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First Things First: What is an EV?

• In the strictest sense, an EV is a vehicle that is fully battery-powered and takes 

its charge from the grid 

• EVs include:

– Battery electric vehicles (BEVs) … e.g., Tesla or Bolt

– Plug-in hybrid electric vehicles (PHEVs) … e.g., Ford Escape PHEV

• EVs do not include:

– Hybrid electric vehicles (HEVs) … e.g., Toyota Prius

• However, in the media and in common vernacular, “EV” is often taken to mean 

any vehicle that is at least partially battery-powered … sometimes contributing 

to confusion

www.pv-magazine.com/2021/08/09/hyundai-and-ul-ally-to-

give-ev-batteries-a-second-life



• Electrified vehicles of all types are coming to the Colorado                                                                 

market

• This presentation is about managing the life cycle                                                                           

of electric vehicle batteries, in the U.S. in general, and in                                                                

Colorado specifically                                                                                                        

– Managing the battery life-cycle is the essential aspect of                                                                      

managing the vehicle life-cycle

– While discussion commonly focuses on LDVs, HDVs will                                                                         

also play an important role
Public Comment Draft CO GHG Roadmap Assumptions & Results

Introductory Remarks (1 of 4)

LDV | MDV | HDV = Light | Medium | Heavy Duty Vehicle



Introductory Remarks (2 of 4)

• Like any industrial product, automotive batteries of all types ...                                                           

electric vehicle batteries included … can cause environmental,                                                               

economic, and human health impacts at every stage of their                                                                   

life-cycle … from manufacture to maintenance to disposal

• Consequently, legal ramifications can arise depending on the situation                                                       

and the extent of the impacts, signaling the need for risk management

https://energysolutionsindia.wordpress.com/2020/09/11/battery-

swapping-a-viable-option-for-indias-transportation-future-2030

Focus on Battery Disposition



Introductory Remarks (3 of 4)

• Deployment of EVs is rapidly expanding throughout the U.S. (e.g., Hertz-Tesla 

partnership; Ford-SK Innovation battery plants in TN & KY)

– Evolving consumer preference, federal/state/local policy changes, availability of 

new models, climate change mitigation, and more

• Recent Congressional and State legislative actions have pushed EVs … and 

EV infrastructure … to the forefront

– California mandate: no new petroleum-fueled vehicles sold after 2035

– Bipartisan Infrastructure Law, Chips and Science Act, & Inflation Reduction Act all 

have significant … perhaps transformative … EV implications

www.pv-magazine.com/2021/08/09/hyundai-and-ul-ally-to-

give-ev-batteries-a-second-life



Introductory Remarks (4 of 4)

• However, in Colorado, as in most States. implementation of “all things EV” is 

lagging

− The Colorado EV market is relatively immature, although the state has 

adopted an aggressive strategy to grow the fleet

▪ Many new EVs sold in 2021, but still only 4.7% of LDV sales

− Colorado’s plan to build a network of EV charging stations received 

funding/approval in September 2022 (BIL funds)

▪ Part of the National Electric Vehicle Infrastructure (NEVI) System

− Management of the prospective battery waste stream in Colorado has 

seemingly trailed initiatives to put EVs on the road

www.carsguide.com.au/ev/advice/bmw-electric-cars-in-

australia-everything-you-need-to-know-84058



Terminology: Battery Disposition
Disentangling terminology around battery recycling, re-use,                                                                     

and end-of-life is key to an effective long-term  battery life-cycle                                                            

management strategy

• Recycling (a definition for the battery industry)

– Disassembly and extraction of usable parts 

– Logistics of getting batteries prepared for crushing / smelting / shredding

– The crushing / smelting / shredding process

– Extraction of critical minerals and materials

• Recycling (a definition for the automotive industry)

– Refurbishment, remanufacturing, reuse, redeployment for additional                                                           

automotive applications

• Battery 2nd Life

– Redeployment of used batteries for non-automotive applications
Christensen, P.A., et al., 2021, Risk management over the life cycle of lithium-ion 

batteries in electric vehicles. Renewable and Sustainable Energy Reviews 148, 

https://ars.els-cdn.com/content/image/1-s2.0-S136403212100527X-ga1_lrg.jpg



Distinguishing Battery Types

• The current debate about EV battery life cycle management is primarily focused 

on lithium-ion batteries (LIBs)

• Broadly speaking, LIBs are used to power today’s advanced-technology EVs

– Several different flavors of LIBs

• Earlier-generation hybrid vehicles use nickel-metal hydride batteries (NiMH)

– (e.g., Toyota Prius, Honda Insight)

• LIB and NiMH are different “chemistries” that involve potentially different waste 

streams, in the same way that lead-acid batteries involve a different waste 

stream

• EV LIBs are different than other types of LIBs (e.g., consumer electronics) and, 

again, have a different waste stream

https://blog.ucsusa.org/hanjiro-ambrose/the-second-life-of-used-

ev-batteries

LIBs and NiMH batteries are often 

comingled in the minds of consumers 

and some officials



LIB Situation Today
• Comparatively speaking, there aren’t that many EVs powered by LIBs on the road yet

• The vast majority of EVs … and hence their batteries … are under warranty and will remain so for 

several years to come

• In-warranty LIB defects/failures/repairs are handled/processed by the original                                                  

equipment manufacturers (OEMs) through the dealerships

• In Colorado, and in most other parts of the country, defective LIBs are                                                      

sent out-of-state to be recycled or refurbished

• The thinking about how out-of-warranty LIB problems will be handled                                                             

is still evolving within the OEM community

• Relatively few LIBs are currently languishing in salvage yards or storage facilities

− These would only be early-generation models

• No evidence of LIBs going to landfills

https://en.wikipedia.org/wiki/Tesla_Model_S

LIBs do not present a significant waste 

management problem today, but in 5-

10 years the picture may look different



Comparative NiMH Situation Today

• Many more used NiMH batteries than Li-Ion batteries 

– True in Colorado and most other states

– These were the earliest advanced batteries used in hybrid vehicles

• Many of these are now out of warranty or soon coming off warranty and are 

available for repair, reuse, remanufacturing, or recycling

• Nonetheless, battery life-cycle management activity around NiMH batteries is still 

limited

− A nascent, mostly independent, small business community exists to repair / recycle / 

refurbish / storage

− Again, largely focused on earlier hybrid vehicles

www.automobilemag.com/news/2019-toyota-prius-awd-

first-drive-review

If there is an “EV” battery waste stream 

problem today, it is centered around 

NiMH batteries, but the waste stream 

implications are different than for LIBs.



Current Status of EV Battery Recycling

• In Colorado (and in most states), no entities are engaged in the recycling of advanced (LIB or NiMH) batteries

• Only a few companies/sites in the US are capable of recycling advanced batteries

− Involves a significant permitting process

− Economic viability requires battery volume

− LIBs currently have little value and owners must pay to have them recycled

− NiMH batteries do have value and recyclers will pay to acquire them

• Recycling is a costly and logistically-challenging process

− For example, shipping/transporting universal or hazardous waste cross-country

• Recycling small lots of batteries is impractical and currently uneconomic

Ultimately, all EV 

batteries will need 

to be recycled or 

disposed of at 

end-of-life



EV Battery Recycling Headwinds
• All methods of recycling EV batteries require specialized and centralized facilities

– Not directly analogous to the former problems encountered with lead-acid battery recycling 

– Fewer public safety, environmental health, and human health concerns (as long as waste streams can be mitigated)

– Still, many cost and regulatory hurdles exist

• Not economically viable at present

– Materials recovery benefits (Co, Ni, Li) are limited, and the volume of high value materials will decline with time as battery 

technology improves

▪ For LIBs, present value is <0

– Shipping/transportation costs are and will remain high

– Not enough batteries available yet to justify the effort

– Uncertainty surrounding state and federal regulations pertaining to the movement of hazardous and universal waste, both in 

and out of state

– Inconsistency in the consideration of battery ownership and environmental responsibility (liability)

• Potential competition with 2nd life applications (but these have their own issues)



Non-Automotive 2nd Life Applications of 

LIBs in Colorado

• Currently, there are no economically viable non-automotive 2nd life 

applications of LIBs in Colorado, nor anywhere else in the US

• There are a few successful pilot projects involving NiMH batteries, but none 

in Colorado

• Anecdotally, there is an active DIY community involved in niche applications, 

but these seem to be mostly centered around NiMH batteries

• There is the potential for used batteries to form the basis of stationary 

energy storage systems (ESS), but the potential is as yet unrealized

– Potential will diminish as the price of new batteries declines

https://chargedevs.com/newswire/this-company-is-earning-

money-with-second-life-nissan-leaf-batteries



Approaches to EV Battery Life-Cycle 

Management
Raw material 

extraction + 

refinement

Manufacturing Use
Recycling /

Disposal

• Consumer-focused initiatives

− Landfill ban – Relies on government to create a designated pathway for disposal

− Disposal refund – Makes a buyer responsible for the costs of disposal, and incentivizes consumer returns

− Educational programs 

• Producer-focused initiatives

− Extended producer responsibility – The producer is held liable for planning for end-of-life and all associated costs

• Other proposals

– Labelling/tracking requirements, penalty enforcements, subsidies for affected parties, materials tracing



Other Impactful Entities & Factors

• Salvage yards (particularly the smaller, independent/private ones)

• Salvage vehicle auction houses

• Independent/private repair shops

• Battery aggregators (pre-recycling)

• Insurance companies (re: transfer of ownership and environmental liability when vehicles are “totaled”)

• Non-warranty battery repair/replacement performed by dealerships

– Although not many dealerships are likely to accept such work due to liability issues



Summary

• Colorado, like other states, is pursuing an aggressive strategy to electrify its on-road vehicle fleet

• Among other considerations, there is considerable focus on the disposition of lithium-ion batteries (LIBs) which are 

used to power today’s advanced technology vehicles

• Currently, the risks associated with LIB proliferation in Colorado are low, but this may change in 5-10 years as more 

batteries come off warranty

– The LIB situation is not the same as the NiMH battery situation

• However, Colorado’s strategy for managing battery life-cycle has lagged is push to expand its EV fleet

– The state has not yet addressed issues surrounding NiMH batteries, much less the future issues surrounding LIBs 

• “Recycling” presents a number of challenges … both economic and regulatory

• In net, the environmental, economic, and human health impacts of LIBS over their life-cycle do not significantly dilute 

the benefits they accrue relative to conventional petroleum-fueled vehicles



Where to Get More Information

Colorado State University was tasked in October 2020 to create a report 

defining the current and long-term fate of EV batteries in Colorado

• Interviews with ~40 industry and local stakeholder entities

• Review of existing technical and policy-oriented literature on 

environmental and economic assessment of battery end of life

• Identification of research and policy gaps

• Final report published on 3/15/21 

https://drive.google.com/file/d/1F14bk1Gisx42UiOGfP4nmrybaus0SeA

4/view

https://drive.google.com/file/d/1F14bk1Gisx42UiOGfP4nmrybaus0SeA4/view


Questions?

EV Batteries …
An emerging waste stream mitigation dilemma or an 

impending resource management opportunity?
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Quick Background

Emily has 10+ years of experience as an 

environmental risk assessor and is the co-chair 

deputy for PFAS at TRC. 

▪Modeling the bioaccumulation of various compounds in 

ecological systems, including PFAS

▪ Tracks PFAS regulatory development of Federal and 

State guidance/standards/toxicity values

▪ Emily enjoys spending time with her two young 

children, trail running, cooking and exploring the 

outdoors in CO.  

Emily Larson
Environmental Risk Assessor 

Lakewood, CO
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Presentation Outline

▪ Overview of PFAS Chemistry & Uses

▪ PFAS Federal Rule Making & Safe Drinking Water Act

▪ Toxics Release Inventory (TRI) & NPDES Effluent Guidelines 

▪ Screening Levels

▪ Treatment Technologies

▪ CERCLA Designation

▪ PFAS Forensics
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PFAS Overview 
Quick Chemistry Lesson & Uses
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What Are PFAS?

• Poly- and per-fluoroalkyl substances

─ Generic family of chemicals (>9,000)

─ Manmade and do not occur naturally

─ Used since 1940 

─ Can be branched or linear

─ Used to make products that resist heat, oils, grease, stains, and water

• Most prevalent and researched: PFOA and PFOS

Perfluoroalkyl substances: fully fluorinated alkyl tail
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Quick Chemistry Lesson

Fluorotelomer Alcohol (8:2 FTOH)
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Polyfluoroalkyl substances may also degrade or transform to perfluoroalkyl substances (e.g., PFOS or PFOA): PRECURSORS

Polyfluoroalkyl substances: non-fluorine atom attached 
to at least one carbon atom in the alkane chain

PFAS

Non-polymer Polymer
Potential Precursors

Perfluorinated Polyfluorinated
Precursors

PFAAs

PFCAs

PFSAs

FASAs 

FTSAs

FTCAs

FTOHs

FASEs
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Industry or Product How PFAS Used

Fire-fighting Foam

Metal Plating Mist suppressant, wetting agent

Textiles, Leather & Apparel Waterproof clothing & shoes, stain-resistant carpeting

Plastics Processing aid

Paper & Packaging Water & oil-resistant paper products

Electronics Magnetic tapes, cables, wires, circuit boards, semiconductors

Photography Film, medical diagnostics

Cleaning Products Alkaline cleaners, car wash products, concrete cleaner

Coatings: waxes, paints, inks, varnish Paints, floor coverings, polishes

Pesticides

Medicine X-ray films, stents, contact lenses

Personal Care Products Cosmetics, sunscreen, dental floss

Refrigerants

Building & Construction Concrete mixtures, coatings for buildings & roofs

Explosives Infrared tracking flares, warheads

Oil & Gas Industry Enhance recovery in oil wells, hydraulic oils, gasoline

Mining Enhance metal recovery from oars, mist suppressant
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PFAS Federal Rule Making
Regulatory Drivers
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▪ July 2021: Passed in House

▪ The PFAS Action Act of 2021 calls for several 
significant regulatory actions related to PFAS, 
including:

‒ Requiring the EPA to set drinking water standards for PFOA and 
PFOS within 2 years

‒ Designating PFOA and PFOS as “hazardous substances” under 
CERCLA within 1 year

‒ Requiring EPA to determine if all PFAS should be classified as 
“hazardous substances” under CERCLA within 5 years

‒ Requiring testing of all PFAS for toxicity to human health under 
TSCA

‒ Requiring EPA to designate PFOA and PFOS as “hazardous air 
pollutants” pursuant to the CAA within 6 months

‒ Creating labelling requirements for products to signify that they are 
or are not PFAS-free

‒ Creating wastewater limits/pretreatment standards for PFAS under 
the CWA within 4 years

‒ Minimizing use of AFFF/other PFAS-containing materials by 
emergency responders within 1 year

27

PFAS Action Act of 2021
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PFAS Strategic Roadmap

We’re Here
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Maximum Contaminant Levels (MCLs)
Safe Drinking Water Act (SDWA)
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▪ Under the Safe Drinking Water Act, EPA sets the standards 
for drinking water quality and monitors enforcement.

— National Primary Drinking Water Regulations (NPDWR) 
include enforceable maximum contaminant levels (MCLs).

— Proposed Rule expected Fall 2022; Final Rule Fall 2023

▪ EPA released non-enforceable health advisory levels for 
four PFAS: 

‒ PFOS, PFOA, PFBS, GenX

Federal MCLs for PFAS

30
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EPA Proposes Health Advisory (HA) Levels for PFAS

▪ PFOA & PFOS – Interim Levels, HAs below RLs

‒ Any detection of PFOS/PFOA → exceedance of HAs

▪ PFBS & GenX – Final, HAs above RLs

June 15, 2022
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Targeted PFAS Methods

Method Year Applicable Matrices # PFAS Analytes

EPA 537 v 1.1 2009 Drinking Water 14 analytes

EPA 537.1 2020 Drinking Water 18 analytes

EPA 533 2019 Drinking Water 25 analytes

ASTM D7979-17 2017 Water, Wastewater 21 analytes

ASTM D7968-17 2017 Soil 21 analytes

ISO 25101 2019 Aqueous PFOA/PFOS

DoD QSM 5.4 2021 Solid & Aqueous 24+ analytes

OTM-45 2021 Air 50 analytes

DoD AFFF01 Draft 2021 AFFF PFOA/PFOS

EPA ACB 2021
Oily Matrices (pesticide products formulated in oil, 

petroleum distillates, or mineral oils)
28 analytes

SW-846 8327 2019 All 24 analytes

EPA 1633 Draft #2 2022 All 40 analytes

EPA 537 “Modified” Current All 40+ analytes
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PFAS in UCMR3 & 
UCMR5

UCMR5 (2023-2025)
UCMR3 

(2013-2015)
▪ The SDWA includes a process 

that EPA must follow to name 

unregulated contaminants that 

may require regulation in 

the future.

—Unregulated Contaminant 

Monitoring Rule (UCMR)

—Contaminant Candidate List 

(CCL)
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Toxics Release Inventory (TRI)
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Overview – PFAS and TRI

National Defense Authorization Act (NDAA)

▪ Reporting threshold: 100 lbs. (applies to each 

individual PFAS compound; not additive)

▪ Resulted in the Addition of 172 individual chemicals

▪ Threshold for manufacture, process or otherwise 

use for each PFAS is 100 pounds

▪ Chemicals added RY2021, RY2022 → 180 PFAS

Under TRI, PFAS not classified as 

persistent, bioaccumulative and toxic (PBT):

▪ De minimis level for PFOA = 0.1%
(carcinogen)

▪ All other PFAS chemicals have a de minimis
level = 1% (non-carcinogen)
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TRC PFAS Search Tool and TRI Assessment 

• Assess PFAS Using RY21 or Historical 

Chemical Usage

• Assess PFAS Legacy Usage During Due 

Diligence Limited Compliance Review

• Report PFAS for TRI RY21

Applications

Level of Detail 
Variable

Assess 

Regulated 176 

PFAS 

Presence

Assess All 

PFAS 

Presence

Evaluate Chemical 

Usage & Compare 

to Threshold 

Reporting Values

Evaluate 

Unregulated PFAS 

Regulation 

Potential

Identify 

Environmental 

Liability /Future 

Reporting 

Requirements from 

Precursors

Estimate  

Precursor 

Transformed 

Mass

CAS and Nomenclature 
Search    

• 176 TRI Reportable PFAS

• 9,200+ Unregulated PFAS

• Products with Undisclosed PFAS 

PFAS 

Transform

Formulas in excel designed to search CAS number and 
chemical names to determine possible PFAS usage

Chemical name searches:

• “fluor”

• “surfactant”

• “foam”

• “AFFF”
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NPDES Effluent Guideline Developments
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April 2022 EPA released memo to address 

strategy for PFAS in Federally issued NPDES 

Permits where EPA is the Pretreatment Control 

Authority. 

1. Provides guidance for permit writers to reduce 

the discharge of PFAS

2. Working to revise Effluent Limitation Guidelines 

(ELGs) 

3. Develop water quality criteria to support both 

technology-based and water quality-based 

effluent limitations

NPDES Guideline Developments for PFAS

Where is EPA the Pretreatment Control Authority?

• Massachusetts

• New Hampshire

• New Mexico

• District of Columbia

• Territories (except US Virgin Islands)

• Federal Facilities

• Tribal Lands
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Applicability for PFAS in NPDES Permits

Industry categories known or suspected to discharge PFAS: 

▪ organic chemicals, plastics & synthetic 
fibers (OCPSF);

▪ metal finishing;

▪ electroplating;

▪ electric and electronic components;

▪ landfills;

▪ pulp, paper & paperboard;

▪ leather tanning & finishing;

▪ plastics molding & forming;

▪ textile mills;

▪ paint formulating;

▪ airports;

▪ centralized waste treatment (CWT) facilities;

▪ remediation sites; and

▪ military bases

EPA Effluent Monitoring Recommendations:

- Draft Analytical Method 1633

- Draft Adsorbable Fluorine wastewater method 1621 

can be used in conjunction with 1633 (April 2022)
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Updated Screening Levels
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May 2022: EPA added 5 PFAS to RSL Tables
▪ Risk-based acceptable levels for water, soil, and air

Five (5) PFAS Chemicals Added to EPA RSL Tables

Chemical

EPA Regional Screening Levels (RSLs)

Residential 

Soil (mg/kg)

Industrial 

Soil 

(mg/kg)

Tap 

Water 

(ug/L)

Risk Based 

Protection of 

Groundwater 

SSL (mg/kg)

Reference 

Dose (RfD) 

(mg/kg-day)

RfD 

Source

New PFAS Chemicals

Perfluorooctanesulfonic acid 

(PFOS)
0.13 1.6 0.04 3.80E-05 2.00E-06 ATSDR

Perfluorooctanoic acid 

(PFOA)
0.19 2.5 0.06 9.10E-04 3.00E-06 ATSDR

Perfluorononanoic acid 

(PFNA)
0.19 2.5 0.059 2.50E-04 3.00E-06 ATSDR

Perfluorohexanesulfonic acid 

(PFHxS)
1.3 16 0.39 1.70E-04 2.00E-05 ATSDR

Hexafluoropropylene oxide 

dimer acid (HFPO-DA)  

(known as GenX)

0.23 3.5 0.06 N/A 3.00E-06 DWSHA

Notes:
• All RSLs shown in the table are based on noncancer toxicity.

• The Residential and Industrial Soil RSLs for the salt form of HFPO-DA (Ammonium perfluoro-2-methyl-3-

oxahexanoate) and the SSL for the salt form of PFBS (potassium perfluorobutanesulfonate) are different 

than those listed for the acids.

• mg/kg = milligrams per kilogram

• ug/L = micrograms per liter

*PFBS was added to the RSLs in 2014 and updated in 2021

Implications:

• Many states/entities will rely on the EPA RSL 

for guidance and to determine if further 

PFAS investigation is necessary

• Additional PFAS added, lower SLs = More 

sites being investigated for PFAS
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▪ Clean Water Act (CWA): 1st short-term 
and long-term toxic effects for PFOA & 
PFOS (May 2022)

▪ Protects fish, invertebrates, and other 
aquatic life

▪ Highest concentrations in ambient 
waters not expected to pose significant 
risk to majority of species in water 
body

▪ Not legally enforceable
‒ Initial step to creating federal regulations

Draft Aquatic Life Criteria for PFOA and PFOS

Who Does this Affect?

1. Sites/facilities near or containing environmentally sensitive 
habitats (e.g., rivers and streams, wetlands, vernal pools, 
threatened and endangered [T&E] species areas, etc.) impacted 
by PFAS may be subjected to investigations and monitoring. 

2. Criteria adopted to existing state water quality standards and/or 
included in discharge permits. 

3. Increase in screening level aquatic assessments at PFAS-
impacted sites with ecological habitats.



© TRC Companies, Inc. All rights reserved

Treatment Technologies
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Field Implemented Technologies

PFAS-impacted liquids or solids: ex-situ sequestration

▪ Remove or bind PFAS; do not destroy

▪ Water: Granular activated carbon (GAC), ion exchange resin, or reverse osmosis (RO)

‒ waste managed further →treatment, destruction or disposal

▪ Solids: stabilization, incineration, or disposal in landfill

Factors Affecting PFAS remedy selection:

1. PFAS characteristics (C-F bond, chain length, concentration, etc.)

2. Changes in PFAS properties (past/current remedial action for comingled contaminants, 

mobility/distribution of PFAS in GW)

3. Co-contaminants, organic matter, geochemistry (pretreatment may be critical)

4. Community Acceptance (tradeoffs- cost, cleanup effort, residual contamination)

PFAS
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Developing Technologies

▪ Biochar

▪ Nanofiltration

▪ Biodegradation

▪ Thermal Desorption (separation)

▪ High-energy electron beam (eBeam)

▪ Coated Sand

▪ Zeolites/Clay minerals

▪ Redox Manipulation (Transformation)

▪ Many others- hot research area

*For more information see ITRC PFAS Technical and Regulatory Guidance Document: https://pfas-1.itrcweb.org/

▪ However, no *Silver Bullet*

▪ Background levels – PFOA in 

rainwater

▪ Remediation reaching HA levels?

▪ Move toward source removal/control
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Hazardous Substances
Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA)
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Important Dates

• EPA submitted proposed rulemaking (Jan 

2022) to designate PFOA & PFOS as 

hazardous substances under CERCLA to 

Office of Management and Budget (OMB): 

Approved Aug. 2022; public comment period 

begins.

• Final PFOA & PFOS hazardous substance 

designation: Summer 2023

47

PFOA & PFOS: Hazardous Substance Designation

PFOA and PFOS manufacturers 
and processors 

manufacturers of products containing 
PFOA and PFOS 

downstream product manufacturers and 
users of PFOA and PFOS products (e.g., 

AFFF)

waste management and 
wastewater facilities 

those currently conducting a CERCLA 
clean-up where PFOA and PFOS may be 

found

Multiple 

industries 

potentially 

affected 

CERCLA: gives regulators authority to require 

investigations and cleanups for PFOA, PFOS 

and potentially other PFAS chemicals
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What are the Potential Impacts of a CERCLA 
Hazardous Substance Designation?

Reportable Quantity (RQ) 

values will be added under 

CERCLA (40 CFR 302.4)

Release reporting

will be required

Past release locations may 

likely be of issue

(under 102)

Reopening of Existing/ 

Closed CERCLA sites

NPL listing based 

solely on PFAS 

release

Inclusion in

investigations and 

O&M – sampling

Money from the Superfund 

can be used to clean up 

sites contaminated with 

PFOA and/or PFOS

State and Federal 

authorities may seek 

damages or cleanup costs 

from parties responsible for 

PFOA or PFOS 

contamination

Existing litigation

Transactions, 
Brownfields

Airports, Military 
exemptions

Municipalities: POTWs/Sludge Management,
Fire depts, municipal solid waste landfills
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PFAS Forensics
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Example Analytes for Comparison

50

PFBS

PFHxS

PFHpS

PFOS

6:2 FtS

5:3 FTCA

PFBA

PFPeA

PFHxA

PFHpA

PFOA

PFNA

Key
Total = 12 0 PFBS - 01

PFHxS - 01

PFHpS - 01

PFOS - 01

6:2 FtS - 01

5:3 FTCA - 01

PFBA - 01

PFPeA - 01

PFHxA - 01

PFHpA - 01

PFOA - 01

PFNA - 01

---------

Terminal 

Perfluorocarboxylic

Acids (PFCAs)

Terminal 

Perfluorosulfonic

Acids (PFSAs)

Select Telomers
(transformable)

Key
Total = 37 ng/L 

PFBA - 1
PFPeA - 1
PFHxA - 1
PFHpA - 1
PFOA - 1
PFNA - 1
PFDA - 1
PFUnA - 1
PFDoA - 1
PFTrDA - 1
PFTeDA - 1
PFBS - 1
PFPeS - 1
PFHxS - 1
PFHpS - 1
PFOS - 1
PFNS - 1
PFDS - 1
PFDoS - 1
4:2FTS - 1
6:2FTS - 1
8:2FTS - 1
PFOSA - 1
NMeFOSA - 1
NEtFOSA - 1
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Chemical Signatures

Signatures reflect various 
source and fate/transport 
scenarios
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Plastics Manufacturing

Site manufactured 
polytetrafluoroethylene 
(PTFE) - coated 
fiberglass
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Data source:

1. http://www.dec.ny.gov/docs/administration_pdf/mccdatasummary.pdf

PFOA
96%

Saint-Gobain Plastics Catch Basin SW Sample

Total = 396 ng/L PFBS - ND

PFHxS - ND

PFHpS - N/A

PFOS - ND

6:2 FtS - N/A

---------

PFBA - N/A

PFPeA - N/A

PFHxA - 09

PFHpA - 06

PFOA - 380

PFNA - 01

---------
Catch Basin Sample
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Landfill Leachate

5:3 FTCA telomer 
appears dominant. 
Degradation product 
of other telomers.
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Data source:

1. Lang et al., 2017. National Estimate of Per- and Polyfluoroalkyl Substance (PFAS) Release to 
U.S. Municipal Landfill Leachate, Environ. Sci. Technol., 2017, 51, 2197−2205 (Data shown 
for temperate conditions, t>10 yrs)

5:3 FTCA
41%

PFBA
10%

PFPeA
9%

PFHxA
21%

PFHpA
6%

PFOA
7%

Landfill Leachate
Total = 9,750 ng/L PFBS - 30

PFHxS - 300

---------

PFOS - 100

6:2 FtS - 100

5:3 FTCA - 4,000

PFBA - 1,000

PFPeA - 900

PFHxA - 2,000

PFHpA - 600

PFOA - 700

PFNA - 20

---------
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Takeaway Messages

PFAS as an emerging (emerged) 

contaminant has necessitated 

innovation

▪ Unique and challenging chemical 

properties

▪ Regulatory climate important driver

▪ Analytical capacities & treatment 

technologies continue to evolve

▪ Tools for efficient reporting under TRI

▪ Chemical signatures are a useful 

forensic tool
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