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ABSTRACT 
Poly- and perfluoroalkyl substances (PFAS) are persistent environmental contaminants known as "forever 
chemicals" due to their resistance to degradation. Their widespread use in industrial applications has 
resulted in significant contamination of water sources, landfill leachates, and human populations. Traditional 
landfill containment systems, such as HDPE geomembranes, are insufficient to prevent PFAS migration 
due to their high mobility in water and diffusion-driven transport. This study explores the application of active 
geocomposites incorporating ion-exchange resins as an innovative solution for PFAS containment in 
landfills. Laboratory experiments demonstrate over 99% PFAS removal within 240 minutes of exposure, 
with minimal desorption (<0.02%) over two months. Flow-through trials show effective containment, with 
PFAS breakthrough occurring only after 635 µg/g resin sorption capacity was reached. These findings 
highlight the potential of active geocomposites as a scalable and sustainable approach for mitigating PFAS 
contamination in landfill environments. Future research should focus on field-scale implementation, long-
term performance evaluation, and optimization for multi-contaminant interactions. 
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1 INTRODUCTION  

Poly- and perfluoroalkyl substances (PFAS) 
have emerged as a significant environmental 
challenge due to their widespread use, persistence, 
and adverse effects on human health and 
ecosystems. Commonly referred to as “forever 
chemicals,” PFAS are highly resistant to heat, 
stains, grease, and water, making them 
indispensable in various industries, including 
medical devices, food packaging, textiles, 
cosmetics, and firefighting foams. However, their 
exceptional stability also makes them highly mobile 
in water, allowing them to travel vast distances from 
their point of release without breaking down 
naturally in the environment. 

The pervasive use of PFAS-containing products 
has resulted in global contamination, with traces of 
these compounds found in landfill leachates, 
industrial wastewater, surface water, and even 
human blood. Due to their hydrophobic and 
lipophobic nature, PFAS compounds exhibit unique 
transport characteristics compared to other 
persistent organic pollutants (POPs) such as 
polychlorinated biphenyls (PCBs) and dioxins. 
Their extensive use and environmental persistence 
have led to their bioaccumulation, raising concerns 
about long-term health effects. 

2 CHALLENGES IN PFAS MANAGEMENT 

Recent studies in Australia, including 
assessments of sewage treatment plants (STPs) in 
Melbourne, have revealed elevated concentrations 
of PFOS, PFOA, and PFHxS—compounds that 
have been linked to immune system impairment, 
endocrine disruption, and developmental toxicity. 
The half-life of PFAS in the human body varies 
significantly, with PFOS and PFOA persisting for 
over 1,000 days, raising concerns about long-term 
bioaccumulation and toxicity. 

A significant concern is the management of 
PFAS-laden landfill leachates. Traditional landfill 
liner designs, which typically rely on 2 mm HDPE 
geomembranes, are designed to minimize leachate 
leakage rates. However, studies indicate that PFAS 
migration is primarily diffusion-driven, meaning that 
even intact geomembranes cannot provide long-
term containment. Additionally, defects in landfill 
liners can accelerate PFAS breakthrough, leading 
to groundwater contamination within 8 years of 
landfill operation. 
Given these challenges, standard landfill 
containment systems may not be adequate to 
prevent PFAS migration into surrounding 
environments. Stricter regulatory frameworks are 
pushing landfill operators to adopt enhanced 
containment solutions to minimize PFAS leaching 
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and reduce long-term environmental impact. 

CURRENT PFAS REMEDIATION 
TECHNOLOGIES 

Existing remediation strategies for PFAS-
contaminated soils and leachates can be 
categorized into three main groups: 

1.Mobilization Methods (e.g., soil washing and 
flushing) – Effective for removing PFAS from 
contaminated soils, but high operational costs and 
large volumes of contaminated wastewater are key 
limitations. 

2.Immobilization Methods (e.g., activated 
carbon and anion-exchange resins) – These 
technologies trap PFAS within filter media, 
reducing mobility, but long-term stability and 
potential for leaching remain concerns. 

3.Destruction Methods (e.g., thermal 
degradation and ball milling) – Can effectively break 
down PFAS molecules, but high energy 
consumption and generation of hazardous 
byproducts limit large-scale applications. 

Among these strategies, sorption-based 
technologies using ion-exchange resins have 
demonstrated high efficiency in removing PFAS 
from landfill leachates. However, optimizing long-
term stability and preventing desorption remains a 
key challenge. 

4.Innovative Solutions: Active Geocomposites 
for PFAS Containment 

A promising alternative to traditional PFAS 
remediation methods is the use of active 
geocomposites as reactive barriers for landfill 
containment. Unlike conventional landfill liners, 
geocomposites integrate a reactive sorbent layer 
that can capture and immobilize PFAS in the event 
of liner defects. 

These active geocomposites are composed of 
two geotextile layers encapsulating an anion-
exchange resin, a highly selective sorbent for PFAS 
removal.  

Fig. 1. Geocomposite with anion-exchange resin 

 

The primary mechanism of removal is anion-
exchange, where PFAS molecules are chemically 
captured by the resin, resulting in near-complete 

removal (over 99%) within the first 240 minutes of 
exposure. 
Flow-through experiments conducted on 
geocomposites containing ion-exchange resins 
revealed high PFAS adsorption rates, with minimal 
desorption (less than 0.02%) even after two months 
of exposure. The estimated PFAS sorption capacity 
of the resin was 529–635 µg/g, depending on 
contact time and initial PFAS concentration. 
 

PERFORMANCE EVALUATION AND FIELD 
APPLICATIONS 

Laboratory-scale flow-through experiments 
demonstrated that active geocomposites 
significantly enhance landfill leachate management. 
Key findings include: 

•PFAS breakthrough was delayed, with 
maximum removal efficiency observed at hour 15 
(99% removal for PFHxS, 97% for PFOS). 

•Breakthrough occurred at 635 µg PFAS/g resin, 
confirming that resin saturation must be managed 
for optimal performance. 

•Short-chain PFAS compounds (PFBA, PFBS) 
exhibited high adsorption rates, despite  
competitive sorption effects. 

Given these findings, active geocomposites 
offer a scalable and cost-effective solution for PFAS 
containment in landfills. 

3 CONCLUSION 

As PFAS contamination continues to challenge 
landfill operations, the development of advanced 
geosynthetic materials such as active 
geocomposites provides a sustainable and 
effective approach to long-term containment. This 
research underscores the critical role of innovative 
sorbent technologies in mitigating PFAS migration 
and protecting groundwater resources from 
contamination. Future research should focus on 
scaling up laboratory findings to full-scale landfill 
applications while refining installation methods and 
quality control protocols to ensure long-term PFAS 
removal efficiency. 
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