
Sustainable PFAS Remediation: 
the Environmental Impact of Enhanced 
Attenuation using Colloidal Activated 
Carbon



How should we treat PFAS?



PFAS – have we been here before?  

• >7000 species of PFAS?! 

• tetracontane (C40H82) has 

62,491,178,805,831 possible 

structural isomers!

• Persistent
• Heavy metals 

• Dioxins 

• PCBs 

• Clean-up criteria in ppq!?



PFAS – Possible Future Groundwater Remediation Scenarios 

• Scenario 1: 
Use pump and treat or in situ injection/emplacement of 
sorbents at all PFAS groundwater sites needing plume 
control



Dagorn, G. (2023). 'Forever pollution': Explore the map of Europe's PFAS contamination. Le Monde.

Approx. 232 PFAS users

> 17,000 sites where PFAS 
contamination has been 
detected

> 2,100 hotspots

> 21,000 presumptive 
contamination sites

We can’t dig up 
or dewater 
Europe. 



PFAS – Possible Future Groundwater Remediation Scenarios 

• Scenario 1: 
Use pump and treat or in situ injection/emplacement of 
sorbents at all PFAS groundwater sites needing plume 
control

• Scenario 2: 

If "silver bullet" PFAS remediation technologies emerge

• Chlorinated solvent site remediation methods the 

early 2000s

• Still – so widespread; is it really going to be used 

everywhere? 

• Scenario 3: 

Implement triage approach: 

• Point-of-use treatment for large sites

• Improved pump and treat

• Enhanced Natural Attenuation



Adopt a sustainable remediation approach
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Pumping huge volumes, Landfill, 
Energy, Equipment, Transport, Cost

High ongoing carbon footprint

Enhanced Attenuation

(ISO 18504:2017) definition:

Sustainable Remediation is the

‘elimination and/or control of unacceptable risks
in a safe and timely manner whilst

optimizing the environmental, social and 
economic value

of the work.´

How should we treat PFAS?



Enhanced Attenuation of PFAS?!

But some PFAS don’t biodegrade?

Correct! (Maybe)

But Natural Attenuation doesn’t just 
mean biological degradation: 

• Diffusion  
• Volatilisation
• Sorption
• Chemical (abiotic) degradation 

Increase the ability of the aquifer to sorb PFAS (‘retention’)
=Enhanced Attenuation of the PFAS plume



Enhanced Natural Attenuation of PFAS?
Peak Shaving and Hysteretic Retention… 
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Peak Shaving: 

Following source treatment and the 
application of colloidal activated carbon, 
the plume will be subject to “hysteretic” 
retention processes: 

• Fast sorption and slow desorption 

• Result: decrease the mass discharge 
of the plume 

• Spreading it out over a longer period

• known as Peak Shaving  

Acceptable (Md)

Remediation Journal, Volume: 32, Issue: 4, Pages: 239-257, First published: 04 August 2022, DOI: 

(10.1002/rem.21731) 





Enhanced Natural Attenuation of PFAS – Sequestration 
Expectations 
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• No breakthrough if the 
source has been sufficiently 
treated 

• Never significant  
breakthrough for low flux 
plumes where source 
treatment is not possible

Acceptable (Md)

Reduces the concentration of PFAS as it 
discharges across a given area to 
acceptable limits 

Remediation Journal, Volume: 32, Issue: 4, Pages: 239-257, First published: 04 August 2022, DOI: 

(10.1002/rem.21731) 



Enhanced Attenuation

https://onlinelibrary.wiley.com/share/QZTYKVUAJYDCKAC92B8W?target=10.1002/rem.21731

https://onlinelibrary.wiley.com/share/QZTYKVUAJYDCKAC92B8W?target=10.1002/rem.21731


Colloidal Activated Carbon and PFAS



Colloidal Activated Carbon  
#CAC and PFAS

What Is It?

• Liquid activated carbon 
• Particle sizes 1 – 2 µm

• Suspended as a colloid in a polymer 
solution

• Distributes widely under low pressure
• No high-pressure fracturing is needed

• Provides extremely fast sorption sites
• Converts underlying geology into purifying filter

• Does not “washout” of the aquifer 

• Is non-toxic



• Risk = Hazard x Exposure

• CAC binds up PFAS in situ

• Reduces potential for downgradient 
exposure

• Reduces the risk

CAC: Reduces Risk of PFAS
Addressing PFAS Contamination in Groundwater



Considering the PFAS Source-Plume System 



Considering the PFAS Source-Plume System 

1. Soil –
vadose zone

2. Soil -
capillary fringe 

3. 
Groundwater 
- Source area

4. 
Groundwater -
Plume



Plume attenuates below Action 

Levels

Source Treatment = Enhanced Attenuation
Combine With Plume Treatment = Rapid Risk Removal

Discharge to groundwater now 

stopped/reduced

Injectable Permeable 

Reactive Barrier prevents 

PFAS egress



PlumeStop: Proven on PFAS Sites Worldwide
Addressing PFAS Contamination in Groundwater



Case Studies 

UK International Airports
6-Month PFAS Pilot Trial 
Full-Scale Results 



Injection Works 

PlumeStop Injection

Monitoring Well

Parking Agent Injection

Radius of Influence Test 

UK International Airport
Site Overview

Case Study



Results

In Barrier (0m) Downgradient (5m)Downgradient (3m)

Project goal: ‘betterment’ approx. 
>90% reduction in target 
contaminants PFOS and PFOA

PFOA/PFOS reduced to
< detection limits

96-99% reduction in SUM24 PFAS



Full-Scale 
Barrier 

104 no. injection points

76m extension of barrier 

2x upgradient monitoring 
locations

4x in “barrier wells” 

6x downgradient 
monitoring locations

PetroFix barrier  

Parking agent



Is the concept 
credible? 

Can it work in 
practice? 

Is the science 
sound?

Has the 
hypothesis been 
tested?

Are the results 
repeatable?
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studies
evaluating the in situ treatment of 
PFAS in groundwater.
Remediation. 2020;30:39-50. 
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Sustainability Comparison



Overview of Study
Ramboll

• Head of Circular Solutions and Climate Specialist team, 
Finland

PFAS Contaminated Airport, UK

• Immediately prevent/reduce offsite PFAS migration

• Source treatment to follow

Compare the Life Cycle Analysis for:

• In Situ Sorption and Retention Barrier
• Passive barrier of colloidal activated carbon (PlumeStop)
• Recently implemented at the site

• Ex Situ Pump and Treat
• Utilized granular activated carbon (GAC)
• Theoretical, best-practice design



Life Cycle Inventory Analysis

• Single injection round is scheduled.
• The design guarantees a minimum of 15 years of 

efficacy.
• There are 102 injection points.
• The length of the operation area is approximately 

110 meters.
• A total of 33,566 kilograms of PlumeStop is used.
• 1,590 liters of fuel is consumed for the injection 

process.
• There are 3 monitoring wells, each approximately 10 

meters deep.
• Environmental monitoring takes place twice a year.

PlumeStop Barrier



Scope of Assessment: Cradle to Grave

Methods/Software 

• ISO 14040:2006, ISO 14044:2006, ISO 14067:2018, PCR for Basic Chemicals

• GaBi 10 Professional, Sphera, Ecoinvent 3.8



Life Cycle Inventory Analysis

• Consensus achieved from 3 P&T designers.

• Fixed equipment installation is planned.

• Continuous operation for 15 years with a 95% uptime.

• There are 8 extraction wells, each approximately 8 meters deep.

• The design is to avoid excess draw-down resulting in vertical 

spread/smear.

• The pumping rate is about 98 liters per minute.

• The usage rate of GAC is approximately 24,040 kilograms per year.

• The adsorption capacity is 100 milligrams per kilogram.

• The electricity consumption is 960,000 kWh per year.

• Office O&M inspections occur 4 times per year.

• Around 1,590 liters of fuel is used for the installation process.

• There are 3 monitoring wells, each approximately 10 meters deep.

• Environmental monitoring takes place twice a year.

Extraction wells



Scope of Assessment: Cradle to Grave

Methods/Software 

• ISO 14040:2006, ISO 14044:2006, ISO 14067:2018, PCR for Basic Chemicals

• GaBi 10 Professional, Sphera, Ecoinvent 3.8



Carbon Footprint

>98% less 
carbon

carbon 
footprint = 

70 x smaller



Carbon Footprint

• GAC footprint most significant 

impact

• Assumes landfill
• Incineration in future

• Will increase impact

• Options to reduce or remove GAC?



Carbon Footprint

We also modelled Foam Fractionation (FF):

• Bubble/skim off PFAS

• Reducing GAC

• Increasing equipment/electricity

• In situ retention still 97.5% lower 
(carbon footprint = 40 x smaller)

• Changing treatment ≠ significant 
reduction

• Pumping alone = 1-2 Orders Of 
Magnitude increase in Carbon Footprint

• ANY filtration or destructive treatment 
technique only adds to this



• Pricing analysis by Ramboll

• Based on a 15-year treatment

• Costs at different times throughout

• Net Present Value:

CAC retention barrier = $1.608M

P&T with GAC = $4.039M

P&T with FF = $4.623M

Life Cycle Cost Analysis

61-65%
less



• A ‘Tier 2’ sustainability assessment was completed by using SURE by Ramboll (SURE).

• SURE is based on standards from ISO and ASTM, and aligned with the Sustainable Remediation Forum (UK) 
guidance.

• Linear-additive multi-criteria analysis (MCA) method and is designed to incorporate both qualitative and 
quantitative information.

• 15 sustainability indicators encompassing each sustainability domain weighted and scored

• Comparison remedial options

Reviewing other impact factors

84

43

43



• Remediation of a PFAS site should consider sustainability
• A way of ensuring the site is not managed in isolation

• Pump & Treatment has a carbon footprint for both components
• Pumping alone has a MUCH higher impact than in situ treatment

• ANY ex-situ Treatment will add to that impact

• Enhanced attenuation of PFAS through retention by CAC injection

• Effective and Sustainable approach to address a global pollution issue

Conclusion



Jack Shore 
Senior District Manager, UK and Scandinavia 
REGENESIS
jshore@regenesis.com
+44 7720 633930
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