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PFAS are on the news on a daily basis

https://www.nytimes.com/2016/01/10/magazine/the-lawyer-who-became-duponts-worst-nightmare.html
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PFAS are in the movies

The Devil We Know (2016 documentary)
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Dark Waters (2019 film)

What are PFAS
• Per- and polyfluoroalkyl substances
• Thousands of different compounds
• Unique physical-chemical properties
– Resistant to water, oil, and grease
– Persistent, bioaccumulative

• Analytical methods can reliably measure ng/L or ppt
levels
– 1 ppt = 30 seconds in one million years
– 1 ppt = one drop of water in 20 Olympic swimming pools

Source: ITRC 2020

PFAS are widely used in our society
• More than 200 use categories and
subcategories for more than 1400
PFAS
• Both industrial processes and
consumer products
– Non-stick cookware
– Pizza box
– Firefighting foams
– Plating fume suppressant
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Source: Gluge et al., 2020. An overview of the uses of PFAS, Environmental Science Processes & Impacts

http://smchd.org/pfas/

Exposure pathways of PFAS to humans
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PFAS show up in drinking water
• Unregulated Contaminant Monitoring
Rule (UCMR3)
– National monitoring 2013 – 2015
– Measured six PFAS compounds

• Drinking water supplies for 6 million
U.S. residents exceed US EPA’s lifetime
health advisory level (70 ppt) for PFOA
and PFOS
• This 2016 publication drives national
attention on PFAS
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PFAS contamination in the U.S.
Known PFAS-contaminated sites

Source: https://www.ewg.org/interactive-maps/pfas_contamination/map/
(as of 6 January 2021)
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PFAS regulations are evolving fast
• EPA
– Lifetime health advisory of 70 ppt for PFOA + PFOS
– Preliminary remediation goal of 70 ppt for PFOA +
PFOS for contaminated groundwater
– Not “hazardous substance” yet
– Toxics Release Inventory reporting of 172 PFAS
– Developing MCLs for PFOA and PFOS

• Department of Defense
– No PFAS in AFFF in practice/training
– No PFAS in food packaging

• Federal Aviation Administration
– No PFAS in AFFF in domestic airports
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As of June 2021

Current winners in the “race to the
bottom”:
• CA notification levels:
o 5.1 ng/L PFOA
o 6.5 ng/L PFOS
• Michigan MCLs:
o 6 ng/L PFNA
o 8 ng/L PFOA

EPA strategic road map
Implications

EPA’s New PFAS Roadmap
• Produced by the EPA Council on PFAS that was
established in April 2021
– Including senior technical and policy leaders from
across EPA program offices and Regions

• 31 specific actions over the next three years
• Actions span across EPA’s regulatory purview
– CAA, CERCLA, CWA, SDWA, TSCA

• Actions to be implemented by various EPA
offices
CAA = Clean Air Act
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CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act
CWA = Clean Water Act
SDWA = Safe Drinking Water Act
TSCA = Toxic Substances Control Act

https://www.whitehouse.gov/

Implications: PFAS regulations are here to stay
• EPA Roadmap indicates that PFAS will not go away
• Since publication of the Roadmap, EPA has published additional plans
– to add PFOA, PFOS, PFBS, GenX as RCRA hazardous waste
– to clarify PFAS can be cleaned up through RCRA Corrective Action Process

• Additional legislations on PFAS under discussion
– PFAS Action Act
– Recently-passed Infrastructure Package
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RCRA = Resource Conservation and Recovery Act

Implications: Huge implication of CERCLA hazardous
substance listing
• Facilities would be required to report on PFOA/PFOS release
• Due diligence during real estate transaction would require evaluation of PFAS
• New PFAS CERCLA/Superfund sites
• Treatment system upgrade at CERCLA sites
• What about the closed Superfund sites?
• EPA or other agencies could seek cost recovery from PRPs that contribute to
PFOA/PFOS at contaminated sites
• Many PRPs may be brought in considering the many sources of PFAS; existing
litigation and settlements
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Implications: PFAS discharge from industrial and other
sources will be regulated
• Updating ELGs to limit PFAS discharge from industrial facilities
– Ruling for organic chemicals, plastics and synthetic fibers and electroplating is ongoing
– Data collection for other industries including electrical and electronic components,
textile mills, landfills, leather tanning and finishing, plastics molding and forming, and
paint formulating.

• NPDES permit will be used to regulate PFAS discharge
– Pump & treat system at contaminated sites
– Stormwater sites
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ELG = Effluent Limitations Guidelines

Implications: More public attention to PFAS is expected
• Undertake national monitoring for PFAS with the UCMR
– UCMR5 to be conducted from January 2023 through December 2025
– Compared to UCMR3, UCMR5 will
• Expand PFAS analyte list from six to 29 compounds
• Include smaller public water systems serving fewer than 3,300 population
• Using latest analytical method with lower reporting limits

• Update TRI reporting requirements, eliminating the minimum reportable quantity
– More facilities would be required to report PFAS releases
– More PFAS data will become public information
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TRI= Toxics Release Inventory
UCMR = Unregulated Contaminant Monitoring Rule

PFAS and Stormwater

PFAS Regulation in Arizona
Arizona following federal guidelines; no state-specific regulations

Arizona DEQ

• “No known manufactures of PFAS in Arizona”
• “PFAS compounds were not used on large-scale industrial applications and tend to
be localized near areas of potential frequent use”
• Screening near areas of concern

Pima County

• Davis-Monthan Air Force Base
• Groundwater impacted in Tucson Basin alluvial aquifer
• Stormwater outfall canal designated high risk for PFAS
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PFAS regulation in stormwater
Federal NPDES permitting
• EPA requiring some PFAS monitoring for NPDES where it is the permitting
authority:
• MA, NH, NM, DC, most U.S. Territories, some federal facilities

Other locations regulated at State-level
• California: some entities required to test and treat stormwater for PFAS
• Michigan: implementing upstream investigations and pretreatment
requirements based on PFAS discharges from POTWs
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Next steps: promulgate stormwater PFAS analysis method
• Currently no EPA-approved lab methods for stormwater

• Promulgated methods are for drinking water (e.g. EPA Method 533; 537)

• DRAFT EPA Method 1633 published August 2021

• “The method will support NPDES implementation…tested in a wide
variety of wastewaters…contains all the required quality control
procedures for the CWA”
• Not commercially available at scale
• 11 labs now testing method
• Anticipated promulgation: 2023 or 2024
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Next steps: State/local stormwater PFAS regulation
Implementation will differ by jurisdiction
• EPA’s current focus is on PFOS and PFOA
• What to analyze for?

• 38 PFAS compounds available under 533+537 (< 1% of PFAS compounds)
• 40 PFAS compounds available under Method 1633
• List of analytes varies by state
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Supplemental information

PFAS health effects

22

Water treatment technologies
To protect water users from PFAS
impact

Wellhead treatment, rather than
plume-wide remediation, will
become a standard practice
PFAS water
treatment
technologies

Granular Activated Carbon (GAC)

Ion Exchange Resin (IX)

-Granular Activated Carbon
-Ion Exchange
-Nanofiltration
-Reverse Osmosis

Reverse Osmosis (RO)

PFAS waste disposal methods

Thermal Technology

Landfill

•

Uncertainty with complete PFAS destruction

•

Known PFAS source

•

Release of HF

•

PFAS in leachate discharge

•

PFAS in landfill gas discharge

Underground injection
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Source: EPA, 2020. Interim guidance on the destruction and disposal of perfluoroalkyl and polyfluoroalkyl
substances and materials containing perfluoroalkyl and polyfluoroalkyl substances.

Destructive technologies under development

Ball-Milling: Ball impacts create radicals, heat, and even plasma from
co-milling materials and localized high temperatures that mineralize PFAS

Supercritical water oxidation

Electrochemical Oxidation

•

Chemical oxidation process

•

Low energy costs

•

Used to treat other organic waste

•

No chemical oxidants needed

•

High energy consumption

•

Generate toxic by-products

•

Generate corrosive HF

•

Incomplete of destruction of some PFAS

Pyrolysis and Gasification: Decomposes materials at moderately
elevated temperatures in an oxygen-free or low-oxygen condition.
Treating PFAS-containing sewer and biosolid.
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Source: https://www.epa.gov/chemical-research/pfas-innovative-treatment-team-pitt

Destructive technologies under development (cont’d)

Plasma Technology
•

Clarkson University has been leading the research on this

•

Field pilot tests have been conducted

•

Promising field data have been collected

•

Have difficulty in destructing short-chain PFAS

Hydrated Electrons
•

UC Riverside has been leading the research on this

•

Near complete defluorination for both long- and short-chain PFAS

•

Extensively studied in bench-scale

•

Field study to be conducted under an ESTCP-funded project
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Source: Singh et al., ES&T 2019

Source: Bentel et al., ES&T Letter 2020

EPA Strategic Roadmap
Office of chemical safety and pollution prevention
• Publish a national PFAS testing strategy. Expected Fall 2021
• Ensure a robust review for new PFAS. Ongoing
• Review previous decisions on PFAS. Ongoing
• Close the door on abandoned PFAS and uses. Expected Summer 2022
• Enhance PFAS reporting under the TRI. Expected Spring 2022
• Finalize new PFAS reporting under TSCA Section 8. Expected Winter 2022
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TRI = Toxics Release Inventory
TSCA = Toxic Substances Control Act

EPA Strategic Roadmap
Office of Water
• Undertake nationwide monitoring for PFAS in drinking water. Expected Fall 2021
• Establish a national primary drinking water regulation for PFOA and PFOS. Proposed
Rule Expected Fall 2022, Final Rule Expected Fall 2023
• Publish the final toxicity assessment for GenX and five additional PFAS. Expected Fall
2021 and ongoing
• Publish health advisories for GenX and PFBS. Expected Spring 2022
• Restrict PFAS Discharges from industrial sources through a multi-faceted ELG
program. Expected 2022 and ongoing
• Leverage NPDES permitting to reduce PFAS discharges to waterways. Expected Winter
2022
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ELG = Effluent Limitations Guidelines
NPDES = National Pollutant Discharge Elimination System

PFBS = perfluorobutane sulfonate
PFOA = perfluorooctanoic acid
PFOS = perfluorooctane sulfonate

EPA Strategic Roadmap
Office of Water (cont’d)
• Publish multi-laboratory validated analytical method for 40 PFAS. Expected Fall 2022
• Publish updates to PFAS analytical methods to monitor drinking water. Expected Fall
2024
• Publish final recommended ambient water quality criteria for PFAS. Expected Winter
2022 and Fall 2024
• Monitor fish tissue for PFAS from the nation’s lakes and evaluate human biomarkers
for PFAS. Expected Summer 2022
• Finalize list of PFAS for use in fish advisory programs. Expected Spring 2023
• Finalize risk assessment for PFOA and PFOS in biosolids. Expected Winter 2024
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EPA Strategic Roadmap: Office of Land and Emergency
Management and Office of Air and Radiation
Office of Land and Emergency Management
• Propose to designate certain PFAS as CERCLA hazardous substances. Proposed Rule
Expected Spring 2022; Final Rule Expected Summer 2023
• Issue advance notice of proposed rulemaking on various PFAS under CERCLA.
Expected Spring 2022
• Issue updated guidance on destroying and disposing of certain PFAS and PFAScontaining materials. Expected by Fall 2023
Office of Air and Radiation
• Build the technical foundation to address PFAS air emissions. Expected Fall 2022 and
ongoing
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EPA Strategic Roadmap
Office of Research and Development
• Develop and validate methods to detect and measure PFAS in the
environment. Ongoing
• Advance the science to assess human health and environmental risks
from PFAS. Ongoing
• Evaluate and develop technologies for reducing PFAS in the
environment. Ongoing

31

EPA Strategic Roadmap
Cross-program
• Engage directly with affected communities in every EPA Region. Expected Fall 2021
and ongoing
• Use enforcement tools to better identify and address PFAS releases at facilities.
Ongoing
• Accelerate public health protections by identifying PFAS categories. Expected Winter
2021 and ongoing
• Establish a PFAS Voluntary Stewardship Program. Expected Spring 2022
• Educate the public about the risks of PFAS. Expected Fall 2021 and ongoing
• Issue an annual public report on progress toward PFAS commitments. Winter 2022
and ongoing
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