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Statewide Sampling to Determine Spatial Distribution, 
Prevalence, and Occurrence of Per- and Polyfluoroalkyl 
Substances (PFAS) in Illinois Community Water 
Supplies, 2020–21

By Amy M. Gahala, Jennifer B. Sharpe, and Andrew M. Williams

Abstract
Per- and polyfluoroalkyl substances (PFAS) are a group 

of synthetic chemicals that have been manufactured and used 
globally since the 1940s. PFAS are used for their oil- and 
water-repellent properties, ability to reduce friction, and their 
flame-retardant nature. PFAS are widely used in a variety 
of products, including clothing, carpet, food packaging, and 
firefighting foam. The properties that make them useful in 
manufacturing, however, also make them persistent and 
mobile, causing potential exposures to the environment and 
humans. Known as “forever chemicals,” these compounds 
resist degradation and have been determined to bioaccumulate 
in humans and wildlife.

The Illinois Environmental Protection Agency (IEPA) 
collected a total of 1,711 samples (includes quality-control 
samples) of finished water at 1,428 entry points from 1,017 
Illinois community water supply (CWS) systems and analyzed 
the water samples for PFAS. The results following confirma-
tion samples indicated a mean of 99 percent of all sample 
results were below the minimum reporting level (MRL) of 
2 nanograms per liter (ng/L). Of the detections at or above the 
MRL, 7 of 18 PFAS were detected in 149 of 1,428 entry points 
(about 10 percent). Of the nearly 7.4 million residents directly 
served by the CWS systems sampled, more than 1.3 million 
residents (about 18 percent) are served by CWS systems that 
had at least one detection of PFAS above the MRL of 2 ng/L. 
The most frequently detected PFAS were perfluorobutanesul-
fonic acid (about 6.2 percent, 37 ng/L maximum concentra-
tion), perfluorooctanesulfonic acid (PFOS) (about 5.0 percent, 
150 ng/L maximum concentration), and perfluorooctanoic 
acid (PFOA) (about 4.8 percent, 25 ng/L maximum concentra-
tion). Of the 1,428 entry point samples from the CWS sys-
tems, 149 samples had confirmed detections of PFAS, with 93 
of those 149 (about 62 percent) samples having at least one 
PFAS with a concentration that exceeded the median detected 
concentration of 3.2 ng/L. The highest concentrations detected 
were 150 ng/L (PFOS) and 140 ng/L (perfluorohexanesulfonic 
acid) at one CWS location which has been shut down and a 
different source of water has been provided to the consumers.

Although PFAS detections were more common in CWS 
systems using surface-water sources (about 35 percent, 30 
of 85) and mixed sources (50 percent, 5 of 10) compared to 
those using groundwater sources (about 9 percent, 114 of 
1,333), a greater range of PFAS concentrations were observed 
in groundwater CWS systems (2 to 150 ng/L) than in surface-
water CWS systems (2 to 15 ng/L). Statistically significant 
differences were determined between some detected PFAS 
(PFOA, PFOS, and perfluorohexanoic acid) and the source of 
drinking water (groundwater, surface water, or mixed).

This report summarizes the occurrence and spatial dis-
tribution of PFAS in CWS systems across Illinois. The results 
from this sampling effort could be used by Illinois public 
health officials to identify the potential risk of PFAS in drink-
ing water to human health.

Introduction
Per- and polyfluoroalkyl substances (PFAS) are a group 

of thousands of man-made fluorinated organic chemicals used 
in a variety of industries around the globe, including in the 
United States, since the 1940s (U.S. Environmental Protection 
Agency [EPA], 2022a). Because of unique properties (such as 
oil and water repellency, and temperature and acid resistance), 
PFAS have a wide application of uses including coatings 
to carpet, clothing, furniture fabrics, cookware, paper, food 
packaging materials, fire suppressant for flammable liquid 
fires, and as part of a variety of industrial processes (Interstate 
Technology Regulatory Council, 2020). PFAS are pervasive 
in the environment because they are widely used, long-lasting 
chemicals that break down very slowly over time (EPA, 
2022a). Several studies associate exposure to PFAS with 
adverse human-health effects including lower infant birth rates 
and female reproductive health (Peterson and others, 2022; 
Rickard and others, 2022), liver and kidney disease (Stanifer 
and others, 2018; Costello and others, 2022), reduced thy-
roid function (Sohn and others, 2020), and reduced immune 
function (National Toxicology Program, 2016). The U.S. 
manufacturing began to decrease production of some PFAS in 
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the early 2000s because of industry and regulatory concerns 
over the potential health and environmental effects (Interstate 
Technology Regulatory Council, 2020). However, PFAS are 
still used internationally where comprehensive regulation is 
lacking, and some of these products are imported to the United 
States often as novel molecules of PFAS-containing products 
that may not be detected by current laboratory instrumenta-
tion (Cousins and others, 2019; Nakayama and others, 2019). 
There are studies underway to test new technologies for the 
remediation of PFAS contamination, including microbes and 
reagents that cause the chemicals to break down into benign 
end products (Schulte, 2022; Trang and others, 2022).

To better understand the spatial distribution of 
PFAS occurrences in Illinois drinking water, the Illinois 
Environmental Protection Agency (IEPA) sampled and 

analyzed for some of the most widely used PFAS, 18 in total, 
using EPA Method 537.1 (Shoemaker and Tettenhorst, 2018; 
Interstate Technology Regulatory Council, 2020) in 1,711 
samples of finished water at 1,428 entry points of 1,017 
Illinois community water supply (CWS) systems (table 1). A 
CWS is defined as a public water supply that provides potable 
water to a minimum of 15 service connections for year-round 
residents or 25 residents for at least 60 days per year (Illinois 
General Assembly, 2022). The 1,017 CWS systems together 
directly serve more than 7.4 million people in Illinois with a 
mean service to 7,178 residents and a maximum of 2.7 mil-
lion residents served (Karen Bridges, IEPA, written commun., 
July 25, 2023). The 7.4 million people is an estimated base 
population that does not account for secondary purchases 
which is a common occurrence throughout Illinois. The 

Table 1. List of per- and polyfluoroalkyl substances (PFAS) analyzed in community water supply systems of Illinois 
(Shoemaker and Tettenhorst, 2018).

PFAS name Acronym
Chemical Abstract Services  
Registry Number (CASRN)

Perfluoroalkyl carboxylic acids (PFCAs)

Perfluorodecanoic acid PFDA 335-76-2
Perfluorododecanoic acid PFDoA 307-55-1
Perfluoroheptanoic acid PFHpA 375-85-9
Perfluorohexanoic acid PFHxA 307-24-4
Perfluorononanoic acid PFNA 375-95-1
Perfluorooctanoic acid PFOA 335-67-1
Perfluorotetradecanoic acid PFTA 376-06-7
Perfluorotridecanoic acid PFTrDA 72629-94-8
Perfluoroundecanoic acid PFUnA 2058-94-8

Perfluoroalkyl sulfonic acids (PFSAs)

Perfluorooctanesulfonic acid PFOS 1763-23-1
Perfluorobutanesulfonic acid PFBS 375-73-5
Perfluorohexanesulfonic acid PFHxS 355-46-4

Perfluoroalkane sulfonamides (FASAs)

N-ethyl perfluorooctanesulfonamidoacetic acid NEtFOSAA 2991-50-6
N-methyl perfluorooctanesulfonamidoacetic 

acid
NMeFOSAA 2355-31-9

Per- and polyfluoroalkyl ether carboxylic acids

2,3,3,3-tetrafluoro-2-(heptafluoropropoxy) 
propanoic acid

HFPO–DA (GenX acid) 13252-13-6

4,8-dioxa-3h-perfluorononanoic acid DONA (ADONA acid) 919005-14-4
F–53B

11-chloroeicosafluoro-3-oxaundecane-
1-sulfonic acid

11Cl-PF3OUdS 763051-92-9

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

9Cl-PF3ONS 756426-58-1
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U.S. Geological Survey (USGS), in cooperation with IEPA, 
summarized the occurrence and distribution of 18 PFAS in 
drinking-water supplies in Illinois.

Per- and Polyfluoroalkyl Substances (PFAS) in 
the United States

PFAS were first recognized as a potential chemical 
of concern in the United States in 1966 (Hayes and Faber, 
2019) according to a response memo from the Food and Drug 
Administration that rejected PFAS as a food additive, citing 
liver studies. Perfluorooctanoic acid (PFOA) and perfluorooc-
tanesulfonic acid (PFOS) are probably the most studied PFAS 
chemicals in terms of toxicology and epidemiologic evalu-
ations (Agency for Toxic Substances and Disease Registry 
[ATSDR], 2021, 2023). These compounds and other PFAS 
are potentially persistent in the human body, and some have 
been detected in the blood (and breastmilk) of almost all U.S. 
residents tested (Calafat and others, 2007; Zheng and others, 
2021), and the longer-fluorinated carbon chain compounds 
and some emerging PFAS have been shown to bioaccumulate 
and biomagnify in humans and animals (Conder and others, 
2008; Munoz and others, 2019). PFOA and PFOS have caused 
tumors in animals and have been linked to low birth weights, 
and disruption of the immune system and thyroid hormones 
(ATSDR, 2021; Panieri and others, 2022). These compounds 
have also been associated with nonalcoholic fatty liver disease 
(Costello and others, 2022).

Consumption of contaminated drinking water is one of 
many exposure pathways for PFAS in the general population 
(Sunderland and others, 2019). PFAS are persistent in both 
surface-water and groundwater environments owing to their 
high solubility, limited ability to bind to organic carbon, and 
resistance to biodegradation (Post and others, 2012). PFOA, 
PFOS, and other PFAS have been detected in finished drink-
ing water and drinking-water sources affected by releases 
from many sources, including but not limited to industrial 
facilities and wastewater treatment plants, as well as in waters 
with no known point sources (Post and others, 2009; Hu and 
others, 2016; Andrews and Naidenko, 2020; Andrews and 
others, 2021). Through the third Unregulated Contaminant 
Monitoring Rule, the EPA conducted a nationwide reconnais-
sance of selected U.S. systems and collected samples from 
4,920 drinking-water systems, detecting PFAS in more than 
100 of the systems, including at least one system in Illinois 
that had detectable concentrations of PFOA (EPA, 2017). 
A spatial analysis of the third Unregulated Contaminant 
Monitoring Rule data indicated that the number of industrial 
sites, fire training areas, and wastewater treatments plants 
were predictors of PFAS-detection frequencies (Hu and 
others, 2016). Boone and others (2019) tested the untreated 
and treated water at 25 drinking-water treatment plants in 
the United States where PFAS were suspected to be present 

and detected PFAS in all samples; one location had PFOA 
and PFOS concentrations that exceeded the EPA’s previous 
health-advisory level (HAL) of 70 nanograms per liter (ng/L). 
In addition, Boone and others (2019) determined that only 
5 of the 25 locations had statistically significant differences 
between the source and treated water, indicating that typical 
water-treatment techniques may be ineffective for PFAS. Hu 
and others (2016) also suggested two primary actions that 
would aid in the identification of PFAS contamination sources: 
(1) lowering the analytical reporting limits, and (2) additional 
sampling of private supply wells and smaller community water 
supplies serving populations less than (<) 10,000.

Although PFAS have been recognized since the 1960s as 
harmful to humans and the environment, changes in manufac-
turing processes and nationwide regulations limiting PFAS use 
have been minimal until the last decade (Interstate Technology 
Regulatory Council, 2020). The enactment of Section 7321 
of the National Defense Authorization Act of 2020, an EPA 
program to track and learn about toxic chemical releases that 
may pose a threat to human health and the environment, added 
selected PFAS to the Toxic Release Inventory (EPA, 2021a, 
2021b, 2022b). The National Defense Authorization Act of 
2020 created a specific charge to the Department of Defense 
to create a PFAS-free alternative to firefighting foam by 
October 2024 (Simba, 2021). This follows the passage of the 
Federal Aviation Administration Reauthorization Act of 2018 
(Public law 115-254, 132 Stat. 3186) that no longer required 
U.S. airports to use PFAS-based firefighting foams (Simba, 
2021). The EPA released draft aquatic life criteria for PFOA 
and PFOS in April 2022 (EPA, 2022c).

In March of 2021, the EPA announced that it will develop 
national primary drinking-water standards and wastewater 
effluent standards for PFOA and PFOS (EPA, 2021a, 2021c). 
In the interim, the EPA issued updated PFOA and PFOS HALs 
of 0.004 and 0.02 ng/L, respectively, and added HALs for 
perfluorobutanesulfonic acid (PFBS) and hexafluoropropyl-
ene oxide dimer acid (HFPO–DA) and its ammonium salt 
(together referred to as “GenX chemicals”) (EPA, 2022d; 
table 2). GenX chemicals include a variety of recently devel-
oped compounds intended to replace PFOA and PFOS. The 
interim HALs provide guidelines for States and public water 
suppliers until the national primary drinking-water standards 
are established. Regional screening levels (RSLs) were also 
released in May 2022 (EPA, 2022e). RSLs are used to char-
acterize the nature and magnitude of risks to human health 
and ecological health (EPA, 2022e). The EPA also proposed 
maximum contaminant levels for six PFAS in drinking water 
(PFOA [4 ng/L]; PFOS [4 ng/L]; perfluorononanoic acid, 
perfluorohexanesulfonic acid [PFHxS], PFBS, HFPO–DA 
[Hazard Index 1.0]) in March of 2023 (EPA, 2023). To sup-
port and inform potential State-specific standards, some 
States are undertaking studies to determine the prevalence of 
PFAS in drinking-water supplies within their borders (Safer 
States, 2023).
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Table 2. Per- and polyfluoroalkyl substances preliminary thresholds currently applied by the Illinois Environmental Protection Agency 
and U.S. Environmental Protection Agency health-advisory levels (IEPA, 2022a, 2023; EPA, 2022d, 2022e).

[PFAS, per- and polyfluoroalkyl substances; IEPA, Illinois Environmental Protection Agency; ng/L, nanogram per liter; EPA, U.S. Environmental Protection 
Agency; —, not established]

PFAS

IEPA  
health-based 

guidance  
levels,  
in ng/L

EPA health-
advisory 

levels, in ng/L

EPA regional screening levels, in ng/L

Adult  
ingestion

Dermal
Children  
ingestion

Children  
dermal

Perfluorobutanesulfonic acid 
(PFBS)

2,100 2,000 — — 600 8,400,000

Perfluorohexanoic acid (PFHxA) 3,500a — — — — —
Perfluorohexanesulfonic acid 

(PFHxS)
140 — — — 40 2,200

Perfluorononanoic acid (PFNA) 21 — — — 6 280
Perfluorooctanoic acid (PFOA) 2 0.004 1,100 1,100 6 —
Perfluorooctanesulfonic acid 

(PFOS)
14 0.02 — — 4 —

Hexafluoropropylene oxide 
dimer acid (HFPO–DA)

21 10 — — 6 —

aDuring IEPA PFAS sample period 2020–21, the IEPA health-based guidance level for PFHxA was 560,000 ng/L.

Per- and Polyfluoroalkyl Substances in Illinois

According to the Illinois Environmental Council and the 
Environmental Working Group, PFAS have been detected 
in eight drinking-water systems in Illinois (Simba, 2021; 
Environmental Working Group, 2022). The IEPA (2022a) 
currently applies preliminary health-based guidance levels 
(HBGLs) for seven of the most widely used PFAS, whereas 
the EPA has applied HALs for four PFAS and applies risk-
based RSLs for additional PFAS, primarily for children (inges-
tion and dermal) (table 2) (EPA, 2022d, 2022e). The IEPA is 
planning to set a statewide minimum threshold to help guide 
public health officials in responding to PFAS contamination. 
The current study could be used to help determine the next 
steps for setting a statewide maximum contaminant level in 
Illinois. Information on the creation of a statewide maximum 
contaminant level for PFAS in Illinois can be accessed on the 
IEPA web page (IEPA, 2022b; IEPA, 2023).

Purpose and Scope

This report summarizes the occurrence and distribution 
of PFAS from samples collected by IEPA in CWS systems 
across Illinois. Data are available from either Illinois EPA’s 
Drinking Water Watch system (IEPA, 2022c) or Illinois EPA’s 
PFAS Sampling Network (IEPA, 2022d). The results from 
the initial samples, confirmation, and secondary confirmation 
samples were provided to the USGS in a spreadsheet. The data 
from this spreadsheet were used to statistically evaluate the 
occurrence and distribution of PFAS. Results are presented in 
various graphs illustrating the range, frequency, and the dis-
tribution of the types of PFAS detected in the drinking-water 
sources are presented on maps.
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Methods
The following describes the sampling plan according to 

the steps described in the standard operating procedure (SOP) 
contained in the IEPA quality assurance project plan (QAPP) 
(Dulka and Rousey, 2020; IEPA, 2020). The analysis describes 
the statistical applications applied in this report to identify 
descriptive statistics and statistical differences. Quality-control 
sample collection, analysis, and results are also presented.

Sampling Plan and Sample Analysis

The initial goal of the sampling plan was to collect 
samples from finished water at 1,456 entry points to the distri-
bution system representing 1,749 CWS systems across Illinois 
for the analysis of PFAS. However, only active entry points 
were sampled (that is, CWS systems that were actively treat-
ing source water and then supplying drinking water directly to 
the population or to other CWS systems for redistribution). A 
CWS system could have multiple supply wells, surface-water 
intakes, and entry points into the CWS distribution system. 
All active entry points at each CWS system were sampled and 
each entry point is distinguished with a unique identification 
number. Initial samples represent the first sample collected at 
each entry point of a CWS. If the initial sample results had any 
detectable PFAS, a confirmation sample was collected at those 
same entry points to verify the presence of that detected PFAS 
from the initial sampling event. If the confirmation sample 
did not confirm the initial detection, a secondary confirmation 
sample was collected. The results of the third sample helped 
determine whether PFAS was confirmed at that sample loca-
tion. The type of PFAS detected at or above the HBGL were 
also considered for additional confirmation sampling. For 
example, PFOA has an HBGL of 2 ng/L, which is equal to 
the MRL and was initially detected in 9 samples but was not 
detected in the confirmation sample or secondary confirmation 
sample; and therefore, not confirmed. There were instances 
in which confirmation samples were collected to confirm 
the presence of other PFAS detected in the initial sample 
and PFOA was detected for the first time. In these instances, 
because PFOA is of particular concern due to a low HBGL at 
the MRL, a secondary confirmation sample was collected, and 
the results helped determine whether PFOA was confirmed 
in that sample. One or more of the same PFAS repeatedly 
detected in at least two sampling events indicated the sample 
site and water system both were categorized as confirmed 
detections. Ultimately, the IEPA collected 1,711 unfiltered 
field samples (includes quality-control samples) of finished 
water at active entry points (that is, water entering the system 
of pipes used to distribute drinking water to the customer) 
between September 2020 and December 2021 at 1,017 Illinois 
CWS systems (fig. 1) for the analysis of PFAS. Of the 
1,711 total samples collected, 1,428 were initial field samples, 
164 samples were confirmation samples, 33 were second-
ary confirmation samples, and the remainder were duplicate 

samples. The median length of time between the initial and 
confirmation collection dates was 28 days and the secondary 
confirmation-sample median length of time between the first 
and third collection dates was 56 days.

Sample collection methods followed the SOP contained 
in the IEPA QAPP (Dulka and Rousey, 2020; IEPA, 2020). 
According to the SOP and QAPP, each sample set from a 
unique entry point consisted of a minimum of an unfiltered 
field sample (two 250-milliliter polypropylene bottles) and a 
field reagent blank (FRB) (one bottle). Precision and bias were 
measured by collecting additional samples for field dupli-
cates and laboratory fortified sample matrix (LFSM)/LFSM 
duplicate (LFSMD) per batch of 20 field sample sets. A total 
of 86 field duplicate samples and 75 LFSM/LFSMD samples 
were collected in this study. The LFSM is an aliquot of field 
sample to which known quantities of the method compounds 
(18 PFAS) are added. The LFSM is processed and analyzed 
exactly like a sample, and its purpose is to determine whether 
the sample matrix contributes bias to the analytical results. 
The LFSMD is a duplicate field sample used to prepare the 
LFSM, which is fortified, extracted, and analyzed identically 
to the LFSM. The LFSMD is used to evaluate the precision 
associated with any potential matrix effects observed from the 
LFSM sample.

At the time the finished water samples were collected, 
information regarding the drinking-water source was recorded 
for each sampling site—groundwater (GW), surface water, 
(SW), or mixed sources of surface water and groundwater 
(MX) according to the type of water entering the distribution 
system from the entry point sampled. The source water desig-
nations are based on IEPA CWS system records. Groundwater 
is sourced from supply wells extracting water from one or 
more aquifers. Surface water is sourced water from intakes sit-
uated within a river, lake, or reservoir. Mixed water is sourced 
from water that is either combined at the water system from 
both groundwater and surface water prior to the treatment and 
sampling, or from groundwater wells that are under the influ-
ence of surface water. CWS systems may have groundwater 
wells, surface water intakes, or a combination of both. These 
CWS systems may combine the water prior to treatment, or 
they may have separate treatment points. Additionally, some 
parts of the treatment and distribution system may service 
different geographical areas. Most CWS systems will fit within 
the GW, SW, and MX categories of source-water type identi-
fied at the sampling points, but there are several CWS sys-
tems that do not fit into these general categories. These CWS 
systems have source water from groundwater and surface 
water sources but are not mixed. Therefore, discussions or 
interpretation of PFAS distribution among the GW, SW, or 
MX sources may have additional considerations not presented 
in this study.

Samples were submitted to Eurofins Eaton Analytical, 
LLC, in South Bend, Indiana—a National Environmental 
Laboratory Accreditation Conference-certified laboratory—
for analysis of a suite of 18 PFAS (table 1) using the EPA 
Method 537.1 (Shoemaker and Tettenhorst, 2018). The MRL 
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Figure 1. Locations of Illinois community water supply system and source of drinking-water supply sampled 
by the Illinois Environmental Protection Agency, 2020–21.
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is established in the laboratory method, represents the mini-
mum concentration that may be reported by a laboratory as a 
quantified value, and is no lower than the lowest concentra-
tion MRLs. The lowest concentration MRL is the lowest true 
concentration for which a future recovery is expected to be 
between 50 and 150 percent with a 99-percent confidence 
level (Shoemaker and Tettenhorst, 2018). The laboratory 
lowest concentration MRLs were used to set the MRLs in this 
study—the MRL for all PFAS in this study is 2 ng/L. Although 
not required by the EPA Method 537.1, the detection limit 
is a threshold below which measured values are not consid-
ered significantly different from a blank signal (Helsel, 2012; 
Shoemaker and Tettenhorst, 2018). Concentrations above the 
instrument’s detection limit and below the MRL are pos-
sible; however, only results greater than or equal to the MRL 
(2 ng/L) were reported to the USGS. Any detections reported 
below the 2.0 ng/L MRL were considered not detected by 
IEPA. Laboratory analytical results are stored and available 
in the IEPA Safe Drinking Water Information System through 
Drinking Water Watch, which is a publicly available database 
(IEPA, 2022c; https://wa ter.epa.st ate.il.us/ dww/ index.jsp). The 
data also can be viewed at the IEPA designated PFAS ArcGIS 
web page (IEPA, 2022d; https://illinois- epa.maps.arcgis.com/ 
apps/ dashboards/ bd 611162a7f7 4cfe88b692 8c926416c3). 
The IEPA PFAS Dashboard displays all PFAS detections 
from the 2020–21 sampling effort, including the duplicate 
samples. Based on the results from separate sampling events 
at each entry point, categories are provided for Not Detected, 
Confirmed Detections (with a minimum of two detections 
of the same PFAS at or above the MRL), and Unconfirmed 
Detections (with only a single detection of a PFAS from all 
samples). The IEPA Dashboard also displays all the results 
from the initial, confirmation, and secondary confirmation 
samples at each site along with the duplicate samples that had 
detections not reported in the associated field sample.

Statistical analyses of PFAS-sampling results were 
applied using the R statistical computing environment, ver-
sion 2022.07.2 (R Core Team, 2022). Censored data—that 
is, concentrations below the MRL—were analyzed using the 
maximum likelihood estimation (Helsel, 2012; Lee and Helsel, 
2022). The Kruskal-Wallis rank sum test (Kruskal and Wallis, 
1952), a nonparametric statistical equation, was applied to test 
for differences among PFAS (includes censored and detec-
tions above MRL) in groundwater, surface water, and mixed 
drinking-water sources (Hollander and Wolfe, 1973; Helsel 
and others, 2020). The null hypothesis for the Kruskal-Wallis 
rank sum test is that the mean ranks of the values are equal 
among the three drinking-water sources. Probability values 
(p-values) of <0.05 (p-value<0.05) rejects the null hypothesis 
of equal mean rank among the drinking-water sources.

Quality-Assurance and Quality-Control Analysis 
and Results

Instrument and field sampling precision is assessed 
from repeated measurements of the same PFAS in duplicate 
samples from the same source. A total of 86 duplicate samples 
were collected during the 2020–21 PFAS sampling period. 
The initial sampling event included 72 duplicate samples for 
PFAS analysis. PFAS were detected in 14 of the 72 initial 
field duplicate samples. Fourteen additional duplicate samples 
were collected during the confirmation sampling events at 
CWS locations where PFAS were detected above the MRL in 
the initial field samples. No site had more than one duplicate 
sample collected, and no duplicate samples were collected 
during the secondary confirmation sampling. Detected PFAS 
concentrations in the associated field sample were compared 
to the duplicate sample results. The relative percent differ-
ence, calculated as the absolute difference in the field sample 
and duplicate sample concentrations divided by the mean of 
the two concentrations, was generally less than 10 percent 
for most of the results, with a few exceptions (table 3). One 
confirmation sample and associated duplicate sample from a 
CWS (IL1115700) had consistent differences between con-
centrations of PFBS (15 percent), PFHxA (23 percent), and 
PFOA (10 percent). There were no indications of any sample 
integrity issues for this sample noted in the dataset provided to 
the USGS. These larger percent differences may be from low 
concentrations of PFAS that are close to the detection limits 
(MRLs) using EPA Method 537.1. Additionally, there were 
five total instances where a PFAS was detected in either the 
sample or the duplicate but not in both; however, subsequent 
confirmation sampling at the locations of earlier sampling 
events ultimately confirmed the detection (table 3). When 
PFAS were detected in the field sample, the associated FRBs 
were analyzed by the laboratory and the results were reported 
to IEPA. According to IEPA, the FRB results were less than 
the MRL (Michelle Rousey, IEPA, written commun., June 2, 
2022). The results from the duplicate and FRB sample analy-
ses were generally of acceptable precision and no indication of 
cross-contamination instances were evident.

The LFSM/LFSMD are sampled and analyzed exactly 
like a field sample and are used to identify whether back-
ground characteristics of the water samples being analyzed 
(in this case, components that are not the 18 PFAS in EPA 
Method 537.1 [Shoemaker and Tettenhorst, 2018]) are inter-
fering with the measurement of the target compounds—PFAS. 
The laboratory spikes (that is, adds) a known concentration 
of the 18 PFAS to the LFSM and LFSMD samples and then 
analyzes the samples. The laboratory subtracts the unspiked 
sample concentration (field sample) from the known spiked 
sample concentration (LFSM/LFSMD), and then divides 

https://water.epa.state.il.us/dww/index.jsp
https://illinois-epa.maps.arcgis.com/apps/dashboards/bd611162a7f74cfe88b6928c926416c3
https://illinois-epa.maps.arcgis.com/apps/dashboards/bd611162a7f74cfe88b6928c926416c3
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Table 3. Relative-percent differences calculated between the field and duplicate samples of finished water from community water 
supply systems in Illinois collected between 2020 and 2021. Data from Illinois Environmental Protection Agency (2022d).

[CWS, community water supply; ID, identification; PFBS, perfluorobutanesulfonic acid; PFHpA, perfluoroheptanoic acid; PFHxA, perfluorohexanoic acid; 
PFHxS, perfluorohexanesulfonic acid; PFNA, perfluorononanoic acid; PFOA, perfluorooctanoic acid; PFOS, perfluorooctanesulfonic acid; GW, groundwater; 
—, censored data (below minimum reporting level); SW, surface water; MX, mixed sources of surface water and groundwater; zero means there was no relative 
percent difference between the field and duplicate sample; UD, undetermined because per- and polyfluoroalkyl substances (PFAS) were detected in either the 
field sample or the duplicate but not in both; however, subsequent confirmation sampling events ultimately confirmed a PFAS detection]

CWS ID
Entry  
point

Source 
type

PFBS PFHpA PFHxA PFHxS PFNA PFOA PFOS

IL0970050 TP07 GW — — — — — 0.00 —
IL0894070 TP14 SW UD — 0.03 — — — —
IL0570250 TP01 MX — — 0.10 — — 0.04 0.00
IL0310810 TP01 SW — — — — — 0.04 0.04
IL2015125 TP01 GW 0.00 0.02 0.07 0.00 — 0.00 0.00
IL1770200 TP01 GW — — — 0.00 — 0.02 0.06
IL0035030 TP01 SW — — — — — 0.00 0.03
IL1635040 TP04 SW — — UD — — — 0.00
IL1075030 TP01 GW — 0.00 0.03 — — 0.00 —
IL1795040 TP05 GW 0.05 — 0.03 0.02 — 0.04 0.04
IL1975880 TP01 GW 0.00 — — — — — 0.05
IL0975790 TP01 SW — — — — — UD 0.08
IL1110400 TP04 GW UD — — — — 0.06 —
IL0574620 TP01 GW 0.00 — — 0.00 — — —
IL1110600 TP01 GW 0.03 — — — — — —
IL1850200 TP02 MX — — — — — — 0.04
IL1415185 TP01 GW 0.00 — — 0.02 — UD 0.02
IL0670500 TP01 SW — — 0.00 — — 0.00 0.00
IL1435470 TP01 GW 0.04 — 0.05 0.10 — 0.00 0.02
IL1110750 TP02 GW — — — 0.04 — — —
IL1110750 TP03 GW 0.03 — — 0.00 — — 0.03
IL2010300 TP24 GW — — 0.07 — — — —
IL1970900 TP09 GW 0.05 — — — — — —
IL1730350 TP01 GW — — — 0.02 — — —
IL0890800 TP07 GW 0.00 — 0.06 0.00 — 0.03 —
IL1115700 TP06 GW 0.15 — 0.23 — — 0.10 —
IL0910070 TP02 GW 0.00 0.00 0.07 — — — —
IL0313330 TP01 SW — — — — — 0.09 0.04
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by the spike concentration; this is multiplied by 100 to 
calculate the percent recovery. Of the 75 LFSM/LFSMD 
samples collected, 7 sample sets exceeded the spike percent 
recovery upper limit of 150 percent (Michelle Rousey, IEPA 
Bureau of Water – Quality Control Officer, written commun., 
February 2022). In each instance, the exceedance in percent 
recovery was due to concentrations of PFAS in the associ-
ated field sample below the MRL (2 ng/L) but high enough to 
bias the LFSM/LFSMD result. These instances did not affect 
or further qualify the field sample results because the source 
of the high recovery was not related to matrix enhancement; 
rather, the high recovery was due to the native concentration 
of PFAS in the parent (field) sample.

Spatial Distribution, Prevalence, and 
Occurrence of Per- and Polyfluoroalkyl 
Substances

The IEPA obtained permissions to sample PFAS at 
each of the CWS systems. Finished drinking water was 
sampled and analyzed for 18 PFAS at 1,428 entry points in 
1,017 Illinois CWS systems. Of the 1,428 initial field samples, 
at least one PFAS was detected in 163 samples in the initial 
sampling round. These 163 locations from the CWS entry-
point with PFAS detections plus 1 location with no initial 
PFAS detections were resampled and detections of PFAS were 
confirmed at 149 of the 164 entry-point locations. There were 
33 secondary confirmation samples collected and at least one 
PFAS was detected in 21 samples. A total of 1,625 samples 
were collected over the three rounds of sampling in which 
there were 80 instances or 5 percent of samples that had at 
least one PFAS detection that was not confirmed. This 5 per-
cent indicates the potential uncertainty in laboratory method 
analysis and variability of detections in the sampled sources. 
Of the confirmed detections, the standard deviation of concen-
trations detected above 2 ng/L was 0.63 ng/L. If a confirmation 
sample or secondary confirmation sample was collected at a 
site, the results from the last confirmation sample represent the 
final results and are displayed on the IEPA PFAS Dashboard 
for the sampling site; prior sample results are provided in a 
pop-up window for each CWS location (IEPA, 2022d). The 
final results following the confirmation samples are discussed 
in the subsequent paragraphs.

The 1,017 CWS systems together directly serve nearly 
7.4 million people in Illinois (Karen Bridges, IEPA, writ-
ten commun., July 25, 2023), of those residents, more than 
1.3 million residents (about 18 percent) are served by CWS 
systems that had at least one detection of PFAS above 
the minimum reporting level of 2 ng/L. Samples from the 
1,017 CWS systems indicated 149 of 1,428 samples (about 
10 percent) have at least one detection of PFAS above the 
MRL of 2 ng/L. The number of detections, the minimum and 
maximum reported concentrations of the 18 PFAS analyzed, 

and State health-based exceedances are listed in table 4. The 
final results indicated that 7 of 18 PFAS were detected in 149 
of 1,428 entry points (about 10 percent) and 93 entry points 
(about 62 percent, 93 of 149) had detections of one or more 
PFAS greater than the median concentration of detections of 
3.2 ng/L. However, accounting for the 18 analytes tested from 
every sample collected, 99 percent of all sample results were 
below the MRL of 2 ng/L (censored). Of the 1,017 Illinois 
CWS systems, of which some had multiple entry points, 118 
(about 12 percent) had at least one entry point with detec-
tions of PFAS above the MRL of 2 ng/L. The most frequently 
detected PFAS in all samples collected were PFBS (about 
6.2 percent, 37 ng/L maximum concentration), PFOS (about 
5.0 percent, 150 ng/L maximum concentration), and PFOA 
(about 4.8 percent, 25 ng/L maximum concentration).

The concentration distribution and occurrence of the 
seven detected PFAS are shown in figures 2 and 3. The box-
plot distribution shows that about 90 percent of the samples 
with detections above the MRL (2 ng/L) had concentrations 
less than 10 ng/L (that is, between 2 and 10 ng/L) (fig. 2). 
Detections above 10 ng/L were most common for PFBS and 
PFHxS. The highest concentrations measured were for PFOS 
(150 ng/L) and PFHxS (140 ng/L) at one CWS location that 
was subsequently shut down and an alternative water supply 
has been provided (Michael Summers IEPA, oral commun., 
2022). PFBS (88 detections) and PFOS (72 detections) were 
most commonly detected. Histograms presenting the number 
of detections for each concentration of the 7 detected PFAS 
from the 1,428 samples are shown in figure 3. Most samples 
were below the MRL of 2 ng/L as represented by the <2.0 con-
centration bar, with detections having concentrations primarily 
between greater than or equal to (≥) 2 and 10 ng/L for most 
of the detected PFAS. The IEPA HBGL of 2 ng/L for PFOA 
and PFOS was exceeded in about 5 percent of samples (68 
[PFOA] and 72 [PFOS] of 1,428 samples). One sample was 
detected at the IEPA HBGL of 140 ng/L for PFHxS. No other 
IEPA HBGLs were exceeded in the remaining detected PFAS. 
Detections of PFAS in finished drinking water indicate that the 
current water-treatment system at the respective CWS does 
not remove PFAS to levels below the MRL. Conventional 
wastewater and drinking-water treatment methods remain 
largely ineffective at removal of PFAS; that is, the treatment 
system may remove and reduce some PFAS concentrations but 
not to levels below the MRL (Hamid and Li, 2016; Boone and 
others, 2019; McAdoo and others, 2022).

The potential sources of the PFAS contaminants detected 
at CWS systems are beyond the scope of this report. However, 
the sources of drinking water and PFAS sampling results 
were evaluated to identify differences in the frequency and 
concentrations of PFAS. The drinking-water sources sampled 
in this study were predominately extracted from groundwater 
(1,333 sample locations) and to a lesser extent from surface 
water (85 sample locations); and some of the sample locations 
have mixed (10 sample locations) sources of both groundwa-
ter and surface water. Locations of groundwater sources are 
generally away from major surface waters throughout Illinois. 
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Table 4. List of per- and polyfluoroalkyl substances (PFAS) sampled by the Illinois Environmental Protection Agency (IEPA) with total number of confirmed detects, minimum 
and maximum reported concentration at or above the minimum reporting level of 2 nanograms per liter, and health-based exceedances of all sample results collected from 
community water supply systems in Illinois. Data from IEPA (2022d).

[ng/L, nanogram per liter; EPA, U.S. Environmental Protection Agency; NE, not established; —, below minimum reporting level]

PFAS Acronym
Total number  
of detections  

at or above 2 ng/L

Minimum  
reported  

concentration, 
in ng/L

Maximum  
reported  

concentration,  
in ng/L

Sample 
count

Percent of  
censored data

Number of 
IEPAa  

health-based 
exceedances

Number of  
EPAb  

health-advisory 
exceedances

Perfluorobutanesulfonic 
acid

PFBS 88 2.1 37 1,428 93.8 0 0

Perfluoroheptanoic acid PFHpA 18 2 16 1,428 98.7 NE NE
Perfluorohexanoic acid PFHxA 56 2 25 1,428 96.1 0 NE
Perfluorohexanesulfonic 

acid
PFHxS 56 2.1 140 1,428 96.1 1 NE

Perfluorononanoic acid PFNA 1 3.6 3.6 1,428 99.9 0 NE
Perfluorooctanoic acid PFOA 68 2 25 1,428 95.2 68 68
Perfluorooctanesulfonic 

acid
PFOS 72 2 150 1,428 95.0 3 72

Perfluorodecanoic acid PFDA 0 — — 1,428 100 NE NE
11-chloroeicosafluoro-

3-oxaundecane-
1-sulfonic acid

11Cl–PF3OUdS 0 — — 1,428 100 NE NE

2,3,3,3-tetrafluoro-
2-(heptafluoropropoxy)
propanoic acid

HFPO–DA 
(GenX acid)

0 — — 1,428 100 0 0

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

9Cl–PF3ONS 0 — — 1,428 100 NE NE

N-ethyl perfluorooctanesul-
fonamidoacetic acid

NEtFOSAA 0 — — 1,428 100 NE NE

N-methyl perfluorooctane-
sulfonamidoacetic acid

NMeFOSAA 0 — — 1,428 100 NE NE

4,8-dioxa-3H-perfluoronon-
anoic acid

DONA (ADONA 
acid)

0 — — 1,428 100 NE NE

Perfluorododecanoic acid PFDoA 0 — — 1,428 100 NE NE
Perfluorotetradecanoic acid PFTA 0 — — 1,428 100 NE NE
Perfluorotridecanoic acid PFTrDA 0 — — 1,428 100 NE NE
Perfluoroundecanoic acid PFUnA 0 — — 1,428 100 NE NE

aIEPA preliminary health-based guidance levels (IEPA, 2022a).
bEPA final health-advisory levels issued June 15, 2022 (EPA, 2022d).
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Figure 2. Per- and polyfluoroalkyl substances (PFAS) distribution in finished water of Illinois community 
water supply systems sampled during 2020–21. [>, greater than; PFAS, per- and polyfluoroalkyl substances; 
PFBS, perfluorobutanesulfonic acid; PFHpA, perfluoroheptanoic acid; PFHxA, perfluorohexanoic acid; 
PFHxS, perfluorohexanesulfonic acid; PFNA, perfluorononanoic acid; PFOA, perfluorooctanoic acid; PFOS, 
perfluorooctanesulfonic acid]
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Figure 3. Number of detections per concentrations of the seven per- and polyfluoroalkyl substances 
(PFAS) detected in Illinois finished drinking water. [<, less than; PFBS, perfluorobutanesulfonic acid; 
PFHpA, perfluoroheptanoic acid; PFHxA, perfluorohexanoic acid; PFHxS, perfluorohexanesulfonic acid; 
PFNA, perfluorononanoic acid; PFOA, perfluorooctanoic acid; PFOS, perfluorooctanesulfonic acid]
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Surface-water locations were generally from major waterbod-
ies, such as Lake Michigan and major rivers. The number 
of PFAS detections grouped by drinking-water source are 
summarized in table 5. The samples sourced from groundwa-
ter had at least one PFAS detected at 114 of the 1,333 CWS 
samples (about 9 percent). The CWS samples sourced from 
surface water had PFAS detections in 30 of the 85 samples 
(about 35 percent). The ten CWS samples from which the 
source is mixed had detections of at least one PFAS in five 
samples (50 percent). Although the number of PFAS detec-
tions greater than the MRL were more common in CWS 
systems using surface water sources (about 35 percent, 30 of 
85) and mixed (50 percent, 5 of 10) compared to those using 
groundwater sources (about 9 percent, 114 of 1,333) (table 5), 
groundwater sources had higher maximum concentrations 
(150 ng/L) than in surface water (15 ng/L). Differences among 
the types of PFAS detected in groundwater, surface water, or 
mixed sources of drinking water are shown in figures 4–7. 
These differences were statistically significant (p-value <0.05) 
for PFOA, PFOS, and PFHxA. The cumulative distribution as 
a fraction of frequency for the seven PFAS detected through-
out CWS systems in Illinois per drinking-water source is 
shown in figure 4. The results show groundwater has nearly 
equal distribution of the frequency of detections among the six 
PFAS detected, with greatest frequency occurring for PFBS 
and highest concentration (150 ng/L) occurring for PFOS. 
PFOS and PFOA were more frequently detected in surface 
water and mixed drinking-water sources, with lower concen-
trations than groundwater.

Maps with pie charts representing samples collected from 
groundwater, surface water, and mixed sources were created to 
depict the distribution of detected PFAS throughout the CWSs 
in Illinois (figs. 5–7). The detectable PFAS from groundwa-
ter sources were generally equally distributed in detection 
frequency and concentration among five to six PFAS (PFBS, 
PFHxS, PFOS, PFOA, PFHxA, and perfluoroheptanoic acid) 
(fig. 5A and 5B), whereas surface water sources generally 
had two to four PFAS (PFOA, PFOS, PFHxA, and PFBS) 
(fig. 6). Detectable PFAS from mixed drinking-water sources 
shows PFOS to be more common (fig. 7). Detections of PFOA 
(about 25 percent, 21 detections at 85 sites) and PFOS (about 

28 percent, 23 detections at 85 sites) were more frequent 
in surface water sources than groundwater sources (about 
3 percent for PFOA, 45 detections at 1,333 sites; about 3 per-
cent for PFOS, 45 detections at 1,333 sites) (table 5). Mixed 
sources had detections of PFOS (4 of 10 sites, 40 percent), and 
PFOA and PFHxA were each detected in 2 of 10 sites (20 per-
cent) (table 5). The different drinking-water treatment pro-
cesses for groundwater compared with surface water and some 
mixed sources could explain the observed differences between 
detectable PFAS and concentrations. Groundwater typically 
requires less treatment than surface water because it tends 
to be less susceptible to bacteria and pollution owing to the 
natural filtration from soil, sediment, and rock and to greater 
transport time (USGS, 2022). In contrast, surface water has 
multiple stages of treatment because of the direct discharges 
(industry and wastewater treatment plants), susceptibility to 
bacteria, and rapid runoff from land-use contaminants. The 
treatment methods decrease or increase (from precursor com-
pounds) the concentrations of some types of PFAS, creating 
apparent differences in the concentrations detected (Rahman 
and others, 2014). Detected PFAS concentrations are typically 
in the lower range if no point source near a drinking-water 
treatment plant intake is present (Rahman and others, 2014); 
that is, differences may be originating from proximity to 
point sources (such as wastewater treatment plants, industrial 
discharges, and land-use discharges) compared with nonpoint 
sources (such as runoff, precipitation, atmospheric deposition, 
and seepage) (Focazio and others, 2008). Further, flow paths 
and residence time for groundwater and surface water are 
inherently different and may favor the transport of select PFAS 
over others. The lower concentrations from surface water 
sources may be attributed to river systems having a dilutional 
component. Thus, point sources are being diluted in surface 
water sources, but less so for groundwater supply wells down-
gradient of such point sources.

Treatment at mixed systems can be highly variable 
because the water being sourced may originate from ground-
water under the influence of surface water or may be a combi-
nation of groundwater and surface water either treated together 
or treated separately and then combined immediately prior to 
entering the distribution system.
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Table 5. Drinking-water source and number of detections of per- and polyfluoroalkyl substances in community water supply systems 
in Illinois, 2020–21. Data available from Illinois Environmental Protection Agency (2022d).

[PFAS, per- and polyfluoroalkyl substances; ng/L, nanogram per liter; CWS, community water supply; PFBS, perfluorobutanesulfonic acid; PFHpA, perfluoro-
heptanoic acid; PFHxA, perfluorohexanoic acid; PFHxS, perfluorohexanesulfonic acid; PFNA, perfluorononanoic acid; PFOA, perfluorooctanoic acid; PFOS, 
perfluorooctanesulfonic acid]

Drinking-water 
source

Number of 
PFAS  

detections  
at or above 

the minimum  
reporting 

level  
(2 ng/L)

Number of 
CWS  

with at  
least one  

PFAS detected 
at or above 
minimum  

reporting level  
(2 ng/L)

Number of 
samples

Number of detections at or above minimum reporting level (2 ng/L)

PFBS PFHpA PFHxA PFHxS PFNA PFOA PFOS

Groundwater 282 114 1,333 81 17 40 54 0 45 45
Surface water 67 30 85 6 1 14 2 0 21 23
Mixed 10 5 10 1 0 2 0 1 2 4
Total 359 149 1,428 88 18 56 56 1 68 72
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Figure 5. Distribution of per- and polyfluoroalkyl substances detected in drinking water from 
groundwater sources from sampled community water supply systems in Illinois, 2020–21. A, Community 
water supply systems in Illinois. B, Community water supply systems in northern Illinois counties. [PFAS, 
per- and polyfluoroalkyl substances; PFOA, perfluorooctanoic acid; PFOS, perfluorooctanesulfonic acid; 
PFBS, perfluorobutanesulfonic acid; PFHpA, perfluoroheptanoic acid; PFHxS, perfluorohexanesulfonic 
acid; PFHxA, perfluorohexanoic acid]

!

IOWA

WISCONSIN

MISSOURI

KENTUCKY

INDIANA

Lake
Michigan

Groundwater source detections 
in northern Illinois counties

shown in figure 5B

88°89°90°91°92°

42°

41°

40°

39°

38°

37°

0 100  MILES25 50 75

0 100  KILOMETERS25 50 75

Base from U.S. Geological Survey digital data, 1:100,000
Albers Equal-Area Conic projection; Standard parallels 29°30' N. and 45°30' N.
Central meridian 96°00' W.; North American Datum of 1983

EXPLANATION

Sum of the PFAS concentrations
      detected above the minimum 
      reporting level, in nanograms 
      per liter, and the distribution 
      of PFAS compounds detected

Community water supply source from
      groundwater with detections
Community water supply source from 
      groundwater with no detections

PFOA

PFOS

PFBS

PFHpA

PFHxS

PFHxA

 2 nanograms per liter

 5 nanograms per liter

 20 nanograms per liter

A



Spatial Distribution, Prevalence, and Occurrence of Per- and Polyfluoroalkyl Substances  17

Figure 5. Distribution of per- and polyfluoroalkyl substances detected in drinking water from groundwater sources from 
sampled community water supply systems in Illinois, 2020–21. A, Community water supply systems in Illinois. B, Community water 
supply systems in northern Illinois counties. [PFAS, per- and polyfluoroalkyl substances; PFOA, perfluorooctanoic acid; PFOS, 
perfluorooctanesulfonic acid; PFBS, perfluorobutanesulfonic acid; PFHpA, perfluoroheptanoic acid; PFHxS, perfluorohexanesulfonic 
acid; PFHxA, perfluorohexanoic acid]—Continued
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Data Limitations
The data analyzed for this report represent a one-time 

sampling event and do not capture the temporal variability 
in concentrations. Concentrations of PFAS may be variable, 
particularly from CWSs obtaining drinking water from surface 
water, where water flow is more rapid than in groundwater and 
is generally more vulnerable to point and nonpoint sources. 
Data are not evenly distributed among the sources of drinking 
water, with most of the samples sourcing groundwater (1,333), 
a smaller amount from surface water (85), and a much smaller 
dataset from mixed (10). Additionally, some groundwater 
sources may also be affected by surface water where ground-
water extraction wells are located alongside surface-water 
bodies. Lastly, there are about 1.3 million residents that use a 
private drinking-water well that sources drinking water from 
groundwater (Illinois Department of Public Health, 2022). 
Private homeowners that obtain drinking water from ground-
water were not included in this study and occurrence of PFAS 
in private drinking-water sources is currently unknown.

Summary
Per- and polyfluoroalkyl substances (PFAS) are a group 

of thousands of man-made fluorinated organic chemicals used 
in a variety of industries around the globe, including in the 
United States, since the 1940s. Because of unique proper-
ties (such as oil and water repellency, temperature, and acid 
resistance), PFAS have a wide application of uses, including 
coatings to carpet, clothing, furniture fabrics, cookware, paper, 
food packaging materials, fire suppressant for flammable liq-
uid fires, and as part of a variety of industrial processes. PFAS 
are very pervasive in the environment because they are widely 
used, long-lasting chemicals that break down very slowly 
over time. PFAS are potentially persistent in the human body, 
and some have been detected in the blood (and breastmilk) 
of almost all U.S. residents tested, and the longer-fluorinated 
carbon chain compounds and some emerging PFAS have 
been shown to bioaccumulate and biomagnify in humans 
and animals. Drinking water is one common and possible 
exposure to PFAS. To better understand the spatial distribu-
tion and occurrences of PFAS in Illinois drinking water, the 
Illinois Environmental Protection Agency (IEPA) sampled and 
analyzed for 18 PFAS using U.S. Environmental Protection 
Agency Method 537.1 at active community water supply 
(CWS) systems in Illinois that treat source water for distribu-
tion to consumers. The U.S. Geological Survey, in cooperation 
with IEPA, summarized the results and analyzed the frequency 
and distribution of the various detected PFAS.

The IEPA sampled and analyzed 1,711 samples (includes 
quality-control samples) of finished water at 1,428 entry 
points from 1,017 Illinois CWS systems. The final results, 
after accounting for confirmation samples, indicated that 
PFAS were detected in 149 of 1,428 entry points (about 10 

percent), representing 118 of the 1,017 Illinois CWS systems. 
Of the nearly 7.4 million residents directly served by the 
CWS systems sampled, more than 1.3 million residents (about 
18 percent) are served by CWS systems that had at least 
one detection of PFAS above the minimum reporting level 
of 2 nanograms per liter (ng/L). Seven of the 18 PFAS were 
detected; perfluorobutanesulfonic acid (about 6.2 percent, 
37 ng/L maximum concentration), perfluorooctanesulfonic 
acid (about 5.0 percent, 150 ng/L maximum concentration), 
perfluorooctanoic acid (about 4.8 percent, 25 ng/L maximum 
concentration) were the most frequently detected. However, 
accounting for the 18 analytes tested from every sample col-
lected, 99 percent of all sample results were below the mini-
mum reporting level of 2 ng/L. About 62 percent (93 of 149) 
of the entry points with detections had at least one PFAS con-
centration exceeding the median concentration of detections of 
3.2 ng/L. The highest concentrations detected were 150 ng/L 
(perfluorooctanesulfonic acid) and 140 ng/L (perfluorohexane 
sulfonic acid) at one CWS location, which was shut down and 
a different source of water was provided to the consumers.

Distribution of PFAS among drinking-water sources 
indicated PFAS detections were more common in CWSs 
using surface-water sources (about 35 percent, 30 of 85) and 
mixed groundwater and surface-water sources (50 percent, 5 
of 10) compared to those using groundwater sources (about 
9 percent, 114 of 1,333), but a greater range of PFAS con-
centrations were observed in groundwater (2 to 150 ng/L) 
than in surface water (2 to 15 ng/L). Statistically significant 
(probability value less than 0.05) differences in the concentra-
tion of perfluorooctanoic acid, perfluorooctanesulfonic acid, 
and perfluorohexanoic acid were noted among drinking-water 
sources. The differences in the frequency of detections of 
certain PFAS among the drinking-water sources could be 
reflecting differences in water treatment methods between sur-
face water and groundwater. Alternatively, it could be reflect-
ing the source vulnerabilities from various nonpoint land-use 
discharges to streams and lakes as compared with point-source 
contamination into groundwater sources, as well as potential 
dilution effects from surface-water sources or longer travel 
times in groundwater systems.
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