SERDP & ESTCP Webinar Series

Thank you for signing in early

The webinar will begin promptly at
12:00 pm ET, 9:00 am PT
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SERDP and ESTCP Webinar Series

= The webinar will begin promptly at 12:00 pm ET,
9:00 am PT

= Options for accessing the webinar audio

 Listen to the broadcast audio if your computer is
equipped with speakers

e Call into the conference line
o (669) 900-6833 or (929) 205-6099
o Required webinar ID: 996-3489-5486

* YouTube live stream
o https://www.youtube.com/user/SERDPESTCP

= For questions or technical issues, please email
serdp-estcp@noblis.org or call 571-372-6565
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SERDP & ESTCP Webinar Series

PFAS Fate, Transport and
Treatment

July 23, 2020
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SERDP & ESTCP Webinar Series

Welcome and Introductions

Rula A. Deeb, Ph.D.
Webinar Coordinator
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Webinar Agenda

= Webinar Logistics (5 minutes)
Dr. Rula Deeb, Geosyntec Consultants
= Overview of SERDP and ESTCP (5 minutes)

Dr. Andrea Leeson, SERDP and ESTCP

= Laboratory and Modeling Investigation of PFAS
Transformation, Transport, and Retention in
AFFF Source Areas (25 minutes + Q&A)
Dr. Linda Abriola, Tufts University

= Hydrothermal ALkaline Treatment (HALT):
An Innovative Technology for Complete
Destruction of PFAS (25 minutes + Q&A)
Dr. Timothy Strathmann, Colorado School of Mines

= Final Q&A session
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Zoom Instructions

* Download Zoom
 https://zoom.us/download

* |f you cannot download Zoom, you can view the
slides using an internet browser
« Create a free Zoom account (https://zoom.us/signup)
« Use a compatible browser (Firefox, IE or Edge)

 View the webinar at
https://success.zoom.us/wc/99634895486/join

* |f the material is not showing on your screen or if
screen freezes

« Key in Ctrl + F5 to do a hard refresh of your browser

SERDP & ESTCP Webinar Series (#116) 6
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Zoom Instructions (Cont'd)

* |f you are connecting to computer audio
* Click the arrow next to the “Join Audio” button
» Select test “Speaker and Microphone”
* Follow prompts

= |f you experience difficulties with the
audio, call into the conference line

* (669) 900-6833 or (929) 205-6099
* Required webinar ID: 996-3489-5486
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In Case of Continued Technical
Difficulties

= Download a PDF of the slides at
https://serdp-estcp.org/Tools-and-
Training/Webinar-Series/07-23-2020 and call
into the conference line
- (669) 900-6833 or (929) 205-6099
* Required webinar ID: 996-3489-5486

= We will also be live streaming the webinar on
the SERDP and ESTCP YouTube channel

 https://www.youtube.com/user/SERDPESTCP

SERDP & ESTCP Webinar Series (#116) 8
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How to Ask Questions

* Find the Q&A button on "
your control bar and type in
your question(s)

= Make sure to add your
organization name at the
end of your question so that Welcome
we can identify you during
the Q&A sessions

Type your question here...
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SERDP and ESTCP Overview

Andrea Leeson, Ph.D. '
SERDP and ESTCP
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DoD’s Environmental Technology
Programs

& SERDP

DOD = EPA = DOE

=TGP

Science and Technology Demonstration and Validation
« Statutory program « Demonstrate innovative
established 1991 cost-effective environmental
- DoD, DOE, EPA partnership and energy technologies
— Advanced technology — Transition technology out of
development to address the lab
near-term needs — Establish cost and
— Fundamental research to performance
impact real world — Partner with end user and
environmental management regulator

— Technology transfer

 Accelerate commercialization
or broader adoption

 Direct technology insertion
SERDP & ESTCP Webinar Series (#116) 11



Maritime Sustainability
Threatened and Endangered Species

% UXO and Munitions Noise
g Constituents

Change in Temperature ©C)
for (2040-2070) minus'(1960-1990)
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Environmental Drivers
Reducing Current and Future Liability

Contamination from Past Pollution Prevention to Control
Practices Life Cycle Costs
. = -
|
SuPP';,':’"WsegpS "r e
= Groundwater, soils and = Elimination of pollutants and
sediments hazardous materials in
= Large UXO liability manufacturing, maintenance,

and operations

= Achieve compliance through
pollution prevention

= Emerging contaminants

SERDP & ESTCP Webinar Series (#116) 13
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PFAS Online Resource

https://map.serdp-estcp.org/Featured-Initiatives/Per-and-Polyfluoroalkyl-Substances-PFASs/pfas efforts.pdf

SERDP and ESTCP Efforts on PFAS

2017

Workshop Report:
PFAS R&D Needs

2013
Workshop Report:

Contaminated
Groundwater

Sampling, Analysis
and Treatment

2021
Workshop on PFAS:
R&D Needs

Creation of AFFF

Reference Material

Source Zones

Investigation
Derived Waste

@SERDP REsSEARCH PROJECTS

DOD = EPA * DDE

In Situ & Ex Situ
Groundwater
Remediation

Ecorisk/Assessing
Remediation
Effectiveness

Mixed Contamination
in Groundwater

2011
In Situ Groundwater
Remediation
PFAS-Free Agqueous

PFAS-Free Aqueous
Film Forming Foam

Film Forming Foam

2014

In Situ Groundwater Ecotoxicity

Ecotoxicity of
PFAS-Free AFFF

Alternative Formulations
for PFAS-Free AFFF

Biodegradation

Passive Sampling

PFAS Multilab
Methodologies

Method Validation

Analytical Methods
o Assess Leaching
and Mobility

Thermal Destruction

Ecological Risk
Technologies for AFFF

Characterization
Amendments for In Situ
PFAS Groundwater
Remediation

Forensic Methods for
Source Tracking and
Allocation

Analytical and
Environmental
Sampling Methods

Demonstration/

Remediation
2011-201 2016 2017 2019 2020 2021

lon Exchange & Low
Energy Electrical
Discharge Plasma Process

Thermally-Enhanced
Persulfate Oxidation
Followed by P&T

Characterization of
the Nature and Extent
of PFAS at DoD Sites

2015

FAQs Regarding
PFAS at DoD Sites

Life Cycle Comparison
of Ex Situ Treatment
Technologies

@ESTEP Demonstration Projects

. Remediation . Ecotoxicity

SERDP & ESTCP Webinar Series (#116)

Fate, Transport and
Characterization

Mobile Lab-Based
Real Time PFAS
Analytical Methods

Validation of AFFF
Cleaning from
Firefighting Systems

Demonstration/
Validation of
PFAS-Free Fire

ssion Alternatives

Sub-Micron Powdered
Activated Carbon &
Ceramic Membrane
Filter System

PFAS Manitoring

Source Zone Treatment
and Characterization

Technology (D-FAS)
In Situ Treatme:

Demonstration/
Validation

Demonstration/

Validation of

PFAS-Free AFFF
Ex Situ Treatment
Demonstration/

Validation
. Fluorine-Free AFFF

Analytical and
Sampling Methods

14
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Valicated Blethods 1o Distinguish Batween
Vapor Intnusion and Indoor Sources of
Volatile Organic Compounds

@ SERDP QESTCP

Matrix Diffusion
Toolkit
USER’S

Guidance g
and

In Person § : .
Training EnviroWiki

aaaaaa

Technology
Transfer

\YETRIVELES
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SERDP and ESTCP Webinar Series

Date Topic

July 23, 2020 Predicting PFAS Fate and Transport in Subsurface
Environments, and Treatment

August 20, 2020 Addressing Threatened and Endangered Species on DoD
Lands

Sl Cllel= Lo {0208 Reducing Hazardous Materials in Weapons Systems:
Advances in Waterjet Applications and Cold Spray
Technologies

S Glpele2aeliplf Munitions Mobility and Burial in Underwater Environments

October 8, 2020 Managing AFFF Impacts to Subsurface Environments and
Assessment of Commercially Available Fluorine-Free Foams
(Part 1)

October 22, 2020 Managing AFFF Impacts to Subsurface Environments and
Assessment of Commercially Available Fluorine-Free Foams

(Part 2)
SERDP & ESTCP Webinar Series (#116) 16
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For upcoming webinars, please visit

http://serdp-estcp.org/Tools-and-
Training/Webinar-Series
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Save the Date
SERDP & ESTGP A three-day symposium
showcasing the latest
technologies that enhance
DoD's mission through
improved environmental and
energy performance

December 1-3, 2020
Washington, DC

Poster abstracts due August 14
Registration for virtual symposium is open

SERDP & ESTCP Webinar Series (#116) 18
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Laboratory and Modeling Investigation
of PFAS Transformation, Transport, and
Retention in AFFF Source Areas

Linda M. Abriola, Ph.D., NAE )
Tufts UnlverS|ty .
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Outline

= Project overview

* Interface accumulation studies

= Sorption studies

= Implications for transport and retention
= Preliminary microcosm results

= Key findings

SERDP & ESTCP Webinar Series (#116) 20
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DOD = EPA = DOE

Research Objectives

Integrated experimental

and modeling study

© B PFAS Contamination in the US.
B \

ewg I'.“I‘:I"

. e

—

- - -y

-
T e T -
e .4—.}-- =

= |mprove understanding
of processes

e governing PFAS
transport and
persistence in complex
AFFF source areas

= Develop and validate
mathematical models and
decision tools that capture key

Processes
SERDP & ESTCP Webinar Series (#116) 21
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Studies on Interfacial Accumulation
Interfacial Tension (IFT) Measurement

Sigma T700 Tensiometer Ramé-Hart Goniometer

Interfacial Tension by
Pendant Drop

Surface Tension

by
Wilhelmy Plate

Resolution # SOLID

of 0.01
mN/m

mN/m = dyne/cm = g/s?

= |FT interfaces studied = PFAS compounds
« Air-Water » Perfluorooctanoate (PFOA)
 Dodecane-Water * Perfluorooctane sulfonate
» Tetrachloroethene (PCE)-Water (PifOS) f ;
. ; * Perfluorooctane sulfonamide
JP4-Water (FOSA)

« 3M and Ansul AFFF

SERDP & ESTCP Webinar Series (#116) 22
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DOD = EPA = DO

Air-Water Interfacial Tension (IFT)
Effect of Dissolved Solids

Low Dissolved Solids (LDS) ca. 40 mg/L (high purity drinking water)

Mid Dissolved Solids (MDS) ca. 400 mg/L (secondary drinking
water)

High Dissolved Solids (HDS) ca. 1,700 mg/L (unpleasant drinking
water)

- PFOA PFOS
’\é 70 V é;_v_@ﬁ%i g @@@ .........
=Z =V
£ 60 - =
\é 50 2 A 7
= = Q
z Surface Stronger = - &
= 40 o mia tension ,; i TDS =
2 v s - 0 e = ¢ eg
g 30 s decreases with =2 ws dependence 1w %
. . _ o W

3 20 increasing salt A for PEOS =¥

10 T T T T T T T T T T T

0.001 0.01 0.1 1 10 100 1000 10000 O1 0.1 1 10 100 1000 10000

PFOA (mg/L) PFOS (mg/L)
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DOD = EPA = DOE

Estimating Surface Excess

» [nterfacial tension is a measure of surface concentration (I')

. Szyszkowski Eq. Fit of
c Surface Tension:
E . C
s _ y=y0[1—aLn(E+1)]
o o | -
E O Uttrapure @\\g\@\ . \
R v 44 mg/L TDS W
5 5 O 391 mg/L TDS S
w < 1741 mg/l TDS 8
50 . =N )
0.1 1.0 10.0 : y
C (mgll) o 8e-10 Gibb’s Eq.: T = ——<%>
O
;c; 6e-10 | Ultrapure . .
e Sk
« PFOAand PFOS behave £ = h Langmmr/Szysszowskl Eq.
like anionic surfactants g eml 100mgt tos _ %o &
* Increase in TDS 3 . RTC+b
. . . () @ | -
increases interfacial g - //
accumulation (saltingout) <, | /
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DOD = EPA = DOE

Air-Water IFT (AFFF vs. PFOS)

80 80
F-T-FEE T e, 3M and Ansul r— PFOS Alone
LN AFFF

o))

<
(o)}
o

1

7
=]

IS
o

°g

%’9 3% AFFF
o |
|

v o3M Y e |
O Ansul vy |

N
o

391 mg/L TDS

Air-Water IFT (mN/m)
&
q
Air-Water IFT (mN/m)
N
o

0.1 1 10 100 1000 10000
AFFF (mglL)

0.1 1 10 100 1000
PFOS (uM)

0.001 0.01 0.1 1 10 100
PFOS (uM)

=  PFOS is the predominant (>80%) perfluoroalkyl substance in AFFF
= Air-water AFFF IFT (400 mg/L TDS) decreased to less than 4 mN/m at 3% AFFF

=  Other components, such as sodium dodecyl sulfate, contributed to the surface
activity of AFFF solutions
SERDP & ESTCP Webinar Series (#116) 25
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DOD = EPA = DOE

NAPL-Water IFT Evaluation

' | Light Water™

Aqueous Film
Forming Foan

30/( Concentr:

Foam

JP4
Macroemulsion

Aqueous Phase

Micellar Solubilization

SERDP & ESTCP Webinar Series (#116) 26
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NAPL-Water IFT: PFOS

= Significant NAPL-water _ Dodecane

(%))
(=]

IFT reduction at elevated ~ _ |~
PFOS concentrations Z
(>0.1 g/L) s \
=  Confirms suggestion by gw' .
Moody and Field (2000) 8|  aimins
that PFAS are Oleophlllc 001 1 1I0 1(IJO 10I00 10600 100000

= Significant NAPL PFOS (uM)
mobilization by PFOA or
PFOS not expected at
typical field
concentrations (<0.1 g/L)

SERDP & ESTCP Webinar Series (#116) 27
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Estimated Surface Excess at
NAPL-Water Interface (PFOA)

SERDP $ESTCP

80 —
Air e
85 B 8 /. Dodecane - 2.0 i
= PCE E
—~ 60 - ' s Sl D dodecane
= E 45
s
= 40 B, N R 101
e, Sy % L
E gyl SETEEe—e 0o, By £ 05 -
‘. eaB 03,33 —————— PCE
% ——— P4
a @% 00
0 il - oy — . 6 T T T T T T T
0.1 1 10 100 1000 0 500 1000 1500 2000 2500 3000
PFOA (mg/L) PFOA (mg/L)

= PFAS accumulation at NAPL-water interface is smaller than at air-
water interface

=  PFAS exhibits significant accumulation at dodecane- and PCE- water
interfaces

* Could form long- term PFAS source if NAPL is present in source zone

SERDP & ESTCP Webinar Series (#116) 28
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DOD = EPA = D

NAPL-Water Interfacial Tension (AFFF)

50

TS e 3MAFFF

5
o
Q@

S
}<>‘ 4

N
o

A Dodecane _ fas 3% AFFF
| < PcE
O JP4

Interfacial Tension (MN/m)
)
i

5 mN/m </

o

1 10 100 1000 10000
3M AFFF (mg/L)

O.I01 0i1 1 1I0 1CI)O
PFOS (mg/L)
= NAPL IFTs decreased to <4 mN/m at AFFF concentrations >12 g/L

= Potential for mobilization of NAPL in regions where AFFF was
applied

SERDP & ESTCP Webinar Series (#116) 29
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DOD = EPA = D

Batch Sorption Data (PFOS)

80-100 Mesh Washed Mardin Soil Appling Soil
6 1 Ottawa Sand (0C=0.005) 6 - (0C=0.45) 6 1 (O§C=0;,75)
4 A ¢ 4 %
N - S B SN I
0 200 400 600 800 1000 O 200 400 600 800 1000 0O 200 400 600 800 1000
Ceq (ug/L) Ceq (Mg/L) Ceq (ug/L)

» Higher surface area and higher organic carbon
(OC) soils exhibit larger sorption capacity

= Sorption is nonlinear and well-characterized by
Freundlich isotherm
SERDP & ESTCP Webinar Series (#116) 30



Implications: Estimated PFOS Phase
Distribution in Two Unsaturated Soils

Total PFOS Mass = Mass in Water + Mass on Solids + Mass at Air-Water Interface
Mot = V1(C,, 0y, + K: (C,, )" 0p *TawAaw)

80-100 mesh washed Ottawa sand, ¢ = 0.34 Appling Soil, ¢ =0.38

1
008
c
©
=
S 06
o)
<
204
©
Q
o 0.2

0

MilliQ HDS MilliQ

] Aqueous mass l Sorbed mass lAlr-water mterface mass

C,,= 0.1 mg/L, Water saturation = 0.78
SERDP & ESTCP Webinar Series (#116) 31



Implications: PFOS Phase Dlstrlbutlon

Vary/ng Moisture Content and Concentration

= 0.1 mg/L Water saturation = 0.78
1
0.8
()
(]
& 0.6
©
C
>
o)
< 04
(0]
=
5
&, 0.2
0
0.55 0.75 0.01 mg/L 0.1 mg/L 1 mg/L 10 mg/L
Water saturation Bulk concentration

B Aqueous mass B Sorbed mass [l Air-water interface mass [E]NAPL-water interface mass

80-100 mesh washed Ottawa sand, ¢ = 0.34, NAPL (Dodecane) saturation = 0.02

SERDP & ESTCP Webinar Series (#116)
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DOD = EPA = DOE

Simulations: Effect of TDS and
Concentration on PFOS Breakthrough

Langmuir/Szyszkowski Isotherm

°°°°°° Tracer
1.0 1 sy |77 Tracer N —— PFOS, C,= 10 mgiL
2 — MiliQ : : PFOS, C,= 1 mg/L
08 4} — Lbs | —— PFOS, C,=0.1 mg/L
: MDS :
—— HDS

. More attenuation and
04 13 tailing at higher TDS

T

0.0 += 5 | : \ ; ‘ : | ey | | !
0 5 10 15 20 25 30 0 5 10 15 20 25
Pore Volumes Pore Volundes

! / .
" No sor.ption. Greater proportion retained
= Pulse injection (3 PV or 7 PV) of PFOS at lower concentrations

= F-70 Ottawa sand (40-270 mesh), 6 ,= 0.27 (influence of non-linearity)
SERDP & ESTCP Webinar Series (#116) 33
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DOD = EPA = DOE

Simulations: Coupled Sorption and Air-
Water Interfacial Accumulation

Washed Ottawa Sand

: : ‘ ----- Tracer
é : = Soil Sorption
. Interfacial
: Adsorption
o :
@) : ___ Soil + Interfacial
a : Sorption
0 144 28.8 43.2 57.6

Pore Volumes

72

C/CO

= Pulse injection (10 PV) of PFOS, C0=0.5 mg/L

= 80-100 mesh Ottawa sand, 10 mM NaCl
= 0,=0.22, #=0.34

SERDP & ESTCP Webinar Series (#116)

10 =

0.8 1

0.0 +

0.6
04 &

0.2

Unwashed Ottawa Sand

= Retention
mechanisms are
additive

= Relative importance
of mechanisms will
differ with soil type

0

28.6 57.2 85.8 114.4 143

Pore Volumes

= Sorption more important
retention mechanism in higher

OC soils
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DOD = EPA = DOE

Simulations: Infiltration Profiles

80-100 mesh unwashed Ottawa sand

Soil Sorption Only Soil Sorption + Air-Water
IAccl:umluIaltiorll

E -+ -
-
oy
8 -6 — 10PV ¥
— 20PV
-8 + —— 40PV
— 80PV
-0 +—++—tttt
00 0.1 02 03 04 05 06 07 08 09 1000 01 02 03 04 05 06 07 08 0.9 1.0
C/CO CICO
= Pulse injection (10 PV) of PFOS, C,= 0.5 mg/L

10 mM NaCl
6, =0.22, $=0.34

SERDP & ESTCP Webinar Series (#116)

= Much of mass is retained on

air-water interfaces in profile
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» Using materials from Robins AFB with
native microbial community

= PFAS precursor transformation
products and rates resulting from
natural attenuation (abiotic and biotic)
being measured

Example: 8:2 FTOH [F(CF,);CH,CH,OH] (PFAA precursor widely used in the
manufacturing of fluorotelomer-based
Reactor Set Microcosms Components » First study of 8:2

Live treatment 10 g soil +100 mL medium + 170 jg/L 8:2 FTOH fluorotelomer
FTOH in DGBE biotransformation

Abiotic control 10 g soil + 100 mL medium + 170 ug/L 8:2 potentia! and .
FTOH in DGBE+ 1 g/L of NaN, mechanisms in AFFF-

Live control 10 g soil + 100 mL medium + 85 pL of DGBE impacted soill

LT TR VA o] B 100 mL medium (no soil) + 170 ug/L 8:2
FTOH in DGBE

SERDP & ESTCP Webinar Series (#116) 36
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Aerobic Biotransformation of 8:2 FTOH

Preliminary Results

150

—8— Ljve treatment
—@— Abiotic control

<+

100 [

mol% of 8:2 FTOH applied at day 0

—— —i
o . 1 . 1 . 1 . 1 . 1 . 1 .

0 14 28 42 56 70 84
Time (d)

= 8:2 FTOH was rapidly
biotransformed in aerobic AFFF-
impacted soil with a half-life less
than 5 days

SERDP & ESTCP Webinar Series (#116)

mol% of 8:2 FTOH applied at day 0

25

Metabolite Formation a 8:9 FTCA

—e—8:2 FTUCA
—&—7:2 sSFTOH
—w—7:3 acid

—— PFOA

20+

15+

10

Time (d)

8:2 FTOH was initially
biotransformed to 8:2 FTCA and 8:2
FTUCA

7:2 sFTOH was not detected until
day 7, then accumulated rapidly

PFOA yield reached 6.0% at day 90

37
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Key Findings

= PFAS accumulate at air-water and NAPL-water
interfaces
« They are oleophilic and have surfactant-like properties

= Air-water surface accumulation will:
« Significantly retard PFAS transport
 Lead to substantial mass retention in unsaturated soils

= PFAS sorption and interfacial accumulation are
nonlinear functions of concentration

= TDS substantially influences interfacial accumulation
of PFOA and PFOS at air- and NAPL-water interfaces

« Greater accumulation at higher TDS

SERDP & ESTCP Webinar Series (#116) 38
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Key Findings (Cont'd)

= NAPL mobilization by PFOA or PFOS not
expected at typical field concentrations (<0.1

g/L)
« However, could occur with AFFF formulations at
nigh concentrations

» PFOS and PFOA could serve as long-term
PFAS source if NAPL is present in the

source zZzone

= 8:2 FTOH was rapidly biotransformed to
poly- and perfluorinated metabolites in
aerobic AFFF-impacted surface soll

« Half-life <5 days

SERDP & ESTCP Webinar Series (#116) 39
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Benefits to DoD

* |ncreased understanding of key PFAS
retention/retardation mechanisms controlling elution
and transport from AFFF source zone areas (vadose
and saturated zone)

* |mprove site evaluation and risk assessment

= Database of retention properties for representative
PFAS and field soils

= Fill key data gaps regarding PFAS biotransformation
iIn AFFF-impacted soils and aquifer materials
= Mathematical modeling tools for:

* Prediction of the distribution and fate of PFAS in source
zones

» Potential for continuing releases to groundwater plumes
« Likely success of natural or enhanced attenuation

SERDP & ESTCP Webinar Series (#116) 40
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Additional Resources

Costanza, J., M. Arshadi, L. M. Abriola, and K. D. Pennell.
2019. Accumulation of PFOA and PFOS at the air-water
interface, Environ Sci and Technol Letters, 6(8), 487-491;
https://pubs.acs.org/doi/full/10.1021/acs.estlett.9b00355.

Arshadi, M., J. Costanza, L. M. Abriola, and K. D. Pennell.
2020. Comment on “Uptake of Poly- and Perfluoroalkyl
Substances at the Air—Water Interface” by Schaefer et al.
(2019), Environmental Science & Technology,
https://dx.doi.org/10.1021/acs.est.0c01838.

Costanza, J., L. M. Abriola, and K. D. Pennell. 2020.
Aqueous film-forming foams exhibit greater interfacial activity
than perfluorooctane substances, submitted to
Environmental Science & Technology.
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For additional information, please visit

https://www.serdp-estcp.org/Program-

Areas/Environmental-Restoration/Contaminated-
Groundwater/Emerging-lssues/ER18-1149

Speaker Contact Information
Linda.Abriola@tufts.edu; 617-627-8685
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Q&A Session 1
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Hydrothermal ALkaline Treatment (HALT):
An Innovative Technology for
Complete Destruction of PFAS

S‘- ‘ |
Timothy Strathmann, Ph.D. ’b\ "
Colorado School of Mines
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Agenda

= Need for destructive PFAS treatment
technologies

= Hydrothermal processes

= Demonstration of PFAS degradation and
defluorination

= Technology outlook and opportunities
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Current PFAS Treatment Approaches

= Focus on removal, not destruction
= (Costly treatment due to frequent absorbent replacement
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PFAS Destruction Challenging Due to
Strength of C-F Bonds

B ERF R ERF o = Few claims of slow
FW& o biodegradation
FFFFFFFFO © = Unreactive with

common drinking water
chemicals

= !\/Iore inte_nsive |
interventions required
for destruction
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SERDP QESTCP
PFAS Destruction Challenging Due to
Strength of C-F Bonds

s PSERDP

F FFR FFR FFR F = Few claims of slow
= P ' '
¢ o biodegradation
Iy - . .
FFFFFFFFO © = Unreactive with
common drinking water

chemicals

= More Intensive

“«T = Interventions required

THE DENVER POST ‘
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Effectiveness of Hydrothermal
Technologies for PFAS Destruction

30

= Properties of water 25

change as near
critical temperature

= Hydrothermal
processing exploited
for biomass
conversion to fuel

= Efficient for thermal
processing of “wet”
feeds

N
o

Pressure (MPa)
o

o
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Technical Approach
Amendments ~ISE \\W

(% Defluorination) |

~ LC-QTOF-MS,
LC-MS/MS
(% Degradation)
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Alkali Amendments Promot'e'PFOS

Destruction

= 90 min,1T mol/L amendment

50 mg/L PFOS, 350°C, t
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PFOS Destruction Rate Depends on
Temperature and Alkali Concentration

50 mg/L PFOS, t=90 min, 1 mol/L NaOH

100 - ® %PFOS removal

Qo
o

1 m%Defluorination

1l

225 250 275 300 325 350
Temperature (°C)

H O 0
o O

% PFOS Removal
% Defluorination

N
o

-
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PFOS Destruction Rate Depends on
Temperature and Alkali Concentration

04

-=-5M NaOH 50 mg/L PFOS
——2.5M NaOH 350°C
w @ } 5 —e—1M NaOH —~ 031 }
. L ] -
* c
.§, 0.2 -
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% 0.1 1 A
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-10 = ' - - 0.0 = : :
0 100 200 300 400 50! 0 5 4 5
Time (min) NaOH concentration (mol/L)
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DOD = EPA = DOE

Complete Defluorination and Limited
Organic Intermediates

- 25
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DOD = EPA = DOE

All PFAS Detected in AFFF Degraded
and Defluorinated by HALT

Dt B L L el

Image source: U.S. Fire Administration
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DOD = EPA = DOE M

All PFAS Detected in AFFF Degraded
and Defluorinated by HALT
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Findings Support a Tentative Reaction
Mechanism

1) Nucleophilic attack

FF RF RF R F FF FF RF R F
FW —> -
\sor S o * 50

FF FF FF FF FF FF FF FF
OH-

2) Hydrolysis

FF FF RF O

HF HF
FF FRF FF F F FF FF FF F
OH H,0 FF FF FF FF

FF FF FF FF FF FF FF FF 2

3) Sequential decarboxylation
; -
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DOD = EPA = D

Demonstrated PFAS Destruction in
Contaminated Soil from DoD Sites

Concentration Destruction
(ng g7) %

PFAS

Wurtsmith PFOA 150 >99%

i PFOS 22 900 94%

PEHXA 340 >99%

PFHXS 3,960 93%

FOSA 223 >99%

e MeFOSAA 619 >99%

350°C. t=90 min. 6:2 FTS 215 >99%
20% solids, 5 M NaOH PENS 1,894 >99%
PFDS 1,388 >99%
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Less Energy Required to Treat Wet
PFAS Waste Compared to Incineration

Treatment Process I?kgll\;:\;:f*a)t
HALT
Reaction at 350°C (no heat recovery) 317
Reaction at 350°C (60% heat recovery) 127
Incineration
Combustion at 1,100°C (no heat recovery) 1,336
Combustion at 1,100°C (60% heat recovery) 534
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Potential for Many Applications

Concentrate
management

PFAS Destruction

. Biosolids resource
Industrial waste recovery
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Conclusions

= Results demonstrate an innovative
technology for PFAS destruction

= Hydrothermal conditions + low-cost alkalis
(e.g., NaOH) promote PFAS destruction

= Full suite of PFAS detected in AFFF and
degraded and defluorinated

» Successful tests with PFAS-containing
soil and water from DoD sites
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Benefits to DoD

= Technology uniquely suited for treatment
of wet PFAS-containing wastes

e Source zone soil/sediments
 Liquid IDW
* Unused AFFF stockpiles

= | ower-energy alternative to off-site
Incineration

= Potential development of mobile on-site
treatment units
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Additional Resources

B. Wu, S. Hao, Y. Choi, C.P. Higgins, R. Deeb, and T.J.
Strathmann. (2019). Rapid Destruction and
Defluorination of Perfluorooctanesulfonate by Alkaline
Hydrothermal Reaction. Environmental Science &
Technology Letters. 6, 630-636.

DOI: https://doi.org/10.1021/acs.estlett.9500506

Yu, A. Nickerson, Y. Li, Y. Fang, and T.J. Strathmann
(2020). Fate of Per- and Polyfluoroalkyl Substances
(PFAS) during Hydrothermal Liquefaction of Municipal
Wastewater Treatment Sludge. Environmental Science:
Water Research and Technology. 6, 1388-1399.

DOI: https://doi.org/10.1039/C9EW01139K
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For additional information, please visit
https://www.serdp-estcp.org/Program-

Areas/Environmental-Restoration/
ER18-1501

Speaker Contact Information
strthmnn@mines.edu; 301-384-2226
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SERDP & ESTCP Webinar Series

The next webinar Is on
August 20, 2020

Addressing Threatened and
Endangered Species on DoD
Lands
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Survey Reminder

Please take a moment to complete the
survey that will pop up on your screen
when the webinar ends
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