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Background



Background: PFAS and Biosolids

PFAS have adverse public health 
consequences
Statewide and nationwide studies 
determined that PFAS are present in 
wastewater biosolids (a.k.a. sludge)
Biosolids are commonly composted for 
beneficial use as soil amendment 
Land-applied biosolids present a 
potential human health risk in some 
scenarios
• USEPA Draft Health Risk Assessment for PFAS in 

Biosolids January 2025)
• PFOA & PFOS @ 1 ppb @ long-term, high rate

From Per- and Polyfluoroalkyl substances (PFAS) in final treated solids (Biosolids) from 190 Michigan wastewater 

treatment plants, by G. W. Link, D. M. Reeves, D. P. Cassidy, E. S. Coffin, 2024, Journal of Hazardous Materials 

463, 132734. https://doi.org/10.1016/j.jhazmat.2023.132734. 

https://doi.org/10.1016/j.jhazmat.2023.132734


Goal and 
Project 

Objectives

Project Goal (2023):

Characterize PFAS profiles of wastewater and biosolids 
at ~90 NYS WWTPs generating biosolids for 
composting or land application

Sub-study Objectives:

• Compare PFAS profiles in biosolids from 30 
facilities

• Determine if relationships amongst influent, 
effluent and biosolids profiles are correlated and 
significant

• Determine if biosolids PFAS profiles from NYS 
facilities are similar to findings of other statewide 
studies



Methods



Facility Selection

Criteria
• Subsample data from ~90 WWTPs
• 10 facilities in each category based on 

permitted maximum daily flow
• Small (< 1.0 MGD)
• Medium (1.0 – 5.0 MGD)
• Large (> 5.0 MGD)

• Reasonable distribution across NYS 

SPDES Number Facility Name Flow (MGD) Size

NY0110434 Bergen (V) 0.104 Small

NY0108421 Nunda (V) 0.2 Small

NY0023558 Aurora (V) 0.3 Small

NY0025445 Dundee (V) 0.3 Small

NY0026531 Margaretville WRRF (NYCDEP) 0.4 Small

NY0023949 Peru 0.5 Small

NY0026948 Arcade (V) 0.5 Small

NY0029271 Sidney (V) 0.67 Small

NY0021377 Camden WWTP 0.8 Small

NY0025461 Minoa (V) 0.9 Small

NY0029262 Owego (V) 1 Medium

NY0027154 Walton 1.17 Medium

NY0021849 Attica (V) 1.4 Medium

NY0036706 Ticonderoga (T) 1.7 Medium

NY0094366 Lake George (V) 1.75 Medium

NY0025798 Owego (T) WPCP #2 2 Medium

NY0021342 Huntington (T) 2.5 Medium

NY0021334 Westfield 2.6 Medium

NY0027049 Geneva (C) - Marsh Creek STP 4 Medium

NY0029831 Ogdensburg (C) 4.5 Medium

NY0036528 Herkimer Co SD 6.1 Large

NY0021610 Webster (T) 7.5 Large

NY0029050 Glens Falls (C) 9.5 Large

NY0020516 Schenectady (C) 18.5 Large

NY0028240 Saratoga Co SD #1 21.3 Large

NY0027057 Lockport (C) 22 Large

NY0104809 Bergen Point 40.5 Large

NY0025780 Oneida County WPC 48 Large

NY0026859 Cedar Creek 72 Large

NY0027081 Onondaga County - Syracuse Metro 80 Large



Sampling Method

Field sampling and QC plan followed best practices from:
• NYSDEC
• California State Water Quality Control Board 
• Michigan Department of Environmental Quality

Grab samples, 1 per matrix, during baseflow conditions

Sampling completed by NYSDEC regional teams (2023-2025)



Sampling Locations

https://ohioline.osu.edu/factsheet/aex-768

Influent Effluent

Biosolids



Analytical Method

USEPA Method 1633 (3rd to final)

Lab @ ESF Analytical and Technical Services

Thermo Scientific TSQ Altis Triple Quadrupole 
Liquid Chromatography Tandem Mass 
Spectrometer (LC-MS/MS)



40 Target PFAS  
Analytes 
(USEPA 1633)



Results 
Summary



PFAS Detection Frequency in Biosolids

Class Analyte Detection Frequency (%)

Matrix IN EF BIO
PFCA PFBA 70 90 93

PFPeA 97 97 90
PFHxA 100 100 97
PFHpA 97 93 93
PFOA 100 97 100
PFNA 90 87 93
PFDA 73 77 100

PFUnA 33 40 97
PFDoA 27 30 93
PFTrDA 23 20 50

PFTeDA 27 23 57
PFSA PFBS 100 100 23

PFPeS 83 70 0
PFHxS 100 93 33
PFHpS 40 40 7
PFOS 97 97 100
PFNS 0 0 0
PFDS 27 7 90

PFDoS 60 7 13
FTSA 4:2FTS 3 3 3

6:2FTS 73 60 77

8:2FTS 37 10 27
FOSA PFOSA 3 13 0

N-MeFOSA 3 0 0

N-EtFOSA 0 0 0
FOSAA N-MeFOSAA 37 57 100

N-EtFOSAA 57 67 100
FOSE N-MeFOSE 0 0 3

N-EtFOSE 0 0 0
FECA HFPO-DA 0 3 0

ADONA 0 3 0
PFMPA 7 3 0
PFMBA 3 3 0

NFDHA 0 0 3
ESA 9Cl-PF3ONS 10 3 3

11Cl-PF3OUdS 10 7 7

PFEESA 13 0 3
FTCA 3:3FTCA 7 3 0

5:3FTCA 67 60 70

7:3FTCA 50 47 40

• All PFCAs detected >50% - 100% in biosolids
• PFOS, PFDS, 6:2 FTS, FOSAAs, and 5:3 FTCA detected in > 

70% biosolid samples
• FOSAs, FOSEs, FECAs, ESAs infrequently detected 



Detection Frequencies in Influent, 
Effluent and Biosolids

Class Analyte Detection Frequency (%)

Matrix IN EF BIO
PFCA PFBA 70 90 93

PFPeA 97 97 90
PFHxA 100 100 97
PFHpA 97 93 93
PFOA 100 97 100
PFNA 90 87 93
PFDA 73 77 100

PFUnA 33 40 97
PFDoA 27 30 93
PFTrDA 23 20 50

PFTeDA 27 23 57
PFSA PFBS 100 100 23

PFPeS 83 70 0
PFHxS 100 93 33
PFHpS 40 40 7
PFOS 97 97 100
PFNS 0 0 0
PFDS 27 7 90

PFDoS 60 7 13
FTSA 4:2FTS 3 3 3

6:2FTS 73 60 77

8:2FTS 37 10 27
FOSA PFOSA 3 13 0

N-MeFOSA 3 0 0

N-EtFOSA 0 0 0
FOSAA N-MeFOSAA 37 57 100

N-EtFOSAA 57 67 100
FOSE N-MeFOSE 0 0 3

N-EtFOSE 0 0 0
FECA HFPO-DA 0 3 0

ADONA 0 3 0
PFMPA 7 3 0
PFMBA 3 3 0

NFDHA 0 0 3
ESA 9Cl-PF3ONS 10 3 3

11Cl-PF3OUdS 10 7 7

PFEESA 13 0 3
FTCA 3:3FTCA 7 3 0

5:3FTCA 67 60 70

7:3FTCA 50 47 40

• Four PFCAs detected <50% in water contrasted with 
biosolids

• Short-chain PFSAs (i.e., PFBS, PFPeS, PFHxS, PFDoS) 
commonly detected in water, but not biosolids

• 6:2 FTS, FOSAAs, and 5:3 FTCA detected >50% in water 
and biosolids

• FOSAs, FOSEs, FECAs, ESAs infrequently detected, if at 
all 



Total (S40) PFAS Summary

Study Facilities
PFAS 

Analytes
Concentration (STot PFAS)

DeFrancisco (2026) 30 40

Biosolids
Mean: 135.6  196.4 ng/g dw

Median: 81.4 ng/g dw
Range: 33.3 to 1141 ng/g dw

IN: 96.5  266.4 ng/L

EF: 52.1   50.2 ng/L

Daley (unpublished 2026) 97 40

Biosolids
Mean: 82.4  126.4 ng/g dw

Median: 53.5 ng/g dw
Range: 0.0 to 1141 ng/g dw



Total PFAS Comparison
Study Facilities PFAS Analytes Mean Concentration (STot PFAS)  w/ Std Dev

Daley (unpublished 2026) 97 40 BIO: 82.4  126.4 ng/g dw

DeFrancisco (2026) 30 40
BIO: 135.6  196.4 ng/g dw

IN: 96.5  266.4 ng/L
EF: 52.1   50.2 ng/L

(Lin et al., 2024) 13 40
BIO: 181 ng/g dw

IN: 37 ng/L
EF: 64 ng/L

(Schaefer et al., 2023) 38 40
BIO: 160  46 ng/g dw

IN: 98  28 ng/L
EF: 80  24 ng/L

(Dong et al., 2025) 213 39
BIO: 67.3 ng/g dw

IN:  60.8 ng/L
EF: 103.3 ng/L

(Link et al., 2024) 190 24 BIO: 108  277 ng/g dw

(Saliu et al., 2024) 33 79 BIO: 152 ng/g dw



Biosolids PFAS Summary (30 facilities)

Compound Mean (SD) ng/g dw Median ng/g dw Maximum ng/g dw Minimum ng/g dw

PFOA 4.9 (5.1) 2.47 19.4 * 0.43

PFOS 15.4 (17.9) 12.3 100.6 ** 0.33

PFHxS 0.8 (2.12) 0.0 10.8 0.0

PFNA 1.97 (2.68) 1.22 14.7 0.0

HFPO-DA 0.0 (0.0) 0.0 0.0 0.0

PFBS 0.51 (1.02) 0.0 3.6 0.0

PFDA 5.12 (3.9) 3.77 16.4 0.88

PFHxA 3.53 (2.51) 2.96 11.9 0.0

N-EtFOSAA 9.26 (7.05) 7.67 26.8 1.29

N-MeFOSE 34.27 (184.5) 0 1028 0.0

6:2FTS 9.96 (19.85) 1.90 77.2 0.0

5:3FTCA 11.8 (8.90) 13.6 28.7 0.0

* 0/30 facilities > 20 ppb     ** 7/30 facilities > 20 ppb; 1/30 facilities > 50 ppb 



Concentration Profiles (30 facilities)

• Influent, effluent, and biosolids profiles are 
statistically different for short chain, long 
chain, and non-PFAA compounds

• Non-PFAA compounds are overrepresented 
in biosolids 

• Long chain PFSAs are overrepresented in 
influent compared to effluent profile

• Biosolids: average profile (X30)
• Non-PFAA 48%
• Long chain PFSA 17%
• Long chain PFCA 16%
• Short chain PFCA 18%
• Short chain PFSA <1%



Results Analysis



Correlations Between Matrices

Biosolids vs. wastewater had few statistically significant (p<0.05) correlations



Principal Component Analysis

Biosolids (Detection Frequency >50%)
• PC1 and PC2 explained 49.7% of the variance 
• Main clustering along PC1 including PFOA, 

PFNA, PFOS, FOSAAs 
• PFOS and FOSAAs commonly cluster in 

PCA results of other studies (Link et al, 2024; 

Munoz et al., 2022)

• PFPeA and 6:2 FTS negatively correlated 

Wastewater
• PFAAs were tightly clustered and positively 

correlated with PC1 for influent and effluent 



Principal Component Analysis

• Confidence ellipses of wastewater 
samples overlap 

• Variance of wastewater samples 
explained by short chain PFAA

• Biosolids variance explained by long 
chain PFCAs and FOSAAs



Permitted Flow

• Weak trend that total PFAS concentrations 
decreases as facility flow increases for 
biosolids

• Similar studies also revealed:
• No correlation between flow and total 

PFAS concentrations
• No correlation with removal 

efficiencies



Effect of Sludge Stabilization Method

• No significant difference in total PFAS 
concentrations based on sludge 
stabilization method

• Others have reported differences 
between anaerobic and aerobic PFAS 
loads 



Biosolid Inorganics Characteristics

• Concentrations of zinc and copper 
are significantly correlated with 
long chain PFAAs and FOSAAs
• Similar to Oviedo-Vargas et al. (2025) study of 

soils that had received sludge application

Spearman Correlation Plot



Summary

• 30 WWTPs generating biosolids for composting or land application were 
included in this study

• PFCAs were detected at a frequency of 50% - 100% in biosolids
• PFOS, PFDS, 6:2 FTS, FOSAAs, and 5:3 FTCA detected in > 70% biosolid samples
• Average total (S40) PFAS concentration in biosolids: 135.6  196.4 ng/g dw

• PFOS >20 ppb at 7 facilities; one of those exceeded 50 ppb
• PFOA <20 ppb at 30 facilities

• Total concentrations consistent with published literature
• Influent and effluent PFAS profiles differed from biosolids
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Audience Participation

Emails:
djdaley@esf.edu 

cdefrancisco@esf.edu 

• What’s your opinion about land application/composting of biosolids that contain 
PFAS? 
• Is a ban an appropriate response?
• Do the benefits of a ban outweigh the costs of a ban?
• What options are available? Should biosolids be landfilled?

• Is 1 ppb attainable at WRRFs that don’t generate or treat for PFAS?
• Should cumulative loading be a consideration, as in heavy metals?



Median Concentrations by Compound

>50% detection frequency
Influent
• PFHxS – 7.89 ng/L
• PFHxA – 2.55 ng/L
• PFOS – 2.36 ng/L

Effluent
• PFHxA – 5.75 ng/L
• PFPeA – 5.56 ng/L
• PFOA – 4.38 ng/L

Biosolids
• 5:3 FTCA – 13.62 ng/g dw
• PFOS – 12.34 ng/g dw
• N-EtFOSAA – 7.67 ng/g dw



Spearman Correlations Between Matrices

• Positive Correlations among most PFCAs, 
PFBS, and PFOS

• Positive correlations along the diagonal 
indicating retention through WWTPs

• Influent profiles has a significant impact on 
effluent PFAS makeup

• Biosolids vs. wastewater had fewer 
statistically significant results and less 
obvious trends

”*” = p-value < 0.05



Wastewater Reduction

Influent to Effluent

Average total % reduction: -29.8%

Decrease: PFHxS, PFPeS

Increase: PFHxA, PFPeA, PFOA 
• Common transformation products 

(Lenka et al., 2021)


