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Onsite PFAS Destruction Technologies

Plasma - Advanced oxidation processes
Electrochemical oxidation - Sonolysis

Supercritical water oxidation - UV-sulfite paired with AOP
Hydrothermal alkaline - Zero-valent iron

treatment

Alkali metal reduction
Micelle-assisted
photocatalytic reduction

Electron beam

Lots of progress in last 5 years, as
incineration and landfilling are falling
out of favor
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Plasma

lonized gas destroys PFAS by promoting
powerful reduction and oxidation reactions

Emerging as a promising technology for
PFAS destruction

DMAX has demonstrated greater than 99%
destruction of PFAS at multiple sites in
combination with ECT2’s regenerable I1X
resin technology
DMAX/Clarkson University

* Electrical discharge plasma

*  Max throughput up to 10 gpm
OnVector

. Plasma vortex

Inentec/MIT
*  Plasma melter

Drexel, U. of Michigan
* Cold plasma
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FIGURE 59 - PFAAS CONCENTRATIONS PROFILES IN THE PRESENCE OF CTAB; CTAB CONCENTRATION WAS INCREASE
TO 0.2 MM AFTER EACH 30 MINUTES
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Electrochemical Oxidation (EO)

* Direct electron transfer at anode, indirect
oxidative species generation

*  EO is emerging as a successfully
demonstrated technology for PFAS
destruction

*  AECOM/ U. Georgia
° DE-FLUORO™ Process

* Successfully demonstrated in
combination with ECT2’s regenerable
resin technology (onsite USAF pilot)

°*  Fraunhofer USA

* Center for Coatings and Diamond
Technologies manufactures Boron Doped
Diamond (BDD) electrodes

* Aclarity

* Massachusetts company
* Demonstrated success on long-chain
PFAS

Photo credit: AECOM
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Fig. 6. Degradation profiles of (a) short-chain PFAAs and (b) long-chain PFAAs
and precursors in SB1 treated using bench scale EQ reactor at the University
of Georgia.

From Liang et al., 2022
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Hydrothermal Alkaline Treatment (HALT)

* Sub-critical water oxidation process T T—

at hlgh pH SR + NaOH =  Defluorination
- e e 30 100 1 100
*  Nucleophilic substitution of T 25 £ ] e
carboxylate with OH-, leading to 3 o §
decarboxylation and defluorination £ 45 § iz ' fz
i 0
- Have demonstrated complete E oh 2 20 20
mineralization, including short chains : £ - I g
. - 0 100 200 300 400 0 5 1015 20 25 30
* Simpler than supercritical water Temperature (°C) Time/(min)
OXIdatlon; operated at lower Environ. Sci. Technol. Lett. 2019, 6, 10, 630-636
temperature and pressure
« Can be chemical intensive
Colorado School of Mines and Aquagga LS
collaboration to bring the technology to v L
market

* Currently have a system that can
treat 1 gpm, working on a 10 gpm
system

% Defluorination



300

b,
L
=

Concentration (ug/L)

_HALT Applied to AFFF—
- Disappearance of all
. Short Compounds

S

—&— PFBA * PFPeA

'}_ # PROA +—FB3A

e =0 . #— FHx5A —e— PFPS
| b, PFPes +— PFES +— PFPeS
S, *— PFHpS +«— PFNS

W .
—= PFHpS 5,
R
N
.i.- ..}-...:'_._'.r-' F‘FBE
e
> - -
o l—

S S S Sy S
011530060 . 90 .. .lgﬂ. . 360.
' Reaction time (min)

© 2020 ECT2 Proprietary and Confidential.

10



Supercritical Water Oxidation
(SCWO)

* Bond cleavage, followed by oxidative radical solidphase :

attack and hydrolysis i  swpercriticalfinid

. P.,.=217.7am . .
* In-solution treatment o critical pressure g critical point
: e TR N R N N R R I N R R R R R R R RN L N
. . ® s
* Can also treat solids, i.e. spent GAC or resin o . P
& solid phase gaseous phase

* lonic salts fall out of solution — design of i didbi

heating element is very important; NASA has Bt | UL Sl

a patent on a hydrothermal flame that is — ”

helpful in managing the salting out effect of . ’

SCWO Temperature
* 374 Water, Battelle Annihilator, Aquarden

PFOS
* Special requirements: e w0
FFFFFFFF — > TTHF+8CO,
* Fuel source needed e A\ From Pinkard
* High temperatures require careful o ‘/‘(‘o-.;f;o 2021
consideration of heat exchange and . et S i s o 70 i,
m ate ri a l se le Cti on hydmlygsis steps forming final f;gmduii: of HF and Cou,
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AFFF Treatment with Three Different
SCWO System s
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What's the Key to Making them Practical?

- Reduce liguid volume to be treated

 Increase concentration of PFAS Separate

- PFAS concentration options:
- Membrane treatment-

« Still too much volume

. . Concentrate
- Foam fractionation-

- Effective on PFOS and PFOA
- Partially effective on short chains

- Regenerable lon Exchange (IX) R@

Complete PFAS Treatment

© 2020 ECT2 Proprietary and Confidential. 13



Reverse Osmosis

| PRE- | RO TREATED
INFLOCNY TREATMENT MEMBRANE > DISCHARGE
|
RO REJECT
\
BACKWASH
TREATMENT LEAD LGAC LAG LGAC > TREATED REJECT
AND OR IX RESIN OR IX RESIN DISPOSAL
HANDLING
Contaminated water Clean water
0\ Water l l

molecules SPENT MEDIA

Membrane SLUDGE DISPOSAL

PFAS\; @
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Foam Fractionation

Highly effective for upfront bulk PFAS removal

PFAS :
Fractionator

Impacted

1
Water

FOAMATE

Fractionator
P

Foammate Treatment

Tank Media

95%
OF

FLOW
RAFFINATE

Treated
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Foam Fractionation (FF) for PFAS

Concentration

« Agnostic to elevated levels of TDS,
NOM, etc.

« Simple operation, few moving parts
* Nothing to clog or build DP

« Low energy, low pressure

« Low operating expense

« Can be a very effective pretreatment or
treatment step for difficult-to-treat waters

« Challenge: often struggles with short —
chain PFAS removal

ECT2 Full-Scale FF System
RAAF Base Tindal, AU

© 2020 Montrose Environmental Group, Inc. Proprietary and Confidential. 16



Benefits of Adding Foam Boosting Agents

PFOS+PFOA Removal by HRT
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Mobile FF System
Under Construction
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SORBIXRePURE™ X Resin Regeneration
Technology

Treated Water Regenerant Solution Benefits of the technology
* Patented waste
) — reduction technology

« Ability to treat short-
chain PFAS to non
detect for complete
PFAS removal

* Combines well with
onsite PFAS destruction
technologies

SORBIX™

RePURE
Vessels

Influent Water Regenerant

Solution

Still Bottoms =
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Case Study Former Pease AFB
Groundwater Treatment for PFAS

Portsmouth, NH

PFAS Source:

Former Fire Training Area

PFAS Concentration:

50— 100 ug/L

Project Approach:

Mitigate impact to off-site drinking water;
120 gpm design flow

Treatment:

SORBIX RePure Regenerable IX Resin;
IX Resin Regenerated On-Site

Effluent Concentration:

100% compliance

Groundwater Treated:

> 60 million gallons since 2018

PFAS Waste Generated

< 50 gallons; None taken off-site




Data

Regen Results

Former Pease Site 8 AFB GWTF
T-3100A Regenerated 10/21/19

3.5 54,000 BVs Treated
30 T-3100A Effluent PFOA PEOS, PEOA are
—eo—Treatment Plant Effluent ND in the lead
—e—T-3100A Effluent PFOS vessel effluent Long chain PFAS (PFOS,
2.5 —e—T-3100A Effluent PFBA until 8/19; PFOA) have long breakthrough
T-3100A Effluent PFPeA Regen 10/19 horizons
a2 20 ~+ T-3100A Effluent PFHXA Short chain PFAS solutions:
Q —e—T-3100A Effluent PFHpA - Single use resin can be
é 15 ——T-3100A Effluent 6:2 FTS used to polish water for
© —10/21/19 Regen short chains
‘g OR
Q 1.0 * Regenerable resin type
8 and rate of regeneration
05 can be tailored to achieve
] low level short chain PFAS
discharge
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Full-Scale Regenerable IX System at Pease AFB

One Year of Waste

Regenerable IX
VS

Single-Use GAC
185 drums
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Central Regeneration Maximizes the Benefit

Permanent System Hub & Spoke System

fect,

© 2020 Montrose Environmental Group, Inc. Proprietary and Confidential. 23



Example Hub andép

® Fighter World -
. ~

WilliamtBwn &
RAAF Runway,

ECT2 Patenied Resin Regeneration Facility

AAFCANS Williarntown 8%

RAAF.Base Williamtown

Southem Area Water Treaiment Plant

&
Mewcastle
Alrport

FTA Ground
Water Extraction

FTA Water Treatment Plant




Bottom Line

Incineration and landfilling are falling out of favor

Onsite PFAS destruction is becoming proven
technology

Complete mineralization (onsite) is within reach

Upstream PFAS concentration and volume reduction
are key to making these technologies practical

Foam fractionation, reverse osmosis and regenerable
IX resin are examples of PFAS concentration options

Hub & spoke systems optimize efficiency and
maximize cost effectiveness

© 2020 Montrose Environmenta L Group, Inc. Proprietary and Confidential. 25



Montrose Environmental Group

Steve Woodard, PhD, PE

Chief Innovation Officer
Montrose Environmental Group
swoodard@ect2.com
207.482.4601

Questions?

Patrick McKeown, PE

Business Development Manager
ECT2

pmckeown@ect2.com

207.318-7817
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