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. Whatis PFAS? 7

» Over 4600 PFAS chemicals

» Common characteristic is a fluorine atom bonded to
the carbon atoms

» Fluorine protects the carbon
» Different compounds based on carbon chain length
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Photos courtesy of the state of Massachusetts

SMITH+GARDNER



* What is PFAS? Z

» Long-chain compounds can behave differently than
short-chain compounds

» Short-chain compounds developed more recently

» POLYfluoroalkyl chemicals can break down to
PERfluoroalkyl chemicals

Perfluoroalkyl Sulfonic Acids (PFSAs)
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Photo courtesy of Creative Commons: Perfluoroalkyl substances exposure and thyroid hormones in humans: epidemiological observations and

implications, Lee and Choi SM ITH+GARDNER




» Teflon is one type of PFAS £
» In MANY household items:

» Cosmetics and lotions

» Water resistant/stain resistant carpeting and
clothing

» Food packaging (popcorn bags, pizza boxes,
fast-food wrappers, muffin cups, etc.)

» Cleaners (carpet cleaner, denture cleaners,
dishwashing liquid, car wash products, wiper
fluid, etc.)

» Printer Ink Cartridges, Digital cameras, cell
phones, wire insulation

» Adhesives and anti-foggers

» Pesticides

SMITH+GARDNER
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» Chemically Stable (Fluorine Protected)
» Biologically Resistant (Short Bonds)
» Thermally Stable (Destroyed at >900 deg C*)
» Hydrophobic (Repels Water)
» Lipophobic (Repels Oil)
» Can be a strong acid
» Negligible volatility
= VERY STABLE

Endpoint Consulting, 2016
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. Why Do We Care?

» Health Effects
» Few Studies
» Only a few compounds studied

» Studies Indicate Possible Links to:
» Kidney and testicular cancer
» Thyroid Disease
» Pregnancy Preeclampsia
» Elevated Cholesterol
» Immune Suppressant

NCDEQ Is Focusing on Sources of PFAS
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» NCDWR May 2019 Directive to WWTPs in the
Cape Fear River Basin
» ldentify potential PFAS contributors
» Sample influent from these industries
» Reduce or remove sources greater than 70 ppt

» 70 ppt is the proposed health based standard for
DRINKING WATER!!

Sampling ongoing from July through September
Will other river basins follow??7?7?
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» Even though landfills
do not CREATE PFAS,
they may be required to
remove it from leachate

» Both PFAS and
Leachate are hard to
remediate

IT'S NOT
MY FAULT

BUTIT IS

MY PROBLEM
NOW

SMITH+GARDNER



» Volume

» 100 gal/acre/day (closed site)

» 300 gal/acre/day (average
generation, can be more for larger
sites)

» Large open areas or thin waste
areas can be much higher

» Co-Contaminants

» Chemical competition can reduce
effectiveness

» Other qualities can
affect treatment
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* Remedial Technologies

» Types of Technologies
» Separation
» Destruction
» Adsorption

» Multiple Technologies May Be Needed
» Technologies exist to achieve >90% efficiency
» What happens with last 10%?

» Many Technologies require disposal or
regeneration

SMITH+GARDNER



" Re med ial Technologies

» Some Leachate Remedial Technologies

A Granular
Evaporation Activated
Carbon*

Reverse
Osmosis

lon

Sonolysi
— Exchange

(1X)
Flocculation

Oxidation
Reduction
Processes

Tech Maturity
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*feasible as polishing for leachate

SMITH+GARDNER



Leachate Remediation Technologies

» We will discuss
» Sonolysis
» Granular Activated Carbon
» Leachate Evaporation
» lon Exchange
» Reverse Osmosis/Nanofiltration

SMITH+GARDNER
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*Waves elongate and compress the bubbles
»Bursting bubbles break the molecular bonds
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» Technology requires analysis of residence
times needed to destroy PFOA vs. PFOS

» Low flow with long residence time may be
needed

» Requires a lot of energy

» pH can affect the creation of salts which can
reduce efficiency

SMITH+GARDNER



» Liquid flow through carbon vessel

» Organic compounds in a liquid bond with the
carbon and are removed

» Requires a Lead and Lag Vessel

SMITH+GARDNER



* Granular Activated Carbon

» Works well for drinking water
» Leachate co-contaminants are an issue

» Carbon is spent quickly due to co-contaminant
loading

» Can be used for final polishing if needed after
other technologies

Drinking Water Polishing Bed Leachate

GAC GAC GAC

SMITH+GARDNER



G ranul ar Activated Ca r"b0n

» Can be regenerated in a kiln — but is
temperature high enough to destroy PFAS
compounds?

» Can only be regenerated a certain number of
times

» If not regenerated, must be disposed

SMITH+GARDNER



. Leachate Evaporation

» Feasible/Mature
technology

» Evaporation occurs at
the boiling point of
water (212 degrees F)

» PFAS compounds
require >900 degrees C
for destruction

» PFAS compounds may
become airborne

SMITH+GARDNER
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» Airborne PFAS can migrate miles
(~20 miles at WV manufacturing
site)

» GAC beds on industry exhaust

reduces PFAS — may work for
evaporators

» Evaporation creates a reduced
leachate sludge — requires
disposal

SMITH+GARDNER



» lon Exchange (IX) is an adsorption technology
» Proven to work for many PFAS constituents

» Shorter chain PFAS constituents may “break
through” faster than longer chain ones

» Media is ~2x the cost of Activated Carbon

» Co-contaminants may result in media fouling

SMITH+GARDNER



» Media can be reactivated or disposed
» Regenerated with a flammable solvent-brine

» Destruction technologies for brine are under
development

SMITH+GARDNER



" Reverse Osmosis

» Uses membranes to remove contaminants
» Proven effective on leachate

» High removal efficiency (>90% for PFAS and
other contaminants)

» Not negatively impacted by most co-
contaminants

» pH and oil and grease may require pretreatment

SMITH+GARDNER



» Many technologies can address PFAS
» Not all work well with co-contaminants in leachate

» Volume, Flow, Residence Time, Co-contaminant
loads are important

» Efficiency is key (higher efficiency = less waste)

» All technologies have spent media/untreated
leachate to manage

» Evaporation must address airborne potential

» Some technologies are ready to use now either as a
single technology or bundled for treatment

» ITRC is a great resource! https://pfas-1.itrcweb.org/
SMITH-GARDNER



https://pfas-1.itrcweb.org/

Questions

Questions?
o

%

Joan A. Smyth, P.G.
joan@smithgardnerinc.com

919-828-0577
W. Michael Brinchek, P.E.

mike@smithgardnerinc.com
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