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PFAS Innovative Treatment Team (PITT)

* Full-time, multi-disciplined research staff

e 6-month timeline ) ©  PFOS

PFOA .
* Single Focus:

How to Destroy PFAS-Contaminated Media and Waste

* Assess current and emerging destruction methods

* Explore the efficacy of methods
* Including potentially hazardous by-products

* Evaluate feasibility, performance and costs




“Skunk Works”

"skunk works" or "skunkworks" describes a
group within an organization given a high
degree of autonomy and unhampered by
bureaucracy, with the task of working on
advanced or secret projects

PITT was provided:
- Priority access within ORD
- Direct access to ORD management

- Resources needed to perform the work




Environmental Protection

PITT Charge from ORD

* “Toolbox” of solution(s) for the destruction of PFAS in contaminated
waste to meet the needs of EPA programs and regions, states and
tribes, federal agencies, and industry

* traditional destruction methods (e.g., incineration)
* novel (high-risk) approaches

* residuals of incomplete destruction that may be released to the air,
water and land

* methods to measure these residuals




Environmental Protection
AAAAAA

PFAS-Containing Wastes

* Aqueous film forming foam (AFFF)
* Concentrated

e Contaminated Soils

* Landfill Leachate, Municipal Waste
Combustors (MWCs), Landfills

* Sludge and Biosolids
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e Granular activated carbon (GAC) and
lon Exchange Resins
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Natural gas

Incineration Technologies ™%

 Collaborative projects with
* DOD
* Universities
* Industry Partners

PITT provided
* Modeling additional resources to
* Products of Incomplete .
Combustion (PICs) advance ongoing ORD

* Temperature/Time work on incineration
* Fuel
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Non-Incineration Technologies Reviewed

* Chemical
) ) Assessment Factors:
* Biological
e Plasma Technology readiness
* Mechanochemical Applicability
* Sonolysis Cost
e Ebeam Required development remaining
. UV Risk/reward of technology adoption

e Supercritical water oxidation
* Deep well injection

* Sorption/stabilization

* Electrochemical

e Landfill

* Land application

* Pyrolysis
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Non-Incineration Technologies Reviewed

* Chemical
_ ) Assessment Factors:
* Biological
e Plasma Technology readiness
« Mechanochemical Applicability
* Sonolysis Cost
e Ebeam Required development remaining
. UV Risk/reward of technology adoption

* Supercritical water oxidation
* Deep well injection

« Sorption/stabilization 4 technologies selected for further investigation
What waste streams can they be used on?
How effective are they at destroying PFAS?
What residual PFAS molecules remain

- Are any gaseous / volatile PFAS released?
Can we advance these technologies?

* Electrochemical
e Landfill
* Land application

* Pyrolysis
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Innovative Ways
to Destroy PFAS

PER- AND POLYFLUOROALKYL SUBSTANCES

* Challenge launched by EPA Administrator Andrew Wheeler
on August 25, 2020
https://www.epa.gov/innovation/innovative-ways-destroy-pfas-challenge
* Partnership with DOD (SERDP/ESTCP), states

* Concentrated AFFF focus

* Up to S50K for the best design concept for non-thermal technologies
* 99% destruction



https://www.epa.gov/innovation/innovative-ways-destroy-pfas-challenge

Challenge Timeline

August 25, 2020 Challenge Launch

November 23, 2020 Challenge Closes
Early 2021 Challenge Phase 1 Awarded




Obstacles

e COVID-19
e Building closures
Lab closures
Restricted partner access to labs
Closure of suppliers
Unavailable instrument repairs

* Thermal Treatment Testing Options

e Concurrent field sampling and sampling methodology
development
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Products and Outcomes of PITT

* Methods Development
 Gasification/Pyrolysis (FTIR)
e Electrochemical
» Supercritical water oxidation
 Mechanochemical

* Co-Sponsored Methods work
* REI Model
e Tube Furnaces with Partners
* EPA Incineration- Rainbow Furnace

* Multiple Journal Articles in the works
* TBD Ideas from PFAS Destruction Challenge
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Technical Briefs and Fact Sheets

@ Technical BRIEF

Technical BRIEF

SUPERCRITICAL WATER OXIDATION (SCWO): POTENTIAL FOR
INNOVATIVE PFAS DESTRUCTION TECHNOLOGY

Background
dcal water oxidation (SCWO) i 2 mique
‘process to desmoy hazardous waste ds.
Water sbove a certain (705 °F) and
‘pressure (221.1 bar) is considered supercritical, 3
‘special stte of water that acceleratas centsin
chemical oxidation processes. Since the 1980's,
SCWO has been successfully used o waat

MNOVATIVE RESEARCH FOR A SUSTAINABL|

INNOVATIVE RESEARCH FOR A SUSTAINABLE FUTURE

Per- and Polyfluoroalkyl Substances (PFAS):
Mechanochemical Destruction to Manage Waste Streams

Background
Fluorinated

MC degradation has shown promise at the benchtap and
the potential to be an ahternative to

products and industrial processes due to thelr chemical
stability and function as oil and water repellants. Per-and
polyfluoroslkyl substances {PFAS), of which there are
thousands of chemical derivatives, are found in non-stick
comigs, waterproofin s stan-esstance agents fre

ypically destroy >99% POPs in aboutsix tons of soil an
hour with a transportable MC destruction setup (8olan et
al. 2020).

Research Gaps
Further research nta the destruction of PFAS witt

fuids, and many other p ame
make PEAS seful nmany procicts and spplcations 50
cause PFAS to persist in the environment and
bioaccumulate in iving species. The sources of hurnan

agents, the potential for loss of volatile PFAS, and
performance at field application scales.
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have been found to have negative: s efecn e

‘sandy soil and the efficiency decreases as the soil
becomes more clay-like. Co-milling reagents and ¢

INNOVATIVE RESEARCH FOR A SUSTAINABLE FUTURE

Configured Fireside Simulator (CFS)
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INNOVATIVE RESEARCH FOR A SUSTAINABLE FUTURE

EPA’s Incident Waste Decision Support Tool {I-WASTE}

3 high efficie resulin vosseeptasls levels of o Biclogicsl Wartore Agoms Version 6.5 of -WASTE has added infarmatic treatment/d i facilities that
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Imyplementation of SCWO has ey limited by
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requirements. This document reviews SCWO as @

As an altemative to disposal of PFAS-laden
‘maaterial in 2 landfill or combustion in an
incinerator, SCTWO

pollutams o the anode
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SCTO ha
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that persistent organic polutants (POPs) undertake ina
high energy balk-milling device (Cagnetia, Huang et al

2016). Co-milling reagents ke slica, patassium hydroxid,
or calclum oxide, are added to help react with the fluorine.
and o produce highly reactive conditions. The crystalline
structures of the co-milling reagents are crushed and
sheared by the high energy impacts from the stainiess steel

small volume znd.
does not require chemnica additives [G-ama
Sezura, Qcon, aad Chonz 2015), Limitations of

Figure 1 Mechumtisms

milling balls in (Figure 1). These
colisions produced radicals, slectrons, heat, a
plasma inlocalized areas kNakaVzma 3010) it resc it

are notemitted in the ges stream
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Figure L: Ball Impacts create radicals from co-mill
materfals and localized high temperatures that
mineralize PFAS

‘produced for decedes for 2 ranze nfpurpuses
including non-stick coatings, waterproafing, and
‘manufscturing addiives. The use of PFAS in
‘mumerous products and industrial processes, coupled
with their chemical parsistence, has lad to their
iscovery within snvironmental systems. The
‘OF PFAS s 2 subject of current stud, bt
amough s kmow: to motivate efforts 10 limic
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Lzt in - aad to other PFAS destruction ry tater. in print. s new mlormalion becomes avaiable, 15 ol nlencded Lo cuerid regu mnryL egal
leading to their pervasive presence in eromduwater, (AFFF) hiave been used by pearly compaad to ol PPAS o preguancy-induced hEPE:; e e e aptions fr the resupent of FFAS impactsd bt to provide Information that ean fad e cisposal decisions,

‘surface waters, and even drinking water it some
localities. Certain PFAS are also bicacanmulative.
The blood of most Americans comtains detsctable
levels of several PFAS. The toxicity of PFAS isa
subjsct of curvent sady bt encragh s Ko o

very fire-fighting deparmment for the previcus 30
years. Lventory estimate that there ere millions of
‘zallons of meterial in private, public, and mlitary
ustody. Crhter wast streams that contain FFAS,
zuch a5 mumicipel sewage, lzndfil leachate, or
industrial

motivate effores to limit relaase and
‘human exposure (EPA, 2020).

SCWO

conteminants that make targsting fraatment of
DFAS vary difficult. The capsbility to decompose

contaminan (Schasfer Charles E. ot al. 201
Nzeribe ot al. 2019). Despite these potentil

, EC may be 2 promising technolosy
for PFAS dastruction becamse of its
demonstated ability to destroy PFAS mith-
lowss enersy demands than thermal incinsration.

Potential application to PFAS-laden liquid
streams

DFAS are highly finorinated aliphatic substances

imnrane suppression, andn W
fecundity (U3 EPA 2016 20100).

Ta protect luman health and the enviramuent,
idetify

rescarch is being conducted to

nad:m]ogea that destray PFAS in concenmared

technologies must be l!mj.l.t\ available, cost
effective, end produce litle to oo residuzls or

‘been managed.
sl Sllomsd by Lnd-applicaion, (1) dspost]
st 2 lined landfill, ar (3) destruction (buring) in
‘sewage sindge ncineratar (S5T). WWIP solids are
rich i putrients and the most common US prectice
is 10 serobically cr anserobically digest it 1o produce
 stabilized biosolid product that can be lend-applied
s ferilizer.” This is done becsuse the numiems in
insolids dliver nitrozen, phozphorous, and other
ace metals that are beneficial far crops and soil
(Fizwa1).

Some US states are beginning to tast biosolids for

WWTP salids may be found in & renge of non-
incineration thenmal processes such as pyTolysis
and gasification. These approaches may show
‘promise to reduce PFAS loadings fam biosolids,
in s0me casss Without destroying the beneficial

ome
reduction of WWTP solids 10 inert ash, with
‘patential uses as input msterial in Dortland cement
wodmmmdﬁm:zg!zulpphmm
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contamination e 2
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these requirements with Further testing,
ad

bond and irs biearcummlative properties has led
to their dissemination and near ubiquity in

bumans end the envircnment (Ewr_'ku.aL"Dllj
While many thousands of co

identified as PFAS, the taxicity. ocme\ lhmi.fn.l

‘Thie proposed mechanism of perfinoroaly] acid
destruction by EC begins with the rate limiting
step of direct electron transfer from the PFAS.
compound to the anods. This is followsd by

Electrochemical Oxidation

Ball Milling

‘amount of incineration could imroduce additional
‘costs and other environmental consideration:

‘cirygen, taking advamaze of tae partial
<ombustion process to provids the bet to operate
e process. PyTolysis, and certzin forms of

Pyrolysis & Gasification

CFS Model

Bl g, Tl - uhras o aulin areas

pre——— Frgn

I-WASTE Tool
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Find more information on EPA PFAS Data and Tools

EPA PFAS Research
https://www.epa.gov/chemical-

research/research-and-polyfluoroalkyl-

substances-pfas

EPA PFAS Action Plan:
https://www.epa.gov/pfas/pfas-action-

plan-program-update-february-2020

Research on Per- and Polyfluoroalkyl
Substances (PFAS)

e Per- and polyfluoroalkyl substances (PFAS) are a
. ‘; group of synthetic chemicals that have been in
use since the 1940s. PFAS are found in a wide
array of consumer and industrial products. PFAS
manufacturing and processing facilities, facilities
using PFAS in production of other products,

' airports, and military installations are some of
the potential contributors of PFAS releases into
g the air, soil, and water. Due to their widespread
use and persistence in the environment, most
people in the United States have been exposed
to PFAS. There is evidence that continued exposure above specific levels to certain PFAS may lead to

adverse health effects.

https://www.epa.gov/pfas

currently researching
* Reducing PFAS in Drinking

Related Topics

* learn more about Per- and
polyflucroa lkeyl subtances
(PEAS)

* Listof PEASEPAIs

Water with Treatment

* EPA Toxicologists Focus

Technologies Science
Matters Article

Innovative Research on
PFAS Compounds Science



https://www.epa.gov/pfas
https://www.epa.gov/chemical-research/research-and-polyfluoroalkyl-substances-pfas
https://www.epa.gov/pfas/pfas-action-plan-program-update-february-2020

Questions?

Contact:

Tim Watkins

Director of the Center for Environmental Measurement and Modeling
Office of Research and Development, USEPA

watkins.tim@epa.gov

The views expressed in this presentation are those of the author and do not necessarily
represent the views or policies of the U.S. Environmental Protection Agency. Any mention of
trade names, products, or services does not imply an endorsement by the US Government or
the United States Environmental Protection Agency. EPA does not endorse any commercial
products, services, or enterprises.
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