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Per- and polyfluoroalkyl substances 
(PFAS) have received intense 
focus over the past few years due 

to the discovery of their presence in 
drinking water supplies. These largely 
unregulated chemicals have properties 
that suit a wide range of industrial and 
consumer applications, from firefighting 
materials to food packaging. However, 
these same properties have promoted 
the migration and persistence of PFAS 
in the environment. A growing number 
of these chemicals are found to be 
bioaccumulative and toxic, yet for a 
clear majority of perfluoroalkyls, little 
is known. Fortunately, the body of 
knowledge on this class of chemicals 
is rapidly expanding due to growing 
scrutiny from health agencies, 
utilities, and the public. While the U.S. 
Environmental Protection Agency (EPA) 
has established health advisories for 
perfluorooctanoic acid (PFOA) and 
perfluorooctanesulfonic acid (PFOS), no 
federal regulations currently exist for 
these compounds. Several states have 
implemented more stringent guidelines 
and, in some cases, maximum 
contaminant levels (MCLs), resulting 
in the need for treatment systems to 
remove these compounds. 

PFAS 101:  
An Introduction 

to Per- and 
Polyfluoroalkyl 

Substances

Firefighters from the 182nd Civil Engineer Squadron combat a jet fuel fire on May 13, 2013 at the 182nd Airlift Wing 
in Peoria, IL. Past use of aqueous film-forming foams to combat liquid fuel fires is believed to have contributed to 
PFAS contamination of water supplies surrounding multiple military installations across the United States.

By Dustin Mobley, Black & Veatch

PFAS Chemistry
PFAS are a class of synthetic 
chemicals that are used in the 
manufacture of many industrial and 
consumer products. PFAS consist of 
a carbon chain (alkyl) that is highly 
substituted with fluorine atoms and 
contains other functional groups, 
such as ethers, carboxylates, and 
sulfonates. Basic structures for 
several different PFAS are shown  
in Figure 1. 

The carbon-fluorine bonds make 
the carbon chain section of per- and 
polyfluorinated molecules very 

stable, oil- and water-repellant, and 
resistant to heat and degradation. 
Consequently, this feature is what 
prevents PFAS compounds from 
naturally breaking down in the 
environment. Opposite the fluorinated 
carbon chain is a functional group 
that provides other useful properties 
to the compound, such as adhesion 
or solubility. Substitution of different 
functional groups allows the stable 
carbon-fluorine bonds to be utilized 
for many different applications, 
including coatings, surfactants, and 
dispersants, as shown in Figure 2. 

FIGURE 1: Structures of select PFAS.
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PFAS History 
PFOA and PFOS are considered 
legacy PFAS since they were of the 
first perfluoroalkyls introduced and 
have persisted in the environment.

The production of PFAS started 
in the 1940s with the invention 
of Teflon®, generically known as 
polytetrafluoroethylene (PTFE). The 
1950s and 1960s saw expanded use 
of PFAS, including the invention of 
Scotchgard® and Zonyl®. The history 
of their evolution and use in industry 
since then is difficult to follow due to 
their proprietary nature. 

Problems with PFAS contamination 
became apparent as early as 1984, 
when the compounds were discovered 
in drinking water supplies near a 
manufacturing facility in West Virginia. 
Then, in 1998, 3M reported that two 
long-chain legacy PFAS – PFOA and 
PFOS – had been discovered in human 
blood bank samples worldwide. Since 
then, manufacturers have worked to 
phase out the use of these legacy PFAS 
but, in most cases, have developed new 
short-chain PFAS with similar proper-
ties to replace them. The development 
of these short-chain PFAS has 
compounded the problem of managing 
their presence in the environment. 

Today, there are thousands of PFAS 
used worldwide. For most of these 
compounds, little information is avail-
able, including their identity. Methods 
for measurement of these compounds 
are even scarce. At present, standard-
ized and validated analytical methods 
for measurement exist for only 16 
compounds and in only one matrix – 
drinking water (EPA Method 537.1). 

Their use, however, has resulted in 
the pervasion of PFAS in the environ-
ment and in humans. PFAS are now 
commonly detected in human popula-
tions at parts per trillion (ppt) levels and 
have been found in animals in remote 
locations far from industrial sources. 
The properties that make PFAS useful 
in industry are the same properties 
that promote their migration and 
persistence in the environment,  
resulting in contamination of our 
drinking water sources. 

Contamination Extent  
and Mechanisms
The EPA, as part of the Third 
Unregulated Contaminant Monitoring 
Rule (UCMR 3), performed a survey 
of drinking water supplies across the 
nation for six perfluoroalkyl substances 
using EPA Method 537. Under UCMR 
3, PFAS was not detected in any public 
water supply systems in Missouri. 
However, the minimum reporting levels 
for PFAS detections in UCMR 3 were 
relatively high (e.g., 20 ppt for PFOA 
and 40 ppt for PFOS), and Method 537 
is capable of reliably measuring PFAS 

concentrations at much lower levels. 
It is also suitable for measurement of 
14 different PFAS compounds. Thus, 
a repeated survey may yield different 
results in the future if more PFAS 
compounds are included and lower 
reporting limits are used. 

A map showing the extent of known 
PFAS contamination in the United 
States is shown in Figure 3.

Three major sources have 
contributed to PFAS contamination  
in the United States: 
1. Aqueous Film-Forming Foams  

The use of aqueous film-forming 
foams (AFFF) at military bases, 
airports, and firefighting schools 
for suppression of flammable liquid 
fires has led to the contamination 
of surrounding water supplies. PFAS 
have traditionally been used as a 
primary ingredient in these foams 
for their surfactant properties. 
Runoff from the use of AFFF, if not 
contained, can migrate through the 
soil and contaminate nearby aquifers 
and surface waters (see Pease, NH; 
Leavenworth, KS; and Fountain, CO).

2. PFAS Manufacturing 
Manufacturing sites where PFAS 
are used in production, such as in 
the manufacture of PTFE, are often 
a source of contamination due to 
air and wastewater emissions. Two 
prominent cases are communities 
near Merrimack, NH and along the 
Cape Fear River in North Carolina, 
both of which have been affected by 
industrial emissions. 

FIGURE 2: Applications for PFAS include 
aqueous film-forming foams, cookware, 
cosmetics, paints and inks, oil recovery, 
oil- and water-resistant coatings, food 
packaging, and medical equipment

FIGURE 3: Known PFAS contamination in the United States.
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3. Landfill Disposal  
Landfill disposal of PFAS-laden 
waste is another potential source of 
contamination. These chemicals end 
up in runoff and leachate and can 
penetrate some landfill liner systems 
(see Rockford, MI and Washington 
County, MN). 

Health Effects
Little is known about most of the 
thousands of fluorinated chemicals 
in the environment today. Studies 
evaluating the health effects of 
PFAS are even more limited. Two 
perfluoroalkyls that have been most 
heavily researched are PFOA and PFOS. 
A draft toxicological study released 
in June 2018 by the Agency for Toxic 
Substances and Disease Registry 
(ATSDR) lists 489 total health effects 
studies on PFOA and PFOS, compared 
to only 127 studies for the 12 other 
PFAS combined. 

From those studies, it is known that 
perfluoroalkyls are readily absorbed 
through ingestion, inhalation, and 
dermal exposure. They are also known 
to be transferred to the fetus during 
pregnancy and to nursing infants, 
making them the most susceptible to 
PFAS contamination. 

Once absorbed, perfluoroalkyls 
persist in the body and bioaccumulate 
since they are poorly metabolized. 
Some perfluoroalkyls exhibit half-lives 
of eight years in the human body. 
Generally, longer-chain perfluoroalkyls 
exhibit longer half-lives and greater 
toxicity in humans than short-chain 
types, although functional groups are 
also a factor in PFAS bioaccumulation. 

The ATSDR study suggests the 
following health effects are associated 
with PFAS exposure:
• Testicular and kidney cancer.
• Pregnancy complications.
• Liver damage.
• Increased risks of asthma, thyroid 

disease, infertility, and high 
cholesterol. 

Regulatory Efforts
To date, PFAS have avoided significant 
regulatory oversight and remain 
unregulated at the federal level due 
in large part to the lack of sufficient 
studies on their health effects. 
However, the issue is receiving greater 

attention from regulatory agencies. 
In 2016, the EPA established health 
advisory levels for both PFOA and 
PFOS of 70 ng/L, measured individually 
or combined. In May 2018, the EPA 
held a PFAS National Leadership 
Summit to collaborate with other 
federal and state agencies and 
committed to four actions:
1. Initiate steps to evaluate the  

need for MCLs for PFOA and PFOS. 
The EPA will convene federal 
partners and examine everything 
known about PFOA and PFOS in 
drinking water.

2. Propose the designation of PFOA 
and PFOS as “hazardous substances” 
through one of the available 
statutory mechanisms, including 
potentially CERCLA Section 102.

3. Develop groundwater cleanup 
recommendations for PFOA and 
PFOS at contaminated sites.

4. Develop toxicity values 
for GenX chemicals and 
perfluorobutanesulfonic acid (PFBS). 

Promulgation of federal drinking water 
standards (Action 1) and designation 
as hazardous substances (Action 2) for 
PFOA and PFOS will certainly impact 
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both industry and utilities. Draft toxicity 
values for GenX chemicals and PFBS 
(Action 4) were released by the EPA 
in November 2018, but those values 
have not been converted into values 
that represent safe concentrations in 
drinking water. 

Multiple states have issued more 
stringent guidelines than the health 
advisory levels established by the EPA. 
Guidance and regulations passed by a 
few select states are shown in Table 1.

Treatment Methods
There is no one-size-fits-all approach 
to addressing PFAS contamination 
in drinking water supplies. Many 
complexities must be considered when 
determining the appropriate solution, 
such as state and local guidance and 
regulations, water source, scope of 
contamination, existing treatment, 
types and concentrations of PFAS 
present (known and unknown), and 
background water quality. 

In some cases, making changes to 
the water supply is the best option, 
especially with groundwater supplies, 
where only a few wells may be 
contaminated. Alternatives include 
securing new water sources (i.e., by 
drilling new wells, relocating raw water 
intake, or through water purchasing), 

Guideline/Limits (ng/L) GenX PFBA PFHpA PFOA PFNA PFBS PFHxS PFOS

U.S. EPA 70a 70a

California

Connecticut 70b 70b 70b 70b 70b

Maine

Massachusetts 70b 70b 70b 2,000 70b 70b

Minnesota 7,000 35 2,000 27 27

New Jersey 14 13c 13

North Carolina 140

Vermont 20b 20b 20b 20b 20b

TABLE 1: Select state guidelines and MCLs for PFAS.

Legend
a. The concentrations of PFOA and PFOS measured individually or combined.
b. The concentrations of PFHpA, PFOA, PFNA, PFHxS, and PFOS measured individually or combined.
c. Promulgated MCL.

PFBA: pentafluorobenzoic acid
PFHpA: perfluoroheptanoic acid 
PFNA: perfluorononanoic acid
PFHxS: perfluorohexanesulphonic acid

and blending supplies. A combination 
of these options can be applied to 
reduce PFAS concentrations below 
health limits. 

Treatment for removal of PFAS can 
be applied locally, such as at a single 
wellhead, or centrally, where an entire 
supply system is impacted. Commonly 
applied treatment technologies include 
granular activated carbon (GAC), ion 
exchange resins, and reverse osmosis. 
Each technology has advantages and 
limitations that must be considered in 
its application.

Adsorption Technologies
GAC and Ion Exchange
GAC and ion exchange resins are 
adsorbents with a long history of 
use in water treatment. GAC has an 
affinity for a broad range of organics, 
including PFAS. Ion exchange 
resins come in several forms and 
some single-use resins have been 
specialized to target PFAS removal. 
Thus, ion exchange resins are less 
susceptible to the presence of 
other organics, such as total organic 
carbon. Each can be effective, 
depending on PFAS concentrations 
and treatment goals. Both have 
a limited capacity for adsorption, 
however, and are susceptible to 

types and concentrations of PFAS. 
Generally, these adsorbents are 
more effective at removal of long-
chain PFAS, for which they exhibit a 
higher affinity than short-chain PFAS. 
Once exhausted, adsorbents must 

FIGURE 4: Pilot skids for GAC (left) and 
ion exchange (right).
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be replaced with virgin or reactivated 
media. Media replacement frequency 
and costs are important aspects 
that should be considered during 
technology selection. A pilot study 
should be performed prior to full-scale 
implementation of either technology 
to determine effectiveness at meeting 
treatment goals and to evaluate the 
cost of treatment. 

Reverse Osmosis
Reverse osmosis has also been 
applied for PFAS removal, although 
not as widely. Some studies have 
shown high rejection (> 95%) of PFAS, 
making the technology potentially 
advantageous for sources with 
high concentrations. Per gallon of 
treatment capacity, reverse osmosis 
has a higher installation cost. The 
technology typically requires about 
15% more raw water, generates a 
concentrated waste stream, and often 
requires pre- and post-treatment. 
However, reverse osmosis can have 
lower overall operating and life cycle 
costs in comparison to GAC and ion 
exchange technologies when frequent 
media replacement is required for 
high concentrations of PFAS. Careful 
consideration should be given to 
water quality and piloting prior to 
selection of reverse osmosis as a PFAS 
removal technology.

Dustin Mobley, PE is 
a process engineer in 
the Water Technology 
Group at Black & 
Veatch. He has  
12 years of experience 
in the evaluation 

and design of water, wastewater, and 
produced water treatment processes 
for oil and gas, power, and municipal 
water treatment clients. He has 
worked on water treatment systems 
involving filtration, softening, GAC 
adsorption, ion exchange, and reverse 
osmosis for high-purity steam cycle 
makeup and municipal drinking 
water. Most recently, Mr. Mobley has 
been involved in pilot testing and 
full-scale design of activated carbon 
and ion exchange technologies for 
the removal of PFAS from drinking 
water. He holds a Bachelor of Science 
in Chemical Engineering from the 
University of Florida. 




