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Learning objectives

1. PFAS and impact on
drinking water

2. Possible treatments

3. Supercritical Water
Oxidation for ultimate
destruction of PFAS
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374WATER®

transforming
—the future.

We apply cutting-edge science and
engineering to recover resources from
the wastes our society generates to
keep our drinking water clean!
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PFAS 101
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https://time.com/6281242/pfas-forever-chemicals-home-beauty-body-products/
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PFAS Cycle
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PFAS in our drinking water

Municipal Water System Sampling
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(Source: Wisconsin PFAS Interactive Data Viewer)
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450 wells
monitored

71% of the
samples contained
at least one PFAS
chemical

Widespread Testing: As of 2023, over 500 wells
have been tested for PFAS contamination
across Wisconsin, with approximately 50%
showing detectable levels of PFAS chemicals,
raising alarms about drinking water safety.

High Contamination Levels: Of the tested wells,
around 15% have PFAS levels exceeding the
state's recommended groundwater standard of
20 parts per trillion (ppt), indicating serious
contamination concerns.

Surface and Groundwater Impact: PFAS has
been detected in over 40% of surface water
bodies and groundwater sites tested across the
state, with the contamination stemming from
industrial sites, military bases, and landfills.

Municipal Water Systems: Nearly 30 municipal
water systems in Wisconsin have reported
PFAS contamination, prompting local
governments to implement water treatment
solutions and issue health advisories to protect
residents.


https://experience.arcgis.com/experience/d4d131e169ba428384c5ac85c858bd0c
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Current practices and options

Removal

Compound is no longer
present in its original
phase



1 Sorption
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Activated Carbon (GAC, PAC)
Ion Exchange (IX)

PFAS transfers from aqueous phase onto
solid media

Mature and proven sequestering method
No degradation or transformation
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2 Separation

o Reverse Osmosis (RO)
o Precipitation

PFAS removed from bulk liguid into reject
or precipitates

Novel precipitation technigues for PFAS
from liquids are being developed

No degradation or transformation
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3 Fractionation

- Foam Fractionation (FF)

o Sludges or other solids
in water

PFAS transfers from aqueous phase onto
foam (surface-active) or solids (long
chain)

Hydrophobic compounds accumulate on
solfds

No degradation or transformation



374WATER®

What to do with the accumulated PFAS?

Solid Sticky Solid Concentrated Liquid Slurry Foam Sludge
5% moisture 50% moisture Liquid 80% moisture >95% moisture 80% moisture

>95% moisture



1 Electrochemical Oxidation
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Electrical currents passed through a solution to
oxidize pollutants

Through a series of reactions, intermediate
products are separated from the parent
compound and subsequently defluorinated

Pros: Low energy costs, operation at ambient conditions,
ability to be in a mobile unit, and no requirement for
chemical oxidants as additives

Cons: Potential generation of toxic byproducts, incomplete
destruction of some PFAS, efficiency losses due to mineral
build up on the anode, high cost of electrodes, and potential
volatilization of contaminants
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Direct Oxidation

Indirect Oxidation

Source: epa.gov


https://www.epa.gov/sites/default/files/2021-01/documents/pitt_research_brief_electrochemical_oxidation_final_jan_25_2021_508.pdf
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2 Mechanochemical Degradation

RO » OHD » <

Source: epa.gov

High-energy milling device using crystalline
reagents and stainless-steel milling balls

Collisions produce radicals, electrons, heat,
and even plasma that react with PFAS to
produce inorganic fluoride compounds and
graphite

Pros: Does not require solvents or high temperatures to
remediate solids

Cons: Has the potential to produced gaseous PFAS
emissions but these products of incomplete destruction
have not yet been assessed


https://www.epa.gov/sites/default/files/2021-01/documents/pitt_research_brief_mechanochemical_final_jan_25_2020_508.pdf
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3 Pyrolysis/Gasification

o Decomposes materials at moderately -
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*  Pros: High temperatures and residence times achieved <
by pyrolysis or gasification followed directly by Lpeom
combustion of syngas stream in a thermal oxidizer
could potentially destroy PFAS by breaking apart the
chemicals into inert or less recalcitrant constituents

Removal

*  Cons: Products of incomplete destruction, and long- Source: eliquo-tech.com
term operation has yet to be commercially Source: epa.gov
demonstrated


https://www.epa.gov/sites/default/files/2021-01/documents/pitt_research_brief_pyrolysis_final_jan_27_2021_508.pdf

374WATER®

4 Supercritical Water Oxidation
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] Vented Gas

Organic compounds, usually insoluble in
liquid water, are highly soluble in
supercritical water

In the presence of an oxidizing agent,
SCW oxidizes various hazardous organic
pollutants, including halogenated waste
materials like PCBs and PFAS

Pros: Non-combustion technology purports to
destroy PFAS by breaking the strong carbon-
fluorine bonds and decomposing the material into a
non-toxic waste stream

Cons: Currently unproven at scale, concern of salts
and corrosion in reactor


https://www.epa.gov/sites/default/files/2021-01/documents/pitt_research_brief_scwo_final_jan_25_2021_508.pdf

Focus on Technology -
Supercritical Water Oxidation?
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Our origin story
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We are social impact, cleantech, vision/mission driven company in Durham, NC



Pressure
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The many phases of water

Supercritical

0°C + 1 bar 100°C + 1 bar 374°C + 221 bar

v

Temperature
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How to go Supercritical? Why?
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The 1, 2, 3 of SCWOQ’ing organic wastes

CHy;,0¢+ 60, =——=—==3 6 H,0 + 6 CO, (releases 2803 kJ)

+CF8(C_|:2)5C00H >374°C and 221 Bar a H,0 + co, + CaF, (releases 8276 kJ)
2 SCWO PROCESS

CaCoO,
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AirSCWO™ is a continuous, once
through, plug flow process
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AirSCWO™ input and outputs
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Where does SCWO fit?
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Data Source

MAINE

e Study 1 o
. Wastewater Facility
. Lime stabilized biosolids

e Study 2 OHIO

. DoD Pump & Treat Facility
=  Spent ion exchange (IX) media

NORTH CAROLINA

° Study 3 SOUTH CAROLINA
. EPA PFAS Innovative Treatment Team (PITT
Program
=  Aqueous Film Forming Foam (AFFF)
* Study 4

= Confidential Source
. Landfill leachate
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Study 2 Spent lon Exchange Resin

. Conditions
Temperature: 583°C
Pressure: 240 bars
Reactor retention time: 7.0 seconds

- Waste:

8% Purolite 188 PFA694 anionic ion
exchange made into slurry

No cofuel
Na,CO; added as base

Test runs with materials and co-funding from WSP.
Results just published in J. Haz. Mat. https://doi.org/10.1016/j.jhazmat.2023.132264



https://doi.org/10.1016/j.jhazmat.2023.132264
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Study 2 Spent IX Resin

Parameter Influent Effluent Removal %
COD (mg/L) 172,000 40 99.98%
Total N (mg-N/L) ND ND
PO43- (mg-P/L) ND ND
pH 7.1 5.2

Conductivity (uS/cm)

In Out Removal

ng/h ng/h %
Total PFCA 120,741 35.98 99.97%
Total PFSA 506,797 2,450.72 99.52%
Precursors 15,516 177.50 98.86%
Short chain (C<6) 353,265 340.81 99.90%
TOTAL 643,054 2,664.20 99.59%

13 PFAS derivates found . 99.59% PFAS eliminated*

-  PFAS amount on IX
concentration was much
lower than expected

* Uncorrected for blanks/ Log reductions tunable with
temperature and HRT
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AirSCWO™ outputs are tunable

Waste/Sludge | Water/Effluent Potable Water
PFAS in PPM or PPB PFAS in 100s PPT PFAS < 4 PPT
Water oy - P | Water/Effluent Potable Water
— 3 T | 374WATER° —
PFAS in PPT o T T 'i PFAS in 100s PPT PFAS < 4 PPT
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Low to no VOC in emissions

 EPA PITT study emission tests,
deployed 2 methods:

= Summa passivated, evacuated canisters
(Method TO-14A)

=  Sorbent tubes (Markes with Carboxen
1003, Tenax, and Carbograph 1) (EPA TO-
17 and US EPA Method 325

* Mass flux of volatiles organic
compounds as percent of input total
organic fluorine: <0.2%

* Only traces were detected in vent gas
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Why is SCWO effective in destroying
PFAS?

High efficiency of SCWO is attributed to:

Homogenous state
SCW is 350-1000 denser than air
Diffusivity into solids due to gas like property

High frequency of collisions between
molecules and reactive species

Solubility reversal

Yields high-reactivity radicals (hydroxyl &
hydroperoxy radicals) and hydrolyses COF2

Below the critical parameters,
two distinct phases exist

Source:
nottingham.ac.uk



Which i1s the right
SCWO for you?
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AirSCWO™ post parasitic energy outputs

AiIrSCWO™ 6 AiIrSCWO™ 30 AiIrSCWO™ 200

0.5to 1.5 DTPD 4to 6 DTPD 20 to 40 DTPD
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Heat Generated Heat Generated Heat Generated
8.20 MMBTU/day 40.9 MMBTU/day 273 MMBTU/day
Electricity Consumed pum Electricity Generated Electricity Generated

240 kW-h/day 300 kW-h/day 4000 kW-h/day
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Prefab, Compact, Modular & Ready

KOKOMO, INDIANA
ASSEMBLY PLANT

AirSCWO™ 6 metric ton per day operational at MB facility 2023
2013
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AirSCWO™ reduces risk, cost & footprint

Waste agnostic omni-processor

Compact, modular, containerized for
easy deployment

Energy self sufficient, with net negative
GHG

Ideal technology to meet SDG

PFAS, microplastics, pharmaceuticals
and other CEC are safely and
completely eliminated using AirSCWQO™

RESOURCES




David Garb

Technical Solutions Manager

- Industrial Applications & Emerging Contaminants
dg@374water.com
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