concentrations of PFAS over time will be used to understand the exposure history at these sites, including after mitigation, but PFAS data are not generally available prior to 2013.
Six of the selected communities (Berkeley County, El Paso County, Hampden County, New Castle County, Orange County, and Spokane County) have water systems that had PFOA + PFOS above 70 ppt. In order to draw generalizable conclusions, the sample frame in these communities will include only public water customers. The other two communities (Fairbanks North Star Borough and Lubbock County) had a large number of private wells with PFOA + PFOS above 70 ppt but no affected municipal systems. The sample frame in these communities will include only households with private wells.
[bookmark: _Toc6924092]Site-specific Community Engagement
ATSDR/NCEH will hold a community-wide public information meeting during the recruitment phase in all EA locations. The intended audience is prospective EA participants. A Community Event Evaluation Survey (“the Survey”) (Appendix A) will be used as a way for the EA team to receive feedback from prospective EA participants about ATSDR’s PFAS public health messaging, the ATSDR PFAS EA enrollment processes, and to gauge local feelings toward the ATSDR PFAS EA project. The survey data will help EA team members adjust and enhance public health messaging and EA project information in real time. 
The goals of the Survey are: 
1. To learn whether our messages and materials were understood by the audience; 
2. To understand community feelings towards the project; and 
3. To document whether potential participants understand how individuals are selected for potential participation in the Exposure Assessment.
The Survey questions have been adapted from the ATSDR Communications Toolkit available here: https://www.atsdr.cdc.gov/communications-toolkit/documents/16_event-evaluation-form-final-101315_508.pdf
[bookmark: _Toc536793471][bookmark: _Toc6924093]Objectives
The overall objective of the PFAS Exposure Assessments (all sites) is to characterize exposures and biomonitoring levels in communities exposed to PFAS in drinking water, and to identify patterns in exposure amongst these communities. Each EA will attempt to answer the following questions:
· What are serum PFAS concentrations in the community? How do these concentrations compare to United States reference populations (e.g. NHANES)?  
· Can PFAS be detected in urine samples from members of the community? If so, how do these concentrations compare to reference populations across the United States? 
· What are environmental contributors to PFAS concentrations in blood and urine? What does environmental sampling data suggest about exposure in the community?
· What can we learn about PFAS exposures to inform future PFAS studies?
[bookmark: _Toc536793472][bookmark: _Toc6924094]Procedures and Methods
[bookmark: _Toc536793473][bookmark: _Toc6924095]Sampling Strategy
A one-stage cluster sample — where each household in the area receiving impacted water is a cluster and all individuals in a selected household are included in the sample — will be used to identify participants for each EA. Clusters (households) will be randomly selected from the sampling frame. This sampling design is representative of the impacted population, allowing for inferences to be made on the entire sampling frame. A step-by-step approach for the one-stage cluster sampling is described below. 
1. ESTABLISH THE SAMPLING FRAME
A geographic area where PFAS exposure is known or expected will be defined and a complete list of all exposed/affected households in this area will be identified. This list comprises the sampling frame. Depending on the operations of the water system, the geographic area may be defined by the service boundaries of specific municipal water systems. The geographic area may also be defined as the area with impacted private drinking water wells. 
For simple water systems expected to deliver drinking water with consistent PFAS concentrations to all end users (e.g. municipal drinking water systems with one ground water supply well, or municipal drinking water systems with a surface water source), the sampling frame will consist of all households served by the impacted water system. 
The list of households served by municipal water systems can be obtained from the water company or from local municipal water supply billing information.  
Sequential numbers will be assigned to each household (1, 2, 3,…N) in the sampling frame. 
2. CALCULATE SAMPLE SIZE
The required sample size of independent individuals in each community for blood sampling is given by: 

	Where,	
		m = sample size (individuals)
z = Z value (e.g. 1.96 for 95% confidence level)
		α = level of significance
E = maximum error
σ = standard deviation of the logarithm of measured PFAS levels.   
If local biomonitoring data are available to determine the standard deviation of the natural logarithm of measured PFAS levels, this data can be used. If these data are not available, national data from NHANES will be used to calculate the necessary sample size, as described below.
The geometric mean for serum PFOS was 4.72 µg/L for the US population in 2015–2016 NHANES. The corresponding 95% confidence interval (4.40, 5.07) and the NHANES sample size of 1,993 are used to estimate the standard deviation of the ln (values). Using the upper limit of the confidence interval:



Then, the sample size of independent individuals to estimate the mean with precision 15% of the ln (geometric mean), and 5% level of significance is:



Since data are collected using a cluster design, individuals within a household are not independent. The lack of independence must be accounted for by incorporating the design effect (DE) into calculation of the required sample size. The required sample size for a cluster sample is the sample size for an independent sample multiplied by DE.

Where,
	DE = design effect
	ICC = intra-cluster correlation coefficient
	k = cluster size

A pilot of representative biomonitoring for PFAS conducted by the New York State Department of Health and the Pennsylvania Department of Health resulted in retrospective calculations of the intra-cluster correlation coefficient (ICC) for PFAS in serum ranging from 0.39 to 0.54 (unpublished data from New York State Department of Health and Pennsylvania Department of Health, 2019). To be conservative, we assume an ICC of 0.54 for our calculation of the design effect.
The average household (cluster) size for the communities selected as exposure assessment sites ranges from 2.4 to 3.0 individuals per household. To be conservative, we assume a household (cluster) size of 3 for our calculation of the design effect.
Using these values, the design effect is:

As a conservative assumption, we use a design effect of 2.1 to calculate our required sample size. 


This results in a sample size of 2.1*188=395 individuals accounting for intracluster correlation. To be conservative, we will use this design effect for all communities, even when a smaller average household size would result in a lower design effect.
Assuming all individuals from each selected household are included in the sample, the required number of households that should be contacted for recruitment is given by

Where,
n = required number of households
N = the total number of households in the sampling frame 
M = the total number of individuals in the sampling frame

In the Hampden County community (the first exposure assessment site) m = 395, N = 2,882, M = 7,665 so a sample of n = 149 households is needed. Values for N and M taken from 2010 census data for census tract 8125 in Hampden County, MA. At the pilot sites, a within household response rate of 85% was achieved for households in which at least one person participated. Assuming this response rate applies at all sites, the total number of households that need to be contacted in order to get 395 individuals to participate is 269 households. This value is based on an 85% household participation rate (149/0.85 = 175) and a general response rate of 65% (175/0.65 = 269).
Sample size estimate will be adjusted to ensure adequate precision despite non-participating households, using an estimated household response rate of 65%. In Hampden County, n = 75/0.65 = 269 households will be contacted. The number of households contacted in each community will be based on the total number of households and total number of individuals in the sampling frame but will use the same sample size of individuals for all sites. The sample size of 188 independent individuals (based on the original NHANES calculation) will be used for all sites and will be modified by response rate, design effect and required household sample size.
Sampling weights for both households and children are needed to calculate prevalence estimates and make inferences about the entire population of children three years of age or older. Sampling weights can be adjusted to account for unequal probabilities of selection that may have occurred due to non-response from potential participants. Complex survey procedures in SAS/SUDAAN software or EpiInfo software will be used to account for unequal weighting, stratification and clustering in the sample (SAS Institute, Inc., Cary, NC; RTI International, Research Triangle Park, NC). 
Based on the eight EAs completed in 2019 to 2020, the average response rate to the recruitment letters was 10%, and not 65%. Therefore, additional EAs that may be completed would use a response rate of 10% for the recruitment letters. A maximum of 3000 households will be sent recruitment letters.
3. SELECT HOUSEHOLDS
Each household in the sampling frame will be assigned a number (1, 2, 3,…N). A random number generator will be used to create a list of random numbers equal in size to the number of households in the sampling frame. Households will be contacted for recruitment into the EA based on estimated household size in the community and using an estimated response rate. If the response rate is lower than estimated, a reserve sample of households will be contacted for recruitment into the EA to reach the target sample size. If the reserve sample is used, households within the reserve sample will be given equal opportunity to participate as households initially invited to participate.
[bookmark: _Toc536793474][bookmark: _Toc6924096]Biological Sampling Eligibility Criteria and Recruitment
Households identified in the sampling strategy will be contacted by mail and phone and an in-person visit, if needed. The recruitment letter and script for recruitment phone calls can be found in Appendix A.  Based on response rates from national surveys (e.g., National Health and Nutrition Examination Survey, Behavior Risk Factor Surveillance System) EA staff will make up to eight attempts to reach each randomly selected household by phone. For randomly selected households we are unable to reach by phone, we will attempt one in-person visit to recruit EA participants.
In order to ensure that a sufficient number of participants are included in each EA to allow for generalizable conclusions about the exposure of the impacted community, a target for the number of participants in each EA will be set, as described in the ‘Sampling Strategy’ section of the protocol. 
To increase the likelihood that the target sample size will be reached at each EA site, a reserve sample will be contacted for recruitment if the response rate is lower than estimated. Site-specific response rate estimates will be used to calculate the number of households to be approached for recruitment to meet the target sample size. Each randomly-selected household in this block of households will have an equal opportunity to participate, meaning that study staff will carry out the planned outreach to all households within the block, regardless of whether the target sample size was met before all households were contacted for recruitment. If, on the other hand, sample size requirements are not met after attempting recruitment from the initial sample, a reserve sample will be identified and approached using the same outreach described above. The size of the reserve sample required will vary from site to site.
To decrease the chance of participation bias – in which those that do not choose to participate are substantively different from those that do – households that choose not to participate will not be replaced. Information on recruitment, contact attempts, eligibility, enrollment, and batch number will be collected and used to assess for bias and also to weight data accordingly during the analysis phase.
EA staff will schedule biological sampling appointments for all recruited participants during the initial phone call. Recruited participants will receive a letter that confirms their participation, provides information about the assessment and includes a toll-free number for participants to call with any questions.
For sampled households that agree to participate, each individual will be screened using a series of eligibility questions when they are contacted for recruitment into the EA (Appendix A). Individuals within each selected household must meet the following inclusion criteria to participate in this investigation:
· Is three years of age or older 
· Has lived in the community for at least one year
· Does not have a bleeding disorder and is not anemic 
Children younger than 3 years old are excluded from the assessments because the reference values to be used for comparison for serum concentrations in this investigation are only available for children ages three and older [5, 131]. Children under three years old may still be sampled at the request of parents or guardians; however, the child’s general state of health, age, and size will be taken into consideration and EA personnel may elect not to collect a blood sample from any child identified as potentially at risk from doing so. While individual results from children under age three will be reported to parents or guardians, data from these participants will not be included in the analysis. Individuals with bleeding disorders or anemia will be excluded in order to reduce burden and risk of blood sampling. 
To assess for the potential impact on PFAS excretion and resulting concentrations in blood and urine, participants with diagnosed conditions that impact kidney function (e.g., kidney disease, diabetes, hepatitis C) will be asked to self-identify via the questionnaire, but will not be excluded from the assessment. Similarly, because pregnancy can impact PFAS excretion, pregnant women will neither be targeted nor excluded, but will also be asked to self-identify via the questionnaire. 
Participants will not be reimbursed or incentivized to take part in the EA and, similarly, there will be no costs to participants.
[bookmark: _Toc536793475][bookmark: _Toc6924097]Environmental Sampling Eligibility and Recruitment 
An arbitrary target of ten percent of households recruited into the EA will also be invited to participate in exploratory environmental (indoor dust and tap water) sampling. These households will be randomly selected from the list of households that have been recruited into the EA. Each household must meet the following eligibility criteria to take part in environmental sampling:
· At least one member of the household is participating in biological sampling
· Head of household reports that people who live in the home primarily drink tap water.  
In order to ensure an adequate number of households are identified for environmental sampling, an estimated response rate of 65% will be used to determine how many households will be invited to participate in environmental sampling. For example, if a target of 15 households are needed for environmental sampling, then n = 15/0.65 = 23 will be the number of households randomly selected to receive environmental sampling invitations. 
Similar to the multi-stage recruitment approach described above, if sample size goals are not met after attempting to recruit from the first batch of randomly-selected households, subsequent batches will be identified and approached. The head of household from households randomly selected for environmental sampling will be invited to participate in environmental sampling during a follow up phone call. A home visit will be scheduled for environmental sampling during the same two-week period of biological sampling. 
All participating households will receive a follow-up letter confirming their participation and sampling appointments.
Figure 1 visually depicts the recruitment process. 
[bookmark: _Toc536793476][bookmark: _Toc6924098]Sample Collection Procedures
[bookmark: _Toc536793477][bookmark: _Toc6924099]Informed Consent/Assent
Upon arrival at the centralized sample collection location, a Privacy Act Statement, PRA statement, consent, assent, and parental permission forms (Appendix B) will be provided for participants to read and sign prior to any sample collection activities. Participants will also be provided a Biological Testing Tracking Form that they will carry with them throughout the EA testing process to ensure that all appropriate forms are completed and biological samples are provided (Appendix B). Consent forms will be provided for all adults aged ≥ 18 years (Appendix B). Assent forms (Appendix B) will be provided for children aged 12–17. Parental permission forms (Appendix B) will be provided for the parents or guardians of all children participating in the investigation. Consent/assent forms include: the purpose of the assessment; procedures for sample collection; benefits and risks of participation; and contact information should participants have additional questions. All forms are written at the appropriate reading level for each group. All signed consent/assent/parental permission forms will be mailed to and securely archived at ATSDR. 
[bookmark: _Toc536793478][bookmark: _Toc6924100]Blood Sampling
A licensed/qualified phlebotomist will collect approximately 6 mL of blood in a red top tube by venipuncture from all EA participants (adults and children). Each blood tube will be labeled with a preprinted bar-coded label associated with the participant. A collection log will also be maintained (Appendix C). Each sample tube will be placed upright in a rack; the blood will be allowed to clot for 30 minutes to 1 hour to create maximum serum yield. Following clotting, the red top tube will be centrifuged for 15 minutes at 1000 – 1300 g force.  
After the contents in the tube have clotted and been centrifuged, two serum aliquots will be obtained. In the first, a minimum of 1.0 mL serum will be pipetted into a cryovial (designated as serum sample #1). The remaining serum (max 1.8 mL) will be pipetted into a second cryovial (designated as serum sample #2). Following serum aliquoting, the red top tube and its contents will be safely discarded into a biohazard multipurpose container. 
To protect anonymity, the samples will be labeled with a coded identification number. The identification number on the serum sample will match the identification number on the blood sample in order to pair each individual’s blood and urine samples. 
FIGURE 1: PFAS EXPOSURE ASSESSMENT RECRUITMENT PROCESS


All serum sample #1 cryovials will be placed inside storage boxes provided by the laboratory. Each box will be placed inside a plastic Saf-T-Pak™ biohazard bag along with an absorbent pad and sealed.  This plastic bag will be placed inside a larger Tyvek® bag and sealed. The bagged specimen boxes will be placed inside a Styrofoam shipping container. Dry ice will be added to the shipper and serum specimens will be maintained in their frozen state. EA personnel will perform twice daily checks to ensure that samples remain frozen and add dry ice as needed. The blood samples will be shipped overnight on dry ice to the NCEH Laboratory in Atlanta, Georgia preferably on Wednesdays and Mondays during the sample collection period. Field and laboratory staff will maintain and manage proper chain of custody (Appendix D) for all serum samples.
All serum sample #2 cryovials will be packed in storage boxes and shipping containers and maintained in a frozen state on dry ice as described above. These samples will be shipped overnight on dry ice to a centralized bio-specimen repository where they will be stored. Consent forms will allow participants to choose whether or not they consent to the storage of their serum sample for future use (Appendix B).  
Serum sample #1 cryovials will be received by the NCEH laboratory and analyzed for the suite of PFAS measured in the most recent NHANES cycle with publically available data. Additional analytes may be added should methods become available. Test results will be reported as nanograms of the analyte per milliliter of serum (ng/mL). All laboratory analysis will be conducted with established procedures for quality assurance and control according to NCEH methodology. 
Table 1 provides the list of the PFAS currently measured in NHANES in serum and the associated limits of detection. For PFOA and PFOS, samples will be analyzed for individual PFOA and PFOS isomers, but both isomer-specific and aggregated values will be reported to allow for comparison to past NHANES that only reported aggregate measurements (up to NHANES 2011-12). 
	Table 1:  List of PFAS proposed to be measured in serum in this investigation - abbreviation, associated chemical name, and current limit of detection (LOD)

	Abbreviation
	Chemical Name
	LOD (ng/mL)

	MeFOSAA
	N-methyl perfluorooctanesulfonamidoacetic acid
	0.1

	PFHxS
	perfluorohexane sulfonic acid
	0.1

	Total PFOS
	perfluorooctane sulfonic acid
	--

	n-PFOS
	sodium perfluoro-1-octanesulfonate
	0.1

	Sm-PFOS
	mixture of sodium perfluoro-5-methylheptane sulfonate isomers
	0.1

	Total PFOA
	perfluorooctanoic acid
	--

	n-PFOA
	ammonium perfluorooctanoate
	0.1

	Sb-PFOA
	mixture of perfluoro-5-methylheptanoic acid isomers
	0.1

	PFNA
	perfluorononanoic acid
	0.1

	PFDA
	perfluorodecanoic acid
	0.1

	PFUnA
	perfluoroundecanoic acid
	0.1

	PFDoA
	perfluorododecanoic acid
	0.1

	* ng/mL  - nanograms per milliliter



[bookmark: _Toc536793479][bookmark: _Toc6924101]Urine Sampling
All participants will be mailed a labeled urine collection cup, urine collection instructions (Appendix E), insulated cooler, and ice pack, which they’ll be instructed to store in their freezer. The morning of their blood sampling appointment, participants will collect a first-morning urine sample (filling at least one quarter of the cup, if possible), cap the container, seal the container in a plastic bag, and place in a refrigerator until they travel to the blood sampling location. Participants will transport their sample to EA staff in an insulated cooler with the frozen ice pack. 
Urine samples will be placed inside storage boxes provided by the laboratory. Each box will be placed inside a plastic Saf-T-Pak™ biohazard bag along with an absorbent pad and sealed.  This plastic bag will be placed inside a larger Tyvek® bag and sealed. The bagged specimen boxes will be placed inside a Styrofoam shipping container. Dry ice will be added to the shipper and urine specimens will maintained in their frozen state. EA personnel will perform twice daily checks to ensure that samples remain frozen and will add dry ice as needed. All urine samples will be shipped overnight on dry ice to a centralized bio-specimen repository on Wednesdays and Mondays during the sample collection period. Field and bio-specimen repository staff will maintain and manage proper chain of custody (Appendix D) for all urine samples.
In order to evaluate whether the available method for measuring PFAS in urine is able to detect PFAS in urine samples, an initial subset of ten percent of urine samples will be analyzed for PFAS. If possible, the initial subset of urine samples will be selected randomly from participants with the highest drinking water exposures. If it is not possible to stratify participants based on drinking water exposure, ten percent will be randomly selected from the entire sampling frame. For each sample selected for laboratory analysis, biorepository personnel will pipette 1.8 mL of urine into a cryovial and ship samples overnight on dry ice from the bio-specimen repository to the NCEH laboratory in Atlanta, Georgia. Biorepository staff and NCEH/ATSDR personnel will maintain and manage proper chain of custody (Appendix D) for all urine samples.
If the geometric mean PFAS urine concentrations in a community are higher than the NHANES 95th percentile, all urine samples for the community will be shipped from the repository to the NCEH laboratory and analyzed. The geometric mean will be used in this instance because it minimizes the effect of very high or very low values. 
To protect anonymity, the samples will be labeled with a coded identification number. The identification number on the urine sample will match the identification number on the serum sample in order to pair each individual’s blood and urine samples. 
Urine samples selected for laboratory analysis will be analyzed for PFAS and creatinine. Additional analytes may be added should methods become available. If the geometric mean PFAS concentrations in this initial subset are elevated compared to the U.S. national reference population, as defined by the 2013-2014 NHANES 95th percentile, all other urine samples from the site will be analyzed. 
PFAS test results will be reported as nanograms per milliliter of urine (ng/mL). Creatinine results will be reported as milligrams per deciliter of urine (mg/dL). Laboratory processing, analysis methods, quality assurance and quality control measures will be conducted in accordance with NCEH laboratory methods.
Table 2 provides the list of PFAS to be measured in urine in this investigation and associated limits of detection. For PFOA and PFOS, samples will be analyzed for individual PFOA and PFOS isomers, but both isomer-specific and aggregated values will be reported.
	Table 2:  List of proposed PFAS to be measured in urine in this investigation - abbreviation, associated chemical name, and current limit of detection (LOD)

	Abbreviation
	Chemical Name
	LOD (ng/mL)

	PFBS
	perfluorobutane sulfonic acid
	0.1

	PFHpS
	perfluoroheptane sulfonic acid
	0.1

	PFHxS
	perfluorohexane sulfonic acid
	0.1

	Total PFOS
	perfluorooctane sulfonic acid
	--

	n-PFOS
	sodium perfluoro-1-octanesulfonate
	0.1

	Sm-PFOS
	mixture of sodium perfluoro-5-methylheptane sulfonate isomers
	0.1

	PFBA
	perfluorobutanoic acid
	0.1

	PFPeA
	perfluoropentanoic acid
	0.1

	PFHxA
	perfluorohexanoic acid
	0.1

	PFHpA
	perfluoroheptanoic acid
	0.1

	Total PFOA
	perfluorooctanoic acid
	--

	n-PFOA
	ammonium perfluorooctanoate
	0.1

	Sb-PFOA
	mixture of perfluoro-5-methylheptanoic acid isomers
	0.1

	PFNA
	perfluorononanoic acid
	0.1

	PFDA
	perfluorodecanoic acid
	0.1

	PFUnA
	perfluoroundecanoic acid
	0.1

	HFPO-DA (GenX)
	hexafluoropropylene oxide dimer acid
	0.1

	DONA
	4,8-dioxa-3H-perfluorononanoic acid
	0.1

	9Cl-PF3ONS
	9-chlorohexadecafluoro-3-oxanone-1-sulfonic acid
	0.1

	* ng/mL – nanograms per milliliter



[bookmark: _Toc536793480][bookmark: _Toc6924102]Questionnaire
An EA team member will administer a questionnaire (Appendix F) to each participant to gather information on risk factors for exposure to PFAS through food pathways, contact with contaminated soil, and water consumption. This information will be used to interpret biomonitoring data and to help understand any unexpected or unusual results. An EA team member will administer the questionnaire and record each participant’s responses using the Epi Info suite of software tools either in person or over the phone. An ATSDR staff person will train EA teams on how to ask each question, which questions should be asked of which participants, and how to accurately and consistently record responses. All questionnaire records will be provided to ATSDR. 
Participants will be asked their current address, how long they have lived there, and to identify their primary source of drinking water. Participants will be asked to characterize how much water they drink on a daily basis, and to identify where their drinking water comes from (bottled water, tap water, filtered water, etc…). Participants will also be asked for information about their residential history prior to living in their current home. This information will help characterize the extent and duration of their potential exposure to PFAS-contaminated drinking water in the community.  
PFAS are excreted primarily in the urine and are highly bound in the blood. Participants will be asked about the frequency with which they donate blood (participants over the age of 17 only) and if they have been told they have kidney disease in order to characterize excretion. PFAS are also excreted during pregnancy and lactation. Adult women will be asked about their history of pregnancy and breastfeeding. This information will be used to help interpret unusual or unexpected biomonitoring data. 
[bookmark: _Hlk41842504]In the event that unexpected serum PFAS concentrations are measured in an individual, ATSDR may use this information to provide context to the result. For example, if an individual reports that they have kidney disease and has PFAS serum concentrations that are significantly higher than others in the household, ATSDR may inform the individual that kidney disease may reduce the rate at which PFAS are cleared from the body, which could have contributed to the observed PFAS serum concentration. Similarly, if a woman who reports multiple pregnancies and significant breastfeeding duration and has lower PFAS serum concentrations that others in her household, ATSDR may inform the individual that pregnancy and breastfeeding are excretion pathways that may have resulted in lower PFAS serum concentrations in her body. In all cases, ATSDR will explain that an individual’s PFAS body burden is the product of many complex factors, including but not limited to drinking water exposure, non-drinking water exposure, as well as active and passive excretion.
ATSDR will not use this information to assess impact at the aggregate level or to inform comparisons to the NHANES cohort. 
Children (ages 12 – 17) participating in the study will not be asked questions that are inappropriate for their age (pregnancy, blood donation) and will be allowed to obtain parental assistance in answering questions they have difficulty answering. 
In order to characterize the potential for additional exposures, participants will also be asked about their occupational history; use of certain consumer products; and the frequency with which they work with the soil, consume locally grown vegetables, and eat locally caught fish. In an effort to understand recent behavioral changes that may impact PFAS exposure, participants will be asked to identify any recent changes related to drinking water, consumption of locally caught fish and locally grown vegetables, or other changes that may impact their exposure to PFAS. 
Answers to questions on the questionnaire will not be used to disqualify participants from the study. 
[bookmark: _Toc536793481][bookmark: _Toc6924103]Environmental Sample Collection Teams
Sample collection teams comprised of at least two EA staff people, at least one of whom is an ATSDR staff person, will travel together to each household selected to participate in environmental sampling. 
[bookmark: _Toc536793482][bookmark: _Toc6924104]Drinking Water Sampling 
A subset of 10% of participating households will be selected for environmental sampling, including drinking water sampling. Identification and recruitment of these households is described in more detail in the ‘Environmental Sampling Eligibility and Recruitment’ section of this protocol. 
A drinking water sample will be collected from the primary drinking water location (e.g. kitchen tap) at each household. If point of use filtration is in place, every attempt will be made to collect a sample prior to filtration and after filtration. Samples will be collected in accordance with EPA Method 537.1. Each sample will be collected in a 250 mL polypropylene bottle with a polypropylene screw cap. A preservation reagent (Trizma) will be added as a solid to each sample bottle prior to shipment to the field (or prior to sample collection).
Sample handlers will wash their hands before sampling and wear nitrile gloves while filling and sealing the sample bottles. The tap will be opened and allowed to flush until the water temperature has stabilized (approximately 3 to 5 min). Samples will be collected from the flowing system, taking care not to flush out the sample preservation reagent. Bottles should be filled to near capacity, but samples do not need to be collected headspace free. After collecting the sample, the sample handler will cap the bottle and agitate by hand until preservative is dissolved. The sample will be kept sealed from time of collection until extraction at the laboratory.
A field reagent blank (FRB) will be prepared along with each household tap water sample, and field duplicates collected when indicated per EPA Method 537.1. Prior to the investigation, laboratory staff will prepare two bottles for each household, one empty (preservative free) bottle, and another filled with reagent water and preservatives, which will be sealed. These bottles will be shipped to the sampling site along with the sample bottles. At the sampling site, the sampler will open the bottle containing the preserved reagent water and pour it into the empty sample bottle, after which the sampler will seal and label this bottle as the FRB. The FRB will be shipped back to the laboratory along with the tap water sample and analyzed to ensure that PFAS were not introduced into the sample during sample collection/handling.
Samples placed in insulated shipping containers with ice packs and cooled to less than 10 degrees Celsius (but not frozen). Tap water samples will be maintained in their cooled state with EA personnel performing twice daily checks of cooler temperature and adding ice packs as needed. Water samples will be shipped overnight to a laboratory accredited to perform EPA Method 537.1. Staff will maintain and manage proper chain of custody (Appendix D) for all water samples. 
Samples will be analyzed for PFAS according to EPA method 537.1 by an EPA-approved laboratory. Test results will be reported as ng/L. All laboratory analysis will be conducted with established procedures for quality assurance and control. Table 3 provides the list of PFAS that will be measured in drinking water in this EA. 
	Table 3. List of PFAS to be measured in drinking water in this investigation – Abbreviation, Chemical Name, and Lowest Concentration Minimum Reporting Level (LCMRL)

	Abbreviation
	Chemical Name
	LCMRL (ng/L)

	HFPO-DA
	hexafluoropropylene oxide dimer acid
	4.3

	EtFOSAA
	N-ethyl perfluorooctanesulfonamidoacetic acid
	4.8

	MeFOSAA
	N-methyl perfluorooctanesulfonamidoacetic acid
	4.3

	PFBS
	perfluorobutane sulfonic acid
	6.3

	PFDA
	perfluorodecanoic acid
	3.3

	PFDoA
	perfluorododecanoic acid
	1.3

	PFHpA
	perfluoroheptanoic acid
	0.63

	PFHxS
	perfluorohexane sulfonic acid
	2.4

	PFHxA
	perfluorohexanoic acid
	1.7

	PFNA
	perfluorononanoic acid
	0.83

	PFOS
	perfluorooctan esulfonic acid
	2.7

	PFOA
	perfluorooctanoic acid
	0.82

	PFTA
	perfluorotetradecanoic acid
	1.2

	PFTrA
	perfluorotridecanoic acid
	0.53

	PFUnA
	perfluoroundecanoic acid
	5.2

	11Cl-PF3OUdS
	11-chloroeicosafluoro-3-oxaundecane-1-sulfonic acid
	1.5

	9Cl-PF3ONS
	9-chlorohexadecafluoro-3-oxanone-1-sulfonic acid
	1.8

	DONA
	4,8-dioxa-3H-perfluorononanoic acid
	0.55

	ng/L – nanograms per liter



[bookmark: _Toc536793483][bookmark: _Toc6924105]Indoor Dust Sampling
Measurements of household dust may act (to some extent) as a proxy for the presence of the analytes in products used in the household and as a descriptor of direct exposures (dust ingestion). Dust collection is intended to generate additional information about the contribution of non-drinking water exposures to overall PFAS exposure. Dust collection is exploratory and will yield information about how levels of PFAS in indoor dust samples correlated with PFAS serum concentrations. A subset of 10% of participating households will be selected for environmental sampling, including indoor dust sampling. Identification and recruitment of these households is described in more detail in the ‘Recruitment’ section of this protocol. 
A composite dust sample will be collected from the floor of three locations inside each selected home – the primary living space as identified by the home owner (e.g., living room, family room, television room), the kitchen, and the bedroom in which EA participants spend the most time, as identified by the homeowner. Vacuum sampling will be used to collect dust samples. Unless otherwise indicated, the method described in the EPA technical standard operating procedure for High Volume Indoor Dust Sampling at Residences for Risk-Based Exposure to Metals (available here: https://www.epa.gov/sites/production/files/documents/r8-src_src-dust-01.pdf), will be used to collect samples. This protocol is suitable for the collection of interior dust samples from either hard or smooth and highly textured surfaces, including brickwork and rough concrete as well as carpeting. 
Dust will be removed from the designated surface area by means of a flowing air stream passing through a sampling nozzle at a specific velocity and flow rate. Dust will be separated from the air mechanically by a cyclone and collected in a catch bottle attached to the bottom of the cyclone. After collection, the bottle will be tightly capped, labeled, and placed upright in a storage container. All sampling equipment will be decontaminated and inspected for cleanliness prior to collection of each sample. Quality control samples will be collected to identify any potential cross-contamination between samples. Samples will be kept at an ambient temperature and shipped to an EPA approved and DOD accredited laboratory for analysis. 
Indoor dust samples will be analyzed for 24 PFAS and PFAS precursors by an EPA-approved laboratory. An EPA-validated isotope dilution method (such as SWA 846) will be used to measure PFAS in indoor dust samples when it is available and approved for use. Samples will be held at the identified laboratory until the analytical method is available for analysis. 
Table 4 identifies the species to be measured in indoor dust samples.
	Table 4. List of PFAS and PFAS precursors to be measured in indoor dust samples in this investigation – Abbreviation and Chemical Name

	Abbreviation
	Chemical Name

	PFTA
	perfluorotetradecanoic acid

	PFTrA
	perfluorotridecanoic acid

	PFDoA
	perfluorododecanoic acid

	PFUnA
	perfluoroundecanoic acid

	PFDA
	perfluorodecanoic acid

	PFNA
	perfluorononanoic acid

	PFOA
	perfluorooctanoic acid

	PFHpA
	perfluoroheptanoic acid

	PFHxA
	perfluorohexanoic acid

	PFPeA
	perfluoropentanoic acid

	PFBA
	perfluorobutanoic acid

	PFDS
	perfluorodecane sulfonic acid

	PFNS
	perfluorononane sulfonic acid

	PFOS
	perfluorooctane sulfonic acid

	PFHpS
	perfluoroheptane sulfonic acid

	PFHxS
	perfluorohexane sulfonic acid

	PFPeS
	perfluoropentanes ulfonic acid

	PFBS
	perfluorobutane sulfonic acid

	PFOSA
	perfluorooctanesulfonamide

	FtS 8:2
	fluorotelomer sulfonic acid 8:2

	FtS 6:2
	fluorotelomer sulfonic acid 6:2

	FtS 4:2
	fluorotelomer sulfonic acid 4:2

	EtFOSAA
	N-ethyl perfluorooctanesulfonamidoacetic acid

	MeFOSAA
	N-methyl perfluorooctanesulfonamidoacetic acid



[bookmark: _Toc536793484][bookmark: _Toc6924106]Anticipated Risks and Benefits
Participants may experience some discomfort and bruising in the area where the blood sample was collected. Blood samples will be collected by licensed and trained phlebotomists. Risk of harm from participation in this investigation is considered minimal. 
All participants in this EA will be informed of the concentration of PFAS in their serum and how their serum concentrations compare to national reference populations. The subset of participants whose urine was randomly selected for analysis will be informed of the concentration of PFAS in their urine; as detailed in the methods above, if the geometric mean for a subset exceeds the NHANES 95th percentile, all urine samples from that site will be analyzed and results shared with participants. The subset of participants whose households were randomly selected for dust and tap water PFAS analysis will receive these results.
Participants will be informed that their participation in this EA will help advance the understanding of PFAS exposure and will inform future PFAS health studies. Upon completion of the EA, participants will be provided an interpretation of their results by a public health professional.
The total time it will take participants to read through and sign consent/assent/parental permission forms, respond to the questionnaire, and provide a blood and urine specimen is estimated to be less than one hour. The total time it will take participants to have environmental samples collected is estimated to be about 20 minutes. 
All sample collection and analysis is provided at no cost to participants. 
[bookmark: _Toc536793485][bookmark: _Toc6924107]Privacy Protections
Personal privacy will be protected to the fullest extent possible by applicable federal and state laws and regulations. For the data sets collected at each site, the HIPAA Safe Harbor de-identification method will be applied to extract specific personally identifiable information (PII) and store them separately from other information. When the data sets from all sites are reconciled at CDC/ATSDR, statistical re-identification risk assessment principles and methods will be used to fully de-identify the data set.  All documents with personally identifiable information (i.e., consent forms, assent forms, collection logs, etc.) will be kept in locked cabinets and all electronic data will be stored on a password-protected network servers behind firewalls, accessible only to those staff working directly with raw data. Coded biospecimens and environmental samples will be sent to the laboratories—no personally identifiable information will be included. Any reports produced from this information will not identify specific individuals. 
Records will be retained and disposed of in accordance with the ATSDR Records Control Schedule. Physical copies of assessment materials and reports will be maintained at ATSDR until no longer needed by program officials and will be kept in accordance with the corresponding retention schedules. Computer documents will be disposed of when no longer needed by program officials. Personal identifiers will be deleted from records when no longer needed and will be retained no longer than five years. Disposal methods will include erasing computer files, shredding paper materials, or transferring records to the Federal Records Center when no longer needed for evaluation and analysis. Records are retained for 20 years. 
In compliance with federal and state privacy protection laws and regulations, the limited data set may be shared with other federal, state and/or local public health and environmental agencies via data use agreements for research purposes to advance the scientific understanding of human exposures to PFAS. These agencies must also protect this private information. Each state health department will act in compliance with their respective Sunshine Laws, which may impact the potential for information sharing. 
[bookmark: _Toc536793486][bookmark: _Toc6924108]Data Handling and Analysis
[bookmark: _Toc536793487][bookmark: _Toc6924109]Data Handling
A detailed data management plan for all data collected in the exposure assessment can be found in Appendix I. 
For all serum and urine samples, sample analysis, data quality assurance and quality control will be performed by the NCEH laboratory according to CDC/ATSDR protocols. Data that meets the required quality assurance and quality control specifications will be used for analysis.
For tap water data, data quality assurance and quality control will be performed by the identified laboratory as described in EPA Method 537.1 and only valid data will be used for analysis. 
For indoor dust data, data quality assurance and data quality control will be performed by the identified laboratory according to the EPA-approved method (when available) or in accordance with another identified method capable of quantifying PFAS in a solid matrix should no EPA method be available in time to satisfy the needs of this project. 
Questionnaire data will be collected using the Epi Info software tool and will be kept in a secure and encrypted electronic database.  
All data will be transmitted via secure connections and methods to ATSDR or ATSDR contractor for incorporation into a centralized data management repository protected by CDC/ATSDR network firewall and additional security access controls. All results will be electronically transmitted in spreadsheet format using a secured and password-protected network. 
[bookmark: _Toc536793488][bookmark: _Toc6924110]Statistical Analysis of Serum and Urine Data from Individual Participants
National values for 12 PFAS in serum are available from the 2013–2014 NHANES and are considered to be national measures of exposure for the general US population. The NHANES geometric mean and 95th percentile for each PFAS serum concentration will be used as a comparison value for each EA participant. 
National values for 18 PFAS in urine are being developed from the 2013–2014 NHANES. These will be considered national measures of exposure in the US population. The NHANES geometric mean and 95th percentile for each PFAS urine concentration will be used as a comparison values for each EA participant, when available. Only 10% of collected urine samples will be analyzed initially. If the geometric mean PFAS urine concentrations in a community are higher than the NHANES 95th percentile, all urine samples for the community will be shipped from the repository to the NCEH laboratory and analyzed as described above. 
Questionnaire data will be used to aid in the interpretation of anomalous biomonitoring results. 
[bookmark: _Toc536793489][bookmark: _Toc6924111][bookmark: _Hlk41843218]Statistical Analysis of Aggregate Data
Individual participant data will be analyzed in aggregate to estimate community-level PFAS exposure. Aggregate urine data analysis will only be performed if all samples are analyzed at a site. Based on prior studies showing a log-normal distribution of PFAS concentrations in humans, and to allow for direct comparison to NHANES data, the geometric mean with associated 95th percentile confidence interval, 90th percentile, and 95th percentile will be calculated for total PFAS and for each species, provided the proportion of censored data (data below the limit of detection [132]) does not equal or exceed 40%. For datasets in which the rate of censoring is below 40%, the limit of detection divided by square root of 2 (LOD/√2) will be substituted for non-detect values [133]. For datasets in which censoring is equal to or greater than 40%, only high sample percentiles will be reported (e.g., 90th percentile, 95th percentile) [132].Given the limitations in using substitution when calculating summary statistics for censored data, a sensitivity analysis of aggregated PFAS data will be performed using other statistical methods to account for censoring. For datasets in which <50% data are censored, Kaplan-Meier method [132] will be used to estimate the geometric mean with associated 95th percent confidence interval, 90th percentile, and 95th percentile. For datasets in which 50–80% of data are censored, maximum likelihood estimation will be used, and for datasets with >80% censoring, only high sample percentiles will be reported. Given that no nationally representative comparison values using these methods are available, results of this sensitivity analysis will be used only as a comparison to results obtained using simple substitution of censored values.
Where possible, summary statistics will be stratified based on participants characteristics (male/female, age categories, drinking water source, etc…) as reported in the questionnaires. 
[bookmark: _Toc536793490][bookmark: _Toc6924112][bookmark: _Hlk41843596]Environmental Data
Concentrations of PFAS in tap water samples will be compared to federal and/or state drinking water guidelines/advisories for PFAS as they are available. 
Prior to any statistical evaluation, one participant will be identified from each household that is expected to be most exposed to the conditions in that household. For example, an adult who does not work outside of the home and who reports drinking primarily unfiltered tap water would be preferable over an adult who works outside of the home or who frequently drinks bottled water. 
Following an exploratory analysis to confirm the distribution of the environmental data we will apply statistical tests as appropriate. If appropriate, Pearson’s correlation test will be applied to evaluate the strength of the association between PFAS concentrations in drinking water and indoor dust, and the serum and urine concentrations measured in the sentinel participant. Data distributions will be assessed and transformed as necessary to meet statistical assumptions such as normality. Statistical significance of correlation will be evaluated using a two-sided Student's t-test based on a 95% confidence level. Correlation coefficients and statistical significance will only be determined when the rate of detection is greater than 60%. 
Other statistical analyses (e.g., regression modeling) may be performed as appropriate and will be described in detail in the final reports.
[bookmark: _Toc536793491][bookmark: _Toc6924113]Anticipated Products
Individual test results with a written explanation of meaning will be provided by mail to the participants (Appendix G). Biological sampling results for individuals will be provided separately from environmental sampling results. Following dissemination of individual results, an EA team member will be available to discuss individual questions by phone or email.  
At the conclusion of each exposure assessment, a report will summarize the overall aggregate findings and conclusions of the assessment, but will not reveal personal identifiers. If warranted, recommendations for additional actions such as continued monitoring, educational activities, or interventions to reduce exposure will be made. Aggregate findings from all exposure assessments will be summarized in a final report and in manuscript(s) submitted for publication in the peer-reviewed scientific literature. 

[bookmark: _Toc536793493][bookmark: _Toc6924114]References
1.	ATSDR, Draft Toxicological Profile for Perfluoroalkyls. US Department of Health and Human Services, 2009. Agency for Toxic Substances and Disease Registry.
2.	USEPA, Revisions to the Unregulated Contaminant Monitoring Regulation (UCMR 3) for Public Water Systems, in 77 FR 26071, E.P. Agency, Editor. 2012. p. 26071 -26101 (31 pages).
3.	USEPA, Public Comment Draft Health Effects Document for Perfluorooctanoic Acid (PFOA). Office of Water, 2014.
4.	Calafat, A.M., et al., Perfluorochemicals in pooled serum samples from United States residents in 2001 and 2002. Environ Sci Technol, 2006. 40(7): p. 2128-34.
5.	Calafat, A.M., et al., Polyfluoroalkyl chemicals in the U.S. population: data from the National Health and Nutrition Examination Survey (NHANES) 2003-2004 and comparisons with NHANES 1999-2000. Environ Health Perspect, 2007. 115(11): p. 1596-602.
6.	Kannan, K., et al., Perfluorooctanesulfonate and related fluorochemicals in human blood from several countries. Environ Sci Technol, 2004. 38(17): p. 4489-95.
7.	Taniyasu, S., et al., A survey of perfluorooctane sulfonate and related perfluorinated organic compounds in water, fish, birds, and humans from Japan. Environ Sci Technol, 2003. 37(12): p. 2634-9.
8.	Gomis, M.I., et al., Comparing the toxic potency in vivo of long-chain perfluoroalkyl acids and fluorinated alternatives. Environ Int, 2018. 113: p. 1-9.
9.	Sun, M., et al., Legacy and Emerging Perfluoroalkyl Substances Are Important Drinking Water Contaminants in the Cape Fear River Watershed of North Carolina. Environmental Science & Technology Letters, 2016. 3(12): p. 415-419.
10.	Xiao, F., Emerging poly- and perfluoroalkyl substances in the aquatic environment: A review of current literature. Water Res, 2017. 124: p. 482-495.
11.	USEPA, Drinking Water Health Advisory for Perfluorooctanoic Acid (PFOA). 2016.
12.	USEPA, Drinking Water Health Advisory for Perfluorooctane Sulfonate (PFOS). 2016.
13.	Herzke, D., et al., Perfluorinated alkylated substances in vegetables collected in four European countries; occurrence and human exposure estimations. Environ Sci Pollut Res Int, 2013. 20(11): p. 7930-9.
14.	Lechner, M. and H. Knapp, Carryover of perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS) from soil to plant and distribution to the different plant compartments studied in cultures of carrots (Daucus carota ssp. Sativus), potatoes (Solanum tuberosum), and cucumbers (Cucumis Sativus). J Agric Food Chem, 2011. 59(20): p. 11011-8.
15.	Vestergren, R., et al., Dietary exposure to perfluoroalkyl acids for the Swedish population in 1999, 2005 and 2010. Environ Int, 2012. 49: p. 120-7.
16.	Halldorsson, T.I., et al., Dietary predictors of perfluorinated chemicals: a study from the Danish National Birth Cohort. Environ Sci Technol, 2008. 42(23): p. 8971-7.
17.	Noorlander, C.W., et al., Levels of perfluorinated compounds in food and dietary intake of PFOS and PFOA in the Netherlands. J Agric Food Chem, 2011. 59(13): p. 7496-505.
18.	Wang, X., et al., The occurence, exposure and risk assessment of perfluoroalkyl acids in food from mainland, China. Food Addit Contam Part A Chem Anal Control Expo Risk Assess, 2017.
19.	Xiao, F., M.F. Simcik, and J.S. Gulliver, Partitioning characteristics of perfluorooctane sulfonate between water and foods. Arch Environ Contam Toxicol, 2012. 62(1): p. 42-8.
20.	Christensen, K.Y., et al., Perfluoroalkyl substances and fish consumption. Environ Res, 2017. 154: p. 145-151.
21.	Denys, S., et al., Is the fresh water fish consumption a significant determinant of the internal exposure to perfluoroalkylated substances (PFAS)? Toxicol Lett, 2014. 231(2): p. 233-8.
22.	Shu, H., et al., Temporal trends and predictors of perfluoroalkyl substances serum levels in Swedish pregnant women in the SELMA study. PLoS One, 2018. 13(12): p. e0209255.
23.	Hansen, S., et al., Exposure to per- and polyfluoroalkyl substances through the consumption of fish from lakes affected by aqueous film-forming foam emissions - A combined epidemiological and exposure modeling approach. The SAMINOR 2 Clinical Study. Environ Int, 2016. 94: p. 272-82.
24.	Ghisi, R., T. Vamerali, and S. Manzetti, Accumulation of perfluorinated alkyl substances (PFAS) in agricultural plants: A review. Environ Res, 2019. 169: p. 326-341.
25.	Emmett, E.A., et al., Community exposure to perfluorooctanoate: relationships between serum levels and certain health parameters. J Occup Environ Med, 2006. 48(8): p. 771-9.
26.	Goeden, H.M., C.W. Greene, and J.A. Jacobus, A transgenerational toxicokinetic model and its use in derivation of Minnesota PFOA water guidance. J Expo Sci Environ Epidemiol, 2019. 29(2): p. 183-195.
27.	Apelberg, B.J., et al., Cord serum concentrations of perfluorooctane sulfonate (PFOS) and perfluorooctanoate (PFOA) in relation to weight and size at birth. Environ Health Perspect, 2007. 115(11): p. 1670-6.
28.	Cao, W., et al., Perfluoroalkyl substances in umbilical cord serum and gestational and postnatal growth in a Chinese birth cohort. Environ Int, 2018. 116: p. 197-205.
29.	Chen, M.H., et al., Perfluorinated compound levels in cord blood and neurodevelopment at 2 years of age. Epidemiology, 2013. 24(6): p. 800-8.
30.	Hoyer, B.B., et al., Exposure to perfluoroalkyl substances during pregnancy and child behaviour at 5 to 9years of age. Horm Behav, 2017.
31.	Lien, G.W., et al., Perfluoroalkyl substances in cord blood and attention deficit/hyperactivity disorder symptoms in seven-year-old children. Chemosphere, 2016. 156: p. 118-127.
32.	Oulhote, Y., et al., Behavioral difficulties in 7-year old children in relation to developmental exposure to perfluorinated alkyl substances. Environ Int, 2016.
33.	Fei, C., et al., Maternal levels of perfluorinated chemicals and subfecundity. Hum Reprod, 2009. 24(5): p. 1200-5.
34.	Wang, B., et al., Perfluoroalkyl substances and endometriosis-related infertility in Chinese women. Environ Int, 2017.
35.	Joensen, U.N., et al., PFOS (perfluorooctanesulfonate) in serum is negatively associated with testosterone levels, but not with semen quality, in healthy men. Hum Reprod, 2013. 28(3): p. 599-608.
36.	Zhou, Y., et al., Interaction effects of polyfluoroalkyl substances and sex steroid hormones on asthma among children. Sci Rep, 2017. 7(1): p. 899.
37.	Liu, H.S., et al., Association among total serum isomers of perfluorinated chemicals, glucose homeostasis, lipid profiles, serum protein and metabolic syndrome in adults: NHANES, 2013-2014. Environ Pollut, 2017.
38.	Mora, A.M., et al., Early life exposure to per- and polyfluoroalkyl substances and mid-childhood lipid and alanine aminotransferase levels. Environ Int, 2017. 111: p. 1-13.
39.	Steenland, K., et al., Association of perfluorooctanoic acid and perfluorooctane sulfonate with serum lipids among adults living near a chemical plant. Am J Epidemiol, 2009. 170(10): p. 1268-78.
40.	Frisbee, S.J., et al., Perfluorooctanoic acid, perfluorooctanesulfonate, and serum lipids in children and adolescents: results from the C8 Health Project. Arch Pediatr Adolesc Med, 2010. 164(9): p. 860-9.
41.	Grandjean, P., et al., Serum vaccine antibody concentrations in children exposed to perfluorinated compounds. Jama, 2012. 307(4): p. 391-7.
42.	Grandjean, P. and R. Clapp, Perfluorinated Alkyl Substances: Emerging Insights Into Health Risks. New Solut, 2015. 25(2): p. 147-63.
43.	Dalsager, L., et al., Association between prenatal exposure to perfluorinated compounds and symptoms of infections at age 1-4years among 359 children in the Odense Child Cohort. Environ Int, 2016. 96: p. 58-64.
44.	Timmermann, C.A., et al., Association between perfluoroalkyl substance exposure and asthma and allergic disease in children as modified by MMR vaccination. J Immunotoxicol, 2017. 14(1): p. 39-49.
45.	Oulhote, Y., et al., Children's white blood cell counts in relation to developmental exposures to methylmercury and persistent organic pollutants. Reprod Toxicol, 2017. 68: p. 207-214.
46.	Benbrahim-Tallaa, L., et al., Carcinogenicity of perfluorooctanoic acid, tetrafluoroethylene, dichloromethane, 1,2-dichloropropane, and 1,3-propane sultone. Lancet Oncol, 2014. 15(9): p. 924-5.
47.	Fitz-Simon, N., et al., Reductions in serum lipids with a 4-year decline in serum perfluorooctanoic acid and perfluorooctanesulfonic acid. Epidemiology, 2013. 24(4): p. 569-76.
48.	Olsen, G.W. and L.R. Zobel, Assessment of lipid, hepatic, and thyroid parameters with serum perfluorooctanoate (PFOA) concentrations in fluorochemical production workers. Int Arch Occup Environ Health, 2007. 81(2): p. 231-46.
49.	Sakr, C.J., et al., Cross-sectional study of lipids and liver enzymes related to a serum biomarker of exposure (ammonium perfluorooctanoate or APFO) as part of a general health survey in a cohort of occupationally exposed workers. J Occup Environ Med, 2007. 49(10): p. 1086-96.
50.	Sakr, C.J., et al., Longitudinal study of serum lipids and liver enzymes in workers with occupational exposure to ammonium perfluorooctanoate. J Occup Environ Med, 2007. 49(8): p. 872-9.
51.	Fletcher, T., et al., Associations between PFOA, PFOS and changes in the expression of genes involved in cholesterol metabolism in humans. Environ Int, 2013. 57-58: p. 2-10.
52.	Gallo, V., et al., Serum perfluorooctanoate (PFOA) and perfluorooctane sulfonate (PFOS) concentrations and liver function biomarkers in a population with elevated PFOA exposure. Environ Health Perspect, 2012. 120(5): p. 655-60.
53.	Olsen, G.W., et al., Plasma cholecystokinin and hepatic enzymes, cholesterol and lipoproteins in ammonium perfluorooctanoate production workers. Drug Chem Toxicol, 2000. 23(4): p. 603-20.
54.	Vaughn, B., A. Winquist, and K. Steenland, Perfluorooctanoic acid (PFOA) exposures and incident cancers among adults living near a chemical plant. Environ Health Perspect, 2013. 121(11-12): p. 1313-8.
55.	Watkins, D.J., et al., Exposure to perfluoroalkyl acids and markers of kidney function among children and adolescents living near a chemical plant. Environ Health Perspect, 2013. 121(5): p. 625-30.
56.	Gilliland, F.D. and J.S. Mandel, Mortality among employees of a perfluorooctanoic acid production plant. J Occup Med, 1993. 35(9): p. 950-4.
57.	USEPA, Draft Risk Assessment of the Potential Human Health Effects Associated with Exposure to PFOA and its Salts. Office of Pollution Prevention and Toxics, 2005.
58.	Chiu, W.A., et al., Use of high-throughput in vitro toxicity screening data in cancer hazard evaluations by IARC Monograph Working Groups. Altex, 2017.
59.	Looker, C., et al., Influenza vaccine response in adults exposed to perfluorooctanoate and perfluorooctanesulfonate. Toxicol Sci, 2014. 138(1): p. 76-88.
60.	Grandjean, P., et al., Estimated exposures to perfluorinated compounds in infancy predict attenuated vaccine antibody concentrations at age 5-years. J Immunotoxicol, 2017. 14(1): p. 188-195.
61.	Grandjean, P., et al., Serum Vaccine Antibody Concentrations in Adolescents Exposed to Perfluorinated Compounds. Environ Health Perspect, 2017. 125(7): p. 077018.
62.	Program), N.N.T., Monograph on Immunotoxicity Associated with Exposure to Perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS). 2016, National Toxicology Program: Research Triangle Park, NC.
63.	Humblet, O., et al., Perfluoroalkyl Chemicals and Asthma among Children 12-19 Years of Age: NHANES (1999-2008). Environ Health Perspect, 2014.
64.	Dong, G.H., et al., Serum polyfluoroalkyl concentrations, asthma outcomes, and immunological markers in a case-control study of Taiwanese children. Environ Health Perspect, 2013. 121(4): p. 507-13, 513e1-8.
65.	Darrow, L.A., C.R. Stein, and K. Steenland, Serum perfluorooctanoic acid and perfluorooctane sulfonate concentrations in relation to birth outcomes in the Mid-Ohio Valley, 2005-2010. Environ Health Perspect, 2013. 121(10): p. 1207-13.
66.	Luebker, D.J., et al., Neonatal mortality from in utero exposure to perfluorooctanesulfonate (PFOS) in Sprague-Dawley rats: dose-response, and biochemical and pharamacokinetic parameters. Toxicology, 2005. 215(1-2): p. 149-69.
67.	Kennedy, G.L., Jr., et al., The toxicology of perfluorooctanoate. Crit Rev Toxicol, 2004. 34(4): p. 351-84.
68.	Lau, C., J.L. Butenhoff, and J.M. Rogers, The developmental toxicity of perfluoroalkyl acids and their derivatives. Toxicol Appl Pharmacol, 2004. 198(2): p. 231-41.
69.	Butenhoff, J.L., et al., Pharmacokinetics of perfluorooctanoate in cynomolgus monkeys. Toxicol Sci, 2004. 82(2): p. 394-406.
70.	Cui, L., et al., Studies on the toxicological effects of PFOA and PFOS on rats using histological observation and chemical analysis. Arch Environ Contam Toxicol, 2009. 56(2): p. 338-49.
71.	Guruge, K.S., et al., Gene expression profiles in rat liver treated with perfluorooctanoic acid (PFOA). Toxicol Sci, 2006. 89(1): p. 93-107.
72.	Ikeda, T., et al., The induction of peroxisome proliferation in rat liver by perfluorinated fatty acids, metabolically inert derivatives of fatty acids. J Biochem, 1985. 98(2): p. 475-82.
73.	Kawashima, Y., et al., Characterization of hepatic responses of rat to administration of perfluorooctanoic and perfluorodecanoic acids at low levels. Toxicology, 1995. 99(3): p. 169-78.
74.	Qazi, M.R., et al., The atrophy and changes in the cellular compositions of the thymus and spleen observed in mice subjected to short-term exposure to perfluorooctanesulfonate are high-dose phenomena mediated in part by peroxisome proliferator-activated receptor-alpha (PPARalpha). Toxicology, 2009. 260(1-3): p. 68-76.
75.	Butenhoff, J.L., et al., The reproductive toxicology of ammonium perfluorooctanoate (APFO) in the rat. Toxicology, 2004. 196(1-2): p. 95-116.
76.	Albrecht, P.P., et al., A species difference in the peroxisome proliferator-activated receptor alpha-dependent response to the developmental effects of perfluorooctanoic acid. Toxicol Sci, 2013. 131(2): p. 568-82.
77.	Han, X., et al., Renal elimination of perfluorocarboxylates (PFCAs). Chem Res Toxicol, 2012. 25(1): p. 35-46.
78.	Harada, K., et al., Renal clearance of perfluorooctane sulfonate and perfluorooctanoate in humans and their species-specific excretion. Environ Res, 2005. 99(2): p. 253-61.
79.	Andersen, M.E., et al., Pharmacokinetic modeling of saturable, renal resorption of perfluoroalkylacids in monkeys--probing the determinants of long plasma half-lives. Toxicology, 2006. 227(1-2): p. 156-64.
80.	Zhang, Y., et al., Biomonitoring of perfluoroalkyl acids in human urine and estimates of biological half-life. Environ Sci Technol, 2013. 47(18): p. 10619-27.
81.	Olsen, G.W., et al., Half-life of serum elimination of perfluorooctanesulfonate,perfluorohexanesulfonate, and perfluorooctanoate in retired fluorochemical production workers. Environ Health Perspect, 2007. 115(9): p. 1298-305.
82.	Bartell, S.M., et al., Rate of decline in serum PFOA concentrations after granular activated carbon filtration at two public water systems in Ohio and West Virginia. Environ Health Perspect, 2010. 118(2): p. 222-8.
83.	Worley, R.R., et al., Per- and polyfluoroalkyl substances in human serum and urine samples from a residentially exposed community. Environ Int, 2017. 106: p. 135-143.
84.	Jian, J.M., et al., A short review on human exposure to and tissue distribution of per- and polyfluoroalkyl substances (PFASs). Sci Total Environ, 2018. 636: p. 1058-1069.
85.	Zhang, T., et al., PFOS and PFOA in paired urine and blood from general adults and pregnant women: assessment of urinary elimination. Environ Sci Pollut Res Int, 2015. 22(7): p. 5572-9.
86.	Perkins, B.A., et al., Risk Factors for Kidney Disease in Type 1 Diabetes. Diabetes Care, 2019.
87.	Costacou, T. and T.J. Orchard, Cumulative Kidney Complication Risk by 50 Years of Type 1 Diabetes: The Effects of Sex, Age, and Calendar Year at Onset. Diabetes Care, 2018. 41(3): p. 426-433.
88.	Williams, M.E., Diabetic nephropathy: the proteinuria hypothesis. Am J Nephrol, 2005. 25(2): p. 77-94.
89.	Harris, R.C., 126 - Diabetes and The Kidney, in Goldman's Cecil Medicine (Twenty Fourth Edition), L. Goldman and A.I. Schafer, Editors. 2012, W.B. Saunders: Philadelphia. p. 781-783.
90.	Shoreibah, M., et al., Effect of Hepatitis C Treatment on Renal Function in Liver Transplant Patients. J Clin Transl Hepatol, 2018. 6(4): p. 391-395.
91.	Webster, A.C., et al., Chronic Kidney Disease. Lancet, 2017. 389(10075): p. 1238-1252.
92.	Appel, G.B. and J. Radhakrishnan, 123 - Glomerular Disorders and Nephrotic Syndromes, in Goldman's Cecil Medicine (Twenty Fourth Edition), L. Goldman and A.I. Schafer, Editors. 2012, W.B. Saunders: Philadelphia. p. 761-771.
93.	Mitch, W.E., 132 - Chronic Kidney Disease, in Goldman's Cecil Medicine (Twenty Fourth Edition), L. Goldman and A.I. Schafer, Editors. 2012, W.B. Saunders: Philadelphia. p. 810-818.
94.	Rozen-Zvi, B., et al., Intravenous Versus Oral Iron Supplementation for the Treatment of Anemia in CKD: Systematic Review and Meta-analysis. American Journal of Kidney Diseases, 2008. 52(5): p. 897-906.
95.	Astor, B.C., et al., Association of kidney function with anemia: the Third National Health and Nutrition Examination Survey (1988-1994). Arch Intern Med, 2002. 162(12): p. 1401-8.
96.	Liu, W.S., et al., Dialysis Membranes Influence Perfluorochemical Concentrations and Liver Function in Patients on Hemodialysis. Int J Environ Res Public Health, 2018. 15(11).
97.	Liu, W.S., et al., Associations between perfluorinated chemicals and serum biochemical markers and performance status in uremic patients under hemodialysis. PLoS One, 2018. 13(7): p. e0200271.
98.	Bischel, H.N., L.A. MacManus-Spencer, and R.G. Luthy, Noncovalent Interactions of Long-Chain Perfluoroalkyl Acids with Serum Albumin. Environmental Science & Technology, 2010. 44(13): p. 5263-5269.
99.	Cederholm-Williams, S.A., M.C. Rees, and A.C. Turnbull, Consumption of fibrinolytic proteins in menstrual fluid from women with normal menstrual blood loss. J Clin Pathol, 1984. 37(8): p. 879-81.
100.	Knox, S.S., et al., Implications of early menopause in women exposed to perfluorocarbons. J Clin Endocrinol Metab, 2011. 96(6): p. 1747-53.
101.	Taylor, K.W., et al., Polyfluoroalkyl chemicals and menopause among women 20-65 years of age (NHANES). Environ Health Perspect, 2014. 122(2): p. 145-50.
102.	Ruark, C.D., et al., Quantitative bias analysis for epidemiological associations of perfluoroalkyl substance serum concentrations and early onset of menopause. Environ Int, 2017. 99: p. 245-254.
103.	Wong, F., et al., Enhanced elimination of perfluorooctane sulfonic acid by menstruating women: evidence from population-based pharmacokinetic modeling. Environ Sci Technol, 2014. 48(15): p. 8807-14.
104.	Cariou, R., et al., Perfluoroalkyl acid (PFAA) levels and profiles in breast milk, maternal and cord serum of French women and their newborns. Environ Int, 2015. 84: p. 71-81.
105.	Chan, E., et al., Perfluorinated acids and hypothyroxinemia in pregnant women. Environ Res, 2011. 111(4): p. 559-64.
106.	Chen, F., et al., Isomer-Specific Transplacental Transfer of Perfluoroalkyl Acids: Results from a Survey of Paired Maternal, Cord Sera and Placentas. Environ Sci Technol, 2017.
107.	Chen, F., et al., Chlorinated Polyfluoroalkyl Ether Sulfonic Acids in Matched Maternal, Cord, and Placenta Samples: A Study of Transplacental Transfer. Environ Sci Technol, 2017.
108.	Fromme, H., et al., Pre- and postnatal exposure to perfluorinated compounds (PFCs). Environ Sci Technol, 2010. 44(18): p. 7123-9.
109.	Han, W., et al., Perfluoroalkyl and polyfluoroalkyl substances in matched parental and cord serum in Shandong, China. Environ Int, 2018. 116: p. 206-213.
110.	Apelberg, B.J., et al., Determinants of fetal exposure to polyfluoroalkyl compounds in Baltimore, Maryland. Environ Sci Technol, 2007. 41(11): p. 3891-7.
111.	Arbuckle, T.E., et al., Umbilical cord blood levels of perfluoroalkyl acids and polybrominated flame retardants. Int J Hyg Environ Health, 2013. 216(2): p. 184-94.
112.	Chen, M.H., et al., Perfluorinated compounds in umbilical cord blood and adverse birth outcomes. PLoS One, 2012. 7(8): p. e42474.
113.	Inoue, K., et al., Perfluorooctane sulfonate (PFOS) and related perfluorinated compounds in human maternal and cord blood samples: assessment of PFOS exposure in a susceptible population during pregnancy. Environ Health Perspect, 2004. 112(11): p. 1204-7.
114.	Lee, Y.J., et al., Concentrations of perfluoroalkyl compounds in maternal and umbilical cord sera and birth outcomes in Korea. Chemosphere, 2013. 90(5): p. 1603-9.
115.	Mamsen, L.S., et al., Concentration of perfluorinated compounds and cotinine in human foetal organs, placenta, and maternal plasma. Sci Total Environ, 2017. 596-597: p. 97-105.
116.	Mamsen, L.S., et al., Concentrations of perfluoroalkyl substances (PFASs) in human embryonic and fetal organs from first, second, and third trimester pregnancies. Environ Int, 2019. 124: p. 482-492.
117.	Wang, Y., et al., Association between maternal serum perfluoroalkyl substances during pregnancy and maternal and cord thyroid hormones: Taiwan maternal and infant cohort study. Environ Health Perspect, 2014. 122(5): p. 529-34.
118.	Liu, J., et al., Comparison on gestation and lactation exposure of perfluorinated compounds for newborns. Environ Int, 2011. 37(7): p. 1206-12.
119.	Barbarossa, A., et al., Perfluoroalkyl substances in human milk: a first survey in Italy. Environ Int, 2013. 51: p. 27-30.
120.	Jusko, T.A., et al., Demographic, Reproductive, and Dietary Determinants of Perfluorooctane Sulfonic (PFOS) and Perfluorooctanoic Acid (PFOA) Concentrations in Human Colostrum. Environ Sci Technol, 2016. 50(13): p. 7152-62.
121.	Kang, H., et al., Elevated levels of short carbon-chain PFCAs in breast milk among Korean women: Current status and potential challenges. Environ Res, 2016. 148: p. 351-359.
122.	Karrman, A., et al., Biomonitoring perfluorinated compounds in Catalonia, Spain: concentrations and trends in human liver and milk samples. Environ Sci Pollut Res Int, 2010. 17(3): p. 750-8.
123.	Karrman, A., et al., Exposure of perfluorinated chemicals through lactation: levels of matched human milk and serum and a temporal trend, 1996-2004, in Sweden. Environ Health Perspect, 2007. 115(2): p. 226-30.
124.	Kim, S.K., et al., Distribution of perfluorochemicals between sera and milk from the same mothers and implications for prenatal and postnatal exposures. Environ Pollut, 2011. 159(1): p. 169-74.
125.	Llorca, M., et al., Infant exposure of perfluorinated compounds: levels in breast milk and commercial baby food. Environ Int, 2010. 36(6): p. 584-92.
126.	Motas Guzman, M., et al., Perfluorinated carboxylic acids in human breast milk from Spain and estimation of infant's daily intake. Sci Total Environ, 2016. 544: p. 595-600.
127.	So, M.K., et al., Health risks in infants associated with exposure to perfluorinated compounds in human breast milk from Zhoushan, China. Environ Sci Technol, 2006. 40(9): p. 2924-9.
128.	Thomsen, C., et al., Changes in concentrations of perfluorinated compounds, polybrominated diphenyl ethers, and polychlorinated biphenyls in Norwegian breast-milk during twelve months of lactation. Environ Sci Technol, 2010. 44(24): p. 9550-6.
129.	von Ehrenstein, O.S., et al., Polyfluoroalkyl chemicals in the serum and milk of breastfeeding women. Reprod Toxicol, 2009. 27(3-4): p. 239-45.
130.	Mogensen, U.B., et al., Breastfeeding as an Exposure Pathway for Perfluorinated Alkylates. Environ Sci Technol, 2015. 49(17): p. 10466-73.
131.	Ye, X., et al., Per- and polyfluoroalkyl substances in sera from children 3 to 11 years of age participating in the National Health and Nutrition Examination Survey 2013-2014. Int J Hyg Environ Health, 2018. 221(1): p. 9-16.
132.	Helsel, D.R., Statistics for Censored Environmental Data Using Minitab and R. 2011: Wiley.
133.	Hornung, R.W. and L.D. Reed, Estimation of Average Concentration in the Presence of Nondetectable Values. Applied Occupational and Environmental Hygiene, 1990. 5(1): p. 46-51.
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Establish sampling frame and randomly select households 


Contact selected households via letter and phone for recruitment. Verify at least one member of the household is  willing and eligible to participate. Schedule biological sampling appointments. 


Finalize household/participant list


From finalized household list, randomly select subset for environmental sampling


Invite randomly selected  households to participate in environmental sampling and schedule environmental sampling appointments. 


Finalize biological and environmental sampling schedule and send all participants letter confirming logistics. 


