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wEPA Drinking Water Treatment

How do we remove PFAS from drinking water?

—_—
PEAS- Treated Homes Environment Discharges,
contaminated D:crmkl':ﬁt water releai\;es,
water utility or other
source water ‘ Distribution system —>

residual
— Reactivation streams
—_—
Home treatment?

AN

Treatment residuals: liquids and spent media Landfills
Effective Treatment Technologies for PFAS Treatment Residuals
* Anion exchange resin, granular activated carbon (GAC), * PFAS found in spent GAC and spent resin
and membrane separation (RO) are generally effective e Spent media can be regenerated, landfilled, or
at removing PFAS incinerated with unknown releases of PFAS
* More effective for long-chain than short-chain PFAS e There are no known commercial treatments
* Removal efficiencies and cost depend on source water (mineralization) for RO concentrate streams or

characteristics and water system characteristics regenerant solutions



wEPA PFAS in Wastewater and Biosolids

Land application of biosolids can release PFAS into the environment

b

PFAS-contaminated Treatment Treated water
wastewater facility Land
/ application
‘ Solid residuals
A\ N B
Incineration
Research Highlights . 4
 Temporal and spatial assessment of PFAS in wastewater treatment (ongoing) Landfill

* Land application field study (ongoing)
e STAR: PFAS in landfills
* Upcoming RFA: PFAS in agriculture



https://cfpub.epa.gov/ncer_abstracts/index.cfm/fuseaction/recipients.display/rfa_id/643/records_per_page/ALL
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PFAS Waste Destruction and Disposal

There is a data gap regarding how the end-of-
life management and ultimate disposal of
PFAS-containing materials can impact PFAS
concentrations in the environment.

>

Water
Environment

Leachate

Treatment Residuals

PFAS are found in ash,
scrubbing waters, and
subsequent leachates




wEPA Risk Management Research

Water Treatment

Goal: Remove or reduce PFAS in drinking water and wastewater

Research Highlights

* Polanyi adsorption potential theory for estimating PFAS
\ treatment with activated carbon (2023)
Treatment residuals . . -

Drinking Water Treatability Database

Destruction and Disposal

Goal: Prevent re-introduction of PFAS into the environment through destruction or containment

Incineration Research Highlights
* Acritical review of PFAS landfill disposal in the US (2023)

* Pilot-scale thermal destruction of PFAS in a legacy AFFF (2023)
Wil
)y N anari * PFAS Thermal Treatment Database

Treatment residuals + Other \_
PFAS-containing waste



https://www.sciencedirect.com/science/article/pii/S2214714423002106?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2214714423002106?via%3Dihub
https://tdb.epa.gov/tdb/home
https://www.sciencedirect.com/science/article/pii/S0048969723058126
https://pfastt.epa.gov/ords/pfastt/pfastt/r/pfas-thermal-treatment/about-the-database

Thermal
Destruction
Technologies

Incineration

Granular activated carbon reactivation

Pyrolysis




SEPA Thermal Treatment Database

** The PFAS Thermal Treatment Database (PFASTT) is a publicly-available database that contains
over 2,000 records of 80 sources documenting the treatability of PFAS in different media via
various thermal processes.

+* Sources cited in the database include peer reviewed and non-peer reviewed journals,
government reports, conference reports, and other types of publications.

Focuses on...

* Calcining

* Granular activated carbon reactivation
* Gasification

* Hydrothermal

* Incineration

* Indirect thermal desorption

* Pyrolysis

* Smoldering

Scope Condition

¢ Treatment process ¢ Temperature
e Scale (lab, pilot, full)  Time
e Matrix treated e Other details
(e.g., soil, sludge) (e.g., atmosphere,
amendments)

https://pfastt.epa.gov



https://pfastt.epa.gov/

wEPA Challenges of Thermal Treatment of PFAS

* Complicated chemistry - Greater than 4,700 produced/used since 1950

 Efficacy of thermal treatment
* Highly electronegative F makes C-F bonds particularly

strong, requiring high temperatures for destruction
H o H o) / F \ / HFPO-DA decarbox I\
* CF,requires 1,440 °C for >1 sec to achieve 99.99% y
destruction (Tsang et al., 1998) " . e
* CF, and C,F, may be a useful surrogates (Krug et al., 2022) Fr - ojtF
* Destruction pathway is not fully understood F——F F——F
: . F——F F——F
* Field data are lacking L 1l r
. . “ T PFPrOPrA; GenX; HFPO-DA
* Historical laboratory research on “destructibility” lacks ol
|(nforr)nat|on about products of incomplete combustion \_omesosssonis J N /
PICs

* PICs from F radicals more likely than for other halogens
e Emission sampling and analytical methods are under
development
* Volatile, non-volatile, polar, non-polar
* Limited number of analytical standards available



wEPA Cement Kiln Incinerators

Cement kilns are operated under different operating conditions

* Gas temperatures of up to ~2,000 °C
e Gas residence times of up to 10 seconds
e Solid residence time of up to 30 minutes

EPA is actively looking for
partners for sampling of
cement kiln incinerators

Cement Kilns in the U.S. Source: US EPA

i ,:J. -ﬁ\

PFAS in water PFAS —free water

m——. s Cement Kiln Incineration
- — 1400°C to 2000°C
Simple & Cost Effective PFAS loaded resin
@}6@ Source: Purolite presentation and case study. F. Boodoo et al. Complete Destruction of PFAS

EMERGING CONTAMINANTS
SUMMIT



https://ebcne.org/wp-content/uploads/2018/06/Presentations-EBC-Connecticut-Program-Contaminants-of-Emerging-Concern-Update-on-PFAS.pdf
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GAC used in water treatment for PFAS
removal, then ideally reactivated

Bench-scale research

e Efficient decomposition (>99.9%) of PFOA
and PFOS on GAC occurred at 700 °C or
higher, accompanied by high mineralization
of fluoride ions (>80%). Xiao et al., 2020.

* Additional research being completed at
North Carolina State Univ. in conjunction
with SERDP

Pilot study completed

* Waiting on results

Completed a full-scale reactivation study in
June, 2023.

* Waiting on results

Searching for more partners to evaluate full-
scale carbon reactivation facilities

Calgon Carbon publication (DiStefano et al.,
2022)

Granular Activated Carbon (GAC) Reactivation

10



v EPA Treating Membrane Concentrates

Managing and treating per- and
polyfluoroalkyl substances (PFAS) in
membrane concentrates

* Qutcome of collaboration among the
Membrane Processes and Research
Committee (MPRC)

* Many of the following slides are
from Ladner et al., (2022) with
permission

(W) Chack for updates
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v EPA Treating Membrane Concentrates

W) Check for updates
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Concentrating, Defluorinating,

and Sequestering PFAS

®
35

4

25%-75%

concentrate

Potential to manage PFAS in RO

Technology readiness level (TRL)

2.1.
2.2,
2.3,
24.
2.5.
2.6.
2.7.

Reverse osmosis and nanofiltration
Emerging membrane processes
ED-RO hybrid systems

Foam fractionation
Electrocoagulation
Evaporation ponds
Brine concentrator with crystallization

2.8. Adsorption

2.9.
3.1.

3.2.
3.3.
34
3.5.
3.6.
3.7.
3.8.
3.9.

Coagulant aids
Biological treatment

Ultraviolet irradiation
Photocatalysis
Advanced oxidation
Solvated electrons
Plasma-based treatment
Electron beam

Zero-valent iron
Sonochemical treatment

3.10. Incineration

3.11. Supercritical water oxidation

4.1.
4.2.

FIGURE 6 Graphical summary of
technology readiness levels (ITRC, 2020)
and nominal reported potential to manage
(separate, defluorinate, or sequester)
PFAS from reverse osmosis concentrate.
The relative placement of processes in the
plot does not consider capital and
operating costs, in part because these are
challenging to estimate for early-stage
technologies. Numbers correspond to the
sections of this article where each
technology is discussed




wEPA Concentrating PFAS (existing technologies)

Coagulant aids
Electrocoagulation /

X4

Brine concentrator with crystallization

Reverse osmosis & Nanofiltration

$ 37) Adsorption
' > Concentrating PFAS is relatively
] @ O effective with existing technologies,

concentrate

but not all technologies are ready for
implementation, and many struggle
with select PFAS

“Technologies @
Concentrating
Sequestering g

Defluorinating | ;
O |

i T ® ;
was R

Technology readiness level (TRL)

Potential to manage PFAS in RO

Tow et al., AWWA Water Science, 2021
https://doi.org/10.1002/aws2.1233 14



wEPA Concentrating PFAS (novel technologies)

Emerging membrane processes
(e.g. MD & FO)

— Evaporation ponds

Foam fractionation

ED-RO hybrid systems

25%—15%

concentrate

Potential to manage PFAS in RO

More novel concentration
techniques are less effective or
less-well tested

\ 4

Technology readiness level (TRL) 15



wEPA Foam Fractionation

Foam fractionation
takes advantage of
PFAS’ surfactant

oroperties

 Bubble air and increase
interfacial surface area

* Less effective for short-
chain PFAS T

laden water (photo courtesy of Evocra Pty Ltd). (b) Foam
fractionation system (photo courtesy of OPEC systems and Dora
Chiang, CDM Smith)




wEPA Defluorinating PFAS

Sonochemical

Electron beam treatment Plasma-based treatment

= 8 eV Incineration

=
Supercritical :8 S (a5 o
water £° Defluorinating PFAS can be
oxidation - e accomplished with an array

of technologies

Technology readiness level (TRL)

17



wEPA E-beam technology

FIGURE 4 Operation of industrial
wastewater plant with electron beam.
(a) Injection of wastewater through
nozzles. (b) Wastewater under treatment
(reprinted from [Han et al., 2012] with
permission from Elsevier)

E-beam technology is a radiation-based method where
electrons are accelerated and delivered to produce radicals s



< EPA

Pressure, MPa

Short residence time (< 10 sec)

Can handle high feed concentrations and
organic co-contaminates

Relatively low operating temperatures
Generates little waste

25

20

[y
wv
1

Supercritical Water

L
P =22 MPa

Critical Point -5

Density = 0.32 kg/L

Typical SCWO
operating conditions
23.5MPa, 650°C,
Density = 0.06 kg/L

T=374 °C
10 -
Liquid Water
Steam
57 Normal
Boiling Point
0 100 200 200 400 500 6;]0
Temperature, °C

Supercritical Water Oxidation (SCWO)

* Case studies performed with four separate SCWO

suppliers
* Aquarden (Denmark)
* 374Water (Durham, NC)
» Battelle (Columbus, OH)
* General Atomics (San Jose, CA)

e Tested SCWO on dilute AFFF

* Results showed greater than 99% reduction of the

targeted PFAS Krause et al., 2022

e
= L

B e e
Source: https://aquarden.ca



https://ascelibrary.org/doi/10.1061/%28ASCE%29EE.1943-7870.0001957

@
wEPA Other Potential Destruction Technologies

Biological
treatment 22

___________

concentrate
25%—75%

otential to manage PFAS in RO

Hydrated

:

electrons
Technology readiness level (TRL)

Zero-valent iron

Sonochemical
treatment

Advanced
oxidation

UV irradiation

20



wEPA Electrochemical Oxidation

* In conjunction with AECOM

e Site visit and lab-scale
experiment

* Tested EO on high-PFAS
wastewater (AFFF)

* Analyzed for 24 PFAS, total
adsorbable organofluorine
(TOF), fluoride, and chemical
oxygen demand (COD)

e Results to be published 2023

Source: Max Krause (2020)

21



wEPA Sequestering PFAS

Deep well injection

ncentrat
25%-T15%

Landfill

Potential to manage PFAS in RO

Technology readiness level (TRL)

22



wEPA RO in combined system (RO/GAC/AOX)

Adsorbent regeneration

a. Adsorption d. Oxidative defluorination
Membrane concentrate PFAS ) 5 X5 S PFOA Catalysts
w/ Short-chain PFAS /& nfluent c. High-pressure 1’5‘/‘?‘* -
PFAS -y membrane filtration LS [

: PRI B
Harvesting v A ) At e/
(e.g., GAC, o : : Feed p Permeate P_‘ Ha % CO,

T J jection :5!."

£
&5

B e )
B Effluent 5 e co,

b. Direct flow filtration

e. Coagulation

Microporous support layer &

.
v
Membrane : e W‘
concentrate J& 5
w/ long and Defluorinated carbon -:E R {‘;
concentration > i
short-chain PFAS (e.g.,CO,) + H,0 i .,:J.z/\ 3

Likely very expensive, but a combined (hybrid) system approach may overcome
treatment shortcomings



DWSRF Support: Emerging Contaminants

Background:

There is limited information available on
the performance of treatment technologies
for removing PFAS and other emerging
contaminants (EC)

Objectives:

In direct support of BIL directive to address
PFAS/EC, the program will:

1) Identify and implement sustainable and
cost-effective PFAS/EC treatment
technologies, with a particular focus on
small and disadvantaged drinking water
systems

This program wiill:

1)

2)

3)

Help identify appropriate
treatment technology to remove
PFAS/EC from various waters and
to manage any residual waste
stream (solids, liquids, or gases)
generated

Develop long-term PFAS/EC
treatment performance and cost
data

Develop tools (performance and
cost models) and approaches
(best practice guides) for
determining effective treatment
for PFAS/EC across the country
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Disclaimer

The views expressed in this presentation are those of the
individual authors and do not necessarily reflect the views and
policies of the US EPA. Mention of trade names or commercial

products does not constitute endorsement or recommendation
for use



QUESTIONS?

Thomas Speth, Ph.D., P.E.

Senior Science Advisor

Center for Environmental Solutions and Emergency Response
Office of Research and Development

U.S. Environmental Protection Agency

speth.thomas@epa.gov

The views expressed in this presentation are those EPA PFAS Activities — www.epa.gov/pfas
of the individual author and do not necessarily PFAS Research and Development — www.epa.gov/chemical-
reflect the views and policies of the US EPA. research/research-and-polyfluoroalkyl-substances-pfas

wEPA 28

Office of Research and Development
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