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ACRONYM LIST 

AFFF aqueous film-forming foam 
CSM conceptual site model 
EGLE Michigan Department of Environment, Great Lakes, and Energy 
FTSs fluorotelomer sulfonic acids  
HPLC high performance liquid chromatography 
LDPE low-density polyethylene 
NELAP National Environmental Laboratory Accreditation Program 
ng/L nanograms per liter 
PFAAs perfluoroalkyl acids  
PFAS per- and polyfluoroalkyl substances  
PFCAs perfluorocarboxylic acids  
PFOA perfluorooctanoic acid 
PFOS perfluorooctanesulfonic acid 
PFSAs perfluorosulfonic acids 
ppb parts per billion 
ppt parts per trillion  
PVC polyvinyl chloride 
SM Standard Methods 
SOP standard operating procedure 
TOP total oxidizable precursor 
TSS total suspended solids 
ug/kg micrograms per kilogram 
USEPA United States Environmental Protection Agency 
WAC Wisconsin Administrative Code 
WDNR Wisconsin Department of Natural Resources 
WPDES Wisconsin Pollution Discharge Elimination System 
WWTP wastewater treatment plant 
 
Note, a list of PFAS compound names and acronyms are included in Section 2.2.  
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EXECUTIVE SUMMARY 

The Madison Metropolitan Sewerage District (District) operates the Nine Springs Wastewater 
Treatment Plant (WWTP), which provides wastewater collection and treatment for over 
435,000 people, 27 significant industrial users, numerous commercial and other (non-significant) 
industrial operations, and several landfills in a 190-square-mile service area. Significant industrial 
sources of per- and polyfluoroalkyl substances (PFAS) have not been identified in the District’s 
service area based on an internal review. 

TRC Environmental Corporation (TRC) and the District completed an initial phase of PFAS 
sampling in May and July 2021, which included sampling of influent, effluent, polymers, biosolids, 
and struvite. In general, the 2021 sampling results indicated that PFAS were present in the WWTP 
influent, effluent, and biosolids at concentrations similar to those observed in other municipal 
WWTPs that service urbanized areas without significant industrial sources. Results from the 2021 
sampling are summarized in the Phase 1: Initial PFAS Characterization report (TRC, 2021). 

Following the initial characterization sampling in 2021, the District and TRC performed additional 
PFAS characterization activities, including monthly sampling events that started in March 2022 
and have continued through the present. Results from prior monitoring in 2022 and 2023 were 
summarized in the Phase 2: Additional PFAS Characterization (2022) report (TRC, 2023) and the 
2023 PFAS Characterization Report (TRC, 2024). 

Results from the 2024 sampling indicate that PFAS were detected in the WWTP influent, effluent, 
and biosolids at concentrations generally similar to the 2021-2023 results and consistent with a 
large municipal WWTP that does not receive highly concentrated PFAS from industrial 
dischargers. The 2024 effluent results for perfluorooctanoic acid (PFOA) and 
perfluorooctanesulfonic acid (PFOS) were below the NR 102 surface water standards with the 
exception of one PFOS result in November 2024. The Class B biosolids results for the sum of 
PFOA and PFOS were below 20 micrograms per kilogram (ug/kg), corresponding with a 
recommendation for land applying per normal approach based on the Wisconsin Department of 
Natural Resources (WDNR) Interim Strategy for Land Application of Biosolids and Industrial 
Sludges Containing PFAS guidance document (WDNR, 2024), which is advisory only at this time. 
The Class A biosolids results for the median sum of PFOA and PFOS were over 20 ug/kg but 
below 50 ug/kg, for which the advisory WDNR Interim Strategy recommends implementing PFAS 
source investigation and reduction efforts as well as effluent sampling and other actions, as 
described in this report.  
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1.0 Introduction 

1.1 Overview of Plant Operations 

The Madison Metropolitan Sewerage District (District) operates the Nine Springs Wastewater 
Treatment Plant (WWTP), which provides wastewater collection and treatment for over 
435,000 people, 27 significant industrial users, numerous commercial and other (non-significant) 
industrial operations, and several landfills in a 190-square-mile service area. Significant industrial 
sources of PFAS have not been identified in the District’s service area based on an internal 
review. A majority (approximately 99%) of the influent to Nine Springs WWTP enters through five 
force mains, and the remainder arrives as hauled waste.  

The five force mains that route to the Nine Springs WWTP receive wastewater from other force 
mains within the collection system. Depending on operational needs, the District may alter how 
flow is routed between some force mains (for example, in April 2024, the flow from pump station 
10 was changed from being split between pump station 7 and pump station 18 to flowing only to 
pump station 18).  

Wastewater received by the District proceeds through an advanced treatment process. Outputs 
from the Nine Springs WWTP include liquid effluent, biosolids, and struvite. District effluent is 
currently discharged to Badfish Creek. Previously, a smaller portion of effluent was discharged to 
Badger Mill Creek, which was ceased in August 2024. Biosolids include Class A cake, which can 
be used directly by farmers as fertilizer and soil conditioner; and Class B liquid biosolids 
(Metrogro), also referred to as Class B sludge, which is recycled to agricultural land in the fall and 
spring as fertilizer and soil conditioner. The Class A cake is around 25% solids and the Class B 
liquid is around 5% solids. Struvite is an inorganic nutrient (magnesium ammonium phosphate) 
that is harvested from liquid filtrates from the treatment processes and sold as a slow-release 
fertilizer. Refer to the PFAS Fate and Transport Report (TRC, 2020a) for a more detailed 
description of the Nine Springs WWTP treatment processes and a discussion of environmental 
cycling. 

1.2 Previous PFAS Investigation and Research 

The District previously retained TRC to develop a PFAS Fate and Transport report (TRC, 2020a), 
conceptual site model (CSM), and PFAS Sampling and Analysis Blueprint (TRC, 2020b) to 
support their PFAS action plan, all of which were completed in early 2020. 

TRC and the District completed an initial phase of PFAS sampling in May and July 2021, which 
included sampling of influent, effluent, polymers, biosolids, and struvite. In general, the 2021 
sampling results indicated that PFAS were present in the WWTP influent, effluent, and biosolids 
at concentrations similar to those observed in other municipal WWTPs that service urbanized 
areas without significant industrial sources. Results from the 2021 sampling are summarized in 
the Phase 1: Initial PFAS Characterization report (TRC, 2021). Prior to the sampling, TRC 
prepared a standard operating procedure (SOP) for PFAS sampling at the District’s Nine Springs 
WWTP, which was included as an appendix in the Phase 1 report (TRC, 2021). 

Following the initial sampling in 2021, the District and TRC performed additional PFAS 
characterization activities, including monthly sampling events starting in March 2022. Results from 
sampling performed in 2022 and 2023 were summarized in the Phase 2: Additional PFAS 
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Characterization (2022) report (TRC, 2023) and the 2023 PFAS Characterization Report (TRC, 
2024), respectively. 

1.3 Scope and Purpose 

PFAS monitoring activities were continued throughout 2024, as described in this report. The 
purpose of this report is to summarize the results of the 2024 sampling in the context of the current 
regulatory landscape, the CSM, and the previous PFAS sampling results from 2021–2023.  
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2.0 Sampling and Analysis Program 

2.1 Sampling Scope, Schedule, Methods, and Rationale 

Monthly sampling events were completed between January and December 2024, with sampling 
performed by the District. A general overview of the 2024 PFAS sampling schedule is provided in 
Table 1. Sample collection methods, sample naming methods, and sampling rationale for each 
type of media are summarized in Table 2. The sampling included monthly sampling of composite 
influent and composite effluent; quarterly sampling of the individual influent force mains, Class B 
liquid biosolids, and the Class A cake biosolids piles initially generated in 2022 and 2023; and 
four sampling events for the Class A cake biosolids pile that was generated in 2024. (Note, the 
piles of Class A cake are sometimes referred to based on the year in which they were generated. 
For example, the pile generated in 2023 may be referred to as the 2023 Class A cake.) 
Additionally, grab samples of effluent were collected monthly for six months during March through 
August 2024.  

Note that the sampling methods used for the Class A cake pile that was initially generated in 2022 
are different than the sampling methods for the Class A cake piles generated in 2023 and 2024, 
as summarized in Table 2 and described here. The samples for the 2022 Class A cake were 
composited from approximately six to seven shallow grab samples taken from beneath the crust 
of the pile (approximately 1 foot deep), consistent with how samples were collected for this pile in 
previous years after it was generated for the purpose of better comparison over time. The 
composite samples collected during 2024 that came from either the Class A cake generated in 
2023 and 2024 were composited from seven grab samples consisting of approximately four to 
five shallow samples from beneath the crust and two deeper samples. This sampling method was 
chosen in part to be consistent with the anticipated permit guidelines for biosolids sampling, which 
involve collecting a composite sample using multiple grab samples from various areas and depths 
within the pile, and based on the grab sampling results in 2023 that showed variation between 
samples (TRC, 2024).  

Influent flow rates were recorded by the District for each of the five force mains on each day that 
influent samples were collected, as summarized in Table 3. These flow rates were used for the 
flow-weighted influent composite sampling.  

2.2 Laboratory Analysis 

Samples were shipped under chain-of-custody to the analytical laboratory. The samples were 
analyzed by Eurofins. The analyses of samples for Wisconsin’s 33 PFAS and total oxidizable 
precursor (TOP) assay were performed by Eurofins in West Sacramento, California. The analyses 
of samples for total suspended solids (TSS) were performed by Eurofins in West Sacramento, 
California in January and in Chicago, Illinois from February through December. 

Samples were analyzed using the following analytical methods: 

• Influent, effluent, and biosolids samples were analyzed for the 33 PFAS compounds 
included in the Wisconsin Method Criteria established by the WDNR (EA-19-0001). 
Eurofins used their NR 149 certified SOP to analyze the samples.  

• Influent and effluent samples were analyzed for TSS using Standard Methods (SM) 
2540D.  
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• Biosolids samples were analyzed for total solids using ASTM Method D2216. PFAS 
results are reported on a dry weight basis in biosolids samples, meaning that the results 
represent a concentration that has been corrected for percent solids. The laboratory does 
not hold National Environmental Laboratory Accreditation Program (NELAP) accreditation 
for total solids. 

• Select samples were analyzed for TOP assay using the laboratory’s proprietary SOP and 
included reporting of the 33 PFAS compounds in the Wisconsin Method Criteria. 

The WDNR 33 PFAS list includes the following groupings of PFAS; the full list of compounds is 
detailed in the table below: 

• 19 perfluoroalkyl acids (PFAAs), including 11 perfluorocarboxylic acids (PFCAs) and 
8 perfluorosulfonic acids (PFSAs), which are terminal PFAS, meaning they do not further 
transform or degrade under typical environmental conditions.  

• 3 fluorotelomer sulfonic acids (FTSs), which have the potential to undergo transformation 
and/or degradation to form other PFAS including PFCAs. 

• 7 perfluorooctane sulfonamido moieties (sulfonamides, sulfonamidoacetic acids, and 
sulfonamidoethanols), which have the potential to transform to other PFAS such as PFOS; 
and 

• 4 modern replacement chemicals such as HFPO-DA (also known by trade name GenX).  

WDNR 33 PFAS List 

CAS RN Analyte Analyte Acronym 
Carboxylic Acids 
375-22-4 Perfluorobutanoic acid  PFBA 
2706-90-3 Perfluoropentanoic acid  PFPeA 
307-24-4 Perfluorohexanoic acid  PFHxA 
375-85-9 Perfluoroheptanoic acid  PFHpA 
335-67-1 Perfluorooctanoic acid  PFOA 
375-95-1 Perfluorononanoic acid  PFNA 
335-76-2 Perfluorodecanoic acid  PFDA 
2058-94-8 Perfluoroundecanoic acid  PFUnA 
307-55-1 Perfluorododecanoic acid  PFDoA 
72629-94-8 Perfluorotridecanoic acid  PFTrDA 
376-06-7 Perfluorotetradecanoic acid  PFTA (PFTeA) 
Sulfonic Acids 
375-73-5 Perfluorobutane sulfonic acid  PFBS 
2706-91-4 Perfluoropentane sulfonic acid  PFPeS 
355-46-4 Perfluorohexane sulfonic acid  PFHxS 
375-92-8 Perfluoroheptane sulfonic acid  PFHpS 
1763-23-1 Perfluorooctane sulfonic acid  PFOS 
68259-12-1 Perfluorononane sulfonic acid  PFNS 
335-77-3 Perfluorodecane sulfonic acid  PFDS 
79780-39-5 Perfluorododecane sulfonic acid  PFDoS 
757124-72-4 4:2 Fluorotelomer sulfonic acid  4:2 FTS 
27619-97-2 6:2 Fluorotelomer sulfonic acid  6:2 FTS 
39108-34-4 8:2 Fluorotelomer sulfonic acid  8:2 FTS 



 
 

Madison Metropolitan Sewerage District Final    October 2025 
2024 PFAS Characterization Revision 0 

\\madison-vfp\Records\-\WPMSN\PJT2\567794\2024\000001\000004\R5677942024PH1T4-001.docx 5 

WDNR 33 PFAS List 

CAS RN Analyte Analyte Acronym 
Sulfonamides, Sulfonamidoacetic acids, Sulfonamidoethanols 
754-91-6 Perfluorooctanesulfonamide  PFOSA 
31506-32-8 N-Methylperfluorooctanesulfonamide  NMeFOSA 
4151-50-2 N-Ethylperfluorooctanesulfonamide  NEtFOSA 
2355-31-9 N-Methylperfluorooctanesulfonamidoacetic acid  NMeFOSAA 
2991-50-6 N-Ethylperfluorooctanesulfonamidoacetic acid  NEtFOSAA 
24448-09-7 N-Methylperfluorooctanesulfonamidoethanol  NMeFOSE 
1691-99-2 N-Ethylperfluorooctanesulfonamidoethanol  NEtFOSE 
Replacement Chemicals 
13252-13-6 Hexafluoropropylene oxide-dimer acid HFPO-DA (GenX) 
919005-14-4 4,8-Dioxa-3H-perfluorononanoic acid  DONA 
756426-58-1 9-Chlorohexadecafluoro-3-oxanonane-1-sulfonic acid  9Cl-PF3ONS 
763051-92-9 11-Chloroeicosafluoro-3-oxaundecane-1-sulfonic acid  11Cl-PF3OUdS 

2.3 Deviations from Sampling SOP 

A copy of the SOP for PFAS sampling at the District’s Nine Spring’s WWTP was included as an 
appendix in the Phase 1 report (TRC, 2021).  

In place of laboratory-provided PFAS-free water, Fisher Chemical’s W7-4 Optima™ for high 
performance liquid chromatography (HPLC) water was used for the equipment blank during the 
May 2024 sampling event and was also used for the final rinse step of decontamination during 
several sampling events. Per Fisher Chemical, the W7-4 water is not analyzed for PFAS. A 
sample of this water was submitted to Eurofins for analysis of PFAS in August 2024 and PFAS 
were not detected in the sample, as discussed in Section 4.7. 

As previously included in the Phase 1 report (TRC, 2021), the Phase 2 (2022) report (TRC, 2023), 
and the 2023 PFAS Characterization Report (TRC, 2024), the following deviations from the 
Sampling SOP also pertain to the 2024 PFAS sampling: 

• The SOP states that the sample containers in the dedicated composite samplers should 
be evaluated to ensure that they are PFAS-free and should be replaced with PFAS-free 
containers if they are not. It also states certain materials including low-density 
polyethylene (LDPE) should not be in contact with samples unless known to be PFAS-
free. The composite sampler carboys are made of LDPE. An equipment blank was 
collected as a rinsate sample of one of the carboys during the 2021 sampling to assess 
the potential for contamination of the sample from the LDPE carboy. PFAS were not 
detected in the equipment blank. 

• The SOP states that specific components of the dedicated composite samplers should be 
decontaminated or replaced prior to sampling in order to prevent potential contamination 
from the dedicated samplers, as follows: the strainer should be decontaminated or 
replaced between each sampling event and the suction line, distribution nozzle and 
sample bottle should be replaced between each sampling event. The composite sampler 
suction line tubing, strainers, and distribution nozzles were not decontaminated or 
replaced prior to PFAS sample collection. The suction line tubing used within the 
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composite samplers was confirmed to be polyvinyl chloride (PVC) and silicone, which are 
approved materials for PFAS sampling.  

2.4 Modifications to Sampling Plan 

Modifications to the sampling plan included the following, as reflected in Table 1: 

• May 2024: The TOP assay was cancelled due to missed holding times at the laboratory. 
• June 2024: The TOP assay was cancelled due to missed holding times at the laboratory. 
• August 2024: A sample of HPLC grade water was submitted for laboratory analysis 

because it had been used for the May equipment blank and during several events for 
decontamination. 

• June, September, and December 2024: An extra equipment blank for the Class A cake 
was collected.  
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3.0 Regulatory Landscape 

3.1 WDNR Surface Water Standards and Effluent Discharge Limits 

Revisions to several chapters in Wisconsin Administrative Code (WAC) related to the regulation 
of PFOA and PFOS in surface water and effluent were made effective August 1, 2022. These 
revisions included the addition of surface water quality criteria for PFOA and PFOS and the 
revision of the Wisconsin Pollution Discharge Elimination System (WPDES) permitting program 
to include PFOA and PFOS monitoring, reporting, and pollutant minimization plan requirements, 
as described below. 

The surface water criteria for PFOA and PFOS per WAC ch. NR 102.04(8)(d) are summarized as 
follows: 

• PFOS: 8 nanograms per liter (ng/L) for all waters except those that cannot naturally 
support fish and do not have downstream waters that support fish. 

• PFOA: 20 ng/L in waters classified as public water supplies under WAC ch. NR 104, and 
95 ng/L for other surface waters. 

Permit requirements for PFOS and PFOA wastewater effluent discharges to surface water are 
outlined under NR 106 Subchapter VIII, which include “procedures for determining when a 
permitted discharge has the reasonable potential to cause or contribute to an exceedance of the 
PFOS or PFOA” surface water criteria and determination of the need for a PFOS and PFOA 
minimization plan. 

Permit requirements for monitoring and reporting PFOS and PFOA will be included upon first 
reissuance of a WPDES permit after August 1, 2022 for up to 2 years, as specified in WAC 
ch. NR 106.98(2), except if a waiver has been granted or reduced frequency is approved. The 
District’s WPDES permit (WI-0024597-09-2) was renewed May 1, 2020, and expired on March 31, 
2025. The District applied to renew its WPDES permit in October 2024 and is currently awaiting 
permit reissuance by WDNR. Currently, the District’s WPDES permit does not include monitoring 
requirements for PFOS or PFOA. For the purpose of this report, effluent results are compared 
directly to the surface water criteria noted above. The effluent from the Nine Springs WWTP is 
discharged into waters that are not classified as a public water supply; therefore, the relevant 
PFOA surface water criterion is 95 ng/L. The relevant criterion for PFOS is 8 ng/L.  

Protocols for determination of a need for a PFOS and PFOA minimization plan are specified in 
WAC ch. NR 106.98(4), which states that if “at least 11 daily discharge concentrations of the 
substance are greater than the limit of detection, a PFOS and PFOA minimization plan is required 
for a permitted facility if the upper 99th percentile of the 30-day average discharge concentrations 
for PFOS and PFOA exceeds the applicable water quality based effluent limitation calculated 
under this subsection.” The upper 99th percentile of the 30-day average discharge concentrations 
were not calculated for this report because PFOS and PFOA monitoring requirements are not 
currently included in the District’s WPDES permit. 
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3.2 WDNR Interim Biosolids Strategy 

The WDNR published an Interim Strategy for Land Application of Biosolids and Industrial Sludges 
Containing PFAS (WDNR, revised March 1, 2024), referred to here as the WDNR Interim 
Biosolids Strategy. This document is intended to provide guidance to permitted land spreaders to 
“limit land application of municipal biosolids and industrial sludges that are significantly impacted 
by PFAS compounds” as the WDNR awaits finalization of United States Environmental Protection 
Agency’s (USEPA’s) risk assessment for PFOS and PFOA in biosolids. USEPA released the Draft 
Sewage Sludge Risk Assessment for Perfluorooctanoic Acid (PFOA) and Perfluorooctane 
Sulfonic Acid (PFOS) for public comment on January 14, 2025. The public comment period ended 
on August 14, 2025.  

The WDNR Interim Biosolids Strategy was developed using a similar approach as the Michigan 
Department of Environment, Great Lakes, and Energy (EGLE’s) Interim Strategy for Land 
Application of Biosolids Containing PFAS, which was finalized in March 2021 and updated most 
recently on January 1, 2024 (EGLE, 2024). The EGLE guidance established recommendations 
for actions based on non-risk-based tiers of PFOS or PFOA concentrations in biosolids. The 
WDNR Interim Biosolids Strategy adopted a similar tiered approach; however, the criteria for the 
tiers and other details vary between the WDNR and EGLE guidance. For example, the WDNR 
guidance defines thresholds based on the sum of PFOS + PFOA, whereas the EGLE guidance 
thresholds are based on concentrations of either PFOS or PFOA. Additionally, the WDNR Interim 
Biosolids Strategy notes that “these target thresholds are approximate values to be used by the 
department in conjunction with site-specific knowledge of the characteristics of the biosolids, the 
proposed disposal option, the characteristics of any proposed land application site (e.g., soil type, 
depth to groundwater, proximity to sensitive receptors like drinking water wells or surface water, 
etc.), type of method and equipment used for land application, etc.” (WDNR, 2024). 

The approach from the WDNR Interim Strategy is summarized below: 

• Sum of PFOS + PFOA generally ≥150 ug/kg: Considered to be at levels of “significant 
concern” and should not be approved for new or transfer land application sites. Notify 
WDNR staff immediately. Sample effluent and investigate potential PFAS sources to 
develop a source reduction program if not done already. Arrange alternative treatment or 
disposal of biosolids besides land application. 

• Sum of PFOS + PFOA generally >50 ug/kg but <150 ug/kg: Reduce land application rates 
to no more than 1.5 dry tons per acre (or get WDNR approval of an alternative strategy). 
Notify WDNR staff immediately. Sample effluent and investigate potential PFAS sources 
to develop a source reduction program, if not done already. Notify landowner/farmer of 
PFAS results prior to initial land application and track application rates for each site. 

• Sum of PFOS + PFOA generally >20 ug/kg but <50 ug/kg: If over a median concentration 
of 20 ug/kg but below 50 ug/kg, implement PFAS source investigation and reduction 
efforts as well as effluent sampling. Notify landowner/farmer of PFAS results prior to initial 
land application and track application rates for each site. If the proposed application rate 
is greater than or equal to 8 tons per acre, consult with the WDNR to detail concentrations 
and recommended tonnages per acre. 

• Sum of PFOS + PFOA generally <20 ug/kg: Land apply per normal approach consistent 
with WAC ch. NR 204.  



 
 

Madison Metropolitan Sewerage District Final    October 2025 
2024 PFAS Characterization Revision 0 

\\madison-vfp\Records\-\WPMSN\PJT2\567794\2024\000001\000004\R5677942024PH1T4-001.docx 9 

The WDNR Interim Biosolids Strategy outlines the next steps identified by the WDNR, which 
include requiring biosolids and/or industrial sludge sampling in WPDES permit applications and 
including PFAS monitoring for biosolids and industrial sludges in WPDES permits if needed to 
supplement the permit application sampling. 

For the purpose of this report, biosolids results were compared to the tiered approach outlined in 
the WDNR Interim Biosolids Strategy, although it is advisory only at this time.  
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4.0 Results and Discussion 

Sample results from the 2024 sampling are summarized in Tables 4 through 12. Laboratory 
reports from the 2024 sampling are included in Appendix A. Graphs of select results are included 
as Figures 1 through 8. Most of the graphs include data collected from the previous sampling 
performed during 2021–2023 along with the data collected in 2024 for the purpose of comparison. 
Results for the sampling performed in previous years, including laboratory reports, can be found 
in the reports summarizing the 2021 sampling (TRC, 2021), 2022 sampling (TRC, 2023), and 
2023 sampling (TRC, 2024). 

Results for influent and effluent are reported in ng/L, which are equivalent to parts per trillion (ppt). 
Results for biosolids are reported in ug/kg, which are equivalent to parts per billion (ppb). PFAS 
results are reported on a dry weight basis in biosolids samples, meaning that the results represent 
a concentration that has been corrected for percent solids. Graphs include column charts and 
time series graphs of concentration vs. time data. On the graphs, sample results are labeled using 
identifiers based on the sample type (e.g., INF-CALC = calculated influent, INF-COMP = 
composite influent, EFF = effluent composite, EFF-G = effluent grab, BIO-A-22 = Class A cake 
[2022 pile], BIO-A-23 = Class A cake [2023 pile], BIO-A-24 = Class A cake [2024 pile], BIO-B = 
Class B biosolids, etc.) and the sampling event date (formatted as YYYY-MM). Results associated 
with influent force mains are labeled as INF- followed by the number corresponding to the 
appropriate force main. Column charts show only detected concentrations of PFAS; nondetect 
results are not included. Nondetect results are shown on concentration vs. time graphs using 
hollow symbols. The color coding for the column charts uses blue for PFCAs and orange for 
PFSAs, where increasing chain lengths are depicted using increasingly darker shades; red to 
black for the FTSs; blues, greens, pinks, and purples for the sulfonamides, sulfonamidoacetic 
acids, and sulfonamidoethanols; and grays for the replacement chemicals; as shown in the graph 
legends.  

4.1 Data Review 

The analytical data were reviewed using the USEPA Data Review and Validation Guidelines for 
Perfluoroalkyl Substances (PFASs) Analyzed Using EPA Method 537 (EPA 910-R-18-001), 
November 2018, USEPA National Functional Guidelines for High Resolution Superfund Methods 
Data Review (EPA 542-R-20-007), November 2020, and Wisconsin PFAS Aqueous (Non-Potable 
Water) and Non-Aqueous Matrices Method Expectations, Document #EA 19 0001, WDNR, 
December 2019 as guidance for data review. EPA 910-R-18-001 applies to method 537 and 
drinking water matrices only but the guidance can be applied in part or in whole to evaluate data 
in non-drinking water matrices. Data quality and usability review summaries and Qualified 
Form 1s for each monthly sampling event are provided in Appendix B. 

4.2 Influent 

Influent sampling included monthly collection of flow-weighted composite influent samples and 
quarterly collection of influent samples from the five individual force mains.  

At this time, there are no regulatory criteria for PFAS that apply to the District influent. 
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4.2.1 Calculated and Composite Influent Results 

Flow-weighted composite influent samples were collected monthly and are referred to here as 
“Composite Influent” or “Influent Comp.” Influent samples were also collected from the five 
individual force mains on a quarterly basis. The results from the individual force main samples 
were used to calculate flow-weighted averages for the purpose of comparing to the Composite 
Influent samples. The flow-weighted averages are referred to as “Calculated Influent” and are 
calculated as an average of the results from the five influent force main samples weighted by their 
respective flow rates, with nondetect results represented by concentrations of zero for the purpose 
of the calculation.  

Results for the Composite Influent and Calculated Influent are provided in Table 4 and shown as 
column charts on Figure 1 and Figure 5. The 2024 Composite Influent and Calculated Influent 
results were generally similar to the results from 2021-2023 (Figure 1). As was noted for the 2023 
results, the individual PFAS compounds that consistently had the highest concentrations in the 
Composite Influent in 2024 included several PFCAs (PFBA, PFPeA, PFHxA, and PFOA) and 
PFSAs (PFBS, PFHxS, and PFOS), which were typically detected at concentrations below 
10 ng/L (Figure 5).  

Atypical or notable results for the Composite Influent included: 

• In June 2024, the PFBA result was higher than typical, at an estimated concentration of 
21 ng/L. 

• In June 2024, the PFDS result was higher than typical, at an estimated concentration of 
11 ng/L; however, this result was also qualified as having an ion transition ratio that did 
not meet acceptance limits. 

• In November 2024, the Composite Influent result for PFOS was higher than typical, at a 
concentration of 19 ng/L, and the effluent sample from November also had a higher than 
typical PFOS concentration, at 17 ng/L. A specific possible source (or sources) of PFOS 
in the November 2024 wastewater has not been identified. The November 2024 sampling 
did not include sampling of the individual influent force mains, so it is unknown whether 
one or more of the individual force mains also had a higher than typical PFOS 
concentration. 

Results for the Calculated Influent were generally similar to the Composite Influent. 

Based on results from 2024, the Composite Influent concentrations for PFOS ranged from not 
detected (<0.51 ng/L) to 19 ng/L and concentrations for PFOA ranged from 3.1 to 7.0 ng/L.  

4.2.2 Individual Force Mains 

Influent results from the individual force mains are included in Table 5. The types of PFAS 
regularly detected are generally similar between the five individual force mains. However, higher 
concentrations of PFAS are generally detected in samples from Influent-07 and Influent-18 
relative to the other force mains, as observed in previous sampling. 

Time series graphs of PFOA and PFOS for influent from individual force mains are shown on 
Figures 2a and 2b, respectively. Individual force main results from 2024 indicate PFOA 
concentrations ranging from 1.2 ng/L (estimated concentration) to 11 ng/L (estimated 
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concentration) and PFOS concentrations ranging from not detected to 13 ng/L (estimated 
concentration). In general, PFOA and PFOS concentrations were higher in the Influent-07 and 
Influent-18 samples relative to the other force mains, as observed in previous years.  

4.3 Effluent 

During 2024, composite effluent samples were collected monthly from January through 
December, and effluent grab samples were collected monthly from March through August. 
Effluent sample results are provided in Table 6. Results for detected PFAS are shown as column 
charts in Figure 3 and Figure 5. Time series graphs for PFOA and PFOS are shown on Figures 4a 
and 4b, respectively.  

The effluent PFAS results indicated generally consistent individual PFAS concentrations over 
time, except PFOS and PFHxS in November 2024, as discussed below. The individual PFAS 
regularly detected at the highest concentrations in the effluent samples were generally similar to 
those in the influent samples (Figure 5), which included several PFCAs (PFBA, PFPeA, PFHxA, 
and PFOA) and PFSAs (PFBS, PFHxS, and PFOS). As noted in the Influent results section, the 
November 2024 influent sample also had a higher than typical concentration of PFOS and PFHxS 
detected. The effluent PFOA and PFOS results for 2024 were generally similar to results from 
2021–2023 (Figures 4a and 4b). The PFAS results from the effluent grab sampling were generally 
similar to the results from the effluent composite sampling (Figure 3). 

4.3.1 Comparison of Effluent Results to WDNR Surface Water Standards 

The only effluent result from 2024 that was greater than the WDNR’s applicable surface water 
criteria was the November 2024 result for PFOS of 17 ng/L, compared to the surface water 
criterion of 8 ng/L. (As discussed in Section 3.1, the protocols for determining a need for a PFOS 
and PFOA minimization plan specified in WAC ch. NR 106.98(4) are based on the upper 
99th percentile of the 30-day average effluent concentrations, not individual effluent 
concentrations. As such, a single sample with a concentration exceeding the surface water 
criterion does not necessarily indicate that a PFOS or PFOA minimization plan will be required.) 
The 2024 effluent results for PFOA were less than the WDNR’s applicable surface water criterion 
for PFOA (95 ng/L). Effluent PFOS results from 2024 generally ranged from 3.2 ng/L to 7.3 ng/L 
except the November 2024 result of 17 ng/L. Effluent PFOA concentrations from 2024 ranged 
from 6.5 ng/L to 10 ng/L (Figures 4a and 4b). 

4.4 Class B Biosolids 

Class B biosolids were sampled quarterly during the March, June, September, and December 
2024 sampling events. Class B biosolids sample results are included in Table 7. Class B biosolids 
PFAS results are shown in column chart form on Figure 6, and time series graphs of PFOA and 
PFOS detected in Class B biosolids samples are shown on Figure 7a. 

The Class B biosolids sample PFAS results from 2024 were generally similar to the samples from 
2021–2023 in terms of the types of PFAS detected and the magnitude of the concentrations 
detected. The types of PFAS detected in the 2024 Class B biosolids samples included PFCAs, 
PFSAs, sulfonamides, sulfonamidoacetic acids, and sulfonamidoethanols. Replacement PFAS 
included on the WDNR PFAS list were not detected. The individual PFAS compounds regularly 
detected at the highest concentrations included PFOS, NMeFOSAA, NEtFOSAA, and NMeFOSE.  
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The Class B biosolids PFOS results from 2024 ranged from 6.9 ug/kg to 14 IJ ug/kg (where 
I indicates that the result had an ion transition ratio that did not meet acceptance limits and 
J indicates that the result is an estimated concentration) and PFOA results were 1.4 J ug/kg or 
not detected (<3.0 ug/kg) (Figure 7a). 

4.4.1 Comparison of Class B Biosolids Results to WDNR Interim Biosolids 
Strategy 

The 2024 Class B biosolids results for the sum of PFOS and PFOA ranged from 8.3 ug/kg to 
17 ug/kg, as shown in Table 7. According to the WDNR Interim Biosolids strategy, results 
generally below 20 ug/kg PFOS + PFOA qualify for land application following the normal approach 
consistent with WAC ch. NR 204 and do not require PFAS source investigation or reduction efforts 
or effluent sampling.  

4.5 Class A Cake 

Class A cake was generated in 2022, 2023, and 2024 and set aside in separate piles each year 
for the purpose of the PFAS characterization sampling. Results from the 2024 sampling of the 
Class A cake piles generated in 2022, 2023, and 2024 are included in Table 8.  

In general, the types of PFAS and relative amounts detected in the Class A cake samples during 
the 2024 sampling had similarities between the different piles of Class A cake that were generated 
in different years, although the exact concentrations and ratios varied between piles and over 
time. The types of PFAS detected in the Class A cake samples generally included PFCAs, PFSAs, 
FTSs, sulfonamides, sulfonamidoacetic acids, and sulfonamidoethanols. The individual PFAS 
compounds detected at the highest concentrations in the 2024 samples generally included 
PFPeA, PFHxA, PFOA, PFDA, PFOS, and NMeFOSAA. The four replacement PFAS included on 
the WDNR PFAS list (HFPO-DA, DONA, 9Cl-PF3ONS, and 11Cl-PF3OUdS) were not detected 
in the 2024 sampling, similar to results from previous years, during which replacement PFAS were 
either not detected or were detected at low concentrations.  

Sample results from the Class A cake piles generated each year are discussed separately below.  

4.5.1 Class A Cake (Pile Generated in 2022) 

The pile of Class A cake that was generated in 2022, was sampled quarterly in 2024, during the 
March, June, September, and December sampling events. PFAS results for the 2022 Class A 
Cake pile are shown in column chart form on Figure 8a, and time series graphs of PFOA and 
PFOS are shown on Figure 7b. Variation in PFAS results over time in the samples collected from 
the 2022 Class A cake pile are discussed in Section 5.3.3.  

The Class A cake sample PFOS results from the 2024 sampling ranged from 14 ug/kg to 
18 IJ ug/kg (where IJ indicates a result that is qualified as estimated and having an ion transition 
ratio that did not meet acceptance limits) and PFOA results ranged from 21 J- ug/kg to 33 ug/kg 
(where J- indicates a result that is qualified as estimated with potential low bias), as shown on 
Figure 7b.  



 
 

Madison Metropolitan Sewerage District Final    October 2025 
2024 PFAS Characterization Revision 0 

\\madison-vfp\Records\-\WPMSN\PJT2\567794\2024\000001\000004\R5677942024PH1T4-001.docx 14 

4.5.2 Class A Cake (Pile Generated in 2023) 

The pile of Class A cake that was generated in 2023 was sampled quarterly in 2024, during the 
March, June, September, and December sampling events. PFAS results for the 2023 Class A 
cake pile are shown in column chart form on Figure 8b, and time series graphs of PFOA and 
PFOS results are shown on Figure 7c. Although the types of individual PFAS detected in results 
from the 2024 samples were generally similar between sampling events, the relative 
concentrations varied between events, particularly for the PFCAs.  

The Class A cake sample PFOS results from the 2024 sampling ranged from 14 ug/kg to 
17 IJ ug/kg (where IJ indicates a result that is qualified as estimated and having an ion transition 
ratio that did not meet acceptance limits) and PFOA results ranged from 6.0 ug/kg to 51 ug/kg, 
as shown on Figure 7c.  

4.5.3 Class A Cake (Pile Generated in 2024 ) 

The pile of Class A cake that was generated in 2024 was sampled four times in 2024: first in May 
after having passed the bacteria test, and then during the quarterly sampling events in June, 
September, and December. PFAS results for the 2024 Class A cake pile are shown in column 
chart form on Figure 8c, and time series graphs of PFOA and PFOS results are shown on 
Figure 7d.  

The Class A cake sample PFOS results from the 2024 sampling ranged from 9.6 IJ ug/kg to 
14 IJ ug/kg (where IJ indicates a result that is qualified as estimated and having an ion transition 
ratio that did not meet acceptance limits) and PFOA results ranged from 6.0 ug/kg to 23 ug/kg, 
as shown on Figure 7d.  

4.5.4 Comparison of Class A Cake Results to WDNR Interim Biosolids Strategy 

The range of values for the sum of PFOS+PFOA and the median sum of PFOS+PFOA are 
summarized below for the 2024 sampling results for each of the three Class A cake piles. The 
piles are referred to in the table based on the year in which they were generated (e.g., the 2022 
Class A Cake pile refers to the pile of cake generated in 2022). The data shown in the table are 
based on the results from the 2024 sampling only. Results from previous sampling for the 2022 
and 2023 Class A Cake piles are not included.  

Class A Cake Pile 
Range of PFOS+PFOA (ug/kg) 

from 2024 Sampling 
Median of PFOS+PFOA (ug/kg) 

from 2024 Sampling 
2022 Class A Cake pile 35-51 43 
2023 Class A Cake pile 20-66 29 
2024 Class A Cake pile 20-32.6 29.5 

The median sums of PFOS+PFOA for each Class A cake pile based on the 2024 results were 
each greater than 20 ug/kg but below 50 ug/kg. Out of the 12 total Class A cake samples collected 
in 2024, two samples had results for the sum of PFOS+PFOA that were greater than 50 ug/kg: 
the sample from the 2022 Class A cake pile collected in September 2024 (51 ug/kg PFOS+PFOA) 
and the sample from the 2023 Class A cake pile collected in December 2024 (66 ug/kg 
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PFOS+PFOA). Overall, the results for the sums of PFOS+PFOA are generally above 20 ug/kg 
but below 50 ug/kg.  

According to the WDNR Interim Biosolids Strategy, if the sum of PFOS+PFOA is generally above 
20 ug/kg but below 50 ug/kg, certain actions are recommended, including implementing PFAS 
source investigation and reduction efforts as well as effluent sampling if over a median 
concentration of 20 ug/kg but below 50 ug/kg. Because the Class A cake results from the 2024 
sampling of all piles have median PFOS+PFOA concentrations greater than 20 ug/kg but below 
50 ug/kg, implementation of source investigation and reduction efforts as well as effluent sampling 
may be recommended. The other actions listed for sums of PFOS+PFOA “generally above 
20 ug/kg but below 50 ug/kg” in the WDNR Interim Biosolids Strategy are also anticipated to apply 
based on the 2024 sample results.  

Although the results from samples collected in 2024 from each of the three piles had sums of 
PFOS+PFOA at or above 20 ug/kg, results from previous years for the Class A Cake piles 
generated in 2022 and 2023 included some results for PFOS+PFOA that were less than 20 ug/kg 
and some results greater than 20 ug/kg. For example, results for the Class A Cake pile generated 
in 2022 were below 20 ug/kg PFOS+PFOA for the initial sampling in March 2022, then were above 
20 ug/kg but below 50 ug/kg PFOS+PFOA for the three subsequent sampling events in 2022, 
then were below 20 ug/kg PFOS+PFOA for the first three sample events in 2023, and were above 
20 ug/kg but below 50 ug/kg PFOS+PFOA in the final sampling event in 2023. Furthermore, the 
Class A Cake pile generated in 2022 had a median PFOS+PFOA of approximately 39 ug/kg 
based on samples collected in 2022 (excluding the duplicate sample) and a median PFOS+PFOA 
of 18.1 ug/kg based on samples collected in 2023. The variation in results between sampling 
events may be due in part to transformation, but may also be due to other factors, as discussed 
in Section 5.4. 

4.6 TOP Assay 

TOP assay subjects a sample to artificially (non-environmentally occurring) forced oxidation using 
heat and strong oxidants, which can result in the transformation of precursor PFAS compounds 
to terminal PFAAs and possibly other PFAS. As such, the TOP assay can be used to (1) identify 
the potential presence of precursor PFAS that are and are not part of the target analyte list and 
(2) determine if these precursors will transform during the TOP assay to PFAS included in the 
target analyte list of 33 PFAS compounds. The extent of transformation and specific 
transformation products indicated by the post-oxidation TOP assay results are not necessarily 
indicative of the transformation that would be expected for the same sampled material in the 
natural environment or in WWTP influent, effluent, or biosolids. Rather, the TOP assay represents 
a characterization technique and the individual concentrations of PFAS detected in the post-
oxidation TOP assay results are also not intended to be compared to environmental standards or 
screening criteria. 

The post-oxidation TOP assay results are expected to have higher concentrations of PFCAs due 
to the transformation of precursors.  

TOP assay results for effluent, Class B biosolids, and Class A biosolids samples are included in 
Tables 9, 10, and 11, respectively. 
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4.6.1 TOP Assay  

In 2024, effluent and/or biosolids samples were collected for TOP assay during the March, May, 
June, September, and December sampling events; however, the May and June TOP assays were 
cancelled due to missed holding times at the laboratory (Table 1).  

4.6.2 Effluent TOP Assay 

Effluent TOP assay results are provided in Table 9. Concentrations of some PFCAs increased 
post-oxidation in the 2024 samples from March and December. The September post-oxidation 
results had elevated detection limits due to laboratory blank contamination and several PFCAs 
were not detected above these limits, making comparison of pre- and post-oxidation results 
difficult for that sample. As expected, concentrations of the PFSAs detected were generally similar 
pre- and post-oxidation. Although there were some apparent increases in PFCA concentrations 
post-oxidation, overall, these results suggest that there may not be a large mass of unidentified 
precursors present in the effluent samples. 

4.6.3 Class B Biosolids TOP Assay 

Biosolids TOP assay results for the Class B biosolids are provided in Table 10. The Class B 
biosolids TOP assay results show increases in PFCA concentrations post-oxidation along with 
decreased concentrations of target precursors (NMeFOSAA, NEtFOSAA, NMeFOSE, NEtFOSE). 
These results are consistent with expected oxidation of target and non-target precursors to 
PFCAs.  

4.6.4 Class A Cake TOP Assay 

Biosolids TOP assay results for the 2022, 2023, and 2024 Class A cake piles are provided in 
Table 11.  

The Class A cake TOP assay results show increases in PFCA concentrations post-oxidation 
along with decreases in target analyte precursor concentrations (perfluorooctanesulfonamido 
moieties), as expected for TOP assay. Overall, these results are consistent with the presence of 
precursors in the Class A Cake samples.  

4.7 Blank Samples 

The blank samples collected in 2024 included equipment blanks, which were collected as rinsate 
samples of the equipment used for the Class A cake sampling during each event when Class A 
cake was sampled, and one sample of HPLC water, as mentioned in Sections 2.3 and 2.4. Results 
for these samples are provided in Table 12. 

Equipment blank results were evaluated as part of the data quality and usability reviews 
(Appendix B). PFAS were detected in two equipment blank samples during 2024 (May and June); 
however, no validation actions were required based on these detections. PFAS were not detected 
in the other equipment blanks from 2024 or in the HPLC water sample.  

The May 2024 equipment blank sample had 10 individual PFAS detected, with detected 
concentrations as high as 18 ng/L. Due to the unusual number and concentrations of PFAS in 
this equipment blank sample, an investigation was initiated to determine the source of the 
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contamination. The laboratory was contacted during validation to confirm the reported equipment 
blank results and found no issues. Further, a sample of the water used to create the blank was 
collected in August 2024, analyzed by the laboratory, and results showed no detections of PFAS 
in the source water. Finally, sample results for pile BIO-A-24 collected in May and June 2024 
were compared and showed similar concentrations between detected PFAS, which was 
interpreted to indicate that there was unlikely to have been significant contamination from the 
equipment during the May 2024 sampling. Therefore, based on professional judgement and 
available information collected during this review, no validation actions were taken because of the 
May 2024 equipment blank results as the results appear to be anomalous. The PFAS detected in 
the equipment blank may have been caused by incomplete equipment decontamination. 
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5.0 Additional Discussion 

5.1 Possible Sources of PFAS 

Results from the 2024 sampling indicated that PFAS were detected in the WWTP influent, 
effluent, and biosolids at concentrations generally similar to the 2021–2023 results and consistent 
with a large municipal WWTP that does not receive highly concentrated PFAS from industrial 
dischargers. Indicator compounds of highly concentrated PFAS sources, such as PFOS and FTSs 
associated with different generations of aqueous film forming foam (AFFF) and chrome-plating 
mist suppressants, are not detected at concentrations that would suggest these sources are being 
discharged to the Nine Springs WWTP on a continuous basis. Many of the PFAS compounds 
detected in the influent received by the District are likely the result of the prevalence of PFAS in 
society’s use and commercial products that enter the municipal sanitary waste stream.  

As discussed in the Influent results section, higher concentrations of PFAS were generally 
observed in the Influent-07 and Influent-18 samples, as has been observed in previous sampling.  

5.2 Temporal Trends for Influent and Effluent 

PFAS concentrations in influent and effluent varied somewhat month-to-month during 2024, but 
no overall trends or months with notably higher than usual results for most or all PFAS were 
observed (Figures 1 and 3). Concentrations of PFOA and PFOS in 2024 were generally similar 
to concentrations detected in 2021–2023, with the exception of the higher than typical PFOS 
detections in the November 2024 influent and effluent samples (Figures 2a/b and Figures 4a/b).  

As discussed previously, a specific possible source (or sources) of PFOS in the November 2024 
wastewater has not been identified. The November 2024 sampling did not include sampling of 
the individual influent force mains, so it is unknown whether one or more of the individual force 
mains also had a higher than typical PFOS concentration. Potential PFAS sources were 
evaluated, including biosolids received as hauled waste and infiltration into a broken sanitary pipe 
in an area with PFAS-impacted groundwater. Neither of these seemed to be a possible 
explanation for the elevated PFOS detected in the November 2024 samples. The PFAS-impacted 
groundwater in the area of the broken sanitary pipe had a different PFAS signature than what was 
detected in the influent and effluent. Finally, the biosolids were received on November 12, 2024, 
after the influent sample had already been collected, so the biosolids could not have caused 
elevated concentrations in the influent that month. 

5.3 Transformation and Partitioning 

5.3.1 Influent vs. Effluent 

Influent and effluent sample results may be compared to assess potential transformation and/or 
partitioning of PFAS within the WWTP (Figure 5). Relative to the results for Calculated Influent 
and Composite Influent, the effluent results tend to have higher concentrations of several PFCAs 
(PFPeA, PFHxA, and PFOA), and lower concentrations or fewer detections of most precursors 
analyzed. These differences could be due to simultaneous transformation of precursors within the 
WWTP process and preferential partitioning of certain PFAS to the solid phase of the biosolids 
from the liquid phase of the influent/effluent. Transformation of precursors to terminal PFAS would 
result in lower concentrations of those precursors and can result in higher concentrations of 
terminal PFAS. In general, short-chain PFAS generally prefer the aqueous phase and long-chain 
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PFAS (including long-chain precursors) and PFSAs generally adsorb and partition to organic 
carbon in the solid phase.  

5.3.2 Biosolids vs. Effluent 

When comparing the 2024 biosolids sample results (Class A and Class B) to the effluent sample 
results, the biosolids results generally contain higher proportions of longer chain PFAS, such as 
the perfluorooctane sulfonamido moieties, as observed with the 2021–2023 sample results. This 
difference in composition can be visualized by comparing the effluent results (Figure 3) to the 
Class B biosolids results (Figure 6) and Class A biosolids results (Figure 8). For example, the 
biosolids results show higher proportions of NMeFOSAA, NEtFOSAA, NMeFOSE, and NEtFOSE 
(shown in shades of purple and pink on these figures) when compared to the effluent. The higher 
proportion of long chain PFAS in biosolids is consistent with the expected partitioning of longer 
chain PFAS to solids based on greater sorption potential for these compounds.  

5.4 Class A Cake Results 

Variation in PFAS results between sampling events for an individual pile of Class A cake may be 
due to factors including, but not limited to, the following: 

• The transformation of precursor PFAS compounds to other PFAS, including intermediates 
that may further transform, or terminal PFAS, which are generally not expected to 
transform or degrade under typical environmental conditions 

• Heterogeneity within the pile (even though sampling procedures are intended to minimize 
the effects of heterogeneity within the pile by compositing multiple grab samples, it is still 
possible that heterogeneity within the pile may affect sample results) 

• Homogenization procedures in the field and/or in the lab 
• Potential variability from the low mass of sample used in the laboratory analysis (i.e., the 

lab utilizes a 1-5 gram aliquot of sample for extraction) in combination with a high level of 
moisture (68-74% moisture). Analysis of such a small mass may affect the 
representativeness of sample results. 

Results for the individual piles of Class A cake generated during different years are discussed 
below. 

5.4.1 Class A Cake (Pile Generated in 2022) 

Sample results over time from the pile of Class A Cake generated in 2022 show variation in PFAS 
concentrations between sampling events, as shown on Figure 8a. Between March and September 
2022, results showed increased concentrations of several PFCAs and NMeFOSAA, along with 
decreased concentrations of NMeFOSE, followed by little change in December 2022. The March 
2023 results indicated lower concentrations of PFCAs in general, followed by increasing PFCA 
concentrations over the subsequent quarterly events through December 2023. Results from the 
2024 sampling indicate more consistent concentrations of PFAS, at levels generally similar to 
those detected in September and December 2022. 

Some of these changes in composition may result from transformation of precursors. For 
example, the decreased concentrations of NMeFOSE and increased concentrations of 
NMeFOSAA could results from the transformation of NMeFOSE to NMeFOSAA. And, increased 
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concentrations of several PFCAs could also be due to transformation, as numerous PFAS can 
transform to PFCAs. However, transformation would not explain decreasing concentrations of 
PFCAs because PFCAs are terminal PFAS and are not expected to transform in ambient 
conditions. It is possible that at least some of the variation in PFAS concentrations between 
sampling events may be due to the other factors noted in Section 5.4. 

5.4.2 Class A Cake (Pile Generated in 2023) 

Sample results over time from the pile of Class A cake generated in 2023 also show variation in 
PFAS concentrations between sampling events, as shown on Figure 8b. Higher concentrations 
of PFCAs were detected in the December 2024 sample relative to those detected in earlier 
samples from the same pile. Increased concentrations of PFCAs could result from transformation 
of precursors. However, as noted for the 2022 pile of Class A cake, it is also possible that some 
variation in PFAS concentrations may be due to the other factors noted in Section 5.4.  

5.4.3 Class A Cake (Pile Generated in 2024) 

Sample results from the 2024 pile of Class A cake show some variation in PFAS concentrations 
between sampling events, as shown on Figure 8c. Lower concentrations of PFCAs were detected 
in the September 2024 sample relative to the other samples. However, this variation does not 
appear to be a clear trend, and as noted for the other piles of Class A cake, it is possible that 
some variation in PFAS concentrations may be due to the other factors noted in Section 5.4. 
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6.0 Conclusions 

The following conclusions are made based on the 2024 PFAS sampling at the Nine Springs 
WWTP, with a focus on the effluent and biosolids results: 

• The November 2024 PFOS concentration in effluent was greater than the NR 102 surface 
water criteria for PFOS. However, individual results are not compared to surface water 
criteria when determining the need for a PFOS or PFOA minimization plan. Rather, this 
determination is made using the upper 99th percentile of the 30-day average effluent 
concentrations. 

• A specific possible source (or sources) of PFOS in the November 2024 wastewater has 
not been identified. Other results for PFOS and PFOA from the 2024 sampling were below 
the NR 102 surface water criteria. 

• Class B biosolids sample results for the sums of PFOS+PFOA were below 20 ug/kg, for 
which the WDNR Interim Biosolids Strategy (advisory only at this time) recommends land 
application following the normal approach consistent with WAC ch. NR 204.  

• Class A cake results from the samples collected in 2024 from the cake piles generated in 
2022, 2023, and 2024 show that the sums of PFOS+PFOA were generally above 20 ug/kg 
but below 50 ug/kg, for which the WDNR Interim Biosolids Strategy (advisory only at this 
time) recommends implementing certain actions including source investigation and 
reduction efforts as well as effluent sampling. 

• Class A cake samples from the piles of material generated in 2022 and 2023 indicate 
variation in PFAS concentrations over time. Some variation in PFAS concentrations was 
also observed in the results for the 2024 Class A cake pile, but no clear trends were 
observed based on the samples collected to date. These changes in PFAS concentrations 
may be due to transformation occurring within the pile of Class A cake, heterogeneity, 
homogenization procedures, or low mass of sample analyzed by the lab. 
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