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Quick Summary
Since the late 1940s, PFOS has been widely used as a
stain repellant for textiles, furniture, and carpets; as a
surfactant in �re-�ghting foams and metal �nishing pro-
cesses; as an ingredient in the production of �uoropoly-
mers; and as an insecticide. PFOS repels both water and
oil and is highly stable. Consequently, it has been used
extensively and has been widely detected in the global
environment, including in San Francisco Bay birds and
seals and to a lesser extent in �sh and bivalves. Bird eggs
collected in the southern portion of the Bay in 2006
and 2009 contained levels of PFOS above a threshold
for impacts on o�spring survival in birds. Fortunately,
the most recent PFOS egg results in South Bay (2012)
were 70% lower than prior levels and well below this
threshold. However, PFOS concentrations in seals do
not show similar declines. �e pathways by which these
compounds enter the Bay are not fully understood.

What Is It?
•PFOS is a �uorine-containing surfactant (chemical that

is soluble in both water and oil) that is a very persistent
environmental contaminant.

•PFOS is a type of per�uorinated chemical (PFC) – a
diverse class of �uorine-containing compounds that are
extremely stable in the environment, excellent surfac-
tants, and used in a wide range of applications.

•PFOS accumulates in biota.

What Is It Used For?
•For the last 50 years, PFCs have been used extensively

in industrial, commercial, and consumer applications.
PFOS has been used as a stain repellent for carpets,
textiles, and paper products (“grease-proof ” paper);
in aqueous �lm-forming foams (AFFF) used at re�n-
eries, airports, and military or industrial facilities to
suppress �res; in electronics and metal-�nishing; and
as a pesticide.

•PFOS was �rst widely detected in wildlife throughout
the world in 2000 (Giesy and Kannan 2001). At the
same time, it was also found to be a pervasive con-
taminant in human blood in the US (Hansen et al.
2001). As a result, the major US manufacturer of PFCs
voluntarily withdrew PFOS and other structurally
similar compounds, and its use in North America and
Europe was restricted. Despite use reductions, PFOS
continues to be detected in the environment as a result
of the continued use of PFOS precursors that degrade
to PFOS, historic reservoirs of these chemicals in prod-
ucts and the environment, PFOS impurities in other
PFCs, and the continued production of PFOS and PFC
precursors in other parts of the world, such as China.
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How Is It Getting Into the Bay?
• �e sources and pathways of PFOS to the Bay are not

fully understood.

• Research in the Great Lakes and elsewhere suggests that
wastewater e�uent and urban tributaries are important
pathways. Also potentially signi�cant are point sources
such as contaminated sites where PFOS has been di-
rectly released to the environment (e.g., as a result of the
use of AFFF to �ght �res, spills from production sites,
and the land application of biosolids).

• Municipal wastewater treatment plant (WWTP) e�u-
ent is a major pathway. Uses in consumer, commercial,
and industrial products result in transport to WWTPs.
WWTPs are not e�ective at removing PFCs and in some
instances promote the formation of PFOS from precur-
sors (Schultz et al. 2006, Becker et al. 2008).

• In a recent RMP study, the average concentration in
e�uent from six Bay Area WWTPs was 24 nanograms
per liter (ng/L) (Sedlak and Allen in prep). �is value is
on the low end of the range of concentrations commonly
seen in e�uent nationally (Plumlee et al. 2008). Con-
centrations from WWTPs receiving industrial wastewa-
ter are typically higher.

• Urban stormwater, which �ows directly into the Bay un-
treated, is another potential source of PFOS to the Bay.

° In a survey of three Bay Area tributaries, PFOS
concentrations ranged from below detection to 14
ng/L (Sedlak and Allen in prep). �ese values are
in the range observed in other Bay Area studies
and nationally (Plumlee et al. 2008, Houtz and
Sedlak 2012).

° Unknown precursors in tributaries may be con-
verted to PFOS (Houtz and Sedlak 2012).

• Rain can be a pathway for PFOS. Concentrations of
PFOS in Bay Area rainwater have not been measured.

• Other possible point sources are facilities that may use
AFFF such as re�neries and airports, or facilities where
these materials are discarded such as land�lls. PFC
concentrations at such point sources have not been
monitored in the Bay Area.

• Shorter-chained �uorinated compounds are being
substituted for PFOS. Per�uorobutanesulfonate (PFBS),
one of the substitutes, has been detected in Bay e�uents
and tributaries at relatively low concentrations (10
ng/L). Shorter-chained compounds such as PFBS are
believed to be less toxic and less bioaccumulative.

• Precursors that degrade to PFOS may be another source
(Higgins et al. 2005).

What Happens to It in the Bay?

General Properties
• Longer-chained PFCs (with eight carbons or more)

can degrade to PFOS, which is not known to undergo
further degradation in the environment.

• Unlike legacy contaminants such as PCBs and DDT that
accumulate in fa�y tissues, PFOS binds to proteins and
is most frequently detected in blood and liver.

Patterns of Occurrence in the Bay
and in Other Aquatic Ecosystems
• Bay sediment concentrations ranged from 0.4 to 3.2

parts per billion (ppb) (Sedlak and Allen in prep). �e
highest concentrations were observed in the South Bay.

° �ese values are consistent with prior studies of
San Francisco Bay and are within the range of
concentrations observed nationally in estuaries
and lakes. For example, concentrations from Lake
Ontario were higher on average (26 ppb) (Myers
et al. 2012).

• Average PFOS concentrations in Bay surface water in
2009 were 7 ng/L. �ese were generally lower than other
urban water bodies such as Tokyo Bay (0.3-58 ng/L) and
Lake Ontario (3.6-38 ng/L), but exceed concentrations
measured in more pristine environments.

• PFOS accumulates in Bay birds and seals to levels that
may be of concern (FIGURES 1 AND 2). Bay seal and
bird egg concentrations have been some of the highest
observed worldwide.

• Cormorant eggs have been collected from three Bay sites
on three occasions: 2006, 2009 and 2012. Average PFOS
concentrations in eggs from the South Bay in 2006
(1,300 ppb) and 2009 (1,200 ppb) exceeded a threshold
of 1,000 ppb, above which adverse outcomes have been
observed for survival. In 2012, PFOS in South Bay bird
eggs was substantially lower (385 ppb).

• Concentrations of PFOS in seal blood have remained
relatively constant over time. Similar to birds, the
highest concentrations were observed in the South Bay
(1,000 ng/mL, parts per billion (ppb) followed by Cen-
tral Bay (80 ppb)). Background concentrations observed
in seals from Tomales Bay in the Point Reyes National
Seashore were much lower (12 ppb).

• PFOS was infrequently detected in sport �sh tissues. Of
the 21 �sh analyzed in 2009, PFOS was detected in four
samples (leopard shark, anchovies, and white sturgeon)
with a maximum concentration of 18 ppb. �ere are
no California thresholds for evaluating risks to humans
from PFOS concentrations in Bay sport �sh. �e State
of Minnesota has established a sport �sh threshold of 40
ppb for one serving of �sh per week.

• PFCs do not appreciably bioaccumulate in mussels.
As part of a larger California survey and a RMP special
study, PFOS was monitored in mussels at 13 Bay sites in
2010. PFOS was detected in two samples from the South
Bay at concentrations of 35 ng/g dw and 76 ng/g ww.

Trends in the Bay and Nationally
• No trend data for Bay sediment and water are available.

• PFOS was lower in the most recent sampling of Bay bird
eggs, but no sign of a trend has been observed in Bay
seals (FIGURES 1 AND 2).

Is There a Risk of Harm in the Bay?
• In mammals, PFOS exposure has been associated with

compromised immune systems, reproductive and devel-
opmental defects, neurotoxicity, and cancer (DeWi� et
al. 2012).
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FIGURE 1
PFOS accumulates in Bay seals and
birds to levels that may be of concern
and are among the highest observed
worldwide. Concentrations of PFOS
in seal blood have remained relatively
constant over time. The highest
concentrations were observed in the
South Bay (1,000 ng/mL, parts per
billion (ppb)) followed by Central Bay
(80 ppb). Background concentrations
observed in seals from Tomales Bay in
the Point Reyes National Seashore were
much lower (12 ppb).

FIGURE 2
Average PFOS concentrations in cormorant

eggs from the South Bay in 2006 (1,250
ppb) and 2009 (1,240 ppb) exceeded
a threshold of 1,000 ppb, above which
adverse outcomes have been observed

for embryo survival. In 2012, PFOS
concentrations in South Bay eggs were

substantially lower (385 ppb).

Footnote: Each bar represents the average of three
composite samples, with seven eggs in each composite.
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Management Timeline

•A predicted no e�ect concentration for PFOS has been
developed for bird eggs of 1,000 ppb (Newsted et al.
2005). Concentrations in Bay cormorant eggs have
exceeded this threshold, but the most recent data from
2012 were substantially below this threshold.

• In a study of California sea o�ers (Kannan et al. 2006),
PFOS concentrations similar to those observed in Bay
harbor seals were associated with a higher incidence of
disease and mortality.

Key Information Gaps
•Few studies have evaluated the e�ects of PFOS exposure

in seals.

•�e sources of PFCs to Bay biota are not well under-
stood.

•Li�le is known regarding the presence and pathways by
which precursors form PFOS in the Bay.

•Manufacturers are shi�ing to �uorinated compounds
that are expected to be less toxic and less likely to ac-
cumulate in biota. It will be important to monitor to
ensure that these are not accumulating in the Bay or in
Bay biota.
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2006 20112008

Phase-out of the
production of PFOS
and structurally
similar compounds
in North America.

2010

2006

2001 201520142003 20052004 20132007

2000-2002

European Union restricts the use
of PFOS; Environment Canada
places PFOS on the List of Toxic
Substances, a list of chemicals
that are considered toxic and may
be regulated to prevent adverse
releases to the environment.

European Union places
PFOS on its Stockholm
Convention list of
Persistent and Organic
Pollutants, which are
severely restricted or
prohibited from use.

Environment Canada
places PFOS on the
Virtual Elimination List to
eliminate the production
and use of the compound.

USEPA obtains agreement by eight major
manufacturers to replace PFOA (another abundant
PFC) and related chemicals by 95% by 2010
with a complete phase-out of these compounds in
2015 (USEPA’s 2010/2015 PFOA Stewardship
Program). Environment Canada has developed a
similar agreement.

US Environmental Protection Agency (USEPA)
issues Signi�cant New Use Rules restricting use
of PFOS and 88 structurally similar per�uoroalkyl
sulfonate compounds. In 2007, USEPA expands
the list by 183 more per�uoroalkyl substances.

2002

2009

USEPA restricts use of
PFOS in some metal-
�nishing operations.

2012

2010-2015


