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Per- and Polyfluoroalkyl Substances (PFAS)
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Focus on Wastewater and Leachate
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Treatment Technologies for PFAS in Water
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Available Treatment Avenues for PFAS in Water

e Separation
= Reverse Osmosis, Nano Filtration
= E i D)
praer ABDA +
= Adsorption
= lon exchange

)

e Conversion

= Chemical oxidation
Electro-chemical oxidation
w AB>C + D
Thermal destruction B + D

Biological treatment
— Aerobic
- anaerobic
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Biologically-mediated & Biological Processes

PFAS have not been reported to mineralize

Polyfluorinated PFAS can bio-transform to PFAA:
8:2FTOH =>» PFOA and PFHxA

= slow transformation rate
= Formation of transient intermediates

Enzymatic transformations

= Too slow for commercial applications
- Reaction half lives ranging from weeks to months

= Enzymes are not selective
— 6:2FTOH (white-rot fungus)
- PFOA (horseradish peroxidase and fungal laccase enzymes)
- PFOS - not reported
Phtyo-remediation, bio-concentration
= No significant uptakes
= Ecotoxicological concerns from re-release
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Thermodynamics of PFAS Biodegradation

 PFAS are chemically reduced

= Thermodynamically, could serve as terminal electron acceptors with
possible pathways for mineralization

* Anaerobic PFAA biodegradation appears feasible when an electron
donor is provided
= Analogous to biological reductive de-chlorination of organochlorines
= Disassociation of C-F bond was demonstrated for fluoroacetate

= Biological degradation of tri-fluoroacetate not proven, demonstrating
that attach of multiple F bonds is challenging

Organochlorine are naturally occurring with geological timeframes for
the evolvement of microbial metabolisms.

In strongly reducing aquifers required for reductive defluorination,
methanogenesis is thermodynamically preferential.
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The sun set on Biological PFAS Treatment

View from the Sagamore, Lake George NY
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PFAS Air Emissions from Wastewater Treatment
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Summary of Findings

e Dominant volatilized compounds:
= 6:2FTOH and 8:2FTOH
= PFOS and PFBA

e Emission patterns vary within WWTP, compounds, and processes
= FTHOS, FOSA, and FOSE emissions higher near headworks
= Conversion as wastewater treatment progresses

 Emissions decrease with increasing chain length
= Even chain lengths PCFAs outweigh odd chain length compounds

e Elevated emissions from aeration tanks
= |ncreased volatilization and aerosol formation
= Volatilization accounts for >99% of emissions

e PFOS emissions are an underestimate
= Sampler saturation

* Yearly emissions estimate (simple dispersion model):
= WWTP - 2,560 g/yr
= Landfill - 1,000 g/yr (same research, similar approach)

Take-away: Turbulent flow =» greater emissions
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Summary
PFAS Volatilization

e PFOA volatilization accounts for >99% of water-to-air flux
= PFOA emissions from aerosol production is negligible
= PFOA volatilizes in neutral form

e PFOS and PCFAs are volatilized in their protonated form

e Aeration increases PFOS, PFOA and shorter-chain compounds
= Less relevant for long-chain compounds (Cq - C,,)

e Concentrations of longer-chain dissolved PFACs decrease as the
compounds become associated with floc formation

e Air Emissions (Ahrens et al, 2011) - 2,560 ug/yr/person

 Emissions with effluent 2-10 times greater:
= 34,000 ug/yr/person (PFOS, Switzerland, 7 WWTP)
= 4,400 ug/yr/person (PFOA, Germany, 22 WWTP)
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PFAA Mass Flow through Leachate Treatment

Raw Leachate

“ Effluent Permeate Permeate
UE >

Bioreactor -

Return Activated Sludge

Concentrate Concentrate

Waste Sludge

 PFAA mass balance

* 5 MBR leachate treatment plants (China)
= 11 PFAS compounds
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PFAA Reduction through Volatilization
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7/, Overall average PFAA reduction 40% (20% - 64%)
e Mass flow reductions: PFPrA, PFHxA, PFHpA, PFBS, and PFOS
 Mass flow increases (varies by site): PFBA, PFDA, PFHxS, PFNA, PFPeA, PFOA




PFOA Mass Flow (g/d)
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Summary

 PFAS cannot be reduced by biological processes

e Precursor conversion can increase PFAS in effluent mass due to
precursor conversion (FTOH, PAPS, and FTS)

e Sorption to biomass (sludge) removes PFAS from liquid phase

e \/olatilization and aerosolization remove PFAS from liquid phase
= Volatilization appears to be the dominant process
= Dry-deposition downwind of LFs and WWTFs is reported, indicating
that aerosolization is also relevant
e Efficacy dependent on large number of site-specific factors:
= Leachate composition
= Long-term trends and seasonal variation
= Treatment process specific parameters
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Conclusions

Volatilization and sorption to biomass are separation processes that can
reduce PFAS concentration as part of biological leachate treatment:

e Separately and jointly, they are unlikely to reduce effluent
concentrations to potable- and groundwater limits

e Optimization may lower effluent PFAS concentrations to meet SIU
permit limits

e Research and data are necessary to characterize and quantify
achievable treatment objectives

= Site-specific objectives are more likely achievable than general goals
= |mpacts on air quality and off-air handling
= PFAS remobilization from sludges is to be expected

e Existing treatment technologies cannot treat leachate for PFAS
= Competition from non-PFAS compounds limits efficacy of other processes

= Only Reverse Osmosis (RO) can meet stringent discharge limits
- Concentrate management adds complexity
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Questions? Comments?

Nink v

Arie Kremen, PhD

Subject Matter Expert: Leachate Management
Tetra Tech
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