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What is 

PFAS ? 

The RCRA Appendix VII PFAS:

• Perfluorooctanoic acid (PFOA)

• Perfluorooctanesulfonic acid (PFOS)

• Perfluorobutanesulfonic acid (PFBS)

• Perfluorononanoic acid (PFNA)

• Perfluorohexanesulfonic acid (PFHxS)

• Perfluorodecanoic acid (PFDA)

• Perfluorohexanoic acid (PFHxA)

• Perfluorobutanoic acid (PFBA)

• Hexafluoropropylene oxide-dimer acid (HFPO-DA or GenX)

• Poly- or per-fluorinated alkyl substances 

• a general term for specific compounds 
containing Fluorinated linear carbon 
compounds that may have a functional group 
at one end.

• Tend to bioaccumulate (build up)

• Recalcitrant – very slow to breakdown in nature and difficult to 
treat with conventional means

• Some PFAS shown to have toxic effects at high doses and 
potential for carcinogenicity.  



PFOS and PFOA (C8) are legacy PFAS.  We phased the use, production, and sale of these PFAS from 
domestic sources starting in 2006 when the EPA brokered a deal with 9 major manufacturers to 
eliminate them.  They have continued to enter the US in products from other countries who did not 
phase them out, sliding through on the de minimus exemption when listing ingredients. (Less than 1% 
of total ingredients in the product.  PFAS are used at ppt levels).  This loophole is now closed as of 
2023.

PFBS (C4) is an industrial surfactant used for water -resistance and stain resistance on things such as paper, 
carpet, and fabric.  It is a short chain PFAS developed to replace PFOS (scotch guard).  This tends to be 
considered non- polar and hard to remove by conventional removal technology.  It breaks through on GAC 
and IX fairly quickly. 

GenX (C6) was a small chain replacement for PFOS. It has been used in nonstick coatings, fire foam and food 
packaging. It is also, like many PFAS, a bi product of manufacturing processes. 

A Deeper Look……

https://choosefinch.com/blog/what-to-know-about-pfas-a-story-of-polyfluorinated-chemicals



PFHxS and PFHxA (C6) -are short chain PFAS and 
found in AFFF foam since 2015.  PFHxS is a surfactant 
that is used in many commercial product including 
cleaning polishing agents, stain resistant coatings, 
grease proofing and water protective coatings on 
electronics. PFHxA  is the breakdown product of the 
grease proof and stain proof coatings on household 
products 

PFDA (C10) – This long chain PFAS is used in grease 
and stain proof coatings for food packaging, furniture, 
and textiles.  It’s also found in nano- and 
impregnation sprays for ski wax, textiles, and leather.

PFBA (C4) is the breakdown product from grease proof coatings on food packaging, textiles and other 
consumer goods. It is a small chain. PFAS is incredibly hard to measure and remove.  It was a small 
chain replacement for PFOA. 

PFNA (C9) is similar to PFOA.  It’s been used in chemically inert coatings and to make non-stick and stain 
resistant coatings.  PFNA is easier to remove than most PFAS, being a larger molecule. 

https://www.westernvawater.org/drinking-water/water-sources-and-

treatment/understanding-pfas-and-pfoa
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• Octafluoropropane – used in surgical repair 
of retinal holes and retinal tears as a 
tamponade. 

• Tetrafluoroethane – or Freon 134a – the 
refrigerant of choice for automobiles and 
residential use – does not deplete the ozone 
layer or contribute to acid rain.

• Polytetrafluoroethylene (Teflon) – hundreds 
of uses; mixed with metals to form non-stick 
cookware, required by many EPA analytical 
methods, very low friction coefficient, etc.

• Polyvinyl fluoride – Tedlar – used for low 
reactivity coatings including airplane interiors 

NOT ALL PFAS ARE BAD!
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History information 

https://www.epa.gov/pfas/pfas-laws-and-regulations

https://en.wikipedia.org/wiki/Timeline_of_events_related_to_per-_and_polyfluoroalkyl_substances

https://www.linkedin.com/pulse/breaking-down-pfas-action-act-timeline-jeffrey-hale/?articleId=6629132672750940160

April 1938 Roy J. Plunkett (1910 – 1994), 

accidentally invented polytetrafluorethylene (PTFE), a 

saturated fluorocarbon polymer—the "first compound 

in the family of Perfluorinated compounds (PFCs), "to 

be marketed commercially 

1945, DuPont commercialized PTFE as Teflon. They found that PTFE 

was resistant to corrosion, had low surface friction, and 

high heat resistance.[19] Tetrafluorethylene (TFE) can cyclize with a wide 

variety of compounds which led to the creation of a range of organofluorine 

compounds.

1951 Dupont began using C8 in the manufacturing of Teflon at 

their plant in West Virginia 

1952 The original formula for Scotchgard was discovered 

accidentally by 3M chemists Patsy Sherman and Samuel 
Smith.

1947 3M (then the Minnesota Mining and Manufacturing 

Company) began producing PFOA by electrochemical 
fluorination.
1951, DuPont purchased PFOA from 3M for use in the 
manufacturing of specific fluoropolymers—commercially 
branded as Teflon, but DuPont internally referred to the 
material as C8.

https://en.wikipedia.org/wiki/Timeline_of_events_related_to_per-_and_polyfluoroalkyl_substances
https://en.wikipedia.org/wiki/Timeline_of_events_related_to_per-_and_polyfluoroalkyl_substances
https://en.wikipedia.org/wiki/Timeline_of_events_related_to_per-_and_polyfluoroalkyl_substances
https://www.linkedin.com/pulse/breaking-down-pfas-action-act-timeline-jeffrey-hale/?articleId=6629132672750940160
https://en.wikipedia.org/wiki/Roy_J._Plunkett
https://en.wikipedia.org/wiki/Perfluorinated_compound
https://en.wikipedia.org/wiki/Teflon
https://en.wikipedia.org/wiki/Corrosion
https://en.wikipedia.org/wiki/Friction
https://en.wikipedia.org/wiki/Heat
https://en.wikipedia.org/wiki/Timeline_of_events_related_to_per-_and_polyfluoroalkyl_substances#cite_note-ACS_Plunkett_1938-19
https://en.wikipedia.org/wiki/Organofluorine_compound
https://en.wikipedia.org/wiki/Organofluorine_compound


1956 A study undertaken by Gordon I. Nordby 

and J. Murray Luck at Stanford University found 

that "PFAS binds to proteins in human blood.".

1961 A DuPont in-house toxicologist said C8 was 

toxic and should be "handled with extreme care”

1965 John Zapp, who was then director of 

DuPont's Haskell Laboratories, "received a 

memo describing preliminary studies that showed 

that even low doses of a related surfactant could 

increase the size of rats’ livers, a classic 

response to exposure to a poison

1970s In the 1970s researchers at 3M 

documented the presence of PFOS and PFOA—

the "two best-known PFAS compounds"—in fish
.

https://en.wikipedia.org/wiki/J._Murray_Luck
https://en.wikipedia.org/wiki/Stanford_University
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1963 The United States Navy scientists began 

to work with 3M to develop aqueous film-

forming foams (AFFF). The US military began 

to use Aqueous Film Forming Foams (AFFF) 

since its development in 1963 and patented 

AFFF in 1967

The National Research Laboratory  utilized 3M’s Perfluorooctanoic acid (PFOA – 
used to make Teflon), also known as C8, and Perfluorooctanesulfonic acid (PFOS – 
the main component of Scotch Guard) to develop its Aqueous Film- Forming 
Foam (AFFF).

AFFF are a combination of fluorocarbons, surfactants, and solubilizers. The fluorochemical 
based surfactant in the NRL’s AFFF reduces the surface tension of water allowing the foam 
to form an aqueous film on the surface of the hydrocarbon fuel that (1) suppresses 
vapors, (2) deprives the fuel surface of oxygen, and (3) prevents evaporation and 
subsequent re-ignition of the fuel.

https://en.wikipedia.org/wiki/Timeline_of_events_related_to_per-_and_polyfluoroalkyl_substances

1967 In the wake of the 1967 USS Forrestal fire, 

the US Navy began to make it mandatory for its 

vessels to carry Aqueous Film Forming 

Foams (AFFF) on board.

https://en.wikipedia.org/w/index.php?title=Aqueous_film-forming_foam&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=Aqueous_film-forming_foam&action=edit&redlink=1
https://en.wikipedia.org/wiki/Firefighting_foam


1970’s Discovery  

Perfluorinated materials had been found in human blood.

At first, 3M and DuPont were checking to see the 

contamination levels

of their workers.  And so naturally they needed

a control. 

They needed to compare those workers blood levels of C-8 

with the population.  So they could see what the difference 

was. So they started going to archived bloody supplies, and 

checking to see

what clean blood versus the blood of their workers might 

look like.

There was no uncontaminated blood.

They tested kids, they tested adults, they went to Asia.

They went all over the world and everywhere they looked 

practically,

they found their chemicals in people's blood.

Eventually, they did find some clean blood. It turned out it 

was the blood

that had been taken, from army recruits and archived, 

saved,

at the start of the Korean War.

That blood was clean because the Teflon chemicals weren't 

out into

the environment at that point.



1998 Robert Bilott, an environmental attorney with Taft Stettinius & Hollister, took a 

case representing Wilbur Tennant, a Parkersburg, West Virginia, farmer, whose herd 

of cattle had been decimated by strange symptoms that Tennant blamed on DuPont's 

Washington Works facilities.

https://en.wikipedia.org/wiki/Timeline_of_events_related_to_per-_and_polyfluoroalkyl_substances





Current History 
On February 14, 2019, the U.S. EPA published its PFAS Action Plan to respond 

to extensive public interest.

Oct 2019- Preliminary Effluent Guidelines Program Plan 14 – 

Identified 40 PFAS compounds of concern, and identified SNUR 

rules covering 24 of them https://en.wikipedia.org/wiki/Timeline_of_events_related_to_per-_and_polyfluoroalkyl_substances



https://scdhec.gov/environment/polyfluoroalkyl-substances-pfas

X X

X

X

X
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https://www.trihydro.com/webinars/news-test/2021/11/03/pfas-federal-regulations-part-3-recent-actions-affecting-industry-now-next-year-and-beyond

https://www.whitehouse.gov/wp-content/uploads/2024/09/PFAS-STRAT-PLAN-FINAL.pdf



Federal 
Regulatory 

•CERCLA 

•RCRA

Air 
•NO federal 
regulations yet- bill 
submitted 

•EPA approved 
methods for 
monitoring and 
testing for ambient 
air and emissions 
for both volatile 
and semi-volatile 

•DOD and State 
incineration bans 

Manufacturing 

•Toxic Release 
Inventory 2022

•Significant New 
Use Rule 2023

•Call for Data 

•Ban on PFAS 

•State Bans 

Wastewater

• NPDES Permitting 

•Aquatic Life Criteria 

•Adsorbable Organic 
fluorine method 1621

•Method 1633

•Plan 15

•Leachate

•Treatment Guidance 

Water 

•Method 1633

•Preliminary SDW 
regulations by Mar 
2023

•HALS

•Treatment 
Guidance's 

•PFAS ACTION PLAN 
– AFFF – Airports 

Solid Waste

•Leachate 

•Biosolids 

•Disposal 



The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) is commonly 

known as Superfund.  Superfund allows for federal assistance in clean up and mitigation efforts .  CERCLA is 

not a regulatory act, it’s a clean up and liability law….BUT it creates a dependence on utilizing RCRA 

practices to avoid becoming a CERCLA site.

CERCLA Works under the following principles:

Polluters pay

• If polluters cannot be Identified, Superfund can pay

Strict- intentional negligence is not a factor 

Joint – ANYONE identified as a PRP(potential responsible 

party) will be expected to contribute 

Timeless – when the law passes doesn’t matter- its 

retroactive 
Its Focus….

 Generators, Transporters and Disposal 

   “ Cradle to Grave”



Effective July 8, 2024

Pursuant to the Comprehensive Environmental Response, Compensation, and Liability Act (‘‘CERCLA’’ or 

‘‘Superfund’’), the Environmental Protection Agency (EPA) is designating two per- and polyfluoroalkyl 

substances (PFAS)— perfluorooctanoic acid (PFOA) and perfluorooctanesulfonic acid (PFOS), including their 

salts and structural isomers—as hazardous substances. The Agency reached this decision after evaluating the 

available scientific and technical information about PFOA and PFOS and determining that they may present a 

substantial danger to the public health or welfare or the environment when released. The Agency also 

determined that designation is warranted based on a totality of the circumstances analysis, including an 

analysis of the advantage

https://www.federalregister.gov/documents/2022/09/06/2022-18657/designation-of-perfluorooctanoic-acid-pfoa-and-

perfluorooctanesulfonic-acid-pfos-as-cercla-hazardous

CERCLA

Selective Enforcements

Passive Receiver Protection 

Non-essential PFAS Ban 



At a glance …What does this effect:

• Discharge from Wastewater 

facilities 

• Biosolids and land 

application 

• Filter media from water and 

wastewater facilities 

April 2024 Disposal Guidance- Read it 

Carefully  











https://insideepa.com/topics/pfas-policy#:~:text=Updated%20Story%20EPA%20has%20strengthened,Office%20of%20Water%20developed%20in

…Included among the updates for PFAS are RSLs for tap water and soil that rely on EPA Office of Water stringent cancer slope factors 
for PFOA and PFOS. In the final drinking water rule, EPA set an MCL of 4 parts per trillion for PFOA and PFOS, individually, after 
determining a maximum contaminant level goal (MCLG) is zero for both due to EPA’s finding that both chemicals are “likely 
carcinogenic.”

EPA ratcheted down the RSL due to the cancer slope factors for PFOA and PFOS, the two most studied PFAS.

The RSL’s 
 PFOA  
  Tap Water      Previously 60 ppt                                                                   Now  0.0027 ppt.
        Previously 1.9 x 10^-1 mg/kg                                            Now 1.9 x 10^-5 mg/kg. 
 PFOS 
 Tap Water        Previously 40 ppt                                                                  Now 2 ppt. 
         Previously 1.3 x 10^-1 mg/kg                                           Now 6.3 x 10^-3 mg/kg.

RSL’s are used to determine if a site under investigation warrants further action.  If all the samples are below the RSL, no actionable contamination is 
thought to exist.  If the RSL’s are exceeded, a Remedial Investigation/Feasibility Study will be triggered.



•Broader hazardous substances designations. 
•EPA may be delaying  the adding of other PFAS to CERCLA 

•Time for congressional action. 
•The delay also gives Congress more time to respond to the proposed designation and offer 
statutory protections for water and wastewater utilities and other passive receivers like solid waste 
disposal facilities and composting facilities.(S. 1430) This bill would prevent parties from recovering 
costs or damages under CERCLA from municipal water systems, water treatment operators, 
municipal stormwater dischargers, or local water agencies (including their contractors) that release 
PFAS as part of their operations.  Four other related bills that would create CERCLA liability 
protections for PFAS releases related to agriculture (S. 1427), resource management (S. 1429), fire 
suppression (S. 1432) and airports (S. 1433) have also been introduced.

   THIS IS NOT A FREE PASS 

•Revisions to enforcement policy. enforcement efforts.

•Impact of delayed designation on landowners. 

What Does the Delay in CERCLA mean?

https://www.bhfs.com/insights/alerts-articles/2023/epa-delays-pfas-cercla-designation-other-pfas-regulatory-efforts-on-

schedule#:~:text=The%20Importance%20of%20the%20CERCLA%20Designation&text=As%20such%2C%20any%20entity%20that,and%20disposal%20of%20hazardous%20waste.



https://www.crowell.com/NewsEvents/AlertsNewsletters/all/EPA-to-Initiate-Regulation-of-PFAS-Under-RCRA

https://en.wikipedia.org/wiki/Timeline_of_events_related_to_per-_and_polyfluoroalkyl_substances

Listing these PFAS chemicals in Appendix VIII has 
two consequences:

•First, the listed chemicals would be subject 
to RCRA corrective action requirements at 
hazardous waste treatment, storage, and 
disposal facilities (TSDFs).

•Second, this listing would be the first step 
necessary toward a future formal rulemaking 
process under 40 CFR § 261.11(a)(3) to 
regulate these chemicals as listed hazardous 
wastes.

https://www.newpig.com/rcra-101-part-10-land-disposal-restrictions/c/8024?show=All

FEB 8 2024 – Two rules were proposed. The first created a new definition of 
hazardous waste as it applies to corrective action to address releases from 
permitted hazardous waste management, storage, and disposal facilities. 

The other added 9 PFAS compounds to RCRA Appendix VIII

Appendix VIII includes chemicals from the priority 
pollutants list under the Clean Water Act, chemicals 
considered hazardous to transport under Department of 
Transportation, chemicals identified as carcinogens by 
EPA's Carcinogen Assessment Group, and chemicals which 
have a high acute toxicity as identified by NIOSH's registry 
of Toxic Effects of Chemical Substances list.( 
https://rcrapublic.epa.gov/files/13290.pdf)

PFOS and PFOA (C8)*
 PFBS (C4)
PFBA (C4)
PFNA (C9)
PFHxS and PFHxA
(C6)*
PFDA (C10) 
GenX (C6)

* Chemicals in AFFF

RCRA



April 28,2022 The EPA Announced it was seeking to proactively use 

existing NPDES authorities to reduce discharges of PFAS at the source 

and obtain more comprehensive information through monitoring on 

sources of PFAS. 

EPA issued a memo titled, Addressing PFAS Discharges in EPA-Issued 

NPDES Permits and Expectations Where EPA is the Pretreatment 

Control Authority. This memo provides instructions for monitoring 

provisions, analytical methods, the use of pollution prevention, and best 

management practices to address discharges of PFAS.

EPA is proposing the first Clean Water Act aquatic life criteria for 

perfluorooctanoic acid (PFOA) and perfluorooctane sulfonic acid 

(PFOS)—two of the most well-studied chemicals in this group.

EPA’s Draft Method 1621 -EPA’s new Screening Method for the 

Determination of Adsorbable Organic Fluorine (AOF) in Aqueous 

Matrices by Combustion Ion Chromatography (CIC) provides an 

aggregate measurement of chemical substances that contain carbon-

fluorine bonds. Based on organofluorines in wastewater.

https://www.epa.gov/newsreleases/epa-delivers-three-water-commitments-agencys-pfas-strategic-roadmap#:~:text=PFAS%20are%20a%20common%20source,successfully%20completed%20single%20laboratory%20validation.



https://en.wikipedia.org/wiki/Timeline_of_events_related_to_per-_and_polyfluoroalkyl_substances

Jan 31, 2023 Preliminary Effluent Guidelines Program Plan 15- announced 

that the development of effluent guidelines and standards for PFAS 

manufacturers is warranted. EPA therefore plans to revise the existing 

OCPSF ELGs (40 CFR Part 414) to address PFAS discharges from facilities 

manufacturing PFAS- FOCUS: metal finishing, pulp, paper and paperboard, 

textile and carpet and commercial airports. 

• Ensuing Clean Water Act 
to develop technology-
based pollution limits.

• Studying on wastewater 
discharges from industrial 
sources.

• A new study of publicly owned 
treatment works (POTW) influents: 
To characterize the PFAS 
concentrations from industrial 
dischargers to POTWs. Shed light 
on the implementation of pre-
treatment programs to considerably 
reduce the PFAs.



April 2024 FINAL Rule for Safe Drinking Water Act (6 PFAS) 

https://www.epa.gov/system/files/documents/2023-03/How%20do%20I%20calculate%20the%20Hazard%20Index._3.14.23.pdf

https://www.epa.gov/sdwa/and-polyfluoroalkyl-substances-pfas

https://www.kelleydrye.com/viewpoints/blogs/kelley-green-law/epa-announces-drinking-water-standards-for-six-pfas



What Does Compliance Look Like? 

All Entry 

Points to 

Distribution 

system 

https://www.epa.gov/system/files/documents/2024-04/pfas-npdwr_fact-sheet_monitoring_4.8.24_0.pdf



https://www.epa.gov/system/files/documents/2024-

04/pfas-npdwr_fact-sheet_monitoring_4.8.24_0.pdf



https://www.epa.gov/system/files/documents/2024-

04/pfas-npdwr_fact-sheet_monitoring_4.8.24_0.pdf



What’s Coming 

• Clean Water Act – NPDES permitting 

• POTW Study 

• Clean Air Act 

• PLAN 15

https://www.epa.gov/pfas/key-epa-actions-address-pfas



Sept 2021- -Multi–Industry Study was published  

https://www.epa.gov/system/files/documents/2021-09/multi-

industry-pfas-study_preliminary-2021-

report_508_2021.09.08.pdf

The purpose of this preliminary report is to summarize the readily available 

information and data the United States Environmental Protection Agency’s (EPA) 

Office of Water collected and reviewed concerning industrial discharges of per- 

and polyfluoroalkyl substances (PFAS) from five industrial point source categories: 

organic chemicals, plastics, and synthetic fibers (OCPSF) manufacturing; metal 

finishing; pulp, paper, and paperboard manufacturing; textile mills; and 

commercial airports.
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https://en.wikipedia.org/wiki/Timeline_of_events_related_to_per-_and_polyfluoroalkyl_substances



https://www.epa.gov

/system/files/docum

ents/2022-

12/NPDES_PFAS_St

ate%20Memo_Dece

mber_2022.pdf



PFAS Testing 



Potential 
Sources of PFAS 
Contamination 

• water used during 
decontamination

• materials used within 
the sampling 
environment

• sampling equipment

•  field clothing 

• personal protective 
equipment (PPE)

• sun and biological 
protection products

• personal hygiene and 
personal care products 
(PCPs) 

• food packaging

• environment



Treatment Technologies 



A Few Questions to 
ask…..

• What is the source water? 

• What other constituents are in the water?

• What utilities are available?

• What PFAS do you have? 

• What resources do you have (manpower, 
etc.)?

• Is there grant money available?

What are the biproducts of the treatment?

What are the consumables?

O&M vs Capital cost 

Disposal



https://www.youtube.com/watch?v=xnP2-7lllAA



Alternative Technologies



PFAS INNOVATION 

FOCUS OF INNOVATION 

▪ Electro Chemical 

▪ Electrochemical oxidation 

▪ Plasma technologies

▪ Advanced Oxidation 

▪ Supercritical water oxidation

▪ HALT  

▪ Bioremediation 



• Saturated vs Unsaturated = C-C bond

• Full Destruction vs Breaking into Shorter Chains 



https://www.aquagga.com/ourtech



https://www.redalyc.org/journa

l/5537/553776106010/html/



Super Critical Water Oxidation/HALT 

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

Advantages 

• Complete Oxidation of Organics 

COD<99.9%

• High quality of effluent 

• Low air Emissions 

• Residuals  “salted out” 

• Provides a Class A waste product 

• Immobilizes Heavy Metals 

Disadvantages 

• Corrosion Issues 

• Safety Issues 

• Due to design, there are few 

plants and typically military or 

Heavy industrial 

• Sophisticated Process 

• Scaling issues 

• High pressure, Explosion issues 

•  

https://www.researchgate.net/figure/Super-Critical-Water-Oxidation_tbl7_228601326

https://www.aquagga.com/ourtech



AEC Advantages

• Lower energy requirements to remove PFAS due to 
separation and collection instead of destruction

• No moving parts

• Extended operating life – anions and cations pass to side 
chambers.  Only PFAS compounds are captured

• Extremely high capacity

• At 70 ppt inlet PFOA, a 10,000 GPM unit would 
operate 3.8 Million hours to capacity

• Filtering 2,304,000,000,000 gallons.

• Easy disposal of PFAS containing membranes- 
maintenance contract 

4
6

AEC Disadvantages

• New technology – no long-term data 

• Still has consumable parts 

• Operational costs based influenced by other constituents 
in the water 

• Requires maintenance  contract 

• Requires electricity 



ECONOMICS of Treatment 



The HARD Questions to 
ask…..

• What resources do you have 
(manpower, etc.)?

• Is there grant money available?

• What are the consumables?

• Consumables and Disposal

• 10 year life cycle analysis

• Pilot vs Reality 

• Operations concerns  



Treatment Comparison 



In case you were sleeping ….

• There is a lot to consider when 

selecting PFAS Treatment 



In case you were sleeping ….

DO YOUR RESEARCH
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Contact 
Information

Tonya Chandler, President 

BioLargo Equipment Solutions and 

Technologies 

Phone: (608)397-8301
Email: Tonya.Chandler @biolargo.com

Alex Evans – Director of 

Communications

BioLargo Inc 

Phone: (780) 915-4447
Email alex@biolargo.com

Rep in WI/MI/IL/IN/OH 

Paul Nygaard

Phone: (920)676-4835

Email: pauln@theicsgrp.com
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