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Observations of contamination in soil, bedrock and groundwater following a spill 

is your observing SYMPTOMS

Presence of Dissolved, Sorbed, NAPL and VOC are the DISEASE

Remediation Practitioners have to correctly diagnose the DISEASE, causing the 

SYMPTOMS at your Sites Your  ‘PATIENTS’

Failure to fully comprehend the  SYMPTOMS & DISEASE, can lead to Incomplete 

Diagnosis (Missed Data), Incorrect Treatments (Wrong Remediation Strategy), 

and 

Slower Recovery (Many Years of Poor Results), and Challenging Recovery (High 

Costs/Liability) for your PATIENTS (Your Sites)  



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.

≥ 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).

Both sportive mechanisms decrease the 
‘Availability’ of the sorbed 

contamination for Remediation.



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.

Sorbed 

Contamination

Expressing Limited

‘Availability’ For

Remediation

More AvailableLess Available

Physical-Biological-Chemical

Solubility:

PFOS = 680 mg/L*

PFOA = 9600 mg/L*

MTBE=50,000 mg/L

NaCl = 357,000g/L

Sugar = 909,000 g/L

* Both Sorb to Surfaces 

PFOS > PFOA 



Agglomeration
Contaminant agglomeration is the ‘sticking’ (cohesive or 

adhesive forces) of organic molecules to one another, onto 

surfaces (Sorption), can increase in thickness….its a very 

a natural phenomenon. 
(like 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)

Within geology, this causes caking, bridging, and/or 

blockage of effective pathways = ‘Pathway Interference’ 
(hence delivery or extraction issues!)

Diameter of  Soil Pore Openings << Diameter of Hair << Veins  << 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) 

1/20th of a mm

         67.3 X           18.3 X            2.4 X   1 



Interfacial Tension Between Phases
Oil and Water

Water Clusters Have 

Interfacial Tension of ~73 Dynes

LNAPL - DNAPL – VOC Interfacial Tension 

~21 to 23 Dynes

NAPL molecules at molecular interface between the 2 phases actually 

reorganize to cause a net increase in NAPL Interfacial Tension to >>30 Dynes!!

The interfacial pressure characterizes the package 

density of the molecules in the interfacial layer 

between the aqueous and the organic phase..

NAPL

VOC



Hydrogen  Bonding 
Between H2O Molecules



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

Ivey-sol® Makes Water Clusters Smaller So Enter & Transport More Easily 

Through Finer Grain Soil [ Lower Surface Tension <30 Dynes + Overcome IFT ]



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

LNAPL, 

DNAPL 

Globule, 

Ganglia,

Sorbed
VOC 

Layers



Ivey-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



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

ACCESS

EGRESS

Interfacial 
Tension Will 
Effect NAPL 

Behaviors

More 
Available

(Physio-Bio-Chem)

NAPL- Globule-VOC

VOC

COC



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

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

PFAS, TPH, PCB, TCE, LNAPL, DNAPL, Etc.



Factors That Can 
Negatively Effect 
Vapor Soil, Bedrock and 
Groundwater Contaminant 
Physical, Biological, and 
Chemical Availability for 
Remediation

FACTORS THAT REDUCE CONTAMINANT AVAILABILITY

• Limited Solubility of Contaminants

• Sorption (adsorption + absorption) To Surfaces - Reduced 

Availability

• Aggregation → Globules, Ganglia to LNAPL and DNAPL - 

Phase Separation

• Restricted Pore Space Opens - Blockage, Lower K & 

Transmissivity

• Interfacial Tension Water Vs. Contamination  (73 vs. ~23 

Dynes)

• Water Cluster Size (need much smaller) - Lower Contact, K & 

Transmissivity

• Soil Texture Limitations (coarse to fine) - Lower Contact, K & 

Transmissivity

• Contaminant Molecule Size (Large - Medium - Small) - Steric 

Hinderance

These Hydro-Geo-Chemical factors negatively impact  Physical, 

Biological and Chemical Remediation

At All Sites!



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



Horizontal Well Push-Pull + Sweep Applications 



PER AND POLYFLUOROALKYL SUBSTANCES 
(PFAS)        PFAS = PFOA + PFOS 
A.K.A. C8 - FOREVER CHEMICALS

➢ Per- and Polyfluoroalkyl Substances (PFAS) are a group of 
manufactured chemicals that have been used in industry and 
consumer products since the 1940s. 

➢ Many organizations worldwide mandated the use of fire 
fighting foam that contains PFAS, known as Aqueous Film 
Forming Foam (AFFF). Plus, in many commercial products.

➢ However, per the Environmental Protection Agency (EPA), 
certain PFAS can cause serious health problems, including 
cancer, if people are exposed to them over a long period of 
time, and they can also be harmful to aquatic and terrestrial 
organisms. 

➢ There are >15,000 PFAS chemicals (USEPA CompTox 
Database).

➢ 3M + DuPont + Chemours + Corteva Sued >100 Billion
      For PFAS Groundwater & Health Impacts In USA alone.



PFAS IN USA 
CONTAMINATION FACTS 

Approximately 71 to 95 million people in the Lower 
48 states, more than 20% of the country's 
population may rely on groundwater that contains 
detectable concentrations of per- and 
polyfluoroalkyl substances, also known as PFAS, 
for their drinking water supplies. 



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


GLOBAL MARKET 
PFAS OPPORTUNITY

The global PFAS filtration market is 
valued at USD 2.0 billion in 2024 and 
is projected to reach 2.8 billion by 
2029, growing at 7.1% compound 
aggregated growth rate (cagr) from 
2024 to 2029.

PFAS Filtration (Water Treatment) Market Size Forecasts to Reach USD 3.7 Billion by 2034 

AGR of 6.9%: Prophecy Market Insights



ENVIRONMENTAL BUSINESS JOURNAL, VOLUME 37 
NUMBERS 5/6: Q3 2024 REMEDIATION & PFAS 

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 
environmental 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 
40-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 
EBJ’s 2024 survey of remediation markets and technology, with 
technology trends summarized for soil and groundwater 
remediation over the recent history and dating back to EBJ’s first 
remediation survey in the early 90s, as well as comments by 
scores of respondents to open-ended prompts on remediation 
market drivers and technology applications. This review also 
includes executive Q&A with 15 leading practitioners across the 
industry.

❑ Regulations

❑ Enforcement 

❑Compliance 

❑ Liability Management 



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)  



EVOLUTION OF PFAS-SOL® (CA. 2019-2023)

Research Collaborators:

➢ Dr. Cecilia MacLeod (University of Greenwich) 

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

➢ George Ivey, B.Sc, CES, CESA, P.Chem, EP (Ivey 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. I 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 development.



COLUMN TESTING PROCESS
➢ Mineral soil (a building sand)

➢ Mineral soil with 10% by mass powdered activated 

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)

➢ 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

➢ Results are presented for the activated carbon tests

70 cm 
(27.6”)

14 cm (5.51”)



PRELIMINARY INTERPRETATION OF COLUMN TEST 
RESULTS:

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%

➢ PFOS Improvement 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 PFOS)

These data show that PFAS-SOL® can significantly increase PFAS mass recovery in soil, bedrock, and groundwater, several 
fold, and when combined with in-situ PFAS-SOL flushing (Push-Pull, Sweep, DP, Wand-Injection, and HW Type Strategies). 

This can result in significantly improved PFAS desorption when applied in soil, bedrock, and  groundwater regimes.

A Unique Flexible Solution – May improve in-situ stabilization, which is limited by 
substrate mass it can inject, and associated risk of PFAS back diffusion. By lowering 

PFAS mass, the substrate can better tie-up residual mass!  Lower Risk!



Environmental Science & Engineering February 2024

Total PFAS Mass Recovery 242% to 622%



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 cm2) – 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.



APPROACH

➢GST selected a specialty surfactant uniquely formulated for PFAS liberation from 

impermeable solid surfaces know by the trade mark name: PFAS-SOL® 

➢PFAS-SOL® 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 400C, 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.



➢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 19ºC) and then flushed three times with filtered potable water heated to 40ºC. Following 

this flushing and wipe sampling at the discharge point, laboratory analysis detected a total of 12 PFAS 

analytes (PFAS C4 to C12) 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:

❑  Cycle 1: 5% PFAS-SOL®, 95% filtered potable water.

❑  Cycle 2: 4% PFAS-SOL®, 96% filtered potable water.

❑  Cycle 3: 3% PFAS-SOL®, 97% filtered potable water.

❑  Cycle 4: 2% PFAS-SOL®, 98% filtered potable water.

❑  Cycle 5: 1% PFAS-SOL®, 99% filtered potable water.

APPROACH Continued:



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



Results AFFF Equipment Decontamination

Non Detectable

Post Five (5)

PFAS-SOL®

Application

The decontamination process reduced residual PFAS contamination on the equipment 

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 cm2. 



Environmental Science & Engineering October 2024

99.99998% PFAS Mass Removal



Environmental Business Journal March 25, 2024

National Award
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