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PFAS Risks in Biosolids Management

Regulatory implications
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1. Know what pyrolysis of biosolids is and what it produces

3. Understand the potential impacts pyrolysis can have on PFAS

2. Establish practical aspects (benefits/challenges) that need to be 
considered for utilities prior to implementation of pyrolysis

Pyrolysis Presentation Objectives
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Pyrolysis: Heating without oxygen

Biomass
•Wood
•Switchgrass
•Biosolids

Py-gas

Py-liquid

Biochar

H2, CO, CH4

~500-800°C

~ 930-1500°F
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3. Understand the potential impacts pyrolysis can have on PFAS
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considered for utilities prior to implementation of pyrolysis

Presentation Objectives
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Drying Costs

Pyrolysis Liquid

Nutrient Mass Balance

Few Installations

Potential Challenges
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Pyrolysis Drying Py-gas Bio-Oil

McNamara, P.J., Koch, J.D., Liu, Z., Zitomer, D.H., 2016. Pyrolysis of Dried Biosolids Can Be Energy Positive. Wat. Env. Res. 88 (9), 804-810

Energy Balance
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Energy Balance – Drying is energy intensive
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Pyrolysis Drying Py-gas Bio-Oil

Dewatered Biosolids at 20% Solids

• Assuming 70% energy 

recovery, energy in 

products < energy required 

for pyrolysis & drying

• Take-home message: If 

you already dry, pyrolysis 

could be used to offset 

some drying energy costs

McNamara, P.J., Koch, J.D., Liu, Z., Zitomer, D.H., 2016. Pyrolysis of Dried Biosolids Can Be Energy Positive. Wat. Env. Res. 88 (9), 804-810
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Energy Recovery from Biosolids (Py-Gas)

Value-Added Product & Carbon Sequestration (Biochar)

Solids Reduction

PFAS Removal

Potential Benefits
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• Moisture holding capacity

• Carbon sequestration

• Less water extractable P than 
biosolids

Biochar as a soil amendment

Carey D.E., McNamara, P.J., Zitomer, D.H. 2015. Biochar from Pyrolysis of Biosolids for Nutrient 

Adsorption and Turfgrass Cultivation. Wat. Env. Res. 87 (12), 2098-2105.

“Biochar-N” with belt filter press filtrate
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Carey D.E., McNamara, P.J., Zitomer, D.H. 2015. Biochar from Pyrolysis of Biosolids for Nutrient Adsorption and Turfgrass Cultivation. 
Wat. Env. Res. 87 (12), 2098-2105.

Biochar as a Beneficial Soil Amendment

• Biochar is a 
different product 
than biosolids

• Need to test 
specific biochar 
with specific 
application



16

Pyrolysis Overview

STRENG
TH
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• Non-burning
• Sludge mass converted 

to energy
• Reduction in 

GHGs/emissions W
EA

KN

ESS
• Few installations
• High investment 

w/drying
• Long-term operational 

feasibility unproven

O
PPO

RTUNITIES

• Potential funding
• Removal of PFAS from 

solids
• Value-added productsTHREA

TS

• Unclear regulatory 
framework

• Air pollution control 
(APC) requirements 
unknown

McNamara, P., Liu, Z., Tong, Y., Santha, H., Moss, L., Zitomer, D. Pyrolysis-A tool in the wastewater solids handling portfolio, not a silver bullet: Benefits, 
drawbacks, and future directions. Wat. Env. Res. 2023 (https://doi.org/10.1002/wer.10863).

https://doi.org/10.1002/wer.10863
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1. Know what pyrolysis of biosolids is and what it produces

3. Understand the potential impacts pyrolysis can have on PFAS

2. Establish practical aspects (benefits/challenges) that need to be 
considered for utilities prior to implementation of pyrolysis

Presentation Objectives
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What Does Pyrolysis Do to PFAS? Start with Fate Definitions

• Compound is no longer present in its original phase

Removal

• Compound reacts to form new compound with modified chemical structure

Transformation

• Compound is mineralized (C-F bonds are broken), inorganic F remains and 
simple forms of C (e.g. CO2)

Destruction
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What Does Pyrolysis Do to PFAS? Start with Fate Definitions

• Compound is no longer present in its original phase

Removal

• Compound reacts to form new compound with modified chemical structure

Transformation

• Compound is mineralized (C-F bonds are broken), inorganic fluoride remains 
and simple forms of carbon (e.g., CO2)

Destruction
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How could we know if transformation occurs?

Total Oxidizable Precursor Assay, a.k.a. TOP Assay

A     →    B
Precursor

Unknown chemical that 
could be converted to a 

known PFAS

PFAS

Specific PFAS we can 
measure

Oxidation 
process 

that 
converts 

A to B
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How could we know if transformation occurs?

Total Oxidizable Precursor Assay, a.k.a. TOP Assay

A     →    B

Why do we care about a process that occurs under extreme lab conditions?

• The process happens in treatment plants and the environment

• Allows us to know extent of PFAS in sample
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If you measure your influent and do not see a specific PFAS, you 
cannot assume it won’t be in your effluent 

TOP Allows Us to Know Extent of PFAS in Samples

PFAS could be in your effluent that were not in your influent
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Initial Research Questions

1. Does pyrolysis remove PFAS from biosolids?

2. Does pyrolysis transform PFAS?
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Experimental Approach: Triplicate Batch Experiments

Py-gas

Biochar

500°C
650°C
800°C

Biosolids Py-Liquid

• 30 minutes
• 100 g dried biosolids 
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Results
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Pyrolysis removes PFAS from biosolids
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Pyrolysis removes PFAS from biosolids
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• 22 PFAS detected in biosolids

• >99% removal in biochar

Removal occurs…what happens to PFAS?

Pyrolysis removes PFAS from biosolids
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• Total Oxidizable Precursors (TOP) 
assay measures all the precursor 
compounds that could transform 
to PFBA

PFBA Precursors are in Biosolids
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• Total Oxidizable Precursors (TOP) 
assay measures all the precursor 
compounds that could transform 
to PFBA

• PFBA detected at much higher 
levels in py-liquid than in the 
feed

• Precursor compounds can be 
converted to PFAS during 
pyrolysis

PFBA Precursors are in Biosolids
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Pyrolysis forms MeFOSE (via transformation)

MeFOSE
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Answers to Research Questions

1. Does pyrolysis remove PFAS from biosolids? Yes

2. Does pyrolysis transform PFAS? Yes

3. Does pyrolysis destroy PFAS? We do not know yet, but at least not 
entirely because PFAS were observed in the liquid
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What about drying?

Drying temperatures are too low to affect PFAS, right?

• We tested samples from 3 utilities

• Dried in oven over night

• Measured PFAS in wet and dry samples
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Drying Affects PFAS Profile
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Precursor Transformation

6:2 FTCA

PFHxA

PFPeA

PFBA
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Answers to Research Questions

Drying can also lead to transformation reactions
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Full List of Experiments
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Zhongzhe Liu, Ph.D.
Assistant Professor

CSU-Bakersfield

Temp (oC) Process

100 Drying

300 Torrefaction

500
Low Temp 

Pyrolysis

800
High Temp 

Pyrolysis

800 Gasification
Lab-scale thermochemical conversion systems 

(a) pyrolyzer (b) gasifier
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Final Thoughts
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Thank You
Questions, or interest in 
collaboration?

McNamaraP@BV.com

41st Spring Biosolids Symposium

Marquette University
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Goal: Provide Tools to Support Biosolids Planning

Tools need to incorporate broader potential benefits and costs of 
installing thermal processes & impacts of PFAS that are relevant in a 
regulatory framework. 

This research integrates experimental results with local policy 
criteria into a practicable LCA tool that can be employed by utilities 
and other WRF subscribers to assess the optimal biosolids 
management strategies.
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To know what happens to PFAS we 
need analytical methods:

• Gas phase and liquid phase

• Specific PFAS

• Total organic fluorine (TOF)

• Inorganic Fluoride

Moving Forward with WRF: Filling in Research Gap
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Rationale: Understand the environmental impacts and benefits of adopting gasification, 
pyrolysis, and torrefaction as different treatment approaches for biosolids. 

47

Scenarios:

➢ Nominal small facility

➢ Nominal large facility

Treatment approaches:

➢ Thermal drying => Class A

➢ Thermal drying + gasification

➢ Thermal drying + pyrolysis

➢ Thermal drying + torrefaction

Greg Knight (lead), Andrew Shaw, Ph.D., Francesca Cecconi, Ph.D.

Objective 3: LCA
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WRF Project Objectives

Objective 1. Develop methods to quantify PFAS in the effluent liquid and gas phases 
of thermal processes. 

Objective 2. Determine the impact of thermal processes on fate of PFAS from 
biosolids. 

Objective 3. Conduct Life Cycle Assessment (LCA) on Thermal Processes 

Objective 4. Final Report
v
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Objective 1 – Method Development

• Eurofins Technical Team:
• Taryn McKnight (Co-PI)

• William Anderson, Ph.D. (Source Air Specialist)

• Eric Redman (VP of Technical Services)

• Gas Phase Development
• Collection: Methanol impinger 

• Analysis: CIC-TOF with chemical pretreatment to 
knock-out inorganic fluoride 

• Liquid Phase Development
• Separate aqueous phase liquid 

• Non-aqueous phase liquid
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New Experiment, Same Idea
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New Experiment, Same Idea - PFAS in Py-Liquid
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Heat Treatments

Treatment Temperature Air?

Drying <105C Air

Pyrolysis 500-800C No Air

Gasification >800C Limited Air
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