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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)

Poly- or per-fluorinated alkyl substances

e 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.
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» Hexafluoropropylene oxide-dimer acid (HFPO-DA or GenX)



PER- AND POLYFLUOROALKYL SUBSTANCES (PFAS)

A D r I k Over 5,000 chemicals made up of mostly carbon, fluorine, and a few other elements.
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NONPOLYMERS POLYMERS
The PFAs found in humans and the environment. Believed to be relatively safe for
Nonpolymers are more likely to cause health people and the environment (just
problems (AKA the stuff to worry about). don't put them on the stove).
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https://choosefinch.com/blog/what-to-know-about-pfas-a-story-of-polyfluorinated-chemicals

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. Itis 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. Itis also, like many PFAS, a bi product of manufacturing processes.



PFNA (C9) is similarto 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.

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 productincluding ’ = UL

cleaning polishing agents, stain resistant coatings, '5 lE
grease proofing and water protective coatings on Where are

electronics. PFHXxA is the breakdown product of the pesticides & oy PFAS - s
grease proof and stain proof coatings on household *  Compounds = * i

p roducts Non-Stick -J- | 1 Waterproof
Cookware - Clothing
0
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PFDA (C10) - This long chain PFAS is used in grease bbind

and Stain prOOf Coatings for fOOd paCkaging, fU rnitu re, https://www.westernvawater.org/drinking-water/water-sources-and-
: . d ding-pfas-and-pf

and textiles. It’s also found in nano- and treatment/Understandina Eeg =nggiay

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.



NOT ALL PFAS ARE BAD!

» 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




1947 3M (then the Minnesota Mining and Manufacturing

April 1938 Roy J. Plunkett (1910 — 1994), Company) began producing PFOA by electrochemical
accidentally invented polytetrafluorethylene (PTFE), a fluorination.

saturated fluorocarbon polymer—the "first compound 1951, DuPont purchased PFOA from 3M for use in the

in the family of Perfluorinated compounds (PFCs), "to manufacturing of specific fluoropolymers—commercially
be marketed commercially branded as Teflon, but DuPont internally referred to the

material as C8.

N

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

was resistant to corrosion, had low surface friction, and
high heat resistance.l12 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.

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 6
https://www.linkedin.com/pulse/breaking-down-pfas-action-act-timeline-jeffrey-hale/?articleld=6629132672750940160



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

A Timeline of DuPont and C8

A\

1956 A study undertaken by Gordon |. Nordby
and J. Murray Luck at Stanford University found
that "PFAS binds to proteins in human blood.".

DuPont registers the
Teflon trademark.

3M and DuPont become aware that C8is
accumulating in workers’blood and body
tissues, causing elevated liver enzyme;
several Rhesus monkeys deteriorate and
die after being fed C8 in a 3M study.

3M decides to stop making C8; Bernard Reilly
warns his DuPont colleagues that C8 commu-
nications may be subject to discovery.

DuPont agrees to phase
out its use of C8 by 2015.

DuPont becomes aware of C8’s
possible toxicity, the same year
a French engineer first applied

DuPont monitors local drinking
water for C8 contamination; con-
cludes that reducing C8 emissions
is not “economically attractive.”

Teflonto a pan.

1945 1951 1954

DuPont begins using C8 in the
manufacture of Teflon at its

1961 1978 1981 1984

3M releases rat study finding
birth defects; DuPont employee

1999

The EPA initiates a
priority review of C8.

2000 2001 2002 2005 2006

DuPont settles with Tennant for an
undisclosed sum; attorney Robert

R

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

N

1970s In the 1970s researchers at 3M
documented the presence of PFOS and PFOA—
the "two best-known PFAS compounds"—in fish

West Virginia plant. Sue Bailey’s child Bucky born Bilott files class action suit against
with birth defects. DuPont and provides the EPA with
DuPont’sinternal documents on C8.
DuPontresearchers Wilbur Tennant’s cows die after DuPont settles $343 million class action

confirmthat C8is toxic.

lawsuit and agrees to fund C8 health proj-
ect to study the chemical’s health affects;
EPA fines DuPont $10.25 million for fail-
ing to report “substantial risk of injury to
human health” from C8 (PFOA).

drinking water contaminated with
C8 and he files suitagainst DuPont.

N\



https://en.wikipedia.org/wiki/J._Murray_Luck
https://en.wikipedia.org/wiki/Stanford_University

1963 The United States Navy scientists began
to work with 3M to develop agueous 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

N

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.

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/wiki/Timeline_of_events_related_to_per-_and_polyfluoroalkyl_substances



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
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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.

THE POISON
IN US ALL

WONDERY

CHEMICAT, COVER

SEASON 41 | EPISODE

https://en.wikipedia.org/wiki/Timeline_of_events_related_to_per-_and_polyfluoroalkyl_substances
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IN 2001, DUPONT SETTLED WITH THE TENNANTS \
FOR AN UNDISCLOSED SUM.

MR. TENNANT WAS DIAGNOSED WITH CANCER

BEFORE SUFFERING A FATAL HEART ATTACK
IN 2009 AT THE AGE OF 67.

HIS WIFE DIED OF CANCER TWO YEARS LATER.

N
e |l & \



Current History

On February 14, 2019, the U.S. EPA published its PFAS Action Plan to respond
to extensive public interest.

[ ccLa |

Phase 3:
Phase 1: Data Availability Regulatory Determination Assessment

*Nationally representative
finished water data, or
*Health *Other finished water Widely
Asses'smen 3 data showing detects available
available over % Health Reference method

Might the contaminant have an
adverse effect on the health of
persons?

Does the contaminant potentially have sufficient health
and occurrence data and methods available? -
Is the contaminant known to occur or is
there substantial likelihood that the
contaminant will occur above the HRL at a

Phase 2: Data Evaluation frequency and level of public health
concern?

Gather &
evaluate additional
occurrence data
sources relative to HRL

In the sole judgment of the Administrator,
does regulation of such contaminant
present a meaningful opportunity for

health risk reduction for persons served by

public water systems?

Identify &= Hidentify
contaminants occurring contaminants with no or
at levels and frequencies low occurrence at levels
of public health concern of public health concern

Oct 2019- Preliminary Effluent Guidelines Program Plan 14 -
Identified 40 PFAS compounds of concern, and identified SNUR
rUIeS covering 24 Of them https://en.wikipedia.org/wiki/Timeline_of_events_related_to_per-_and_polyfluoroalkyl_substances



PFAS SOURCES IN THE ENVIRONMENT
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2021

- Denial/Withdrawal of TSCA LVEs

- More Stringent Existing & New
Chemical Manufacturing, Importation,
and End-Use

- TSCA Reviews, Inventory Re-reviews,
Rules, and Orders

- TSCA Section 4 Test Orders
- PFAS Categories Identification
- Final Toxicity Assessment for PFBS & GenX

- Increased Enforcement/Oversight
via RCRA, TSCA, CWA, SDWA,
CERCLA

- Total Adsorbable Fluorine (TAD)
Method for Wastewater

2021-2024 PFAS Federal Actions Watchlist

2022

- National Ambient Water Quality Criteria
for Aquatic Life

- Health Advisories for PFBS & GenX
- Voluntary Stewardship Program for Industry
- Hazardous Air Pollutant Designation

- Expanded TRI Reporting/Chemicals
of Special Concern Designation

- Soil Leaching Analytical Method
- Multimedia Test Methods for 40 PFAS

- IRIS Assessments for PFBA, PFHXS,
PFHxA, PFNA, PFDA

- Annual Progress Report on PFAS
Strategic Roadmap

- Final ELG Plan 15
- National Fish Tissue Surveys
- Drinking Water Treatment Technologies

Strategic Goals

Provide relevant, high-quality scientific data that
increase the understanding of PFAS exposure
pathways to inform federal decisions to reduce
risks to human health and the environment.

Effectively and equitably communicate federal
work and results regarding PFAS R&D with
impacted communities and federal, Tribe, state

and local agencies.

Identify research and technologies to address PFAS
contamination and mitigate the adverse impacts
on communities.

Generate information that facilitates informed
procurement decisions by federal agencies,
manufacturers, and consumers regarding products
that contain or use PFAS and PFAS alternatives to
reduce adverse human health and environmental
effects.

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

| | | | | ]
2023 2024 1
- CERCLA Hazardous Substance - National Primary Drinking Water
Designation,/Cost Recovery Regulations
= etroactive Reporti - National Ambient Water Quality Criteria
TSCA 2011 Retroactive Reporting Mational Ambient Water Quality Crite
-UCMR 5 Implementation for Human Health -
- Additional Health Advisories - Additional Health Advisories
- NPDES Permitting - Effluent Limitation Guidelines
- Update Guidance on Destroying & - Drinking Water Methods Updates I
Disposing PFAS - Biosolids Risk Assessment
- Fish Consumption Advisory PFAS List a
|
ass = =sm = =m
. Crosscutting
R&D Strategies Themes
Strategy 1: Understand PFAS exposure pathways @
to individuals and communities.
Strategy 2: Address current PFAS measurement Federal Datn
challenges through the development of standards, S:"’""g ':d
advanced sampling and analytical methodologies. @0 Ac::;::;ata
Community
Strategy 3: Understand the toxicological @ Engagement &
mechanisms, human and environmental health ommunication|
effects, and risks of PFAS exposure.
— Envi tal
Strategy 4: Develop, evaluate, and @ J::::e"i':?,r;:s
demonstrate technologies for the removal, R&D
destruction, and disposal of PFAS. @
Strategy 5: Identify PFAS alternatives and @
evaluate their human health and
environmental effects. O
14

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

Wastewater

* NPDES Permitting
e Aquatic Life Criteria

* Adsorbable Organic
fluorine method 1621

* Method 1633

*Plan 15

e | eachate

e Treatment Guidance

* Method 1633

* Preliminary SDW
regulations by Mar
2023

* HALS

e 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 ldentified, 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 CE RCLA

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

1) new reporting requirements to the National Response Center (NRC)
and other authorities within 24 hours of known releases of at least
one pound of PFOA or PFOS by a vessel or facility

2) entities selling or transferring federally-owned property must provide
notice about on-site PFOA/PFOS storage, release, or disposal and
warrant that remedial action has been or will be taken on any
hazardous substances on the property, either before or after the

transaction Selective Enforcements

3) arequirement that the US Department of Transportation (DOT) list Passive Receiver Protection
PFOA and PFOS as hazardous materials under the Hazardous

Materials Transportation Act. Non-essential PFAS Ban

https://www.federalregister.gov/documents/2022,/09,/06,/2022-18657/designation-of-perfluorooctanoic-acid-pfoa-and-
perfluorooctanesulfonic-acid-pfos-as-cercla-hazardous



At a glance ...What does this effect:

e Discharge from Wastewater
facilities

* Biosolids and land
application

* Filter media from water and
wastewater facilities

April 2024 Disposal Guidance- Read it
Carefully



Vo ) 2024 Interim Guidance on the
Y4 EPA Destruction and Disposal of PFAS

Fact Sheet

U.5. Environmental Protection Agency has issued an update to the Interim Guidance on the Destruction and
Disposal of Perfluoroalkyl and Polyfluoroalkyl Substances and Materials Containing Perfluoroalkyl and
Polyfiuoroalky! Substances [PFAS).

The interim guidance provides recommendations for managers of PFAS and PFAS-containing materials to
protect human health and the environment. It also contains a new technology evaluation framework to help
analyze the safety and effectiveness of new destruction and disposal (D&D) technologies. The interim guidance
does not establish requirements for destruction or disposal of PFAS materials. For more info about PFAS and
what EPA is doing to address PFAS, visit EPA’s PFAS website.

The interim guidance summarizes scientific information on current understanding of PFAS and focuses on
three currently used D&D technologies:*

1) Underground injection [(UIC)
2) Landfills
3) Thermal treatment under certain conditions, which includes incineration.

The interim guidance summarizes research needs and data gaps and calls for increased collaboration with EPA
to collect data and enhance decision-making. The document also describes new EPA test methods and
improved screening tools to identify and prioritize safeguards for communities located near D&D facilities that
are already overburdened by pollution. Decisions regarding the management of PFAS and PFAS-containing
materials are specific to each type of material and D&D option.
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Key Findings in 2024:

Updated information on destruction and disposal technologies

As a general approach, EPA encourages managers of PFAS and PFAS-containing materials to use D&D options
that have a lower potential for releasing PFAS to the environment as described in Section 1 of the interim
guidance. In general, the following technologies (in no particular order) have a lower potential for
environmental release of PFAS compared to other technologies within the categories of storage, underground
injection, landfilling, and thermal treatment:

* Interim storage with controls: Storage is not a D&D technology but may be a short-term option. Storage
may be more fitting for some PFAS materials than others. For example, EPA recommends interim storage of
containerized or high PFAS-content materials. In contrast, some materials may be less fit for storage
because they are continuously generated or have high-volume and low-PFAS content. With proper controls
in place, interim storage can control PFAS migration (Section 1).

*  UIC-Permitted Class | non-hazardous industrial or hazardous waste injection wells: The standards
associated with the construction, operation, and monitoring of these Class | wells are designed to isolate
liquid wastes deep below the land surface and ensure protection of underground sources of drinking water.

! For general information on these technologies, see EPA websites for incineration , landfills, and underground

injection. Please note that these resources are not specific to PFAS and not all information in them may be relevant to
PFAS DED.

Page 1 of 2



While Class | wells are an option for managing PFAS-containing fluids, this technology may not
be appropriate or available everywhere (Section 3).

+ Landfills—Permitted hazardous waste landfills: When landfill disposal is selected and PFAS concentration of
the waste is relatively high, EPA recommends using a hazardous waste landfill. However, for all landfill
types, new information shows landfills release more PFAS to the environment than previously thought in
2020. Hazardous waste landfills have leachate emission protections that help control environmental
releases of PFAS. These controls are especially important for certain types of PFAS-containing materials that
break down more easily in landfill conditions (Section 3).

*  Thermal treatment—Permitted hazardous waste combustors that operate under certain conditions: New
research since 2020 indicates that thermal treatment units operating under certain conditions are more
effective at destroying PFAS and minimizing releases or exposures (Section 3). Certain hazardous waste
combustors and certain granular activated carbon (GAC) reactivation units may operate under these
conditions, but uncertainties remain. For example, more information is needed to determine whether
harmful products of incomplete combustion or PFAS air emissions are formed by units operating at lower
temperatures (e.g., municipal waste combustors).

EPA has released a new analytical test method, OTM-50, that will help collect more data and answer some of
these guestions—such as those concerning products of incomplete combustion. The updated interim guidance
encourages testing with a range of methods at thermal treatment facilities before accepting large guantities of
PFAS-containing materials (Section 3).

These and other technologies are discussed in the interim guidance, plus testing and research needs to improve
technology performance, improve understanding of PFAS behavior, and reduce uncertainties (Section 5).



Emerging Destruction and Disposal Technologies

Many companies and researchers are developing and testing new PFAS D&D technologies. The guidance
provides a technology evaluation framework to help analyze the safety and effectiveness of new D&D
technologies, and notes the need for innovation, research, and validation (Section 6).

Impact on Vulnerable Communities

EPA has also shared updated tools, methods, and approaches” for considering the impacts of potential releases
and exposure on communities located near D&D facilities (Section 4). EPA recommends using these tools to
identify and consider potential impacts and ways to protect the health of nearby vulnerable populations,
engage the community, and inform decision-making.

Public Input and Participation

EPA has opened a docket to take input on the Interim Guidance on the Destruction and Disposal of
Perfluoroalkyl and Polyfluoroalkyl Substances and Materials Containing Perfluoroalkyl and Polyfluoroalky!
Substances—Version 2 (2024). We welcome public input on how to improve the interim guidance and this fact
sheet.

What's Next?

EPA and other government, academic, and private institutions will continue research to better understand PFAS
D&D. EPA will review public comments, advances in research, and new science to revise the interim guidance
again within three years as required in the National Defense Authorization Act (NDAA).

? https://www.epa.gov/ejscreen

April 2024 Page 2 of 2



EPA Tightens Superfund Screening Levels
For Two PFAS After SDWA Rule

...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
thoughtto exist. If the RSL’s are exceeded, a Remedial Investigation/Feasibility Study will be triggered.

https://insideepa.com/topics/pfas-policy#:~:text=Updated%20Story%20EPA%20has%20strengthened,Office%200f%20Water%20developed%20in



What Does the Delay in CERCLA mean?

*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.

https://www.bhfs.com/insights/alerts-articles/2023/epa-delays-pfas-cercla-designation-other-pfas-regulatory-efforts-on-
schedule#:~:text=The%20Importance%200f%20the%20CERCLA%20Designation&text=As%20such%2C%20any%20entity%20that,and%20disposal%200f%20hazardous%20waste.



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 VI

PFOS and PFOA (C8)*
PFBS (C4)

PFBA (C4)

PENA (C9)

PFHxS and PFHXA
(Ce)*

PFDA (C10)

Listing these PFAS chemicals in Appendix VIII has GenX (CG)
two consequences:

* Chemicals in AFFF

*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-di

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

https:// rowell. EPA-to-Initiate-Regulation-of-PFAS-Under-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 lon 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.



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.

EPA Clean Water Act

National Compliance Initiative Series )
" g Studylng on wastewater

discharges from industrial
sources.

Effluent Guidelines Program Plan 15

Prosanted L e
e - 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
https://en.wikipedia.org/wiki/Timeline_of_events_related_to_per-_and_polyfluoroalkyl_substances red ucet h e PFAs.



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

Compound MCLG MCL (Enforceable
Perfluorooctanoic acid Zero 4.0 parts per trillion (“ppt”)
(G‘PFOA”)
Perfluorooctane sulfonic Zero 4.0 ppt
acid (“PFOS”)
Perfluorohexane sulfonate 10 ppt 10 ppt
(“PFHxS”)
Perfluorononanoic acid 10 ppt 10 ppt
(GGPFNA”)
Hexafluoropropylene Oxide 10 ppt 10 ppt

Dimer Acid (“HFPO-DA”)
(also referred to as
“GenX”)
Mixtures containing two or 1 (unitless) 1 (unitless)
more of the following:
PFHxS, PEFNA, HFPO-DA, Hazard Index Hazard Index
and perfluorobutane
sulfonate (“PFBS”)

Equation

Hazard Index = (

[Geanater]) + ([PFBSwater]) + ([PFNAwater]) + ([PFHXSwater])

[10 ppt] [2000 ppt] [10 ppt] [9.0 ppt]

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

https://www.epa.gov/system/files/documents/2023-03/How%20d0%201%20calculate%20the%20Hazard%20Index._3.14.23.pdf



What Does Compliance Look Like?

4 )

WITHIN - CWSs and NTNCWSs must conduct initial monitoring or
3 YEARS obtain approval to use previously collected monitoring

L{Ey 2027) ) data

N _ . All Entry

4 ) CWSs and NTNCWSs must start their ongoing compliance monitoring
AT a'am'z CWSs and NTN;WSS must include resu!ts of their moni{toring} for the P0|ntS to
3 YEARS regulated PFAS in their Consumer Confidence Reports (CCRs _ , .
(Starting 2027) CWSs and NTNCWSs must start issuing public notification for any DlStrl butlon

Yy, monitoring and testing procedure violations

e 3 system

AT CWSs and NTNCWSs must comply with all regulated PFAS Maximum
v U Contaminant Levels (MCLs)
5 YEARS CWSs and NTNCWSs must provide public notification for violations of
(Starting 2029) _) the PFAS MCLs
Surface Water Svstemﬁ Groundwater Svstems;\ Groundwater Svstems:\

serving all population sizes

e Quarterly within 12-month
period

e Samples collected 2 to 4

\ months apart.

J

serving > 10,000 customers

e Quarterly within 12-month
period
e Samples collected 2 to 4

\ months apart.

J

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

serving < 10,000 customers

e Twice within 12-month
period
e Samples collected 5 to 7

\ months apart. )




Initial Monitoring

For all surface water systems + ground water systems serving
greater than 10,000 :
* 4 quarterly samples in 12-month period
= For ground water systems serving 10,000 or fewer:

+ 2 semi-annual samples in 12-month period Ongoing Compliance Monitorin
Ungoing Lompliance Vionitoring
OR

(Based initially on results of initial monitoring)
» Use of recent, existing PFAS drinking water occurrence data

Sampling frequency is identical

Any sample 2 trigger levels at EPTDS All samples < trigger levels at EPTDS
for all regulated PFAS

Default quarterly oo Reduced triennial
bk y Annual monitoring ¥ SN
monitoring 4 consecutive (1 sample at EPTDS 3 consecutive samples monitoring
(1 sample at EPTDS samples < MCLs B ) < trigger levels (1 sample at EPTDS every
every year
every quarter) vy 3 years)

Rule violation if In compliance if

Sample 2 Sample <
running annual running annual Sample 2 MCL Sample < MCL Wi e‘r)level tri erlevels
average > MCL average < MCL 8 £8

EPTDS: entry point to the distribution system

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



PFOA 2.0
PFOS 2.0
PFHxS 5
HFPO-DA 5
PENA 5
PFBS N/A
Hazard Index 0.5 (unitless)

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

Trigger Levels (1/2 MCLs) Practical Quantitation Levels
Compound
Levels (in parts per trillion, ppt)

4.0
4.0
3.0
5.0
4.0
3.0

N/A



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

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.

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



ATED STa,
- ol UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

2'. T WASHINGTON, D.C. 20460
s 1
%M‘\; OFFICE OF WATER
4y pote®
December 5, 2022
MEMORANDUM

SUBJECT: Addressing PFAS Discharges in NPDES Permits and Through the Pretreatment Program
and Monitoring Programs

FROM: Radhika Fox
Assistant Admimstrator

TO: EPA Regional Water Division Directors, Regions 1-10

The National Pollutant Discharge Elimination System (NPDES) program 1s an important tool
established by the Clean Water Act (CWA) to help address water pollution by regulating point sources
that discharge pollutants to waters of the United States. Collectively, the U.S. Environmental Protection
Agency (EPA) and states issue thousands of permits annually, establishing important monitoring and
pollution reduction requirements for Publicly Owned Treatment Works (POTWs), industrial facilities,
and stormwater discharges nationwide. The NPDES program interfaces with many pathways by which
per-and polyfluoroalkyl substances (PFAS) travel and are released into the environment, and ultimately
impact water quality and the health of people and ecosystems. Consistent with the Agency’s
commitments in the October 2021 PFAS Sirategic Roadmap: EPA's Commitments to Action 2021-2024
(PFAS Strategic Roadmap), EPA will work in cooperation with our state-authorized permitting
authorities to leverage the NPDES program to restrict the discharge of PFAS at their sources. In addition
to reducing PFAS discharges, this program will enable EPA and the states to obtain comprehensive
information on the sources and quantities of PFAS discharges. which can be used to inform appropriate
next steps to limit the discharges of PFAS.

This memorandum provides EPA’s guidance to states and updates the April 28, 2022 guidance! to EPA
Regions for addressing PFAS discharges when they are authorized to administer the NPDES permitting
program and/or pretreatment program. These recommendations reflect the Agency’s commitments in the
PFAS Strategic Roadmap, which directs the Office of Water to leverage NPDES permits to reduce
PFAS discharges to waterways “at the source and obtain more comprehensive information through
monitoring on the sources of PFAS and quantity of PFAS discharged by these sources.” While the
Office of Water works to revise Effluent Limitation Guidelines (ELGs) and develop water quality

PRSPPI ST TSR CNRET I TSP PR PSRN RIS PSP EPPRTT PRSI R Sy A st Ll Fme DT AC 1 RAIDTTCC

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

Food Wrappers Coated PaPer&
—_— Packaging

Water & Stain Resistant
Coatings

'S Firefighting
'} t Foams

Where are
& PFAS
3 U i oy
Compounds
Found?

Cookware

Shampoo & Personal o Cosmetics &
Care Products Sunscreens




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.)?

* |s there grant money available?

What are the biproducts of the treatment?
What are the consumables?

O&M vs Capital cost

Disposal




€EEC

Best Available Treatment Technologies 7=
I R iy | AN S W RS i P

Granular Activated * Effective for long- * Well understood Large footprint
Carbon (GAC) chain PFAS and technology * Disposal/reactivation
strongly adsorbing * Simple operation of large volumes of
compounds * Robust market carbon
lon Exchange Resin (IX) * Excellent removal of + Efficient single-step * Non-regenerable in
certain PFAS (anions) technology most cases
* Small footprint * Smaller market
subject to higher
inflation
Membrane Processes » Effective for PFAS * Efficient process if * High CAPEX
(RO/NF) removal, both long- properly operated * Complex operation
and short-chain and maintained * Concentrate
* Removes other CECs treatment/disposal

https://www.youtube.com/watch?v=xnP2-71lI1AA



Alternative Technologies



PFAS INNOVATION

FOCUS OF INNOVATION
= Electro Chemical
= Electrochemical oxidation
= Plasma technologies

= Advanced Oxidation
= Supercritical water oxidation
= HALT

= Bioremediation

AQUEOUS ELECTROSTATIC
CONCENTRATOR




9
“ b 9 I -

v -

Hydrophobic chain or “tail® Hydrophilic “head” group

« Saturated vs Unsaturated = C-C bond
* Full Destruction vs Breaking into Shorter Chains




Destructive Approach

Incineration

Electrochemical
Oxidation

Plasma

uv

Supercritical Water
Oxidation (SCWO)

NN

Advantage Disadvantage
+ Requires temperatures >1800 °F
+" Mature approach + Regulatory and liability concerns
+ Air emissions

Produces short chain PFAS

v Effective for destruction of long chains Energy intensive

AKX

Longresidence times

Produces short chain PFAS
Energy intensive
Long residence times

" Effective for destruction of long chains

LXK

+ Difficulty treating perfluorosulfonic acids
. . + Longresidence times
Effective for destruction of . .
. ] + Inability to treat turbid water
perfluorocarboxylic acids L .
v Diminished efficacy when co-contaminants are
present
+ Inability to treat high salinity feedstocks
High destruction efficacy + Difficult to manage system corrosion
Short residence times v Process complexity for managing exothermic
Ability to recover energy reactions
+ Significant site infrastructure requirements

Hydrothermal Alkaline
Treatment (HALT)

v
v
v
v
v

High destruction efficacy

Shaort residence times

Treatment of high salinity wastewater Uses common chemical amendments such as
Low energy requirements with heat caustic soda / lye

recovery

No toxic byproducts

https://www.aquagga.com/ourtech

Information is based on currently available published data.




Advantages and disadvantages of the use of AOP for PFAS degradation in wate

Table 1

Process Advantages Disadvantages |
© Catalyst regeneration. so that it can be reused [18]. . =
* Operation under visible radiation [29] * E:::n! m:m:gf i:mqoanli a:g
o[-x;'a]ﬂabthh of several catalytic matenals [18], £ ded (18]
Pholncettysas . l:IOﬂ—bascd photocatalysts have up to 100% S fecoadary: poligm; o be
removal of PFAS [18]. gmf,sﬁ:g% the degradation
« Operation at room femperature [28] sirss emc'lm St
7 - y [28].
* Low energy consumption [28]
o « Efficient process for the degradation of PFAS | ° %ﬁg[m' s o
UV/S;04 ??gfrawm\mewofmlmgcmuom[lsj.  Relatively fong treatment times are
ettt required [18]. [57].
* High energy consumption. although
there 1s shill no data on the econonuc
o Efficiency 1n the degradation of PFAS and ther feasibility of this technology [11],
i by-products [11], [38], [55] (381, 511, [551.
* Fewer chemicals are required compared to other | o Limited efficiency for pollutant trace
AOP [29] levels [11].
e Formation of undesirable toxic
products [51].
* High power consumption [16].
o Usually does not generate secondary pollutants| e Large-scale US reactors can comrode
[16]. transducer matenals after contimious
Sonochenucal « High PFAS degradation efficiencies [15]. [39]. use, resulting in a limited energy
oxidation * Ease of operation [16], [38], [39] transfer and problems such as a poor
* Operation at room temperature [25] beat dissipation [11]. [16].
* No need of adding chemicals [28]. . mkf%lf‘ge-m experiments [16].
'8 3
* Reduced efficiency in the degradation
of short-cham PFAS [11]. [27].
eFeasible and efficent for a complete ' Fo;&-::m °mbﬁ E"‘l’c
mineralization of PFOA and PEOS [27]. [34]. ‘[’{T] ﬁ"T]" evident [11]. [20]. [21].
_ ) .m&g}: at room temperature and pressure [27], & Pﬁghcos!anddiﬁaﬂtwnst_xmﬁonof
oxidation © Ease of automation. [s?(!]x;e[ewlgu[ogs like BDD [11]. [13].
.m;;m:;&mm@ dmrect and mdirect| | High energy costs [40)
« It is the most effective AOP for PFOS 28], [37] | * 5’5?’ “T‘l‘l’j"’[‘?‘“’””“ and short
e Linmited feasibihity of large-scale
process [28], [551
* Improved overall efficiency of in situ degradation
treatment of PFAS [16], [34], [38], [48].
Treatneot’ i * Decreased likelihood ofsecondatypol{miondueto
Cbination of PFAS degnd:t_lmby-pmthmsllé]. [38]. [48] eThe costs associated with the
treatment * Reduced chemical and energy consumption. so that| combination of technologies have not
technologies) extreme conditions to activate or operate the| been reported yet [11], [48]
treatment process are not required (high acidity,
alkalinity, temperature, etc.). unlike technologies
used mdividually [38]. [48].

https://www.redalyc.org/journa
I/5537/553776106010/html/



Super Critical Water Oxidation/HALT

Disadvantages

Advantages
SuperCritical

Water

Corrosion Issues
Complete Oxidation of Organics Safety Issues

COD<99.9% .
D ign, there are few
High quality of effluent Lis o elesln, e sl i

Low air Emissions plants and typically military or
Residuals “salted out” Heavy industrial

Provides a Class A waste product Sophisticated Process
Immobilizes Heavy Metals Scaling issues

High pressure, Explosion issues

374°C

Liquid
Water 4

Pressure

Temperature ﬁ

v Inability to treat high salinity feedstocks
. v/ High destruction efficacy v/ Difficult to manage system corrosion
Supercritical Water K i . . .
L v Short residence times Process complexity for managing exothermic
Oxidation (SCWO) . v .
v Ability torecover energy reactions
v Significant site infrastructure requirements
v High destruction efficacy
v Short residence times
Hydrothermal Alkaline + Treatment of high salinity wastewater v Uses common chemical amendments such as
Treatment (HALT) v Low energy requirements with heat caustic soda / lye
recovery
v No toxic byproducts

Information is based on currently available published data.

https://www.researchgate.net/figure/Super-Critical-Water-Oxidation_tbl7_228601326
https://en.wikipedia.org/wiki/Supercritical_water_oxidation https://www.aquagga.com/ourtech



AEC Advantages

Lower energy requirements to remove PFAS due to A AEC CARBON FILTRATION/
separation and collection instead of destruction vﬁv"gmmm MEDIA FILTRATION

No moving parts

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

Extremely hlgh ca pacity AEC HAS LOWER OPERATION AND MAINTENANCE COSTS

AEC is faster and more energy-efficient than standard filtration.

At 70 pptinlet 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- AEC IS VERSATILE

maintenance contract A e o s e vesmaing,
AEC Disadvantages R o =

New technology - no long-term data

AEC IS ENVIRONMENTALLY FRIENDLY
AEC produces less than 1/40,000 the PFAS-laden waste of carbon filtration.

Still has consumable parts

) BioLargo

) We Make Life Better

Operational costs based influenced by other constituents
in the water ,

Requires maintenance contract

Requires electricity



ECONOMICS of Treatment



The HARD Questions to

* 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

| |Biolargo AEC (2.5 MGD) Carbon Filtration

Approx. population served 25,000 people

Capital cost (range) $4 — $8 million

Amount of waste 1,994 Ibs 540,000 Ibs!
Est. Module or carbon replacement $309,840 $3,300,0002
cost

Est. Disposal Cost (@ $3/Ib) $5,983 $1,620,000

1— Waste GAC includes weight of interstitial water

Replacement and disposal costs are estimated as annually for budgeting. Modules could last up to 24 months. Travel

and transportation not included in the maintenance costs. *Disposal cost assumptions

$3.50/1b replacement carbon
2 — Pricing information comes from the cost estimating equations supplied in EPAs - $2/Ib transport

Technologies and Costs for Removing Per- and Polyfluoroalkyl Substances (PFAS) from Drinking Water Prepared by: ¥3/b disposal
U.S. Environmental Protection Agency Office of Water Office of Groundwater and Drinking Water Standards and Risk
Management Division Washington, DC 20460 EPA Document Number: 815R24012 March 2024 .
(hBiolargo 7



In case you were sleeping ....

;@Q

e There is a lot to consider when
selecting PFAS Treatment




In case you were sleeping ....

L@Q

DO YOUR RESEARCH




The BioLargo (@ BiolLargo

3 o We Make Life Better
Family of Companies R

BioLargo, Inc. is a sustainable science, technology & full-service enviromental P BioLargo —
engineering company that makes life better by delivering world-class T vt v - s e

products and services across a broad range of industries, with a drive to deliver
clean water, clean air, and advanced antimicrobials for healthcare.

| | BioLargo
v OD\uLdu:ju vvater
TECHNOLOGIES

G} BioLargo
@ CLYRA

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

-
@ ICS GROUP

52
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