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Most had never heard of “PFAS” until very recently, 
although they are a family of compounds found in 
many materials and many areas of commercial, 
industrial, and even household activity. The material 
has become of concern due to PFAS appearance 
in drinking water sources in some locations and 
the toxicity of the material. Attention has been 
directed at the product, product sources, and 
successful methods to treat and/or contain ground 
and surface waters contaminated with PFAS.

PFAS Background and Sources

PFAS is an acronym that describes long-chain 
per- and polyfluorinated alkylated (fluoroalkyl) and 
perfluorinated compounds including perfluoroalkyl 
carboxylates (PFCAs), perfluorooctanoate (PFOA), 
perfluoroalkane sulfonates (PFSAs), perfluorohexane 
sulfonate (PFHxS) and perfluorooctane sulfonate 
(PFOS). PFAS and PFOS are the species which are 
most common from contamination and regulatory 
content. For the purpose of the paper, the term 
“PFASs” will be used to be inclusive of all of these 
compounds, of which there are over 3000 identified.

PFASs have been manufactured and used widely 
in the US since the 1940s. As an additive, they 

imparted added resistance to water, grease, or 
stains and thus were used in clothing, packaging, 
and carpeting. One of the more concentrated 
uses was as an additive to aqueous firefighting 
foam (AFFF) which is used extensively at airports, 
both military and commercial. AFFF is typically 
found in areas where fuels are stored, including:

• Airports and aviation support facilities
• Military facilities
• Fuel terminals, on and offshore drilling, 

and petroleum handling facilities
• Municipal firefighting facilities
• Refineries and chemical plants

It tends to be found initially concentrated in the 
sources listed above. Figure 1 is an illustration 
of the areas in the US with the most heavily 
concentrated PFASs groundwater contamination.

AFFF consists of a blend of glycols, surfactants, 
and fluorinated surfactants which, when mixed 
with water, provide a liquid with interfacial tension 
that is essential to producing an aqueous film 
that extinguishes flames. A vapor barrier forms 
that separates the fuel from atmospheric oxygen, 
thus extinguishing the fire. The vapor barrier, 
or film, is the defining feature of the AFFF.

Figure 1. Hydrological Units 
With Detectable PFASs
Source: American Chemical 
Society, 2016
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The types of PFASs made in the US have changed 
to a more biodegradable version, although they also 
are of concern from a toxicity standpoint. Figure 
2 shows AFFF being deployed at an aviation fire 
training pit. These training containment areas are 
used at most airports or other aviation areas where 
fuel is deployed. Often designated a “fire training 
pit,” the training area is bermed or drained in a 
manner as to protect surface waters. Groundwater 
has not always been protected, however. In 
recent years, the FAA has suggested the use of 
an engineered containment system consisting 
of a drainage system protected with a secondary 
geomembrane. That allows for the containment 
of AFFF, fuel, and water which is conveyed to a 
treatment area of some sort. Figure 3 illustrates 
the FAA design guideline. The geomembrane would 
be in contact with PFASs, surfactants, and aviation 
fuels, and likely to see long-term primary contact.

Additionally, most aviation facilities collect 
stormwater from operation areas for testing with 
subsequent treatment and/or release. These 
facilities are geomembrane-lined and are also 
subject to weathering and diurnal temperature 
swings, in addition to the contact with PFASs, 
surfactants, and aviation fuels. Figure 4 illustrates 
an impoundment at a commercial airport in Texas.

Figure 2: AFFF Deployment at a Fire Training Facility
Source: Public Source, Pittsburgh

Figure 3. FAA Containment Guidance for Fire Training Facilities

Figure 4. Typical Geomembrane-Lined Impoundment to Hold Stormwater 
and Other Runoff From Airport Operations
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PFAS Chemistry

As stated earlier, PFAS is an acronym that  
describes long chain per- and polyfluorinated 
alkylated (fluoroalkyl) and associated compounds. 
The structure of the two most common types of the 
compounds, PFAS and PFOS, are shown in Figure 5.

Historically, PFASs were long-chain compounds  
and are now termed, “legacy.” Current manufactured 
PFASs are shorter chained, termed “modern.”  
The shorter chained compounds are more 
degradable but still toxic.

It is noted that the backbone chain consists of 
high levels of fluorine along with the carbon. The 
concerns with PFASs share some characteristics 
with polychlorinated biphenyls (PCBs) which at 
one time were a similar concern. Both are:

• Halogenated
• Persistent in the environment; bioaccumulative
• Essentially nondegradable
• Exhibit low volatility

A major difference, however, lies in the water 
solubility and thus transport mechanisms. 
PCBs are essentially water-insoluble (0.10–0.42 
mg/l) but much more soluble in hydrocarbon 
solutions. The primary transport mechanisms 
were essential through adhering to the soil. PCBs 
have long been eliminated from use, and for the 
most part, most major PCB pollution concerns 
have been remediated in North America.

PFASs are highly water-soluble (680 to 9500 mg/l 
depending on the species, with the acidic versions 
at the higher levels) and thus find their way into 
drinking water supplies. Traditional water treatment 
processes do not remove PFASs; Granular activated 
carbon processes have been the most studied 
process for removal of PFASs from drinking water, 
with ion exchange and reverse osmosis showing 
promise. All are proven technologies but are also 
expensive. Post-treatment levels required by state 
groundwater standards/guidelines range from 11 
ng/l to 1,000 ng/l for PFOA and PFOS, measured 
separately. For reference, 1 nanogram/l = 1 part 
per trillion. An analogy would be 1 part per trillion 
= 1 oz. in 7.5 billion gallons of water. Even very low 
levels of PFASs are considered a health hazard.

Figure 5. Structure of PFOA/PFOS
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Geomembrane Reactivity to PFAS Compounds

Geomembranes have been a favored technology 
for separation of liquids from subgrades 
for over 40 years. Compatibility with the 
stored or contained fluid is one of the most 
fundamental questions to be asked.

PFASs compounds, being persistent in the 
environment, have low reactivity and thus could 
be considered to be non-chemically aggressive. 
In fact, their stability, along with their high water 
solubility, is the biggest threat in the environment. 
Whether legacy long-chain PFAS/PFOS or modern 
PFAS, both demonstrate the same stability and 
mobility in the environment. So, containment must 
be highly cautious of the carrier which introduces 
the materials into the environment, that being 
the AFFF, which is a surfactant. Certain types of 
geomembranes are susceptible to cracking in the 
presence of surfactants and are not recommended.

Laboratory Studies

Laboratory immersion studies were performed with 
concentrated AFFF, brand name Aer-O-Water®C6 
3EM% AFFF. This product is routinely used in 
military and commercial firefighting activities. It has 
1–5% fluoroalkyl surfactants and 1–10% synthetic 
detergent. Other Components are as shown in 
Figure 6. Based on this SDS description, the product 
contained at least 1% or 10,000 mg/l of PFASs.

The geomembrane product most likely to withstand 
the PFASs coupled with the surfactants was the 
XR-5® Geomembrane. XR-5 is a fabric reinforced 
ethylene copolymer that is used extensively in 
airport operations including fire training pits, 
deicing containment, and fuel containment.

8' x 10" samples of XR-5 were placed in a covered 
bath of the 3% AFFF in a laboratory environment at 
a constant room temperature, as shown in Figure 
7. The samples were not conditioned or protected 
in any manner, and the raw edges of the membrane 
were left exposed which best simulated field 
conditions. Any loss of product during the immersion 
period was supplemented with additional AFFF.

Figure 6. Components of Aer-O-Water®C6 3EM% AFFF 

Figure 7. Immersion Baths 
for AFFF-Geomembrane 
Compatibility Testing
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Samples were removed after 30, 60, 90, 180, and 
365 days, and subjected to visual inspection along 
with destructive testing. Physical parameters 
are indicative of the long-term stability of a 
geomembrane. Reactivity is readily noticeable 
and is seen in progressive deterioration of 
properties such as tensile and continuing weight 
change. While the immersion liquid contained 
high levels of PFASs, it also contained high levels 
of surfactants so any cracking or attack would 
also be noticeable. This bench scale testing was 
designed to simulate, as possible, field conditions.

Figure 8 illustrates changes in physical properties 
over the 12-month testing period. The test 
methods employed are shown in Figure 9.

Some variation is always anticipated due to normal 
adsorption and laboratory variation. However, 
all tested parameters indicate stability, which is 
a long-term positive indicator of compatibility. 
Additionally, the tested samples had no indication 
of a chemical attack, cracking, or any changes.

This laboratory study was discontinued at 365 
days; compatibility is virtually assured after that 
length of contact with no appreciable changes. 
This constant stability indicates this geomembrane 
is suited to long-term containment of AFFF, 
consisting of high levels of PFASs and surfactants. 

While this study was conducted at ambient 
temperature, the XR-5 is UV and thermal stability, 
indicating no effect would be observed at naturally 
climatically induced elevated temperatures.

Conclusions

PFASs contamination is present in the environment 
and will require containment and management 
for the foreseeable future. Because of its mobility 
in ground and surface waters, designers must 
be cautious about selecting treatment methods 
and incorporating containment barriers that 
ensure the success of isolation. The use of a 
proven compatible geomembrane such as the 
XR-5 ethylene copolymer provides assurance 
of containment of PFASs-contaminated waters 
for designs geared toward isolation, toward 
containment or retention in treatment processes.

Figure 8. Compatibility Testing of XR-5 Geomembrane With AFFF

Property Test Method

Weight Change ASTM D751

Strip Tensile ASTM D751 Procedure B

Elongation (Strip Tensile) ASTM D751

Trapezoidal Tear ASTM D4533

Figure 9. Test Methods for PFAS—Geomembrane Evaluation 
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