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Executive Summary 
Poly- and perfluoroalkyl substances (PFAS) are human-made, organic compounds that have been 
manufactured for use in non-stick coatings, waterproof fabrics, firefighting foams, food packaging, and 
many other applications since the 1940s. PFAS are highly resistant to degradation and have been 
detected globally in water, sediment, and wildlife. This global distribution is of concern as PFAS have 
documented toxicity to animals and because epidemiological studies have suggested probable links to 
several human health effects. In Wisconsin, PFAS have been detected in drinking and surface water 
near sources of industrial use or manufacture and near spill locations. Perfluorooctane sulfonate (PFOS) 
has been found in fish tissue resulting in the issuance of special fish consumption advisories for some 
surface waters in the state.  

 

The proposed rules include a water quality standard for two types of PFAS: PFOS and perfluorooctanoic 
acid (PFOA). Under the Clean Water Act, surface water quality standards can include criteria that are 
numeric or narrative and designated uses (e.g. aquatic life use, recreational use, and public health and 
welfare). Wisconsinôs existing Administrative Codes contain both numeric and narrative criteria for toxic 
substances: 

¶ Chapter NR 105, Wis. Adm. Code, contains specific numeric criteria for numerous toxic pollutants 
as well as formulas for calculating numeric criteria and secondary values for toxics that do not yet 
have promulgated criteria.  

¶ Section NR 102.04(d), Wis. Adm. Code, contains Wisconsinôs narrative criteria for toxics. This 
existing rule states that substances in concentrations or combinations which are toxic or harmful 
to humans shall not be present in amounts found to be of public health significance [emphasis 
added], nor shall substances be present in amounts which are acutely harmful to animal, plant or 
aquatic life.  

 

The proposed PFOS and PFOA standard protects public health and recreational uses of surface waters 
by establishing criteria that contain both narrative provisions and numeric criteria. The narrative and 
numeric criteria interpret Wisconsinôs existing narrative standards under ss. NR 105.04(4m) and 102.04, 
Wis. Adm. Code, with regard to two toxic substances, PFOS and PFOA. The proposed rule defines 
levels of public health significance for the two types of PFAS based on preventing adverse effects from 
contact with or ingestion of surface waters of the state, or from ingestion of fish taken from waters of the 
state.  

¶ For PFOS, the proposed level of public health significance is 8 ng/L for all waters except those 
that cannot naturally support fish and do not have downstream waters that support fish.  

¶ For PFOA, the proposed levels of public health significance are 20 ng/L in waters classified as 
public water supplies under ch. NR 104, and 95 ng/L for other surface waters.  

 

Related to the proposed PFOS and PFOA standards, the proposed rule also includes assessment 
protocols that clarify when a surface water that contains levels of PFOS or PFOA above the criteria in the 
narrative standard should be listed on the stateôs impaired waters list.  
 

Additionally, the proposed rules establish WPDES permit requirements for wastewater discharges of 
PFOS and PFOA to surface waters of the state in ch. NR 106 ï Subchapter VIII, including: the 
determination of the need for a PFOS and PFOA Minimization Plan based on data generation in a 
reissued permit, a general schedule for PFOS and PFOA Minimization Plan permit implementation 
procedures, PFOS and PFOA Minimization Plan requirements, and determination of need for and 
calculation procedures for water quality based effluent limits for PFOA and PFOS.  
 

Finally, this rule adds specifications for the preservation and holding times of aqueous, biosolids 
(sludge), and tissue samples that will be analyzed for PFAS in ch. NR 219.  



 

4 

 

Introduction 
 

OVERVIEW OF WATER QUALITY STANDARDS 
The Clean Water Act (CWA) established the objective of restoring and maintaining the chemical, 

physical, and biological integrity of the Nationôs waters. To meet this objective, the act established a 

national goal that ñwater quality shall provide for the protection and propagation of fish, shellfish, and 

wildlife, and recreation in and on the water.ò The CWA requires states to adopt water quality standards to 

protect these functions. Water quality standards consist of three components: designated uses, water 

quality criteria, and antidegradation. These three components are described in more detail in Fig. 1 and 

in the following sections. 

 

 
Figure 1. /ƻƳǇƻƴŜƴǘǎ ƻŦ ²ƛǎŎƻƴǎƛƴΩǎ ²ŀǘŜǊ vǳŀƭƛǘȅ {ǘŀƴŘŀǊŘǎ and relevant code citations. 

 

Designated Uses 

Designated uses establish the appropriate water quality goals for a given waterbody. The CWA requires 

each state/tribe to set designated uses that protect aquatic organisms (e.g., fish, shellfish), wildlife, and 

recreation and allows states/tribes to consider other uses. Wisconsin has four general designated use 

categories, which are defined in s. NR 102.04: fish and aquatic life, recreation, public health and welfare, 

and wildlife (Fig. 1).  

 

When beginning to consider standards, the department reviews available literature to determine the 

relative sensitivity to exposure to a pollutant of groups protected by Wisconsinôs designated uses (public 
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health, fish and aquatic life, and wildlife). In this case, review of available data indicated that humans are 

the most sensitive to PFOS and PFOA exposure ï that is to say, aquatic life and wildlife can be exposed 

to much higher amounts of PFOS and PFOA and not show negative health effects compared to amounts 

that cause negative health effects in humans. Thus, for this first effort to reduce the discharge of PFOS 

and PFOA to surface water, it is appropriate to prioritize human health protection by addressing the 

public health and welfare use, because protecting humans will also protect less sensitive groups of 

organisms. 

 

Water Quality Criteria 

Water quality criteria represent the quality of water that supports a particular use. Water quality criteria 

can be numeric values or narrative descriptions and are used to derive permit limits, make waterbody 

assessment decisions, and develop total maximum daily load (TMDL) analyses for impaired waters. As 

criteria are designed to protect a particular use for a given waterbody, each designated use class has its 

own set of criteria (Fig. 1). Narrative criteria that describe undesirable amounts of toxic substances in 

support of the public health and welfare use are being proposed in the rule.  

 

Antidegradation 

The antidegradation policy is designed to maintain and protect high quality waters. The policy establishes 

how proposed new or increased discharges to high quality waters are addressed to ensure that water 

quality is protected. While the antidegradation policy is a crucial component to water quality standards, it 

is not applicable to this rule package.  

 

 

Water Quality Criteria for Human Health Protection 

The CWA was adopted in 1972 and states as one of its goals that ñit is the national policy that the 

discharge of toxic pollutants in toxic amounts be prohibitedò1. In order to accomplish this goal, the CWA 

requires states to adopt water quality standards to protect public health and welfare. Since adoption of 

the CWA, the United States Environmental Protection Agency (EPA) has published recommended 

human health water quality criteria for toxic substances to protect people from illness caused by 

incidental consumption of surface waters or consumption of fish taken from surface waters. States are 

permitted to adopt EPAôs recommended criteria or develop their own, which may be expressed as 

numeric values or narrative descriptions of a waterbodyôs condition. Wisconsinôs narrative criteria can be 

found in s. NR102.04. Specifically, NR102.04(1)(d) states that ñSubstances in concentrations or 

combinations which are toxic or harmful to humans shall not be present in amounts found to be of public 

health significance, nor shall substances be present in amounts which are acutely harmful to animal, 

plant or aquatic life.ò   

 

1 33 USC § 1251 (a)(3) 
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OVERVIEW OF PER- AND POLYFLUOROALKYL SUBSTANCES (PFAS) 
Perfluoroalkyl and polyfluoroalkyl substances (PFAS) are a group of over 5,000 synthetic chemicals that 

do not occur naturally in the environment. PFAS were invented in the 1930s and were introduced into 

industrial manufacturing and commercial use in the 1940ôs, with peak production occurring between 1970 

and 2000.  

 

PFAS can be broadly described as chemicals that have carbon atoms linked to one another and to 

fluorine atoms. This structure is also referred to as a ñfluorinated carbon chainò (highlighted by the red 

box in Fig. 2). When all carbon atoms in the chain are bonded to fluorine atoms, the resulting chemical is 

called a perfluoroalkyl substance. When one or more carbon atoms is not bonded to a fluorine atom, the 

resulting chemical is called a polyfluoroalkyl substance (green text in Fig. 2). PFAS also contain a 

functional group that is attached to one end of the carbon-fluorine chain. Functional groups are most 

often carboxylates/carboxylic acids or sulfonates/sulfonic acids (highlighted by the blue box in Fig. 2). 

The functional group is reflected in the name of the substance ï for example, perfluorooctane sulfonate 

(PFOS) has a sulfonic functional group, whereas perfluorooctanoic acid (PFOA) has a carboxylic acid 

functional group. 

 

                        
Figure 2. General structure of per- and polyfluoroalkyl substances. 

 

In manufacturing, PFAS are particularly useful due to their carbon-fluorine bonds, which make them 

temperature resistant and water and oil repellent. As a result, these chemicals have been widely used in 

many products, including nonstick cookware, waterproof clothing, stain-resistant textiles, Aqueous Film 

Forming (AFFF) firefighting foam, and food packaging. However, carbon-fluorine bonds are also 

exceptionally resistant to degradation. Thus, when PFAS are discharged into the environment, they 

linger for prolonged periods of time and compounds that contain 8 or more carbon atoms are particularly 

likely to build up in humans, fish, and wildlife. This means that PFAS have been discovered in 

groundwater, soil, air, sediment, surface water and drinking water, as well as in humans, wildlife and fish 

across the globe. 
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Ingestion of contaminated water or food are the primary pathways through which PFAS enter the human 

body. In recent years, studies have found that most Americans have measurable levels of PFAS in their 

blood2. According to the EPA, certain PFAS substances including PFOA and PFOS have been linked to 

human health risks, including developmental problems in fetuses and infants, certain types of cancer, 

reduced antibody response, decreased immune response to vaccinations, and kidney disease3. 

 

Due to their widespread distribution and negative human health effects, the main PFAS-producing 

companies began to phase out production and use of long-chain PFAS (those with 8 or more carbon 

atoms) in the early 2000s. However, these chemicals may still enter the environment for several reasons: 

due to production of PFAS or their importation to the United States by companies not participating in the 

phase out program; because precursor PFAS compounds can be degraded into PFOS and PFOA; and 

via household dust, surface water runoff, or in landfill leachate. Figure 3 from the Interstate Technology 

Regulatory Council4, below, demonstrates a how PFAS may move through the environment. 

 

 

 
Figure 3. Depiction of how PFAS may move through different environmental media, including the processes that may facilitate 

movement between media types. Image credit: ITRC. 

  

 

2 Centers for Disease Control and Prevention. 2021. Fourth National Report on Human Exposure to Environmental Chemicals 

Updated Tables, March 2021, Volume One. https://www.cdc.gov/exposurereport/index.html. [last accessed September 2021] 

3 United States Environmental Protection Agency. Drinking Water Health Advisories for PFOA and PFOS. 

https://www.epa.gov/ground-water-and-drinking-water/drinking-water-health-advisories-pfoa-and-pfos 

4 Image from ITRCôs Site Characterization Considerations and Media-Specific Occurrence for Per- and Polyfluoroalkyl 

Substances (PFAS) Fact Sheet. Available: https://pfas-1.itrcweb.org/wp-content/uploads/2020/10/site_char_508_2020Aug.pdf 

[last accessed July 2021] 

https://www.cdc.gov/exposurereport/index.html
https://www.epa.gov/ground-water-and-drinking-water/drinking-water-health-advisories-pfoa-and-pfos
https://pfas-1.itrcweb.org/wp-content/uploads/2020/10/site_char_508_2020Aug.pdf
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Proposed Changes 
The department is proposing new water quality standards for PFOS and PFOA and related 

implementation procedures for the WPDES program for wastewater discharges.  

¶ Chapter NR 102, Wis. Adm. Code, contains the water quality standards for Wisconsinôs surface 

waters. In this rule package, the department created new water quality criteria for PFOS and 

PFOA that include both narrative provisions and numeric criteria.  

¶ Chapter NR 105, Wis. Adm. Code, contains numeric surface water quality criteria and secondary 

values for toxic substances. In this rule package, the department included a subsection adding 

PFOS and PFOA narrative criteria to the list of compounds considered when determining adverse 

effects on public health and welfare.  

¶ Chapter NR 106, Wis. Adm. Code, contains procedures for calculating Water Quality Based 

Effluent Limitations for point source discharges to surface waters. A new subsection was added 

to this chapter to address WPDES permit implementation procedures for the new PFOS and 

PFOA criteria. 

¶ Chapter NR 219, Wis. Adm. Code, contains tables of EPAôs approved analytical laboratory 

methods. Select tables in this chapter were updated to include specifications for the preservation 

and holding times of aqueous, biosolids (sludge), and tissue samples that will be analyzed for 

PFAS. 

 

The following sections of this document provide more details on each of the proposed changes.  
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CRITERIA FOR PFOS AND PFOA 

 

This rule package proposes to add narrative criteria for PFOS and PFOA to chs. NR 102 and NR 105. As 

part of this rulemaking effort, the department conducted preliminary calculations of numeric criteria using 

the procedures outlined ch. NR 105. At this time, however, the department selected a different 

methodology to develop public health based PFOS and PFOA criteria. Pursuant to Wis. Adm. Code s. 

NR 105.02 (2), the department has authority to promulgate a more or less stringent criterion than a 

criterion calculated under the standard procedures in chapter NR 105. The approach selected for 

deriving the PFOS standard is based on our data analysis which shows that fish consumption is the 

dominant exposure route of concern for PFOS. The department selected a method that allowed 

correlation with fish consumption advisories, which would not be included in calculation under chapter 

NR 105, Wis. Adm. Code. Also, with regard to the calculation of PFOA criteria, the departmentôs 

calculated criteria are more protective of children that ingest or consume PFOA contaminated water 

compared to the procedures under chapter NR 105, Wis. Adm. Code.  

 

Further, the department believes that these public health based criteria combined with PFOS and PFOA 

minimization plans will result in more timely reductions in levels of PFOS, PFOA and all other parameters 

regulated in WPDES permits, as permittees exceeding the proposed criteria will begin PFOS and PFOA 

minimization plans immediately upon permit reissuance rather than after a prolonged variance 

application and review process. The department expects that the selected approach will be effective at 

reducing sources of PFOS and PFOA in areas of the state where PFOS or PFOA concentrations in 

wastewater are elevated. 
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Defining a level of public health significance for PFOS in surface waters 

 

Summary 

Fish ingestion is the exposure pathway of most concern for PFOS (i.e., PFOS can build up to high levels 

in fish even when there is a small amount in the water column). There is a strong positive relationship 

between surface water PFOS and fish tissue PFOS, based on available data from samples taken in 

waterbodies in Wisconsin and Minnesota. Additionally, there are established PFOS thresholds 

corresponding to recommended fish consumption frequencies which are designed to reduce risks from 

exposure to PFOS while still receiving the benefits of fish consumption5. 

 

Thus, for the purposes of narrative criteria under NR102.04, it is reasonable to define public health 

significance as a PFOS water concentration that will not result in the issuance of a 1 meal per month 

PFOS-based fish consumption advisory for any species taken from that surface water. In other words, 

the proposed definition of public health significance aims to ensure that levels of PFOS in fish will be 

such that people can consume fish at a frequency of up to one meal per week (32 grams/day)6 without 

exceeding EPAôs non-cancer toxicity RfD of 2 x 10-5 mg/kg-day. 

 

This approach resulted in a definition of public health significance which is not dependent on whether a 

waterbody is used as a public water supply. Consequently, for all surface waters that naturally support 

fish or have downstream waters that support fish, the department proposes that public health 

significance is defined as 8 ng/L PFOS. 

 

Additional information on the basis for this proposed definition is provided in subsequent sections of this 

document. 

 

 

Waterbody Use 
Exposure 

Pathway 

1 meal/week 

Maximum Fish 

Tissue 

Concentration 

Level of Public  

Health Significance 

All surface waters Fish ingestion 50 ng/g 8 ng/L 

 

 

  

 

5 Great Lakes Consortium for Fish Consumption Advisories. 2019. Best Practice for Perfluorooctane Sulfonate (PFOS) 

Guidelines. Available at: https://www.health.state.mn.us/communities/environment/fish/docs/consortium/bestpracticepfos.pdf 

[last accessed May 2021] 

6 The department recognizes that due to concentrations of other contaminants, such as mercury and polychlorinated biphenyls 

(PCBs), the recommended meal frequency for some species from some waterways may be less than 1 meal per week regardless 

of the PFOS level. 

https://www.health.state.mn.us/communities/environment/fish/docs/consortium/bestpracticepfos.pdf
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Determining PFOS Exposure Pathways 

To determine which pathway or pathways by which people might be exposed to PFOS, the department 

reviewed several datasets of samples analyzed for PFAS, including: 1) paired surface water and fish 

tissue samples collected from waterways throughout Wisconsin and Minnesota, 2) fish tissue samples 

collected as part of Wisconsinôs fish contaminant monitoring program, and 3) surface water samples 

collected from major rivers as part of long term trends (LTT) monitoring in Wisconsin. Summary details 

about each dataset are displayed in in the table below. 

 

Dataset 
Number of 
Waterways 

Number of  
Fish samples 

Number of 
Species 

Number of 
Water samples 

Year(s) 

Paired fish and water 95 2005 19 124 2006-2020 

Fish contaminants 35 722 35 n/a 2006-2020 

Rivers LTT 42 n/a n/a 42 2020 

 

In the paired fish and water dataset, PFOS was detected in over 90% of fish tissue samples, even when 

PFOS was not detected in the water column (Fig. 4).  

 

 

Figure 4. PFOS occurrence patterns in samples from the paired fish and water dataset. Most fish tissue samples contained detectable 
levels of PFOS, and surface water samples from approximately 50% of waterways contained detectable levels of PFOS. Fish that 

contained PFOS were found even in waterways where PFOS was not detected in water samples (pie chart). 
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The pattern that was observed in the paired fish and water dataset of PFOS being detected in most fish 

tissue samples was mirrored in the fish contaminants data, where more than 85% of fish samples 

contained detectable levels of PFOS. In the LTT dataset, PFOS was detected in over 62% of waterways. 

 

The data described above suggests that PFOS is a highly bioaccumulative compound7 (in contrast with 

PFOA, which is rarely detected in fish tissue samples but widely detected in the water; Fig. 7) and further 

suggests that exposure to PFOS via fish consumption is likely to provide a substantive contribution to 

overall body burdens of PFOS. This conclusion is further supported by work done by the Great Lakes 

Consortium for Fish Consumption Advisories. Their 2019 Best Practice for PFOS Guidelines5 document 

explored sources of PFOS to determine whether it was necessary to include a measure of Relative 

Source Contribution (RSC) when calculating fish consumption advisories for PFOS. They used serum 

data from the 2013-2014 National Health and Nutrition Examination Survey (NHANES) to calculate an 

average background exposure of 0.423 ng/kg-day. This background exposure value was then compared 

to exposure from consuming one meal per month of fish containing 50 ng/g PFOS, which was estimated 

to be 5.4 ng/kg-day. Their analysis indicates that fish consumption is overwhelmingly the dominant PFOS 

exposure pathway, and they conclude that an RSC is not needed. The department agrees with these 

conclusions and therefore chose to define a criterion for PFOS using water concentrations that are 

associated with certain fish tissue concentrations (described below) in order to protect Wisconsinôs public 

health and welfare designated use (Fig. 1). 

 

Further, the department agrees with the Consortium on its selection of reference dose, as there are 

benefits to consuming fish that offset, in part, some of the negative health effects of PFOS. 

 

Modeling the Relationship between PFOS in Water and in Fish Tissue 

PFOS was detected in both fish tissue and water samples from 49 waterways in the paired fish tissue 

and water dataset described above and there is a clear log-linear relationship between levels of PFOS in 

the water and those in fish tissue (R2 = 0.69, p<0.001; Fig. 5). In other words, the level of PFOS in the 

water is a good predictor of the level of PFOS that will be in fish taken from that water.  

 

Once the department had identified that fish consumption is humansô primary PFOS exposure route and 

that water PFOS concentrations can be used to predict fish PFOS concentrations, we needed to 

determine a threshold where the PFOS concentration in the water will pose a risk to human health via 

fish consumption. Fortunately, we already have a relevant number for fish tissue concentrations we can 

use as a target. As shown in Fig. 5, fish PFOS concentrations are associated with different consumption 

advisory meal categories. These categories were developed using a reference dose (RfD) of 2 x 10-5 

mg/kg-day8 as the non-cancer toxicity value, a body weight of 70kg, a meal size of 227g, and an RSC of 

 

7 While the department did not incorporate a bioaccumulation factor (BAF) into the PFOS criterion as part of this proposed 

rule, the paired fish and water dataset was used to calculate a PFOS BAF of 4,745 L/kg for illustrative purposes. Similarly, a 

portion of this dataset was used by the MN Pollution Control Agency to calculate a geometric mean BAF of 4,289 L/kg, and a 

90th percentile BAF of 7,210 L/kg for the purposes of site-specific PFOS criteria derivation. 

8 United States Environmental Protection Agency. 2016. Health Effects Support Document for PFOS. EPA-822-R-16-002. 

Washington, DC. https://www.epa.gov/sites/production/files/2016-05/documents/pfos_hesd_final_508.pdf [last accessed 

September 2021] 

https://www.epa.gov/sites/production/files/2016-05/documents/pfos_hesd_final_508.pdf
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100% as described above. Detailed information on how fish PFOS concentrations correspond to each 

fish consumption meal category can be found in Appendix B. 

 

When the average concentration of PFOS in a species from a waterbody exceeds 50 ng/g, the 

department issues a special fish consumption advisory of 1 meal/month, depending on sample sizes and 

variability5. While there are some fish species that sensitive populations (i.e., women under 50 and 

children under 15) are always advised to consume no more than 1 meal/month, a special advisory is 

more stringent than the general statewide Safe Eating Guidelines and applies to everyone9. More 

information on the Fish Contaminant Monitoring and Advisory Program can be found at 

https://dnr.wisconsin.gov/topic/Fishing/consumption.  

 

 

 
Figure 5. Relationship between concentrations of PFOS in water samples (x-axis) and fish tissue samples (y-axis) in Minnesota and 

Wisconsin waterbodies. Both fish tissue and water samples were averaged prior to analysis; thus, each circle represents the average 

PFOS concentration in fillets of a fish species from a waterbody and that wateǊōƻŘȅΩǎ ŀǾŜǊŀƎŜ ǿŀǘŜǊ tCh{ ŎƻƴŎŜƴǘǊŀǘƛƻƴ. Horizontal 

dashed lines delineate fish PFOS concentrations that correspond to different meal frequency categories, and the brackets indicate fish 

PFOS concentration range that is targeted with this standard. The data that contributed to this figure can be found in Appendix A. 

 

9 Schrank CS. 2014. Wisconsinôs Fish Contaminant Monitoring and Advisory Program: 1970-2010. Fisheries Management 

Administrative Report No. 73. Wisconsin Department of Natural Resources, Madison, WI. 

https://p.widencdn.net/k0h6zw/Admin_FH073 [last accessed May 2021] 

https://dnr.wisconsin.gov/topic/Fishing/consumption
https://p.widencdn.net/k0h6zw/Admin_FH073
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The department evaluated several models to determine the water PFOS concentration that best predicts, 

or best delineates, fish tissue that is over or under 50 ng/g. For all analyses, individual fish tissue 

concentrations from a given waterbody were averaged by species and water samples taken in the same 

open water season were averaged. For most analyses, species-average PFOS concentrations were then 

transformed into a binary response variable denoting whether the concentration was over or under the 50 

ng/g target concentration. Individual fish were averaged by species because fish consumption advisories 

are set based on the arithmetic mean concentration of a pollutant in fish tissue, not the individual fish, in 

order to encompass the range of exposure concentrations to which a fish consumer might be exposed. 

Because the PFOS standard corresponds to a target fish tissue concentration used to set consumption 

advisories, the department elected to average each speciesô PFOS concentration in order to reflect the 

way that data are analyzed from a fish consumption standpoint. 

 

The department conducted several statistical analyses and compared the thresholds from binary 

response analysis. Additionally, the department assessed thresholds developed using the original 

continuous fish tissue data to ensure our analytical techniques did not artificially obscure the observed 

relationship. Based on these evaluations, the department ultimately selected a method called the 

Receiver Operating Characteristics (ROC) curve to determine a water concentration that represents a 

level of public health significance. Information on the models that were evaluated but not selected, as 

well as analysis of PFOS data from individual fish using the ROC curve, can be found in Appendix C. 

 

 

The ROC Curve Tool 

The department used the statistical program R to run a mathematical tool called the ROC curve using the 

package pROC10 on the data to predict the water concentration where most fish tissue concentrations 

exceed 50 ng/g PFOS. 

 

The ROC curve is an analytical tool used to evaluate the performance of a binary response variable 

using bootstrapping to test several measures of model performance. Here, the binary response was 

whether the average fish tissue concentration in a species from a waterbody was below or above 50 ng/g 

PFOS. The ROC curve evaluates overall model performance using area under the curve (AUC) method. 

Water column PFOS concentrations reliably predicted fish tissue classification with strong model 

performance (AUC = 88.5% CI = 84.1-93.8, package pROC).  

 

The ROC curve additionally calculates two metrics, known as sensitivity and specificity, of the observed 

model. Sensitivity measures how often responses (fish tissue concentration) that are actually above the 

threshold (50 ng/g PFOS) are predicted correctly. This is known as the true positive rate. Specificity 

measures how often responses below that threshold are correctly predicted. This is known as the true 

negative rate. The point where the sensitivity and specificity converge is often considered the numeric 

value where the predictor variable (water concentration) best predicts the response variable (fish tissue 

concentration). The R code used to run the ROC model, as well as other models that were not selected, 

 

10 Robin X, Turck N, Hainard A, Tiberti N, Lisacek F, Sanchez JC, Müller M. 2011. pROC: an open-source package for R and 

S+ to analyze and compare ROC curves. BMC Bioinformatics 12(77). https://doi.org/10.1186/1471-2105-12-77  

https://doi.org/10.1186/1471-2105-12-77
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can be found in Appendix D. The paired fish and water dataset upon which the models were run can be 

found in Appendix A. 

 

Figure 6 shows sensitivity and specificity for this dataset. The water concentration value where the two 

curves converge is 8 ng/L PFOS. This means that at a water concentration of 8 ng/L PFOS, we are 

~78% sure that fish tissue concentrations below that point are actually lower than 50 ng/g, and fish tissue 

concentrations above that point are actually greater than 50 ng/g. This is somewhat analogous to 

balancing the Type I and Type II error rate. 

 

 

 
 

Figure 6. Specificity and sensitivity curves from the ROC analysis of the paired fish tissue and water PFOS dataset. Sensitivity 

measures how often the model correctly predicts fish tissue concentrations above 50 ng/g PFOS at a given water 

concentration. Specificity measures how often the model correctly predicts fish tissue concentrations below 50 ng/g at a 

given water concentration. 

 

 

Thus, the department proposes that public health significance is defined as 8 ng/L PFOS in order 

to protect all people from adverse effects of PFOS in surface waters via consumption of fish 

taken from those surface waters. 
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Defining a level of public health significance for PFOA in surface waters 

 

Summary 

PFOA doesnôt bioaccumulate to high concentrations in fish, and therefore water ingestion is the exposure 

pathway of most concern for PFOA. Thus, for the purposes of narrative criteria under NR102.04, it is 

reasonable to define public health significance based on the likelihood that, and degree to which, surface 

waters could be ingested.  

 

This approach resulted in a proposed definition of public health significance which is dependent upon 

whether a waterbody is used as a public water supply. For public water supply waters, the department 

proposes that public health significance is defined as 20 ng/L PFOA. For non-public water supply waters, 

the department proposes that public health significance is defined as 95 ng/L PFOA. 

 

Additional information on the basis for these proposed definitions is provided in subsequent sections of 

this document. 

 

 

Waterbody Use Exposure Pathway Water Intake Rate 
Level of Public  

Health Significance 

Public Water 

Supply 
Drinking water ingestion 1.0 L/day 20 ng/L 

Non-Public Water 

Supply 

Incidental ingestion during 

recreation 
0.21 L/day 95 ng/L 
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Determining PFOA Exposure Pathways 

 

To determine which pathway or pathways by which people might be exposed to PFOA, the department 

reviewed several datasets of samples analyzed for PFAS, including: 1) paired surface water and fish 

tissue samples collected from waterways throughout Wisconsin and Minnesota, 2) fish tissue samples 

collected as part of Wisconsinôs fish contaminant monitoring program, and 3) surface water samples 

collected from major rivers as part of long term trends (LTT) monitoring in Wisconsin. Summary details 

about each dataset are displayed in in the table below. 

 

Dataset 
Number of 
Waterways 

Number of  
Fish samples 

Number of 
Species 

Number of 
Water samples 

Year(s) 

Paired fish and water 95 2005 19 124 2006-2020 

Fish contaminants 35 722 35 n/a 2006-2020 

Rivers LTT 42 n/a n/a 42 2020 

 

In the paired fish and water dataset, PFOA was detected in surface water samples from over 80% of the 

waterways, but was detected in only 2% of fish tissue samples. Those fish samples that contained PFOA 

came from 8 waterways (Fig. 7). There were no PFOA detects in samples of fish taken from waterways 

where PFOA was undetected in the water itself.  

 

 

Figure 7. PFOA occurrence in samples from the paired fish and water dataset. Most water samples contained detectable levels of PFOA, 
while few fish tissue samples contained PFOA. Those fish that did contain PFOA were from a small proportion of waterways (pie chart). 
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The pattern that was observed in the paired fish and water dataset of PFOA being detected in most 

water samples, but few fish tissue samples, was mirrored in the fish contaminants and LTT datasets. 

Less than 4% of the fish samples contained detectable levels of PFOA (in contrast, over 85% of these 

fish samples contained detectable levels of PFOS). Similarly, in the LTT dataset, PFOA was detected in 

over 80% of waterways. 

 

The data described above demonstrates that PFOA is unlikely to bioaccumulate in fish tissue. These 

accumulation patterns contrast with those of PFOS, which is widely detected in fish tissue samples even 

when it is not detected in the water (Fig. 4) and suggest that while there is widespread risk of exposure to 

PFOA via ingestion of surface waters, exposure via consumption of fish tissue is unlikely to provide a 

substantive contribution to overall body burdens of PFOA.11 

 

Public Health Significance for Public Water Supplies  

 

Based on the analysis described above, the department believes that for those waters currently used as 

public water supplies (lakes Superior, Michigan, and Winnebago), setting the level of public health 

significance as the level already defined by the Departments of Health Services (WDHS) and Natural 

Resources for the purposes of drinking water protection will protect Wisconsinôs public health and welfare 

designated use (Fig. 1). 

 

As part of a concurrent rulemaking process, the department is proposing to promulgate a drinking water 

maximum contaminant level (MCL) for PFOA of 20 ng/L. This proposed MCL is based on a 

recommended groundwater standard for PFOA released by WDHS in 201912 and was developed 

according to s.160.13(2)(c), Wis. Stats. using Formula 1 below. This formula is designed to protect 

children by incorporating a body weight of 10 kg, a drinking water intake rate of 1 L/day, and an 

assumption that water is the only source of PFOA (represented by an RSC of 100%). The ADI was set at 

2 ng/kg-d based on risk of PFOA exposure to developing fetuses and infants. More information on how 

the ADI was developed can be found in the WDHS Scientific Support Document12. 

 

 

Formula 1: 
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ὒ
Ὠὥώ

ς

ὲὫ
ὯὫ

Ὠὥώ
ρπὯὫ ρππϷ

ρ
ὒ
Ὠὥώ

ςπ
ὲὫ

ὒ
 

 

Where:  

ADI = Acceptable Daily Intake 

RSC = Relative Source Contribution  

 

11 For a discussion of PFOA bioaccumulation factors and further explanation for the departmentôs decision not to include fish 

consumption in the PFOA standard, see Appendix E. 

12 Wisconsin Department of Health Services. 2019. Scientific support document for PFOA groundwater standard. Madison, 

WI. https://dnr.wi.gov/topic/Contaminants/documents/pfas/PFOAScientificSupport.pdf [last accessed May 2021] 

https://dnr.wi.gov/topic/Contaminants/documents/pfas/PFOAScientificSupport.pdf
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Public Health Significance for Non-Public Water Supplies  

 

For waters not used as public water supplies, the water consumption rate in Formula 1 (above) may be 

adjusted to reflect the incidental water consumption rate by children that occurs during recreation. To 

determine the incidental ingestion rate, the department followed an approach published by EPA in 

201913.  

 

Incidental Ingestion Rate  

The incidental ingestion rate (L/day) is a product of the ingestion volume (L/hour) and the recreation 

duration (hours/day), shown in Formula 2. 

 

Formula 2: 

ὍὲὫὩίὸὭέὲ ὠέὰόάὩ 
ὒ

Ὤέόὶ
  ὙὩὧὶὩὥὸὭέὲ ὈόὶὥὸὭέὲ 

Ὤέόὶί

Ὠὥώ
  ὈὥὭὰώ ὍὲὧὭὨὩὲὸὥὰ ὍὲὫὩίὸὭέὲ ὙὥὸὩ 

ὒ

Ὠὥώ
 

 

 

To calculate recreational incidental ingestion rates for different age groups, EPA (2019) explored the 

distributions of incidental ingestion volumes and exposure durations. Then, consistent with EPAôs Human 

Health Methodology14, the 90th percentile of the combined distribution of ingestion rate and exposure 

duration was used to represent incidental ingestion per day.  

 

The resulting probability density plots of the combined distributions display how likely it is that each age 

group will ingest a certain amount of water per day (Fig. 8, from EPA 2019). The data that contributed to 

these distributions are discussed in more detail in the following sections. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

13 United States Environmental Protection Agency. 2019. Recommended Human Health Recreational Ambient Water Quality 

Criteria or Swimming Advisories for Microcystins and Cylindrospermopsin. EPA/822/R-19/001. Washington, DC. 

https://www.epa.gov/wqc/recommended-human-health-recreational-ambient-water-quality-criteria-or-swimming-advisories 

[last accessed May 2021] 

14 United States Environmental Protection Agency. 2000. Methodology for Deriving Ambient Water Quality Criteria for the 

Protection of Human Health. EPA/822/B-00/004. Washington, DC. https://www.epa.gov/wqc/methodology-deriving-ambient-

water-quality-criteria-protection-human-health-2000-documents [last accessed May 2021] 

https://www.epa.gov/wqc/recommended-human-health-recreational-ambient-water-quality-criteria-or-swimming-advisories
https://www.epa.gov/wqc/methodology-deriving-ambient-water-quality-criteria-protection-human-health-2000-documents
https://www.epa.gov/wqc/methodology-deriving-ambient-water-quality-criteria-protection-human-health-2000-documents
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Figure 8. Probability density plots of ingestion rates for different age groups (from EPA 

2019). The following sections describe how these plots were derived. 

 

Determination of Ingestion Volume 

EPA (2019) evaluated seven ingestion studies and ultimately selected the dataset collected and 

analyzed by Dufour et al. (2017)15 which included age information for each participant (ages 6 to 81 

years) and recorded each participantôs time spent in the water. This study used the same methodology 

as an earlier study16 but included 10 times more participants. Both studies used cyanuric acid as an 

indicator of the amount of pool water ingested while swimming in an outdoor pool. Researchers collected 

pool water samples before the start of swimming activities, and participantsô urine was collected for 24 

hours after the swimming event ended. Pool water and urine samples were then analyzed for cyanuric 

acid to determine ingestion rates.  

 

EPA (2019) selected the Dufour et al. (2017) dataset to calculate incidental ingestion volume because 

the study included a larger number of participants and additional age groups, and recorded the duration 

of exposure of each participant. Appendix F of EPA (2019) describes in more detail the seven studies 

that were evaluated as part of this analysis and provides additional rationale for selecting Dufour et al. 

(2017). 

 

 

15 Dufour AP, Behymer TD, Cantú R, Magnuson M, Wymer LJ. 2017. Ingestion of swimming pool water by recreational 

swimmers. Journal of Water and Health 15(3): 429-437. https://doi.org/10.2166/wh.2017.255  

16 Dufour AP, Evans O, Behymer TD, Cantú R. 2006. Water ingestion during swimming activities in a pool: A pilot study. 

Journal of Water Health 4(4): 425-430. https://doi.org/10.2166/wh.2006.0026  

https://doi.org/10.2166/wh.2017.255
https://doi.org/10.2166/wh.2006.0026
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The raw data collected and analyzed by Dufour et al. (2017) was provided by the study authors. EPA 

(2019) normalized the volume ingested by each participant to one hour based on the length of time that 

the participant reported being in the water, then calculated density plots for the ingestion volume per 

recreation event for different age groups (Fig. 9, from EPA 2019). 

 

 

 
 

Figure 9. Probability density plots of ingestion volume per recreational event for different age groups (from EPA 2019). Plots were 

ŘŜǾŜƭƻǇŜŘ ōȅ ƴƻǊƳŀƭƛȊƛƴƎ ŜŀŎƘ ǇŀǊǘƛŎƛǇŀƴǘΩǎ ǾƻƭǳƳŜ ƛƴƎŜǎǘŜŘ ǘƻ ƻƴŜ ƘƻǳǊ ōŀǎŜŘ ƻƴ ǘƘŜ ƭŜƴƎǘƘ ƻŦ ǘƛƳŜ they reported being in the water. 

Data from this analysis, along with the data on the amount of time spent recreating each day shown in Figure 10, was combined to 

generate the daily ingestion rates shown in Figure 8. 

 

 

Determination of Recreational Exposure Duration 

For the purposes of developing surface water criteria, recreational exposure duration quantifies the 

length of time that people might be exposed to contaminants in surface waters during primary contact 

recreation. Defining the exposure duration allows for the recreational ingestion volumes calculated above 

to be converted to an amount incidentally ingested per day.  

 

EPA (2019) selected recreational exposure data from Table 16-20 of the Exposure Factors Handbook17 

(EFH) for the development of incidental ingestion rates. Table 16-20 of the 2011 EFH lists time spent per 

24 hours in an outdoor pool or spa for different age groups. These data are based on analysis of the 

 

17 United States Environmental Protection Agency. 2011. Exposure Factors Handbook 2011 Edition (Final). EPA/600/R-

09/052F. Washington, DC. https://cfpub.epa.gov/ncea/risk/recordisplay.cfm?deid=236252 [last accessed May 2021] 

https://cfpub.epa.gov/ncea/risk/recordisplay.cfm?deid=236252
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1996 National Human Activity Pattern Survey18. Although they do not directly measure time spent in 

freshwaters, previous research19 demonstrates that time spent in outdoor swimming pools is similar to 

time spent in freshwaters and thus EPA (2019) concluded that these data could reasonably be used to 

represent recreational exposure to freshwaters. Figure 10 displays the range of recreational duration 

data for different age groups. 

 

 

 
 

 

Figure 10. Summary statistics for the amount of time that was spent outdoors in a pool or spa each day by people of different age 

groups. 

 

 

  

 

18 United States Environmental Protection Agency. 1996. Descriptive statistics from a detailed analysis of the National Human 

Activity Pattern Survey (NHAPS) responses. EPA/600/R-96/148. Washington, DC. 

19 Schets FM, Schijven JF, de Roda Husman AM. 2011. Exposure assessment for swimmers in bathing waters and swimming 

pools. Water Research 45(7): 2392-2400. https://doi.org/10.1016/j.watres.2011.01.025  

https://doi.org/10.1016/j.watres.2011.01.025
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Determination of Daily Incidental Ingestion 

As mentioned above, the incidental ingestion rate (L/day) is the product of the distribution of incidental 

ingestion volumes from Dufour et al. (2017) and the distribution of exposure durations from the EFH.  

 

Understanding that there are many different daily ingestion rates that could be calculated from the 

combination of ingestion volumes and recreation durations reported in the literature, EPA (2019) used 

the statistical program R to run a mathematical model called a Monte Carlo simulation. This model 

calculates the distribution of possible ingestion rates for each age group using the following steps:  

 

1) Using the descriptive statistics that were reported in the literature, estimate distributions for 

ingestion volume and recreation duration for each age group. 

2) Randomly select one value from each distribution calculated in step 1. 

3) Multiply the two sampled values together to produce an ingestion rate. 

4) Repeat steps 2 and 3 over and over (1,000,000 times) to create the distribution of possible daily 

ingestion rates for each age group. 

 

The distributions and summary statistics resulting from the Monte Carlo simulations are shown on the 

following pages in Figure 11 and Table 1, respectively. The annotated R code for this analysis is shown 

in Appendix F. 
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Figure 11. Probability distributions demonstrating the range of ingestion rates that could be 

calculated by combining ingestion volume and recreation duration data for each age group. 

 

 

 

 






























































































