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Environment and Infrastructure
Safeguarding assets, building dynamic research

networks and driving solutions for climate resilience, 

carbon management and complex environmental

challenges.

Environment & 

Agriculture

• Environmental 

chemistry

• Site management

• Data management

• Climate solutions

• PFAS solutions

• Emerging contaminant 

solutions

Research Infrastructure

• DOE U.S. National 

Laboratory operations 

management 

• NSF National Ecological 

Observatory Network 

(NEON)

• NSF Arctic Research 

Science and Logistics 

Support
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Nonprofit, charitable trust formed in 1925

BATTELLE: 95 Years of Innovation
Our mission is to translate scientific discovery and technology advances into societal benefits.



Presentation Acknowledgements

This presentation summarizes a 

review article with contributions 

from academia, government and 

the private sector.

This would not be thorough without 

these diverse perspectives.

For a copy of this review article, 

use this QR Code:
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• Posterchild issue understand PFAS in food.

• Presentation content is from a well-received peer 

reviewed work.

• We will consider risk assessment, management and 

communication.

• Lessons from fish and seafood studies have insights for 

other food: agricultural products, wild game, and more.

• Sampling and analytical challenges are similar.

• Helpful for identify research and regulatory needs.

• PFAS work isn’t easy, you all know that.

• I will share our “We should have…” moments.

• Think about changing your No moments to No, but 

ideas.

• Which expertise and teams do you need for 

investigations?

• How can you leverage existing resources?

• How to promote collaboration between stakeholders?

What are we discussing today?

PFAS in fish and risk assessment. Considerations for other foods.

Hurdles for effective investigations. Strategies to answer your questions.
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What are Fish Consumption Advisories (FCAs)?

• Non-enforceable guidance for consumption of 

recreationally-caught fish.

▪ May be applied to “seafood” like shellfish or reptiles.

• Most U.S. public health agencies follow U.S. EPA 

Guidance (2000) for setting FCAs.

• FCAs exists for individual chemicals and certain 

groups of chemicals.

▪ Mercury, Arsenic, Lead, DDT

▪ Polyaromatic hydrocarbons (PAHs), Polychlorinated 

biphenyls (PCBs), Dioxins

Broader Than FCAs: Some agencies also issue 

similar advisories for shellfish, waterfowl, deer and 

other game or natural/foraged products.
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Pennsylvania Department of Environmental Protection (2024): Neshaminy Creek Fish Advisory 

(pa.gov)

New Hampshire Department of Environmental Services (2024): Fish Consumption | NH 

Department of Environmental Services

Wisconsin Department of Natural Resources (2023): New PFAS Fish Consumption Advisory 

Issued For Lake Wausau And Stevens Point Flowage | Wisconsin DNR

https://www.epa.gov/sites/default/files/2018-11/documents/guidance-assess-chemical-contaminant-vol2-third-edition.pdf
https://www.epa.gov/sites/default/files/2018-11/documents/guidance-assess-chemical-contaminant-vol2-third-edition.pdf
https://www.dep.pa.gov/About/Regional/SoutheastRegion/Community Information/Pages/Neshaminy-Creek-Fish-Advisory.aspx
https://www.dep.pa.gov/About/Regional/SoutheastRegion/Community Information/Pages/Neshaminy-Creek-Fish-Advisory.aspx
https://www.des.nh.gov/home-and-recreation/boating-and-fishing/fish-consumption
https://www.des.nh.gov/home-and-recreation/boating-and-fishing/fish-consumption
https://dnr.wisconsin.gov/newsroom/release/65921#:~:text=For%20women%20%3E50%20and%20men%2C%20the%20general%2Fstatewide%20consumption,bass%2C%20bullheads%20and%20inland%20trout%2C%20which%20are%20unrestricted.
https://dnr.wisconsin.gov/newsroom/release/65921#:~:text=For%20women%20%3E50%20and%20men%2C%20the%20general%2Fstatewide%20consumption,bass%2C%20bullheads%20and%20inland%20trout%2C%20which%20are%20unrestricted.


WI DNR Fish Consumption Advisories for PFAS
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Wisconsin Department of Natural Resources (2023): New PFAS Fish Consumption Advisory Issued For Lake Wausau And Stevens Point Flowage | Wisconsin DNR

https://dnr.wisconsin.gov/newsroom/release/65921#:~:text=For%20women%20%3E50%20and%20men%2C%20the%20general%2Fstatewide%20consumption,bass%2C%20bullheads%20and%20inland%20trout%2C%20which%20are%20unrestricted.


PFAS FCAs Across the U.S. are Evolving 
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Source: Petali et al. (2024). Considerations and challenges in support of science and communication of fish consumption advisories for 

per‐ and polyfluoroalkyl substances - Integrated Environmental Assessment and Management

• Map was current in 2023.

• States are (re)considering 
their PFAS FCAs.

• New USEPA information 
about toxicity affects these 
considerations.

• Namely PFOS and PFHxS

• Useful resources for 
tracking these changes:

• USEPA Fish & Shellfish 
Advisories 

• Environmental Council of 
States (ECOS) PFAS Page

https://setac.onlinelibrary.wiley.com/doi/10.1002/ieam.4947
https://setac.onlinelibrary.wiley.com/doi/10.1002/ieam.4947
https://www.epa.gov/choose-fish-and-shellfish-wisely/fish-and-shellfish-advisories-and-safe-eating-guidelines
https://www.epa.gov/choose-fish-and-shellfish-wisely/fish-and-shellfish-advisories-and-safe-eating-guidelines
https://www.ecos.org/pfas/
https://www.ecos.org/pfas/


Overview of the Challenges for PFAS FCAs or Advisories 
for of Foods

Sampling & 
Study Design

Analytical 
Chemistry

Risk 
Assessment 
(Risk Levels)

Risk 
Management & 
Communication
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How do we address evolving 

science and public health 

protection?

What PFAS concentrations 

present meaningful risks?

Where, when and what should 

we sample to maximize data 

collection?

Are we measuring enough 

PFAS and at low enough 

concentrations?



Numeric Basis of Fish Consumption Advisories
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Toxicity Factors

• Reference Dose (RfD) for 
non cancer effects

▪ mg/kg/day or ng/kg/day

▪ Relatively low for PFOA, PFOS 
an PFHxS

• Oral slope factor (OSF) 
for carcinogen risks

▪ mg/kg/day-1

• Often chemical specific and 
do not account for mixtures. 

• These numbers vary by 
orders of magnitude.

Toxicity Factor × Body Weight kg

Meal Size (g/day)
 × Other Factors = Trigger Concentration (ng/g)

Example FCA for 
PFOS (ng/g or ppb)

Adult - 80 kg

Meal size - 8 oz. or 227 g

EPA RfD – 

1×10-7 mg/kg/day

or 0.1 ng/kg/day

1 Meal Per Week Limit 
at 0.25 ng/g PFOS

Other Factors

• What are the other 
sources of exposure?

• What’s the bioavailability 
of PFAS from food?

• Does cooking affect PFAS 
concentrations?

• Are there precursors, 
PFAS mixtures, or likely 
co-contaminants?

Exposure 
Assumptions

• Assumed body weight 
for children, adults and 
subpopulations.

• Meal sizes and 
consumption rates.

• Varies by sex, age, region of 
the country and cultural 
practices.

• What portion of the 
fish/animal/plant is being 
consumed?

• Fillet versus whole fish



Example of Characterizing Local Exposures:
Consumer Survey in New Hampshire

How much fish, game or forage food 

are people actually consuming?

• Federal and state agencies default to 

historical estimates of how much we eat.

▪  Exposure Factors Handbook | US EPA

• Local surveys of consumer behaviors are 

preferred to this general estimates.

• In NH, an academic-state partnership 

measured consumption patterns.

▪ NH residents consume more seafood than 

previously estimated.

▪ Risk of common seafood items was more 

accurately assessed.
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Source: Crawford, et al. (2024) Patterns of Seafood Consumption Among New Hampshire 

Residents Suggest Potential Exposure to Per- and Polyfluoroalkyl Substances. Expo Health 

16, 1501–1517. https://doi.org/10.1007/s12403-024-00640-w 

https://www.epa.gov/expobox/about-exposure-factors-handbook
https://doi.org/10.1007/s12403-024-00640-w


Sampling & Study Design: Where and When to 
Sample?
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Photo: Dartmouth staff sampling in 

Merrimack NH (Petali, 2023) BIOLOGICAL FACTORS

Species-specific diet and feeding strategies
• Who eats these species and which parts of the animal?

• What do these species eat?

Species-specific differences in uptake, 

elimination, metabolism, and reproductive 

status

• What is the magnitude of bioaccumulation for PFAS?

• How does physiology and life history change bioaccumulation?

Species-specific native range or migration 

patterns

• Are measured PFAS only a problem here, or move with the animal?

• How fast does depuration or accumulation occur?

• Where else could these be consumed?

ENVIRONMENTAL FACTORS

Seasonality

• Does temperature, weather or other factors affect PFAS bioavailability to 

organisms?

• Do seasonal changes influence physiology and bioaccumulation?

Precipitation events • How do storms, runoff and other hydrological events affect uptake? 

Waterbody and habitat characteristics
• Is this a relevant waterbody for human exposure?

• Are other contaminants of concern here?

Human influences

• What local sources of PFAS are there?

• How would this change expected PFAS and analytical methods you 

use?



Example of Leveraging Existing Sampling:
New York State’s Fish Tissue Analyses
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• Leveraging monitoring data that informs both ecological and 
human health risk assessments.

• Understanding PFAS burdens between whole body versus 
fillets in fish.

▪ Informs ecological and human health risk assessments.

▪ Informative for assessing risks to special populations that may use more 
ingredients.

Source: Levanduski et al. (2024). Two for the Price of One: Deriving Per- and Polyfluoroalkyl 
Substances (PFAS) Fillet and Whole-Body Conversion Equations in Fish | Environmental 
Science & Technology Letters (acs.org)

https://pubs.acs.org/doi/full/10.1021/acs.estlett.4c00033
https://pubs.acs.org/doi/full/10.1021/acs.estlett.4c00033
https://pubs.acs.org/doi/full/10.1021/acs.estlett.4c00033


Measuring PFAS in Fish Tissues
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Analytical 

method

Method 

description

Analytical 

instrumentation

Used for FCA 

derivation 

(yes/no)

Target analysis
Finite list of 

compounds 
LC-MS/MS Yes

Nontarget analysis 

(NTA)

Scans for unknown 

PFAS compounds

HRMS with 

quadrupole time-of-

flight (Q-TOF) or 

Orbitrap analyzers

No

Total oxidizable 

precursor (TOP) 

assay

Target analytes and 

oxidizable precursors
LC-MS/MS Yes

Total or extractable 

organic fluorine

Quantifies the total or 

extractable organic 

fluorine in a sample

Combustion ion 

chromatography 

(CIC); proton-induced 

gamma-ray emission 

(PIGE)

No

• Like other environmental media, 
your analytical methods matter.

• How will you use the analytical data?
• Do you have unique sources of PFAS at your 

sites?

• Can these be “fingerprinted” to tease apart 
sources?

• Not all PFAS have toxicological information.

• How will you assess and communicate these 
results?

2024 U.S. EPA Analyte Recommendations: EPA 
Releases New Science-Based Recommendations 
to Help More States, Tribes, and Territories Reduce 
Exposure to PFAS in Fish | US EPA

https://www.epa.gov/newsreleases/epa-releases-new-science-based-recommendations-help-more-states-tribes-and-territories#:~:text=EPA%E2%80%99s%20most%20recent%20National%20Aquatic
https://www.epa.gov/newsreleases/epa-releases-new-science-based-recommendations-help-more-states-tribes-and-territories#:~:text=EPA%E2%80%99s%20most%20recent%20National%20Aquatic
https://www.epa.gov/newsreleases/epa-releases-new-science-based-recommendations-help-more-states-tribes-and-territories#:~:text=EPA%E2%80%99s%20most%20recent%20National%20Aquatic
https://www.epa.gov/newsreleases/epa-releases-new-science-based-recommendations-help-more-states-tribes-and-territories#:~:text=EPA%E2%80%99s%20most%20recent%20National%20Aquatic


Analytical Challenges for Measuring PFAS in 
Fish, Game and/or Plant Tissues
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ISSUE DESCRIPTION POTENTIAL SOLUTIONS

Precursors
Contributes to underestimating 

exposure to target consumers.

• Use non-targeted or TOP methods

• Collect data to characterize uncertainty

• Re-evaluate risks as science evolves

Matrix interference
Contributes to over- or underestimating 

exposure to target consumers

• Review your analytical results

• Meet with your chemists

• Review literature for similar results

Analytical level limitations
Can we measure the levels that 

determine risk or potential actions?

• Prioritize sample analysis around current 

available capabilities.

• Archive samples for future analysis

Availability of standards Which PFAS can we reliably identify?
• Use non-targeted or TOP methods

• Archive samples for future analysis

Method acceptance & 

validation

Most FCAs are based on data from the 

targeted approach, relying on validated 

methods and reproducible results.

• Review study objectives

• Meet with policy makers or regulators before 

analyses



You have sampled, analyzed the data and 
developed FCAs. Now what?

• Are your local agencies staffed and resourced for 
outreach?

• How do your local agencies communicate 
advisories?

▪ Do your communities even trust public health agencies?

• How to engage with special populations?

▪ Subsistence fishers?

▪ Language barriers?

▪ Signs, social media, websites?

• What resources are available to limit or redirect 
harvesting and consumption?

• How do “you” as individuals, regulators and 
policy makers address risks versus benefits?
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Photo Credit: “Loon Eggs Tell Story of forever chemicals in Squam Lake.” Valley News 

(2023)



Environmental Justice, Cumulative Impacts, and  
“Good Customer Service”
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Rapidly shifting landscape for risk management 

policies and practices.



Example of Basic Customer 
Service from New Hampshire’s 
State Agency

• Start with a conversation, not assumptions.

• Check your agencies available resources for 

translation services.

▪ Is there funding for basic translation?

• Use available information to identify potential 

at risk groups.

▪ Census Bureau Data

▪ US EPA EJ Screen is no longer available.

▪ Conduct community surveys/interviews to assess needs.
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https://data.census.gov/


Summary

Sampling & 
Study Design

Analytical 
Chemistry

Risk 
Assessment 

(FCA)

Risk 
Management & 
Communication
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PFAS advisories are 

challenging but not 

impossible.

Similar challenges as other 

chemicals (e.g., PCBs, 

mercury, dioxins).

Unique challenges exist for 

PFAS.

The science is evolving, 

expanding our PFAS toolbox.

Collaboration is crucial to 

address PFAS in natural 

resources.

Effective Risk Communication = 

Effective Risk Management



Battelle is addressing the problem from several angles. 

Addressing PFAS Requires Diverse Teams

Jon Petali 

 Risk Assessor
Risk Assessment 

Toxicology                  

Risk Communication 

petali@battelle.org 

AFFF Destruction 

Annihilator®           

SCWO 

longbrake@battelle.org 

PFAS in Products               

Alternatives Assessment 

thomass3@battelle.org 

PFAS Analytics        

PFAS Signature®                  

Fingerprinting 

dasu@battelle.org 

Shalene Thomas 

 Program Manager

Kavitha Dasu 

 Chemist

Dan Longbrake 

 Director

mailto:petali@battelle.org
mailto:longbrake@battelle.org
mailto:thomass3@battelle.org
mailto:dasu@battelle.org


Thank you for your time.

Contact Information

Jonathan Petali, PhD, DABT
Human Health Risk Assessor
Environmental Solutions, Battelle

Email | petali@battelle.org 

LinkedIn | www.linkedin.com/in/jonpetali

Additional Resources:
• Support for Fish and Shellfish Advisory Programs | US EPA

• US FDA Announcements on PFAS | FDA

• 2023 National Fish Forum | US EPA 

• Interstate Technology & Regulatory Council’s (ITRC) PFAS Technical and 

Regulatory Guidance Document 

• PFAS and Emerging Chemicals | Battelle Market 
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For a copy of the 2024 PFAS and FCAs 

Review Paper, use this QR Code:

mailto:petali@battelle.org
http://www.linkedin.com/in/jonpetali
https://www.epa.gov/choose-fish-and-shellfish-wisely/support-fish-and-shellfish-advisory-programs
https://www.fda.gov/food/process-contaminants-food/fda-announcements-pfas-and-other-us-government-information
https://www.epa.gov/choose-fish-and-shellfish-wisely/2023-national-fish-forum
https://pfas-1.itrcweb.org/
https://pfas-1.itrcweb.org/
https://www.battelle.org/markets/environment/pfas-and-emerging-chemicals
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