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This publication is part of a series titled Contaminants in the
Urban Environment. This series is intended to give state and
local government officials, soil scientists, consulting engineers,
extension agents, and citizens (1) a basic understanding of
the occurrence, toxic effects, and source of various contami-
nants in the environment and (2) guidance on ways to protect
human and environmental health.

Introduction and Purpose

Perfluoroalkyl substances (PFASs) are also known as
perfluorochemicals (PFCs). Understanding the existence

of PFASs in the environment is important because they are
the most widespread and persistent manmade chemicals

on earth. Some of the most common products that

contain PFASs are Teflon pans, non-stick cookware, rain/
waterproof jackets (like Gore-Tex), fire-fighting foams, food
packaging, carpets, and furniture fabrics. PFASs stay in the
environment for a long period of time. Long environmental
residence time means that, like other persistent chemicals
(such as DDT), PFASs can accumulate in organisms to
levels that cause harmful effects.

PFASs are present in many environmental matrices, such
as water, sediments, and wildlife (Houde et al. 2011). They
are toxic (harmful) to vertebrates such as fish, birds, and
mammals at certain concentrations. Two PFASs—perfluo-
rooctanoic acid (PFOA) and perfluorooctanoic sulfonate
(PFOS)—are so widespread that they are believed to be

present in the blood, breast milk, kidneys, and liver of every
person (Kannan et al. 2004).

The many existing types of PFASs are grouped according
to how many carbons are present in the structure. For the
scope of this fact sheet, the focus is on the most commonly
found PFASs in the environment, such as PFOA and PFOS
(which are linear perfluoroalkyls that have 5 to 14 carbon
atoms).

Some researchers state that adverse effects of PFASs on

the general human population are very unlikely due to

the low levels of exposure (Stahl et al. 2011). For example,
general population exposure can be 100 times lower

than the occupational exposures at the workplaces where
PFASs are manufactured and added to products (Olsen

et al. 1999). However, toxicological work on laboratory
animals indicates that PFASs can cause potential effects

on development (growth) (Du et al. 2009), reproduction
(Oakes et al. 2004), and suppression of the normal immune
response (Yang et al. 2002). Moreover, PFASs are potential
carcinogenic (cancer-causing) compounds (Jacquet et al.
2012). Therefore, we need to know the sources and toxicity
potential so we can find ways to protect ourselves and
environment from PFASs.

The purpose of this document is to discuss the occurrence,
use, exposure, and potential deleterious (i.e., harmful)
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effects of PFASs to humans and the environment, and to
suggest options to reduce PFASs exposure.

What Are Perfluoroalkyl
Substances?

Perfluoroalkyl substances are manmade organic chemicals
formed by a carbon backbone where all the hydrogen atoms
are replaced with fluorine atoms (Figure 1). Hundreds of
types of PFASs exist, some with short backbones (fewer
than five carbon atoms) that tend to volatilize (evaporate).
Others are more stable (they do not evaporate) and have a
long chain (5 to 14 carbons) like PFOS and PFOA. More
stable PFASs are widespread in the environment, because
they do not degrade.
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Figure 1. Chemical structure of perfluorooctanoic acid (PFOA)
Credits: Ignacio A. Rodriguez-Jorquera, UF/IFAS

The presence of the carbon-fluorine bond gives PFASs
extraordinary stability over a wide heat range and chemical
stability, as this bond is considered the strongest single
bond in organic chemistry. Therefore, it is not surprising
that PFASs do not break down and are extremely persistent
in the environment.

What Are the Sources of PFASs in
the Environment?

A few of the most well-known sources of PFASs are Teflon
pans and non-stick cookware (Figure 2). PFASs have both
hydrophobic (water-hating) and hydrophilic (water-loving)
ends and are used to resist stains in products such as
Scotchgard. Many products—clothing, rain/waterproof
jackets (like Gore-Tex), fire-fighting foams, food packaging,
carpets and furniture fabrics, and pesticides—also contain
PFASs. Automobile, aerospace, and electronics industries
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use PFASs because of their excellent surfactant properties
such as reducing friction and improving the efficiency of
engines.

Figure 2. Examples of common sources of perfluoroalkyl substances
in the environment. Clockwise from top left: (1) non-stick pan, (2)
waterproof textile, (3) fire-fighting foam, (4) food wrap papers.
Credits: iStock/Thinkstock.com (non-stick pan, waterproof textile, and
fire fighting foam)/Digital Vision/Thinkstock.com (fast food)

The production of the main PFASs in the United States has
been on decline since 2002 because 3M Company, the main
manufacturer of PFOS, completed a voluntary phase-out.
Another PFAS called PFOA is now produced in reduced
amounts and being completely phased out in 2015. How-
ever, other PFASs are imported and used for specific limited
uses. PFOS and PFOA can be produced as byproducts of
their parent compounds through degradation, and these
byproducts are present in many products. So although
phasing out is good to eliminate future sources, it does not
mean they will be completely gone. Like other persistent
contaminants such as DDT and PCBs, the legacy of PFASs
may be with us for some time to come.

Why Are PFASs Widespread in the
Environment?

PFASs are widespread because they are used in many daily
life applications. They are released to the environment (1)
indirectly as a result of environmental degradation of par-
ent compounds that are now widespread in human usage
and/or (2) directly through manufacturing and consumer
products (Prevedouros et al. 2005).

The two main PFASs, which are PFOS and PFOA, are found
in the environment because they do not degrade or convert
to other compounds (Ahrens 2011; Gladysz and Jurisch
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2012). Thus, like many other human-made contaminants,
PFASs end up in soil and water bodies. The occurrence
and behavior of PFASs in the lakes, streams, and rivers are
recognized as an emerging issue of concern.

The impact of PFASs on wildlife has not yet been estab-
lished. However, PFASs have been detected in many types
of wildlife living in remote areas, such as polar bears in

the Artic and marine birds in the Antarctic (Houde et al.
2011). Since PFASs mostly originate in urban locations, it
is not surprising that the water bodies in urban areas tend
to have higher occurrence of PFASs. Thus, we expect that
aquatic organisms in urban water bodies are more prone to
accumulate PFASs and to exhibit any potential deleterious
effects.

Because vertebrates (including humans) cannot metabolize
PFOS and PFOA (Stahl et al. 2011), it is very difficult and
slow for the human body to get rid of these compounds.

It is estimated that humans need about three years to
eliminate half of the PFASs concentrations present in the
body (Olsen et al. 2007).

How Can You Be Exposed to
PFASs?

You can be exposed to PFASs via oral, dermal, or inhalation
routes. Oral uptake results in rapid and almost total (95%)
assimilation in the body (Kudo and Kawashima 2003).
Considering the popularity of the products that contain
PFASs, the most common exposure routes for humans are
food, cookware, water, and household dust, as shown in
Figure 3 (Stahl et al. 2011).

Oral Intake: In adults, the exposure to PFOA and PFOA
can occur from the food grown in PFAS-contaminated

soil (e.g., potatoes, corn, and wheat) and from consump-
tion of fish, meat, or milk (Stahl et al. 2011). Transfer of
PFASs from food that has been in contact with paper and
cardboard treated with PFASs (for impermeability) has
been also reported, as well as the transfer from non-stick
cooking utensils (Stahl et al. 2011). Exposure from drinking
water and other aquatic sources are very important sources
of exposure. For instance, fish and water account for 90% of
total dietary PFOS exposure in humans (Stahl et al. 2011).

PFASs may also enter the body due to the ingestion of dust
from the household products that contain PFASs, such as
carpets, shoes, furniture, or textiles (Stahl et al. 2011). The
estimation of this exposure is difficult because there are a
large number of products that contain PFASs. Some authors
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consider this route negligible as compared to food intake
(Stahl et al. 2011).

Presence of PFOS and PFOA in breast milk has been dem-
onstrated from studies in several countries. Postnatal (after
the birth) exposure for infants can be especially significant
from the breast milk in Western and highly industrialized
countries (Fromme et al. 2009).

Dermal Intake: Studies performed in rodents suggested
that the dermal intake of PFASs is possible but less relevant
by comparison with the oral route.

Inhalation Intake: Insufficient data are currently available
with regard to PFASs intake via inhalation, so the amount
of PFASs that enters the body through inhalation cannot be
stated. It is clear that household dust can contain fairly high
amounts of PFASs (Kato et al. 2009). Nevertheless, studies
that used models to estimate this exposure determined that
inhalation intake is the least probable route of exposure,
being 100 times less than the oral intake.
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Figure 3. Diagram of routes of exposure for PFASs
Credits: Ignacio Rodriguez-Jorquera, UF/IFAS

What Are the Effects of PFASs on
Animal and Human Health?

Negative effects of PFASs on laboratory animals—from
short-term (acute) exposures of high concentrations and
from long-term (chronic) and low-concentration expo-
sures—have been reported. Studies in humans are limited
to relationships between diseases/behavior problems and
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relatively high concentrations of PFASs in blood, but the
available studies remain insufficient to declare PFASs as the
cause of diseases in humans. Nevertheless, some evidence
suggest that PFASs could alter thyroid hormones levels (key
hormone for metabolism regulation) in pregnant woman
and infants (Wang et al. 2014).

In general, various effects—including the alteration of lipid
(fats) metabolism, changes in the thyroid and immune
system, developmental effects, and hormonal effects—have
been determined in different classes of laboratory and
wildlife animals (Liu et al. 2007). In laboratory animals,
PFASs can perturb lipid metabolism and transport, with
contrasting findings related to the ability of PFASs to
increase or reduce cholesterol levels in plasma.

Interestingly, researchers have associated high levels of
cholesterol in human blood with high level of PFASs
(Eriksen et al. 2013), but the mechanism by which these
two variables are connected is unclear. With simple associa-
tions being the only evidence, it is not possible to assume
that PFASs are causing the harmful effect.

Cancer has been observed in the liver, reproductive organs,
and pancreas in laboratory animals chronically exposed to
PFOS (Stahl et al. 2011). In rats exposed to PFASs during
pregnancy, developmental effects such as reduced weight at

birth and reduced number of live births have been reported.

Recently, the effects on nervous system (neurotoxicity) and
behavioral changes (hyperactivity) have been added to the
list of deleterious effects caused by PFASs in lab animals
(Mariussen 2012).

What Are the Impacts of PFASs on

the Environment?

The potential deleterious effects caused by PFASs on
wildlife animals and aquatic biota include estrogenicity
(feminization), alteration of sex hormone production,
reduced egg production in fish, alteration of testicular
architecture, depression of the immune system, and toxic
effects on liver (Houde et al. 2011).

Aquatic systems (such as lakes, streams, rivers, and estuar-
ies) are particularly vulnerable to PFAS contamination.

For example, wastewater treatment plants (WWTPs) are
not able to reduce or remove PFASs in water or activated
sludge (biosolids). In fact, due to the transformations of
PFAS precursor compounds by bacteria in the WWTPs, the
concentrations of PFASs in outgoing wastewater are actu-
ally elevated compared with incoming sources. Deleterious
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effects of PFASs have been observed in several aquatic
organisms from invertebrates to fish.

Recently, researchers found that one type of volatile PFASs,
the perfluoro tributylamine (PFTBA), can contribute to
global warming because in the atmosphere this compound
can hold more heat than carbon dioxide (CO,). Further, the
inherent persistence of PFASs makes their contribution to
global warming greater than CO, because PFASs stay in the
atmosphere for a longer period of time (Hong et al. 2013).

Best Practices to Protect Yourself
and the Environment from PFAS
Exposure

o The best way to protect yourself is to reduce the potential
exposure to PFASs as much as possible. First, not buying
the products that contain PFASs is an option. For ex-
ample, cooking implements and pans that do not contain
PFOA are available on the market. Second, reducing the
consumption of food or the use of products containing
PFASs might also lower the risk of exposure.

o Reduce the consumption of prepared food. For example,
microwave popcorn or pizza has been listed as a signifi-
cant source of PFASs because the interior coating of the
packages contains PFASs.

« Avoid buying clothing and furniture products labeled as
stain resistant, since most of these contain PFASs.

« Recently, the EPA (2010) issued drinking water provi-
sional health advisories of 0.4 ug/L PFOA and 0.2 ug/L
PFOS, as these have been found in some drinking water
samples in the country. Thus, consumers may want to
use carbon-filtered water to avoid potential exposure to
PFASs from drinking water.

By reducing the use of products containing PFASs, you
will also be helping to reduce amounts of these chemicals
in the environment since domestic use of products is the
main source of PFASs in the environment. The breakdown
of products containing PFASs is also a source of these
contaminants in the environment, such as in dust, water
(from your home to rivers and streams, since WWTPs
cannot remove them), and soils.

Summary

PFASs comprise a group of highly resistant manmade
chemicals that can have deleterious effects on the environ-
ment and possibly on humans. The production of PFASs in
the United States has been reduced, but they are still present
in many domestic and industrial applications. For humans,
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main routes of PFASs exposure are diets containing fish and
prepared food (packaging material). Water can also be an
important source in areas with high concentration of PFASs
in drinking water. Among all PFASs, PFOS is most com-
mon and represents the biggest concern to human health
and environment. Toxicity to liver and lipid metabolism
alteration are the most frequently reported toxic outcomes
from experimental tests. Cancer (tumor growth) has been
observed in experimental animals exposed chronically to
PFASs. Recent immunotoxic and neurotoxic findings in
laboratory animals call for further epidemiological research
in humans. Most of the current research is from laboratory
animals exposed to single PFASs (mainly PFOS). Thus, a
complete assessment of current risk considering mixtures
of PFASs is not yet possible. In the meantime, to reduce
self-exposure and reduce your PFASs contribution to the
environment, avoid use of products containing PFASs

in households and avoid the consumption of food that

has been in contact with PFASs via their packaging (e.g.,
microwave popcorn and pizza).

Further Reading

For more detailed information on PFASs, the following
articles are recommended:

Ahrens, L. 2011. “Polyfluoroalkyl compounds in the aquatic
environment: a review of their occurrence and fate” Journal
of Environmental Monitoring 13: 20-31.

Houde, M., A. O. De Silva, D. C. G. Muir, and R. J. Letcher.
2011. “Monitoring of Perfluorinated Compounds in
Aquatic Biota: An Updated Review.” Environmental Science
& Technology 45: 7962-7973.

Rodriguez-Jorquera, I, K. J. Kroll, G. S. Toor, and N.

D. Denslow. 2015. “Transcriptional and Physiological
Response of Fathead Minnows (Pimephales promelas)
Exposed to Urban Waters Entering into Wildlife Protected
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Stahl, T., Mattern, D., Brunn, H. 2011. “Toxicology of
perfluorinated compounds.” Environmental Sciences Europe
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