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~This continues 3M's voluntary submissions of data on perfiuorooctane
sulfonates and related compounds, as part of our ongoing dialog with EPA
~ regarding fiuorochemistry.
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We are providing a copy of 3M's draft Initial Assessment Report on
Perfluorooctane Sulfonic Acid and Its Salts, dated October 2, 2000 with this
submission. This draft document was provided to members of the OECD
Existing Chemicals Ta.« Force for their review prior to a technical meeting hekl
at EPA on October 26-27, 2000. The document is still a draft, subject to
modification as new data become availabie. However, we are providing a copy
so that this comprehensive document and accompanying robust summaries will

be available to the public in EPA’s docket along with all of the raw data we have
provided in our series of submissions.

The enclased draft report follows the format outlined in the Screening
Information Data Set (SIDS) Manual of the OECD, even though perfluorooctane
sulfonic acid (PFOS) is not considered a high production volume che ical. and
even thouah the data set on PFOS is substantially more robust than that covered
in most initial assessment reports.
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This draft report summarizes the mfomaﬁonavaﬂabieasoflulyﬂmoo o

 and presents and evaluates information on PFOS expoeure and biological effects = '
in an initial ass;ssnm,of potential human health and ecological 3Mhas

found in occupational and no 7 )
adverse health effects. Similarly, levels found in L.:e er. “ronment and in wildiife
are not associated with adverse effects. S :

As with other CDs submitted by 3M, the enclosed CD inciudes a copy of
the original cover letter and the Initial Assessment Report. These electronic '
documents are for read-only purposes and are not to be modiied. 3M will
maintain paper copies, and in the event of any discrepancy, the 3M paper copies
will be considered controlling.

) We will continue to provide information on a regular basis as it becomes
available. 1 will be retiring from 3M cffective February 1, 2001. You may feel free
to contact me until then, or after that, please contact niy successor Michael
Santoro (651-733-6374) with any questions.

Very truly yours,

William: A. Weppner, Ph.D.
Director of Environmental, Health
Safety and Regulatory Affairs
Specialty Materials Markets
Buiiding 236-18-10

3M Center

St. Paul, MN 55144
651-733-6374 (phone)
651-733-1958 (fax)

E-mail: waweppner@mmm.com

cc: Dr. Charles Auer
Dr. Oscar Hernandez
(without enclosures)
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o r St Paul, MO 53144-1000
61733 100

401 M Street, S.W.
. Room E6LSB
Washington, D.C.  20460-0001 .

Dear Osoar:

©~ Enclosed are twenty (20) copies of s document entitied “Draft Initial Assessment Report:
SRR 'rm—ammu'mmnmwm«cnnu:u-smm
7 that you will distribute the CD’s to the membens of the OBCD Existing Chemicals Task Force

- for thelr review prior to the technical meeting scheduled for October 26-27 in Washington.

The enclosed draft repart follows the format outlined in the Scresning aformstion Data Set
(SIDS) Manual of the OECD, even though perfinorooctane sulfonic acid (PFOS) is oot
considered & high production volume chemical, and even though the data set on PFOS is -
substantially more robust than that covered in moet initial sssessment reports,

This draft report summarizes the information available as of fuly 20, 2000 and presents and
svaluates information on PFOS expasure and biological effects in an initial assessment of
potential human heaith and ecological risk. 3M bas previousty provided a CD set contsining
proparation. The substantial body of data reviewed in this draft report suggests that bumen
serum levels fund in cccupational and non-occurational populations are nct assaciated with
adverse health effects. Similarly, levels found in the environment and in wildlife are oot
asaaciated with adverse affects. .

While the information in this réport represents our curreat kuowledge, additional information
is currently under development and will sid in improving this initial asssssruent of risk of
PFOS. Areas under study include ecological exposure and effects assessment, human
exposure (through sera messuremnent), chronic studi~g in laboratory animais and additional
tissue measurements of PFOS from previous studies.

To ensure the most ascurate analytical cesults possible, work is presently being conducted w©
completsly characterize samples used in testing and amalysis over the last few years. Based
on the results of further purity analysis, the valuas in the reports upon which this document is
based will be revised. Therefore, the numbers in the document will also be modified in fature
revisions.

©
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US EPA/OPPT/CCD (7405)
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Please contact me directly at 651/733-6374 if you have sy questions tmrﬁt!wt

Best regards,
bl O Aot

William A. Weppner, Ph.D.

Director

Environmentai, Health, Safety & Regulatory Affairs
Specialty Material Markets Group

3M Center, Bidg. 236-18-10

St. Paul, MN 55144
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. Introduction . -

EXECUTIVE SUMMARY

Perfluorooctane sulfonic acid and its salts (PFOS) are fully ﬂuormatedorgdmcmofecmes
produced synthetically by electrochemical fluorination or from the degradation of other
fluorochemical products produced by electrochemical fluorination. As a fully flu -
organic molecule, PFOS is very stable and resists further degradation. -Substantial Liformation
related to human and environmental exposures to PFOS has been developed providing evidence
of widespread distribution in humans and the environment. PFOS at very low levels has been
identified in serum and tissue samples from both occupationally and non-occupationally exposed
human populations, in various species of wildlife, and in surface waters and other environmental
media. An extensive database has been developed and continues to be developed on the possible
biological effects of these exposures. The information availabie as of July, 2000, together with
an assessment of human and environmental risks, is contained in this report. The report follows
the methods and procedures outlined in the Scr.ening Information Data Set (SIDS) Manual of
the Organization for Ecoriomic and Cooperative Development Investigation of High Production ~ _
Volume Che;=icals.

e

Based on the currently available information presented in this report, the observed levels of
PFOS from a wide variety of samples have not been associated with identifiable adverse effects
on human health, wildlife, or the environment. Additional data currently under development
from ongoing studies will be used in the future to refine this initial assessment.

The primary manufacturer of PFOS and its precursor molecules (3M Company) announced on
May 16, 2000 that it will voluntarily cease manufacturing perfluorooctanyl-based products. The
company is cooperating with the U.S. Environmental Protection Agency and its customers in
implementing a phase -out plan calling for most manufacturing to cease by the cnd of 2000 and
a. remaining manufacturing to cease by the end of 2002. . N

Environmental Exposure and Effects

Releases of PFOS and its precursor molecules can occur during their manufacture, during both
commercial and end use application, and after product use. Analyses of manufacturing waste
streams and those associated with commerciai and end use applications indicates that most of the
waste generated is in the form of solid waste which is either incineratec or disposed of in
landfills. Smaller amounts are released in waste water or to air. Enviroriaental fate and transport
and subsequent exposure to PFOS are still the subjects of several on-going studies.

The exposure potential of PFOS in the environment is being determined by a number of
monitoring efforts. A multi-city study designed to obtain informaticn about the dispersion of
fluorochemicals in the environment, uptake into foods, and their presence in surfar : water is
currently underway. Another study involves a global biosphere monitoring program aimed at
understanding the presence of PFOS in mammals, fish and birds. Finally, an additional study
involves gathering samples of groundwater, surface water, sediments and fish and bird species
from the vicinity of a manufacturing facility. Monitoring data collected through July, 2000, are
presented in this report.

Draft nitial Assessment Report PEFOS
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B N‘umerous acute and chronic toxicity studies mvolvmg freshwater and marine organisms have

been conducted, and the data from these studies provide a substantial basis for characterizing

- apoiential risks to aquatic animals. Effects on the particular species of terrestrial wildlifc and

~-birds in which PFOS has been found have not been studied, but considerable data on surrogate

~ - mammalian species have been generated. In situations where specific species effects daia are not
- available, inter-species extrapolation is an sccepted practice in ecological risk assessment, with

the. reuogmtxon that there are some uncertamtles associated with such extrapolation.

o nmal Aueument of Ecological Risk

v Thls mmal assessment report apphes a well-accepted methodology, wherein levels of
-~ environmental and wildlife concentrations are compared with toxicity thresholds that are derived
‘from the various studies. Under this approact: to 1isk assessment, the currently available data
indicate that the observed levels of PFOS from a wide variety cof envirormental samnles have not
been associated with identifiable adverse effects to wildlife and the environmen:. Calculated
ratios indicate a2 wide margin of safety, but it should be recognized that uncertainty exists in this
__analysis. Use of serum and liver data as a measure of internal dose reduces some of the
- uncertainty in this exiurap<'ation.- A number of additional envi-onmental studiss are underway or
o 'planned to reﬁne thxs mmal assessment.

| , - Human Exmnm

In the 1960's arid 1970's, organic fluorine was identified in human serum at levels less than
0.10 ppm. In the 1990's, as a result of improved analytical techniques, routine measurenents of
specific organofluorine chemicale became feasible. This allowed for :he measurement of PFOS
in serum from humans with occupational and non-occupational exposures. Occupationally

exposed fluorochemical production workers have measured serum PFOS levels that average 2.0
T,:,mmmthhnhmlmmlgnnnnmmmnalv 10 nnm, In a limited nuimher of non-occunational

'snmples, serum PFOS levels have rmged between 0.01 - 0.10 ppm. Research is ongoing to
better characterize the distribution of serum PFOS in non-occupational populations.

Health Effects

The database includes several sub-chronic studies in rodents and non-human primates,
multigeneration reproduction/developmental studies, an extensive array of genotoxicity tests,
toxicokinetic work and chronic studies. In addition, several epidemiological investigations in
exposed workers are available. The studies are of good quality and acceptable for use in hazard
evaluation.

Several investigations involving fluorochemical production workers show ne evidence of excess
mortality or specific clinical signs attributable to PFOS exposure. 3M has conducted medical
surveillance of perfluorochemical production workers for over 20 years. A battery of clinical
tests (including lipids, hematological parameters, enzyimnes and 11 different hormone assays)
showed no association with PFOS levels; these findings were based on serum levels i workers
up to 6 ppm. A mortality study showed no excess mortality for any cause of death. includmg
cancer. All of this information suggests that wcikers are not at risk at the serum levels reported.

Draft Initial Assessment Report PFOS
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" studies with respect to the nature oi'a aves Ei i sttt

Ttis 'reaso' nable to assume these wozkers have the highest = nevel cfl'mmany ex posm-c sure to PFOS. -
Since the production workforce studied is largely male,- thezsmdxee demadeqaately represeut
wemen. It is noted that male and femalemonlwys : o

Results from several repeat dose toncologxcal stu&m omsxstmﬁy demomtrate that the hvens ,
the primary tz.get organ. Manifestations of liver tissue response to-high doses of PFOS. faclude
enlargemert of the liver 21d apparent alterations in metabolic processes. Liver enlargement and
reduction in serum choiesterol are early responses to PFOS. Thmm occur in rats as well as
monkeys.

Also at Liigh doses PFOS adversely affects survival of rat pups in the neonatal period of life as a
result of matemal exposure during fetal development Reduced weight gain, abortions and

resorptions are seen in developmental studies at the higher doses tested. There weie no effects

on developmental milestones, including post-natal neurologicai development, or on fertility and
estrous cy'cli.ig in offspring ir multi-generation studies.

Multiple gonotoxicity assays covering a variety of endpoints dumonstrate that PFOS does not
present a hazard from interaction vrith genetic material. The resuits of 1 two-year cancer study in
rats will be available in the next several months.

PFOS is well-absoroed orally and very slowly eliminated from the body. The mean serum
elimination half-life for PFOS is approximately 300 days in humans, based on a continuing study
of retired fluorochemical workers. PT'OS is not metabolized in any of the multiple species
studied, although it can te formed metabolically frora cther fluorvchemicals containing the
pertluorenctanesulfonyi meoiety. Unlike many chemicals of environmental consequence, PFOS
does not preferentially distribute to fatty tissue, preferting instead to associate witk proteins in
blooc and liver. I. has been found to cross th placenta and thore is evidence for distribution in
milk. Due to the good cral absorption, poor elimination and extensive protein binding, PFOS
concentrations in liver and serum are proportional to cumuiative exposure. Therefore, serum
PFOS concentrations can be used as an integrated measure of exposure over time, regardless of
source.

Several investigations have been conducted or are in progress to better understand the
mechanism(s) through which PFOS exerts its toxicity. While not completely understood at this
time, the mechanisms(s) of toxicity is thought to include changes in metabolic processes
associated with fat metabolism.

Toitial Assessment of o an Risk

Retrospective cohort inortality assessments of fluorochemical production workers have not
revealed excess mortality in any category of disease. PFOS levels up tc 6 ppm in production
workers have not been associated with abnormalities in clinical testing (chemistries included
lipids, hematologic parameters and 11 different hormone values). Considering the study
information availi... .0 date, and given the distinctly higher PFOS levels in animals necessary to
produce toxicity (cholesterol lowenng and liver abnormalities), it is unlikely that wo ters would
have these abnormalities at the levels to which they have been exposed. Current knowledge

Draft iaitial Assessinent Report PFOS vit
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dlcates that general pépuiaﬁon sera 1evels are approximately two orders of magnitude lower
than production workers at the higher end of the range in these studies.

~Although there is some species variation in the levels at which PFOS induces toxicity, the toxic
effects.are consistent. Furthermore, the fact that the same measure of e - posure (serum values for
FOS) is used to extrapolate across species reduces the uncertainty in understanding exposure
ultimately human risk. The information available to date on toxicity associated with PFOS
rum levels indicates that PFOS levels in the general population are approximately two to three
rders of magnitude lower than serum levels in animal studies that are associated with no adverse

*- This report summarizes the information that is available as of July 20, 2000. There is a
substantial body of data relating human and environmental exposures to PFOS and the possible
- .._biological effects of these exposures. This {1formation suggests that h::nan serua PFOS levels
~ found in ocoupationa! and non-ocoupational populations are not assoc: sted with adverse effects.
. Similarly, levels found in the environment and in wildlife are not associated with adverse etfevi.
. Additional research now " ~derway will be used to refine this initial assessmen:.

Draft Initiai Assessment Repor: PFOS
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INTRODUCTION

The human health and ecological risk assessment pmcm for PFOS oontamed in thxs teport
follows the methods and procedures outlined in the Scree mation
Manual of the Organization for Economic Cooperation and Deve!opment (OBCD) Programme C
On the Co-Operative Investigation of High Production Voluhe Chemicals (OECD, 1997)

partizuiar, this report follows the provisional guidance for the outline of the SIDS Initial -

Assessment Report, which is discussed in Chapter 4 of the manual. The environmental portion of
the SIDS initial Assessment Report is effectively a Tier I Smmg -Level Risk Assessment as
envisioned by U.S. EPA. This format was followed recognizing that this initial assessment

report is to be part of the OECD Existing Chemicals Program. '

Overall, the assessment prescnts evaluates, explains, and combines information on PFOS
exposure and effecte into ai irdtrau assessment of potential risk Based on current information, the
observed level" nf Pi'OS -~ awide ariety of samples are not associated with identifiable
adverse effects in. "~ ., » "ldlife, cv 2 environment. The information in this report is based
on a substantial body of data and represents our current knowledge. Additional information is
currently under development and will aid it improving this initial assessment of risk of PFOS to
human health and the environment.

Section 1 of tmus report provides the PFOS CAS number, molecular formula, and composition;
describes its physicochemical properties; and discusses the behavior implications of these
characteristics, such as anticipated sources, sinks, and bioaccumulation. Section 2 presents
general information on ecological and human exposures to PFQS, including its uses and
function, production volume and expected exposure pathways. Ecological exposure, effects oh ™
aquatic and terrestrial ecosystems, and other ecological effects are described in Section 3.

h & SUGIRGR N ¥ SRR Gy 3., B N e v Meed - 2. €Y A S At .. £
IIuHall 1realll CAPUsSUISy, pulculial nazarus anu nm aav Tvalualcu i1 awuwn . oovuon o

presents the conclusions and recommendations of this assessment, and the literature and data
sources upon which this document is based are listed in Section 6. Summary Reports for the
compound’s physicochemical properties are included in Appendix I. Appendix II presents
Summary Reports for aquatic toxicological studies. Reports summarizing the environmental
exposure studies are included in Appenrdix III. Appendix IV lists planned environmental studies
on PFOS. Appendix V contains summary reports of mammalian toxicology studies.

Overview of PFOS

The fluorochemicals discussed in this document are produced by an electrochemical process that
exchanges all of the hydrogen atoms of an organic feedstock with fluorine atoms from hydrogen
fluoride. The highest volume perfluorochemical produced in this way is perfluorooctane
sulfonyl fluoride (POSF). Over eight million pounds of this compound will be produced in
2000. Using this perfluoroorganic molecule as a basic building block, unique chemistries can be
created by further reactions with functionalized hydrocarbon molecuies. These compounds repel
water and oil, reduce surface tension, catalyze oligomerization and polymerization, and maintain
their properties under extreme conditions. Depending upon the specific functional derivatization

000010
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or the degree of polymenzatnon, such POSF-based compounds may degrade or metabolize to
FOS PFOS is the stable and persxstent end-product that has the potentxal to bloaccumulate

- In the mvu'onment, PFOS is resistant to chemical and biological changes and does not degrade
~under any observed conditions except for combustion. PFOS or precursors eriter the
environment through factory discharges, as manufacturing residuals in products or as products
-themselves: - Mechanisms by which PFOS can be transported through the environment include
- transport iu surface water, adsorption onto particles present in air, surface water and sediments,
... .and uptake by aquatic, avian or terrestrial organisms.

o The ability to detect and quantify PFOS and its precursor compounds at very low levels in the
- environment has been limited unti] recently, when reliable and sensitive methods for extracting,
-~ ~separating, and identifying and quantifying them in tissues and environmental samples became-
available. For this reason, knowledge of the envin-nmental fate of this class of chemicals has
. been enhanced. Research is underway to assess PF-JS accumulation in the environment, atypical
- partitioning behavior, and significant surface activity. Uncertainties about the applicability of
~ existing fate-and-transport models and gaps in physicochemical and environmental data also
~_complicate the characterization of the environmental fate of PFOS. More information is being
- . gathered to better understand environmental fate. This includes efforts to help characterize
" releases from product manufacture and use, including developing fate-and-transport models and
e du\gning methods to sample various habitats and species of interest.

PFOS has been found at low levels in sampies of human serum from several sources and
locations. Itis persiatent and widespread in human populations. The mechanisms and pathways
leading to its presence in human blood are not well characterized, but it is likely there are '
multiple sources of the compound. Some may arise from environmental exposure to PFOS or
precursor molecules, or from residual levels of precursors to PFOS in commercial products. 3M

production workers have the highest known blood levels of PFOS. Epidemiological and medical
_survaillance stiidies of thess warlrers have not aseariated adverss health affecis with thic -

exposure. An extensive toxicological database on PFOS and specific precursor molecules
continues to be developed. While much work in this area is still in progress, the available
information indicates that current levels of PFOS are not associated with identifiable adverse
effects to human health,

The analytical values represented in this report result from various methodologies and represent
the most accurate information available as of July, 2000. For this data, final reports have been
issued or are in preparation. To ensure the most accurate analytical results possible, work is
presently being conducted to completely characterize samples used in testing and analysis over
the last few years. Based on the resuits of further purity analysis, the values in the reports upon
which this document is based will be revised. Therefore, the numbers in this document wonld
also be modified in future revisions.
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Crier n'cal N-me: I‘erﬂuomoctane Sulfcmc Acld

CAS Number: YVarious, iuclvding: 1763-23-1 (acid) N S oL P
2308i-55-9. (ammomum salt} N T
" 7G225-13-8 (UE - sali)
2795-39-3 (potassium saliy
26457-72-5 (ftlurm sai)

The perfluorooctane sulforate anion (PFOS) has no specific CAS number. The above-listed ac:d
and saits sre all considered periluorooctane sulfonates.

Molecuiar formulu: CHE,0,S

Structural formula:

N on

CFi~_ CFy _CF» Iy \
CF> CF; CFp CFa

Synonyms: 1-Octuresulfonic acid 1,1,2.2,2,3,4,4,5.5,6,6,7,7.8,8,8-
heptadecafluoro-; i,!,2,2,3,3,4,4,5 5,6,6,7,7,8,8,8-.
Heptadecaf ucro-1-octanesulfonic acid; 1-Cotanesulfonic
acid, hentacCecatluore-; 1-Perflunrooctanest.ionic acid;

) & PNV POTY - PN 1 PP VRRGPRE) §SNC-SURPPEP N ¢ Paver § PROIET )
OCPaGClautiTe- -CCalitow ITmic av’a; JTLILuwia=n-

octanesulfnic acid; Perflusiooctane:uifo.n acid;
Perlluorooctylsulfonic acid

Table 1-1, Physical and Chemical Properties (Sez .spperc .x {

for Robust Summaries)
Parameter Report Date | Reculty
Melting Point 2/24/99 > 00°C
Vapor Pressure 5/05/99 3.3] v(r' T @20 |
n-Octanol/Water Partition 2/11/00 Not nee.surabie
Coefficient
Air-Water Partition Coefficient 3'19/00 | u (~’ 2w Y %)
Solfxblhty in Pure Water 5/03/99 l_, S “" ZL L _|
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PFOS appears to be stable in the environment. Thxs compound is not b:odegradable and does not
tmdergo hydrolysis or photolysis. Based on an analysis of bond strength the compound is .
destroyed by combustion at high temperatures. The very low vapor pressure and mwsurable
lu‘/water coefﬁcient indicate that volatility of the compound is insignificant.

e I!FOS has a solublhty of about 519 mg/L in pure water. Solubility decreases significantly in
geawater to about 25 mg/L. These data suggest that any PFOS discharged to a water source
would tend to remain in that medium, unless it is adsorbed onto particulate matter or assimilated

. by organisms. If PFOS does bind to particulate matter the material would ultimately end up in
. the sediment. Further study is underway to determine the presence of PFOS in sediments from
various locations and the binding potential of PFOS to sediments.

PFOS is not anticipated to be present in the atmosphere because of its extremely low volatility.

In fact, obtaining an air/water partition coefficient reading for PFOS has not been possible
___because the partitioning has been too small to measure. Therefore, atmospheric dispersionof .____ _

PFOS is co:mdemd nnhkely

- Because of the compound’s surface active properties and the test protocol itself, determining the
" n-octanol/water partitioning coefficient has not been possible. The difficulty in measuring this
coefficient is caused by the formation of a third layer between the water and the n-octanol.

Because the octanol/water coefficient is used extensively in models to predict bioconcentratic:a
and transport mechanisms, a different test method will be used to determine the coefficient. An
actual bioconcentration study will also be performed.

Even with this information, classic models (whlch are based on log P, or K, for predncimg

not bioconcentnte in the lxpid fraction | fraction but tends to bind to certain protems These § ﬁndmgs may
negate the utility of the conventional models, which are based on measures of affinity for lipids.
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2.0 GENERAL INFORMA 'n'o'N os'zxros' XPOSURE

General Information on Exposure

Perfluorooctane sulfonic acid (PFOS) is a fully fluorinated organic acid ptodueeéby T e e e

electrochemical fluorination. The startmg feedstock for the electrochemical fluorination reaction
is 1-octane sulfonyl fluoride and the primary product produced is puﬂuorooctane sulfonyl '
fluoride (POSF). POSF is a commercialized product to some extent, but it is primarily an
important intermediate in the synthesis of higher molecular weight fluorochemical products.
PFOS is itself a commercialized product produced from the hydrolysis of POSF. 3M sells
approximately 50,000 pounds per year of PFOS in various salt forms. It is used for a variety of
surfactant applications (mainly fire-fighting foams and coating additives). Unique chemistries are
created by further derivatizing POSF through the sulfonyl fluoride moiety using conventional
hydrocarbon reactions. POSF is reacted with methyl or ethyl amine to produce either N-methyl
or N-ethy! perfluorooctane suifonamide. At this stage, these intermediates can be used to make
amides, oxazolidinones, silanes, carboxylates and alkoxylates as commercial products. These
intermediates can be subsequently reacted with ethylene carbonate o form either N-methyl or N-
ethylperfluorooctanesulfonamidethanol. These intermediates can be used to make adipates,
phosphate esters, fatty acid esters, urethanes copolymers, and acrylates as commercialized
products. See Figure 2.1.
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Figure 2.1 POSF Fluorochemical Reaction Tree
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-are carried forward to the final product. Typically, these s
concentration of 1% or less in commercialized product. The non-ﬂuomcﬁenneul mowtxs added
to the sulfonyl fluoride group of these residuals can be removed through a variety of degradation

The secondaxy reactions producing ai! of these dmvaﬁvsmsmgleorse@mmalbatch .
processes that do not necessarily produce pure icts. There may be varying amounts of
fluorochemical residuals (unreacted or partially reacted starti matenals or mtum :ates) that

processes (chemical, environmental, and metabolic).- ’Ihetermmalﬂuomehemtealmomtyof S

such degradation will be PFOS. Higher molecular weight polymeric ﬂuomchcnncaf pmducts
tend to be stable and do not degrade to PFOS by thcse same processes. :

Total worldwide POSF production by 3M in 2000 will be 8 000,000 l'bs. POS;F—denved
fluorochemicals (polymers and monomers) are formulated with water or solvent, with the
fluorochemical comaonent (or fluorochemical solids) representing a variable percent of the
formulation. Total ‘luorochemical solids include the hydrocarbon reactants combined with the
fluorochemical starting material and do not represent the POSF molecule itself. 3M produced
fluorochemical solids represent the majority of the total production of sulfonyl based
fluorochemicals in the world The breakdown of 3M fluorochemical production into different
product categories include:

Surface Treatments (High Molecular Weight (MW) polymers or formulated
products with '"uw perccatages of non-polymeric FC
solids)

Carpet Protector ,

Fabric/Upholstery Protector

Apparel and Leather Protector

Protective Products for After Markets and Consumer Application

Paper and Packaging Protectors (Phosphate esters or high MW polymers)
Food Packaging
Paper Products

Performance Chemicals (Low MW chemical substances)
Fire Extinguishing Foam Concentrates

Mining and Oil Surfactants

Electroplating and Etching Bath Surfactants

Household Addi:ives

Chemical Intermediates

Coatings and Coating Additives

Carpet Spot Cleaners

Insecticides Raw Materials

Potential sources of human or environmental exposure to PFOS include 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.
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.. The primary manufacturer of PFOS-based chemicals capable of potentially degrading to PFOS
- (3M) has announced that its production of these materials will be substantially discontinued by
—the end of 2000. Manufacture and distribution of a few, well-defined products having essential
-~ uses will continue for a limited time period thereafter. The company is working with the U.S.
- EPA and with its customers to implement an orderly transition away from all such
petfiuorooctanyl chemical products by the end of 2002.
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3.0 ENVIRONMENT

3.1 EnvxrovmenfalExposnre,, i S — FL e s

This section discusses avaﬂable mformsuon onthe presmce of puﬂwmoctmsulﬁmate (PFOS)
in the environment. As part of a larger study, monitoring data have been collected for surface =

water column samples. Summary reports are presented in Appendix HI. A global biosphere
monitoring program has resulted in analysis of more than 400 archived serum and liver

specimens from a wide range of aquatic and terrestrial species. Thesedataatedescﬁbed in
Section 3.1 and are summarized in Tables 3-2, 3-3 and 3-4.

3.1.1 General Discussion

Exposure Potential

One potential source of PFOS exposure is the release to the environment of POSF-derived
matevials in the waste streams generated from the manufacturing process, supply chain o
operations, and consumer use. Based on extensive engineering calculations and mass balance LT
determinations, estimates of 3M waste stream generation have been derived. 3M hasno :
information on waste streams from other producer- and users of these materiais.

Generally, the wastes generated from the manufacture and use of POSF derived materials are not.
in the form of PFOS itself, but rather in the form of high molecular weight polymeric materials,
which contain small amounts of residval molecules which may be precursors to PFOS. The
degradation of the polymeric substanc s is very complex and efforts are underway to understand
the mechanism and the extent to which they may degrade to PFOS.

From the standpoint of waste type, approximately 90% of the waste generated from all sources is
in the form of solid waste, which is either incinerated or disposed of in landfills. The remaining
wastes are discharged as wastewater (~9%) or as air emissions (~1%). Several ongoing studies
will improve the understanding of the possible mechanisms associated with environmental fate
and transport of PFOS. (See Appendix IV.)

The exposure potential from waste generation sources and actual environmental concentrations
are being determined through a series of monitoring efforts. For example, a multi-city study was
designed to obtain informaticn about the dispersion of fluorochemicals in the environment,
uptake into foods, and presence in surface water. The purpose of the study , which has been
initiated but not completed, is to improve the understanding of the potential sources of human
and ecological exposure. Where possible, samples were taken or will be taken from the surface
water column and surface microlayer, sediment, river fish, drinking water, influent and effluent
to publicly owned treatment works, sludge, and landfill leachate. Additionally, a “market
basket” of several food products will be sampled. The data from this study will provide a more
definitive exposure analysis. The surface water column data collected as part of this study were
used to create the Initial Assessment for the Environment (Section 3.3.1).
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o Two other studies are underway to characterize the exposure potential of PFOS. The first study
-“-involvesa global biosphere monitoring program aimed at understanding the distribution of PFOS
- -ina variety of organisms, such as mammals, fish, and birds. These data provide a direct measure
- of PFOS exposure to these organisms. In this assessment, this information is combined with the
results of ecotoxicological testing and mammalian toxicity testing to understand the potential risk
-of those exposures, if any. The discussion of the findings from this biosphere program and results
- of ecological effects studies are presented in Section 3.2.

~* The second study is being conducted in the vicinity of a manufacturing facility (Decatur,
- Alabama). Samples of groundwater, surface water, sediments, and fish and bird species have
. been collected and analyses are in progress. This study will also provide information on PFOS
.. concentrations in progressive levels of the food web and, in conjunction with other information,
will be used to develop an analysis of the biomagnification characteristics of this compound.

rement

- ‘Exposure and Release Manaj

3M has already announced that it will voluntarily cease production of POSF chemistry. Even
~ prior to that announcement, several activities to reduce the waste and emissions from 3M '
- . manufacturing operations and to improve product quality had been implemented. Product and
.. process understanding have been enhanced, the level of residuals and wastes from the
‘manufacturing operations have been reduced (through improved process controls and installation
of treatment equipment), most fluorochemical solid waste materials from 3M manufacturing
- receive thermal treatment, and the program of product phase-out is underway. All of these steps
have had and will continue to have a sxgniﬁcant impact on reducing the exposure potential from
3M manufactured fluorochemicals.

3.1.2. Predicted Environmental Concentrations (PEC)

As the SIDS Manual indicates, the predicted environmental concentration or PEC should be
derived based on monitoring data and/or calculation using exposure models. At this time, the
development of predictive models is in a very early stage. The physical/chemical properties of
PFOS and the overall characteristics of the products and waste streams may hinder the
development of predictive models. Typically, the models call for the use of log P or K factors,
which are not available for this compound. These factors are required for predicting
bioconcentration and, because of the surface active properties of the compound, the factors
cannot be determined. In addition, the nature of exposure routes would add considerable
complexity to the development of these models. For example, PFOS degradation in the
atmosphere or its birding potential in ecological species or compartments such as sediments is
not fully understood. Consequently, the analysis presented in Section 3.2, Effects in the
Environment, is based on actual monitoring data which are likely to be more reliable than
modeling estimates for this compound.
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Data are available from the multi- -citysﬁ:ﬂyan&ﬁltglobal‘: biosphere monitoring program With s

these data and the extensive ecotoxicological and animal tatmgrsnl theprﬁcte& S
environmental concentrations (PECs) and the predicted no effect concentrations (PNECs} of the
compound can be thoroughly compared. This mformatxon is presentedm the feﬂowmg sections.

3.1.2.1 Surface Waters

PFOS concentrations in surface watets were analyzed in samples from six cities (Nishioka and
Strauss, 2000). For each city, a list of key 3M supply chain customers was generated, and the
locations of the customers were determined. Examining the various locations resuited in the
identification of surface water bodies in both the upstream and downstrecm vicinity of the key
3M customers. The locations were chosen to integrate the potential PFOS exposure due to all
POSF-based manufacturing and fluorochemical use by key supply chain sources. In addition, a
“quiet water” site was located at each city except for Cleveland, Tennessee. Details on the sites
and locations are contained in the study design. A description of the sites for each city is found
in Table 3-1.

At each city sampling site, two water samples were analyzed for PFOS concentration. Table 3-1
presents the results of the laboratory analysis. A site average and a maximum value are
presented for each city. The reporting limits and method detection limits are indicated in the
table. The average and maximum values are usc: in the risk assessment analyses presented in
Section 3.2. The largest concentration of PFOS was found in the quiet surface water in Port St.
Lucie 2,930 parts per trillion (ppt) and the second largest at Decatur (114 ppt). The
concentrations of PEOS at Cleveland, Tennessee, were all less than the limit of quantification of
25 ppt. Of those cities with average PFOS concentrations greater than the reporting limit,
Columbus, Georgia, had the second largest average PFOS concentration of 80.0 ppt while

Pensacola, Florida, had the smallest detectahle average PEQOS concentration of 257 ppt.

K QIIDGULU IR, L IV IU, U U SISl e e K . Y E & NSRP Semae Rm ——————

The analytical findings of the Port St. Lucie quiet water sampling location are not completely
understood but are considered to be an anomaly in the multi-city data set. The PFOS levels at
this site are considerably higher than other quiet water sites in the study ard are not consistent
with other findings at Port St. Lucie. The sampling site is a relatively smzil and stagnant pond
about 200 feet by 200 feet. The pond contained considerable manmade debris including plastic,
styrofoam and bottles.

3.1.2.2 Biota

The biosphere monitoring program was designed to assess the global distribution of PFOS.
Samples of blood, liver, and other tissucs were collected from archived specimens of a variety of
species from several locatio.is and analyzed for PFOS. Areas of focus included North America
(the Great Lakes and coastal marine locations) the Arctic, and Europe. Analyses of these
samples indicated that PFOS is present in the livers and sera of animals, especially in piscivorous
(fish-eating) animals. Tables 3-2 and 3-3 summarize the results of these analyses. The highest
average concentrations of PFOS in biota was found in the blood of bald eagles and the liver of
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mmks WAyrgragVe concenfrétioi;s in other tissues and other species were relatively lower (Table 3-

""" environmiertal exposure. In laboratory toxicity tests with rats and monkeys, PFOS was found to

* ~ Concentrations of PFOS measured in blood and liver of wildlife appear to be valid measures of

o  distribute to blood and liver. In a 26-week capsule toxicity study with Cynomolgus monkeys,

_serum PFOS values increased almost linearly at doses up to about 100 ppm, although serum

“levels did tiot increase lincarly at higher doses (Table 3-5). In 14-week dietary and two-

~ generation reproductive st .ies in rats, serum and liver concentrations also increased
-approximately linearly with dose (Table 3-5). Ina radiolabel study the majority of the
~administered dose was found in blood and liver. Thus, primate and rat studies indicate that

" serum PFOS concentrations resulting from daily exposure over a broad range of PFOS doses are

" directly proportional to cumulative dose up to serum concentrations of 100 ppm (see section

4312

© 321, Effects on Aquatic Animals from Exposure to Aqueous Concentrations

3.2 Effects on the Environment

- Since 1974 numerous acute and chronic toxicity tests using a variety of freshwater and estuarine
~ aquatic organisms have been conducted (Table 3-6). Over this time, protocols for conducting the
toxicity tests have changed. For a given type of test and test endpoint, however, the effect of
'PFOS to aquatic organisms has been demonsirated to be within a relatively small range. Table 3-
6 summarizes the aquatic toxicity test results that are currently available. A variety of effect level
test endpoints are available including the EC10, EC50 or EL50 or LL50 or LC50, LOEC and
EC90. No effect levels (NOEC and NOEL) are also available. Appendix II contains the robust
summaries for each of the tests shown in Table 3-6. Ongoing and planned aquatic toxicity test

Examination of Table 3-6 shows that the lowest NOEC found was 0.3 mg/L PFOS, which is
caloulated from a 47-day chronic test of fathead minnow conducted in 1999. The value
represents the PFOS concentration at which no effect was found using a post-hatch survival of
eggs as the test endpoint. In keeping with the SIDS approach of using the most sensitive
indicator of PFOS effect as the PNEC, this report uses 0.3 mg/L in the risk assessment for

aquatic species.

3.2.2 Effects on Terrestrial and Aquatic Birds and Mammals from Bioaccumulatioa of

In situations where specific species effects data are not available. inter-species extrapolation of
toxicity endpoints is an accepted practice in ecological risk assessment. The magnitude of the
uncertainties in such extrapoiations is unknown, and could be large (Chapman et al.,, 1998} 1t
fewer steps are involved in the extrapolation process, the uncertainty will be less (Sample et ai,
1996). For PFOS, or any other chemical, these uncertainties should be smaller when
extrapolating from mammals to mammals {(e.g., rats to mink) and larger when extrapolating from
mammals to birds (e.g., rats to eagles). A potentially large source of uncertainty assoctated with
predicting effects of chemicals on birds and mammals comes trow the vanability assocared wath
Draft Initial Assessmen: Report PFOS ;
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sensumty among species to toxic chemicals. TOXICItY data for la

b frats’repmsentthemost" N
- coramon, relatively consistent test erdpoints-for human health risk assessment that can' =

applied to terrestrial vertebrates. Thwemdpomfsmllalmbeappﬁe&t&bm!speatwmbjectm_ 1:::' -

the increased extrapolation uncertainties mentioned above. Use of a tissue concentration of -
PFOS rather than an external mmmﬂnsmtmtybydmmanngmmeofthe -
pharmacokinetic variables that exist between . specxe& Avian Jnomc stncl:es are also underway
to better characterize the effects of PFOS in birds.

The preliminary results of three recent studies (see Table 3-5) evaluated the subchrenic or
chronic effects of PFOS on rats and monkeys, which included measnrements of PFOS -
concentrations in serum and liver. As explained above, these results provide the test available
information for characterizing the potential effects and risks of PFOS to piscivorous wildlife.

Section C of Table 3-5 presents the results of a growth and reproduction study conducted with
rats. Growth and reproduction are typical endpoints used in ecological risk assessments. and
have a direct ecological effects correlation at the individual and population I-vel. Examination
of the table shows that the NOEL occurred at the 0.4 mg/kg/d dosing level. No toxicologically
important effects on pup survival or growth occurred at this dose. At 1.6 mg/kg/d and higher,
pre-implantation loss increased and litter size, pup viability, growth, and survival decreased.

For the ecological risk characterization for piscivorous wildlife, the NOEL from ihe dam pre-
mating group was chosen. This value is 47.1-ppr serum PFOS. Several reasons support this
choice, First, this value is taken from a study on reproduction which has direct population level
relevance. Second, the mammal serum values from 3M’s biosphere prugram are generally
derived from adult, nonpregnant animals. Third, end gestation values are affected by the
physiologic changes occurring during pregnancy, introducing greater intra- and interspecies
variability. In addition, fetal values tend to be more uncertain than adult values, because
neonatal sers are difficult to collect, and the risk for contamination or dilution during collection

is higher. (Note: There is a NOEL of 62.9 ppm in Section B of Table 3:;1'01' female rats. This
number was not used because it does not represent a reproductive effect). For the ecological risk
chararterization for piscivorous wildlife, the 0.4 ing/kg/day dam pre-mating value of 47.1-ppr-

serum PFCS NOQEL was used as the PNEC concentration.

Two recent studies were done to assess human health effects related PFOS toxicity to liver
concentrations—the 26-week capsule toxicity study with Cynomslgus monkeys ard the 14-week
dietary study with rats. In the 26-week monkey study, the mean NOEL for liver concentrations
of PFOS at the 0.15 mg/kg/day dose was 80 ppm, (Table 3-%). For the 14-week rat study, the
mean (male and female average) NOEL for liver concentrations for PFOS at the 2.0 ppm dose
was 72.5 ppm. (Table 3-5). Either the monkey liver value or the rat liver value could be used as
PNECSs for this risk assessment. The rat liver value was chosen for this risk assessment because
it results in the most conservative risk estimates. Therefore, the 72.5-ppm liver PFOS
concentration was used as the PNEC.
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:3.3'*@@@1 Assessment for the Environment

- Efffects to the environment are calculated using a ratio of the PEC to PNEC for both aquatic and

ammalian assessments. As indicated in the SIDS manual a ratio of greater than one (>1)
licates a specific hazard may be posed. A ratio far below one (<1) indicates a hazard cannot be

““identified and the chemical can be considered to present a low potential for risk. In this

“sssessment actual environmental data are used to evaluate risk and safety factors are not

.- explicitly incorporated in the PNEC’s or risk calculations. The inverse of the risk ratio, or

- PNEC/PEC, is the margin of safety.

- Inaddition to calculating the PEC / PNEC ratios, the effects and exposure data are presented in
- - graphical form (Figures 1, 2 and 3). The graphics provide a method for visually comparing the
- effects and exposure data. From the graphs, the range of effects concentrations, or range of
__ exposure concentrations, that are contained in the current data set can be assessed. Cumulative
frequency distributions of effects and exposure are created for both the aquatic and terrestrial risk
© sssessments, and plots of the data are presented. Unlike the PEC / PNEC ratios which focus on
_ the highest possible risk estimates, the graphical approach provides a comprehensive assessment
. of the potential risk of PFOS acroas the entire range of effects and exposure information.

Exposure to PFOS in Surface Waters

Table 3-7 presents the ratio of PEC to PNEC for each of the cities in which aquatic exposure
_concentrationa are available. The ratios range from 0.000016 at Port St. Lucie (Site 2) to 0.0096,
also at Port St. Lucie (quiet surface water). The second largest ratio (0.00037) was determined
for the quiet surface water sample in Decatur. All but one of the ratios is less than one by a
margin of safety greater than 2000. The quiet water at Port St. Lucie is the exception, with a
margin of safety of over 100. A comparison of all toxicological endpoints to the maxiroum
o PFOS concentratio obtained at each of the six cities is shown in Figure 3-1. The Figure

- indicates that for the surrently available water column data the concentration of PFOS in all
samples are well below the entire range of ecotoxicological effects data. Within the bounds of
uncertainty (based on this very conservative risk approach), the current information indicates that
no-adverse effects to aquatic biota would be associated with measured concentrations of PFOS.
It should be recognized that aquatic exposure data is limited.

3.3.2. Potential Risks to Terrestrial Wildlife from Bioaccumulation of PFOS

All PEC/PNEC ratios for blood and liver PFOS concentrations in terrestrial organisms were Jess
than one (Tables 3-8 and 3-9, respectively). These tables provide ratios for each species using
the lowest tissue concentration, the maximt' tissue concentration, and the average of all
available tissue samples. The largest maximum ratio for PFOS in blood was 0.0352 for bakd
eagles. This ratio represents the degree of risk for the individual eagle with the highes! measured
blood concentrations of PFOS. Note that this ratio represent a margin of safety of 18. The highest
mean ratio is also associated with eagles (0.0073), and represents a margin of safety of 157
Mean PEC/PNEC ratios were less for all other species.
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mean of all samples for a particular species. Labels on the figure indicate t

analysis. Examination of the figure shows that the median PFOS serum concentration forafl

approximately .004ug/ml and 0.28 ug/ml, respectively. In other words, based on currentdata,

only 5% of the species mean PFOS serum concentrations exceed 0.64 ug/ml. Figure 3-2 shows

that for the currently available environmental data the serum concentrations of PFOS in wildlife

samples are well below the PNEC. ; ' T -

species is approximately 0.03 ug/ml. The 5* znd 95® percentile PFOS serum concentrationsare =~

For PFOS in liver, the largest maximum PEC/PNEC ratio was 0.0676 for the mink with the -
highest liver concentration. This ratio represents a margin of safety of 15. The largestmean
PEC/PNEC ratio is also associated with mink liver (0.0170), representing & margin of safety of
approximately 59. Figure 3-3 compares the PNEC for liver concentration to the: cumulative
distribution of Liver PFOS concentrations for all species sampled. Again, species mean values

are used in the cumulative distribution. FExamination of the figure shows that the median PFOS  ~ °
liver concentration for all species is approximately 0.08 ug/g. The 5® and 95" percentile
concentrations are approximately 0.02 ug/g and 0.4 ug/g, respectively. Figure 3-3 indicates that

for the currently available environmental data the liver concentrations of PFOS in wildlife

samples are well below the PNEC.

The remaining species heve PEC/PNEC ratios that are much smaller than those of eagles and
mink. For example, the second highest maximum serum ratio is associated with herring gull
(0.0046), representing a margin of safety of 217. The largest margin of safety for the maximum
serum concentrations is 10,000 for he northern fur seal and the stellar sea lion. In liver, the
second highest maximum ratio is associated with the river otter (0.0137), representing a margin
of safety of 73. The largest margin of safety for the maximum liver concentration is seen in
swordfish (5,000).

Sources of uncertainty in these risk characterizations include the following:

1. The relative sensitivities of rats, monkeys, and piscivorous wildlife species to PFOS are
unknown; therefore, using rat and monkey laboratory PFOS toxicity data to predict
effects to piscivorous wiidlife may over- or underestimate risks. Use of atissue
concentration of PFOS rather than an external dose estimate reduces this uncertainty by
elimirating some of the pharmacokinetic variables that exist between species.

w

The amount of chronic toxicity data for PFOS available at this time for predicting risks to
piscivorous wildlife is limited

3. The degree to which the limited data in the biosphere sampling program for PFOS
concentrations in blood and liver in piscivorous wildlife are representative of PFOS
concentrations in piscivorous wildlife in general is unknown.

[n summary, it can be concluded from currently available data that the observed levels of PFOS
from a wide variety of samples cannot be associated with identifiable adverse effects in wildlife
or the environment. PEC/PNEC ratios are substantially less than one (<1). It should be
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= 73.3.3 Other Efl’ects

recogmzed, as mdxcated above, that uncertainty exists in this analys:s Additional avian chronic

studies are underway that will increase the amount of data available for characterizing risk to
yirds _.;Emalmngblosphere monitoring studies also will provide more information on the

presence of PFOS in the environment.

L Shndlrdlzed whole effluent tox:clty tests required under the discharge permit for the
:_manufacturing plant located in Decatur, Alabama were reviewed. Quarterly testing with

‘ Daphnia and fathead minnows is required. For the past two years, there has been 100% survival
- - ~in the test orgtmsma exposed to the plant effluent, which does contain PFOS.
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Table 3-1. Environmental Conceitrations
Locaticn { Sampling Site | R T & Lm 'a tion
Sample 1|Sample 2| Site Average | - ¢ 4 ozi.onm
Columbus, Site 1 638 | 599 61.9 - )
Georgia Site 2 766 | 833 80 -
Sampiing locations Site 3 55.4 554 554
near the Columbus T
Water Works Influent |  Quiet surface <25 <25 <25
water : . .83.3
Pensacola, Site 1 20.8 19 19.9
Flonda Site 2 28.5 22.8 25.7
Sarii L Site 3 20.9 185 19.7
ampling locations in
T -
h roxas By eor | Quict surface 15.7 174 16.6
access) water
285
Mobile, Site 1 239 22 23
Alabama Site 2 39.6 428 41.2
Sampling locations Site 3 34.7 36.3 355
E:;;sﬁ:fm\::m Quiet surface 333 315 324
reatment plant water
42.8
Decatur, Site 1 23.1 8.3 15.7
Alabama Site 2 145 22 18.3
Samgling locations ,
upstream of the Site 3 <25 <25 <25
Decatur POTW
zmuent and Quiet surface 108 114 111
Ptlya\:rt\stream of Water water 114
Cleveland, Site 1 14.7 <25 19.9
Tennessee Site 2 <25 <25 <25
Sampling locations Site 3 <25 <25 <25
tpstream of the
‘leveland Munici
g{l;?ew and Municipal N <2 5‘
Port St. I acie, Site 1 5.2 4.1 4.7
Florida Site 2 7.7 9.3 8.5
Sampling locations in
the vieinity of the Site 3 7.8 54 6.6
Northport Wastewater
Treatment Plantand | Quiet surface 2,930 2,850 2,890
Port $t. Lucie lundfill water 2’930

*Limit of quantitation is 25 nl/L. and method detection limit is 2.5 ng/L.
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and Serum Samples from Wildlife Species

o 7lele 3-2. Environmentnl Concentrations (PECs) of PFOS in Blood, Plasma,

i SM“ | Namber of PEC (ug PFOS/mL) ppm —
IR I N Samples | Minimum | Maximum | Mean™ Deviation
- [Albatross 13 0.0035 | 0.039 0.011 0.011
| Bald Eagle 26 0.0012 2.6 034 0.64
- {Caspian Seal 14 0.012 0.018 0.013 0.0021
~|comorant | 11 | 000129 | 043 0.17 0.12
|Hering Gull_ 4 0.066 0.45 0.22 0.18
. [Northern Fur Seal] 44 0.0058® | 0.0058® | 0.0058% 0.0
Otter | 1 0.039 0.039 0.039 . -
|{PolarBear | 14 | 00029 | 0052 | 0.030 0.013
Stellar Sea Llon 12 0.0058® 0.0058 0.0058 0.0

Draft Initial Assessment Report PFOS

A Level of Qumuﬁcahon for the Specific Analysis :
® The mean concentrations were calculated using all data points, including those that were
below the limit of quantification.
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-~ Wildlife Species

Number |

Species of o |
Albatross 9 0.035° 062 0099 0.19
Baikal Seal 24 0.035* 023 [0094| 0054
Blacktailed Gull 15 0.071 050 | 0.17 0.12
Bottlenose Dolphin 5 0.0070* 0.43 022 0.16
Brown Pelican 2 0.046 0.29 0.17 0.18
Brown Trmut 10 0.017* 0.026 | 0.018 | 0.0026
California Sea Lion 6 0.035* 0.049 | 0.038 | 0.0058
Chinook Salmon 6 0.033 0.17 0.11 0.061
Cormorant 12 0.032 047 | 0.096 0.12
Elephant Seal 5 0.035* 0.035* |0.035* 0
Ganges Dolphin 2 0.035 0.081 0.058 0.033
Gozzi 1 0.13 0.13 0.13 -
Green Frog 4 0.035 029 | 0.097 0.13
Harbor Seal 3 0.035° 0.057 {0042 0.013
Lake Whitefish 5 0.033 0.081 | 0.067 0.02
Loon 8 0.035" 0.69 0.22 0.21
Map Turtle 6 ~0.039 0.70 0.19 0.26 .
Mink 30 0.093 49 1.2 1.3
Northern Fur Seal 13 0.035" 012 | 0043 0.024
Polar Bear 17 0.18 0.68 0.35 0.14
River Otter 5 0.15 0.99 0.39 0.35
Sea Otter 8 0.035° 0.035* |0.035" 0
Striped Dolphin 4 0.065 0.16 0.19 0.041
Swordfish 5 0.0070* 0.013 |0.0084| 0.0028
Terrapin 3 0.035* 0.035* |0.035* 0
Tuna 20 0.035* 0.25 0.08 0.052
Turtle 3 0.099 036 | .23 0.13
Weddell Seal 1 0.035* 0.035 -

0.035*

Oraft Initiel Asscssment Report PFOS
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-7 *Level of Quantification for the Specific Analysis
- %The mean concentrations were calculated using all data points, including those that were
‘ below the limit of quantification.

. Table3-4 “Environmental Concentrations (PECs) of PFOS in Other Tissue
7 T Samples from Piscivorous Wildlife Species

. e b . Nomber PEC (ug PFOS/g) ppm
77 Species Tissue San'::)lu Minimum [Maximum | Mean® ls)t:vl;:;::
 |Albatross | kidney 7 0.035* 0.035* | 0.035 0
|Browntrout | eggs 3 0.049 0075 | 0.064 | 0.013
| [ muscle | 10 | 00070* ] 0046 | 0011 | o.012
Carp | body | 4 | 0017 | 0028 [o0022] 00057
1 | muscle 10 0060 | 030 | 012 | 0.079
- |Chinook | muscle 6 0.0070 | 019 | 0091 | 0065 -
- - |Cormorant yolk | 4 | 0035 032 | 019 | 0.3
Frog “muscle, 8 0.017* | 0024 | 0019 | 00027
whole
Green frog eags 4 0017 | 001 | o017 0
Gull , yolk 3 0035 | 015 | 0078 | 0059
o _|Lake whitefish| eggs 2 0.15 038 | 0.26 0.17
: [ Tmuscle |5 0097 | 017 | 013 | 0.035
Sea otter brain 2 0.035* | 0035 | 0035 0
| Kidney 3 0035 | 0035 | 0.035% 0
*Level of Quantification for the Specific Analysis

® The mean concentrations were calculated using all data points, including those that were below the
limit of quantification.
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Conoentratlons, and Cumlhﬁve Doce

SenunPFOS

Cnmuhﬁve

Liver PFOS
Group' o:;;.;':d | Concentration |Concentration | !
26-week Capsule-Dosing Study in CyiiomolgusMonkeys - " © e
0.15 mg/kg/d NOEL | - 8§ E 50| 27.3
0.75 mg/kg/d Hepatomegaly; >100,<300 [415 (average) |>27.3,<137
hepatocyte enlargement . s | '
0.75 mg/kg/d Decreased cholesterolin | > 134+25 |415 (average) 46.5
females - )
0.75 mg/kg/d Decreased cholesterol in >152+30 [415 (average) 67.7
males :
0.75 mg/kg/d Decreased T3 >152+30 415 (average) 67.7
0.75 mg/kg/d Death or early sacrifice > 150, <300 |413 (average) |> 100, <137
for 2/6 males
14-Week Dietary Study in Sprague Dawley Rats E T
2.0 ppm Males NOEL 179 76.8 ~17
2.0 ppm Females |NOEL 26.9 68.25 ~13
5.0 ppm Males Hepatocellular 45.6 386.53 244
hypertrophy and
vacuolization
5.0 ppm Females |NOEL 62.9 362.45 38.2
20 ppm Males Hepatocellular 134 599.94 106
hypertrophy and
vacuolization; decreased
cholesterol; increased
AAT
20 ppm Females Hepatocellular ) 216 617.52 141
hypertrophy and
vacuolization
Reproduction PK Dosing 6 weeks prior to maLng and 21 days of gestation i
0.4 mg/kg/d Dam |NOEL 47.1+5.00(n= - 16.8
PM 16)
0.4 mg/kg/d Fetus |NOEL T 3971590 (n= - N/A
EG 5)
0.4 mg/kg/d Dam |NCE B 303+17.0(n= - 28
EG 6)
1.6 mg/kg/d Dam | Slight body wei Zat 185+ 140 (n = - 67.2
PM 16)
1.6 mg/kg/d Fetus | Survival, boly weight 117 £ 14.5 (n=2) - N/A
EG

Draft Initial Assessment Repori PFOS
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'fjfTable 3-5 PFOS Toxicity Data for Mammals Observed Eﬂ‘ects, Serum and Liver PFOS

- Concentrations; and Cumulative Dose -

S R Observed Serum PFOS | Liver PFOS | Cumulative
e Gronp Effect Concentration | Concentration Dose
Sooe e __(ppm) (ppm) (mg/kg)
= ‘1 6 mg]kg/d Dam Shght body weight 158 + 86.6 (n= - 112
L , 4)
T 2 mg/kg/d Dam Body weight 368 +23.6 (n= - 134
PM 16)
. 32 mg/kgld Fetus Stillbirth, survival 191+264 (n=" - N/A
1BG - 6)
3.2 mg/kg/d Dam Body we:ght 180+41.5(n= - 224
|BG 6)

! PM= Pre-Manng, after 42 days of dosing; and EG = End of Gestation, day 21 of gestation
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Table 3-6. - Aquatic Species Ewtoxidty M‘Snnivﬁ '

ToxMty’l‘utlet .

PFOS .
Ref. | Stady Date Species CllmicorAcute
No. Bt - (mg PFOS/L)
73 1999 Daphnia magna Acute '48-hECI0=53
73 1999 Daphnia magna Acute 48-h EC50 =61
73 1999 Daphnia magna Acute 48-h EC90 =63
73 1999 Daphnia magna Acute 24-h EC50> 91
71 1999 Fathead minnow Acute 96-h LC50=9.5
71 1999 Fathead minnow Acute 48-hL.C50>28
75 1999 Freshwater mussel Acute 96-h LC50=159
77 1999 Mysid shrimp Acute 96-h LC50=3.6
77 1999 Mysid shrimp Acute 72-h LC50=4.4
504 1996 Daphnia magna Acute 48-h NOEL =6.25. ...
504 1996 Daphnia magna Acute 48-h EL50=113
503 1996 Fathead minnow Acute 96-h NOEL <490
503 1996 Fathead minnow Acute 96-h LL50 =562
87 1994 Daphnia magna Acute 48-h EC50=210
86 1994 Fathead minnow Acute 96-h LC50=19
93 1991 Daphnia magna Acute 48-h EC50=14
Y 1879 Blucgill sunfish Acute 96-h NCEC =18
90 1979 Bluegill sunfish Acute 96-h LC50 =31
184 1974 Fathead minnow Acute 46-h LC50 =85
185 1974 Fathead minnow Acute G6-h LC50 = 100
79 1992 Daphnia magna Chronic 21-d NQEC =12
78 1999 Fathead minnow Chronic 47-d NOEC =0.3"
78 1999 Fathead minnow Chronic 47-d LOEC =0.6
80 1999 Mysid shrimp Chronic 35-d NOEC =0.55
84 1978 Fathead minnow Chronic 30-d NOEC =1
84 1978 Fathead minnow Chronic 30-d LOEC=1.9

* Bold indicates the value used in this risk assessment.
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~ Table3-7. Aquatic Speclea PEC/PNEC Ratios for Six Locations

: : - PEC*PNEC"® Ratio -
L”’ ton Site 1 Site 2 Site3 ~QuictSurface
Tl o 7 Water
~ 0 |Columbus,GA | 21x10* | 27x10* | 1.8x10* 83x10°
" |Pensacola, FL 66x10° | 86x10° | 66x10° 55x 10%
“[Mobile, AL - | 7.7x10° | 1.4x10* 1.2x10* 1.1x 10*
“|Decatur, AL | 52x10° | 61x10®° | 83x10° 3.7x 10*
. |Cleveland, TN 66x10° | 83x10° | 83x10° -
Port St. Lucie, FL | - 1.6 x 10° 2.8x10° 2.2x10° 9.6x 10°

~* Site average PEC, in units of ng PFOS/L, presented in Table 3-1.
b The value used as the PNEC is 0.3 mg PFOS/L, based on study reference no. 78
as presented in Table 3-6. Note that the value 0.3 mg PFOS/L is an actual
__ measured value. Safety factors are not used in the calculation of the
... PEC/PNEC ratio.

Draft Initial Assessment Report PFOS . -
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 Table38. Momwmsmrnmcmmm

PECY/PNEC* Rxﬁa

Species e

Mmimum Maximum Mean
Albatross -~ 00001 - | 00008 - | . ¥
Bald Eagle 0.0000 0.0552 - 0.0072
Caspian Seal 0.0003 0.0004 0.0003
Cormorant 0.0000 0.0091 0.0036 ,
Herring Gull 0.0014 0.0096 0.0047
Northemn Fur Seal 0.0001 0.0001 0.0001
Otter 0.0008 0.0008 0.0008
Polar Bear 0.0001 0.0011 0.0006
Stellar Sea Lion 0.0001 0.0001 0.0001

* Minimum, maximumn, and mean PECs (ug PFOS/mL) are presented in Table

3-2.

® The value used as the PNEC for serum is 47.1 mcg or pg/l.
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- Table 3-9. ~ Piscivorous Wildlife Species PEC/PNEC Ratios for Liver

| PEC*FNEC"® Ratio
Speelu
| Minimam Maximum Mean
— Albatross - 0.0005 0.0086 0.0014
. |Baikal Seal 0.0005 0.0032 0.0013
7 |BlacktailedGull |  0.0010 0.0069 0.0023
_ |Bottlenose Dolphin - 0.0001 0.0059 0.0030
. |Brown Pelican | 00006 |  0.0040 0.0023
Brown Trout | . 0.0002 0.0004 | 0.0002
_ |CaliforniaSeaLion | 00005 0.0007 0.0005
*|Chinook Salmon 0.0005 0.0023 0.0015
" |Cormorant | 00004 |  0.0065 0.0013
 [Blephant Seal "~ 0.0005 0.0005 0.0005
- |Ganges Dolphm . 0.0005 0.0011 0.0008
Gozzi 0.0018 0.0018 0.0018
Green Frog _ 0.0005 . 0.0040 0.0013
 |Hearbor Seal 0.0005 0.0008 0.0006
Lake Whitefish 0.0005 0.0011 0.0009 7
Loon T 0.0008 0.0095 0.0030
MepTurte |  0.0005 0.0097 0.0026
~ |mMink ~0.0013 00676 | 00166
Norther Tur Seal 0.0005 |  0.0017 0.0006
Polar Bear T 0.0025 0.0094 0.0048
River Otter | 0.0021 0.0137 60054 ,
Sea Otter 0.0005 —|  0.000% 0.0005 |
Striped Dolphin 0.0009 0.0022 00014 |
Swordfish 0.0001 00002 | oo0001
Terrapin T | 00005 | 00005 | 00005
Tuna 0.0005 | 00034 00011
Turtle | 0.0014 0.0049 0.0032
Weddell Seal 0.0005 0.0005 00005

a) Minimum, maximum and mean PEC's {(ug PFOS/g) are gretmtﬂé in Table 3
b) The value used as the PNEC for liver is 72.5 pg'g (Table 3-51
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Figure 3-1. Cumulative frequency distribution of aquatic species ecotoxicity test
results. [Note: Cumulative frequency of the ecotoxicity test results is calculated by
first ordering the data from lowest to highest, while keeping track of the order
number. The order number is then divided by the total number of observations
and then converted to a percentage. The resulting cumulative frequency is a value
that ranges from 0 to 100 percent.]
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Figure 3-3. Cumulative frequency distribution of mean PFOS concentrations in
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number of observations and then converted to a percentage. The resulting
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| 40 HUMANHEALTH

EE 4.1 lntroductlon

" This lectlon contains a summary of the avaﬂable data relatmg to the potennal for PFOS to mduce
o adverse effects in humans. The available data consist of a large body of epidemiological,
‘animal, and other types of experimental data, reported over the past 25 years. Substantial dose-
- response data now exist relating serum levels to adverse outcomes in experimental animals,
L “including primates. Included are repeat-dose studies, two-generation reproduction-development
i gtudies, teratology studies, and:genotoxicity studies. Still in progress, and not reported here, are
B chronic animal studies; results from these long-term bioassays will be available by the end of
2000. The majority of citations in this Section are from studies and reports from 3M sponsored
74 work, the details of which are found in Robust Summaries. These Robust Summaries are
- contained in Append:x V- of this SIAR. The authors of this section wish to acknowledge the
effort of U.S. EPA scientists in preparing many initial Robust Summary drafts that were further
 developed and edited by the SIAR authors.

~ The principle focus of all of this work is PFOS. The toxicity testing program includes two
- related compounds, N-ethylperfluorooctane sulfonamidoethanol (N-EtFOSE) and N- -
—- -——methylperfluorooctane sulfonamidoethanol (N-MeFOSE). The structures of these chemicals are
~ “shown below. Both are components of commercial products, and both are known to be absorbed
- and undergo metabolism to yield PFOS.

N-Meﬂﬁip&ﬂvomcﬁne sulfonamidoethanol N-Ethylperfluorooctane sulfonamidoethanol
B0 Fic
\FR-CFQ ‘ \CFTCFz

Hy \o \
H Ol

Both of these compounds have been subjected to repeat dose toxicity and genotoxicity testing.
and the ethyl derivative has also been evaluated in teratology and two-generation reproduction
studies. As will be seen, both compounds produce effects very similar to those produced by
PFOS. This suggests that the toxicities of PFOS precursor molecules may be due to PFOS
accumulation as opposed to the precursor molecules themselves, or to any of the intermediary
metabolites leading to PFOS. This conclusion can not be verified until a careful quantitative
evaluation of PFOS serum levels in relation to toxicity is completed. Thus, for the present, the
data on the N-ethyl and N-MeFOSE alcohol derivatives is presented for completeness. amd
because they confimn, at least qualitatively, the PFOS results.
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4.2 Human Exposure

4.2.1 Background -

The data on PFOS levels in human serum samples are presented in this section. The presence of
organic fluorine in human serum was observed 30 years ago. The advancement ofanalyncat
chemistry has had a significant influence on knowledge of fluorocarbons in human sera. The
techniques developed and used by researchers in the 1960°s and 1970°s were time-intensive,
requiring hours for a single analysis. The methods were generally nonspecific, measuring
“organic fluorine compounds” (any compound having fluorine covalently bonded to carbon)
rather than specific molecules. The development of a rapid analytic technique in the late 1970°s
decreased analytic time for total organic fluorine to under an hour, allowing large-scale medical
surveillance of production employees at higher detection limits (about 0.5 parts per million
organic fluorine) that were adequate for the levels found in occupationally exposed individuals.
The advancement of chromatographic/mass spectroscopy technology enabled, by the early
1990°s, rapid analysis of specific flucrochemicals from small volumes of sera. This technology
was first used in medical surveillance in 1993. Detection limits for PFOS in serum were lowered
to 50 parts per billion by 1997. N

This section presents: 1) a brief summary of the historical information regarding organic fluorine
in human sera; 2) data from 3M smployees involved in fluorochemical production; and 3) data
from various sources of human sera that may represent non-occupational exposures.

Historical Finding of the Organic Form of Fluorine in Blood

Taves (1568a) described two forms of fluorine in serum, one that was exchangeable with
radioactive fluorine-18 and one that was not. Pothapragada et al. (1971) also described two.
forms, ionic and nonionic. Taves (1968b) showed that the non-exchangeable fluorine was bound
to albumin. This finding, along with results of extraction and precipitation and the need for
ashing to release this form of fluorine, led to the conclusion that the non-exchangeable or
nonionic fluorine was “organic”, i.e. covalently bound to carbon (Taves et al. 1976). Using
NMR spectroscopy, these authors tentatively identified a component of the organic fluorine as
perfluorooctanoic acid (PFOA). There was some variation in the observed spectra from an
authentic sample of PFOA, however, leading the authors to suggest that branching, or the
presence of a sulfonate, waz possible. Subsequent efforts by 3M researchers identified both
PFOS and PFQA in blood.

A number of studies over the past 25 years reported levels of organic fluorine in human blood
serum from presumably non-occupationally exposed persons. Table 4-1 presents the study
author, level measured, populations studied and methods of analysis. The variety of methods
used for determination of fluorine suggests that some caution be used in interpreting results. All
reported means were in the tens-of-parts per billion levels. The average of reported values from
United States sources is 0.038 ppm.

Draft mitial Assessment Report PFOS 2
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Method**

OF* (ppm) N Source
0.030 65 Ash US
1 - 0.036 2 O bomb UsS
—0.025 106 Ash Us
-0,020. 9 O bomb Us
- 0.045 - | - 264 Ash US
0.085 Pooled | Ash Axgentma
0.045 4 Mod Obomb | US '
| 1 0011 8 O bomb China
1989 ' Yamamota -0.032 11 LOPA Japan
[ * Organic fluorine, specific 1dentines not provided.
** Varied methods were used to measure organic fluorine. See papers for details.

| "46262’”060“ aﬂonalE “Ill‘“ T

M manufaotures POSF, a sta:tmg material for other fluorochemicals that may then degrade or
metabolize, to an undetermined degree, to PFOS. Employees may be exposed by one or more
‘routes (i.e,, mh:lauon, skin conuct/abioxpnon, or ingestion) to fluorochemicals in the
manufacturing environment. The primary route of exposure varies among employees and
depends on several factors, including process conditions, job tasks, work location, personal
hygiene, personal habits and general work practices. Exposure estimation has been exceedingly
difficult when multiple sources of exposure are probable. Biological monitoring data (e.g.,
serum levels) may address this problem as it allows for an internal measurement assessment from
all | exposure sources. Biological monitoring data are upecxally relevant where they reflect dose

. P, W .. WDV DN | PR PN Neeay. Lo WL oo - Dse beoaren oo s = cd

erurg‘ur(wt, UVeL). mﬁmwwwmmm & 11L& UGS UUSRid You

~ in cynomolgus primates that the liver to serum ratio is approximately 1:1 up to serum levels
approaching 100 ppm (see section 4.3.1).

Table 4-2 presents PFOS serum values obtained from plant employees in Decatur (Alabama,
USA), Antwerp, (Belgium), and Sagamihara Japan [RS6, RS8, RS9]. The Decatur and Antwerp
plants are involved in fluorochemical production, whereas the Sagamihara facility handles, but
does not produce, sulfonated perfluorochemicals. Although voluntary biennial medical
surveillance of production employees began in the late 1970's, routine specific measurement of
serum PFOS levels did not commence until the mid-1990's. [Note: Prior to this time pentod,
total organic fluorine was measured. Fluorine is 65% of the molecular weight of PFOS. The
contribution of PFOS to organic fluorine, in ppm, will therefore be 0.65 x (PFOS value in ppm}.
PFOS was measured in 5 Decatur employee sera samples in 1979 but analytical techmques were
too time consuming and required too large a volume of serum for routine medical surveillance.]

A voluntarv medical surveillance program may not lend itself to an adequate charactenization of
the distribution of employee fluorochemical serum levels if participation rates are low as a
consequence of respondent (i.e., selection) bias. Because the extent of this potential bias was
unknown for the Tucrochemical medical surveillance programs at the Decatur and Antwerp
0000411
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employm at the Decatur (Alabama) manufacturing site (RSG} The purpos qu he

Im cm e dha o i ;,f, _:,,,:,', B

determine whether the distribution of employeesemm fluos cal -0b
voluntary medical surveillance programs was a reasonable reflection of the plant populatmn A

total of 232 Decatur employees were randomly sampled; 186 (80%) participated.” Respﬂudents

and non-respondents (n = 46) were comparable with respect to age, gender and employment - :
duration. Of the randomly sampled participating employees, 126 were from the chemical pfant '_ a
and 60 from the film plant (where fluorochemicals were not manufactured, although in one o
production run a fluorochemical is occasionally used). Blood levels of the fluorochemicals were
analyzed according to the employees’ demographics, current or longest-held job, and the

locations of jobs within the chemical plant. Serum PFOS levels were weakly associated in a

linear fashion with years worked in the chemical plant ( =0.11). No positive association was
observed between frequency of self-reported hand-to-mouth usage or hand cleanliness and serum-
PFOS levels.
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i . Table4-2. PFOS Serum Concentrations: Ocenpational l;bﬁuliiﬁons

Location & Year | Mean (ppm) | Range (ppm)
Co Decatur (Alabama): Plant
1994 (n=100)" il 2.44 0.25-12.83
e 1997 m=84)" 1.96 0.10-9.93 _
~-=-| 1998 Chemical (n=126) ° - 1.51 ‘ 0.09 —10.60
‘ 1998 Film (n = 60)° 047 0.02 -10.95
, , , . Amtwerp (Belgium): Plant
— 1995(@=88)" 1.3 0.00 — 9.90
1997 (n=65)" 1.48 0.10-4.83
,__ Sagamihara (Japan): Plant
- 1999 Production (n =32)° . , 0.14 <0.03 - 0. 63
L1999 Management (n = 32)° 0.0+ - <0.03 - 0.06
*Voluntary study. Estimated participation rates < 50% of employees who routinely or
-t~ - periodically worked in the chemical plant.
U . " " Random sample cross-sectional study.
oo o - °Voluntary cross-sectional study.

The distribution of serum PFOS levels measured in this random sample was similar to that
previously reported from the voluntary medical surveillance examinations. Thus, it was unlikely
that employee serum PFOS levels higher than that observed in the medical surveillance programs
existed in these fluorochemical manufacturing populations. Results from this random sample
assessment are currently being used in the construction of an exposure matrix for the updated

_ retrospective cohort mortality study of the Decatur employee population (see Section 4.4.3).
These biological monitoring data were also used in the ongoing analysis of health claims

U S R Y Y SN S S . SUSE ¥ . ¥ V. Y W Va1 - 3 Ju

" comparison analysis between chemicai and fiim piant empioyees from 1555-1556 (&€ Section

4.4.3).

There are many industrial usas of fluorochemical-containing compounds, and it is likely that
PFOS could be found in serum samples from workers in these various user industries. 3M
production employees are exposed to concentrated PFOS precursors whereas downstream
workers are generally exposed to PFOS precrusors in concentrations of less than 1% as residual
starting materials in polymer products.This suggests downstream workers should have lower
serum levels of PFOS than those observed in 3M production employees. The Sagamihara
sampling data is consistent with this viewpoint.

4.2.3 Non-occupational Exposures

In 1998, three questions were addressed to delineate the extent  which PFOS tnight be present
in the blood of members of the gereral population not exposed occupationalily to precurser
molecules:

1) Is PFOS detectable in humar: blood samples from a corporate-based IM employee
population known not to ha e worked in 3M fluorochemical manufacturing of use plants?

2) Is PFOS detectable in poolec blood samples from the general population and from

Draft Initiql Assessment Report PFOS 5%
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different geographical locations across the Umted States and omde thg Umted States? e
3)  IsPFOS detectable in h:stonual buman blood smnples eolIected rior to the '”u'oductxon R

To address the first two of questions several studxeswmconducted andthedataﬁml thunare

summarized in Table 4-3. PFOS could be detected in the serum of adults in the United States
(RS27, RS29, RS30) and could be detected in children using a very small amount of serum (0.1

mi) (RS31). PFOS could also be detected in the serum of adults in Belgium, the Netherlands,

Germany, Sweden and Japan (RS27, RS29, RS28). No inferences could be developed rega.rdmg

associations between PFOS and demographics (e.g., age, and gmdu'), time trends and som'ce(s) -
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Table 4-3. PFOS Serum Concentraﬁons. Non-Occnpational Popnlatmns

~ (1998-1999)
I’opulatlon , Mean (ppm) Range (ppm)
~[3M Corporate Center (n = 31) 0.047 0.028 - 0.096
- [Tok -~ (Japan): Head Office (n = 30) 0.052 <0.03 — 0.097
[ Commercial Laboratories®
Intergen (pooled: approx 500 donors) 0.044 0.043 - 0.044
Sigma (pooled: approx 200 donors) 0.033 0.026 - 0.045
| 35 Lots Commercial Labs 0.035 0.005-0.085
| 'US Blood Banks (n = 18 pooled 0.030 0.009-0.056 =~ ~
samples)®
European Blood Ba Banks (pooled
| samples)*
: 0.005-0.022
~ Belgiom(n=5) - 0017 0.039-0.061
Netherlands (n = 6) 0.053 0.032-0.046
© | Germany (n = 6) 0.037
- Swedan (= 39 individuals)® '
" 28 individuals <0.032 (LLOQ) -
~ 11 individuals 0.048 ) 0.032-0.085
Childmn(US n=10 mdnvxduals)' 0.054 0.031 - 0.115
“*Donor pool aﬂfoﬁmon. such as age, sex, or geographical location, not available. ® 3 to
6 samples per blood bank, 5 to 10 donors per sample. Geographically distributed across
the continental US and Alaska. Not a statistically valid sample of the US population
(RS29).
1 € paoled samplex, 10 donars per sample in Belgium and the Netherlands; 30 donors per
sample in Germany (RS28).
i1RS?
¢ Pilot analysis. Limited serum (0.1 ml) from children aged 6 or 12 who were enrolled in
| & group A streptococcal study. Study is in progress. RS31

To address the third exploratory question, historical samples were obtained to leam whether
PFOS could be detected in samples obtained prior to the manufacture of precursor compounds
(the late 1940°s). PFOS was not detected in ten pooled samples (10 donors per sample) from
U.S. military recruits of the Korean War cra (1948-1951). Analysis of 10 Swedish samples
collected in 1958 resulted in a range of values from non-detect to 2 ppb. A limited number of
samples taken during the conduct of several post-1969 epidemiological studies conducted in the
United States were analyzed and serum PFOS levels ranging from non-detect to 59 ppb could be
identified. Analysis of serum samples from two Chinese rurai provinces (Linxian, Shandong}
that were collected in 1984 and 1994 showed ne detectable PFOS.

It appears from this limited sampling that PFOS presence in human serum coincides with the
introduction of PFOS-precursor molecules: the conclusion is highly uncertain because of the
sparseness of the database. Definitive statements regarding time trends cannot be made at this
time.

P P S
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 4.2.4 Forthcoming Studies

Several additional studies to addnss human exposure are bemg
following:

1) An analysis of 500 individual, contemporary adult blood samples from the American Red
Cross in order to obtain a cross sectional analysis of serum PFOS levels i in adults by age,
gender and in up to 5 U.S. geographical locations;

2) An analysis of approximately 250 individual elderly aduli samples (ages 65 -99) from an
ongoing study of cognitive function among the elderly in the Seattle, Washington area;

3) An analysis of 600 children's samples (ages 2 - 12) from 23 states who were enrolled ina
group A streptococcal clinical trial in the mid-1990's;

4) A comparison of liver to serum PFOS ratios from 30 human organ donors; and

5) A time trend analysis of fluorochemicals, including PFOS, ir sera that were collected in
Maryland in 1974 and 1989 from the same 59 mdlvxduals as well as 120 different mdxwduals
in the two time periods (ages 20-60+).

All of these research efforts are scheduled for completion by the first quarter of 2001. I

4.2.5 Indirect Exposure via the Environment

Human exposure via the environment is discussed as part of section 3.1.1. : -

4.3 Effects on Human Health

4.3.1 Mode of Action, Toxicokinetics, Metabolism

4.3.1.1 Mode of Action

The meclanisms governing the biological responses to PFOS exposure observed in toxicological
studies are currently under investigation. Several studies provide clues to the potential modes of
toxicity. Competition with fatty acids for carrier protein binding sites (Nabbefeld etal 1998,
Nabbefeld 1988), cholesterol synthesis (Haugham and @ystein, 1992) and bioenergetics (Wallace
and Starkov, 1998) have been studied. In addition PFOS has been reported to induce peroxisome
proliferation (Sohlenius et al., 1993, Ikeda et al., 1987). No conclusions have been reached on
the importance of any of these possible mechanisms toxicity at this time.

fulr

o
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4.3.1 2 Toxlookinettc: and Metabolism

~ - The absorptlon, tissue distribution, potential metabolism and excretion of PFOS have been
- studied most extensively in rats by both radiolabel and direct quantitation. Data relating oral
dose to serum and liver concentrations of PFOS in the cynomolgus monkey during dosing and
~-recovery is-available from direct quantitation. In addition, serum PFOS concentrations in retired
3M chemical workers have been followed in an attempt to estimate an elimination rate constant
for the human

Ablo_l_'ntlon R R - ‘ o

PFOS is well absorbed from the digestive system. A radiolabel study in which adult male rats
“were glven ‘a singlé oral dose of 4.2 mg/kg [“CJPFOS demonstrated that > 95 % of the dose was
absorbed in the ﬁrst 24 hours (RS60). )

" Dermal absorption of PFOS appears to be possible but is limited. In one study, PFOS was -

.- applied under occlusion to approximately 40 % of the body surface area of male and fermnale New
- ..Zealand White rabbits at 5,000 mg/kg and left in place for 24 hours (RS54). Blood samples were
~obtained on days 1, 7, 14, and 28. Analysis for total blood fluoride was performed on day one
and day 28 samples from a single male and single female. Total serum fluoride values for the

~ male were 10.3 ppm for day one and 130 ppm for day 28. The respective values for the fermale
were 0.9 ppm and 128 ppm. Although this study indicated some dermal absorption at a high
dose, it is limited in that the values from only two animals were measured, and only from the day
one and day 28 samples (O’Malley and Ebbens, 1981).

No quantitative information is available on the absorption of PFOS from inhalation exposun:.

“‘*Duiiomeeanontmyiowvaporprumormmnmm exposure wouid be umn:cry
it does ocour it would be associated with aerasols or particulates containing PFOS.

Distribution

PFOS distributes predominantly to the blood and liver, with liver concentrations being
potentially several times higher than serum concentrations, depending on species and dose. A
radiolabel study in which adult male rats were given a single intravenous dose of 4.2 mg/kg
[“C]PFOS demonstrated that the carbon-14 in liver and plasma represents 25 and 3% of the
dose, respectively, after 89 days. During the 89-day post-dose period, the rats excreted a mean of
30.2% of the total carbon-14 via urine and the mean cumulative fecal excretion was 12.6%. At
89 days, mean tissue concentration of total carbon-14 expressed as ug [“CJPFOS equivalents/y
were: liver, 20.6; plasma, 2.2; kidney, 1.1; lung, 1.1; spleen, 0.5; and bone marrow, 0.5. Lower
concentrations (<0.5) were measured in adrenals, skin, testes, muscle, fat and eve. No
radioactivity (<0.05) was detected in brain. (RS57).

Significant enterohepatic circulation of PFOS has been reported as evidenced by the fact that
cholestyramine (four percent by weight in diet) treatment of rats given single intravenous doses
of PFOS increased fecal elimination 9.5 times over control (RS58).

The volume of distribution in male and female cynomolgus monkeys on datty dosing has heen
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the exposure period (28 days). There was no apparent sex diﬁ'erenceand the mdlv:rdual slopes of

the cumulative PFOS dose versus serum PFOS concentration curves appeared tobe virtually
identical for the monkeys in the two dose groups. The average siope of the curve in the 0.02 '
mg/kg/day group (n = 6) was 5.22 + 0.74 ppm PFOS in serum per mg/kg cumulative dose. The

two monkeys in the 2.0 mg/kg/day dose gro; uad an average slope of 5.40 + 0.61 ppm PFOS in

serum per mg/kg PFOS cumulative dose. At the end of the 28-day dosing period, serum

concentration in the 0.02 and 2.0 mg/kg/day groups were approximately 3 ppm and 300 ppm.

These data suggest 2 volume of dxstr’butmn of 0.2 L/kg for continuous dosing over & two order

of magnitude range.

In a 26-week capsule-dosing study in cynomolgus monkeys, a similar pattern of increasing serum
concentration with cumulative dose was observed (RS32). At the lower doses, 0.03 and 0.15
mg/kg/day, serum levels increased in fairly linear fashion and reached means of 18 ppm and 85
ppm at the end of the dosing period, respectively. At the 0.75 mg/kg/ dose, the increase in serum
PFOS appeared to saturate, reaching a mean of 215 ppm by the end of the dosing period. The
accumulation of PFOS in the serum of male and female monkeys appeared similar in all dose
groups. Figure 4.1 shows the trend in group mean serum concentrations during the dosing period.
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Figure 41. Mean serum PFOS concentrations for males and females
~ during 182 days of oral dosing at either 0.03, 0.15 or 0.75 mg/kg/day.
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Male and female CR:CD rats continuously exposed to PFOS in the diet for 14 weeks (RS39) also
showed a linear relationsiip between dose and serum concentration as is shown by the data in
Table 4-4.
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Table 4-4. Serum concentrativas in male and femle ntsafbrf l&weebi:nf expufnteto B

PFOS iu the diet. =
Males 0.5 ppm 20ppm  50ppm . 20ppm T
(0.036 mgikg)® (0.1 mghkgl®  (035mpkg) (1.37mg/kg)®
Estimated 32 126 311 - 1233
Cumulative Dose ' T
(mg/kg) -
Serum PFOS 42 ppm - 17.9 ppm 45.6 ppm -~ 134 ppm
concentration (8.5 ud) (35.9 uM) (914 M) (304.6 pM)
Dose Group* ‘
Females 0.5 ppm 2.0ppm 5.0 ppm 20 ppim’ -
(0.04 mg/ke)®  (0.16 mg/kg)®  (0.41 mg/kp)® (1.6 mg/kg)”
Estimated 3.6 , 14.6 37.0 144.0
Cumulative Dese
{(mg/kg)
Serum PFOS 6.7 ppm 26.9 ppm 62.9 ppm 216 ppm -
concentration (13.3 uM) (53.9 pM) (126.0 pM) (4329 pM)

* Dietarv concentration of PFOS in ppm (pg PFOS/g diet)
® Estimated dose based on feed analysis, feed consutnption and body weight during study

Distribution across the placenta and exposure of the fetus in utero has been demonstrated. Table
4-5 presents serum concentrations from a pharmacokinetic study conducted during pregnancy
(RS52). Dams were treated with vekhicle only (contrcl), 0.1, 0.4, 1.6 or 3.2 mg/kg/day PFOS by

oral gavage for 42 days prior to mating, during mating and during gestation. Serum was obtained
from dams prior to mating and on gestation days 7, 14 and 21. Serum was obtained from pooled

fetal litters on gestation day 21. The pre-mating and gestation day 21 values arc represented in

the Table 4-5.
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" Table. 45, Maternal and fetal PFOS serun

: guution (rm)

dliver PFOS concentrations associated with

Media Mean Serum and Liver [PFOS] in ppm
e Presmatmg“ﬂ ] Gestation Day 21
Dams (n) Dams (n) Fetal Litter (n)
Serum | 10.3 % 1.26 (16) 491+£123(7) 10.5+1.01 (7)
Liver - 23.4 +3.76 (8) 9.17+1.08 (7)
0.4 - Serum | 47.1+£5.00(16) [ 303+17.0(6) 39.7£5.90 (5)
_Liver | 107+25.2(7) 42.5+19.4(6)
1.6 | Serum | 185 £ 14.0 (16) 158 + 86.6 (4) 1117£145(2)
_ Liver ' - 440 + 316 (5) 100 + 30.6 (2)
32 -Serum | 367+ 23.6 (16) 180+415(6)  |151+264(6)
. | Liver - -| 598 + 83.9 (6) 265 £ 70 (6)
a) Dams were treated daily by oral gavage f0r42 days prior to mating, during mating and

through gestation.

- b) Aﬁer42 dlya dosms

' Thuppmnt lack of correspondence in the relationship of dose to serum level when comparing
_the 14-week dietary study and the reproduction study may be explained by the fact that the

reproduction study was a gavage study, as opposed to the 14-week dietary study. In the latter
mdy.mglkgdmlwelsmuummdbaedonﬁedmﬂym,fbedmpnmmdm

weight during the course of the study. Feed consumption is an error-prone measurement, due to
the possibility of spilled (unconsumed) feed. Dietary doses also represent a continuous source ef

exposure as opposed to pulse dosing by gavage.

represented in Table 4-6.

7 Semm levels at the end of lactation aﬂer exposure in the PFOS reproduction study are

"l‘abk 4-6. Compurhon of serum PFOS levels at the end of lactation after dosing rats with

PFOS for 42 days pre-mating, during mating, gestation and through lactation

(approximately 13 weeks).
"PFOS Dose T [PFOS] in Seram _
0.0 mg/kg 0.037 £0.020
0.1 mg’kg 152840358
0.4 mgkg 1891120
1.6 mg’kg 824175

There is conclusive evidence from the cross-fostering study that PFOS distributes o sl and
also crosses the placenta. These data are discussed in Section 4.3.4.
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,,Metabollsm e T | ,'7'

PFOS is not knowntoundetgo ﬁnthermetabohsmortomm}ugates. Prehnnnarydataﬁom -
analysis of urine, feces and tissues of rats as well as the inherent stability of perfluorinated anions

suggest that PFOS is not metabolized (Johnson et al., 1984). Analysis by LC/MS of serum and
liver samples from recent studies has not revealed any evidence of metabolism. = -

Certain chemicals made from perfluorooctanesulfonyl fluoride (POSF) may undergo a degree of
metabolism to PFOS. For example, N-EtFOSE can be metabolized to PFOS. Iione study, in
which rats were administered "C-N-EtFOSE in feed, at least 28% of the radiosctivity found in
the liver at 48 hours was PFOS (RS56). This represented 4.4% of the administered dose.

Excretion

Single intravenous doses (mean 4.2 mg/kg) of [*CJPFOS in 0.9% NaCl were administered to
male rats (RS57). By 89 days after dosing, 30.2% of the administered C had been excreted in
the urine and 12.6% had been excreted in the feces. Whole body elimination in the male rat
appeared to be biphasic. Initial redistribution from the plasma yielded a plasma elimination half-
life of C of 7.5 days following single oral administration of ['*CJPFOS (mean dose 4.2 mg/kg)
to male rats (RS60). In the aforementioned intravenous study, elimination of only 42.8 % of the
dose through urine and feces after 89 days indicates that the half-life of elimination from the
body is > 89 days in the male rat.

Cynomolgous monkeys have been followed for one year in recovery after six months of daily
oral dosing by capsule at 0.15 or 0.75 mg/kg/day (RS32). While the numbers of animals are
limived (two per sex per dose group), the values suggest mean serum elimination half-lives of
189 days for the mid-dose recovery group and 175 days for the high-dose recovery group. There

are ﬂKBIy no rue (IIIICI‘EI’ICCS 1I1 serurm Pr UD cnmmauun Iaies betwuen the Illiu C[USG allf‘l ﬂlgll"
dose groups. A low-dose recovery group was not part of the study design. ‘

Fecal and total excretion of '“C were markedly increased in male rats administered
cholestyramine (~ 2.7 g/kg/d) in their diet following single intravenous doses of ['*CJPFOS
(Johnson and Gibson, 1984 and RS58). The rerults suggest that there was significant ,
enteroh :patic circulation of PFOS. Cholestyranine administered at 4% by weight in feed to
me!e rats decreased the retention of carbon-14 in liver, plasma, and red blood cells and increased
the elimination of carbon-14 via feces after iv dosing with PFG3-"C. Groups of five rats were
dosed intravenously with PEOS-*C (mean dose, 3.4 mg/kg). Rats were sacrificed at 21 days
post dose. The mean liver, plasma, and red blood cell concentration as well as fecal and urinary
excretion of "*C for cholestyramine-treated rats were compared to mean control rat values. Mean
cholestyramine-treated rat **C concentrations in liver (9.4ug/g), plasma (0.9pg/ml), and red
blood cells (0.3 pg/g) represent a decrease from mean control rat concentrations of 3.8, 7.7, and
6.0 fold, respectively. Fecal elimination (75.9% with cholestyramine treatment) was increased
9.5 fold. The extent of urinary "“C elimination, as a result of the relatively high rate of fecal
elimination of "C was lower in cholestyramine-treated rats. The extent of total elimination of
"¢ (urine plus feces) was higher in the cholestyramine-treated rats.
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Semm PFOS levels in three retired male 3M chemical workers followed for five and one-half

years suggested a mean serum elimination half-life of 1,428 days. A recent initial analysis of 27
'3M fluorochemical production workers retirees’ sera, collected three times over a 12-month
perl;;has suggested that the serum elimination half-life of PFOS in the human may be much

- lower, apprommately 300 days [RS53]. The range of the initial serum PFOS levels in these

_ retirees was from 0.2 to 4.6 ppm. These retirees have their serum collected and analyzed every

- gix months. More definitive serum PFOS half-life estimates are expected within the next year

_upon collection of two more samples.

Summary
‘The data provide no evidence for PFOS metabolism in any species. PFOS is readily absorbed
- after oral exposure but absorption by the dermal route is low. There is evidence that absorbed

~PFOS is bound to protein and distributed primarily in blood and liver. PFOS undergoes entro-
hepatlc recirculation. There is slow whole body elimination in both sexes. At lower and

. moderate doses, body-burden is proportional to cumulative dose: In rat studies it is clear that

PFOS can traverse the placenta and expose the fetus in utero. PFOS is also distributed in to the
milk of lactating females.

4.3.2 Acute Toxicity Studies
Numerous reports of acute studies of PFOS have been performed. Data from an inhalation study

in rats, two oral studies of rats, one dennal study of rabbits and one dermal and eye nrritation
study of rabbits are noted below

Inbalation Exposure

In a study to determine the median lethal concentration (L.Cyy), Rusch et al. (1979) administered
the potassium 2alt of PFOS as dust in air to Sprague-Dawley rats at levels of 1.89 to 45.97 mg/1
PFOS. An LC,, of 5.2 mg/l was estimated from this study (RS2).

The rats in all groups showed signs of toxicity including emaciation, red material around the
nose or other nasal discharge, yellow material around the anogenital region, dry rales or other
breathing disturbances, and general poor condition. Abnormal in-life observations were reported
to be less frequent in the lower exposure groups.

At necropsy, the most common abnormality was discoloration of the liver and lung.
Discoloration of the lung was also observed in control rats and therefore may not be treatment
related. The most significant treatment related abnormality was discoloration of the liver.
Among animals that died prematurely, decreased body weight. discoloration of the hmg. and
discoloration and distention of the small intestine were alsc observed.

Oral

The study of Dean et al 1978 determined an acute oral LDy, and 95% confidence himits of
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251 (199-318) mg/kg. The smdyreportbxGabnel lmmtadonlytwo dommddetmned

the acute oral I.D,,,wasgreaterthanSOmg/kgmdlmthm ISOOmgfkg(RSS)

Dermal Exposure

No significant toxicity was observed in a 1979 percutancous absorption study in which male and
female albino rabbits were dosed dermally under occlusion with 5000 mg/kg PFOS for 24 hours
and observed for 28-days post-dose (RS54).

4.3.3 Repeated Dose Toxicity

4.3.3.1 PFOS

PFOS has been studied in 90-day subchronic dietary studies in rats (RS37), in a 90 day gavage
study in rhesus monkeys (RS35, RS36), and in a 26-week oral (capsule) study in cynomolgus
monkeys {RS32). A two-year chronic feeding study in rats is currently in final stagesof = ...
completion (RS39). '

The studies in rhesus monkeys and the 90-day rat study were reported in 1978. The more recent
chronic study in rats and the 26-week study in cynomolgus monkeys were also designed to
provide serum data. The earlier studies are summarized in Table 4-7, and it can be seen that the
pattern of toxic effects observed in those studies is similar to that seen in the more recent studies.
The older studies included much higher doses on both rats and primates. Areas of overlap on
dose showed consistency of toxic effects. In the following, the recent studies are described in _
detail. :

In the recent 26-week cynomolgous study, groups of six monkeys of each sex (4/sex at low dose)
received PFOS by capsule at doses of 0, 0.03, 0.15, and 0.75 mg/kg/day (RS32). Two animals
per sex from the control, 0.15 and 0.75 mg/kg/day groups were assigned to a recovery group and
were followed for at least 52 weeks following the last administration of PFOS. At the end of the
dosing period, high-dose females showed reduced body weights compared to controls, but the
differences were no longer obvious by the end of the recovery period.

Two males from the 0.75 mg/kg/day group did not survive to the scheduled sacrifice. One animal
died after dosing on Day 155 (Week 23). Clinical signs noted in this animal included constricted
pupils, pale gums, few, mucoid, liquid and black-colcred feces, low food consumption,
hypoactivity, labored respiration, dehydration, and recumbent position. In addition, the animal
was cold to the touch. An enlarged liver was detected by palpation. Cause of death was
determined to be pulmonary necrosis with severe acute inflammation. On day 179, the second
male was sacrificed in a moribund condition. Clinical signs noted included low food L
consumption, excessive salivation, labored respiration, hypoactivity and ataxia. Cause of death
was not determined.

Males and females in the 0.75 mg/kg/day dose-group had lower total cholesterol and males and
females in the 0.15 and 0.75 mg/kg/day groups appeared to have lower high density lipoprotein
cholesterol during treatment. HDL cholesterol values, however, were only determined on study
days 153 and 182, and no prestudy values are available for comparison. The effect on total
cholesterol was reversed within 5§ weeks of recovery and high density lipoprotein cholesterol
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N ', lncreasedthhm 9 weeks of recovery. Triiodothyronine values were lower in males in the 0.75
~—mg/kg/day dose group on day 182. However, total thyroxine and thyroid stimulating hormone
.- levels were normal and thyroid gland showed normal histology.

= ~ "~ Perhaps related to the observed decrease in cholesterol at the 0.75 mg/kg dose was a progressive

= decrease in estradiol in males. |
S AR terminal sacrifice, females in the 0.75 mg/kg/day dose-group had increased absolute liver

, ‘weight, liver-to-body weight percentages, and liver-to-brain weight ratios. In males, liver-to body
. weight percentages were increased in the high-dose group compared to the controls. “Mottled”
7 livers were observed in two high-dose males and in one high-dose female. Of the two males not
=~ surviving until the scheduled terminal sacrifice, one had a “mottied” and large liver. Three of 4
high-dose males (including those that did not survive to scheduled sacrifice) had centrilobular or
diffuse hepatocellular hypertrophy which was also observed in all high-dose females.
- Centrilobular or diffuse hepatocellular vacuolation occurred in 2 of 4 females and 2 of 4 males in
the high-dose group.

- No PFOS related lesions were observed exther inacmscopically or microscopically at recovery
~_ sacrifice indicating that the effects seen at terminal sacrifice were reversible.

" The LOAEL for this study is 0.75 mg/kg/day based upon death, liver effects, and effects on
~ cholesterol. The NOAEL is 0.15 mg/kg/day. All effects appeared to be reversible.

Interim results at weeks 14 and 53 are available from the ongoing chronic rat study (RS39). That
study involves groups of 60 or 70 Cl:CD® (SD) IGS BR rats of each sex fed diets containing
PFOS at 0, 0.5, 2.0, 5.0, and 20.0 ppm. Through week 53, high dose females showed reduced
body weight gain and reduced food consumption. Reduced serum cholestero] and increased

urea nitrogen was seen in animals fed S or 20 ppm, and serum glucose was reduced in high dose.
males and females, and in males at 2 and 5 ppm at week 53.

At the 53-week sacrifice, high-dose rats showed increased absolute (males only) and relative
liver weight. Centrilobular hepatocyte hypertrophy and midzonal to centrilobular vacuolation
was increased in incidence in males at 20 ppm, and high-dose females showed an increased
incidence of centrilobular hepatocyte hypertrophy and pigment.

Data on serum PFOS levels are available from the 26-week cynomolgus monkey study and for
week 14 of the chronic rat stady. The relationships between PFOS serum levels and toxic
responses for these two studies are presented in Table 4-8. The serum levels presented in Table
4-8 represent preliminary analyses available as of July, 2000. These values will change in the
final analytical reports based on adjustments for purity of the samples and other possible
corrections.
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~ Table 4.8 PFOS Toxicity Data for Mammals:

Key ommd Eﬁ'eets, Serum and Liver PFOS Concentrations, and Cumulative Dose

T

G‘ b omserved Serum PFOS | SVer FFOS | comutative
: ronp‘ Effect Concentration n Dose
' (ppm) (mg/kg)
(ppm)
26-week Cupmle-Doslng Stndy in C*ynomolga Monkeys (Thomford 2000) ,
d |NOEL . 25 5.46
0.15m d NOEL , 85 80 27.3
0.75mgkg/d ~ [Hepatomegaly; hepatocyte| >100, <300 | 415 (average) |>27.3, <137
~ - | enlas ent
~ |0.75 mg/hkg/d  |Decreased cholesterol in >134+25 |415 (average) 465
- |females '
- ng/kg/d e Decreased cholesterol in >152+30 |415 (average) 677
0.75 mg/kg/d Decreased 13 (normal T4 >152+30 | 415 (average) 67.7
S : & TSH) b
. 0.75 mg/ksld Death or early sacrifice for| > 150, <300 | 415 (average) | > 100, <137
2/6 males
" 14-Week Interim of Chronic metnry Stndy in Spngne Dawley Rats (Covance 1999a)
0.5 ppm Males  INOEL 422 26.38 . ~4
0.5 ppm Females Ngl_‘:_.E 6.65 18.59 ~3
“[20ppm Males [NOEL i79 768 ~1i7
2. 0 ppm Females NOEL 269 68.25 ~13
5.0 ppm Males |Hepatocellular 45.6 386.53 244
hypertrophy and
~ |vacuolization
5.0 ppm Females {[NOEL 62.9 362.45 382
20 ppm Males Hepatocellular 134 599.94 106
hypertrophy and
vacuolization; decreased
cholesterol; increased
20 ppm Females | Hepatocellular 216 617.52 141
hypertrophy and
vacuclization

P T V- I N -
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4332 NEWOSE B

N-E{FOSE has been studied in mnety-day studxsmrats (RS49) andrheammonkeys (&?50} A
two-year ciironic toxicity study was completed in 1987. That study used a "wide range" material

that included many short-chain fluorochemicals and was not representative of the typical material N

currently used in commercial products, A robust summary of this study is included (RS33).
Subsequently, a two-year chronic study in rats using a more representative "narrow-range"
product was initiated and is currently in progress (RS5 I) The pattern of toxic effects seenin
these studies is similar to those seen with PFOS. The primary target is the liver, with dose-
related increases in liver weight and macroscopic and microscopic liver lesions in rats.

In the 90-day rat study, N-EtFOSE was fed in the diet at levels of 0, 30, 100, 300, 1,000, 3,000 ~
and 10,000 ppm to groups of five Charles River CD rats of each sex (RS49). All rats at the
1,000-, 3,000- and 10,000-ppm dosage levels died between days 9 and 29 of the study.

Findings in high dose animals were consistent with those found in animals exposed to high doses
of PFOS. These included compound-related gross and microscopic liver lesions with consistent
changes in biochemical parameters.

N-EtFOSE was administered to groups of two male and two female rhesus monkeys by gavage at
dosage levels of 1, 3, 10 or 30 mg/kg/day (RS50). A control group received the vehicle,
propylene glycol. On and after the second day of study, all the monkeys, including the control
group showed anorexia, slight to marked decrease in activity and ataxia. The ataxia disappeared
from all the monkeys directly after the amount of propylene glycol used was reduced from 5 tc 2
mb’kg on study day 3.

Most of the monkeys, including those in the control group lost body weight early in the study. At
12 weeks of study all the monkeys were at or near the original body weight except for the groups
receiving 10 and 30 mg/"kg/day At the end of the study the differences in the mean body weights

it draadad aeed o 4 mbtntrnbsmaller otomi S anad
Ui WiV uuvaivu airu \!UIIL[U! EIWPE W¢eIiv l.lUl DAUDUVALLY DIpliiLivalit.

Microscopically, the adrenals from one male and two female rhesus monkeys at the 30
mg/kg/day dosage level had compound-related slight to severe lipid depletion, and the pancreas
from the two female monkeys at the 30 mg/kg/day dosage level had comupound-related moderate
atrophy of exocrine cells. No liver lesions were seen, however.

In the ongoing two-year bioassay using a test material that is more representative of most
material currently used in commercial products, groups of 60 or 70 Crl:CD®(SD)IGS BR rats of
each sex were fed diets containing 0, 1, 3 30, 100, and 300 ppm N-EtFOSE (RS51). Dueto
excessive toxicity (reduced body weight, reduced food consumption) the 300 ppm group was
terminated at about week 8 and the 1 ppm and additional concurrent control group were added.
At sacrifice, the 300 ppm animals showed hematologic changes (reduced red blood cell count,
hematocrit, and hemoglobin), clinical chemistry changes (lower glucose, globulin, and
cholesterol, and higher BUN, albumin, total bilirubin (males only) aspartate aminotransferase
(males only) and alanine aminotransferase), liver enlargement, and hepatocellular hypertrophy
and necrosis, and hemorrhage in the liver.

A similar (though less severe) pattermn of effects was seen at the 30 and 100 ppm groups at
interim sacrifices at later measurement times. This pattern included: reduced body weight gain
over the first 53 weeks; mildly decreased red blood cell count, hemoglobin, and hematocrit for
females in the 100 ppmn dose group; mildly lower glucose and mildly higher urea nitrogen for
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S ﬂammals given 100 ppm (predominantly at Weeks 14 and 27; moderately higher albumin and
T moderately lower globulin (predominantly at Weeks 27 and 53) in 100 ppm males.
- Hepatocellular hypertrophy and vacuolation were observed in 100 ppm animals at week 53, -md

epatocellular hypertrophy was also seen at week 14 in males given 30. -

" Decreases in body weight and total serum cholesterol were prominent effects in this study. Male

'body weights for the 30 ppm and 100 ppm dose groups were significantly lower than control

 values through week 53 of the study. Females also experienced lower body weights. In the 3

ppm dose group females, transient but significantly lower body weights occurred on weeks 14,
15-and 16. Females in the 30 ppm dose group also had significantly lower body weights through

- week 29 and again on week 37 and weeks 43-53. The 100 ppm dose group females had
. sxgmﬁcantly reduced body weight through week 53,

Cholesterol was significantly lower in males in the 3 ppm, 30 ppm and 100 ppm dose groups at
- week 14. This effect was present at weeks 27 and 53 in males in the 30 and 100 ppm dose
- —groups: In contrast, females in the 30 and 100 ppin dose groups had significantly lower
,pchvlestm! only on week 14.

4333 N-MeFOSE |

N-MeFOSE has been studied in a  13-Week chetary study in Crl:CD® (SD) IGS BR rats at doses

" of 3, 30, and 100 ppm (20/sex/dose) (RS38). The only effect seen at 3 ppm was a slightly

reduced body weight gain.

Effects seen at 30 ppm were: lower serum globulin, cholesterol and triglycerides in males; lower
tenmml hody welght in males; increased hver—to-body we:ght ratio in males and females;

- hypertrophy in males and females, and a slight increase in minimal hepatocellular vacuolation in

males.

At 100 ppm, the same effects as at 30 ppm were seen (but at higher incidence and/or greater
severity), plus lower serum cholesterol and triglycerides in females; lower hematocrit and higher
BUN in both sexes; higher serum albumin in males; higher serum AAT in males increases in all
liver weight parameters in both sexes (relative and absolute); liver coagulative necrosis,
hepatocellular pigment, and erosion of smail portions of stomach mucosa in both sexes \RS38}).

4.3.3.4 Summan

PFOS, N-EtFOSE, and N-MeFOSE produce similar toxic effects in subchror ic studies in rats
and monkeys. The effects occurring at the lowest doses are liver cell hypertrophy, in some cases
with vacuolation, a decline in weight gain, and a reduction in serum cholesterol levels. The mwost
recent data, summarized in Table 4-9, provides dose-response information on these effects. The
fact that the three compounds produce similar effects suggests that these effects may be due to
the presence of PFOS and not the precursor compounds. This suggestive evidence can not be
confirmed until all of the serum data have been collected and evaluated. Results from the
chronic studies of PFOS and N-EtFOSE will become availabie in the future.

Draft Initial Assessment Roport PFOS - dppond 7 R
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Table 4-9 Comparative Effects Among Threel’erﬂtoroocunuﬂfony[ Fhoride-nmd - Co

Chemicals , )
Effect Dose at which effect occurs after 14 weeks of dietary
compound administration inrats.
N-EtFOSE* N-MeFOSE® PFOS®
Hepatocellular 30 ppm males 30 ppm males 5 ppm males
enlargement 100 ppm females 100 ppm females | 20 ppm females
Cholesterol 3 ppm males 30 ppm males 20 ppm males
lowering 30 ppm females 160 ppm females -~ ND females* -
Body weight 30 ppm maies 30 ppm males 20 ppm males
lowering 3 ppm females® 100 ppm females 20 ppm females
Liver to Body 100 ppm males 30 ppm males 20 ppm males
weight increase 100 ppm females 30 ppm females 20 ppm females

* ND, not detected.

* N-Ethyl-perfluorooctanesulfonamido ethanol

® N-Methyl-perfluorooctanesulfonamido ethanol

¢ Perfluorooctane sulfonate

4 Slight but statistically significant effect occurring only at the terminal weighing

4.3.4 Reproductive and Developmental Toxicity

Developmental toxicity studies in rats and rabbits and 2-generation studies in rats for PFOS and

N-EfFOSE were reviewed. The N-EtFOSE studies are included for comparative purposes since;
as noted ahove (Sectxon 4.3.1) it is believed to be readily metabolized to PFOS. In addition, the

resuits of & PFOS cross-fostering study arc presented and discussed. All studies employed the

oral (gavage) route for administering the chemicals.

Developmental Studies

Separate studies with PFOS and N-FtFOSE assessed the effects of pregnant rat exposure on
prenatal development of their embryos and fetuses. Each chemical caused maternal and fetal
toxicity and in the case of N-EtFOSE, a low litter incidence of anatomical malformations were
seen at very high doses. Ini.ial studies with both chemicals reported a lesion in the lens of the eye
in all treated groups (RS41, RS45). The causal asscciation between this effect and chemical
exposure was subsequently retracted by the study director when it was established that the

“lesion” was an artifact associated with the method of free hand sectioning used in the fetal
examination. These lesions were not observed in repeat studies in this laboratory. Additional
prenatal developmental toxicity studies with PFOS and N-EtFOSE have becn perfermed in the
rat and rabbit. Key aspects of all studies are summarized in Tables 4-10 and 4-11.
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- Table 4-10. .
e T e Oral (gavage) PFOS Developmental Toxicity Studies )
GL T T Design - NOAEL* LOAEL* Effects  Reference o
" RatSD Mat. 5 "~ Mat. 10, Mat. Body  RS45 T
....Groupsize:22 . Dev.10 . . Dev.None ~ weight ' —
- Dose:* 2.1,5,10 :
Ratfo .. Mat.l Mat5 Mat. Body wt. RS46
- upsize:25 - Dev.l Dev.5 Clinical signs,
- Dose:* 0,1, 5,10 g.i. lesions.
Dev. Body wt, )
visc. anom., -
skel. var.
RabbitNZW ~ Mat. 0.1 Matl = Mat Bodywt RS44
Group size: 22 ~Dev.1 -~ Dev.25 Abortions N
- Poges™® 0, Oal,’"l;rz.S;" - : Dev. BOd}-‘Wt.
3.5 Delayed
B ' ossification

¥ (mg/kg). Rats dosed on GD 6-15. Rabbits dosed on GD 7-20.

Results from the PFOS studies were similar. Maternal toxicity and developmental toxicity was
consistently seen and expressed as reductions in maternal weight gain or fetal body weight.
Reductions in food consumption commonly paralleled the effect on maternal weight. Fetal

__affects were nrimarily associated with maturational delays. ¢.£., skeletal variations and delayed
ossification. Abortions were observed in rabbits at a dose of 2.5 mg/kg and higher. The Jowest
developmental toxicity NOAEL for rat and rabbit are the same, 1 mg/kg body weight. The
maternal toxicity NOAEL was 0.1 and 1.0 mg/kg for rabbit and rat, respectively.

Draft Initicl Assesument Peport PFOY - Aopendin §
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Table 4-14. -
Oral (gavage) N-EtFOSE Developmh! Tnxicﬁym: S
Design NOAEL"‘ LOAEL" I Eﬁ'ects Reference T
Group size: 22 Develop. 25 Deve[op. 37 5 a 75 o ‘
Dose:* 0,25,37. 5,75 " Dev. Bodywt, clert
palate, sternebrae ’ :
malf. | e
Rat SD Matemal 5 Maternal 10 Mat. Bodywt.Dev. =~ RS42
Group size: 25 Develop. 5 Develop. 10 - Body wt, delayed B
Dose:* 0, 1,5,10,20 ossification
Rabbit NZW ~ Maternal 5~ Maternal 15 Mat. Body wt. RSS55
Group size: 18 Develop. 5 Develop. 15 Deyv. Fetal &
Dose:*0,1,5,13 Neonatal
Viability, resorptions
Rabbit NZW Maternal 0.1  Maternal 1 Mat. Body wt. RS40
Group size: 22 Deveiop. 1 Develop. 2.5  aborticns
Dose:* 0, 0.1, 1, 2.5, Dev. Late resorptions o
3.75

* (mg/kg). Rats dosed on GD 4-15. Rabbits dosed on GD 6-18 or 7-20.

The more recent rat study with N-EtFOSE (RS42) showed maternal and developmental toxicity
expressed as effects on body weight, this is similar to that of the earlier study (RS41).
Concordance is not good between the 2 rat studies as to the NOAEL or LOAEL doses.
Morphological defects in fetuses were seen only at doses of 37.5 mg/kg and higher. The results
of the rabbit studies (RS40, RS55 ) are similar as to the nature of the effects but there are
differences as to avses that caused maternal toxicity. Fetal survival during the 24 hour
incubation period was significantly lower at the 15 mg/kg dose (RS55). The rabbit and the rat
study conducted at similar and slightly higher dose levels indicate that the primary early maternal
effect is associated with depressed body weight. The lowest NOAELSs occurred in the ratbit
study;: 0.1 and 1.0 mg/kg for maternal and developmental endpoints, respectively.

When results of the PFOS and N-EtFOSE developmental studies are compared, the type ot
effects, and doses that cause those effects, are similar Fetal toxicity, as coutrasted to anatomical
malformations, characterizes the principal effect of both PFOS and N-EtFOSE. Maternal toxicity
also occurs at doses associated with developmental toxicity. Ralbits exposed to N-EtFOSE have
a tendency to abort litters or resorb fetuses. These effects are possibly causally linked to the
maternal effect. This type of response was not prominent in rats exposed to either FFOS or N-
FFOSE,

Drafi Inidal tasessment Geport PROS - dppendix | 56



T :Two-Generaﬂon Studies

e ?Reproducnve paramewrs genmlly were not aﬂ‘ected by PFOS exposure in etther generat:on of
- eithersex ina 2-genmt10n study in the rat (RS47). The exception was a decrease in
implantations and litter size in F,, females at 3.2 mg/kg, the highest dose tested. The early adverse
response in adults and in pups is reduced body weight gain in both sexes. Most significant was
~ the death of all F, pups in the perinatal period a the maternal dose of 3.2 mg/kg bw/day.
’Momhty was also-seen in F, pups from dams that received 1.6 mg/kg. The-dose-response for this
- .effect is steep as demonstrated by viability indices (survival from birth to LD 4) of 98.7, 98.3, .
-~ _--98.3,66.1 and 0.0% for the 0, 0.1, 0.4, 1.6 and 3.2 mg/kg dose, respectively. Severity of effect on
" F, pups in the lactation phase of the study resulted in post weaning dose groups being reduced to
~0,0.1 and 0.4 mg/kg. These 3 dose groups proceeded through a mating, pregnancy and postnatal
evaluaiion phase until F, pups were 21 days of age. ‘The F, rats in all thesz groups developed
. normally as measured by an array of developmental milestones, including neurobehavioral
- performance. Effects on reproduction, lactation and on postnatal viability of the F, pups were
B 'modutmdtmuimt. The NOAELSs from the smdyandmeeffect(s)seen at the next higher dose
S 'FQ genmﬁon O.I mgikg, at the 0. 4 mg/kg dose effects on body weight gain
T «1.6 my/kg; for reproductive effects at 3.2 mg/kg reduced implantions and fitter
iize

5'F,genmtion Olmszmumelemdoupupmoﬂahtymddmedbody%ﬁgh%
- = 0.4 mg/kg for reproductive effects, the highest dose tested
'F, genmhon 0.4mglkg, the highest dose tested.

The N-EtFOSE 2-generation study (RS43) was of a design similar to the PFOS study and
conducted inthe same laboratory. A design difference was that dosmg ofthe pmtal F)

mwwmw—-m =

~contrasted to 42 days in the PROS study. The dosea were 0, 1, 5, 10, 15 mg'kg/day. There was a
decrease in F, litter size and pup viability in the 10 and 15 mg/kg dose groups during the
perinatal period. The dose-response for this effect was steep as scen in viability indices (swrvival
from birth to LD 4) of 92.8, 99.1, 92.C, 30.2 and 1.20% for the 0, 1, 5, 10 and 15 mg/kg dose,
respectively. ThelastzpnpsmlhehnghdosegmupdmdonmSandanﬁdmﬁm}éaf&}w
alive on LD 4 in the 10 mg/kg group died between LD 5 and 14. Due to the severe effects seen
in F, pups at the two higher doses, post weaning portions of the study were reduced to 0, i. and 5
mg/kg groups These dose groups proceeded through a mating, pregnancy and pesm
evaluation phase until F, pups were 21 daysof age. F,ratsinthe 0, 1, and Smg'kg g
developed normally in the post weaning period as measured by an armay of developmental
milestones, including neurobehavioral performance. Effects on F, reproduction and lactation and
on post natal viability of the F, pups were seen at the $ mg’kg dose. The NOAELs from the study
and the effect(s) seen at the next highest dose are:

F, generation - 1 mg/’kg; at the 5 mg kg dose body weight effects
- § mg/kg for reproductive; at the 10 mg kg dose higher inciderwe of suliborn
pups
F, generation — Less than 1 mgkg, the lowest dose tested, based on body weight effects
- S mg/kg for reproductive effects, the highest dose tested
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to the types of effect seen, dose response, and lowest doses tﬁatcauseeffecﬁ. Matemalbody
weight changes are observed in the pre-natal teratology studies and the: twoge:mahonsm&es
with both chemicals. However, the mortakty seen in the perinatal permd of life has no parallel in
the prenatal studies. While modest increases in resorptions were seen in the Z—genaahon studies,
in the main, pup development until the time of birth was fairty normal. Gross appearance
notwithstanding, the incidence of pup mortality was severe (at the higher doses) on the day of
birth and in the immediate perinatal period. The study design did not permit insight as to the
factor(s) that contribute to the lethal response. Results of the 2-generation studies indicate that
fertility and reproductive perfonnance are not impaired at doses that cause adverse body weight
effects on males and females. It is not clear whether the resorptions are due to direct effects on
the fetus or secondary to altered maternal physiology associated with decreased food
consumption and weight gain.

A PFOS cross-foster study was perforined to ascertain the role of pre-natal, post-natal, or
combined exposure on pup mortality and health (RS48). A single gavage dose, 1.6 mg/kg PFOS,
was used. Female Sprague Dawley rats were treated with 0 or 1.6 mg/kg daily during a 42 days
premating, mating, pregnancy, and a lactation period of 21 days. At birth, 25 litters from control
or treated dams were cross-fostered with 12 —13 control or PFOS treated dams. Thus four groups
were established. The results of the study that ended on post-natal day 21 is summarized in Table
4-12.

Table 4-12. Cross-foster PFOS Study
Post-natal Pup Effects During 21 Day Lactation Period*

PFQS Exposure® Number Total Percent Litters Pup

Gestation Lactation  Dead  Pups Mortality Affected Weight®

0 0 3 191 1.6 3 29.0 T
0 1.6 2 181 20 2 26.2
1.6 0 16 166 9.6 10 26.7
1.6 1.6 34 177 19.2 8 24.6
*extracted from R548

® refers to daily female dose of O or 1.6 mg/kg PFOS.
“mean weight in Grams on LD 14

Mortality was increased (9.6%) in pup litters whose exposure was solely in utero. Mortality was
greatest (19.2%) in pup litters exposed in utero who also nursed treated females. There was no
increase in mortality in pup litters not exposed in utero that nursed treated females; body we:ght
gain was reduced. The greatest reductior: . weight gain was in pup litters who had in usero and
lactation exposure. PFOS serum levels were determined in litters and dams from this study.
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tfiﬂNﬁEWMR - - Nursing Dams Litters -
. Qestation Lactation ‘Mean ~ Pooled Mean -
oL 00se (12 0.05% (6)
0 16 T 8296 (13) 2235 (6) IR
w07 202 13 53.88 (6)
16 16 - 8897 (12) 89.71 (6)

“#.0.05 uG/mL is Lower Limit of Quantitation.
~**Number in parentheses is number of samples

. The dmclwly indicate that treatment of a pregnant dam can result in significant levels of in

" utero exposure to PFOS. This is demonstrated by serum values of about 54 ppm in 21 day old
“pups who had only in utero exposure. PFOS also appears to be readily secreted in milk, as
‘evidenced by pups with no gestational exposure having serum levels of about 22 ppm after

nursing treated dams. Drawing upon results from a pharmacokinetic study discussed in 4.3.1

(RS52) it appears that a PFOS fetal serum level of ~117 ppm just preceeding birth is associated

with perinatal toxicity and death, e.g., fetuses from dams with exposure to 1.6 mg/kg PFOS. The

premating sera concentration of dams in this dose group averaged 185 ppm.

In summary, in ufero exposure to 1.6 mg/kg PFOS via the dam iead to perinatai mortaiity amd
reduced growth. In a separate study, maternal exposure to 1.6 mg/kg led to serum levels of 217
uG/mL in fetuses just prior to birth. /n utero and peri-natal exposure to 1.6 mg/kg appear to be
additive with respect to toxic effects and perinatal death in pups. Finally, exposure via milk from
mothers receiving 1.6 mg/kg did not cause death although a decrease in pup weight was
observed. The serum levels support a hypothesis that the degree and severity of developmental
and peri-natal toxicity is directly associated with PFOS concentration.

Ongoing Study

A study is planned that will assess the role of reduced cholesterol metabolism as a cause of
perinatal mortality in rats.

4.3.8 Genetic Toxicity

PFOS. PFOS has been tes‘ 1 for genotoxic activity in a battery of microbial and .nammalian
systems These inclnded assays for induction of gene mutations in Salmonella Dphimuriwm and
Escherichia coli, (RS14, RS15, RS16, RS17, RS18) a test for gene conversion i the D4 strasn of
Saccharomyces cerevisiae (RS18): an in vifro assay for chromosomal aberrations in hurman
whole blood lymphacytes {(RS21). the mouse micronucieus assay (RS19% and an assay for

Dt Fnital Assessmen: Repore PPOS - Appen 7 7 5
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in all assays in which ﬁwastestea.

Potassium perfluorooctylsulfonate did not mdwe reverse mutation at the!nsﬁdrue Iocus ofS. S

typhimurium strains TA1535, TA1537, TA1538, TA98, and TA100, or at the tryptophan Iocus o£,,,,;,, B

E. coli WP2uvrA, and did not induce gene conversion at the try locus in the D4 strain of S.
cerevisiae when tested with or without metabolic activation ﬁom Atoclor-mdmed rat liver
microsomes at doses up to 5,000 pg/plate (RS15, RS18).

The diethanolamine salt of PFOS was likewise without genotoxxc actmtym& typﬁmurmm
strains TA1535, TA1537, TA1538, TA98, anid TA100 when tested at up to 5,000"ug/plate, with
and without metabolic activation, and in the D3 strain of Saccharomyces cerevisiae gene
recombination assay at up to 5% (RS14). '

Potassium perfluorooctylsulfonate did not induce chromosomal aberrations in human
lymphocytes when tested at up to cytotoxic concentrations, with or without metabolic activation
by Aroclor-induced rat liver microsomes (RS21). Nor did it induce UDS in pnmary cultures of
rat hepatocytes when tested at up to cytotoxic levels (RS20). .

In the in vive mouse micronucleus assay. potassium perflucrooctylsulfonate did not induce
micronuclei in the bone marrow of Crl:CD-1 BR mice given a single gavage dose of 237.5, 450,
or 950 mg/kg (RS19).

N-EtFOSE. Negative results have been obtained in batteries of genotoxicity tests of N-ethyl
perfluorooctane sulfonamidoethanol (N-EtFOSE).

N-EtFOSE gave negative results in micronucleus assays in rats (RS12) and mice (RS11) at doses
up to lethal levels by oral gavage. N-EtFOSE, did not induce UDS in liver cells of rats that had

tlv“"‘ a Siﬁgl\? .L—.% Gfge:j,’ AI\S or gl{\’ mg{;’kg b‘]’ gavage 2.2 haur lsnum -grhnr ar 14,14 a hggs

earlier (RS13). A mammalian cell gene mutation assay in mouse lymphoma cells (RS10), which
the authors considered as providing evidence of mutagenicity in the presence of metabolic
activation, suffers from a number of methodological and interpretative problems that render it
uninterpretable. These deficiencies include:

Inadequate identification of mouse lymphoma test strain;

Use of excessive, potentially toxic levels of S9 mix;

Use of an inappropriate positive control chemical for the non-activation assay;

Poor detection of small colony mutants;

Use of excessively high, toxic concentrations of test chemical in the mutation assays;

Use of an excessively long mutant expression period (2 days);

Use of insufficiently large numbers of cells for mutation assays; and

Over-interpretation of study results.

N-MeFOSE. N-methyl perfluorooctane sulfonamidoethanol (M-MeFOSE) gave uniformly
negative results in an Ames assay in Salmonella typhimuri..n (RS22), a mamr.alian cell gene
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,imutltxon assay in L5178Y mouse lymphoma cells (RSZ4), a human lymphocyte chromosome
aberration assay (RSZS), arat hver cell UDS assay (RS26), and a rat bone marrow micronucleus

‘assay (RS?S)

4.3.6 Any other Hnman Healtll Relevant Information L o

Ocnlnr Irritation ‘ _ ' _
- PFOS was found to be mildly irritating to the eyes of albino rabbits when as powder. The ocular
o if irritation was limited to the conjunctivae in the six test rabbits. Irritation was noted at the 1, 24,
- -and 48 hour post-instillation reading times. The maximum irritation score was 9.3 out of a
“highest possible score of 110 at the one-hour reading. By 72 hours post-instillation the score
subsxded to 0 O (RSI)

Dermnl Irrltnﬁon

" PFOS was fonnd to be non-irritatmg to the skin of albino rabbits when tested under conventicnal
- Draize procedures. No signs of dermal irritation were observed in any of the test animals at any
 time during the study period. The pnmary skin irritation score was 0.0 out of a highest possible
score of 8 0 (RS4).

. Sensltlntlon ,
No reportl on the sensitization potennal of PFOS are available.

Human Data

~“There are no known cases of ifritation or sensitization associated with human exposure.
Conclusions
PFOS is notm{ially a mild irritant on contact with eyes and is not expected to irritate skin.
4.4 Data from Studies in Humaus

4.4.1 Background and Early Medical Surveillance

There have been two major types of initiatives to examine the health of the 3M fluotocher
production workforce: periodic medical surveillance examinations and a retmsgeﬁxve ceheﬁ
mortality study. There have been no epidemiological studies of the general (non-occupational)
population nor have any other occupational cohorts studies been published.

Following reports of the finding of organic fluorine in sera samples, a fluorochemi 3l medical
surveillance program began at 3M's Decatur (Alabama) manufacturing faczht\ n ﬂfe late 1970%
The voluntary program has generally consisted of biennial tests of clinicai chemustries,
pulmonary function, blood counts, accompanied by biomonitoring of fluorochemical exposure.
A wtal organic fluorine measurement was routinely done unti! the mid-199%0's. A total organic
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fluorine assay measures the amount of ﬂuonne that was covalently bo ;

sanple and is not specific for PFOS. When test data we ' :
reviewed each employee's results. These physicians did not, and have not, found abnormahttw
in individuals that they believed were related to fluorochemical exposure. That is, ‘medical - '
conditions, medications and lifestyle factors adequately explamed anyobserved Taboratory —
abnormalities.

4.4.2 Medical Surveillance Studies

Beginning in the mid-1990's, the 3M medical surveillance programs at the Decatur and Antwerp
(Belgium) plants incorporated serum measurements of PFOS and perfluorooctanoate (PFFOA)
rather than total organic fluorine (RS¥). High performance liquid chromatography-mass
spectrometry was the analytical method used to detect and quantify these chemicals. An
aggregate analyses was conducted of the Decatur and Antwerp male employees participating in
1994/1995 (n = 178) and 1997 (n = 149). (There were too few female employees to afford data
analysis.) Sixty-one employees participated in the program during both time periods. Results
from hematological, star.dard clinical chemistry tests and several hormone assays (cortisol,
dehydroepiandrosterone sulfate, estradiol, follicle stimulating hormone, 17-alpha
hydroxyprogesterone, luteinizing hormone, prolactin, sex hormone binding globulin, free
testosterone, bound testosterone, and thyroid stimulating hormone) were analyzed in relation to
serum PFOS levels.

During both time periods, serum PFOS levels in 95 percent of the employees were below 6 ppm.
The two plant populations differed by age, body mass index, and alcohol consumption, resulting
in differences between the populations in several clinical chemistry parameters. Multivariable

analyses adjusted for these potential confounders. When analyzed in aggregate, no consistent =

significant associations were observed between the employees’ serum PFOS levels and the

i, AL JEG, S IS SIS, S PN oy o
clinical chemisitics of hematology parameters for either time pericd, (Total bilirubin levels

appeared to trend downwards; further analysis found that this was restricted to Decatur
employees and the values were all within the reference range.) Multivariable regression models
were fitted with PFOS level (analyzed as a continuous variable) using linear, as well as non-
linear, transformations in order to maximize the possibility of finding associations between
PFOS and the parameters of interest while adjusting for potential confounders.

No consistent associations were observed by plant, by year, or by both. As discussed in the
toxicology section (4.3), the most sensitive clinical chemistry endpoint in rats and monkeys with
increasing exposure to PFOS or N-EtFOSE appears to be a reduction in serum cholesterol levels.
It is of note, therefore, that mean serum cholesterol levels in these production workers remained
constant or increased with increasing serum PFOS levels. An aggregate analysis of both plants'
HDL levels appeared to show negative association with increasing PFOS level; however, this
was confounded by the fact that all the workers with PFOS levels of 6 ppm or greater were older
than workers in the lowest PFOS category, had higher body mass indices (BMIs), and, in 1997,
were only employed at the Decatur plant. Multivariable analyses and stratification by plant
found no consistent associations between HDL and PFOS levels. In 1995, hormone values were
also obtained from a subsample of employees with the higher PFOS measurements. After
adjusting for age and body mass index, no significant associations were observed between these
hormones and serum PFOS levels, with the exception of estradiol. The latter quadratic
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 association was highly influenced by one employee with high PFOS measurerrieiit (12.83 ppm)

~and a large BMI; removal of this émployee from the analysis resulted in no significant

o . association with estradiol.

Theresults from these analyses suggested that, among these Decatur and Antwerp male

" fluoroch emical production employees, significant hematological, clinical chemistry, and

.+~ hormonal abnormalities were not associated with serum PFOS levels up to 6 ppm. (It was not
77" possiblé to draw conclusiois regarding the small number of employees with serum PFOS levels

. >6ppm.) Limitations of these surveillance analyses included its cross-sectional design, the
- voluntary participation rates of less than 50 percent, the small number of subjects exposed at the

. _ highest levels and a single hormone measurement, rather than multiple hormone mesurements.

4.4.3 Mortality Studies

A retrospective cohort mortality study of employees who worked at least one year (1961-1990) at
the 3M Decatur manufacturing site was conducted to detcrmine whether the mortality experience
- of these production workforce was significantly different from that which would be expected

_ [RS5]. A total of 1,957 employees (1,639 males and 318 females) constituted the cohort, which

. ~represented 37,915 person-years of follow-up. Only six employees (0.3%) were lost to follow-up.
Vital status was searched through 1991 using company records, credit bureaus, Social Security

* Administration and the National Death Index. A total of 74 deaths were reported and 72 (97%)
death certificates were obtained.

Observed deaths were compared to an expected number calculated by using indirect
standardization techniques with three comparison populations: United States; Alabama; and
regional Alabama counties. Analyses were also stratified by whether male employees ever and
only worked in the chemical and film plants at the Decatur site. o

" No statistically significant elevations in Standardized Mortality Ratios (SMRs) were found for
any specific cause of death or for any of the comparisons. Table 4-14 provides the data for the
‘most common causes of death.
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Table 4-14. - Retrospective Cohort Mortality Analysis

Decatur Chemical Plant (» = 1,050) e T O L S T
CaunseofDeath* | Observed | -~ SMR - | Interwval |
All Causes 57 1700 | 53.0-96.0
All Malignant Neoplasms 13 769 . | 409-1315
Cancer of the Bronchus, 7 - 1207 1 48.5-248.7
Trachea, or Lung ' ,
Cardiovascular Heart Disease 11 48.8 : 244 —-874
External Causes 20 ) 90.2 5§5.1-139.3
* Three or fewer deaths were observed for all other categories. ' }

Despite the excellent follow-up of the cohort, there were three important limitations to this study:
1) the few person-years of follow-up; 2) the short latency period; and 3) the lack of a PFOS-
specific job exposure matrix.

4.4.4 Work In Progress

3M, in conjunction with epidemiologists from the University of Minnesota Division of e
Occupational and Environmental Health, is in the midst of completing an update of the cohort

mortality study. Several methodological improvements have occurred since the original study,
including the computerization of the work history record for all past and present employees,

which, in conjunction with information regarding serum fluorochemical levels acquired from

medical surveillance exams and the random sample assessment (described above), will allow for

the construction of a PFOS-specific job exposure matrix. Estimated date of completion of this

updated study is November, 2000. (A comparable retrospective cohort mortality study cannot be

done among the Antwerp employes population due to the confidential nature of death certificate
registration in Belgium.)

An additional health-related research effort that is scheduled for completion in 2000 is the
analysis of health claims data from January 1, 1993, through December 31, 1998, of the Decatur
chemical and film plant employees. Health claims data are not available for analysis purposes
prior to 1993. Clinical Care Groups™ methodology will be used to group all visits (inpatient
and outpatient), procedures, ancillary services, and prescription drugs considered in the
diagnosis, treatment, and management of approximately 400 diseases or conditions. An episode
will be considered a constellation of one or more claims data records representing an occurrence
of a disease or condition for a particular condition. The observed group claims data will be
compared to an expected number calculated by indirect standardization methods to adjust for age
and gender. Corrected for their different age structures, the ratio of the observed to expected
chemical plant claims experience will be compared to the film plant's [Ederer and Mantel, 1974].
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45 Intal Avsoment for Human sl

4.5. _pproacll to Assessment

PFOS has been 1dent1ﬁed in serum samples from both occupationally and non-occupationally

- exposed populations. This initial assessment is focused on the question of whether and to what

“extent the levels of PFOS found in serum samples from those populations pose a human health

’ nsk Both epxdemlologxcal and animal toxicology data are available for use in the assessment.

PFOS comes to be present in human serum from a variety of sources and there is as yet no clear
~understanding of the relative importance of those different sources. Some may arise from
exposure to precursor molecules that degrade and metabolize to PFOS (N-EthylFOSE Alcohol,
_for example), while other exposure may be to PFOS itself through underdetermined
environmental pathways. It is for this reason that the typical approach to risk assessment,
involving comparisons of external (administered) doses known to be associated with adverse

“health effects with doses experienced by the populations under evaluation, is not appropriate or
____even possible for PFOS. The approach to be taken here involves, instead, comparisons of serum
. levels that have been the subject of epidemiological and toxicological studies with serum levels
~ found in exposed populations. This approach is, for several reasons, likely to provide greater

scientific certainty than the more traditional approach.

One reason for this conclusion has already been noted: PFOS reaches and accumulates in blood
from several different sources, so that the serum findings reflect total human exposure.
Moreover, because PFOS is relatively persistent, with an elimination half-life in humans
currently estimated to be 300 days, sera levels integrate exposure over time. External doses,
especially for substances havmg mult:ple sources, are highly variable over time, and it is often

m obmmmbhmemvrvmmny Serum ievels arc likeiviobea fa
more stable estimate of long-term exposure.

Uncertainty is reduced when risk assessments are based on direct compatisons of serum levels. In
the traditional assessment, based on intra- and interspecies comparisons of external doses,
ADME differences are often unknown and are accounted for by the introduction of uncertainty
factors that are general, not chemical-specific, in nature. The PFOS assessment described herein
does not suffer from this important source of uncertainty and interspecies extrapolations have
greater reliability than they do when external dose is used.

Most of the recently produced epidemiology and toxicology data have involved the development
of health effects information in relation to serum levels; current and future studies have been
designed to acquire similar type of data.
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"~ 4.5.2 Health Eﬁettruﬂ’FOSﬂd i

Data from studies of 3M fluorochemical ptodncuon workets havethus farrevelledno aﬂve:se

effects from the PFOS serum levels identified in those populations.- Thedatz&enveﬁ'omf—— e

medical surveillance investigations and from a :etrospecuve cohort mortality study.

Beginning in the late 1970’s, biennial hematological and clinical chemstry tests, along with tests
of pulmonary function, were performed on workers at 3M’s Decatur manufacturing facihty

Until the mid-1990’s, fluorochemical exposure was based only on the level of serum organic
fluorine and was not PFOS-specific. In noneof the years of testing did occupational physicians
report abnormalities they believed to be related to organic fluorine exposures.

In 1994/1995 and again in 1997, the health of male employees at 3M’s Decatur and Antwerp
production facilities was assessed in relationship to serum levels of PFOS. In addition to the
standard sets of clinical chemistry and hematological tests, assays for 11 different hormones were
performed on a subset of the workers’ blood. In the 1994/95 sampling 178 employees were
evaluated and in 1997, 149 were tested; all were volunteers. No significant hematological,
clinical chemistry, or hormonal abnormalities were associated with serum levels up to 6 ppm in
either of the study periods. Serum cholesterol levels were not affected; this finding is significant
because of the experimental observations that PFOS at higher doses cause declines in this
parameter.

A 1995 retrospective cohort mortality study of 1,957 employees who had worked at least one
year at the 3M Decatur production facility revealed no statistically significant elevations in risk
for any specific cause of death, including cancer. This study did not include PFOS serum
measurements.

These studies of production workers, although limited in several ways, provide important
information for risk assessment. First, they involve direct attempts to identify adverse health
effects in the most highly exposed human populations. Second, they involve not only an
examination of cancer and other causes of mortality, but also a wide range of clinical parameters
that are likely to represent sensitive indicators of adverse effects based on experimental data. At
the same time, it must be recognized that the studied populations are not representative of the
general population in that they do not include children, the elderly, or those suffering from ill-
health, and represent women in only a very limited way. Studies now underway may address
some of these limitations.

More extensive data on the effects of PFOS are available from studies in monkeys, rats, and
rabbits (teratology only). As discussed in the introduction to this section (4.1), repeat-dose
animal studies on N-EtFOSE and N-MeFOSE have been included because both compounds
undergo metabolism leading to PFOS. Thus, comparative toxicology studies of these
compounds and PFOS could reveal whether any of the effects of the former two PFOS
precursors are due entirely to the end product of their metabolism (PFOS), or may also involve
one or more of the intermediary breakdown products or metabolites. The substantial database
now available on PFOS, N-EtFOSE, and N-MeFOSE demonstrates a consistency of eifects, and
some data suggest that these effects may be due to PFOS. Additiona' study will be necessary to
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o conﬁrm thls nutlal impression.

e ,ln recent repeat-dose studies in rats, PFOS and these precursos compounds reduce serum
. cholesterol levels, cause reductions in body weight gain, and cause liver enlargement and
;:f:i'jjij?vacuohzatmn. The same pattern of effects is observed in PFOS exposure studies involving
- monkeys. At the highest doses tested, PFOS has caused unexplained deaths in monkeys and rats.

;:,”Sinular eﬁ‘ects were observed in carlier repeat-dose studies of PFOS.

Both PFOS and N-EtFOSE have been evaluated for teratologic effects in rats and rabbits and for
- gdverse reproductive and developmental effects in a two-generation rat study. Neither compound
.~ has been demonstrated to produce teratogenic effects. In the two-generation studies, however,
both compounds affected fetal survival and body weight gains in dams and fetuses. .

“The dose-response relationships for some effects, as identified in PFOS dosing studies, are -
presented in Table 3-5, which is reproduced below as Taole 4-15. At this time, the N-McFOSE
and N-EtFOSE data, as summarized in Sections 4.2.3 and 4.2.4, are used to confirm the PFOS
" results, but are not sufficiently complete to be used for quantitative analysis.
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Table 4-15. PFOS Toxicity Data for Mammals: mmm‘ wud Liver P

Concentrations, and Cumulative Dose

LfverPFOS P

P __ Serum PFOS 1)
Group’ Obwerved | ot [ComeERTato | Ty,
(ppm) epm | (mg/kz)” 4
26-week Capsule-Dosing Study in Cynomolgus Monkeys o R ST
0.15 mg/kg/d NOEL ' 85 80| 27.3
0.75 mg/kg/d Hepatomegaly; >100, <300 |415 (average) [>273,< |
hepatocyte enlargement , 137
0.75 mg/kg/d Decreased cholesterol in >134+25 |415 (average) 46.5
females
0.75 mg/kg/d Decrease’ ~holesterol in >152+30 415 (average) 67.7
males
.75 mg/kga Decreased T3 >152+30 415 (average) 67.7
0.75 mg'kg/d Death or early sacrifice > 150, <300 |415 (average) |> 100, <137
for 2/6 males
14-Week Dietary Study in Sprague Dawley Rats : T R
2.0 ppm Males NOEL 17.9 76.81 ~17
2.0 ppm Females |NOEL 269 68.25 ~13
5.0 ppm Males Hepatocellular 45.6 386.53 244
hypertrophy and
‘ vacuolization
5.0 ppm Females NOEL 62.9 362.45 38.2
20 ppm Males Hepatocellular 134 599.94 106
hypertrophy and
vacuolization; decreased
cholesterol; increased
AAT
20 ppm Females Hepatocellular 216 617.52 141
hypertrophy and
vacuolization
Reproduction PK Dosing 6 weeks prior to mating and 21 days of gestation o
0.4 mg/kg/d Dam  |NOEL 47.1+£5.00(n= - 16.8
PM 16)
0.4 mg/kg/d Fetus |NOEL 39.7+5.90(n= - N/A
EG 5)
0.4 mg/kg/d Dam | NOEL 303+ 17.0 (n= - 28
EG 6)
1.6 mg/kg/d Dam | Slignt body weight 185+ 14.0 (n = - 67.2
PM 16)
1.6 mg/kg/d Fetus Survi_;'ﬁ: body weight 117 £ 14.3 (n=2) - N/A]
1 BEG
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Table 4-15. PFOS Toxicity Data for Mammals: Observed Effects, Serum and Liver PFOS

-Concentrations, and Cumulative Dose - N

, Liver PFOS .
B Gr oup‘ - O::sf:rved g:;::‘:ft?; Concentratio Cunl;:::uve
T ect (ppm) n (mg/ke)
: (ppm)
o l 6 mg/kg/d Dam Slight body weight 158 + 86.6 (n= - 112
- |EG E 4)
- {32 mg/kg/d Dam |Body weight 368+23.6(n= - 134
o PM N 16)
132 mg/kg/d Fetus Stillbirth, survival 191+264(n= - N/A
EG - 5)
{3.2 mg/kg/d Dam  |Body weight 180+ 41.5m= - 224
EG ' ' 6)

! PM = Pre-Matm’g, after 42 days of dosing; and EG = End of Gestation, day 21 of gestation

Exnmmatxon of Table 4-15 reveals that the effects of PFOS occurring at serum levels of 43.6

o ppm (hypertrophy and vacuolization in the livers of male rats in the 14-week study) represents

the minimum effect level for this compound. The No Observed Effect Level (NOEL) for these
liver effects in male rats is 17.9 ppm. The NOEL for this effect in female rats is 62.9 ppm. It is
noteworthy that the liver effects are not observed in monkeys until serum levels exceed 100 ppm;
declines in cholesterol levels are also observed in monkeys at serum levels over 100 pinu.
Recovery studies in monkeys have shown that the hepatic enlargement resolves upon cessation
of dosing und serum cholesterol levels return to normal. The NOEL from the 6-month monkey
study is 85 ppm (semm PFOS)

Pup survxval is affected adversely when dam serum levels reach 185 ppm, measured after 42
days of dosing but pre-mating. The NOEL for this effect, measured in dams at the same pre-
mating time, is 47.1 ppm. Thus, although the serum levels in dams declines during gestation, the
fetal effects are not observed unless the dam enters pregnancy with a serum PFOS level of ca.
185 ppm; the pups of a dam having a serum level of up to 47.1 ppm are not at risk. Thus, 47.1
ppm in the rat dam will be taken as the relevant NOEL for assessing perinatal effects.

The NOELSs from the animal studies useful for assessing human risk are shown it Table 4-15

A
bt
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NOEL : Esﬁmated 1
"(PFOS Serum Level) | Source ' ] ' vel | Cumnllﬁvenuse .
malerats ] S '
47.1 ppm 2-generation  16.8 mg/kg
reproduction, rats .
85 ppm 6 month, repeat-dose, : 27.3 mg/kg
monkey decreased choI&teroI
levels

4.5.3 Other Experimental Data Related to Health Eiffects

PFOS, N-EtFOSE, and N-MeFCSE have been subjected to an extensive battery of in vitro and in
vivo tests for genotcxic potential. There is no evidence of any such potential for these
compour is.

These substances are also relatively weak inducers of peroxisomes in rodents. It is not known
whether this effect has any relationship to the observed toxic properties of these compounds. At
this time, the mechanisms underlying toxicity are not understood. 3M has under consideration
several types of exploratory investigations that may begin to shed light on how these compounds
produce toxicity

4.5.4 Initial Assessment of Risk

Occupational Exposures and Risks

Serum levels of PFOS in 3M production workers average less than 2 ppm, and some workers
have exhibited ievels in the range of 10~13 ppm. Direct studies of production workers have
revealed no evidence of excess mortality and no evidence of effects as measured by standard
hematological and clinical chemistry tests and by assays of 11 different hormones, at serum
PFOS levels up to 6 ppm. Serum cholesterol levels are not affected in this range of serum PFOS
levels. Within the limitations of these studies, this information suggests that workers are not at
risk at the serum levels reported. Animal studies of PFOS, N-EtFOSE, and N-MeFOSE reveal
that PFOS is associated with some effects that would not be expected to be found in the
ocoupational healts studies because of lower serum PFOS concentrations. The NOELs from the
atimal stud.es, as shown in Table 4-16, range from serum levels of 17.9 ppm to 85 ppm.
Asuming the non-human primate is takcn as the best animal model for effects in humans, then
the most highly exposed waorkers bear serum levels approximately 15 percent of the NOEL and
average worker levels arc 50 times lower than the NOEL in monkeys. On the other hand, using
the results from the 14-week rat study, production worker exposures are, at the upper end, more
than one-half of the NOEL and, on average, are about 10 times lower than the NGEL.

As explained earlier, the direct interspecies comparisons of serum levels rather than exernal dose
reduces many of the usual uncertainties associated with interspecies extrapelation, most
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. especially those associated with ADME differences. This, in turn, reduces th= need for a

significant fraction of the uncertainty factors typically used to extrapolate from animals to

* “humans. Moreover, uncertainty factors used for the general (non-occupational) population (see

= below) are generally larger than those used for worker populations, because the latter are not
pected to exhiblt the same hlgh degree of vanabﬂlty in sensitivity to toxic effects. o

R I..lttle serum PFOS data are available for occupational exposures in various user facilities. 3M
i preducuen worlkers are exposed to unreacted, concentrated starting materials. The majority of
~ - downstream workers are exposed to fluorochemical products that typically contain less than 1%
" residual unreacted starting material that could be absorbed and metabolized to PFOS. Aithough
- it seems. likely that such workers exhibit lower exposure levels, and therefore would demonstrate
* " larger safety margins than do 3M production workers, this conclusion can not be fully
- documented. The study of non-production workers in 3M’s Japxmwe facility, where PFOS

Tha cumntly nvnlabledmﬁomsunplmg ofbloodﬁomseleetedhmnmpepn;as@sméfrggg

7 “blood banks reveals that non-occupational exposures to PFOS range from ca. 0.01 to 0.1 ppm.
== 'The apper end of this range is about 60 times lower than the level (6 ppm) found to be without
. associated adverse effects in the occupational studies. It is also about 180 to 850 times lower
than the NOELSs from the rat and non-hurnan primate studies, respectively. Again, the direct
- interspecies comparisons of serum levels reduces uncertaintics related to ADME differences.

~ Taken together, the data from human and animal studies suggest that PFOS serum levels in
members of the general population are substantially below levels associated with adverse effects.

4.4.8 Uncertainties in Assessment and Work in Progress

Theinitial ummmtpmmtdabovenbaedonambmﬂhody of health effecis data. It is
based on an interspecies comparison of serum PFOS levels and is more certain than typical
assesaments, which are based on cross-species comparisons of external doces. This reduced

~ uncertainty translates to a need for smaller uncertainty factors for cross-svecies extrapolations.
In light of this conclusion, the margins separating NOELs from human ex; ssure levels described
above should not be compared with the larger margins observed or used in whe mors typical
assessment.

The limitations associated with the use of human data have already been 1dentified, and will be
reduced when additional epidemiological investigations are completed. Results fom ddeorsc
rodent studies of PFOS and N-EtFOSE are still under evaluation. Definitive conclusions
regarding the effects of chronic exposures will become available in the fubare. Mechamsie
understanding of the underlying causes of toxicity, particularly those relating o reducad sutvival
of offspring in the two-generation study is under study.

Additional data are forthcoming pertaining to the blood levels and distribution of fﬁ}\ i
human sera. The distribution of PFOS levels according to age. sender. and grograpine woabon
will be available for future assessments. As detailed in Section 4.2 4 severs! adkdinonal sb
will add substantially to understandung this area.
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- 5.0 CONCLUSIONS ANBREW’EEQES

This repori summarizes themformaﬁonthatxsavnﬂableasoﬂuly!ﬂ,m Thuensuubstanhal”' '

body of data relating human and environmental exposures to PFOS and the possible biologtealw—— -
effects of these exposures. This information suggests that human serum PFOS levels found in

occupational and non-occupational populations are not associated with adverse health effects.
Similarly, levels found in the environment and in wildlife are not associated with adverse effects. -
Additional research now underway will be used to reﬁne this mmal messment.

Ongoing studies in several areas will improve thxs mma! assessment of risk. Areas tmder study
include environmental source assessment, human exposure (through sera measurement), chronic
studies in laboratory animals and additional tissue measurements of PFOS frori previous studies.
Much of this information will be available in the next year.
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SUMMARY REPORTS FOR PHYSICAL/CHEMICAL PROERTIES

Reference 55

Reference 57

Reference 58

Reference 59

Reference 60

CONTENTS

Boiling Point

Melting Point

Vapor Pressure

Octanol/Water CoefTicient
Air/Water Partition Coefficient

Water Solubility
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NG FOINT =
 TESTSUBSTANCE _

el 'Identity Perﬂuorooctanesulfonate may also be referred to as PFOS or FC-95. (1-
L Octaneaulfomc acld, l 1,2,2,3,3,4 4 5 5 ,6,6, 7 7,8,8,8-heptadecafluoro-, potassium salt, CAS #
2795-39-3)

i :f', - Remarln Teshngwas not conducted. Boiling point would be in excess of 400°C.

Dvast inirial Assessveent Report PFOS - dppendiv | [



(Reference No. 55)

Identity: Perfluorooctanesulfonate; may also be refeaed to as PFOS or FC-95. (1- -
Octanesulfonic acid, 1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8, 8-heptldecaﬂtmm- potxssmm salt, CAS #
2795-39-3)

Remarks: The test substance is a white powder. Sample was taken from 3M lot number 217.
Sample was stored under ambient conditions prior to testing. Purity determined to be 90.49% by
LC/MS, 'H-HMR, ¥F-NMR and elemental analyses techniques.

METHOD

Method: OECD 102

GLP: Yes

Year completed: 1998

Remarks: Study utilized a Biichi Melting Point B-540 instrument, calibrated and inspected just
prior to use using anthraquinone and 1,8-naphthalimide.

RESULTS

Melting point value in °C: >400°C (No melting observed).

Decomposition (yes-temperature °C/ no /ambiguous): No

Sublimation (yes/no/ambiguous): No

Remarks: Measurements of the melting point / melting range were limited to 04000C, the

maximum specification for the instrument t used. Fine droplets were not observed to adhere
uniformly or otherwise to the walls of the melting noint tubes.

CONCLUSIONS

The melting point/melting range was not observed and therefore could not be determined.
Remarks: While no melting of the test substance was evident, discoloration of the test samples
was observed. The white powder turned to a light brown and eventually black as temperatures
rose.

Submitter: 3M Company, Environmenta! L aboratory
P.O. Box 33331
St. Paul, MN 55133

DATA QUALITY

Reliability: Klimisch ranking 1.

REFERENCES
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~Study conducted at the request of 3M Company by Wildlife International, Ltd. of Easton,
" Maryland. | S

 Last changed: 5/3/00

*
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VAPOR PRESSURE'"
(Reference No. 57)

TESTSUBSTANCE <& v =% o oifeisios cosiinio e S il B e

Identity: Perfluorooctanesulfonate; may also be referred to as PFOS orFC~95, (1- -
Octanesulfonic acid, 1,1,2,2,3,3,4,4,5,5,6.6,7,7,8,8 8—heptadecsﬂuoro-, potassmm salt, CAS #
2795-39-3)

Remarks: The test substance is a white powder Sample was taken from 3M lot number 217.
Sample was stored under ambient conditions prior to testing. Purity determined to be 90.49% by
LC/MS, 'H-HMR, "*F-NMR and elemental analyses techniques. ,

METHOD

Method: OECD 104, U.S. EPA OPPTS 830.7950

GLP (Y/N): Yes

Year completed: 1599

Remarks: Determination of the vapour pressure was done by using the Spmmng Rotor Gauge
method.

RESULTS

Vapor Pressure: 3.31X10™ Pa -
Temperature °C: 20°C ;

Decomposition (ves/mo/ambiguous): No

Remarks: The measured vapour pressure was repeatable.

CONCLUSIONS

Remarks: The vapor pressure of the test substance was determined to be 3.3 1X10* Pa at 20°C
using the spinning rotor gauge method.

Submitter: 3M Company, Environmental Laboratory, P.O. Box 33331, St. Paul, Minnesota,
55133

DATA QUALITY

Reliability: Klimisch ranking 1.

REFERENCES

Study conducted at the request of 3M Company by Wildlife International, Ltd. of Easton,
Maryland.

OTHER

Last changed: 5/3/00
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. ,OCT ANOL/WATER PARTITION COEFFICIENT

" (Reference No. 58)

| TEST SUBSTANCE

~ Kdentity: Perfluorooctanesulfonate; may also be referred to as PFOS or FC-95. (I-  ——-

Octanasulfomc acid, 1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluoro-, potassium salt, CAS # -

72795-39:3)

Remarks: The test substance is a whitepowder Sample was taken from 3M lot number 217.

E - Sample was stored under ambient conditions prior to testing. Purity determmed to be 90. 49“1‘ by
LC/MS, 'H-HMR, “F-NMR and elemental analyses techniques. -

METHOD

Method: OECD 107
- GLP (¥/N): See Remarks
~Year completed: Study completed 1999. Report completed 2000
" Remarks: A feasibility test was conducted to determine if the physical propems of the test
_substance were compatible with shake flask methodology proposed for use in an n-octanol/water
- partition coefficient determination.

Upon completion of the test procedure, a definitive partition interface was not obtained. Instead,
a beige/white emulsion was observed throughout the sample.

Log P Not detenmned

Remarks: The observahon of an msepmble emuilsion in the preliminary test precluded conduct
of a definitive test, as indicated in the protocol (No 454/120298/107F/SUB454, 3M Lab Request
U2723). Therefore, a study cancellation report was generated by the laboratory condncting the
testing after consultation with 3M.,

CONCLUSIONS

The study substance exhibits physical/chemical characteristics that make jetermination of the n-
octanol/water partition coefficient infeasible by the Shake Flask Method.

Submitter: 3M Company, Environmental Laboratory, P.O. Box 33321, St. Paul, Minnesota,
55133

DATA QUALITY

Reliability: Klimisch ranking NA. Study not feasible.
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REFERENCES

Maryland.
OTHER

Last changed: 5/3/00
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- AIR/WATER PARTITION COEFFICIENT '
(Reference No. 59)

TEST SUBSTANCB | -

Identity Perﬂuorooctanesulfonate, may also be referred to as PFOS or FC-95. (1-

. Octanesulfonic acid, 1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluoro-, potassium salt, CAS #
2795-39-3)

- Remarkst The test substance is a white powder. No information was recorded on the purity.

METHOD

Method. There is no standardized methodology used to determine this value for regulatory
. purposes. The expenment was designed by Dr. Richard Purdy of 3M’s Environmertal
_Laboratory and Don Mackay of D. Mackay Environmental Research Limited.
GLP(Y/N): No
Year completed: 1999

- Remarka: The— following method was devised and used:

+ Weigh approximately 0. 01 gram of the test substance directly into a tared 250-mL Pyrs
o “beaker. Record weight. -
:  Transfer 200 mL of NANOpure® water into the beaker using a Class A glass volumetic
- pipet. -

+  Prepare solvent blank sample. Usmg a gas-tight syringe, transfer a 250 uL aliguot of
NANOpure® water into a 25-mL Class A glass volumetric flask pan iy filled with 56%
methanol / 50% ammonium acetate buffer reagent. Bring to volu ae with: 50% methanol /

~ -50% ammonrium acetate buffer reagent. Ampulate in an amber glass autosampler vial.

+  Mix and sonicate the test substance in water sample (50 ug test substance/ml. targes
nominal concentration) for approximately 10 minutes to ensure dissolution of the test
material.

ad o oa B e B P s o WD L o ey s P N
SRIIAT, I[RRIV & &0V px}.n angus of the test 1 wogtes

Prepare thc controi

sample into a 25-mL Class A glass volumetric i sk partially filled with 50% methanol /
50% ammonium acetate buffer reagent. Bring to volume with 50% methanel / 30%
ammonium acetate buffer reagent. Ampulate in an amber glass autosampier vial.

Place the test substance in water sample beakes n a hotplate and bring solutior to 2 boil.
After approximately 10 mLs (5%) of water has cvaporated, remove baker from hotpiate
and cool to room temperature in an ice-water bath. Transfer contents of sanple into
graduated cylinder and record actual volume.

Process a 250 pL. aliquot of sample as described above for solvent blank and confro!
samples.

Return samrle to original beaker sud bring sample 10 boil.

Repeat steps 6-8 until sample has evaporated to 100 mLs Subma all anpmlated cmpies
for LCMS analysis.

&3
ﬂf
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