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➢ Recipient of >12 International Environmental Awards and
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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 lawyer Robert Bilott’s case against 
the chemical manufacturing corporation DuPont after 
they contaminated a town with unregulated PFAS 
chemicals. 

[3M + DUPONT >200 Billion USD In Litigation To Date]

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

Robert Bilott – Was A Guest Speaker At REMTECH Oct. 2025 

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


WHAT WAS THE FIRST FOREVER CHEMICAL 

OF GLOBAL CONCERN

BEFORE PFAS ???

Dichlorodiphenyltrichloroethane DDT

Paul Müller was awarded the 1948 Nobel Prize in Physiology or Medicine for his discovery of the 
insecticidal properties of DDT

DDT can affect the nervous system and liver, with symptoms including 

tremors, nausea, and irritation from acute exposure, and potentially more 

severe effects like seizures at high doses. Long-term and high-dose 

exposure has been linked to chronic effects on the nervous, liver, kidney, 

and immune systems, as well as reproductive issues like sterility and birth 

defects in animals. 

 



AUDIENCE

WHICH COUNTRIES

GLOBALLY 

ARE AWARE OF 

PFAS 

AND HAVE 

REGULATIONS

▪ Canada

▪ United States

▪ India

▪ Zimbabwe

▪ Australia 

▪ Russia 

▪ Indonesia

▪ Iceland

▪ Brazil

▪ Argentina

▪ Nigeria

▪ Chile

▪ Mexico 

▪ China

▪ United kingdom

▪ Kuwait

▪ Afghanistan

▪ Antarctica 

▪ Monico

▪ Singapore



IN THE SIMPLEST MOLECULAR TERMS 

WHAT IS A PFAS - AUDIENCE ?

OECD's 2021 Definition Of A Per- and Polyfluoroalkyl Substance (PFAS) Is:

Any fluorinated substance that contains at least one fully fluorinated methyl (-CF3) or methylene (-CF2) carbon atom. 
This means a carbon atom bonded to three (3) or two (2) other fluorine (F) atoms, respectively, with no other atoms 
like hydrogen, chlorine, bromine, or iodine attached. This broad definition includes thousands of different chemicals.

❖ Core Requirement: A PFAS must have a perfluorinated methyl (-CF3) or methylene (-CF2) group;

❖ Chemical Structure: A fluorinated substance with at least one (1) carbon atom bonded to three (3) or two  (2) 
fluorines (F), without other halogens or hydrogen;

❖ Purpose of the definition: This definition was developed to provide a coherent and consistent way to identify PFAS 
across different compounds for risk management and regulatory purposes. 



AUDIENCE PARTICIPATION

USEPA  CompTox database lists approximately 14,735 unique PFAS chemicals

European Chemicals Agency (ECHA) is proposing a restriction on over 12,000 PFAS.

USGS indicates the total number of PFAS compounds is over 12,000.

~7 million represents the vast chemical space that fits the general OECD definition. 

The actual number of commercially produced, or widely detected PFAS is much smaller, with 
various regulatory lists typically tracking a few thousand specific compounds.

Globally you will find estimates between 8000 to 7 Million

OECD 2021 definition has led to the identification of approximately 24 million distinct PFAS molecules
in the CAS (A large chemical database).

SO HOW MANY PFAS COMPOUNDS ARE THERE ?



PFAS

Remediation & Decontamontion

The World Is Contending With PFAS Remediation and Decontamination 

For Many Reasons Including:

▪ Protect Human Health And Environmental Risk → Regulations.

▪ Comply With Local Regulations (Environmental & Health Risk) - Prohibitions, Bans, Guidelines To Standards.

▪ Response To Worker Health & Safety Concerns - Some Fire Unions Are Driving AFFF Decontamination.

▪ Legal Liability Management - Proactive Remediation/Decontamination Help Mitigate Costs + Avoid Negative Publicity.

▪ Tightening Insurance Pressure - Banning or restricting coverage due to high financial risk associated with wave of litigation.

▪ Stakeholder + Public Pressures - ‘Social License’ public/community awareness of PFAS contamination leading to significant 

pressure on government/private entities to investigate and remediation sites to protect public health and local resources. 

▪ Manufacturer Supply Chain Pressure - They are phasing out PFAS options to new safer (Non-PFAS) products.

WHY  BOTHER!!!

What’s Are The Drivers

Globally



Global PFAS Snapshot 

Australia      Europe     Canada

Africa         China



PFAS IN USA 

CONTAMINATION 

FACTS 

~71 to 95 million people in the Lower 48 states, >20% of the 

country's population may rely on groundwater that contains 

detectable concentrations of PFAS, in their drinking water supplies. 



GLOBAL DANGER PFAS EXPOSURE FOR WILDLIFE ≤ HUMAN EXPOSURES (?)

The Global PFAS Foot Race 

Standings For Managing:

1. Australia

2. Europe (EU)

3. United States

4. Canada & UK

5. The Rest of the World



HOW MANY PFAS CAN  LABORATORIES   DETECT ???
Environmental laboratories can detect anywhere from a few 
dozen to over a hundred specific PFAS compounds using 
standard targeted analysis methods, with some advanced 
techniques capable of screening for over 10,000 compounds:

❖ USEPA Method 537.1: Can detect 18 specific PFAS analytes in drinking water.

❖ US EPA Method 533: Targets 25 PFAS compounds in drinking water, including 
       many short-chain varieties.

❖ USEPA Method 1633: Quantifies 40 target PFAS analytes in a wide range of non-   
drinking water matrices: soil, sediment, and wastewater. 

❖ Commercial Laboratories: Offer expanded target lists. For example, some labs can 
analyze up to 70 compounds using modified EPA methods, or even up to 100 or 165 
specific compounds with their own validated workflows.

❖ Non-Targeted Analysis: For a broader understanding of contamination, non-targeted 
analysis methods using high-resolution accurate mass (HRAM) mass spectrometry 
are used. These advanced techniques can enable the detection and identification of 
over 10,000 PFAS compounds in a single analysis

Focus On Precision, Accuracy, Detection Limits, Use of Carbon Spiked Standards and QA/QC Reports - All Labs Are Not Equal!

The More PFAS You Want 

To Detect The More 

You $$$$$ Pay!



SIGNIFICANT 

HUMAN HEALTH 

PFAS EXPOSURE  

IMPACTS 



PFAS
EXPOSURE  

HEALTH EFFECT
<C4 TO >C14

 
In general population, where this is no specific source of PFAS contamination, and 

PFAA concentrations in drinking water and serum are in the typical “background” 

range, the primary sources of PFAS appear to be food and food packaging, and 

consumer products (particularly nonpolymer aftermarket treatments and coatings).

In communities near sources of PFAS contamination, exposures are higher than in 

general population resulting from ingestion of contaminated drinking water, 

consumption of fish from contaminated waters. 

As PFAS concentrations in drinking water increase, the contribution of drinking 

water to the total body burden increases and typically dominates an individual’s 

exposure. 

Finally, occupational exposures to workers (for example, in fluoropolymer 

manufacturing facilities, fire fighting) can be higher than exposures from 

environmental media.



ULTRA SHORT-CHAIN PFAS

• Very persistent and very mobile (vPvM – new regulatory paradigm)

• Difficult to remove via conventional “sorptive” treatment methods

• Analysis: requires specialized chromatography columns and ionization methods

Trifluoroacetic acid 

(TFA) currently getting 

huge attention In Europe

15

HOUSTON

WE 

HAVE A 

PROBLEM !!!



TFA IS ACCUMULATING EVERYWHERE - THE “POSTER CHILD” FOR THE 

PROBLEM WITH HIGH PERSISTENCE 

TFA Accumulating In Arctic Ice Cores

Pickard et al. Geophysical Research Letters (2020),47, e2020GL087535

Freeling and Björnsdotter, Current Opinion in Green and Sustainable Chemistry 2023, 41:100807

In Tree leaves In Groundwater

Albers and Sültenfuss, Environmental Science & Technology Letters 2024 11 (10), 1090-1095
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Drinking Water (median)1,2

 Germany: 1.5 µg/L

 19 countries: 0.23 µg/L 

Tea (median):   2.4 µg/L2

Beer (median) 6.1 µg/L2

Orange Juice (mean 34 µg/L)3

Apple Juice (mean 6.2 µg/L)3

1. Neuwald et al. Environmental Science &  Technology 2022 56 (10), 6380-6390

2. Scheurer & Nödler. Food Chemistry, 351, 129304.

3. Van Hees et al. https://cdnmedia.eurofins.com/european-

east/media/uxcnaa2c/eurofins_tfa_tfms_juice_24_final.pdf

TFA IS INCREASING IN ALL OF WHAT WE DRINK

Wine image: Sai Balaji Varma Gadhiraju 

Unpublished data: Michael Müller. Uni. Freiburg michael.mueller@pharmazie.uni-

freiburg.de (used with permission)

https://cdnmedia.eurofins.com/european-east/media/uxcnaa2c/eurofins_tfa_tfms_juice_24_final.pdf
https://cdnmedia.eurofins.com/european-east/media/uxcnaa2c/eurofins_tfa_tfms_juice_24_final.pdf
https://cdnmedia.eurofins.com/european-east/media/uxcnaa2c/eurofins_tfa_tfms_juice_24_final.pdf
mailto:michael.mueller@pharmazie.uni-freiburg.de
mailto:michael.mueller@pharmazie.uni-freiburg.de
mailto:michael.mueller@pharmazie.uni-freiburg.de


TFA IS ACCUMULATING EVERYWHERE IT CAN BE MEASURED

Chinese blood 97% detection

Median 8.5 µg/L

Similar to levels of the sum of all 

long-chain, bioaccumulative PFAS

Duan et al. (2020) Environ Int 134:105295.

Zheng et al. (2023) ES&T 2023, 57, 15782-15793

Arp et al. ES&T 2024, 58, 45, 19925-19935

USA blood serum 74% 

detection

Median 6.0 µg/L

Twice the levels of the sum of all 

long-chain, bioaccumulative PFAS

What levels of TFA will be in the 

blood of future generations?

What will the impact of this be to 

human health and the environment?

18



Increasing Sources of TFA

Refrigerants and 

blowing agentsAgricultural 

chemicals

PFAS production 

and products
PFAS 

remediation

No natural 

sources

Pharmaceuticals
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WATER TREATMENT INEFFECTIVE AT 

REMOVING TFA, ….OR CAN FORM TFA

Scheurer et al. (2017). Water research, 126, 460-471.

• Sorption techniques (activated carbon, ion 

exchange resins) -> Do not filter TFA.

• Enhanced degradation techniques (ozonation, 

chlorination, photolysis, electrolysis, incineration, 

pyrolysos etc.) Can lead to TFA formation 

from precursors (along with other PFAS, F-gases).

• Reverse Osmosis only technique that works for 

TFA, but requires an expensive destruction step for 

brines.

• Future innovations brings an as yet unknow  

solution for cost effective TFA removal from 

water…

20



THE ABSURD COSTS OF  TFA REMEDIATION EUROPE…

 Recent collaboration with Forever Pollution Project and Prof. 

Ali Ling

 Cost to remediate emerging ultra-short chain PFAS like TFA 

in Europe 100 billion EUR/year ~115 billion USD/year) for 

water and soil

 Combination of reverse osmosis and super critical water 

oxidation for brines 

 Would make drinking water more expensive $$$

 Still be exposed to TFA…fruit beverages will still be 

contaminated…

https://foreverpollution.eu/lobbying/



PFAS-SOL Used By GST (Dallas, TX) To Achieve 99.99998% PFAS Surface Decontamination of AFFF Fire Suppression System  



Miscellaneous 

Observations 

The Federal (USA) MCLs 

have settled at 4 parts per 

trillion (ppt) for both PFOA 

and PFOS compounds 

in water.

Globally Governments have 

different views on managing 

and regulating PFAS

Australia Vs. Europe (EU)
(PFAS, PFOS, PFHxS) Vs. ~All PFAS

Biosolids 

Contain PFAS

Given the extensive 

agricultural uses they are 

getting into our food chain 

and localenvironments!

The scope of issues for 

human and environmental 

impacts are considerable!



PFAS PHASEOUT FEASIBILITY
• For about 40% of applications, 

substitution is already possible 

or underway

• The database is being 

expanded. Work is ongoing 

with ChemSec (Marketplace) 

and broader (AI-based) search 

methods.
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How To Reduce Your PFAS EXPOSURE

 Regular Home Cleaning: HEPA vacuum & dusting to limit exposure consumer products dust, like some carpets and sprays.
 (Air out rooms by opening windows if the outdoor air quality is good).

 Install Water Filters (activated carbon or reverse osmosis) at the tap or where water enters your house. 

 Cookware: Replace nonstick "Teflon" cookware with alternatives like stainless steel, cast iron, glass, or ceramic.

 Food Packaging: Reduce fast-food wrappers, takeout containers, microwave popcorn bags, as often coated with PFAS.

 Textiles: Discard old, stain-resistant carpets, upholstery, and waterproofing treatments. Look for PFAS-free options.

 Labels: Check product labels for PFAS-free claims. If you have questions, contact the manufacturer directly. 
           (The Duty to disclose is and will increase!)

 Stain-Proof Claims: Avoid textiles that advertise their stain or waterproof qualities unless they are certified PFAS-free.

 PFAS-Free Alternatives: Look for PFAS-free food containers (Glass and Silicone) products as safer alternatives.

 Fish Consumption: Avoid fish caught from waterways known to have high levels of PFAS contamination. 

Check with environmental agencies, environmental associations, health authority, 
and related organizations for PFAS advice as still developing!



DO YOUR DUE DILIGENCE AT ALL TIMES!
 FROM CLIENT ENGAGEMENT 
THROUGH INVESTIGATION

THEN ON THROUGH
REMEDIATION & DECONTAMINATION

BE MINDFUL OF THE LIABILITY YOU FACE WORKING ON PFAS SITES!
DUE-DILIGENCE DEFENSE

AS REGULATIONS ENFORCEMENT INCREASES  

INVESTIGATION-REMEDIATION-DECONTAMINATION

WILL NEED TO INNOVATE

PFAS IS A GLOBAL CONCERN - THAT WILL LAST YOUR 

ENTIRE CAREERS 

But I’m Not Without Hope!



HELP!

Where Do We Go 

From Here ???

I Suggest We Can Learn From Our Past  And 

Make The Necessary Adjustments As We Mature 

Through The Process

 Make Changes That Eliminate PFAS Production 

& Sources To Minimize Human & Environmental 

Exposures – Then Over Time…We will See 

Measurable Human Health & Environmental 

Impacts Subside To A Point We Achieve 

Acceptable Risks  Levels

Today No Unified Global Position On 

PFAS Exists

Nuclear Testing 

Radioactive Fallout
JFK -Treaty To Ban Testing 1963

DDT Decades Of Impacts To 

Human & Environment 
USEPA-Banned in 1972 

Stay Calm
& Move Along 

No, the impacts of DDT have not fully resolved since its 

1972 ban. Ban led to significant environmental 

improvements and recovery of many wildlife populations! 

DDT and its breakdown products (DDE and DDD) are 

persistent organic pollutants that still remain in the 

environment and human populations today… 

No, nuclear testing impacts have not been fully 

resolved since 1963 treaty. The treaty and subsequent 

agreements drastically reduced testing overall amount 

of radioactivity released to environment! Some long-

term environmental & health consequences persist. A 

comprehensive treaty is still not in effect…



Environmental Business Journal March 25, 2024

National Award

Patent Pending - August 2023



Environmental Science & Engineering February 2024

Total PFAS Mass Recovery 242% to 622%



Environmental Science & Engineering October 2024

99.99998% PFAS Mass Removal



PFAS Decontamination of Fire Pumper Trucks

❑ PFAS Containing AFFF Fire Suppression Product Changes Outs Are 
Undertaken Globally For Many Reasons Including:
▪ Comply With Local Regulations (Environmental & Health Risk)
▪ Response To Worker Health & Safety (Fire Unions) Concerns
▪ Legal Liability Management
▪ Tightening Insurance Pressure
▪ Stakeholder + Public Pressures (Social License)
▪ Manufacturer Supply Chain pressure to Use New Products

❑ PFAS-SOL Application To Decontaminate AFFF Fire Trucks For 
     Safer Change Outs To Non-Florinated Fire Suppression Products
❑ To Avert Risk Of Potential Residual PFAS Cross Contamination

“The Use of PFAS-SOL® For Decontamination of Fire Trucks At 

A Refinery Site In USA Exceeded The Client’s Expectations! 

They Are Actively Planning PFAS Decontamination Of 

Additional Assets In 2026, Using PFAS-SOL®.”

Scott Poynor, President, GST (Project Technical Advisor) 

Lots of Piping, Valves, and Holding 

Tank Infrastructure to Decontaminate  



George (Bud) Ivey, B.Sc, CES, CESA, P.Chem, EP 

President & Senior Remediation Specialist

Ivey International Inc.

Mobile: + 1 250 203 0867

budivey@iveyinternational.com

www.iveyinternational.com

CONTACT 

INFORMATION

George (Bud) Ivey

Ivey International Inc.

+1.250.203.0867

     budivey@iveyinternational.com 
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