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USEPA 542-R-18-002, May 2018

This USEPA publication evaluated 30 in-situ remediation projects involving NAPL,

With n=30 (number of observation), this is of statistical importance to draw conclusions with
a 95% Confidence Level,

The 30 sites used a variety of physical, biological and chemical remediation methods;

The in-situ soil and groundwater remediation took between 3 and 27 years, with a median of
8 years; and

Site remediation was generally shorter for sites with less complex hydrogeological settings,
with the exception of 3 sites with mild heterogeneity that were >15 years for remediation.

2 8 Years For Site Remediation...Why?....Let Me Share Some Insights As To Why.




Sorption Literature Reference

The growing concern regarding contaminant sorption, and its reduced
availability for remediation, has been well cited in literature as demonstrated
by the following quotation:

“During the past decade, much discussion has centered on the unavailability
of absorbed compounds to soil microorganisms; it is generally now assumed that
desorption and diffusion of bound contaminants to the aqueous phase
is required for microbial degradation.”

(W.P. Inskeep, J.M. Wraith, C.G. Johnston, Hazardous Substance Research Center, 2005).

ADSORPTION ABSORPTION
©e9e 9g” " @@ _ @ Bothsportive mechanisms decrease the
D D N | [T ‘Availability’ of the sorbed

contamination for Remediation.

The adhesion of particles The particles of a substance enter
onto a surface of a substance. into the volume/bulk of another.



Phase Partitioning Hinders Remediation

Petroleum & Halogenated Organics (Including PFAS) have limited water solubility. Hence they will
Phase Partition and Sorb onto Surfaces, Agglomerate to to thicker Layers, Globules, or NAPL

Phase Partitioning = Reducing their ‘Availability’ for Remediation.
b More Available

Sorbed

Contamination o vvater Dissohed Water

Expressing Limited / contaminant

‘Avalilability’ For < o (mobile)
Remediation A

Solubility: ‘
PFOS = 680 mg/L* "
PFOA = 9600 mg/L*

MTBE=50,000 mg/L 0 — Sorbed
NaCl = 357,000g/L contaminant
Sugar = 909,000 g/L - stationa
Macioparticle o2
* Both Sorb to Surfaces
PFOS > PFOA

Physical-Biological-Chemical




Agglomeration

Contaminant agglomeration is the ‘sticking’ (cohesive or
adhesive forces) of organic molecules to one another, onto
surfaces (Sorption), can increase Iin thickness....its a very

a natural phenomenon.
(Iike dissolves like & like attracts like)

Agglomeration may be viewed as unwanted surface
Sorption, that amasses to Globules or Ganglia, to NAPL

and/or VOC layers in formations.
(medical analogy - clogging of arteries)

Narmal The initial stage Significant e last stage
artery nho rosclerasis atherasclerosis m. esclerosis

Within geology, this causes caking, bridging, and/or
blockage of effective pathways = ‘Pathway Interference’ @ @ @ ‘
(hence delivery or extraction issues!)

Dameter of Sall Fore Openings < Qameter of Fair < Weins < Arteries Atherosclerosis




Relative Diameters of Soil Pore Opening to
Average Hair, Vein and Artery Diameters

Artery Vein Hair Soil Pore
(3.5 mm) (0.95 mm) (0.125 mm) (0.052 mm)

1120t of a mm

67.3 X 183X 24X 1



Interfacial Tension Between Phases
Oil and Water

Water Clusters Have LNAPL - DNAPL - VOC Interfacial Tension
Interfacial Tension of ~73 Dynes ~21 to 23 Dynes

The interfacial pressure characterizes the package
density of the molecules in the interfacial layer
between the aqueous and the organic phase..

NAPL molecules at molecular interface between the 2 phases actually
reorganize to cause a net increase in NAPL Interfacial Tension to >>30 Dynes!!
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Hydrogen Bonding - Expanded
~




Water Is A 3-Dimensional ‘Cluster’ - With Surface Tension of 73 Dynes
Water Cluster Size Limits (K) It’'s Ability To Move In Finer Texture Geology

Ilvey-sol® Makes Water Clusters Smaller So Enter & Transport More Easily
Through Finer Grain Soil [ Lower Surface Tension <30 Dynes + Overcome IFT ]

Open low density structure Condensed structure

icosahedral
clusters




‘% WEV-SOI  “7ieers ;. DECON-IT

Surfactant Technology S Zas Y '.,‘0 Omni Surface Decontaminator
) )

<— ABSORBED ‘

CONTAMINATION O —

LNAPL,
DNAPL
Globule,
Ganglia, . \O

Sorbed

S <« PARTIAL
rocC Ncm:

Layers :
-—-"O

lvey-sol® selectively desorbs, , , VOC below the CMC
Increasing Physical, Biological and/or Chemical Availability For Enhanced Remediation

/




lvey-sol Reduces The Size of Water Clusters Improving
(Lower Surface Tension from 73 Dynes to < 30 dynes)

Access & Regress within Fine Grain Soil Textures ~ Improving K

Very Little Aggregation to Larger Clusters

< Much Greater Aggregation to Larger Clusters

LS




lvey-sol® Overcomes Low K and Retardation In Finer Grain Soil
Improving Access, Egress, and Remediation

Tension Will
Effect NAPL
Behaviors

More
/ Available
@ @‘E’ @l‘ (Physio-Bio-Chem)
& 8% @
EGRESS

‘ Interfacial
ACCESS e




SER® Aiding Contaminant (PFAS)
‘Availability’ Within Pore Spaces

Liberated PFAS
Contamination With
Increased Physical,
Biological, and
Chemical Availability
For Remediation

33 [VEV-501

Surfactant Technology

1, DECON- |T—>»

¢ Omni Surface Deconta

P AL
SeRot L}

‘Sand grains .

P-AS, TPH, PCB, TCE, LNAPL, DNAPL, Etc.



FACTORS THAT REDUCE CONTAMINANT AVAILABILITY

- Limited Solubility of Contaminants
- Sorption (adsorption + absorption) To Surfaces - Reduced

Availability
- Aggregation = Globules, Ganglia to LNAPL and DNAPL -
Factors That Can Phase Separation
. - Restricted Pore Space Opens - Blockage, Lower K &
Transmissivity
Negat“IEIy EﬁeCt - Interfacial Tension Water Vs. Contamination (73 vs. ~23
Vapor Soil, Bedrock and Dynes)
. - Water Cluster Size (need much smaller) - Lower Contact, K &
Groundwater Contaminant Transmissivity
. . R - Soil Texture Limitations (coarse to fine) - Lower Contact, K &
Physical, Biological, and Transmissivity
Ch emi Cal Ava j Ia b j Ilty for ﬁ;r;:g::lcaent Molecule Size (Large - Medium - Small) - Steric

Remediation

These Hydro-Geo-Chemical factors negatively impact Physical,
Biological and Chemical Remediation

At All Sites!



In-situ Ivey-sol® ‘Push-Pull’ + ‘Sweep’ Applications

Ivey-sol® Injection and Recovery Well Fields

CROSS SECTION IVEY-SOL INJECTION DIFFUSION RADIUS injction

WellF d Recovery
ell

Well Field

Not To Scale Sibuaim i nare




Horizontal Well Push-Pull + Sweep Applications

CROSS SECTION IVEY-SOL HORIZONTAL INJECTION WELLS

CROSS SECTION IVEY-SOL HORIZONTAL INJECTION WELLS




PER AND POLYFLUOROALKYL SUBSTANCES

pesticid®s Stain R”'ﬂan : ] , -
AN B2 (PFAS)  PFAS = PFOA + PFOS

e \/ % " A.K.A. C8 - FOREVER CHEMICALS
Ff i %5 > Per- and Polyfluoroalkyl Substances (PFAS) are a group of
& “" AT manufactured chemicals that have been used in industry and

k’ A - consumer products since the 1940s.
§ PRODUCTS ¥
§ - THAT CONTAIN = > Many organizations worldwide mandated the use of fire
fighting foam that contains PFAS, known as Aqueous Film
% :«f@ﬁ;’ PFAS Forming Foam (AFFF). Plus, in many commercial products.
% §E=S\ Sete’
B WY -
é'g = . > However, per the Environmental Protection Agency (EPA),
., ‘ @ certain PFAS can cause serious health problems, including
YW, ,. D 8 g‘(‘if cancer, if people are exposed to them over a long period of
"’«»»,“4 Q Q{@' time, and they can also be harmful to aquatic and terrestrial
Oey, o organisms.
Fogs Nail C{::O""&
» There are >15,000 PFAS chemicals (USEPA CompTox
» Database).
: = : ot » 3M + DuPont + Chemours + Corteva Sued >100 Billion
For PFAS Groundwater & Health Impacts In USA alone. @



North
Atlantic
Ocean

Approximately 71 to 95 million people in the Lower

48ptt : than 20% of th try'

| PFAS IN USA dpotmflt:tlf?% mr:; rrzly' o:ng_rour:dwoatfer tﬁatc:oulaarixﬁlg
CONTAMINATION FHCT pglﬁfltforgalkylcg?lfaes?;?ég,lsalso Oknowge;; PFaAnS,

for their drinking water supplies.




PFAS

PER- AND POLY-FLUOROALKYL SUBSTANCES

«0UPONT
3M

MOVIE DARK WATERS (2019)

Dark Waters is a 2019 American legal thriller

film directed by Todd Haynes and written by
Mario Correa and Matthew Michael Matthew.

The story dramatizes Robert Bilott’s case
against the chemical manufacturing
corporation DuPont after they contaminated
a town with unregulated PFAS chemicals.

It starred Mark Ruffalo as Bilott, along with
Anne Hathaway, Tim Robbins, Bill Camp,
Victor Garber, Mare Winningham, William
Jackson, and Bill Pullman.

©


https://en.wikipedia.org/wiki/DuPont

FOA)

r ’ -
£ PFOS > 9 'w‘l
L4 ¥ P ~ (‘?\/Y
PER- AND POLY-FLUOROALKYL SUBSTANCES S

PFAS Filtration (Water Treatment) Market Size Forecasts to Reach USD 3.7 Billion by 2034
AGR of 6.9%: Prophecy Market Insights

The global PFAS filtration market is
GLOBHL MERKET 2inertohiit
PFAS OPPORTUNETY aggréggted' g?ewth i (cagr)p from

2024 to 2029.




EBI

ENVIRONMENTAL BUSINESS
INTERNATIONAL ING

 Regulations

J Enforcement

1 Compliance

d Liability Management

ENVIRONMENTAL BUSINESS jOURNAL, VOLUME 31
NUMBERS 5/6: 03 2024 REMEDIATIGN & PERS
MARKET REPORT

= Environmental Business Journal’s comprehensive analysis on
PFAS and Remediation markets featuring the 2024 update of the
EBJ PFAS Market Model and detailed quantitative analysis of the
$15 billion US site remediation market as part of the broader
gn&ﬁrt:nmental contracting segments of the environmental
industry.

= The site count and estimated remediation costs for PFAS exceed
44,000 sites and $138 billion, and new scenario analysis looks at a

-year horizon, and accelerated 20-year scenario as well as a
limited cost scenario. Similar perspective is also provided for
wastewater treatment and drinking water facilities that also

exceed ?100 billion in costs to meet standards expected to be
enforced in the next two decades.

= This focused report also presents summarized results from
EB"s 2024 surve% of remediation markets and technology, with
techno ofqy trends summarized for soil and groundwater
remediation over the recent history and dating back to EB]’s first
remediation survey in the early 90s, as well as comments by
scores of respondents to o en-ended prompts on remediation

market drivers and techno o?g applications. This review also
includes executive Q&A with leading practitioners acroisjhe

industry.
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4-Year Research Project With Greenwich University (2019-2023)
Provisional Patent USPTO Filed (August 28, 2023)
Expanded Research Scope of PFAS Applications (Aug. 2023-July 2024)
PCT (Patent Agreement Treaty) Filed (August 2024)

PCT Approval Yields 157 Countries For Globally Patenting
Trademarks for PFAS-SOL® Approved In Over 30 Countries
Multiple Publications and Awards In 2024
PFAS-SOL® Treats Broad Range of PFAS (C4 to C12)

O



EVOLUTION OF PFAS-SOL® (CH. 2019-2023)
0

299 z (I)JNIVERSITY PLFL ] g
“IVEY @i @ v

right solutions.
g

Research Collaborators: right partner.

» Dr. Cecilia MacLeod (University of Greenwich)

» David Holmes, Ph.D. (UK Environmental Consultant)

» George lvey, B.Sc, CES, CESA, P.Chem, EP (lvey International Inc.)
» ALS Laboratory (UK) (PFAS Soil and Water Testing Services)

» Research question: ‘can the recovery rate of PFAS from soil/groundwater be improved?’

> We started discussions regarding R&D column testing, to treat PFAS in 2019, which eventually lead to graduate
student testing, which was challenged by COVID. | am here to share some of the interim results within this 2023
presentation, with more data to become ‘public domain’ following further work.

> IVEY is working with collaborators to generate addition results, with plans to secure sites for pilot to full scale
applications, to evaluate field-scale testing, taking a step-by-step approach to product/technology developm@




COLUDH TESTING PROCESS

» Mineral soil (a building sand)

carbon (left) to provide organic sportive content.

- » The column was filled with dry media, slowly saturated
from the base and then drained to a set volume. It was
then re-filled and spiked with 250 mg of PFOA and
250 mg of PFOS (250 mg/kg = 250,000,000 ppt)

70 Ccm
(27.6")

" » The column was then drained and filled twice to show
PFAS recovery in water

» The column was re-filled with PFAS-SOL® sol at 4% and
drained to show the PFAS recovery with novel surfactant
formulation

14 cm (5.51") » Results are presented for the activated carbon tests £ I07




PRELIMINARY INTERPRETATION OF COLUMN TEST i
RESULTS: ZR08

Ivey International Inc. (IVEY) interim interpretation, in order of data in table below:

Column flushing tests using 4% PFAS-SOL® in a soil with 10% activated carbon:

» PFOA Improvement in recovery average of 160%, with best results of 185%
» PFOSImprovement in recovery average of 297%, with best results of 732%

> PFAS Improvement in recovery average of 242%, with best results of 622%

**** Moderate mixing of sub-sample for less than 1 minute:
» TOTAL PFAS Effluent had 5.85 mg/L PFAS (3.29 mg/L PFOA and 2.56 mg/L PFQOS)

These data showthat PFAS-S0L® can significantly increase PFAS mass recovery in soil, bedrock, and groundwater; several
fold, and when conrbined with in-situ PRAS-SOL flushing (Push-Pull, Sweep, OP, Wand-Injection, and HWType Strategies).
This can result in significantly inmproved PFRAS desorption when applied in sail, bedrock, and groundwater reginres.

Ahigue Aexible Solution — May inrprove in-situ stabilization, whichiis linrited by
substrate nmass it can inject, and associated risk of PFAS back diffusion. By lowering 295,
PFAS mass, the substrate can better tie-up residual nassl Lower Risk! 8 I v E Y

UNIVERSITY

of
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Tests show surfactant-based
technology effective in removing PFAS

from soil and groundwater

By Geenge (Bud) Ivey, David Holmiss, and Cecilia MacLeod

o recent years, several major cor-

porations, including 34, DuPont,

and Chemours [a DuFont spinoif),

have reached major setlements
with munktpal governments and other
plaintifs, agreeing to speod billlons of
dollars to remove PEAS from thelr pro-
duction processes, products and the
emironment.

A substantia]l amount of these set-
tlement fands will go towards helping
waber treiment facltkes o remove
PFAS from drinking-water sppplles Bt
significant dollars wil also hare o be
spent bo remediste PFAS-contaminated
soll, bedrock, and groumdwater:

Tte potential markets for PEAS meme-
digtion are numerss, nging from
chemical and other preduct manu-
Eachuring 1o eleciric power, wastewa-
ber treaiment, real estate development,
retall petpoleum, landfll operations,
mining, ports and harbors, federal faci-
Ities, and more (Environmenis] Risines
Jourmad, Vol XXXTL Na 5%, 20031 &l
face sgnificant future abilites as the
regulabocy met and public awareness
around FFAS grows and tightens, How-
ever, remedistion conkractors can face
these fuhure Liahilities as well If their
FPFAS cleamyp sohtions prove inade-

pump-ared-treat solu-
tion has been appliad tothe remedlation
of FFAS-impacted groundwater, bt
Ik Is expenshve and can take decades to
achieve wny significant levels of remowal.

1ty
immohile, low-permeability subsarfo:
zomes, and pump-and-treat is oot effec-
tive In removing contamination frem
thiose low-permeability zones. This can
lead to fature releasss and back-difu-

sion into the high-permeshbility zone,

TAr FFAS famiiycovsits of acary2 5,000 chemicais.

and thereby Balure to mest regulabory
standards,

Some  chemdcal  and
remeral methods are being tested, bt
satisfactory results bave nof emerged
Bethuncl sclvent extrackion & used in
Isborabary soil edtraction. ind some
small-scale testing. Howerer, repula-
torsare oot likely to lock approvingly at
Injecting many of these impactful chem-
Izals dmto the greund

Oz potential schition, howerer, has
bezn shown to be effective In mecendy

bests, heey [oiernationa Inc
(IVEY] has developed & new formula-
tion dromi 1bs ey-scl® enhanced reme-
distion. [SER) technology to address
FFAS contaminztion ln groundwaber
soll, and bedrode regimes.

Tests of the PRAS-50L" formulation
oonducted In the United Eingdom [17K]
in collaboration with the Universtty of
Greenwich, with analysis by ALS, have
shown significant PFAS mass removal
rabas, Ths formulaiion s non-todc, blo-
degradabile, and pH neutral. 1t s based
on non-lonle formulations, with @ novs]
additive, that can selectively desorb con-

taminants ind rendar sorbed, ar
and non-aquecis phas: Hquids (MAPL)
soluhle 1n theaqueous phase. This mearns
It forms a noo-emabsified mixhare with
waber and can thus be mone easily con-
trolled and removed from impactad sod,
frachared bedrock, groundwaber, and
surface water while malntaining plume
oomkpal.

The PFAS-S0L surfactant structune
consists of @ hydeophilic hesd and &
hydrophobic tail. The hydrophohic tail
15 by destgn, selactively atracted to the
organic functional groupings on far-

et contaminant molecules, while the
hj\dmph:l.l:hudlllﬂ::md.bogmlmi-

ertles that improve the effectiveness of
most remediation strategles, predom-
mantly by overcoming the Limitations
associaied with confaminint sorption
and low solublky. In addiion, they
lower the relathve surface tensicn of
waber and overcome interfacial ben-
son, thersby tmproving fis wetting and
mssociated bpdraullc propertizs amoss

Originaly pabitshe in Eovimomanial Sciece & Fghee g Mogiune Frévaary 20

Environmental Science & Engineering February 2024

PRAS.SOU can selectively resnove PRAS from sambed sof and bediock sarfoces.

beoader soll textures.

PFAS-SOL can selectively pemove PFAS
from socbed sofl and bedrock surfaces,
from globale andjor NAPL phase-part-
tioned layers, to make them mare avall-
able for enhance phystcal bological and/
oc chemical remediatica.

For the cobumn tests, one metre by
14 centimetrs dizmeter columns were
filled with 2 mineral sand {a bullding
sand), with X% activated carbon to act
liler natural arganic carbon absorptive
content wihin the sof. The columms
were then slowly saturated wkh water
from the base and drained to a st the
volume, They were next spioed with 250
quhd?FOAmdehomlmlcl
PFAS soarce 2002 and then drained and
filled, wh the effluent sampled to show
conkaminant recovery in witer.

The columns were fillad again, cae
with methand 2t a 50% coacentration
In wns. !he other with the PFAS-SOL

ata &6

Thehwoles! cotima Aubes were spled wit
250 mg eoch of PFOA and FFOS o mimk @
FFAS soarce oo

resuks of 732%. Total PFAS recovery aver-
aged of 242%, with best results of £22%.
Subsequent tests have shown stmiady
\mpressive results, suggeting a beight
fiture for this surfictant-based PFAS
remadiation compared wih other meth-

tion. They were then dratned, with the

Increased concentratian in the efflvent in

the FFAS-SOL column showing # large

Increase in PFAS conceatraticn. The cdl-

umns weee then dowdy taken apart to

ddtver a motsture peofileand obtain soll
to measure retainad PEAS.

The results showed signtficant mass
PFAS remoral from the PFAS-SOL
flushes. Flushes with water alone ytelded
msrmryoﬁpprumu}ysmlm

ods that are g and costly,
and deat provide assurances against
future back-diffisicn risks lability asso-
clated with new spoetive 1

Ivey Internaticoal Inc. won the 2023
MEA Today Global Awards ‘Best Envi-
ronmental Technology Company’ in
recognition for their Innovative techndl -
ugvdndnpm:ms
m(hol\nyum
Iwytnmmndnt ami

Iner (ug/L). wh
flushes exhibited umpeoved recovery of
up to 3045 micrograms per Itter (pg/L).
This meaant an everage improvemert in
PFAS removal of 240%, wtth concentra-
tion spies of up to 62%. PFFOA reaovery
averaged 160%, wih best reauts of 135%.
PFOS recovery averaged 297%, with best

of com

0Ov. David Holmes, is with
Googyntec (UK). Email:
davidholmesDgeosyntec com

Ov. Cecilfiz MacLeod is with the
Unéversity of Groenwich (UX). Emai:
c.ma deodgreenwich.ac. ok

Orighaty pudised in Sclonce & Engivesring Moga




AFFF Fire
Suppression
System
Equipment

PFAS
Decontamination

Case Study

Background Objective:

» Aqueous Film Forming Foam (AFFF)
containing PFAS was stored in a petroleum
facility’s firefighting equipment, which was
removed for non-fluorinated replacement.

» Draining AFFF flowed by a potable water
flush left substantial PFAS residual
concentrations on equipment surface
(372,643 ng/100 cm?) — FAA Approach ®

» A proprietary decontamination process using
a heated pressured application of PFAS-
SOL® solution (Patent Pending) was used to
scrub the equipment interior of residual
PFAS.

» Geologic Science and Technology Group, Inc.
(GST) was contracted to provide
decontamination of specified firefighting
equipment.

A

GST

GEOLOGIC SCIENCE & TECHNOLOGY




APPROACH

» GST selected a specialty surfactant uniquely formulated for PFAS liberation from
impermeable solid surfaces know by the trade mark name: PFAS-SOL®

» PFAS-SOLP® is a patent pending non-ionic surfactant formulation that is pH neutral,
non-caustic, non-corrosive, and biodegrade. PFAS-SOL® has the unique capacity for
desorbing PFAS compounds, associated with AFFF, from a broad range of impacted
surfaces.

» Blending tanks were staged next to pipe fittings on the portion of the fire-fighting
system to be decontaminated. The blending tanks were connected to the upstream
and downstream piping connections to establish a closed-loop re-circulation system.

» The decontamination was staged in sequential phases. Decontamination fluids were
heated to 40°C, recirculated by redundant pumps at high velocity under increased
pressure. Heat and pressure were carefully monitored to ensure gasket and fitting
tolerances were not exceeded. Each decontamination phase included 1 to 1.5 hours

of heated high pressure, high velocity recirculation.
Al GEOLOGIC SCIENCE & TECHNOLOGY




APPROACH Continued:

» Tanks for blending the surfactant with municipal potable water were staged by the pipe fittings on the
portion of the fire-fighting system to be decontaminated, both upstream and downstream to create a
closed-loop system.

» The emptied piping system was initially flushed with filtered potable water at an ambient temperature
(approximately 19°C) and then flushed three times with filtered potable water heated to 40°C. Following
this flushing and wipe sampling at the discharge point, laboratory analysis detected a total of 12 PFAS
analytes (PFAS C, to C,,) on the piping interior surface. These analytes consisted of nine acid
compounds and three sulfonate compounds.

» The remediation project then proceeded with a series of five (5) flush cycles using combinations of
PFAS-SOL® and filtered municipal potable water.

» The cycles used varying balances of the surfactant and water (by volume) in the following sequence:

d Cycle 1: 5% PFAS-SOL®, 95% filtered potable water.
a Cycle 2: 4% PFAS-SOL®, 96% filtered potable water.
a Cycle 3: 3% PFAS-SOL®, 97% filtered potable water.
a Cycle 4: 2% PFAS-SOL®, 98% filtered potable water.
d Cycle 5: 1% PFAS-SOL®, 99% filtered potable water.




AFFF Equipment PFAS Decontamination

»The decontamination process reduced equipment surface residual PFAS contamination an
additional 99.99998% beyond AFFF removal with the potable water flush (FAA Approach).

»>The PFAS-SOL® solution has the ability to penetrate into much smaller pore spaces than water
alone. Accessing smaller pore spaces results in higher surface removal efficiency and minimizes
rebound potential.

»>The samples collected over the course of the five (5) PFOS-SOL® decontamination flushes, as
shown below, becoming successively clearer and clearer

Effluent after third cycle Effluent after fifth cycle
re-circulated heated re-circulated heated
(40°C) PFAS-Sol® & (40°C) PFAS-Sol® &
filtered water solution filtered water solution

Effluent after initial cycle
re-circulated heated
(40°C) PFAS-Sol® &
filtered water solution

-

Effluent after initial flush
with ambient temperature
filtered water

Effluent after triple Effluent after second
rinse with heated

(40°C) filtered water

Effluent after fourth cycle
re-circulated heated
(40°C) PFAS-Sol® &
filtered water solution

Effluent after final
triple rinse with heated
(40°C) filtered water

cycle re-circulated
heated (40°C) PFAS-Sol®
& filtered water solution
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Results AFFF Equipment Decontamination

SUMMARY OF PFAS COMPOUNDS DETECTED ON INTERIOR SURFACE OF FIFREFIGHTING PIPING SYSTEM AFTER AFFF REMOVAL

NOTE: A surrogate value = 1/2 of the reporting level was used for Non-Detects in calculating percent reduction. N/C = not calculatable.

The decontamination process reduced residual PFAS contamination on the equipment

N— ot | e TrPLEvEATED WATeR | e e e e soL
WATER RINSE RINSE

Type |Compound CAS Pre-Decon Post-Water Flush | 9% Reduction Post-Decon % Reduction

Adids  |perflurobutanoic acid (PFBA) 375-22-4 365.0 ng <960ng U | > 86.85% <0.288 ng > 99.96055%
Perfluoropentanoic acid (PFPeA) 2706-90-3 336.0 ng <141ng U | > 97.90% <0.0424 ng > 99.99369%
Perfluorohexanoic acid (PFHxA) 307-24-4 2,800.0 ng M0ng J | 96.07% <0.0245 ng > 99.99956% Non Detectable
Perfluoroheptanoic acid (PFHpA) 375-85-9 311.0 ng 19.6 ng > 96.85% <0.0497 ng > 99.99201% Post Five (5)
Perfluorooctanoic acid (PFOA) 335-67-1 1,260.0 ng 767ng J 93.91% <0.0312 ng > 99.99876% PFAS-SOL®
Perfluorononanoic acid (PFNA) 375-95-1 1080 ng J <52ng U | > 97.59% <0.0156 ng > 99.99278% App“cation
Perfluorodecanoic acid (PFDA) 335-76-2 472.0 ng 191ng J | > 97.98% <0.0330 ng > 99.99650%
Perfluoroundecanoic acid (PFUnDA) 2058-94-8 399ng J <987ng U | > 87.63% <0.0296 ng > 99.96291%
Perfluorododecanoic acid (PFDoA) 307-55-1 151.0 ng <116ng U | > 96.16% <0.0349 ng > 99.98844%

Sulfonate |perfluorooctanesulfonic acid (PFOS)  |1763-23-1 <10ng U <i0ng U N/C 0.0209 ng N/C
6:2 Fluorotelomer sulfonic acid (6:2 FTS)|27619-7-2 | 284,000.0 ng 14,000.0 ng 85.07% 0.0629 ng 99.99998%
8:2 Fluorotelomer sulfonic acid (8:2 FTS)|39108-34-4 | 82,800.0 ng 6,010.0 ng 92.74% | <00190ng U J| > 99.99999%
Sum of detected PFAS| 372,643 ng 20,235 ng 94.56976%

GST
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surfaces by an additional 99.99998% beyond what the AFFF removal and potable water
flushing were able to achieve, down to 0.0838 ng/100 cm?. A
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Decontaminating fire-fighting
equipment to prevent PFAS from
entering water supplies

By J. Scott Poynor

though theee #s stil much
to learn, we koow that the
class of chemicals known as

per- and pelyfluorcalkyl sub-
stances, referred to generally as PPAS,
1s uhdqukous In the environment and
poees risks to human bealth and the
ervironment. Of utmost concern ately,
PFAS In water supplies has become rec-
ognlzed as a special ride, and munidpal
water SyStems, Or GOVErnmEnt agencies
acting ca their behalf, have taken the
lead in sulng manufacturers to phase ot
PFAS producticn ind peovide the funds

emiroament is playing catch-up. These
emiroamental endpolnts indude Dot
caly water and soll but surfaces of all
kinds of peodxcts and equipment that
peesent human exposure rsks. Althoagh

nm.,uywmaguxuﬁsn reccoumendation that FFAS-S0L o«wuymarmrm

clent, scalable, cost-sffective, and environ-
mentally benign technologies to deal wth
lhhbmldnmdcmhmmmnl.-m

of FFAS msidues ot She fire-fighe

¥ 8 sufoces.

of new equipment. Fire-fighting sygems
a petroleum storage faciltties are required

nunsfﬂ)ydq)byda: : pmdeum siar-
age faciity, which faced PFAS problems
amoclated wih #s fire-suppression equip-
ment. The facilty operator, recognizing
the rapidly advancing tide of PFAS-related
action, sought to address contamtnation
In certaln equipment, In the tnkerest of
liabiley and risk management and oct of

coasisted
of a fire-fighting system, Induding piping
that stoeed aguecas flm-forming foam
(AFFF), a fire-fighting liguid that contatns

to be op 1 iy fudl-ttme, so
removing the residal PFAS from the

exigting equipment was deemed the pre-

femed optica.

Following removal of the AFFF from
the system, residwal coacentrations of
PFAS were detected cn the
surfaces. The facllty operatoe performed
a thorough, high-pressure flushing of the
system using filtered municipal potable

water, but that actica left a PEAS coa-

centration of 342,643 ng/100 cm® on
the zq.lpmenu \nterior surface, a Jevel

FFAScumpu.nd.t

g the PFAS |
wmmmﬂ:&&xwmm
stderations and, even more, to the time

required for procuremernt and installation

deemed nd falling short of the
facility cp d goels.

quently worked in the past, to undertake
the equipment decontamination peoject.
“The objective afthe peoject was to reduce
restdual concentrations of dete ctad PFAS
coasttuents to the maximum extent pos-
sibleusing curveatly avatlahle technology:

In intlal discussions with the facil-
ity operatar, GST revtewed the lmown
avallsble options for remoring PFAS
from surfaces. Flushing with an aloo-
hol-based sobvent (ethanol oc metha-
nol) has historically worked better than
flushing with water, but it is known to
leave PFAS concentraticas in residue of
about 0%, which was substantial and
considersd to be too h@.

GETthenp da based

The fuulm operstor then eng-rd
Geulug:suemmdrcdmnlogc«nw
(GST), an

sclutica that had shown the potential to
ﬂum nbdmuﬂv impeoved remoral
d wh alcchal-based sol-

firm with which the operator bad fre-

p
umx PFAS-SOL* & a patent-pending,

Grighaly

in Env Science &

nginosning Magazine Octoder 2024

PFAS Mass Removal

Ta remadiztioe projed Sen roceaded mEh @ series of R flash Spces using comanatians 3f PRAS.SOC and Atlerd munkal pofobi wafec

nca-lonic surfactant developed by nm
tsh Columbla based Ivey

SUMMAIY OF I'FAS COMPOUNDS DETECTED ON INTZINON SLAPACE OF
FIMES10HT NG MIMNG STETEV AFTEN AFFF REMOVAL

Inc. (IVEY) that ispH newtral, non-caus-
tie, non-camosive, noa-toxks, and bdode-

gradable.
In extenstve benchscale testing,

DEIRETIG PPAL

NTERAEIDN | )y weati Mas-S00

PFAS-SOL* has d d the capac-
ity to desorb PFOA and PFOS, which
are associated with AFFF, from a broad

range of impacted surfaces, indud
metal, plastic, glass, ceramics, and com-
posttes. The technology bas also been
tested for moee than 157 chemical lmpu-
rities, with some ot parts-per-gquadrilbion
(ppq) levels, incloding the compounds
coatatned in the removed AFFF.

The faciltty operator agreed o GSTs
recommendation that PFAS-SOL® be
deployed to reduce the concentrations
of PEAS residues ca the fire-fighting
system plping and equipment surfaces.

Iytes ca the piping Interior surface, These
analytes consited of nine acld com-
poun:k nd three s fonste compounds.

The equp pro-
ect was undertaken (o eady March 2024,

with aseries of sequential phases.

Tanks for blending the surfactant with
munictpal potable water were staged by
the pipe fitings on the poction of the
fire- sygem to be decoatami-
nated, both upstream and downstream
to create 2 dosed-loop system.

“The emptied plping systemvas inttlally
flushed with filterad potable water at an
ambient temperature  (ippeoximately
15°C) and then foshed three times with
filtered potable water heated 1o 40°C.
Fallowing this flushing and wipe sam-
pling at the discharge point, labocatory
analysis detected a total of 12 PFAS ana-

d project then pro-
ced:dmthlxmsofﬁnﬂnﬁqda
using comhinations of PFAS-501° and
filtered mumicipal potable water. In each
cyde, the surfactant-water solution was
heated to 40°C and redrodated for cae
to15 bours by redundant pumps at high
velocity under increased pressure. Fol-
lowing each cyde. the piping system
was purged wih filtered potable water
hested to 40°C to remore all traces of
the solution before applying it again in
the next cycle. One final triple rinse fol-
lowed cyde five.

A wipe sample was collected at the dis-
charge polnt over a 100 anr’ area of piplng
and compared with a baseline wipe sam-

plethat had been colected petor to the inl-
tial flwh. The decontaminatica peocess
reduced residual PFAS coatamination on
the equipment surfaces by an addtional
99.59958%, 10 0.0838 ng' X0 cm’, beyond
what the AFFF remomal and potable
water flushing weee able to achieve.

Ancther sgnificant outcome was
the fact that decoatamination with the
PFAS-SOL* surfactant-water soktion
ngnlﬁnnﬂr reduced residues of the IonA

dsh -chaln PFAS

-ud:ucuhtu@ncu,mdm)m'be
3 chatns that bave garnered muxch of
the attentlon for decontamination.

J. Scott Poynor is with Geologic
Science and Technology Group
Inc. For move information, email:
badivey@éveyintar national com
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