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Executive Summary
The Delaware Department of Natural Resources and Environmental Control (DNREC) Division of Water (Water) 
launched a screening study of per- and polyfluoroalkyl substances (PFAS) in treated sewage sludge (biosolids) 
which included sampling of biosolids at five wastewater treatment facilities (WWTF). Additionally, to expand the 
study and further investigate the fate of PFAS, DNREC Water selected a long term biosolids application site for 
this study. 

Criteria utilized to determine the biosolids that would be sampled as part of this study included the size of the 
WWTF and the type of wastewater treated at the plant (industrial, commercial and/or residential). To select a 
long-term application site, DNREC conducted a review of current and former permitted biosolids application 
sites throughout the state. The City of Rehoboth Beach biosolids land application site was determined to be the 
best site available in the state and selected for this study. Factors utilized in the selection of a study site included 
the duration of application activities and the mass of biosolids applied in dry tons, the availability of application 
records, evenness of application that occurred onto fields and if there was an existing network of groundwater 
monitoring wells at a facility sufficient to characterize groundwater flow direction and potential impacts from 
land application activities to shallow groundwater. DNREC developed and implemented a sampling plan for 
the screening study that called for a total of 20 biosolids samples from five different WWTF. Additionally, 16 
groundwater samples and 48 soil samples collected from three different depths in 16 borings were collected at 
the City of Rehoboth Beach biosolid land application site. 

The information obtained from this study is being utilized to inform future actions and prioritize resources 
available for source identification, control and remediation to impacted areas of the state. Tracking and 
eliminating sources of PFAS to the environment will have a positive impact on water quality and in maintaining 
healthy communities in Delaware. Additional Delaware-specific PFAS related information, including summaries 
of ongoing studies and links to completed studies, can be found on de.gov/pfas. An abundance of technical 
information about PFAS can be found on the Interstate Technology and Regulatory Council (ITRC). Additional 
information about the United States Environmental Protection Agency (USEPA) action related to PFAS can be 
found on the USEPA PFAS website.

As our understanding of PFAS in the environment continues to evolve, the available analytical methods, data 
reporting structures (e.g. lists of PFAS compounds reported by laboratories) and data analysis techniques are 
also rapidly changing. As a result, the data collected and analyzed during this study have been summarized and 
presented in several different ways, in hopes that any anomalies or variations will stand out. Results will also 
help to direct resources towards areas in need of further investigation and/or evaluation.
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Acronyms and Abbreviations
4:2 FTS 	 1H,1H,2H,2H-Perfluorohexane Sulfonic Acid
5:3 FTCA 	 5:3 Fluorotelomer Carboxylic Acid
6:2 FTCA 	 6:2 fluorotelomer Carboxylic Acid
6:2 FTS	 1H,1H,2H,2H-Perfluorooctane Sulfonic Acid 
6:2 FTUCA 	 6:2 Fluorotelomer Alpha, Beta-Unsaturated Carboxylate
8:2 FTS	 1H,1H,2H,2H-Perfluorodecane Sulfonic Acid 
ADONA	 4,8-Dioxa-3H-Perfluorononanoic Acid 
AFFF		 Aqueous Film Forming Foam
COPC	 Contaminant of Potential Concern
DNREC	 Delaware Department of Natural Resources and Environmental Control
DI		 Deionized
Water		 Division of Water
DWHS		 Division of Waste & Hazardous Substances
ECF		 Electrochemical Fluorination
EDD		 Electronic Data Deliverable
ELS		 DNREC Environmental Laboratory Section
EQuIS		 Environmental Quality Information System
ESA		 Ether Sulfonic Acid
FASA 		 Perfluoroalkane Sulfonamide
FCA		 Fish Consumption Advisory
FOSA		 Perfluorooctane Sulfonamide
FOSAA	 Perfluorooctane Sulfonamido Acetic Acid
FOSE		 Perfluorooctane Sulfonamide Ethanol
FTCA		 Fluorotelomer Carboxylic Acid
FTSA		 Fluorotelomer Sulfonic Acid
HDPE		 High Density Polyethylene
HFPO-DA 	 Hexafluoropropylene Oxide Dimer Acid (aka Gen-X) 
HSCA		 Delaware Hazardous Substance Cleanup Act
ITRC		 Interstate Technology and Regulatory Council
LC-MS/MS	 Liquid Chromatography with Tandem Mass Spectrometry
MCL		 Maximum Contaminant Level
MDL		 Method Detection Limit
N-EtFOSAA 	 N-Ethyl Perfluorooctane Sulfonamido Acetic Acid
N-MeFOSAA	 N-Methyl Perfluorooctane Sulfonamido Acetic Acid 
PDF		 Portable Document Format
PFAA		 Perfluoroalkyl Acid
PFAS		 Per- and Polyfluoroalkyl Substances
PFBA 		 Perfluorobutanoic Acid
PFBS 		 Perfluorobutane Sulfonic Acid
PFCA		 Perfluoroalkyl Carboxylic Acid
PFDA		 Perfluorodecanoic Acid
PFDS		 Perfluorodecanesulfonic Acid
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PFDoA	 Perfluorododecanoic Acid
PFECA	 Per- and Polyfluoroether Carboxylic Acid
PFECA B 	 Perfluoro-3,6-dioxaheptanoic Acid (aka NFDHA)
PFEESA 	 Perfluoro-2-Ethoxyethanesulfonic Acid (aka PES)
PFHpA	 Perfluoroheptanoic Acid
PFHpS		 Perfluoroheptanesulfonic Acid
PFHxA	 Perfluorohexanoic Acid
PFHxS		 Perfluorohexanesulfonic Acid
PFMBA 	 Perfluoro-4-Methoxybutanoic Acid
PFMOAA	 Perfluoro-2-Methoxyacetic Acid
PFMPA 	 Perfluoro-3-Methoxypropanoic Acid
PFNA 		 Perfluorononanoic Acid
PFO2HxA 	 Perfluoro-3,5-Dioxahexanoic Acid
PFO3OA 	 Perfluoro-3,5,7-Trioxaoctanoic Acid
PFOA		 Perfluorooctanoic Acid
PFOS		 Perfluorooctanesulfonic Acid
PFPeA		 Perfluoropentanoic Acid
PFPeS		 Perfluoropentanesulfonic Acid
PFPrA		 Pentafluoropropionic Acid or PFF Acid
PFSA		 Perfluoroalkyl Sulfonic Acid
PFTeDA	 Perfluorotetradecanoic Acid
PFTrDA	 Perfluorotridecanoic Acid
PFUnA	 Perfluoroundecanoic Acid 
PPB		 Parts Per Billion (equivalent to micrograms per liter or µg/L)
PPM		 Parts Per Million (equivalent to milligrams per liter or mg/L)
PPT		 Parts Per Trillion (equivalent to nanograms per liter or ng/L)
QA		 Quality Assurance
QAPP		 Quality Assurance Project Plan
QAPrP		 Quality Assurance Program Plan
QC 		 Quality Control
RL		 Reporting Limit
SOP		 Standard Operating Procedure
USEPA	 U.S. Environmental Protection Agency
WWTF	 Wastewater Treatment Facility
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Introduction
In December 2022, the Delaware Department of Natural Resources and Environmental Control (DNREC), 
Division of Water (Water) launched a screening study of PFAS in biosolids which included sampling at five 
wastewater treatment facilities (WWTF). Biosolids are organic-rich residuals generated during the treatment 
of sewage sludge and known to contain elevated levels of PFAS. To provide a variety of influent types, WWTF 
were selected based on industrial, municipal or mixed sources. The five WWTF selected for this study were the 
City of Rehoboth Beach (BSR), City of Wilmington (BSW), Kent County (BSK), City of Seaford (BSS) and Beaver 
Creek (BSB). Additionally, to further investigate the fate of PFAS, DNREC Water selected a biosolids application 
site that has had biosolids applied to (injected into the top 10 inches) the soil. The facility determined to be 
best suited for, and was ultimately selected for this study, was the City of Rehoboth Beach Wells Farm land 
application site. 

The City of Rehoboth Beach Wells Farm application site was selected due to records of biosolids application 
activities occurring at the site over the past 30 years and relatively even application that occurred onto the eight 
application fields. Additionally, the site was selected as there is an existing network of groundwater monitoring 
wells sufficient to characterize groundwater flow direction and impacts from land application activities to 
shallow groundwater. The sampling plan Biosolids Project Design and Sampling Plan called for a total of 20 
biosolids samples, 16 groundwater and 48 soil samples to be collected in this screening study (DNREC, 2022a). 
 

Project Need
A class of emerging contaminants of concern  
are per- and polyfluoroalkyl substances (PFAS)  
which are a large group of man-made chemicals  
that include perfluorooctanoic acid (PFOA) 
and perfluorooctanesulfonic acid (PFOS). PFAS 
have been used since the 1950s as stain and 
soil repellents for carpets and clothing textiles, 
oil and grease resistance for food contact paper 
and surfactants in firefighting foams. PFAS are 
highly persistent in the environment and some 
bioaccumulate in humans (Brunn, 2023). There is 
evidence that continued exposure to certain PFAS 
above specific levels may lead to adverse health 
effects. (NTP, 2016)

According to existing data, PFAS are found in 
virtually all wastewater and biosolids at varying 
concentrations (PCWR et. al, 2020; Bogdan, 
2021). To examine PFAS in the wastewater solids 
disposal, DNREC developed a project design and 
sampling plan to investigate the concentrations of 
certain PFAS compounds in biosolids at selected 
WWTF across the state, as well as the soils and 
groundwater from related biosolids land application 
sites (DNREC, 2022a). The goal of the study was 
to identify and characterize PFAS compounds and 
to better understand PFAS’ ultimate fate and how 
the chemicals are transported. These findings will 
help DNREC determine what steps are necessary 
to protect the public related to biosolid land 
application in the state.
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Site Description
The City of Rehoboth Beach’s WWTF influent is comprised primarily of residential and commercial sources. 
The plant treats approximately 1.2 million gallons per day and produces roughly 200 dry tons of biosolids 
annually. The City of Rehoboth Beach’s biosolids application facility consists of approximately 85 acres of a 222-
acre parcel of farmland known as the Wells Farm and is located approximately six miles southeast of Milford, 
Delaware. The 85-acre portion of the Wells Farm permitted for biosolids application is subdivided into eight 
separate application fields, each approximately 10 acres in size see Figure 1 below. Application activities initially 
began onto Fields 1-5 when the facility was first permitted in 1989. Use of Fields 6 and 7 began in 1991 and 
Field 8 in 1995. Biosolids application rates vary from approximately 3.4 to 5.2 dry tons per acre per year when a 
field is utilized, see Table 1 and Figure 3. Fields are typically utilized every other year. 

Biosolids from the City of Rehoboth Beach are 
land-applied by subsurface injection at a depth 
of up to 10 inches beneath the soil surface at 
an agronomic rate in accordance with the City’s 
DNREC-issued Agricultural Utilization Permit. 
Biosolids are permitted to be land-applied at a rate 
that does not exceed the estimated nitrogen uptake 
requirement of the subsequent crop grown, which 
is typically corn, soybean or a forage crop. When 
the crop is harvested, it helps create a nitrogen 
balance, removing nutrients applied from the 
biosolids.

Eight monitoring wells are installed on the perimeter of and/or in farmland adjacent to the eight permitted 
biosolids land application fields at the Wells Farm Figure 1. Four of these wells were selected for groundwater 
sampling in the initial study (DNREC ID 256514/MW-1, DNREC ID 256518/MW-5, DNREC ID 256519/MW-6 
and DNREC ID 280341/MW-8). 

Figure 1  Regional location of the City of Rehoboth Beach Wells Farm and the location of monitor wells
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City of Rehoboth Beach biosolids injection equipment



Figure 2  Soil sampling locations in the study

Figure 3  Cumulative loading of biosolids in each of the application fields
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Table 1 Historical records of biosolid application at the Wells Farm application site

*2007 records could not be located.

Year 	 Acres applied onto 	 Total dry tons applied 	 Average dry tons/ac. 	 Fields applied onto

2021 	 55 	 186 	 3.4 	 1, 2, 6, 7, 8

2020 	 65 	 254 	 3.9 	 3, 4, 5, 6, 7, 8

2019 	 50 	 232 	 4.6 	 1, 2, 3, 4, 5

2018 	 55 	 235 	 4.3 	 1, 2, 3, 6, 7

2017 	 50 	 203 	 4.1 	 1, 3, 4, 5, 8

2016 	 45 	 194 	 4.3 	 1, 2, 6, 7

2015 	 50 	 229 	 4.6 	 2, 3, 4, 5, 8

2014 	 45 	 210 	 4.7 	 1, 6, 7, 8

2013 	 50 	 241 	 4.8 	 1, 2, 3, 4, 5

2012 	 45 	 214 	 4.8 	 5, 6, 7, 8

2011 	 50 	 202 	 4.0 	 1, 2, 3, 4, 5

2010 	 42.5 	 223 	 5.2 	 5, 6, 7, 8

2009 	 40 	 190 	 4.8 	 1, 2, 3, 4

2008 	 45 	 213 	 4.7 	 1, 2, 6, 7

2007* 	 - 	 - 	 - 	 -

2006 	 42.5 	 181 	 4.7 	 1, 2, 3, 7

2005 	 55 	 201 	 3.7 	 4, 5, 6, 7, 8

2004 	 40 	 176 	 4.4 	 1, 2, 3, 4

2003 	 45 	 161 	 3.6 	 5, 6, 7, 8

2002 	 40 	 169 	 4.2 	 3, 4, 5, 8



A total of 16 groundwater samples were 
collected from four selected monitoring 
wells at the study site. Additionally, 48 soil 
samples were collected from 16 locations at 
different depths. See Figure 2 for site soil 
sampling locations. Biosolids samples were 
also collected from five WWTF throughout 
the state and included City of Rehoboth 
Beach, City of Wilmington, Kent County, City 
of Seaford and Beaver Creek.

Groundwater 
Of the eight monitoring wells located at  
the facility, four wells were selected for 
sampling in this study as shown on Figure 
2. Selected wells include one upgradient 
well (DNREC ID 256514/MW-1) and three 
downgradient wells (DNREC ID 256518/
MW-5, DNREC ID 256519/MW-6 and 
DNREC ID 280341/MW-8). Groundwater 
from the wells for this study was sampled 
quarterly for one year. 
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Sample Collection

Groundwater Sampling

Soil
There were a total of 14 soil sampling locations (borings) selected 
within the eight land application fields and two sample locations 
(borings) outside of the application area; see Figure 2. Samples 
were collected using a hand auger at depths of 1 foot, 3 feet and 6 
feet below the soil surface from each location (three samples from
          each boring, a total of 48 samples were collected). Soil
               samples were collected initially in December of 2022; 
                  however, many of the samples were lost in transit to the
                      lab. Lost samples were resampled in February 2023.

           
		  Biosolids
                     Treated biosolids PFAS samples were collected for 
                  PFAS analysis from a total of five WWTF, including 
              biosolids from the City of Rehoboth Beach WWTF (source
        of biosolids applied at the study site). The sampled biosolids 
were collected throughout the state, as detailed in Section 1.0. 
Samples were collected quarterly for one year.



Data Evaluation and 
Presentation Methods
As our understanding of PFAS in the environment continues to evolve, the available analytical methods, data 
reporting structures (e.g. lists of PFAS compounds reported by laboratories) and data analysis techniques are 
also rapidly changing. As a result, the data collected and analyzed during this study have been summarized and 
presented in several different ways, in hopes that any anomalies or variations will stand out. Results will also 
help to direct resources towards areas in need of further investigation and/or evaluation.

In general, laboratories have a “lowest concentration” that can be confidently measured in a sample using the 
available analytical instruments and methods. This value is called the Reporting Limit (RL). A Method Detection 
Limit (MDL) is lower than the RL and is a statistical calculation of the lowest concentration that can be detected 
by the instruments and methods. Typically, each compound that is part of analysis has its own RL and MDL, 
which are different from the RL and MDL of other compounds in the same analysis. When laboratories detect 
a compound in a sample, but the concentration is between the RL and the MDL, the result is marked with a 
letter “J” to indicate it is an approximate value. In these cases, the laboratory is confident that the compound 
is present in the sample because the result is greater than the MDL, but the laboratory cannot say exactly how 
much of that compound is present because the result is less than the RL. When compounds are not detected 
in a sample, the laboratory will still report the result as the MDL concentration but will mark it with a letter “U” 
to show that “the analyte was analyzed for, but not detected.” In these cases, the compounds may be present 
in a sample, but if so, they are at concentrations that are too low to detect. Therefore, results marked with a 
“U” should more realistically be reported as “< MDL.” However, for this report, any result that was reported by 
the laboratory and marked with a “U” was assigned a concentration of zero for purposes of data display and 
computations. This was done for ease of understanding of the large quantity of data summarized in this report 
and because the intent of data evaluation is to identify anomalies when data is compared to each other.

Individual Compounds

Two methods were used for analysis. Initially samples were analyzed using Method 537M DNREC REM and 
as the study progressed, a transition was made to USEPA Method 1633 after the method was finalized by 
the EPA. When USEPA 537M DNREC REM was used 37 PFAS compounds were analyzed and reported, with 
USEPA Method 1633 the number increased to 40 PFAS compounds. Concentrations from eight specific PFAS 
compounds were extracted from the dataset and evaluated individually because there are currently state and/
or federal criteria for these compounds in groundwater and/or drinking water, and because they have been the 
subject of the most research to date. Those eight compounds include HFPO-DA (Gen X), PFBS, PFBA, PFHxS, 
PFHxA, PFNA, PFOS and PFOA.

Summed Compounds
Concentrations of each of the previously identified eight individual compounds were summed (“sum of eight 
compound”) to represent another point of comparison between sample locations. Concentrations of each of the 
reported PFAS compounds were also summed (“Total PFAS”) to represent the total magnitude of measured and 
reported PFAS in the samples.

Family Groups and Subgroups
Data were also aggregated further to compute and compare total concentrations of specific PFAS family groups/
subgroups described below. Classification of PFAS into specific family groups/subgroups is primarily based on 
shared chemical structure characteristics. PFAS within these groups tend to act similarly and by looking at them 
together, scientists may be able to better determine sources and the potential impacts. More general PFAS 
information and information about each of the families of PFAS can be found on the Interstate Technology and 
Regulatory Council (ITRC) website, under their Available Resources heading at itrcweb.org/PFAS.
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Perfluoroalkyl carboxylic acids (PFCAs): PFCAs are one of two major subgroups of perfluoroalky acids 
(PFAAs), and one of the most commonly researched PFAS (ITRC, 2020). PFAAs do not degrade    
under ambient conditions and are called terminal PFAS or terminal transformation  products. PFCAs  
are grouped together based on a shared chemical structure: a chain of two or more fully fluorinated 
carbon atoms (the “tail”) connected to a carboxylic acid group (the “head”). PFCAs in particular are 
commercially used as surfactants and are manufactured through electrochemical fluorination (ECF) or 
fluorotelomerization (ITRC, 2023). The most frequently detected PFCA is PFOA (NEMA, 2022).

Perfluoroalkyl sulfonic acids (PFSAs): PFSAs are the second of two major subgroup of PFAAs, and  
one of the most researched PFAS (ITRC, 2020). PFAAs do not degrade under ambient conditions and 
are called terminal PFAS or terminal transformation products. PFSAs are grouped together based on a 
shared chemical structure: a chain of two or more fully fluorinated carbon atoms (the “tail”) connected 
to a sulfonic acid group (the “head”). PFSAs in particular are commercially used as surfactants and 
manufactured by ECF. The most frequently detected PFSA is PFOS (NEMA, 2022).

Fluorotelomer sulfonic acids (FTSAs): FTSAs are polyfluoroalkyl substances produced through the 
fluorotelomerization process. Polyfluoroalkyl substances, unlike perfluoroalkyl substances, do not 
contain fully fluorinated chains of carbon atoms in the “tail.” Instead, some of the carbon atoms in the 
“tail” of polyfluoroalkyl substances are more weakly connected to hydrogen atoms. FTSAs contain a 
sulfonic acid “head” group and are examples of PFAS precursors that may degrade or transform into 
terminal PFAS in the environment. FTSAs are especially prone to degradation at the weak carbon-to-
hydrogen bonds in the “tail”. The transformation of fluorotelomer-based substances is a potential source 
of PFCAs in the environment (ITRC, 2020). FTSAs are commonly detected at sites where Aqueous Film-
Forming Foam (AFFF) is a primary source, in WWTF effluent, and in landfill leachate (NEMA, 2022).

Perfluorooctane sulfonamides (FOSAs): FOSAs are a subgroup of the family of fully fluorinated 
perfluoroalkane sulfonamides (FASAs) which are used as raw material to make surfactants and surface 
treatment/protection products. They are also products and intermediates of the ECF process (ITRC, 2020). 
FASAs, including FOSA, can be precursors and can transform into PFAAs such as PFOS (NEMA, 2022).

Perfluorooctane sulfonamidoacetic acids (FOSAAs): FOSAAs are a subgroup of the family of 
perfluoroalkane sulfonamido substances. Although perfluoroalkane sulfonamido substances have fully 
fluorinated carbon chain “tails,” these compounds are considered polyfluoroalkyl substances because 
some carbon atoms in the “head” group are bonded to hydrogen atoms. FOSAAs are perfluoroalkane 
sulfonamido substances that contain acetic acid as the “head” group. FOSAAs can be raw materials for 
the production of surfactant and surface treatment products (ITRC, 2020). They are also typically present 
as intermediate environmental transformation products of other PFAS compounds (NEMA, 2022).

Perfluorooctane sulfonamide ethanols (FOSEs): FOSEs are also a subgroup of the family of 
perfluoroalkane sulfonamido substances. FOSEs have similar chemical structures to FOSAAs except that 
FOSEs contain ethanol as the “head” group instead of acetic acid. FOSEs can be raw materials for the 
production of surfactant and surface treatment products (ITRC, 2020). They are also typically present as 
intermediate transformation products of other PFAS compounds (NEMA, 2022).

Per- and Polyfluoroether carboxylic acids (PFECAs): PFECAs are a combined subgroup of per-  
and polyfluoroalkyl ether acids that each contain a carboxylic acid “head.” These compounds were  
“developed as replacements for other PFAS that have been phased out of production and use (e.g. GenX 
or ADONA)” (ITRC, 2020). They are surfactants and polymerization aids used in production of other 
products.

Ether sulfonic acids (ESAs): ESAs are another combined subgroup of per- and polyfluoroalkyl ether acids 
that each contain a sulfonic acid “head” and include some fluoropolymer polymerization aids “developed 
as replacements for other PFAS” (ITRC, 2020). ESAs include some fluoropolymer polymerization aids that 
were developed to replace PFOS (NEMA, 2022).
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Fluorotelomer carboxylic acids (FTCAs): FTCAs are a subgroup of polyfluoroalkyl substances that are 
produced by the fluorotelomerization process (ITRC, 2023) and contain carboxylic acid “head” groups. 
FTCAs can be biotransformation products of fluorotelomer alcohols, which are used to make plastics. 
Some FTCAs are present in carpet and therefore may end up in landfill leachates (NEMA, 2022).

To make identification of different family groups easier, a standardized color scheme was generated by the 
DNREC team that is carried throughout this evaluation and data display (e.g. all PFCAs are colored a shade of 
green; all PFSAs are colored a shade of blue). Analytical results for each of the measured compounds is included 
in the media tables. The graphical data were arranged into these family groups.

Family Group and Subgroups Signatures
Building on the previous aggregation of data into family groups and subgroups, DNREC’s data evaluation 
technique calculates the percent contribution of each of the nine-family group and subgroups to the total 
measured PFAS concentration for each sample. This represents a sort of “family group signature,” which 
removes any bias caused by the magnitude of PFAS concentrations, directing focus to the chemical makeup 
of each sample instead. This evaluation could allow DNREC scientists to determine whether a source of PFAS 
might be present within a media source or is contributing to a localized concentration of a particular family 
group elsewhere, even if it isn’t at a significant concentration.

Comparison to Existing Criteria
DNREC’s intentions with this study were to identify the impacts of the land application of PFAS-laden biosolids 
and its movement from the application area. This assessment was not conducted to evaluate human health or 
ecological risk from exposure to PFAS compounds, or to make any final conclusions about disposal methods. 
Additional human health and ecological risk characterization were not conducted and presented as part of this 
study because there are very few established criteria for PFAS compounds to provide adequate perspective. 
More importantly, the improper interpretation and application of criteria can lead to incorrect conclusions.
It is important, however, to have some context for framing the data presented in this data summary report. To 
ensure that all evaluators of this data are comparing information consistently, below are the existing criteria 
that have been established/adopted by the USEPA and the State of Delaware at the time of report publication. 
Close attention should be paid to the description of how the criteria are meant to be applied and what 
exceedances of the criteria represent. 

USEPA Drinking Water Standards
As more research and understanding of the impacts of PFAS occur the Drinking water standards are likely to 
be modified. The most current standards can be found from USEPA at epa.gov/sdwa/and-polyfluoroalkyl-
substances-pfas. As of February 2025, the standards are as follows:

Table 2  USEPA Drinking Water Standards
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Compound	 Maximum Contaminant Level (MCL)

PFOA	 4 ng/L (ppt)

PFOS	 4 ng/L (ppt)

PFNA	 10 ng/L (ppt)

PFHxS	 10 ng/L (ppt)

HFPO-DA 	 10 ng/L (ppt) 

Mixture of two or more: PFNA, PFHxS, HFPO-DA, and PFBS	 Hazard Index of 1

https://www.epa.gov/sdwa/and-polyfluoroalkyl-substances-pfas
https://www.epa.gov/sdwa/and-polyfluoroalkyl-substances-pfas
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Maximum Contaminant Levels (MCLs) for drinking water are established under the USEPA National Primary 
Drinking Water Regulations (USEPA, 2009). MCLs for several PFAS compounds were set by the USEPA in April 
2024 (USEPA, 2024a). Public water systems have until 2027 to initially monitor for PFAS and until 2029 to 
comply with the MCLs in Table 2. These criteria are applicable to finished drinking water only (after treatment) 
in regulated public drinking water systems, and not to “raw” water samples collected from a surface water body 
or from groundwater. The MCLs for PFNA, PFHxS, PFBS and/or HFPO-DA are to be combined and used in the 
calculation of a Hazard Index as noted on EPA’s website (USEPA, 2024b) to determine if an exceedance of the 
criterion has occurred.

HSCA Screening Levels for Groundwater and Soil

As with drinking water standards, as more research and understanding of the impacts of PFAS occur the
Hazardous Substance Cleanup Act (HSCA) standards for groundwater and soil are likely to be modified. The
most current standards can be found from DNREC at documents.dnrec.delaware.gov/dwhs/remediation/
HSCA-Screening-Level-Table-Guidance.pdf. As of February 2025, the standards are as follows:

Table 3 HSCA Screening Levels

	 HSCA Groundwater 	 HSCA Soil Screening 
Compound 	 Screening Value 	 Value
	 ug/L (ppb)	 	 ng/L (ppt) 		  mg/kg (ppm) 	 ug/kg (ppt)

Bis(trifluoromethylsulfonyl)amine (TFSI) 	 0.59 	 590 	 2.3 	 2300

Hexafluoropropylene oxide dimer acid (HFPO-DA) 	 0.0015 	 1.5 	 0.023 	 23

Perfluorobutanesulfonate 	 0.6 	 600 	 1.9 	 1900

Perfluorobutanesulfonic acid (PFBS) 	 0.6 	 600 	 1.9 	 1900

Perfluorobutanoate 	 1.8 	 1800 	 7.8 	 7800

Perfluorobutanoic acid (PFBA) 	 1.8 	 1800 	 7.8 	 7800

Perfluorododecanoic acid (PFDoDA) 	 0.1 	 100 	 0.32 	 320

Perfluorohexanesulfonate 	 0.01 	 10 	 0.13 	 130

Perfluorohexanesulfonic acid (PFHxS) 	 0.01 	 10 	 0.13 	 130

Perfluorohexanoate 	 0.61 	 610 	 3.2 	 320

Perfluorohexanoic acid (PFHxA) 	 0.61 	 610 	 3.2 	 3200

Perfluorononanoate 	 0.0059 	 5.9 	 0.019 	 19

Perfluorononanoic acid (PFNA) 	 0.0059 	 5.9 	 0.019 	 19

Perfluorooctadecanoic acid (PFODA) 	 80 	 80000 	 250 	 250000

Perfluorooctanesulfonate 	 0.0002 	 0.2 	 0.00063 	 0.63

Perfluorooctanesulfonic acid (PFOS) 	 0.0002 	 0.2 	 0.00063 	 0.63

Perfluorooctanoate 	 0 	 0 	 0.000019 	 0.019

Perfluorooctanoic acid (PFOA) 	 0 	 0 	 0.000019 	 0.019

Perfluoropropanoic acid (PFPrA) 	 0.98 	 980 	 3.9 	 3900

Perfluorotetradecanoic acid (PFTetDA) 	 2 	 2000 	 6.3 	 6300

Perfluoroundecanoic acid (PFUDA) 	 0.6 	 600 	 1.9 	 1900

https://documents.dnrec.delaware.gov/dwhs/remediation/HSCA-Screening-Level-Table-Guidance.pdf
https://documents.dnrec.delaware.gov/dwhs/remediation/HSCA-Screening-Level-Table-Guidance.pdf


The screening levels, summarized in Table 3, “should be used for screening purposes only for the protection of 
human health and the environment. The screening levels are not to be construed as site specific clean up levels. 
The HSCA Screening Level Table combines background, risk-based and regulatory values in soil, groundwater, 
soil gas, sediment and surface water. The screening levels should be used to determine the contaminants of 
potential concern (COPCs) in the risk assessment process.” Further, “the screening levels for groundwater are 
primarily based on the EPA [Regional Screening Levels] RSLs for tap water. When the EPA RSL for tap water 
exceeds the Delaware or Federal Maximum Contaminant Level (MCL) for drinking water, then the MCL replaces 
the RSL as the screening level.” (DNREC, 2023b).

To reiterate, an exceedance of any value in the HSCA screening level table only means that the compound 
should be retained for further risk assessment as defined by DNREC regulations and guidance and is applicable 
only to Sites that are being regulated under Delaware’s HSCA program.

QA/QC Samples

In addition to the primary samples, the following 
quality assurance (QA) samples were also 
collected during this study: one (1) equipment 
blank consisting of laboratory-supplied PFAS 
free water, one (1) field duplicate and one (1) 
duplicate for each day of sampling. For 
instances where a blank showed a detection, 
the associated table values were highlighted 
pink in the tables (Appendix A).
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Results
Results are graphically and tabular show in Appendix A and Appendix B. In the graphs, values that were 
below the MDL were entered as 0.0, and any values greater than the MDL, but below the RL were included 
as estimated values. Results listed in the data tables with values above the RL are highlighted in green, values 
between the MDL and RL (estimated values) in beige and values where the compound was found in the blank 
sample highlighted in pink. Values highlighted in grey represent samples where the transition mass ratio for the 
indicated analyte was above/below the established ratio limits. The qualitative identification of the analyte has 
some degree of uncertainty. However, analyst judgment was used to positively identify the analyte. All other 
values correspond to the MDL. The tables present the analytical results from each media source, excluding 
duplicate samples, for each reported PFAS compound.

Sample collection was conducted by a DNREC-approved contractor following established USEPA procedures. 
The samples were shipped to Eurofins Sacramento for analysis initially using Method 537M DNREC REM 
and transitioning to USEPA Method 1633 as the study progressed. All sampling plans, Standard Operation 
Procedures, Quality Assurance Program and Projects Plans are on file and available for public review.  
dnrec.delaware.gov/waste-hazardous/remediation/pfas/
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Appendix A

Appendix A
PFAS Data Tables 

Tables are available for download 
at the following link:  
de.gov/pfas
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Appendix B

Appendix B
PFAS Data Figures

Figures are available for download 
at the following link:  
de.gov/pfas
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