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Introduction

Perfluorooctane sulfonate and its salts (PFOS) are fully fluorinated organic molecules
produced synthetically by electrochemical fluorination or from the degradation or
metabolism of other fluorochemical products produced by electrochemical fluorination.
PFOS and its precursors all belong to the larger class of fluorochemicals known as
perfluoroalkyl substances and are derived from perfluorooctanesulfonyl fluoride (POSF),
the basic chemical building block for many sulfonyl- based fluorochemicals. POSF is
used primarily as an intermediate to synthesize numerous fluorochemicals, including
PFOS.

3M Company produced POSF, PFOS, and POSF-related materials for over 40 years. The
commercial uses of PFOS included predominantly surfacc trcatments for soil and stain-
resistant coating on fabrics, carpets, and leather, coatings on paper and packaging
products for grease and oil resistance, including food contact papers, and performance
chemicals uses, such as fire extinguishing foam concentrates, mining and oil surfactants,
electroplating and etching bath surfactants, household additives, chemical intermediates,
coatings and coating additives, carpet spot cleaners and insecticide raw materials (3M
Company, 2003). Total worldwide POSF production by 3M Company in 2000 was
approximately 8 million pounds. However, on May 16, 2000, 3M Company announced
that it would globally phase out the perfluorooctanyl! chemistry used to produce certain
repellents and surfactant products, which included the manufacture of PFOS and related
compounds (3M Company, 2000). 3M steadily reduced their production volume and
discontinued the manufacture of most PFOS and POSF-based chemicals by December
31, 2002 (3M Company, 2001). Manufacture of PFOS for certain uses for which no
substitutes are available (eg., use as an anti-corrosion additive in fire-resistant phosphate
ester aviation hydraulic fluids) are continuing by non-U.S. producers.

Biomarker of Exposure

PFOS has been measured primarily in human blood serum (Olsen et al. 2003a; 2004a;
2004b); however, data are also available on PFOS in human whole blood (Kannan et al.
2004; Harada et al. 2004), plasma (Kannan et al. 2004; Olsen et al. 2004c), liver (Olsen et
al. 2003b), cord blood (Inoue et al. 2004) and seminal plasma (Guruge et al. 2005).

PFOS was measured in the liver and serum of cadavers (Olsen et al. 2003b). The average
PFOS serum and liver data for each of 23 paired samples (serum and liver from the same
individual) showed a good correlation for both male and female donors--the mean liver to
serum ratio was 1.3:1. Mean PFOS levels for male and female donors were similar for
both serum (male = 18.2 ng/mL; female = 17.2 ng/mL) and liver (male = 19.2 ng/g;
female = 28.4 ng/g)].
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The analytical techniques for measuring fluorochemical analytes, including PFOS, have
employed high performance liquid chromatography/mass spectrometry methods
including tandem mass spectrometry (Hansen et al. 2001). Briefly, analysis of PFOS and
other fluorinated surfactants exhibit chemical and physical properties that can be
substantially different from more hydrogenated compounds. These properties include the
fact that fluorosurfactants are extremely resistant to heat as well as oxidizing or reducing
agents, have lower surface tension, are typically water-soluble (although the degree
depends upon the nature of the acid and length of the perfluorocarbon group), and are
relatively strong organic acids. Detailed validation studies for the analysis of PFOS and
other fluorinated compounds are available (Tandem Labs 1999; 2001a; 2001b). More
recent laboratory analyses for PFOS have incorporated solid phase extraction techniques
(Kuklenyik et al. 2004).

Prior to the development of analytical techniques for specific fluorochemical analytes,
total organic fluorine was measured. In the 1970°s and 1980°s, there were multiple
reports of organic fluorine in human blood (3M Company, 2003). As analytical
techniques improved and the LOQ was lowered, “blank” human serum was found to
contain PFOS in 1997. In 1998, PFOS was found distributed widely in human serum and
fish-eating wildlife serum and liver.

Pharmacokinetics

The pharmacokinetic properties of PFOS are favorable for using serum PFOS
concentration as a measure of internal dose. Good absorption, lack of known
metabolism, distribution primarily in extracellular space, high serum protein binding
(albumin and beta-lipoproteins), and poor elimination in all species studied combine to
establish serum PFOS concentration as an integration of exposures from various sources.
In addition, serum PFOS concentrations can be directly associated with effects in
toxicology studies, as well as with results from medical surveillance studies.

Animal studies indicate that PFOS is well absorbed orally and distributes mainly in the
serum and liver, with liver concentrations being potentially several times higher than
serum concentrations (Johnson, et al., 1979a). The volume of distribution at steady state,
as measured in cynomolgus monkyes, is approximately 200 mL/kg, suggesting
distribution primarily in extracellular space (Noker and Gorman, 2003). PFOS is highly
bound to albumin and has affinity for binding to B-lipoproteins (Kerstner-Wood et al.,
2003) as well as albumin and liver fatty-acid-binding protein (Luebker et al., 2002a).
PFOS is poorly metabolized and excreted, and undergoes extensive enterohepatic
circulation (Johnson, et al., 1984). The serum elimination half-life of PFOS is
approximately 100 days in rats (Johnson, et al., 1979b), 100-200 days in Cynomolgus
monkeys (Seacat, et al., 2002a; Noker and Gorman, 2003) and appears to be
approximately 8 years in humans, based on an initial longitudinal observation of retired
PFOS workers (Burris, et al., 2002).

Exposure Assessment
The mechanisms and pathways leading to the presence of PFOS in human blood are not
well characterized but likely involve environmental exposure to PFOS or to precursor
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molecules and residual levels of PFOS or PFOS precursors in industrial and commercial
products. Potential sources of human or environmental exposure to PFOS may have
included the producer’s manufacturing operations and waste streams, the manufacturing
operations and waste streams of users of POSF-based fluorochemical products, and the
use or degradation of some final commercial products containing POSF-based
fluorochemicals. PFOS has been identified in serum and tissue samples from both
occupationally and non-occupationally exposed human populations in various countries,
in various species of wildlife in many parts of the world, and in surface waters and other
environmental media in various countries (3M Company, 2003; Giesy and Kannan, 2001;
Hansen et al., 2001; Kannan et al., 2001a; 2001h; 2002a; 2002b; 2002c; 2002d). In
addition, N-alkyl-perfluorooctanesulfonamides that can degrade to PFOS have been
identified in the atmosphere (Martin, et al., 2002). The strength of carbon-fluorine bonds
contributes to the extreme stability and unique properties of PFOS. PFQOS is highly
persistent in the environment and has also been shown to bioconcentrate in fish and
biomagnify in the food chain.

A review of the published biomonitoring data has shown that PFOS has been measured
on multiple occasions and by different investigators only in general populations from two
countries: the United State (Table 1) and Japan (Table 2). The total number of samples
presented in these data represents approximately 90 percent of the individual analyses
published in the literature, to date. The similar distribution of averages from the
individual studies presented in Table 1 suggests that large variations in serum PFOS
concentration do not exist within geographic regions, age groups or sex in the United
States. Average PFOS concentrations were lower among the Japanese populations
presented in Table 2. In one Japanese study, Harada et al (2004) observed sex-related
differences in serum PFOS concentrations with males approximately two-fold higher than
females. Furthermore, Harada et al. (2005) reported higher concentrations among pre-
than post- menopausal women (Harada et al. 2005) in another study. These findings were
not observed in general populations in the U.S. (Olsen et al. 2003a; 2004a; 2004b;
Kannan et al. 2004; Kuklenyik 2004). In the only published study of its kind, PFOS was
measured in 15 pairs of maternal and cord blood (fetal) samples from Japan (Inoue, et al.,,
2004a). PFOS concentrations in maternal samples ranged from 4.9 to 17.6 ng/mL,
whereas those in fetal samples ranged from 1.6 to 5.3 ng/mL with a high degree of
correlation between pairs (r=.94). Only two studies in Tables 1 and 2 examined time
trends. Serum PFOS concentrations increased three-fold over a 25 year time period in
Miyaga, Japan (Harada et al. 2004) although it is not clear whether potential occupational
exposurc may have played a role. Occupational exposure was not a factor in the time
trends analyzed by Olsen et al. (2005) where median PFOS concentrations increased
approximately 25% between 1974 (median 25 ng/mL) and 1989 (median 33 ng/mL) for
58 individuals living in the vicinity of Hagerstown, Maryland (Olsen et al. 2005).
However, only a 9 percent increase in median PFOS concentrations occurred in two non-
paired populations residing in the same area and time period. PFOS concentrations did
not appear to increase between 1989 and 2001 for this region (Olsen et al. 2003a; 2005).
Individual samples from three large data sets with different age groups predominate the
United States findings as reported in Table 1 (Olsen et al. 2000a; 2004a; 2004b). Sera
from children (age 2-12, n = 598) in 23 states, adult blood donors (20-69 years, n = 645)
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from six municipalities in the U.S., and elderly (65-96 years, n = 238) Seattle residents,
were analyzed for PFOS using identical laboratory methods with comparable findings.
PFOS was analyzed using identical laboratory methods in these three studies. Geometric
means were 38 (95% CI136-39), 35 (95% CI 33 —37) and 31 (95% CI 29-33) ng/mL,
respectively. Although comparable average PFOS concentrations, a small number of
individuals in each studied population had relatively higher levels than the majority of
individuals sampled. The factors that would lead to higher serum PFOS concentrations in
some individuals are not completely understood. Some factors that may affect serum
PFOS concentrations include, proximity to sources of manufacture and use, length of
residence in these latter areas, potential product exposures, and possible food and
environmental sources. It is notable that PFOS serum concentrations did not strongly
correlate with serum concentrations of metabolites of N-alkyl-
perfluorooctanesulfonamide molecules known to be present in products as manufacturing
residuals or from degradation of products (Olsen et al. 2003a; 2004a;2004b). Additional
data on serum PFOS concentrations in the general population of the U.S. should become
available in 2007 when CDC releases its national biomonitoring report using NHANES
1T data collected during 2003-2004.

There is a very limited number of published PFOS data sets from other countries, and
those that do consist of relatively few blood samples analyzed. Most of these data were
reported by one investigator ( Kannan et al. 2004). In general, the majority of these
PFOS concentrations were less than those reported for the United States general
populations displayed in Table 1. The highest mean PFOS concentration reported by
Kannan et al. was found in samples collected from Poland (males 55 ng/mL; females 33
ng/mL). Lower mean PFOS concentrations were reported by Kannan et al for Korea
(male 27 ng/mL; female 15 ng/mL), Belgium (male 18 ng/mL; female 11 ng/mL),
Malaysia (male 13 ng/mL; female 12 ng/mL), Brazil (male 14 ng/mL; female 11 ng/mL),
Italy (male 4 ng/mL; female 4 ng/mL) and Columbia (male 8 ng/mL; female 8 ng/mL);
and India (male 3 ng/mL; female 3 ng/mL). In a pilot study, Kubwabo et al. (2004)
reported mean concentrations of 30 and 28 ng/mL in 21 and 35 female and male
Canadians. Guruge et al. (2005) reported a mean concentration of 5 ng/mL in adults
from Sri Lanka and 0.1 ng/mL concentration in seminal plasma, with a correlation of
0.6 for PFOS between the two matrices.

Estimation of external PFOS exposure for workers is difficult. 3M manufactared
perfluorooctane sulfonyl fluoride (POSF), a starting material used to produce PFOS and
other fluorochemicals. POSF and some POSF-based chemistries have the potential to
degrade or metabolize to PFOS. Employees may have been exposed to POSF and/or
other perfluorochemicals in the manufacturing environment by one or more routes. The
primary route of exposure may have varied among employees and depended on several
factors, including process conditions, job tasks, work location, personal hygiene, personal
habits, and general work practices. Because multiple sources and routes of exposure
were probable, estimating external worker PFOS exposure is problematic.

Biological biomonitoring allows for the assessment from all routes of exposure.
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Occupationally, PFOS serum levels have been measured in 3M employees involved in
both the manufacturing of perfluorochemicals and the processing of these compounds
into products, such as fire protection and surface protection products. Since the mid-
1990s measurement of serum PFOS concentrations was performed as part of employee
medical surveillance examinations at the 3M manufacturing facilities in Decatur,
Alabama and Antwerp, Belgium (Olsen et al. 1999; 2003c). Between 1994 and 2000,
mean PFOS concentrations approximated 1.0 ug/mL to 2.5 pg/mL (1,000 to 2,500
ng/mL) and ranged between less than 0.1 to 12.8 pg/mL. Because employee
participation is voluntary, biomonitoring data from these medical surveillance programs
may not have provided an adequate characterization of the distribution of serum PFOS
concentrations due to possible nonresponse bias. To address the potential for this bias, a
random sample of 3M Decatur employees participated in serum analysis of PFOS. An
eighty percent response was achieved. Of the 126 chemical plant employees who
participated, their range of serum PFOS concentrations was 0.1 to 10.6 pg/mL. The
mean, median and geometric mean PFOS levels were 1.5, 0.9 and 1.1 pg/mL,
respectively. By job category the geometric mean PFOS serum concentrations (95% CI
in parenthesis) were: cell operators 2.0 pg/mL (95% CI 0.7-5.3); chemical operalors 1.5
ug/mL (95% CI 1.3 - 1.8); waste treatment plant operators 1.5 pg/mL (0.5-4.6);
maintenance workers 1.3 pg/mL (0.8-2.1); supervisors 0.9 pg/mL (95% CI 0.5-1.6); mill
operators 0.6 (0.4-0.8); engineers/laboratory workers 0.4 (0.3-0.6) and clerical workers
0.4 (0.2 —0.8). These randomly sampled data indicated that serum PFOS concentrations
measured during the course of medical surveillance examinations likely presented an
unbiased analysis of the production employee serum PFOS distribution. The data also
indicate serum PFOS concentrations among actively engaged production workers (1.e.,
cell and chemical operators) were approximately 50 times higher than that measured in
the United States general population as displayed in Table 1.

Toxicity Data

The toxicological profile of PFOS has been extensively studied (reviewed in
Organization for Economic Cooperation and Development, 2002; 3M, 2003; Lau et al,,
2003). Available studies include subchronic and chronic studies in multiple species,
reproduction and developmental studies, and mode-of-action studies. In addition, a
number of epidemiological and medical surveillance studies of exposcd workers have
been conducted.

Several repeat-dose toxicology studies on PFOS have consistently demonstrated that the
liver is the primary target organ. Liver response to subchronic PFOS treatment is
characterized by hepatocellular hypertrophy and vacuolation in rats (Seacat et al., 2003)
and monkeys (Seacat et al., 2002a), and, at lethal doses in rats, necrosis (Goldenthal et
al., 1978a). The dose-response curve for mortality in repeat-dose studies is very steep tfor
sexually mature rats and primates (Goldenthal et al., 1978a,b; Seacat et al., 2002a) as
well as neonatal rats and mice that were exposed in utero (ButenhofT et al., 2002; Lau et
al., 2003). Although PFOS is not genotoxic, liver tumors (hepatocellular adenoma) were
increased in the high-dose (20 pg K'PFOS/g feed) males and females in a chronic (two-
year) dietary study of PFOS in Sprague Dawley rats (Seacat et al., 2002b). A
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representative NOAEL for liver response is 0.15 mg/kg/d in male and female
cynomolgus monkeys.

In a two-generation reproduction study in rats, mating and fertility were not affected;
however, neonatal survival, pup birth weight, growth of pups in lactation were decreased,
and transient developmental delays were noted (Christian et al., 1999a). The NOAEL for
these effects was 0.1 mg/kg/d. Further study of post-natal effects in rats and mice
indicated that PFOS reduced postnatal survival and body weight gains are the result of in
utero exposure (Case et al., 2001a; Thibodeaux, et al., 2003; Lau et al, 2003; Grasty et
al., 2004). Prenatal developmental toxicity studies of PFOS have been conducted in rats,
mice, and rabbits (Case et al., 2001b; Thibodeaux et al., 2003; reviewed in Lau et al.,
2004). Prenatal effects in rats administered PFOS during gestation included significant
decreases in fetal body weight and significant increases in external and visceral
anomalies, delayed ossification, and skeletal variations (Case et al., 2001; Thibodeaux et
al., 2003). Maternal toxicity in rats exposed to PFOS during gestation included clinical
signs of toxicity and reductions in body weights and food consumption. In rabbits
administered PFOS during gestation, significant reductions in fetal body weight and
significant increases in delayed ossification were observed; signs of maternal toxicity
consisted of abortions and reductions in body weights and food consumption (Case et al.,
2001). On the whole, the prenatal developmental effects noted in these studies are
consistent between studies, and their significance is somewhat mitigated by the fact that
they occur in the presence of maternal deficits in weight gain and feed consumption.

A number of studies have been conducted to investigate the possible modes of action of
PFOS. Induction of peroxisome proliferation and associated peroxisomal enzymes
(Ikeda et al., 1987; Sohlenius et al., 1993; Berthiaume and Wallace, 2002), activation of
nuclear receptors (Shipley et al., 2004), interference in lipid metabolism and decreases in
serum cholesterol (Haughom and Spydevold, 1992; Luebker et al., 2002a,b), interference
in mitochondrial bioenergetics (Starkov and Wallace, 2002; Berthiaume and Wallace,
2002), delays in lung maturation (Grasty et al., 2004), inhibition in gap junctional
mtercellular communication processes (Hu et al., 2002; 2003), and alterations in thyroid
hormone homeostasis (Butenhoff et al., 2002; Thibodeaux et al., 2003; Lau et al., 2003;
Tanaka et al., 2005; Butenhoff et al., 2005) have all been investigated as possible modes
of action; however, at present, the mechanisms of action related to the toxicity of PFOS
are still not clearly understood.

3M has conducted several health studies using over 20 years of medical surveillance data
collected on perfluorochemical production workers. A battery of clinical tests (including
lipids, hematological parameters, enzymes and 11 different hormone assays) in both
cross-sectional and longitudinal studies in workers have not shown consistent patterns of
associations between PFOS serum levels and hematology, hormonal and other clinical
chemistry parameters (Olsen et al., 1999; 2003¢). A mortality study showed no
statistically significant excess mortality for most cancer types and for non-malignant
causes (Alexander, 2003). However, bladder cancer mortality was elevated in a cohort of
2083 employees. Three bladder cancer deaths were observed, all of them occurring in
male workers who had high PFOS exposure jobs for at least 5 years. However, it is
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unclear whether fluorochemicals are responsible for the excess of bladder cancer deaths,
whether other carcinogens may be present in this plant, or that the findings are not related
to occupational exposures. Worker insurance claims data categorized as episodes of care
have also been evaluated (Olsen et al. 2004d). For a priori interests, the observed to
expected episodes of care experience were comparable for the fluorochemical and a
neighboring film plant (control) employee population for liver tumors, bladder cancer,
thyroid and lipid metabolism disorders, and reproductive, pregnancy, and perinatal
disorders and higher for biliary tract disorders and cystitis recurrence. Non-a priori
associations among the fluorochemical plant workers included benign colon polyps,
malignant colorectal tumors, and malignant melanoma. Research is currently being
conducted to further investigate these associations.

Environmental Public Health Use of Biomonitoring Data

The evaluation of PFOS exposure pathways is a new field of research. Based on the
biomonitoring data available, no unusually exposed populations have been identified.
However, PFOS concentrations in Charlotte, North Carolina were the highest of the
geographical regions investigated by 3M (Olsen et al. 2003a), and that a preliminary
screening study conducted by CDC to validate methodology showed slightly higher
values in Atlanta, Georgia (Kuklenyik et al. 2004). The southeast United States is an area
of high carpet and fabric production; however, it is not possible to establish that this is
the reason for the somewhat higher values measured from these locations. In addition,
few data are available that can describe exposure trends; however, as previously
discussed a Japanese study evaluated trends over time in blood concentrations of PFOS
in Japan and reported a three-fold increase in serum PFOS concentrations over a 25-year
time period. Olsen et al. (2005) presented data collected in the vicinity of Hagerstown,
Maryland that suggested PFOS concentrations in the blood may have increased 10 to 25
percent between 1974 and 1989 but no subsequent increase since 1989. It is assumed that
with the discontinuation of the global manufacture of PFOS and POSF-based chemicals
that PFOS exposures will eventually diminish. However, PFOS is expected to persist in
humans and the environment for many subsequent years because of its unusual physical-
chemical and pharmacokinetic properties. It is too soon to determine how and whether
the removal of PFOS from market will impact exposure to U.S. human populations.

Several research needs have been identified that could strengthen the database on PFOS.
Recommendations include:

e Strengthen the database to allow conversion of whole blood and plasma PFOS
concentration values to serum PFOS concentration. Various reports give whole
blood measurements converted to estimated serum concentrations by making the
assumption that all PFOS is in serum.

o Strengthen the relationship between serum and liver concentrations of PFOS.
Although this information is available from toxicology studies, the human data
are very limited.

* Bank samples of blood, plasma, or serum for future needs, including early
screening investigations.

* Obtain additional data for children, especially children under two years of age.
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e Obtain matched serum and urine samples from humans and research animals,
where possible.

e Obtain placental, cord blood, and milk samples.

3MADO762542

2696.0008



References

3M Company (2000) Phase-out plan for POSF-based products. Letter, William
Weppner, 3M Company. July 7, 2000. US EPA AR-226-0600.

3M Company (2001) Production of PFOS Derivatives. E-mail from Mike Santoro, 3M
Company, to Charles Auer, US EPA. March 2, 2001. US EPA AR-226-0997.

3M Company (2002) 104-Week dietary chronic toxicity and carcinogenicity study with
perfluorooctane sulfonic acid potassium salt (PFOS; T-6295) in rats. Final
Report. 3M Company, St. Paul, MN. January 2, 2002.

3M Company (2003) Environmental and Health Assessment of Perfluorooctanesulfonate
and its Salts. 3M Company, August 20, 2003. US EPA AR-226-1486.

Alexander BH, Olsen GW, Burris JM, Mandel JH, Mandel JS. (2003) Mortality of
employees of a perfluorooctanesulfonyl fluoride manufacturing facility. Occup
Environ Med 60:722-729.

Berthiaume, J. and Wallace, K. (2002) Perfluorooctanoate, perfluorooctane sulfonate, and
N-ethyl-perfluorooctanesulfonamido ethanol; peroxisome proliferation and
mitochondrial biogenesis. Toxicol Lett 129:23-32.

Burris, JM; Lundberg, JK; Olsen, GW; Simpson, C; Mandel, J. (2002) Determination of
serum half-lives of several fluorochemicals. Interim Report #2. 3M Company,
St. Paul, MN. US EPA AR-226-1086.

Butenhoff, JL; York, R; Seacat, AM; and Luebker, DJ. (2002) Perfluorooctanesulfonate-
induced perinatal mortality in rat pups is associated with a steep dose-response
(abstract). Toxicol Sci 66 (8-1):25.

Butenhoff J, Eastvold M, Bjork J, Ehresman D, Singh R, Wallace K, Tanaka, S, 2005.
Thyroid hormone status in adult female rats after a single dose of
perfluorooctanesulfonate (PFOS. Toxicol Sci 84 (S-1), Abstract 1740.

Case, MT, York, RG, and Butenhoff, JL. (2001a). Oral (gavage) cross-fostering study of
potassium perfluorooctanesulfonate (PFOS) in rats (abstract). Toxicol. Sci., 60 (S-
1), 221-222.

Case, MT, York, RG, and Christian, MS. (2001b) Rat and rabbit oral developmental
toxicology studies with two perfluorinated compounds. Int J Toxicol 20: 101-109.

Christian, MS; Hoberman, AM; and York, RG. (1999) Combined oral (gavage) fertility,
developmental and perinatal/postnatal reproduction toxicity study of PFOS in rats.
Argus Research Laboratories, Inc., Horsham, PA. US EPA Docket 8EHQ-0200-
0374.

Giesy, JP; and Kannan, K. (2001) Global distribution of perfluorooctane sulfonate in
wildlife. Environ Sci Technol 35(7):1339-1342.

Goldenthal, EI; Jessup, DC; Geil, RG; Jefferson, ND; and Arceo, RJ. (1978a) Ninety-day
subacute rat study. Study No. 137-085, International Research and Development
Corporation, Mattawan, MI. US EPA Docket AR-226-0139.

Goldenthal, EI; Jessup, DC; Geil, RG; and Mehring, JS. (1978b) Ninety-day subacute
rhesus monkey toxicity study. Study No. 137-092, International Research and
Development Corporation, Mattawan, MIL. US EPA Docket AR-226-0137.

Grasty, RC; Grey, BE; Lau, CS; Rogers JM. (2004) Prenatal window of susceptibility to
perfluorooctane sulfonate-induced neonatal mortality in the Sprague-Dawley rat.
Birth Defects Res (Part B) Dev Reprod Toxicol 68:465-71.

2696.0009

3MADO762543



Guruge KS, Taniyasu S, Yamashita N, Wijeratna S, Mohotti KM, Senevriatne HR,
Kannan K, Yamanaka N, Miyazaki S. 2005. Perfluorinated organic compounds
in huma blood serum and seminal plasma: a study of urban and rural te worker
populations in Sri Lanka. J Environ Monit 7:371-377.

Hansen, KJ; Clemen, LA; Ellefson, ME, Johnson, HO. (2001) Compound-specific
quantitative characterization of organic fluorochemicals in biological matrices.
Environ Sci Technol 35:766-770.

Harada, K; Saito, N; Inoue, K; Yoshinaga, T; Watanabe, T; Sasaki, S; Kamiyama, S;
Koizumi, A. (2004) The influence of time, sex and geographic factors on levels of
perfluorooctanesulfonate and perfluorooctanoate in human serum over the last 25
years. J Occup Health 46:141-147.

Harada K, Inouse K, Morikawa A, Yoshinaga T, Saito N, Koizumi A. (2005). Renal
clearance of perfluorooctane sulfonate and perfluorooctanoate in humans and
their species-specific excretion. Environ Res (in press).

Haughom, B and Spydevold, O. (1992) The mechanism underlying the hypolipemic
effect of perfluorooctanoic acid (PFOA), perfluorooctane sulphonic acid
(PFOSA) and clofibric acid. Biochem. Biophys Acta 1128:65-72.

Hu, WY; Jones, PD; DeCoen, W; King, L; Fraker, P; Newsted, J; Giesy, JP. (2003)
Alterations in cell membrane properties caused by perfluorinated compounds.
Comp Biochem Physiol Toxicol Pharmacol 135:77-88.

Hu, W; Jones, PD; Upham, BL; Trosko, JE; Lau, C; Giesy, JP. (2002) Inhibition of gap
junctional intercellular communication by perfluorinated compounds in rat liver
and dolphin kidney epithelial cell lines in vitro and Sprague-Dawley rats in vivo.
Toxicol Sci 68:429-36.

Ikeda, T; Fukuda, K; Mori, I; Enomoto, M; Komai, T; Suga, T. (1987) Induction of
cytochrome P-450 and peroxisome proliferation in rat liver by perfluorinated
octanesulfonic acid. In: Fahimi, HD and Sies, H; eds. Peroxisomes in Biology
and Medicine, New York, NY:Springer Verlag; pp. 304-308.

Inoue, K; Okad, F; Ito R, Kawaguich M, Okanouchi N, Nakazawa H. 2004a.
Determinatino of perfluorooctane sulfonate, perfluooctanoate and perfluorooctane
sulfonylamide in human plasma by column-switching liquid chromatography-
electrospray mass spectrometry coupled with solid-phase exctraction. J
Chromatography 810:49-56.

Inoue, K; Okada, F; Ito, R; Kato, S; Sasaki, S; Nakajima, S; Uno, A; Saijo, Y; Sata, F;
Yoshimura, Y; Kishi, R; Nakazawa, H. (2004b) Perfluorooctane sulfonate (PFOS)
and related perfluorinated compounds in human maternal and cord blood samples:
assessment of PFOS exposure in a susceptible population during pregnancy.
Environ Health Perspect 112:1204-1207.

Johnson, JD; Gibson, SJ; and Ober, RE. (1979a) Absorption of FC-95-1%C in rats after a
single oral dose. Project No. 8900310200, Riker Laboratories, Inc., St. Paul, MN,
US EPA AR226-0007.

Johnson, JD; Gibson, SJ; and Ober, RE. (1979b) Extent and route of excretion and tissue
distribution of total carbon-14 in rats after a single i.v. dose of FC-95-"*C. Project
No. 8900310200, Riker Laboratories, Inc., St. Paul, MN. (US EPA Docket No.
8EHQ-1180-00374).

2696.0010

3MADO762544



Johnson, JD; Gibson, SJ; and Ober, RE. (1984) Cholestramine-enhanced fecal
elimination of carbon-14 in rats after administration of ammonium
["*C]perfluorooctanoate or potassium [**C]perfluorooctanesulfonate. Fund Appl
Toxicol 4:972-976.

Jones, PD; Hu, W; De Coen, W; Newsted, JL; Giesy, JP. (2003) Binding of
perfluorinated fatty acids to serum proteins. Environ Toxicol Chem 22:2639-49.

Kannan, K; Franson, JC; Bowerman, WW; Hansen, KJ; and Giesy, JP. (2001a)
Perfluorooctane sulfonate in fish-eating water birds including bald eagles and
albatrosses. Enviro Sci Technol 35:3065-3070.

Kannan, K; Koistinen, J; Beckman, K; Evans, T; Gorzelany, JF; Hansen, KJ; Jones, PD;
Helle, E; Nyman, M; and Giesy, JP. (2001b) Accumulation of perfluorooctane
sulfonate in marine mammals. Environ Sci Technol 35:1593-1598.

Kannan, K; Choi, JW; Iseki, N; Senthilkumar, K; Kim, DH; Masunaga, S; and Giesy, JP.
(2002a) Concentrations of perfluorinated acids in livers of birds from Japan and
Korea. Chemosphere 49:225-231.

Kannan, K; Corsolini, S; Falandysz, J; Ochme, G; Focardi, S; and Giesy, JP. (2002b)
Perfluorooctane sulfonate and related fluorinated hydrocarbons in marine
mammals, fishes, and birds from coasts of the Baltic and the Mediterranean Seas.
Environ Sci Technol 36:3210-3216.

Kannan, K; Hansen, KJ; Wade, TL; and Giesy, JP. (2002¢) Perfluorooctane sulfonate in
oysters, Crassostrea virginica, from the Gulf of Mexico and the Chesapeake Bay,
USA. Arch Environ Contam 42:313-318.

Kannan, K; Newsted, J; Halbrook, RS; and Giesy, JP (2002d) Perfluorooctanesulfonate
and related fluorinated hydrocarbons in mink and river otters from the United
States. Environ Sci Technol 36:2566-2571.

Kannan, K; Corsolini, S; Falandysz, J; Fillmann, G; Kumar, KS; Loganathan, BG; Mohd,
MA,; Olivero, J; Van Woue, N; Yang, JH; Aldous, KM. (2004)
Perfluoroooctansulfonate and related fluorochemicals in human blood from
several countries. Environ Sci Technol 38:4489-4495.

Kerstner-Wood, C; Coward, L; and Gorman, G. (2003) Protein binding of
perfluorobutane sulfonate, perfluorohexanesulfonate, perfluorooctane sulfonate
and perfluorooctanoate to plasma (human, rat, and monkey), and various human-
derived plasma protein fractions. Southern Research Corporation, Study 9921.7.
Unpublished report. USEPA AR-226-1354.

Kubwabo C, Vais N, Benoit FM. (2004). A pilot study on the determination of
perflurooctanesulfonate and other perfluorinated compounds in blood of
Canadians. J Environ Monit 6:540-545.

Kuklenyik, Z; Reich, JA; Tully, JS; Needham, LL; and Calafat, AM. (2004) Automated
solid-phase extraction and measurement of perfluorinated organic acids and
amides in human serum and milk. Environ Sci Technol 38:3698-3704.

Lau, C; Butenhoff, JL; and Rogers, JM. (2004) The developmental toxicity of
perfluoroalkyl acids and their derivatives. Toxicol Appl Pharmacol 198:231-241.

Lau, C; Thibodeaux, JR; Hanson, RG; Rogers, IM; Grey, BE; Stanton, ME; Butenhoff,
JL; and Stevenson, LA. (2003) Exposure to perfluorooctane sulfonate during
pregnancy in rat and mouse. II. Postnatal evaluation. Toxicol Sci 74:382-392.

3MADO762545

2696.0011



Luebker, DJ; Hansen, KJ; Clemen, LA; Butenhoff, JL; and Case, MT. (2001)
Background perfluorooctanesulfonate in experimental rats (abstract). Toxicol Sci
60 (5-1): 232.

Luebker, DJ; Hansen, KJ; Bass, NM.; Butenhoff, JL; and Seacat, AM. (2002a)
Interactions of fluorochemicals with rat liver fatty acid-binding protein.
Toxicology 176:175-185.

Luebker, DJ; York, R; Seacat, AM; and Butenhoff, JL. (2002b)
Perfluorooctanesulfonate-induced perinatal mortality in rat pups is not a result of
reduced serum lipids (abstract). Toxicol Sci 66(S-1):26.

Masanuga S, Kannan K, Doi R, Nakanishi J, Giesy JP. (2002). Levels of
perfluorooctane sulfonate (PFOS) and other related compounds in the blood of
Japanese people. Ogranohalogen Compounds 59:319-322.

Martin, JW; Muir, DC; Moody, CA,; Ellis, DA; Kwan, WC; Solomon, KR; Mabury SA.
(2002) Collection of airborne fluorinated organics and analysis by gas
chromatography/chemical ionization mass spectrometry. Anal Chem 74(3).584-
90.

Noker, PE and Gorman, GS. (2003) A pharmacokinetic study of potassium
perfluorooctanesulfonate in the cynomolgus monkey. Southern Research
Ingtitute. unpublished report. USEPA AR226-1356.

O’Malley, KD and Ebbens, KL. (1980) 28-Day percutaneous absorption study with FC-
95 in albino rabbits. Expt. No. 0979AB0632. Riker Laboratories, Inc. St. Paul,
MN.US EPA AR-226-0155.

Olsen, GW; Burris, JM; Mandel, JH; Zobel, LR. (1999) Serum perfluorooctane sulfonate

and hepatic and lipid clinical chemistry tests in fluorochemical production
employees. J Occup Environ Med 41:799-806.

Olsen, GW; Church, TR; Miller, JP; Burris, JM; Hansen, KJ; Lundberg, JK; Armitage, J;

Herron, R; Medhdizadehkashi, Z; Nobiletti, J; O’Neill, M; Mandel, JH; Zobel,
LR. (2003a) Perfluorooctanesulfonate (PFOS) and other fluorochemicals in the
serum of American Red Cross adult blood donors. Environ Health Perspect
111:1892-1901.

Olsen, GW; Hansen, KJ; Stevenson, LA; Burris, JM; Mandel, JH. (2003b) Human donor

liver and serum concentrations of perfluorooctanesulfonate and other
perfluorochemicals. Environ Sci Technol 37:888-891.

Olsen, GW; Burris, JM; Burlew, MM; Mandel, JH. (2003c) Serum perfluorooctane
sulfonate (PFOS) and perfluorooctanoate (PFOA) concentrations and medical
surveillance examinations. JOEM 45:260-270.

Olsen, GW; Logan, PW; Hansen, KJ; Simpson, CA; Burris, JM; Burlew, MM; Vorarath,
PP; Venkateswarlu, P; Schumpert, JC; Mandel, JH. (2003d) An occupational
exposure assessment of a perflurorooctanesulfony! fluoride production site:
biomonitoring. ATHA Journal 64:651-659.

Olsen, GW; Church, TR; Hansen, KJ; Burris, JM; Butenhoff, JL; Mandel, JH; Zobel, LR.

(2004a) Quantitative evaluation of perfluorocotanesulfonate (PFOS) and other
fluorochemicals in the serum of children. J Children’s Health 2:53-76.

Olsen, GW; Church, TR; Larson, EB; van Belle, G; Lundberg, JK; Burris, JM; Mandel,
JH; Zobel, LR. (2004b) Serum concentrations of perfluorocotancsulfonate

2696.0012

3MADO762546



(PFOS) and other fluorochemicals in an elderly population from Seattle,
Washington. Chemosphere 54:1599-1611.

Olsen, GW; Burlew, MM; Marshall, JC; Burris, JM; Mandel, JH. (2004c) Analysis of
episodes of care in a perfluorooctanesulfonyl fluoride production facility. JOEM
46(8):837-846.

Olsen GW, Huang H, Helzlsouer KJ, Hansen KJ, Butenhoff JL, Mandel JH (2005).
Historical comparison of perfluorooctanesulfonate, perfluorooctanoate and other
fluorochemicals in human blood. Environ Health Perspect 113;.

Seacat, AM; Thomford, PJ; Hansen, KJ; Olsen, GW; Case, MT; and Butenhoff, JL.
(2002a) Subchronic toxicity studies on perfluorooctanesulfonate potassium salt in
Cynomolgus monkeys. Toxicol Sci 68:249-264.

Seacat, AM; Thomford, PJ; and Butenhoff, JL. (2002b) Terminal obscrvations in Sprague
Dawley rats after lifetime dietary exposure to potassium perfluorooctanesulfonate
(abstract). Toxicol Sci 66 (S-1):185.

Seacat, AM; Thomford, PJ; Hansen, KJ; Clemen, LA; Eldridge, SR; Elcombe, CR; and
Butenhoff, JL. (2003) Sub-chronic dietary toxicity of potassium
perfluorooctancsulfonate in rats. Toxicology 183:117-131.

Shipley JM, Hurst CH, Tanaka SS, DeRoos FL, Butenhoff JL, Seacat AM, and Waxman
DJ. (2004) trans-activation of PPARalpha and induction of PPARalpha target
genes by perfluorooctane-based chemicals. Toxicol Sci 80:151-60.

Sohlenius, AK; Eriksson, AM; Hogstrom, C; Kimland, M; and DePierre, JW. (1993)
Perfluorooctane sulfonic acid is a potent inducer of peroxisomal fatty acid beta-
oxidation and other activities known to be affected by peroxisome proliferators in
mouse liver. Pharmacol Toxicol 72:90-3.

Starkov, AA; and Wallace, KB. (2002) Structural determinants of fluorochemical-
induced mitochondrial dysfunction. Toxicol Sci 66:244-252.

Tanaka S, Butenhoff J, Thibodeaux J, Eastvold M, Bjork J, Ehresman D, Singh R,
Wallace K, Lau C, 2005. Measurement of thyroid hormones in rat sera containing
perfluorooctanesulfonate (PFOS). Toxicol Sci 84 (S-1), Abstract 2066.

Tandem Labs (1999) Quantitative Determination of PFOS, PFOSA, PFOSAA, N-
MeFOSE-OH, N-EtFOSE, POAA, and PFHS in Human Serum by LC/MS/MS.
Assay Revalidation Report. Report No. NWBRO00-005. Salt Lake City, UT:NWT
Inc. US EPA docket AR-226-1208.

Tandem Labs (2001a) Quantitative Determination of PFOS, PFOSA, PFOSAA, POAA,
PFHS, M556 and M570 in Human Serum by LC/MS/MS. Assay Revalidation
Report. Report No. NWBRO00-108. Salt Lake City, UT:NWT Inc. US EPA
docket AR-226-1209.

Tandem Labs (2001b) Quantitative Determination of PFOS, PFOSA, PFOSAA, POAA,
PFHS, M556 and M570 in Human Serum by LC/MS/MS. Assay Revalidation
Addendum Report. Report No. NWBR00-122. Salt Lake City, UT:NWT Inc. US
EPA docket AR-226-1210.

Taniyasu, S; Kannan, K; Horii, Y; Hanari, N; and Yamashita, N. (2003) A survey of
perfluorooctane sulfonate and related perfluorinated organic compounds in water,
fish, birds, and humans from Japan. Environ Sci Technol 37:2634-2639.

Thibodeaux, JR; Hanson, RG; Rogers, JM; Grey, BE; Barbee, BD; Richards, JH;
Butenhoff, JL; Stevenson, LA; and Lau, C. (2003) Exposure to perfluorooctane

2696.0013

3MADO762547



sulfonate during pregnancy in rat and mouse. [: Maternal and prenatal
evaluations. Toxicol Sci 74:369-381.

Thomford, PJ; Seacat, AM; and Butenhoff, JL. (2002) Terminal observations in Sprague-
Dawley rats after lifetime dietary exposure to N-
ethylperfluorooctanestulfonamido ethanol (abstract). Toxicol Sci 66:185-186.

U.S. EPA (Environmental Protection Agency). (2002) Perfluoroalkyl sulfonates;
Significant New Use Rule (SNUR); Final Rule and Supplemental Proposed Rule.
Federal Register 67:11007-11013.

3MADO762548

2696.0014



