WATER TREATMENT TECHNOLOGIES FOR

PFAS: CURRENT AND NEXT GENERATIONS
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Summing up the PFAS Challenge
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The Answer?
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PFAS Water Treatment Technologies
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Granular Activated Carbon (GAC)
Applicability:
- Effectively removes PFOS/PFOA from water (>90%)

« Certain types of carbon appears to perform better (i.e. bituminous)

* Low PFOS/PFOA concentrations; low flow rates with compatible
geochemistry (low organics, low hardness, low PFAS, etc.)

Limitations:

- Effectiveness decreases as carbon chain
length decreases; manage with longer empty
bed contact time (EBCT)

« Competition with other natural organics and
other contaminants



GAC in Maine
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lon Exchange Resin

* Primary Treatment- Adsorption

* Negatively charged ions of PFAS are attracted
to the positively charged anion resins

* Lower EBCT than GAC (2 - 5 min); smaller
equipment footprints

» Rapid Small-Scale Column Testing (RSSCT)
not viable for scale-up due to resin properties

* Predictive modeling and/or pilot-scale
recommended to gather design parameters

»  Extremely sensitive to site-specific
geochemistry may require pre-treatment Source: Purolite, 2017



PFAS-Relevant Adsorbents

« GAC/Resins: Current “de facto” IRM
adsorbents

* Modified clays (FluoroSorb®), pyrolyzed
cellulose, biochar — available, competing
with GAC/resin for PFAS relevance

» Cyclodextrin (CycloPure®), Organo-Silica
(PQ-Osorb®), customized granular media
(Puraffinity®) — promising but experimental

* MOFs, hydrogels, and two-phase
composites — somewhat esoteric still, but
huge potential adsorption capacities

Volume of Current Commercial Application
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Membranes

+ Most effective removal of long and short chain
PFAS

- Nano-filtration (NF) >95%
+ Reverse Osmosis (RO) >99%
* Inefficient NF removal of short chain PFAS

- Effective for high-quality effluent and re-use
applications

+ Susceptible to fouling requiring pre-treatment Source: Pentair

* Reject ratio can be 10%-35% and impractical
for high-capacity systems

* Rejection depends on both the PFAS
compound and type of membrane molecular
weight cut-off (MWCO)

- Potentially high capital and O&M costs



NF/RO Membranes

Source: Suez Titan Series Data Sheet- For Visualization




Foam Fractionation

* Fractionation uses bubbles to :
separate PFAS from the |
aqueous solution I/ mmi

« Gases (air and ozone) can varyTypical Bubble

to optimize bubble surface area
and stability and create micro-
nano-bubbles (MNBs) ranging
from 10s nm to 10s um

* Volume of foam target is less
than 1% of the raw influent (will
vary depending upon initial
water quality)

- Potential for significant cost 247 nm
savings in disposal volumes MNBs
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Fractionation
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Photo Source: Evocra 2017




Fractionation Becoming More Commercially Available

* Anson Madison Sanitary District in Maine
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Supercritical Water Oxidation

 Demonstrated effectiveness
within the radiological industry

* Viability for PFAS under

development, particularly
concentrated waste streams

Conceptual Demonstration:
https://www.ga.com/hazardous-waste-destruction

Graphic and demonstration reproduced

Image credit: . . ..
Jonathan Kamler from General Atomics (with permission)

EPA Brief (McDonough et. al 2022)
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https://www.ga.com/hazardous-waste-destruction

Example of PFAS Treatment Train

PFAS
IMPACTED
LEACHATE

Destroy organics
Remove PFAS

Remove & manage
solids

Manage Odor

Extend Media Polish
Performance

Reduce Waste Disposal
Volumes and Cost
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Research and Development Pipeline

» Sub-micron powdered activated carbon (SPAC)
Ceramic Membrane Filtration (CMF)

+ Synthetic Adsorbents (Osorb / PQ-Osorb)
+ Destruction of PFAS

« Sonolysis

- eBeam

 Electrochemical Destruction Source: Arcadis
* PFAS Cleaning Agents and Solvents

 Arcadis FluoroFighter™



Research and Development Matters

BAA
Commercialization DoD research and development Innovative and first to
¢ projects (academic/industrial market solutions in
of TOP Assay partners) collaboration with partners

2016 > 2022

Contributions to the academic/industrial literature



PFAS Liquid Treatment Quick Take-Aways

* PFAS defy conventional remediation engineering

» do not biodegrade

 nearly impractical to chemically oxidize

* has minimal removal through phase changes
* energy-intensive to destroy

» Current state of the practice is a combination of treatment
technologies

* Goal is to concentrate PFAS for energy-intensive destruction

SEPARATION/
CONCENTRATION

ADSORPTION DESTRUCTION
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Thank You!

Baxter Miatke

Water Engineer, Portland, Maine
O 207 613 8452
E baxter.miatke@arcadis.com
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