
AR 26 _ 1126
107 ¢f

REVISED DRAFT

HAZARD ASSESSMENT OF s ._.

PERFLUOROOCTANOIC ACID = =2
x 25

AND ITS SALTS = °°
a

U.S. Environmental Protection Agency
Office of Pollution Prevention and Toxics

Risk Assessment Division

November 4, 2002

000001



PREFACE

“This is a preliminary assessmentofthe potential hazards to human health and the environment
associated with exposure to perfluorooctanoic acid (PFOA) and its sas. The majorityofthe
toxicology information is for ammonium perfluorooctanoic acid (APFO). This assessment
includes a reviewofthe studies that were available asof October, 2002.
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EXECUTIVE SUMMARY
Introduction

Perfluorooctanoic acid (PFOA) and is salts are fully fluorinated organic compounds that can be
produced synthetically or through the degradation or metabolism of other fluorochemical
products. PFOA is primarily used as areactive intermediate, while its salsareused as
processing aids in the production of fluoropolymers and fluoroelastomers and in other surfactant.
uses. In recent years, less than 600 metric tonsperyearof PFOA and its sas have been
‘manufactured in the United States or imported. Most of the toxicology studies have been
conducted with the ammonium saltof perfluorooctanoic acid, which i referred to as APFO in
this report.

‘EnvironmentalFateandEffects

PFOA is persistent in the environment. It does not hydrolyze, photolyze or biodegrade under
environmental conditions.

‘Groundwater samples taken near fire-raining areas that used fire-fighting foams containing
perfluorinated surfactants had elevated PFOA concentrations many years aftr the foam use.
This demonstrates the following: (1) PFOA either existed in--or was formed via degradation of:
the surfactants, (2) PFOA or its precursors migrate through the soil, and (3) PFOA persists in
groundwater.

Several wildlife species have been sampled around the world to determine levelsof PFOA.
PFOA has rarely been found in fish sampled fromthe U.S., certain European countries, the
North Pacific Ocean and Antarctic locations, or in fsh-cating bird samples collected from the
U.S., including Midway atoll, the Baltic and Mediterranean Seas, and Japanese and Korean
coasts. PFOA was found in a few mink livers from Massachusetts, but not foundinmink from
Louisiana, South Carolina and Illinois. PFOA concentrations in river otter livers from
Washington and Oregon States were less than the quantification limitof 36 ng/g, wet wt. PFOA.
was not detected at quantifiable concentrations in oysters collected in the Chesapeake Bay and
GulfofMexicoof the U.S. coast.

“The concentrationsof PFOA in surface water, sediments, clams, and fish collected from
locations upstream and downstreamofthe 3M manufacturing facility at Decatur AL have been
determined. Of the three downstream water and sediment sampling locations, the two closest to
the facility had PFOA surfuce water concentrations significantly greater than the two upstream
sites; the three downstream locations also had sediment concentrations significantly greater than
the upstream sites. The small sample size prevented determination ofsignificance for fish whole
body PFOA concentrations. The average PFOA concentration in clams was not significantly
different between the upstream and downstream locations.

Based on available laboratory data, APFO does not appear to bioaccumulate in fish. In a study
of fathead minnows, the calculated BCF for APFO was 1.8. Inastudyof carp, the BCF ranged
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from 3.1 109.1.

Several species were tested to assess the acute toxicityof APFO; these included the fathead
minnow (Pimephales promelas), bluegill sunfish (Lepomis machrochirus), water flea (Daphnia
magna), and a green algae (Selenastrum capricormutum). Comparisonsofthe different studies
are problematic for several reasons. The studies were conducted with different tes substances.
Generally the ammonium salt or the tetrabutylammonium salt was ested. Puryofthe test
‘material is a major concern and was not sufficiently characterized in these tests. In some tests it
appeared that 100% test chemical was used, or others a chemicalof lesser purity (approximately
2710 85%) was used. Water, a solvent (isopropanol)or a combinationofboth was used in other
tests, for no obvious stated reason. Finally, only nominal test chemical concentrations were
reported; the actual concentrations were not reported.

‘Twelve tests were conducted with fathead minnows; 96-h LCS0values (based on mortality)
ranged from 70 to 843 mg/L. It is unclear why this range is so wide. Assuming these studies are:
valid, and due to the limitations discussed above, these toxicity values indicate low toxicity. The
two acute values for bluegill sunfish also indicate low toxicity (96-h LC50sof>420, and 569
mg/L).

Nine acute tests were conducted with daphnids and 48-h ECS0 values (based on immobilization)
ranged from 39 10 >1000 mg/L. The lower values are indicative of moderate toxicity, but the
wide range makes interpretation difficult.

Seven tests were conducted with green algae; 96-h ECS0 values (based on growth rat, cell
density, cell counts, and dry weights) ranged from 1.2 (0 >666 mg/L (the ECS0 cell density value
01,000 mg/L is excluded from this discussion). The lower value indicates high to moderate
toxicity, based on the acute criteria. The lower value would also be indicativeofmoderate.
toxicity, based on the chronic moderate criterion (0.1<10 mg/L). A 14-d ECS0 valueof 43
mg/L, based on cell counts, for green algae was also calculated in one study. This is indicative
of low chronic toxicity, based on the chronic criterion (10 mg/L). Green algae appeared to be
the most sensitive test species in the 44% APFO test sample, daphnids were the next most
sensitive, and fathead minnows were the least sensitive.

Human Health Effects and Biomonitoring

Little information is available concerning the pharmacokinetics ofAPFO in humans. An
ongoing 5-year, half-life study in 9 retired workers has suggested a mean serum PFOAhal life
0f 4.37 years (range, 1.50 ~ 13.49 years). These data provide evidence ofthe potential to
bioaccumulate PFOA in humans.

Animal studies have shown that APFO is well absorbed following oral and inhalation exposure,
and to. lesser extent following dermal exposure. In the past, Chemolite workers have been
exposed to large dermal doses of PFOA. It appears that dermal exposure may have played a
significant role in the absorption ofPFOA in these workers. Upon recognition that PFOA could.
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be absorbed dermally, work practices were changed and engineering controls were adopted that
reduced dermal exposures.

PFOA distributes primarily to the liver, plasm, and kidney, and to a lesser exten, other tissues
of the body including the testis and ovary. It does not partition to the lipid fraction or adipose
tissue. PFOA binds to macro-molecules in the tissues listed above. PFOA is not metabolized
and there is evidenceofenterohepatic circulationofthe compound. The urine s the major route
ofexcretion of PFOA in the female rat, whiletheurine and feces are both major routes of
excretion in male rats. There are major gender differences in the elimination ofPFOA in rats. In
female rats, the half-life is 24 h in the serum and 60 h inthe liver; in mal rats, thehal -life is
105 hin the serum and 210 h in the liver. The rapid excretion of PFOA by female rats isdueto
active renal tubular secretion (organic acid transport system); this renal tubular secretion is
believed to be hormonally controlled, since castrated male rats treated with estradiol have
excretion ratesofPFOA similar to thoseoffemale rats. Hormonal changes during pregnancy do
not appear to change the rateofelimination in rat. This gender difference has not been
observed in primates and humans.

“There are limited data on PFOA serum levels in workers end the general population.
‘Occupational data from plants in the U.S. and Belgium that manufacture or use PFOA indicate
that the most recent mean serum levels in workers range from 0.84 to 6.4 ppm. The highest level
reported in a worker in 1997 was 81.3 ppm. In non-occupational populations, serum PFOA
levels were much lower. In both pooled blood bank samples and in individual samples, mean
serum PFOA levels ranged from 3 to 17 ppb. The highest serum PFOA levels were reported in a
sampleofchildren from different geographic regions in the U.S. (range, 1.9 — 56.1 ppb).

Epidemiological studies on the effectsof PFOA in humans have been conducted on workers.
Two mortality studies, a morbidity study, and studies examining effects on the liver, pancreas,
endocrine system, and lipid metabolism, have been conducted to date. In addition,a cross-
sectional as well as a longitudinal studyofthe worker surveillance data have recently been
submitted. However, these latest 2 studies focus primarily on PFOS rather than PFOA, even
though recent PFOA levels are similar 10 or higher than PFOS levels in workers at these plants.
(It should be noted that PFOS levels in the sampled general population are much higher than
PFOA levels).

A retrospective cohort mortality study demonstrated a weak, although statistically significant
association between prostate cancer mortality and employment duration in the chemical facility
ofa plan that manufactures PFOA. However, ina recent update to this study in which more
specific exposure measures were used, a significant association for prostate cancer was not
observed. Ina morbidity study, workers with the highest PFOA exposures for the longest
durations sought care more often for prostate cancer treatment than workers with lower
exposures.

Another study reported an increase in estradiol levels in workers with the highest PFOA serum
levels; however, noneofthe other hormone levels analyzed indicated any adverse effects. Some
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of the same employees who participated in the hormone study also were included in a study of
cholecystokinin (CCK) levels in employees. No positive associationwasnoted between CCK.
values and PFOA. The other available study examined cholesterol and other serum components
in workers. There did not appear to be any significant differences among workersofdifferent
exposure levels. At plants where the serum PFOA levels were lower, cross-sectional and
Iongitudinal studies found positive significant associations between PFOA and cholesterol and
triglyceride levels. In addition, a positive, significant association was reported between PFOA
and T3 hormone and a negative association with HDL in the cross-sectional study. There are
many limitations to these studies, and therefore, allof these results must be interpreted carefully.

In acute toxicity studies in animals, the oral LDSO valuesforCD rats were >500 mg/kg for males
and 250-500 mg/kg for females, and <1000 mg/kg for male and female Wistar ras. There was
no mortality following inhalation exposure of 18.6 mg/L for one hour in rats. The dermal LDS0
in rabbits was determinedtobe greater than 2000 mg/kg. APFO is a primary ocular irritant in
rabbits, while the data regarding potential skin iritancy are conflicting.

APFO is not mutagenic. APFO did not induce mutation in either S. typhimurium or E. coli when
tested either with or without mammalian activation. APFO did not induce gene mutation when
tested with or without metabolic activation in the K-1 lineof Chinese hamster ovary (CHO) cells
in culture. APFO did not induce chromosomal aberrations in human lymphocytes when tested
with and without metabolic activation up to eytotoxic concentrations. APFO was tested twice:
for its ability to induce chromosomal aberrations in CHO cell. In the first assay, APFO induced
both chromosomal aberrations and polyploidy in both the presence and absence ofmetabolic
activation. In the second assay, no significant increases in chromosomal aberrations were
observed without activation. However, when tested with metabolic activation, APFO induced
significant increases inchromosomal aberrations and in polyploidy. APFO was negative in a
cell transformation assay in CsH 10T,; mouse embryo fibroblasts and in the mouse micronucleus.
assay.

Subchronic studies in rats and mice with 28 and 90-daysofexposure have demonstrated that the
liver is the primarytarget organ. In rat studies, males are far more sensitive than females.
Dietary exposure to APFO for 90 days resulted in significant increases in liver weight and
hepatocellular hypertrophy in female rats at 1000 ppm (76.5 mg/kg/day) and in male rats at
doses as low as 100 ppm (5 mg/kg/day). Analysesof serum and liver levels of PFOA showed a
‘marked gender difference that accounts for the difference in sensitivity. Chronic dietary
exposureofrats to 300 ppm APFO (14.2 and 16.1 mg/kg/day for males and females,
respectively) for 2 years resulted in increased liver and kidney weights, hematological effects
and liver lesions in males and females. In addition, testicular masses were observed in males at
300 ppm and ovarian tubular hyperplasia was observed in females after exposure to 30 ppm (1.6
me/kg/day), the lowest dose tested.

Ina 90-day study with rhesus monkeys, exposure to dosesof 30 mg/kg/day or higher resulted in
death, lipid depletion in the adrenals, hypocellularityofthe bone marrow, and moderate atrophy.
ofthe lymphoid follicles in the spleen and lymph nodes. Unlike rodent studies, analyses ofthe
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serum and liver levels did not reveal a gender difference in monkeys, but the sample size was.
very small (N=2). Ina 6-month studyofmale cynomolgus monkeys, dosingofanimals in the
30 mg/kg/day dose group was stopped from days 11-21 because of toxicity. When dosing was
resumed on day 22, animals received 20 mg/kg/day and this group was designated the 30/20
mg/kg/day group. This treatmentwas also not tolerated and treatment was stopped for 3/6
‘monkeys. Mortality was observed in one monkey at 3 mg/kg/day and at 30/20 mg/kg/day.
‘There were no consistent effects on hormone levels. Increased absolute and relative liver
weights were noted at 3, 10 and 30/20 mg/kg/day. While there was no evidence of peroxisome
proliferation, there was evidenceofmitochondrial proliferation suggesting a different mode of
action than observed in rats. The serum levels were highly variable and shouldbetreated with
caution. On day 9of treatment, the serum levels were 126 = 36.1 g/mL in the 3 mg/kg/day
group and 1597 2392 pg/mL in the 30/20 mg/kg/day group, and during weeks 26/27, the serum
levels were 52.5 + 9.14 pg/mL in the 3 mg/kg/day group and 51.5 + 77.6 pg/mLinthe 30120
mg/kg/day group. The LOAEL for this study was 3 mg/kg/day and a NOAEL was not
established.

PFOA is immunotoxic in mice. Feeding CS7BU/G mice a diet containing 0.02% PFOA resulted
in adverse effects 10 both the thymus and spleen. Inaddition, this feeding regimen resulted in
suppression of the specific humoral immune response to horse red blood cells, and suppression
of splenic lymphocyte proliferation in response to LPS and ConA. The suppressed mice
recovered thei ability to generate a humoral immune response when they were fed a diet devoid
of PFOA. Studies using transgenic mice showed that the peroxisome proliferator-activated
receptor alpha was involved in causing the adverse effets to the immune system.

Prenatal developmental toxicity studies in rats resulted in death and reduced body weight in
dams exposed to oral doses of 100 mg/kg/day or by inhalation to 25 mg/m’ APFO. There was no
evidenceofdevelopmental toxicity after oral exposure to doses as high as 150 mg/kg/day, while
inhalation exposureto 25 mg/m’ resulted in reduced fetal body weights. In a rabbit oral
developmental toxicity study there was a significant increase in skeletal variations after exposure
to 50 mg/kg/day APFO. There was no evidence of maternal toxicity at 50 mg/kg/day, the
highest dose tested.

In a two-generation reproductive toxicity study in rats exposed to 0, 1, 3, 10, and 30 mg/kg/day
APFO, significant increases in absolute and relative liver and kidney weights were observed in
FO males at | mg/kg/day, while significant reductions in absolute and relative kidney weights
were observed in FO females at 30 mg/kg/day. Reproductive indices were not affected in the FO
animals. Serum levelsofthe 10 and 30 mg/kg/day groups were measuredforFO males after
‘mating and FO females at weaning ofthe F1 pups. In FO males, the serum levels were 51.119.30
and 45.3212.6 ug/l, respectively for the 10 and 30 mg/kg/day groups, and in FO females, the.
serum levels were 0.3740.0805 and 1.020.425 ug/l, respectively for the 10 and 30 mg/kg/day
groups. In F1 females, there was a significant increase in post weaning morality, a significant
decrease in mean body weight, and a significant delay in sexual maturation at 30 mg/kg/day. In
FI males, significant decreases in body weights andbody weight gains, and significant changes
in absolute liver and spleen weights and in the ratiosofliver, kidney, and spleen weights-to-
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brain weights were observed in al treated groups. The increaseinpost weaningmortality and the
delay in sexual maturation was also noted in FI males at 30 mg/kg/day. Reproductive indices
were not affected in the Fl animals. The LOAELforthe FI females was 30 mg/kg/day, and the
NOAEL was 10 mg/kg/day; the LOAEL for FI males was 1 mg/kg/day and a NOAEL was not
determined. The difference in sensitivity is presumed to be related to the gender difference in
eliminationofAPFO. No treatment-related effects were observed in the F2 generation.
However, it should be noted that the F2 pups were sacrificed at weaning, and thus it was not
possible fo ascertain the potential post-weaning effects that were noted in the FI generation.

Carcinogenicity studies in Sprague-Dawley (CD) rats show that APFO is weakly carcinogenic,
inducing Leydig cell adenomas in the male rats and mammary fibroadenomas in the females
following dietary exposure to 300 ppm for 2 years (equivalent to 14.2 mg/kg/day in males and
16.1 mg/kg/day in females). APFO has also been reported to be carcinogenic toward the liver
and pancreasofmale CD rats at 300 ppm.

‘The mechanism(s)of APFO tumorigenesis is not clearly understood. Available data appear to
indicate that the inductionoftumors by APFO is due to a non-genotoxic mechanism, involving
activationofreceptors and perturbationsofthe endocrine system. There is sufficient evidence to
suggest that APFO is a PPARa-agonist and that the liver carcinogenicity/toxicity ofAPFO is
‘mediated by binding to PPAR in the liver. Recently, IARC (1995) concluded that the liver
tumors induced in rodents by PPARa-agonists are unlikely to be operative in humans based on
‘our current understanding of the animal modeofaction. The Agency is curently examining the
scientific knowledge associated with PPARa-agonist-induced liver tumors in rodents and the
relevanceto humans. Available data suggest tht the induction of Leydig cell tumors (LCT) and
mammary gland neoplasms by APFO may be due to hormonal imbalance resulting from
activationofthe PPAR and induction ofthe cytochrome P450 enzyme, aromatase. Preliminary
data suggest that the pancreatic acinar cell tumors are related to an increase in serum levelof the
‘growth factor, cholecystokinin.
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1.0 Chemical Identity

Chemical Name: Perfluorooctanoic Acid
Molecular formula: C8 H F15 02

Structural formula: F-CF2-CF2-CF2-CF2-CE2-CF2-CF2-C(=0)-X,

The free acid and some common derivatives have the following CAS numbers:
The perfluorooctanoate anion does not have a specific CAS mumber.

Free Acid (X=OM5M=H) [35-67-11

Ammonium Salt (X=OM#M=NHe)  [3825-26-1]
Sodium Salt (X=OM+ M=Na) [335-95-5)
Potassium Salt (X= OM+; M=K) [2395-00-8]
Silver Salt (X=OM+ M=Ag) [335-933]

Acid Fluoride X=F) [3356-0]

Methyl Ester (X= CH) 376272)
Ethyl Ester (X= CH2-CH3) [3108-24-5)

Synonyms: 1-Octanoic acid, 2.2,3,3.4,4,5,5,6,6,7,7,8,8,8-pentadecatluoro-
PFOA

1.1 Physicochemical Properties

For this report, perfluorooctanoic acid is consistently referred to as PFOA. Mostofthe
toxicology studies have been conducted with the ammonium saltof perfluorooctanoic acid,
‘which willbereferred to as APFO in this report. PFOA is a completely fluorinated organic acid.
“The typical structure has a linear chainofeight carbon atoms. The physical chemical properties
noted below are for the free acid, unless otherwise stated. The data for the free acid,
pentadecafluorooctanoic acid [335-67-1), is the most complete. The reported vapor pressure of
10 mm Hg appears high for a low melting solid when compared to other low melting solids.
(ehloroacefic acid: solid; MP = 61. to 63 °C; BP = 189 °C; VP = 0.1 kPa (0.75 mm He) @20 °C;
NIOSH), but is consistent with other perfluorinated compounds with similar boiling points
(perfluorobutanoic acid BP = 120 °C, VP 10 mm Hg@ 20 °C; Beilstein IV 2 p. 811). Another
explanation may be that the 10 mim vapor pressure was measured at an elevated temperature (but
the temperature inadvertently omitted), as perfluorooctanoic acid is typically handled as a liquid
at 65 °C (3M data sheet for FC-26).

The free acid is expected to completely dissociate in water, leaving the anionic carboxylate in the
water and the perfluoroalkyl chain on the surface. In aqueous solutions, individual molecules of
PFOA anion loosely associate on the water surface and partition between the air/ water
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interface. Several reports note that PFOA salts slf-associate at the surface, but with agitation
they disperse and micelles form at higher concentrations. (Simister, 1992; Calfours, 1985;
Edwards, 1997). Water solubility has been reported for PFOA, bu! it is unclear whether these
values arefor a microdispersionof micelles, rather than true solubility. Due tothese same
surface-active properties of PFOA, and the test protocol for the OECD shake flask method,
PFOA is anticipated to form multiple layers in octanol/water, much like those observed for
PFOS. Therefore, an n-octanolwater partition coefficient cannot be determined.

‘The available physicochemical properties for the PFOA free acid are:

MW: 414 (Beilstein, 1975)
MP: 45 - 5 °C (Beilstein, 1975)
BP: 189 192°C/736 mmHg (Beilstein, 1975)
VP: 10 mm He @ 25 °C (approx.) (Exfluor MSDS)
Sol. - Water: 3.4gL (telomeric [MP = 34 °C ref. 0.01 - 0.02mol/L~4 - g/L) (MSDS from
Merck, Fischer, and Chinameilan Internet sites)
pKa: 2.5 (USEPA AR226- 0473)
pH (1gL): 2.6 (MSDS Merck)

‘The PFOA derivativeofgreatest concer and most wide spread use is the ammonium salt
(APFO), 3825-26-11). This substance was the testing substance for the toxicity testing
performed and has the P-Chem data provided in the Table below.

‘The water solubilityofAPFO has been inconsistently reported. One 3M study reported the
water solubility of APFO to be > 10%. It was noted in an earlier study that at concentrations of
20 g/L, the solution “gelled” (3M, 1979). These numbers seem surprising low fora salt, in light
of Apollo Scientific selling a 31%aq. solutionof APFO. One author reported the APFO
partition coefficient log Pow = S. Another author reported an estimated APFO log Pow = -0.9.
“This value might not be accurate due to the estimation method used (Hansch and Leo 1979).
‘Again, the anticipated formationofan emulsified ayer between the octanol and water surface
interface would make determination of log Kow impossible.

Determinationofthe vapor pressureofAPFO is complicated. APFO had recently reporteda
vapor pressure of7x 10-5 mm Hg at 20E C, which seems too low fora material that sublimates
as the ammonium salt. (3M Environmental Laboratory, 1993). The ammonium salt begins to
sublimate at 130 °C (USEPA AR-226 473). As the temperature increases from when APFO
begins to sublimate, 20%ofthe sample weigh is lost by 169 °C. Other sais (Cs, K, Ag, Pb, Li)
do not demonstrate similar weight loss until 237 °C or higher. (Lines, 1984). Decomposition of
different sas produces perfluoroheptene (loss of metal fluoride and carbon dioxide). This occurs
at 320 °C for the sodium salt and at 250-290 °C for the silver salt (Beilstein 1975),

‘The physicochemical properties ofPFOA and its common derivatives are summarized in Table
1
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2.0 Production of PFOA and its Salts

PFOA has been commercially manufactured by two major alternative processes: 1) the Simons
Electro-Chemical Fluorination (ECF) process or 2) the telomerization process. The 3M
‘Company was reported to be largest manufacturer and importer of PFOA and its salts in the
United States in 1999. They predominantly used the ECF process to produceaPFOA precursor
‘which is ultimately converted to PFOA. Data for the FC-26 (97% C8) suggests this purified

In the ECF process to make PFOA, an electric current is passed through a solutionofanhydrous
‘hydrogen fluoride and an organic feedstock, typically an octanoic acid derivative. The ECF
process replaces the carbon-hydrogen bonds on moleculesofthe organic feedstock with carbon-
fluorine bonds, in an identicalmannerused to make PFOS. Perfluorination occurs when all the

between 30-45 percent straight chain (normal) perfluorooctanoyl fluoride (PFOF), along with a
variable mixtureofbyproducts and impurities. The product from the ECF process is not a pure
chemical, but instead a mixtureof isomers and homologs including higher and lower straight-
chain homologs; branched-chain perfluoroalkyl fluoridesofvarious chain lengths; straight-chain,
‘branched, and cyclic perfluroalkanes and ethers; and other byproducts (3M Company, 2000a).
After separation and recoveryofdesired material from the byproducts and impuritiesofthe
crude reaction mixture, the initially formed acid fluoride is base hydrolyzed in batch reactors and
acidified to ultimately yield PFOA.ThePFOA salts are synthesized by base neutralization of the

kg per year in the US, and its importation at less than 100,000 kg (3M Company, 2000a). (These
figures may overstate the total production volume of PFOA since the vast majority ofPFOA is
‘consumed in the manufactureofthe ammonium or other metallic salts.) Industry sources have
characterized 3M as the dominant global producer of PFOA-related chemicals, manufacturing:
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(EMG, 2001). USEPA has not located information that would contradict this claim.
More precise production volumesof PFOA and the ammonium and sodium salts have been
reported to USEPA by 3M, but have been claimed as TSCA confidential business information,
preventing disclosure in this report. Since 1985, USEPA has received a totalof approximately
25 notifications for PFOA-related chemicals that were not previously on the TSCA Chemical
Inventory. Most of these notifications were from companies other than 3M. In most cases, the
notifications qualified for the Low Volume Exemption for new chemicals with a production
volume less than 10 metric tons per year.

Current production volume information for manufacturers other than 3M has not been provided
by industry, nor is it available in USEPA’s Chemical Update System (which contains
information on non-polymeric organic chemicals manufactured in the United States or imported
in volumes above 4,525 kg). Furthermore, there is no information on the total cumulative
production volumesof PFOA sinc initial commercialization. In termsofon-going production,
in comments to the draft hazard assessment of PFOA 3M has stated that their May 16, 2000
announcementof the phase-out ofthe productionofperfluorooctanyl chemistry and related
products includes PFOA and is salts. This commits 3M to a complete phase-outof PFOA and
PFOA-related chemicals identical to the phase out of PFOS and PFOS-rclated chemicals by the.
end of 2002. In addition, the Fluoropolymer Manufacturers Group (3M largest customer for
PFOA products, specifically the ammonium salt, APFO) has informed the EPA that it will be
‘manufacturing 300,000 kg/yr to meet the industry demand for APFO that 3M has not met (FMG.
2002 AR226-1094). The FMG manufacturing process is based on telomerization.

“The telomerization process, according to 3M’s Bultman and Pike, * is the reactionof a telogen
(such as pentafluoroethyl iodide...) witha polymerizable ethylenic compound (such as
tetrafluoroethylene) to form ‘telomers’. In this process the resultant telomer iodides are then
reacted with ethylene, via free radical addition. This forms a mixtureofiodides that can be
reacted subsequently to form a varietyofuseful materials...”". Dupont uses an analogous
telomerization process. Either process yields predominantly pure straight-chain acids with an
even numberofcarbon atoms. Commercial products manufictured through the telomerization
process are generally mixturesofperfluorinated compounds with ranges of even carbon numbers
(Renner, 2001). Distillation can be used to obiain pure components (ECT, 1994)

Aside from the United States, OECD Member countries that reportedly have production capacity
include France, Germany, Haly, and Japan. There may also be some production in non-OECD
countries such as China. Following are companies that may manufacture PFOA and is salts
(3M Company, 2000; Directory ofWorld Chemical Producers, 1998; Dynax, 2000; Renner,
2001; SEMI, 2001):

OECD

+ 3M Company (United States)
+ DuPont (United States)
+ Exfluor Research Corporation (United States)
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+ PCRInc. (United States)
.- Ciba Specialty Chemicals (Germany)
+ Clariant (Germany)
+ Dyneon (Germany)
«© Hoechst Aktiengesellschaft (Germany)
+ EniChem Synthesis Sp.A. (taly)
+ Miteni SpA. (Italy)
«© Asahi Glass (Japan)
+ Daikin (Japan)
+ Dainippon (Japan)
+ Tohkem Products Corporation (Japan)

Non-OECD

“+ Chenguang Research Instituteofthe Chemical Industry (China)
+ Shanhai 3F New Materials Co, Ltd. (China)

2.1 UsesofPFOA and its Salts

PFOA is used mainly as a chemical intermediate, and its salts are used in emulsifier and
surfactant applications

According to 3M, the vast majority ofPFOA is consumed to make the ammonium or sodium
salts. 3M also uses PFOA as a reactive intermediate in the industrial synthesis ofa fluoroscrylic
ester. The fluoroacrylic ester is used in an industrial coating application (3M Company, 2000a).

“The salts of PFOA have additional uses, mostly in surfactant and emulsifier applications. These
include the following:

Processing aid in the industrial synthesisof fluoropolymers and fluoroelastomers such as
polytetrafluoroethylene and polyvinylidene fluoride with a variety of industrial and consumer
uses (3M Company, 20002; DuPont, 2000; Daikin, 2001).

Post-polymerization processing aids in the stabilizationofsuspensions of fluoropolymers and
fluoroelastomers prior to futher industrial processing (3M Company, 20002).

Processing aid for factory-applied fluoropolymer coatings on fabrics, metal surfaces, and
fabricated or molded parts (3M Company, 20004).

Extraction agent in ion-pair reversed-phased liquid chromatography (Pettis, 1999).

Based on the physicochemical properties ofthe salts of PFOA, they may also have other related
surfactant or emulsifier uses as a photographic chemical or in the manufactureofelectronic
components such as semiconductors. These same properties may lead indusiry to explore PFOA

n

000015



asa replacement chemical for PFOS in other applications in which PFOA is not currently used.

22 Environmental Fate

22.1 Photolysis

Direct photolysis ofAPFO was examined in two separate studies (Todd, 1979; Hatfield, 2001)
and photodegradation was not observed in either study. In the Todd (1979) study, a solution of
50 mg/l APFO in 2. litersofdistilled water was exposed to simulated sunlight ai 22:2 °C.
‘Spectral energy was characterized from 290-600 nm withamax output at ~360nm. Direct
photolysisofthe test substance was not detected. However, the author noted that sample purity
was not properly characterized which may have contributed to experimental error.

In the Hatfield (2001) study, both direct and indirect photolysis were examined utilizing
techniques based on EPA and OECD guidance documents. To determine the potential for direct
photolysis, APFO was dissolved in pH 7 buffered water and exposed to simulated sunlight
(Scrano, 1999; Nubbe, 1995). For indirect photolysis, APFO was dissolved in 3 separate
matrices and exposedtosimulated sunlight for periodsoftime from 69.5 to 164 hours. These
exposures tested how each matrix would affect the photodegradation of APFO. One matrix was
a pH 7 buffered aqueous solution containing H202 as a well-characterized sourceofOH radicals
(Ogata, 1983; Lunak, 1992). This tested the propensityofAPFO to undergo indirect photolysis
‘The second matrix contained Fe203 in water that has been shown to generate hydroxyl radicals
via a Fenton-type reaction in the presence of natural and arificiel sunlight (Kachanova, 1973;
Behar, 1966). The third matrix containeda standard solutionofhumic material. Neither direct
nor indirect photolysis ofAPFO was observed based on lossofstarting material. Predicted
degradation products were not detected above their limitsof quantitation. There was no
conclusive evidenceofdirect or indirect photolysis whose ratesofdegradation are highly
dependent on the experimental conditions. Using the iron oxide (Fe203) photoinitiator matrix
‘model, the APFO half-life was estimated to be greater than 349 days.

222 Volatility

Impinger studies were performed to examine the volatilityofAPFO and PFOS. Solutions of
APFO or PFOS containing ammonium acetate inwater I-propanol (50:50) or phase transfer
agents, e.g. n-alkyldimethylbenzylammonium chloride (3M Environmental Laboratory, 1993)
were blown with 280 litersofair ata flow rate of | L/min. (3M Environmental Laboratory,
1993). The results indicate there is some lossof APFOand PFOS, but most of the solutions.
retained over 80% or moreofthe fluorochemicals. The average retention was 92% for both
APFO and PEOS. This indicates that there is loss from the solutions. However, someofthe
solutions, particularly the n-alkyldimethylbenzylammonium chloride solution, appear to retain
all the fluorochemicals. These results were reviewed by Dr. Edwin Tuckerofthe Chemistry
Dept. at the Universityof Oklahoma (3M Environmental Laboratory, 1993). He concluded that
itis very unlikely that these fluorochemicals were removed by bubbling air through water due to
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their very low vapor pressures. He suggested that a more plausible mechanism for loss from the
solution phase is concentrationofthe surfactants in foam and loss from the bubbled solutions as
foam or micro-droplets

In the second part ofthe experiment, air was passed over the fluorochemicals and bubbled
through a train of impingers containing the ammonium acetate solution. It was expected that if
any fluorochemicalswerepresent in the air they wouldbetransferred and retained by the
ammonium acetate solution. However, no fluorochemicals were present in cither the first or
second impinge. The report concludes that the vapor pressureofboth compounds is less than
10 E-07 mim Hg.

According to these experiments, APFO and PFOS (potassium salt) have very low volatility and
vapor pressure. Quantitative conclusions regarding rates of volatilization from water or Henry's
Law constantare not possible. However, APFO and PFOS are capableoftransport outof water.
Also, the loss of the fuorochemicals may have been as the free acids, not the salt forms. APFO
sublimes at 130 C (see Physicochemical Properties Section 1.1). There is no information on the
validityofthetest method for determining volatilityofthe test substance. The study also lacks.
characterizationofthe purityofthe tet substance.

2.2.3 Biodegradation

Using an acclimated sludge inoculum, the biodegradationofAPFO was investigated using a
shake culture study modeled aftr the Soap and Detergent Association's presumptive test for
degradation (Reiner, 1978). Both thin-layer and liquid chromatography did not detect the
presenceofany metabolic products over the course of2 1/2 months indicating that PFOA does
not readily undergo biodegradation. Ina related study, 2.645 mg/L APFO was not measurably
degraded in activated sludge inoculum (Pace Analytical, 2001). Test flasks were prepared using.
a mineral salts medium, | mL methanol, and 50mLsettled sludge. Analysis was conducted with
a HPLC/MSD system. Several other studies conducted between 1977-1987 also did not observe.
APFO biodegradation using what probably were standard COD and BOD methods, however, the
‘methods used in these studies were either insufficiently described (i.¢. no description of
experimental protocols) or there were indications ofa high degreeof experimental error. The
results were, therefore, deemed unreliable by the submitter (3M Company, 1977; 3M Company,
1950; 3M Company, 1985b; Pace Analytical, 1997).

22.4 Hydrolysis

‘The 3M Environmental Laboratory (2001) performed a study of the hydrolysis of PFOA. The
study procedures were based on EPA’s OPPTS Guideline Document 835.2110 (EPA 1998);
although the procedures do not fulfill al the requirements of the guideline, they were more than
adequate for these studies. Results werebasedon the observed concentrationsof PFOA in
buffered aqueous solutions as a functionof ime. The chosen analytical technique was high
performance liquid chromatography with mass spectromery detection (HPLC/MS).
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During the study, samples were prepared and examined at six different pH levels from 1.5 to
11.0overa period of 109 days. Experiments were performed at 50°C and the results
extrapolated to 25°C. Data from twoofthe pH levels (3.0 and 11) failed to meet the data quality
objective and were rejected. Also rejected were the data oblained for pH 1.5 because ion pairing
led to artificially low concentrations for all the incubation periods. The results for the remaining,
pH levels (5.0, 7.0, and 9.0) indicated no clear dependenceof the degradation rate of PFOA on
‘pH. From the data pooled over the three pH levels, it was estimated that the hydrolytic half-life
Of PFOA at 25°C is greater than 92 years, withthe most likely value of235 years. From the
‘mean value and precision of PFOA concentrations, it was estimated the hydrolytic half-life of
PFOA to be greater than 97 years.

225 Bioaccumulation

‘Three studies have been conducted to determine the potential for bioaccumulationofAPFO.
Howell etal. (1995) exposed Fathead minnows to 25 mg/l APFO for 13 days. After 13 days
exposure, the fish were then removed from APFO contaminated water and analyzed for
depuration over 15 days. After 192and312 hours exposure to APFO contaminated water, the
average concentration ofAPFO in fish tissue was 44.7 and 46.7 g/g wet weight (ww),
respectively. At this point, APFO appeared to reach steady state. Twenty-four hours aftr being
transferred to clean water, the concentrationof APFO decreased 10 19.9 g/gwiv and by 96
hours post-exposure, the concentration had decreased to approximately 8 ug/g wi and remained
relatively constant unil test termination at 360 hours. The calculated BCF for APFO was 18. It
should be noted that questions have been raised about his study regarding the analytical
techniques, high-test chemical concentration, and short test duration.

Ina bioaccumulation study ofcarp (Cyprinus carpio), 28 carp were exposed to two
concentrationsofPFOA, 5 and 50 1g /L respectively for 28 days in a flow through system
(Kurume Laboratory, 2001). The chemical was prepared for exposure by using a dispersant
‘made upofhydrogenated castor oland mixed in acetone. The purity of PFOA was 100%.
‘Water quality was monitored daily throughout the duration. The bioaccumulation potential of
PFOA was found to be low. The carp exposed 10 5 g/L resulted in a BCFof 3.1 while the carp
exposed 10 50 yg/L showed a BCFof <5.1-9.1.

Vraspir (1979) conducted a study to determineif bluegill sunfish bioaccumulate fluorochemicals
from the 3MDecaturplant. Two lotsof 30 fish were used. One lot was exposed to Decatur plant
effluent for 21 days and the other to iver water only for 23 days. Expose fish, both living and
dead, as well ss the control fish were homogenized and analyzed for fluorochemicals by GC.
TLC, and GC/MS. There were no detectable amounts of APFO in the ethyl acetateortoluene
extracts of the tissues. No fluorochemicals were detected in the river water exposed fish.
However, interpretationofthis study is problematic for several reasons. Effluent concentrations
of subject fluorochemicals were not characterized and the specific protocol for exposure of the
fish was not found. Therewasalso no information on analysis of the Tennessee River water or
effluent used in the study. Additionally, it was not knownifthere was any opportunity for the
depurationofthe ish prior 10 sacrifice. No explanation was attempted as to what was the cause
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of the twelve dead fish in the effluent-exposed group. The study also did not differentiate
between the bioaccumulation of the test compound and the sorption onto the surface ofth fish.

2.2.6 Soil Adsorption

‘The adsorption-desorptionof APFO was studied in 25 ml solutions of 14C-labeled APFO in
distilled water with § g Brill sandy loam soil for 24 hours aa temperature of 16-19 °C. The
study reporteda Kd of 0.21 anda Koc of 14indicatingthatPFOA has high mobilityin Brill
sandy loam soil (Welsh 1978).TheKoc value, however, is questionable duc to the lack of
accurate information on the purityofthe 14C-Tabeled test substance (Boyd 1993,6).

Moody and Field (1999) conducted sampling and analysisof samples taken from groundwater 1
to3 meters below the soil surface in close proximity to two fire-training arcas with a history of
aqueous film forming foam use. Perfluorooctanoate was detected at maximum concentrations
ranging from 116 to 6750 ug/L at the two sites many years after its use a those sites had been
discontinued. These results suggest that APFO may have the potential to migrate through soils
to relatively shallow groundwater where it persists.

2.3 Environmental Exposure

23.1 Discharge to Air

For 1997, 3M estimated 1950 Ibs.of PFOA-compound (PFOA and related sal) stack releases at
its Cottage Grove, MN location and another 4500 bs. from Cottage Grove incinerated offsite
(3M, 2000). In 1998, 70% ofthe fluoride-containing wastes at 3M's Decatur location were
incinerated off-site; incineration is now the primary disposal method for these materials (3M,
2000). For 1999, DuPont estimated stack releasesof 24,000 Ibs. APFO at its Washington
Works, WV location, plus another 16,000 Ibs. from Washington Works incinerated offsite:
(DuPont, 2000).

“The above data may not account for allofthe sourcesofai releasesof PFOA. Other potential
sources addressed in the literature include thermolysisoffluoropolymers (Ellis et al, 2001); the
Tow temperatureofsublimation (~135C) that would yield PFOA from drying,aka sintering, of
fluoropolymer made with PFOA as a processing aid; the thermally refractive characterofthe C-
F bond (Napoli, et a, 1984; Taylor, et al, 1990; Tsang, etal, 1998) that would require very high
temperature incineration as & meansof destructionof this molecule.

232 Discharge to Water

By analogy to PFOS, PFOA discharged to water may remain there, become adsorbed to
particulate matter and sediment, and/or be assimilated by organisms. For 1999, 3M estimated
PFOA-compound water releases of <30,000 Ibs. at its Decatur AL location, and <15,000 lbs. at
its Cottage Grove MN location (3M Company, 2000a,b). For 1999, DuPont estimated the
following APFO water releases per location: Washington Works WY, 55,000 Ibs; Parlin NJ, 300
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Ibs; Spruance VA, 150 Ibs.; Chambers Works NJ, 9500 Ibs. (DuPont, 2000).

DuPont measured an APFO concentration at ts site Washington Works, WV site of 0.552 ug/l
from a 1999 drinking water sample obtained from GE Plastics immediately downstream on the
Ohio River. Modeled 1996 APFO-compound releasesindicatedan average annual PFOA
concentration of 0.423 ug, with APFO concentrations likely to exceed 1 ug C-8/ about 50% of
the time during the year, and likely to exceed 10 ug APFO/L about 2.2%ofthe time during the
year

233 Discharge to Land

3M reported that land treatment ofsludge from wastewater treatment at their Decatur, AL
location ended in mid-1998; less than 500 Ibs. weredisposedto land at that ste in 1997. Sludge
from the Decatur site is now transportedtoan offsite landfill; sludge from 3M’s Cottage Grove,
MN facility is sent o an industrial landfill (3M Company, 2000.5). DuPont (2000) estimated
3,900 Ibs. of APFO sludge landiilledonsite in 1999 at their Chambers Works, NJ facility.
DuPont estimated 2,600 Ibs. APFO transferred offsite 0 a hazardous waste landfill rom their
Washington Works, WV facility.

Prior operations resulted in ground- and surface water concentrations of APFO monitored at
three landfills operated by DuPont's Washington Works WV facility. Average surface water
‘concentrations for two landSills were 1392 ug/L and 18.5 ug/L, respectively. A third landfill had
a maximum concentrationof 33 ug/L in the permitted outfall. Average groundwater
concentrations for two landfills were 2537 ug/L and 8.83 ug/L, respectively. A third landfill had
‘2 maximum groundwater concentration of 15 ug/L (DuPont, 2000).

DuPont also reported the following APFO concentrations, measured January 2000, in three
drinking water wells of the Lubeck Public Service District, downstreamof DuPont's Washington
Works WV site: 0.8 ug/L, 0.44 ug/L, and 0.313 ug/L (DuPont, 2000). AsofAugust 2000, the
Lubeck Public Service District (LPSD) reported APFO concentrationsof 0.2 ppb in drinking
‘water at DuPont's Washington Works facility, and 0.2, 0.5, and 0.1 ppbinthe three LPSDwells
(LPSD, 2000).

2.3.4 Environmental Monitoring

3M’ Mult-City Study reported on PFOA concentrations from water, sludge, sediment, POTW.
effluent, and landfill leachate samples taken in six cities (3M, 2001a). Four of the cities
(Decatur, AL; Mobile, AL; Columbus, GA; Pensacola, FL) were “supply” cities that have
‘manufacturing or industrial useoffluorochemicals; twoofthe cities (Cleveland, TN; Port St.
Lucie, FL) were “control” cities that do not have significant fluorochemical activities. Across all
cities, POTW effluent concentrations ranged from 0.040 to 2.42 ppb. The POTW sludge (dry
wt) range was non-detect to 244 ppb; the drinking water range was non-detect (0 0.029 ppb; the
landfill leachate range was non-detect to 48.1 ppb; the surface water range was non-detect to
0.083; the sediment range was non-detect to 1.75 ppb (dry wt.); andthe quiet water range was
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non-detect 10 0.097 ppb. The “control” cities samples generally inhabited the lower endof the
above ranges, except for the POTW effluent and sludge findings for Cleveland, which were
intermediate in their ranges.

‘The Multi-City Study also included a market basket sampling ofPFOA residue in a total ofover
200 samples taken from green beans, apples, pork muscle, cow milk, chicken muscle, chicken
eggs, bread, hot dogs, catfish, and groundbeef(3M, 2001). Measurable quantitiesofPFOA,
ranging up to 2.35 ng/g, were found in two groundbeef samples (conrol cities), two bread
samples (control and supply cities), two apple samples (supply cities), and one green bean
sample (supply city).

Giesy reported that PFOA was rarely found in fish and fish-cating water birds. Fish were
sampled from the U.S,, certain European counties, the North Pacific Ocean, and Antarctic
Iocations (Giesy, 2001a). Fish-cating bird samples were collected from the U.S. including
Midway atoll, the Baltic and Mediterranean Seas, Japanese and Korean coasts (Giesy, 2001b)

Giesy reported on PFOA inminkand river otter livers from the U.S. (Giesy, 2001c). PFOA was
found ina few mink livers from Massachusetts at a concentration range of <18 to 108 ng/g, dry.
wt. but not found in mink from Louisiana, SouthCarolinaand Illinois. PFOA concentrations in
river oer livers from Washington and Oregon States were less than the quantification limit of
36 ng, wet wt.

Giesy reported that PFOA was not detected at quantifiable concentrations in oysters collected in
the Chesapeake Bay and GulfofMexicoof the U.S. coast (Giesy, 2001).

Giesy reported on the concentrationsof PFOA in surface water, sediments, clams, and fish
collected from locations upstream and downstreamofthe 3M facility at Decatur, AL (Giesy,
2001¢). Ofthe three downstream water and sediment sampling locations, the two closest to the
3M facility had PFOA surfice water concentrations significantly greater than the two upstream
sites (meansof 1900ug/L and 1024 ug/L, vs. 0.008 (est) and 0.028 ug/L); the three downstream
locations also had sediment concentrations significantly greater than the upstream sites (wet wt.
means 1855 ug/ke, 892 ug/kg, 238 uglkg vs. 0.08(est) and 0.09(est). The average fish whole
body PFOA concentration for the upstream location was 11.7 ug’kg (wet w.), while that for the
downstream location was 106.4 ug/kg; the small sample size prevented determination of
significance. The average PFOA concentration in clams at the upstream location was 4.38
ugk; that for the downstream location was 8.42 ug’kg. These differences were not significant.

Hansen (2002) reported concentrations of PFOA measured from surface water samples taken
from the Tennessee River up- and downstream of the outfall rom the fluorochemical
manufacturing facility at Decatur AL (the 3M facility mentioned above). There were 20
sampling sites above and 20 sites below the outfall location, spaced at approximately 2 mile
intervals. Noneofthe samples taken from upstreamofthe facility had measurable
concentrations of PFOA. The downstream concentrationsof PFOA were observed to increase at
a point approximately six miles below the outfall the average PFOA concentration from that
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point downstream was 394 = 128 ng/L. The report states that the consistency ofthe PFOA
concentrations within these two regions suggests the absenceofeither major environmental sinks
or additional sources of PFOA in the areas sampled.

Moody reported the concentrations of PFOA in surface water from stream locations sampled
upstream and downstream ofa spill offire-fighting foam that contained perfluorinated
surfactants, including PFOA (Moody et al, 2002). Upstream surface water samples taken over
the three week period post-spill had PFOA levels of 0.008-0.033 ug/L; corresponding.
downstream levels ranged from 0.035-10.6 ug/L. Statistical significance was not evaluated for
these measurements.

2.4 Human Biomonitoring

Table2 provides serum PFOA levels in both occupational cohorts and in the general population.
“The highest levels reported to date in the general population are similar to some ofthe lowest
Tevels in workers exposed to PFOA occupationally. The data are currently limited to those
discussed below.

3M has been offering voluntary medical surveillance to workers at plants that produce or use
perfluorinated compounds since 1976. Serum PFOA levels have been measured and reported
since 1993. Prior to this time, only total organic fluorine was measured. The results of
biomonitoring for PFOA have been reported for 3 plants: Cottage Grove, MN; Decatur, AL and
Antwerp, Belgium. Surveillance years include 1993, 1995, 1997, 1998, and 2000, although not
allofthe plants offered surveillanceinall ofthese years. The 1998 data reported for the Decatur
plant consist ofa random sampleofemployees; however, volunteers participated in allofthe
other sampling periods for allofthe plants.

Mean serum PFOA levels have increased slightly at both the Cottage Grove and Decatur plans
since 1993. Workers at the Cottage Grove plant, where PFOA exposuresare highest, have the
highest PFOA serum levels. The latest sample was in 1997 (Olsen, et al, 19980). The mean
serum PFOA level was 6.4 ppm (range = 0.1 ~ 81.3 ppm). Only 74 employees participated in
the 1997 surveillance. The eligible voluntary participation retes ranged from approximately 50%
in 1997 10 70% in 1993.

At the Decatur plant, 263 of 500 employees participated in 2000 (Olsen, eta, 2001a). The
‘mean serum PFOA level was 1.78 ppm. It was higher in males (n = 215) than females (n = 48),
1.90 and 1.23 ppm, respectively. In addition, male production employees had higher mean
Serum levels (2.34 ppm). Five employees had serum levels greater than 5 ppm, the Biological
Limit Value established by the 3M Exposure Guideline Committee. Cell operators had the
largest increase in serum PFOA between 1998 and 2000. The highest level was in a chemical
operator on the Scotchgard team (12.70 ppm). The mean level for the restof the membersofthe
team was 5.06 ppm (range S - 9 ppm). Otherjob categories did not exhibit such a large increase.
3M reports that this is due to increased PFOA production at the Decatur plant beginning in
1999.
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Serum PFOA levels for the Antwerp plant are lower than at Decatur or Cottage Grove, and have
decreased slightly since 1995 (Olsen, etal, 2001b). Participation in medical surveillance at the
Antwerp plant was the highest it had ever been in 2000 (258 volunteers outof 340 workers).
“The mean serum PFOA level was 0.84 ppm, and the highest serum level reported was 7.04 ppm.
As inthe Decatur plant, males (n = 209) had highermeanserum PFOA levels (1.03 ppm) than
females (a = 49, 0.07 ppm). Three employees had levels greater than 5 ppm.

3M's Specialty Materials Manufacturing Division Laboratories, where employees perform
fluorochemical research (Building 236), conducted voluntary biomonitoringof 45 employees in
2000 (Olsen, etal, 2001). The mean PFOA serum level was 0.106 ppm (range 0.008 —0.668
ppm).

‘Serum PFOA levels in corporatestaffand managers at a 3M plant in St. Paul, MN, where
occupational exposure to PFOA should not have occurred, were reported (3M Report, 1999).
Four of 31 employees had serum PFOA levels greater than the detection limit of 10 ppb. The
mean for these employees was 12.5 ppb.

Data on PFOA levels in the general population are very limited. They are very recent so that
trends over time cannot be established. The mean serum PFOA levels are lower in the general
‘population than in workers exposed to PFOA.

Pooled blood samples from U.S. blood banks indicate mean PFOA levelsof 3 to 17 ppb (3M
‘Company, Feb. 5, 1999; 3M Company, May 26, 1999). The highest pooled sample reported was
22 ppb. Samples were collected in 1998 and 1999. However, it cannot be assumed that these
levels are generalizable to the U.S. population for several reasons: 1) blood donors are a unique
‘group that does not necessarily reflect the U.S. population as a whole, 2) manyofthe blood
banks originally contacted for possible inclusion in the study declined to participate, 3) only a
small number of samples have actually been analyzed for PFOA, and 4) no other data such as
age, sex, or other demographic information are available on the donors.

Individual blood samples from 3 different age populations were recently analyzed for PFOA and
other fluorochemicals using high-pressure liquid chromatography/clectrospray tandern mass
spectrometry (HPLC/ESMSMS) (Olsen, et al. 20022, 2002, 2002¢). The studies’ participants
included adult blood donors, an elderly population participating in a prospective study in Seattle,
‘WA, and children from 23 states participating in a clinical trial. Overall, the PFOA geometric
means were similar across al 3 populations (4.6 ppb, 4.2 ppb, and 4.9 ppb, respectively). The
‘geometric means and 95% tolerance limits (the proportion ofthe population expected to be:
found) and their upper bounds were comparable across all 3 studies. However, the upper ranges
for the children and adults were much higher than for the elderly population. It is not clear
whether this is the result of geographic differences in PFOA levels or some other factor. It
should be noted that PFOS and PFOAwerehighly correlated in all three studies (r = 63, = 70,
and r=.75) and that PFOA did not meet the criteria fora log normal distribution based on the
Shapiro-Wilk test in anyofthe studies. The authors suggest that it may be due to the greater
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proportionofsubjects with values < LLOQ; however, oly geometric means were reported. The
detailsofeach study are provided below.

Blood samples from 645 U.S. adult blood donors (332 males, 313 females), ages 20-69, were:
obiained from six American Red Cross blood banks located in: Los Angeles, CA;
Minneapolis/St. Paul, MN; Charlotte, NC; Boston, MA; Portland, OR, and Hagerstown,MD
(Olsen, etal., 2002a). Each blood bank was requested to provide approximately 10 samples per
10-yearage intervals (20-29, 30-39, tc.) for each sex. The only demographic factors known for
ach donor were age, gender, and location.

“The geometric mean serum PFOA level was 4.6 ppb. The range was <lower limitof quantitation
(1.9)t0 52.3 ppb. Males had significantlyhigher(p < .05) geometric mean PFOA levels than
females (37.8 ppb vs. 32.1 ppb). Age wasnotan important predictorof adult serum
fluorochemical concentrations. When stratified by geographic location, the highest geometric
mean for PFOA was in the samples rom Charlotte, NC (6.3 ppb, range: 2.1 29.0) and the
lowest from Portland (3.6 ppb, range: 2.1 ~ 16.7). The highest individual value was reported in
Hagerstown (52.3 ppb).

‘Serum PFOA levels were reported for 238 (118 males and 120 females) elderly volunteers in
Seattle participating in a study designed to examine cognitive function in aduls aged 65-96
(Olsen, etal, 2002b). Age, gender and numberofyears’ residence in Seattle were the only data
available on the participants. Mostofthe participants were under the ageof 85 and had lived in
the Seattle area for over 50 years.

‘The geometric meanofPFOA for all samples was 4.2 ppb (95% CI, 3.9.~ 4.5). The range was
1.4 16.7 ppb. There was no significant (p < .05) difference in geometric means for males and
females. In simple linear regression analyses, agewas negatively (p < 05) associated with
PFOA in elderly men and women. In bootstrap analyses, the meanof the 95% tolerance limit for
PFOA was 9.7 ppb with an upper 95% confidence limit of 11.3 ppb. PFOS and PFOA were
highly correlated (r = 75) in thi study.

A sample of 598 children, ages 2-12 years old, participating in a studyofgroup A streptococcal
infections, was analyzed for serum PFOA levels (Olsen,et al, 2002¢). The samples were
collected in 1994-1995 from children residing in 23 states and the District of Columbia. PFOA
did not meet the criteria for a log normal distribution based on the Shapiro-Wilk est. The
authors suggest that it may be du to the greater proportionofsubjects with values < LLOQ for
PFOA. However, only geometric means were reported. The geometric meanof PFOA for all of
the participants was 4.9 ppb (95% CI, 4.75.1). The range was 1.9 to 56.1 ppb. Male children
had significantly (p<01) higher geometric mean serum PFOA levels than females: 5.2 ppb and
4.7 ppb, respectively. In simple linear regression analyses, age was significantly(p < 05)
negatively associated with PFOA in both males and females. When stratified by age, the.
‘geometric meanofPFOA was highest at age 4 (5.7 ppb) and lowest at age 12 (3.5 ppb).
‘Although the data were not reported,a graphical presentationoflog PFOA levels for each state
by gender looked similar acrossthe states; however, itis difficult to interpret these data without
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the data and given the limited sample size for each gender/location subgroup. In bootstrap
analyses, the meanofthe 95% tolerance limitfor PFOA was 10.1 ppbwithan upper 95%
confidence limit of 11.0 ppb. PFOS and PFOA were highly correlated (r =.70) in this study.
PFOA and PFHS (perfluorohexanesulfonate)werealso correlated (r = 48).

The above 3 studies indicate similar geometric means and ranges of PFOA among sampled
adults, children,andan elderly population. However,an unexpected finding was the level of
PFHS and M570 (N-methyl perfluorooctanesulfonamidoacetate) in children. These serum levels
were much higher in the sampled children than in the sampled adults or elderly. It is not clear
why this occurred, but it is probably due to a different exposure pattern in children.

In another study, the PFOA. concentration was analyzed in human sera and liver samples (Olsen
etal., 2001). Thirty-one donor samples were obiained from 16 males and 15 females over an
18-month period from the International Institute for the Advancement of Medicine (IAM). The
average ageofthe male donors was 50 years (SD 15.6, range 5-69) and the average ageofthe:
female donors was 45 years (SD 18.5, range 13-74). The causesofdeath were intracranial
hemorrhage (n = 16 or 52%), motor vehicle accident (n= 7 or 239%), head trauma (n = 4 or
13%),brain tumor (n = 2 or 6%), drug overdose (n= 1 or 3%)and respiratory arrest (n = 1 or
3%). Both serum and liver tissue were obtained from 23 donors; 7 donors contributed liver tissue
only and 1 donor contributed serum only. Serum samples were obtained from 5 mlofblood;
liver samples consisted of 10g of tissue. Samples were frozen at IAM and shipped frozen to 3M
for analysis. Samples were extracted using an ion-pairing extraction procedure and were
quantitatively assayed using HPLC-ESMSMS and evaluated versus an unextracted curve.
Extensive matrix spike studies were performed to evaluate the precision and accuracyof the
extraction procedure. Serum values for PFOA ranged from < LOQ (<3.0) ~ 7.0 ng/mL.
Assuming the midpoint value between zero and LOQ serum value for samples <LOQ, the mean
Serum PFOA level was 3.1 ng/mL with a geometric mean of 2.5 ng/mL. No liver to serum ratios
were provided because more than 90%ofthe individual liver samples were <LOQ.
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‘Table 2. Serum PFOA Levels in Human Populations
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1997 (n =74) 64 0.1-81.3

1995 (n =80) 68 0.0-114.1
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*Geometric mean and 95% confidence intervals were not included in the reports.
**PFOA detected in about 1/3 of the pooled samples but quantifiable in only 2
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3.0 Human Health Hazards

3.1. Metabolism and Pharmacokinetics

3.1.1 Half-life in Humans

‘There are very limited dataon the half-lifeofPFOA. With the exception ofa 1980 study in
‘which total organic fluorine in blood serum was measured in one worker, no other data were
available until June 2000 (Ubel et al,, 1980). A half-life study on 27 retirees from the Decatur
and Cottage Grove 3M plants was undertaken, in which serum samples were drawn every 6
‘months overa 5-year period. Two interim reports describing the results thus far have been
submitted (Burrsetal, 2000; Burrs etal, 2002). The first interim report suggested 2 median
serum half-life of PFOAof 344 days, with a range of 109 0 1308 days. The two highest halt-
life calculations were for the 2 female retirees who participated in this study (654 and 1308
days).

‘There were several limitations to this first analysis including: 1) the limited data available and
the rangeofserum PFOA levels measured; 2) serum was analyzed after each collection period
with only one measurement per time period on different days using slightly different analytical
techniques; and 3) the reference material purity was not determined until aftr the first 3 samples
had been analyzed. An effort was made to minimize experimental error, including systematic
and random error in the analytical method, involving9 of the original 27 subjects. Serum
samples were collected from eachofthe subjects over 4 time periods spanning 180 days,
measured in triplicate with all time points from each subject analyzed in the same analytical run.
“This would allow for statistical evaluationofthe precision of the measurement and assure that
all systematic error inherent in the assay equally affected each sample used forhallife
determination.

Of the 9 retirees included in his analysis, there were 7 males and 2 females, all from the Decatur
plant. The average ageof the retirees was 61 years, the mean numberofyears worked at
Decatur was 27.7 years, and the average number ofmonths retired was 18.9. Average BMI of
this group was 27.9. The mean PFOA value at study initiation was 0.72 ppm (range 0.06 — 1.84
ppm, SD = 0.64).

‘The mean serum half-life for PFOA was 4.37 years (range 1.50 — 13.49 years, SD = 3.53). Only
1 employee had a half-life value that exceeded 4.3 years. The 2 females had valuesof3.1 and
3.9 years. Age, BMI, numberofyears worked or years since retirement were not significant
predictorsofserum half-lives in multivariable regression analyses.

“This analysis has attempted to reduce experimental error in the determination ofa halflife for
PFOA. However, several sues should be noted. First, the effectof continued non-
occupational, low-level exposure on the half-life is unknown. Second, because subjects’ blood
contained concentrations of fluorochemicals that varied by a factorof 30, the data cannot be
pooled or averaged unless the serum concentration decay curve shows first-order kinetics.
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“Third, it is not knownifthere are interactions between PFOA and other fluorochemicals in the
body. Fourth, this estimate is much higher than that reported in lab animals. Fifth, systematic
errorofthe analytical method could be as high as +- 20% and still satisfy the data quality
criteria

3.1.2 Absorption Studies in Animals

APFO is well absorbed following oral and inhalation exposure, and toa lesser extent following
dermal exposure. The liver and serum levels have been measured in several subchronic and
reproductive toxicity studies. These resultsarepresented in the relevant studies summarized in
subsequent sections. Other studies are summarized here.

In female rats, an averageof 749 ug or 37%ofthe fluorine in the administered dose was
recovered in the urine within 4.5 hr after PFOA dose (by stomach intubation 2 ml of an aqueous
solution containing 2 mg PFOA) (Ophaug and Singer, 1980). The quantity ofnonionic fluorine
recovered in the urine increased to 61%ofthe dose at 8 hr, 76% at 24 hr, and 89% at 96 hr.

After asingle oral dose of “C-PFOA (mean dose, 11.0 mg/kg) in solution to groupsofthree
‘male rats, at least 93%ofthe total carbon-14 was absorbed at 24 hours (Gibson and Johnson,
1979). The half-life for eliminationoftotal carbon-14 from plasma was 4.8 days.

Following APFO head-only inhalation exposure in male rats 6 h/day, 5 days/wi for 2 wk to 0,
1,8 or 84 mg/m3) concentrationsof organofluoride in the blood showed a dose relationship with
initial levels of 108 ppm in rats treated at 84 mg/m3 (Kennedy etal, 1986). Immediately after
the tenth exposure period, the mean organofluoride blood levels were 13 ppm, 47 ppm, and 108
ppm in the 1, 8, and 84 mgm dose groups.

Subchronic dermal APFO treatment in rats and rabbits (10 applications, § doses, 2 rest days, 5
doses) with either 0, 20, 200, or 2000 mgkg resulted in elevated blood organofiuorine levels
which increased in a dose-related manner (Kennedy, 1985).

O'Malley and Ebbins (1981)conducted a range finding study which indicates significant dermal
absorption of PFOA in male and female rabbits. PFOA (100 mg/kg, 1000 mg/kg, and 2000
‘my/kg in saline slurry) was applied to approximately 40%ofthe shaved trunkofthe animals,
which were then fitted with a plastic collar, and the trunk was wrapped with impervious plastic
sheeting. The exposure period was 24 hr, § days/week over 14 days. Mortality was 100% (44)
in the 2000 mg/kg group, 75% (3/4) in the 1000 mg/kg group and 0% (0/4) in the 100 mg/kg
group.

A tetrabutyl ammonium saltofperfluorooctanoate in the formoftreated fabric and as
liquid formulation was applied dermally to rabbits (Johnson, 199Sb). Liver samples were
analyzed at 28 days post dose for total organic fluorine. ‘The results from treated animals were
the same as control values. All total organic values were below the practical quantitation limit.
Serum levels were also below the practical quantitation limits ofthe analysis for samples
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collected at day 1 and 2 after administrationof the mixture or the treated fabric. From the
pharmacokinetic study (Johnson, 1995a), it would be unlikely that any extentofabsorption could
have been detected in this study.

3.1.3 Distribution Studies in Animals

PFOA distributes primarily to the liver, plasma, and kidney, and to a lesser extent, other issues
of the body. It does not partition to the lpid fraction or adipose tissue, but does bind to
‘macromolecules in the tissues. There is evidence ofenterohepatic circulationofthe compound.

Serum and liver concentrations ofPFOA were determined in rhesus monkeys in a 90 day oral
toxicity study (Griffith and Long, 1980). In monkeys at the 3 mg/kg/day dose, mean serum
PFOA was 50 ppm in malesand 58 ppm in females. At the same dose, males had 3 ppm and
females 7 ppm in liver samples. At 10 mg/kg/day doses, male monkeys had a mean serum
PFOAof 58 ppmandfemales 75 ppm. Liver levels were 9 and 10 ppm formalesand females,
respectively, measured as organic fluoride.

Ophaug and Singer (1980) measured onic fluoride and total fluorine in the serum of female rats
following the administration of PFOA by stomach intubation (2 mi ofan aqueous solution
containing 2 mg PFOA). Serum from rats 4.5 hr after the administration of PFOA had a
nonionic fluorine level 13.6 ppm and virtually alofthis was bound to components in the serum
and not ultralterable. Despitethe large increase in nonionic fluorine in the serum, the ionic
fluoride level remained very low (0.03 ppm). Prior to intubationof PFOA, the ionic and
nonionic fluorine levels in serumwere0.032and0.07 ppm, respectively. The nonionic fluorine
level in the serum decreased to 11.2 ppm at § hr, 0.35 ppm at 24 br, and 0.08 ppm at 96 hr. The
authors conclude that PFOA is rapidly absorbed from the gastrointestinal tract and rapidly
cleared from the serum.

‘Twenty-four hours after oral administration ofAPFO (2 mg APFO in 2 ml aqueous solution by
stomach intubation), female ats had a mean serum nonionic fluorine level of 0.35 ppm, while
male rats had a mean serum nonionic fluorine levelof44.0 ppm (Hanhijarvi et al. 1982). APFO
was bound to asimilar extent in the plasmaofmale and female rats (97.5% bound).

In male and female rats administered “C-PFOA in propylene glycol/water (9.4 umol/kg, i.p),
the concentration of "“C-PFOA-derived radioactivity in the blood was higher and climinated
more slowly in males (t1/2=9 days, malesvs 4 hr, females, Vanden Heuvel ct al, 1991). In the
male ras, the liver had the highest PFOA concentration (21%ofdose at 2 hr, 2% of dose at 28
days) followed by the plasma and kidney. Far lower PFOA concentrations were found in the
hear, testis, fa, and gastrocnemius muscle. In females at 2 hr post dose, the highest
concentrationsof PFOA were found in the plasma followed by the kidney, liver and ovaries in
that order. The average t1/2 for elimination of PFOA from the liver in male rat was 11 days
compared to an average of9 days for extrahepatic tissues. In females, the average t1/2 for tissue
elimination was approximately 3 hr.
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Vanden Heuvel etal. (1991) investigated the disposition ofPFOA in perfused male ra liver.
Approximately 11%ofthe cumulative dose of “C-PFOA infused (0.08 umol/min x 48 min, 3.84
umol total) was extracted by the liver during a first pass. In addition, the cumulative percent of
PFOA extractedbythe liver at 2 min (33%) was substantially greater than that seen afer 48 min
(11%) indicating that first-pass hepatic uptake ofPFOA may be saturable.

Ylinen et al. (1990) studied the difference between male and female Wistar rats in the
distribution and accumulation ofPFOA after single and subchronic administration. The single
doseofPFOA (0 mg/kg in propylene glycol-water mixture, 1:1, vol. 0.25 ml/100g) was
administered intraperitoneally to 10 week old ats (20 male, 20 female). Subchronic
administrationof PFOA consisted of 3, 10, and 30 mg/kg/day by gavage (in 0.9% NaCl, 0.5
ml/100g) to newly weaned rats (18 male, 18 female). After the single dose, samples were
collected for PFOA determination 12, 24-168 (at 24 hr intervals), 244 and 336 hours after the.
administration, and in the subchronic test on the 28th day. The serum was collected by cardiac
‘puncture; aftr decapitation the brain and at necropsy samples from the liver, kidney, lung,
spleen, ovary, testis, and adipose tissue were collected and frozen. The biological half-life of
PFOA in the serum and tissues was determined from the linear relationship between time and
PFOA concentration in the semilogarithmic plot. In the single-dose study, concentration of
PFOA in the serum and tissues was higher in males than females at all ime periods. Twelve
ours after the administration of PFOA about 10%ofthe dose was found in the scrum of
females, whereas about 40% was in the serumofmales. After 14 days about 3.5%ofthe dose.
remained in the serum. In females, PFOA concentration intheserum, liver, and kidney occurred
ina discontinuous fashion, indicating distinct phases. The half-life in the serum was 24 and 105

in the females and males, respectively. In the females, a half-lifeof 60 hr was estimated in the
liver during the first week. In the males, thehal life in liver was 210 br. Although PFOA was
retained by the liver, it was not found in th lipid fraction. In the kidney, the hal -life was 145 hr
and 130 hr in females and males, respectively. Inthe spleen, the half-life was 73 hr and 170 hr
in females and males, respectively. PFOA was also foundinbrain tissue. PFOA was not
detectable in adipose tissue. In the subchronic study, samplestaken on the 28th day indicated
significantly higher PFOA concentrations in the serum and tissues ofmales versus females in all
three dose levels. After subchronic, as well as single-dose administration, PFOA was mainly
distributed in the serumofrats. High concentrationsofPFOA were also found in the liver,
kidney, and lungofmales and females. At the high dose level (30 mg/kg/day), females and
males exhibited, respectively, serum concentrations of 13.92 and 51.65 ug/ml, liver
concentrations of 6.64 and 49.77 ug/g, kidney concentrationsof 12.54 and 39.81 ug/g, spleen
concentrations of 1.59 and 4.10 ug/g, lung concentrationsof 0.75 and 23.71 ug/g, and brain
concentrationsof0.044 and 0.710 ug/g. The ovary contained 1.16 ug/g and the tests contained
7.22 ug/g. A significant positive correlation existed between the administered dose and the
concentrationofPFOA in the liv, kidney, spleen, and lungoffemales. On the contrary, no
significant correlation between the administered dose and the concentration of PFOA was
observed in the males, as 10 mg/kg/day produced higher PFOA concentrations in the serum and
organs than 30 mg/kg/day. However, in males, the concentration in the spleen, testis, and brain
comelsted positively with the concentration in the serum.
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Vanden Heuvel et al. (1992) demonstrated that PFOA covalentlybindsto proteins in the liver,
plasma, and testesofrats. Carbon-14-labeled PFOA was administered to six-week old male
Harlan Sprague-Dawley rats in propylene glycoliwater (1:1, v/v; | ml/kg) at a dose of 9.4
umolkg, ip. No time-dependent changes in either absolute or relative concentrations of
covalently bound PFOA-derived "“C were found at 2 h, 1 and 4 days post-treatment. Covalently
‘bound PFOA was represented by 0.1 to 0.3%ofthe tissue 'C content. The absolute
concentrationofcovalently bound PFOA was significantly higher in the plasma than inthe liver.
‘The testes had the highest relative concentration of PFOA-derived radioactivity covalently.
bound. In tests, covalent binding of "“C-PFOA to a constant concentrationofalbumin (8 uM)
increased in a linear fashion with increasing PFOA concentration. The covalent binding of
PFOA to hemoglobin was diminished by the additionof cysteine but not methionine, suggesting
that protein sulfhydryl groups may be involved.

Hanhijarvi et al. (1987) compared the disposition of PFOA between male and female Wistar rats
during subchronic administration. PFOA was administered by gavage to 48 newly-weaned
animals at 0, 3, 10, and 30 mg/kg (in 0.9% NaCl, 0.5mJ/100g) for 28 consecutive days. Urine
was collected on the 7th and 28th dayofthe study (discussed below). At the end ofthe study,
blood was collected via cardiac puncture. At each dose level, the mean PFOA concentrations in
the plasmaofthe male rats were significantly higher than thoseofthe female ats. The mean
plasma PFOA concentrations for the male rats were 48.6+-26.5 ug/ml (dosed at 3 mg/kg), 83.1+-
24.7 ugim (10 mg/kg), and 53.4+-11.2 ug/ml (30 my/kg). The corresponding figures for female
rats were 2.43+-5.96 ug/ml, 11.3+-8.59 ug/ml, and 9.06+-8.80 ug/ml in the same order. The
PFOA concentrations in the plasmaofthe male animals suggested that the binding sites ofPFOA
‘may become saturated at the chronic daily dose levelof30 mg/kg. Although the plasma PFOA
concentrations were significantly higher in the male rats, no significant histopathological
differences between the sexes were observed at necropsy.

“The dispositionofPFOA was studied in male Wistar ras after castration and estradiol
administration as well as in intact males and females (Ylinen et al, 1989). The male rats (N=20)
were castrated at the ageof 28 days and after 5 weeks were used in the tests. Halfofthe
operated and 10 intact males were administered estradiol valerate subcutaneously 500 ug/kg
very second day during 14 days before the test. Blood samples were collected by cardiac
puncture. At the endofthe test (96 hn), the concentration ofPFOA in the serumofintact males
was considerablyhigher (17-40 times) than i the serumofother groups. There was no
statistically significant difference in the serum concentrations between the other groups. PFOA
was similarly bound to the proteins in the serumofmales and females.

Johnson et al. (1984) investigated the effect of feeding cholestyramine to rats on the fecal
climination ofAPFO. Since APFO exists as an anion at physiologic pH, it would be expected to
complex with cholestyramine. Ten male Charles River CD rats (12 weeks old, 300-342 g) were
administered ammonium '“C-perfluorooctanoate (2.1 mg/ml) dissolved in 0.9% NaCl as asingle
intravenous dose (2 mat, average APFO dose 13 mg/kg). Five rats were given 4%
cholestyramine in feed. Urine and feces samples were collected at intervals for 14 days, at
which time the animals were sacrificed and liver samples were collected. At 14 days post dose,
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the mean percentageofPFOA dose eliminated in the fecesof cholestyramine treated rats (43.2+-
5.5) was 9.8-fold the mean percentageofdose eliminated in feces by untreated rats (4.4+-1.0).
Excretion in urinewas 41% for treated ratsand 67% for untreated rats. Carbon-14 presentinthe
liver represented 12.1+-2.1 ug eq/g and 22.3+6.2 ug eq/g in treated and untreated rats,
respectively (4% and 8%ofdose, respectively). In plasma, the levels were 5.1+-1.7 ug eq/l
and 14.7+-6.8 ug eq/ml in treated and untreated rat, respectively. In red blood cells, the levels
were 1.84-0.7 ug eq/m and 4.2+-2.4 ug eq/l in trated and untreated rats, respectively. The
high concentration of "“C-APFO in liver at 2 weeks after dosing and the fact that cholestyramine
treatment enhances fecal eliminationofcarbon-14 nearly 10-fold suggests that there is
enterohepatic circulationof PFOA.

“The dispositionofthe tetrabutyl ammonium salt ofperfluorooctanoic acid in female rabbits has
been reported (Johnson, 19953). Individual rabbits were given intravenous doses at 0, 4, 16, and
24 mg/kg and appeared nomial throughout the study (the animal treated at the 40 mg/kg dose:
level died within 5 minutesof dosing). Serum samples were analyzed for total organic fluorine
at2,4,6,8, 12, 24, and 48 hours post dose. At2 hrs, serum organic fluorine levels in the 0, 4,16, and 24 mg/kg dosed rabbits were 1.25 ppm, 4.09 ppm, 14.9 ppm, and 41.0 ppm, respectively.
‘There was a rapid decrease in serum level oftotal organic fluorine with time, non-detectable at
48 hr. The biological half-life was on the order of4 hours. The total organic fluorine in whole
liver at 48hrpost dose for control animals,4 mg/kg, 16 mg/kg, and 24 mg/kg intravenous doses
were 20 ug, 43 ug, 66 ug, and 54 ug.

3.1.4 Metabolism Studies in Animals

‘Vanden Heuvel et al. (1991) investigated the metabolism ofPFOA in rats administered "C-
PFOA (9.4 umollkg, .p). Pooled daily urine samples (0-4 days post-treatment) and bile
extracts analyzed by HPLC contained a single radioactive peak eluting identically to the parent
compound. Tissues were taken from rats treated 4, 14, and 28 days previously with “C-PFOA to
determine the presenceof PFOA-containing lipid conjugates. Only the parent compound was
present in at tissues; no PFOA-containing hybrid lipids were detected. Fluoride concentrations
in plasma and urine before and afier PFOA treatment were unchanged, indicating that PFOA
does not undergo defluorination.

Ophaug and Singer (1980) also found no change in ionic fluoride level in the serum or urine
following oral administrationof PFOA to female rats. Ylinen et al. (1989) found no evidence of
phase Il metabolism of PFOA following a single intraperitoneal PFOA dose (50 mg/kg) in male
and female rats.

3.15 Elimination Studies in Animals

There are major gender differences in the eliminationofPFOA in rats. The biological half-life
Of PFOA in male rats is many times greater than that in female rats and this difference is
primarily due to low renal clearance in male rats. The rapid excretionofPFOA by female rats is
due to active renal tubular secretion (organic acid transport system); this renal tubular secretion
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is believed to be hormonally controlled since castrated male ras treated with estradiol haveexcretion rates ofPFOA similar to thoseoffemale rats. Hormonal changes during pregnancy donotappearto change the rateof elimination in ats. This gender difference has not been
observed in primates and humans. The studies demonstrating this are described below.
“The urine is the major routeofexcretionofPFOA in the female rat, while the urine and feces are
both major routes of excretionof PFOA in male rats (Vanden Heuval, 1991). Male and female
rats were administered '*C-PFOA in propylene glycoliwater (9.4 umol/kg, i.p.). Female rats
eliminated PFOA-derived radioactivity rapidly in the urine with 91% ofthe dose being excreted
in the first 24 hr, while male rats excreted only 6% of the dose in that time period. Negligible
radioactivity was recovered in the feces of female rats. Inmale rats during the 28-day collection
period the cumulative excretionof PFOA-derived "°C in urine and feces was 36.4% and 35.1%,
respectively. The female ra retained less than 10%ofthe administered dose after 24 hr, while
the male rats retained 30% of the administered dose after 28 days. The whole-body elimination
half-life in females was less than one day, and in males it was 15 days. In renal-ligated rats
injected i.p. with “C-PFOA, approximately 0.3%of the PFOA-derived radioactivity was
excreted in the bile after 6hr (Vanden Heuvel et a., 1991). No sex-related difference in the
biliary excretion ofPFOA was observed when the Kidneys were ligated.

Johnson and Gibson (1980) observed a sex difference in extent and rateofexcretionof total
carbon-14 between male and female rats afira single iv dose (mean dose: female, 16.7 mg/kg;
male 13.1 mg/kg) of “C-PFOA. Female rats excreted essentially al ofthe dose via urine in 24
hours while at the same time period male rats excreted only 20 percent of the dose; male rats
excreted 83% via urine and 5.4% via feces by 36 days post dose. No radioactivity was detected
in tissues of female rats at 17 days post dose; male rats had 2.8%ofthe dose in liver and 1.1% in
plasma at 36 days post dose with lower levels (< 0.5% of the dose) in other organs.

Ophaug and Singer (1980) investigated the metabolic fate of PFOA in female Holtzman rats.
Animals weighing approximately 250 g were administered by stomach intubation 2 mlofan
‘aqueous solution containing 2 mg PFOA. The animals were then placed in metabolism cages
and provided rat chow and tap water for 4.5, 8,24, or 52.5 hr. In addition, four rats were placed.
in metabolism cages and fed a low fluoride (<0.5 ppm) diet and distilled water for a periodof 96
hr. At the end ofthe experimental period the urine, feces and serum were collected. Within 4.5
hr after PFOA dose, an averageof 749 ug or 37%ofthe fluorine in the administered dose was
recovered in the urine. The quantity ofnonionic fluorine recovered in the urine increased to
61% of the dose at 8 hr, 76% at 24 hr, and 89% at 96 hr. Urinary excretion of ionic fluoride in
the PFOA dosed animals was not significantly different than thatofthe contol animals. Fecal
excretion of nonionic fluorine was 4.5% of the administered dose at 52.5 hr and 14.3% at 96 hr.
‘The urine from undosed animals contained no detectable nonionic fluorine.

‘The urinary excretion of APFO in rats was investigated by Hanbijarvi et al. (1982). Four male
and six female Holtsman rats were administered 2 mg APFO in 2 ml aqueous solution by
stomach intubation. Seven female rats were administered 2 mi distilledwateras controls. The
animals were then placed in metabolism cages with ra chow and tap water. Urine was collected
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until animals were sacrificed at 24 hby cardiac puncture. Serum was collected. lonic fluoride
and total fluorine contentof serum and urine was determined, and nonionic fluorine was
calculated asthe difference. For clearance studiesofAPFO and inulin, the rats were
anesthetized with Inactin. The femoral artery was cannulated for continuous infusionof 5%
mannitol in isotonic saline and the femoral artery was cannulated for drawing blood samples.
“The urinary bladder was also cannulated for serial collections of urine. Intravenous priming
dosesof5.2-5.6 mg [1-14C]) ammonium perfluorooctanoate (spact0.5 uCi/mg) and 8.8 ug.
tritiated inulin (methoxy-3H, sp act 114 uCi/mg) were given to each animal. The radiolabled
inulin and APFO in 5% mannitol in isotonic saline was then infused ata rateof0.21 ml/min. An
additional 0.42-0.63 mg/h '‘C-APFO and 9.6 ug/hr titated inulin was infused during the
experiments. When the urine and serum collections for the clearance study were complete,
probenecid was administered (65-68 mg/kg, ip) and additional clearance tests were performed.
Inthe cumulative excretion study, rats were dosed iv with a mixtureof radiolabeled APFO (10-
20%) and unlabeled APFO (80-90%). Five percent mannitol in isotonic saline was infused ata
rateof0.081 ml/min and urine specimens were collected over 30-min intervals. The effect of
probenecid was assessed by administering 65-68 mg/kg ip at least 30 min prior to the
administration of APFO. Twenty-four hours after oral administration of APFO, female rats had
excreted 76+-2.7%ofthe dose in the urine and had a mean serum nonionic fluorine level of
0.35+-0.11 ppm, while male rats had excreted only 9.2+-3.5% of the dose and had a meanserum.
nonionic fluorine levelof 44.0+-1.7 ppm. APFO was bound to a similar extent intheplasma of
male and female rats (97.5+-0.25% bound). The clearance studies demonstrated major
differences between the sexes in rats. The APFO clearance in femal rals was several times
greater than the inulin clearance. Administrationofprobenecid, which strongly inhibits the renal
active secretionoforganic acids, reduced APFO/inulin clearance ratio in females from 14.5 to
0.46. APFO clearance was reduced from 5.8 10 0.11 mlimin/100g. Net APFOexcretionwas
reduced from4.6 10 0.13 ug/min/100g. In male rats, however, the APFO/inulin clearance ratio
and the net excretionof APFO were virtually unaffected by probenecid. In the males, APFO
clearance was 0.17 ml/min/100g, APFO/inulin clearance rato was 0.22, and net APFO excretion
was 0.17 ugmin/mg. In the cumulative excretion studies, female rats excreted 76%ofthe APFO
dose, while males excreted only 7.8%ofthe dose over a 7-hr period. Probenecid administration
modified the cumulative excretion curve for males only slightly. However, in females
‘probenecid markedly reduced APFO elimination to 11.8%. The authors concluded that the
female rat possesses an active secretory mechanism which rapidly eliminates APFO from the
body. This secretory mechanism is lacking or is relatively inactive in male rats and accounts for
the greater toxicity of APFO in male rats.

Hanhijarvi etal. (1987) compared the urinary eliminationofPFOA between male and female
Wistar ats during subchronic administration. APFO was administered by gavage to 48 newly-
weaned animals at 0,3, 10, and 30 mg/kg (in 0.9% NaCl, 0.5ml/100g) for 28 consecutive days.
Urine was collected on the 7th and 28th dayofthe study. Al the endofthe study, blood was
collected via cardiac puncture. At necropsy, tissue specimens for histopathologic examination
were collected from the controls and from the group receiving 30 mg/kg/day PFOA.Onthe.
seventh dayofthe study period, the female rats in the lowest dose group (3 mg/kg/day) exhibited
significantly greater urinary PFOA excretion than the males (3.12+-0.30 vs 1.50+0.57
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mg/24hi/kg). Unlike the female rats, on the 7th dayofthe study all three groups ofmale rats
excreted significantly less PFOA than their daily dose of PFOA, which suggested that the males
had not reacheda steady state by seven days. Onthe 26th day, the males excreted an amount of
PFOA equal to their daily dose.

Hanhijarvi et al. (1988) investigated the excretion kineticsofPFOA in the beagle dog. Six
Iaboratory bred beagle dogs (3 male,3 female) were anesthetized with methoxyflurane and
catheters were placed in both ureters afer laparototomy and cystotomy. The animals were given
an intravenous dose of 30 mg/keof PFOA followed by continuous infusion with 5% mannitol
solution at 1.7 ml/min. Urinewas collected at 10 minute intervals for 60 min. A S ml blood
sample was collected in the middleof each urine sampling period. Probenicid (30 mg/kg iv)
was then administered, and urine and blood samples were again collected as before. Renal
clearanceofPFOA was calculated for the before and after probenecid injection periods. Four
additional dogs (2male, 2 female) were given 30 mg/kg PFOA intravenously. These dogs were
kept in metabolism cages, and blood samples were collected intermittently for 30 days. Renal
clearance rate was approximately 0.03 ml/min/kg. Probenecid significantly reduced the PFOA
clearance in both sexes, indicating an active secretion mechanism for PFOA. The plasma half-
life ofPFOA was longer in the male dogs (473 h and 541 h) than in the female dogs (202h and.
305).

‘The urinary excretion of PFOA was studied in male Wistar ra after castration and estradiol
administration as wellas in intact males and females (Ylinen et al., 1989). The male rats (N=20)
were castrated at the ageof28 days and afer5 weeks were used in the tests. Halfof the
operated and 10 intact males were administered estradiol valerate subcutaneously 500 ug’kg
very second day during 14 days before the test. Urine was collected in metabolism cages
during 96hraftra single intraperitoneal PFOA dose (50 mg/kg). Blood samples were collected
by cardiac puncture. Castration and administrationofestradiol to the male rats had a significant
stimulatory effect on the urinary excretionofPFOA. During the first 24 hours, female rats
excreted 72+-5% (N=6)ofthe dose, whereas the intact males excreted only 9+-4% (N=6). After
the estradiol treatment, both the intact and castrated males excreted PFOA in amounts similar to
females (61+-19% and 68-14%, respectively). The castrated males without estradiol treatment.
excreted PFOA in urine faster than the intact males (50+-139%), but less than the females and the
estrogen treated males. At the end ofthetest (96 hr), the concentration ofPFOA in the serum of
intact males was considerably higher (17-40 times) than in the serumofother groups. There was
no statistically significant difference in the serum concentrations between the other groups.
PFOA was similarly bound by the proteins in the serumofmales and females.

Vanden Heuvel et al. (19924) investigated whether androgens or estrogens are involved in the
marked sex-differences in the urinary excretion of PFOA. Castrationofmales greatly increased
(> 1-fold) the elimination of 'C-PFOA (9.4 umollkg, ip.) in urine, demonstrating thata factor
produced by the testis is responsible forthe slow eliminationof PFOA in male rats. Castration
plus 17B-estradiol had no further effect on PFOA elimination whereas castration plus
testosterone replacement at the physiological level reduced PFOA elimination to the same level
as rats with intact testis. Thus,inmale rats, testosterone exerts an inhibitory effect on renal
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excretion of PFOA. In female rats, neither ovariectomy or ovaricetomy plus testosterone
affected the urinary excretionofPFOA, demonstrating that the inhibitory cffect oftestosterone:
on PFOA renal excretion is a male-specific response. Probenccid, which inhibits the renal
transport system, decreased the high rate of PFOA renal excretion in castrated males but had no
effect on male rats with intact testi.

Hormonal changes during pregnancy do not appear to cause a change in the ateofelimination
ofC after oral administration ofa single doseofammonium "“C-PFOA (Gibson and Johnson,1983). At8 or 9 days aftr conception, four pregnant ras and 2 nonpregnant female rats were
dosed (mean dose, 15 mg/kg) and individual urine samples were collected at 12, 24, 36, and 48
hours post dose and analyzed for "°C content. Essentially allofthe C was eliminated via urine
within 24 hours for both groupsofrats.

Feedingofcholestyramine to ats enhanced the fecal eliminationofAPFO (Johnson etal.
(1984). Male rats were administered APFO (2.1 mg/ml) dissolved in 0.9% NaCl as asingle:
intravenous dose (2 mlat, average APFO dose 13 mg/kg). At 14 days post dose, the mean
percentageofAPFO dose eliminated in the fecesof cholestyramine-treated rats (43.2+-5.5) was
9.8-fold the mean percentageofdose eliminated n feces by untreated ras (4.4+-1.0). Excretion
in urine was 41% for treated rats and 67% for untreated rats.

Kudo et al. (2002) demonstrated in male and female rats that renal clearance (CLy)of PFOA and
the renal mRNA levelsof specific organic anion transporters are markedly affected by sex.
hormones. The biological half-life ofPFOA in male rats was found to be 70 times longer than in
female rats and this difference is due primarily to low CL in male rats. Castration ofmale rats
caused a 14-fold increase in CLx ofPFOA. The elevated PFOA CL in castrated males was
reduced by treating them with testosterone. Treatmentofmale rats with estradiol increased the.
CL of PFOA. In female rat, ovariectomy caused a significant increase in CLy ofPFOA, which
was reduced by estradiol treatment. Treatmentsoffemal rats with testosterone reduced the CLy.
of PFOA. ‘Treatment with probenecid, a known inhibitorof organic anion transporters, markedly
reduced the CLy ofPFOA in male rat, castrated male rats, and femal rat. To identify the
transporter molecules that are responsible for PFOA transport in the rat kidney, renal mRNA
levelsofspecific organic anion transporters were determined in male and female rats under
various hormonal states and compared with the CLy ofPFOA. The level ofOAT2 mRNA in
male rats was only 13% that in female rats. Castration or estradiol treatment increased the level
Of OAT2 mRNA whereas treatmentofcastrated male rats with testosterone reduced it.
Ovariectomyof female rats significantly increased the level ofOAT3 mRNA. Multiple
regression analysisof the data suggested that organic anion transporter 2 (OAT2) and OATS are
responsible for urinary eliminationofPFOA in the rat.

32 Epidemiology Studies

32.1 Medical Surveillance Studies from the Antwerp and Decatur Plants

A cross-sectional analysis of the data from the 2000 medical surveillance program at the Decatur
2
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‘and Antwerp plants was undertaken to determineifthere were any associations between PFOA.
‘and hematology, clinical chemistries, and hormonal parametersofvolunteer employees (Olsen,
etal., 2001¢). The data were analyzed for all employees from both plant locations. Mean PFOA
serum levels were 1.03 ppm for all male employees at the Antwerp plant and 1.90 ppm for all
‘male employees at the Decatur plant. Male production employees at the Decatur plant had
significantly higher (p < .05) mean serum levels (2.34 ppm) than those at the Antwerp plant
(1.28 ppm). Non-production employees at both plantshadmean levels below 1 ppm. PFOA
serum levels were higher than the PFOS serum values at both plants, especially the Decatur plant
where serum levels are higher overall. In addition, values for total organic fluorine were even
higher than the PFOA levels.

Multivariable regression analyses were conducted to adjust for possible confounders that may
affect the results ofthe clinical chemistry tests. The following veriables were included:
production job (yes or no), plant, age, body mass index (BMI), cigarettes/day, drinks/day and
years worked at the plant. A positive significant association was reported between PFOA and
cholesterol (p= 05) and PFOA and triglycerides (p = 002). Age was alo significant in both
analyses. Alcohol consumed per day was significant in the cholesterol model, while BMI and
cigarattes smoked per day was significant for wiglycerides. When both PFOA and PFOS were
included in the analyses, nether reached statistical significance in the cholesterol model, while
PFOA remained significant (p = 02) in the triglycerides model. HDL was negatively associated
with PFOA (p =.04) and remained significant(p = 04) when both PFOA and PFOS were
included in the model. A positive association(p = 01) between T3 and PFOA was also
observed and remained statistically significant (p = .05) when PFOS was included in the model.
BMI, cigaretes/day, alcohol/day were also significant in the model. None ofthe other clinical
chemistry, thyroid or hematology measures were significantly associated with PFOA in the
regression model,

A longitudinal analysisofthe above data and previous medical surveillance results was
performed to determine whether occupational exposure to fluorochemicals over time is related to
changes in clinical chemistry and lipid results in employeesofthe Antwerp and Decatur facilities
(Olsen, tal. 20011). The clinical chemistries included: cholesterol, HDL, triglycerides,
alkaline phosphatase, gamma glutamy transferase (GGT), aspartate aminotransferase (AST),
alanine aminotransferase (ALT), total and direct bilirubin. Medical surveillance data from 1995,
1997, and 2000 were analyzed using multivariable regression. The plants were analyzed using 3
subcohort that included those who participated in 2 or more medical exams between 1995 and
2000. A total of 175 male employees voluntarily participated in the 2000 surveillance and at
least one other. Only 41 employees were participants in all 3 surveillance periods.

‘When mean serum PFOA levels were compared by surveillance year, PFOA levels in the
employees participating in medical surveillance a the Antwerp pln increased between 1994/95
and 1997 and then decreased slightly between 1997 and 2000. At the Decatur plant, PFOA
serum levels decreased betuveen 1994/95 and 1997 and then increased between 1997 and 2000.
‘When analyzed using mixed model multivariable regression and combining Antwerp and
Decatur employees, there was a statistically significant positive association between PFOA and
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serum cholesterol (p = 0008) and triglycerides (p = 0002) over time. When analyzed by plant
and also by subcohort, these associations were limited to the Antwerp employees (p = .005) and,
in particular, the 21 Antwerp employees who participated in all 3 surveillance years (p = .001).
However, the association between PFOA and triglycerides was also statistically significant (p =
102) for the subgroup in which employees participated in biomonitoring in 1994/95 and 200.
There was 10t a significant association between PFOA and triglycerides among Decatur
workers. There were no significant associations between PFOA and changes over time in HDL,
alkaline phosphatase, GGT, AST, ALT, totalbilirubin,and direct bilirubin.

There are several limitations to the 2000 cross-sectional and longitudinal studies including: 1)
serum PFOA levels were significantly higher at the Decatur plant than at the Antwerp plant, 2)
all participants were volunteers, 3) there were several consistent differences in clinical chemistry
profiles and demographics between employeesofthe Decatur and Antwerp plants (Antwerp
employees as comparedto Decatur employees had lower PFOA serum levels, were younger, had
lower BMI, worked feweryears,had higher alcohol consumption, higher mean HDL and
bilirubin values, lower mean triglyceride, alkaline phosphatase, GGT, AST, and ALT values, and
mean thyroid hormone values tended to be higher), 4) PFOS and other perfluorinated chemicals
are also present in these plants, 3) in the cross-sectional study, plant populations cannot be
compared because they were placed into quartiles based on PFOS serum distributions only
which were different for each subgroup and not applicable to PFOA, 6) only one measurement at
a certain point in time was collected for each clinical chemistry test, and 7) PFOA serum levels
overall have been increasing over time in these employees. In addition, in the longitudinal study
only a small numberof employees participated in all 3 sampling periods (24%), different labs
and analytical techniques for PFOA were used each year, and female employees could not be:
analyzed becauseofthe small numberofparticipants

322 Medical Surveillance Studies from the Cottage Grove Plant

A voluntary medical surveillance program was offered to employeesofthe Cottage Grove,
Minnesota plant in 1993, 1995, and 1997 (n= 111, 80 and 74 employees, respectively) (Olsen, et
al., 1998b, Olsen et al, 2000). Theclinical chemistry parameters (cholesterol, hepatic enzymes,
and lipoprotein levels) used in the longitudinal and cross-sectional studies of the Antwerp and
Decatur plants were also used in this study. In addition, in 1997 only, cholecystokinin-33 (CCK)
was also measured at the Cottage Grove plant. CCK levels were observed because certain
research has suggested that pancreas acinar cell adenomas seen in rats exposed to PFOA may be
the result ofincreased CCK levels (Oboum, et al, 1997).

Only male employees involved in PFOA production were included in the study. Sixty-cight
employees were common to the 1993 and 1995 sampling periods, 21 were common between
1995 and 1997, and 17 participated in al three surveillance years. Mean serum PFOA levels and
ranges are provided in Table2ofthe Biomonitoring Sectionofthis report. It should be noted
that Cottage Grove has the highest serum PFOA levelsofthe 3 plants studied.

Employees’ serum PFOA levels were stratified into 3 categories (<1, 1- <10, and 210 ppm),
4
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chosen to provide a greater numberofemployees in the > 10 ppm category. As employees”
‘mean serum PFOA levels increased,nostatistically significant abnormal liver function tests,
hypolipidemia, or cholestasis were observed in anyofthe sampling years. Multivariable
regression analyses controlling for potential confounders (age, alcohol consumption, BMI,and
cigarettes smoked) yielded similar results. The authors also reported that renal function, blood
glucose, and hematology measures were not associated with serum PFOA levels; however, thesedata were not provided in the paper.

‘The mean CCK value reported for the 1997 sample was 28.5 pg/ml (range 8.8 - 86.7 pg/ml). The
means in the 2 serum categories < 10 ppm were at least 50% higher than in the > 10 ppm.
category. A statistically significant (p = 03) negative association between mean CCK levels and
the 3 PFOA serum categorieswas observed. A scatter plot of the natural log ofCCK and PFOA
shows that all but 2 CCK values are within the assay’s reference range of0 - 80 pg/ml. Both of
these employees (CCK valuesof80.5 and 86.7 pg/ml) had serum PFOA levels less than 10 ppm
(0.6.and 5.6 ppm, respectively). A multiple regression modelofthe natural logof CCK and
serum PFOA levels continued to display a negative association after adjusting for potential
confounders.

‘The cross-sectional design is a imitationofthis study. Only 17 subjects were common to all 3
sampling years. In addition, the medical surveillance program is a voluntary one. The
participation rate ofeligible production employees decreased from approximately 70% in 1993
10.50% in 1997. Also, the laboratoryreferencerange changed substantially for ALT in 1997.
Finally, different analytical methods were used to measureserum PFOA. Serum PFOA was
determined by electrospray high-performance liquid chromatography/mass spectrometry in 1997,
but by thermospray in 1993 and 1995.

An earlier medical surveillance study on workers who were employed in the 1980's was
conducted at the Cottage Grove plant; however, total serum fluorine was measured instead of
PFOA (Gilliland and Mandel, 1996). Based on animal studies that reported that animals exposed
to PFOA develop hepatomegaly and alterations in lipid metabolism, a cross-sectional,
occupational study was performed to determineif similar effects are present in workers exposed
10 PFOA. Ina PFOA production facility, 115 workers were studied to determine whether serum
PFOA affected their cholesterol, lipoproteins, and hepatic enzymes. Forty-cight workers who
were exposed to PFOA from 1985-1989 were included in the study (96% participation rate)
Sixty-five employees who cither volunteered or were asked to participate, were included in the
unexposed group. These employees were assumed to have little or no PFOA exposure based on
their job description. However, when serum levels were analyzed, it was noted that this group of
workers had PFOA levels much greater than the general population. Therefore, instead ofjob.
categories, total serum fluorine was used to classify workers into exposure groups

Total serum fluorine was used as a surrogate measure for PFOA. Serum PFOA was not
‘measured, due to the cost of analyzing the samples. Blood samples were analyzedfortotal
serum fluorine, serum glutamy oxaloacetic transaminase (SGOT or AST), serum glutamyl
pyruvic transaminase (SGPT or ALT), garmima ghitamy! transferase (GGT), cholesterol, low-
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density lipoproteins (LDL), and high-density lipoproteins (HDL). All ofthe participants were
placed into five categories of total serum fluorine levels: <1 ppm, 1-3 ppm, 3 - 10 ppm, >10-
15 ppm, and > 15 ppm. The rangeofthe serum fluorine values was 0 to 26 ppm (mean 3.3
ppm). Approximatelyhalf of the workers fell into the > 1 - 3 ppm category, while 23 had serum
levels < I ppm and 11 hadlevels > 10 ppm.

There were no significant differences between exposure categories when analyzed using
‘univariate analyses for cholesterol, LDL, and HDL. Inthe multivariate analysis, there was not a
significant association between total serum fluorine and cholesterol or LDL after adjusting for
alcohol consumption, age, BMI, and cigarette smoking. There were no statistically significant
differences among the exposure categoriesof total serum fluorine for AST, ALT and GGT.
However, increases in AST and ALT occurred with increasing total serum fluorine levels in
obese workers (BMI = 35 kg/m’). This resultwasnot observed when PFOA was measured
directly in serumofworkers in 1993, 1995, or 1997 surveillance dataof employeesofthe
Cottage Grove plant (Olsen, et a, 2000),

Since PFOAwas not measured directly and there is no exposure information provided on the
employees (eg. lengthofemploymentexposure), the resultsof the study provide limited
information. The authors state that no adverse clinical outcomes related to PFOA exposure have
been observed in these employees; however, it is not clear that there has been follow-up of
former employees. In addition, the rangeof results reported forthe liver enzymes were fairly
‘wide for manyof the exposure categories, indicating variability in the results. Given that only
‘one sample vas taken from each employee, this is not surprising. It would be much more helpful
10 have several samples taken over time to ensure thir reliability. Italso would have been
interesting to compare the resultsofthe workers who were known to be exposed to PFOA to
those who were originally thought not to be exposed to see ifthere were any differences among
the employees in these groups. There were moreofthe “unexposed” employees (n = 65)
participating in the study than those who worked in PFOA production (n = 48).

3.2.3 Mortality Studies

A retrospective cohort mortality study was performed on employees at the Cottage Grove, MN
plant which produces APFO (Gilliland and Mandel, 1993). At this plant, APFO production was
limited to the Chemical Division. The cohort consistedofworkers who had been employed at
the plant for at least 6 months between January 1947 and December 1983. Death cerlificates of
allofthe workers were obtained to determine causeof death. There was almost
‘complete follow-up (99.5%)ofallofthe study participants. The exposure statusof the workers
was categorized based on their job histories. If they had been employed for atleast | month in
the Chemical Division, they were considered exposed. All others were consideredto be not
exposed to PFOA. The number of months employed in the Chemical Division provided the
cumulative exposure measurements. Ofthe 3537 (2788 men and 749 women) employees who
participated in this study, 398 (348 men and 50 women) were deceased. Eleven of the 50 women
and 148ofthe 348 men worked in the Chemical Division, and therefore, were considered
exposed to PFOA.
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Standardized Morality Ratios (SMR), adjusted for age, sex, and race were calculated and
compared to U.S. and Minnesota white death rates for men. For women, only state ates wereavailable. The SMRs for males were stratified for 3 latency periods (10, 15, and 20 years) and 3periods ofdurationofemployment (5, 10, and 20 years),

For all female employees, the SMRs for all causes and for al cancers were less than 1. The onlyelevated (although not significant) SMR was for Iymphopoietic cancer, and was based on only 3deaths. When exposure status was considered, SMRs for all causesofdeath and for all cancerswere significantly lower than expected, based on the U.S. rates, for both the Chemical Division
workers and the other employeesofthe plant.

In ll male workers at the plant, the SMRs were close to 1 for mostofthe causesofdeath when
compared to both the U.S. and the Minnesota death rates. When latency and duration of
employment were considered, there were no elevated SMRs. When employe deaths in the
‘Chemical Division were compared to Minnesota death rates, the SMR for prostate cancer for
workers in the Chemical Division was 2.03 (95% CI 55 - 4.59). This was based on 4 deaths
(1.97 expected). There was alsoa statistically significant association with lengthofemployment
inthe Chemical Division and prostate cancer mortality. Based on the resultsofproportional
hazard models, the relative risk for a 1-year increase in employment in the Chemical Division
was 113 (95% CI 101 10 1.27). It rose 10 3.3 (95% CI 1.02 -10.6) for workers employed in the
Chemical Division for 10 years when compared to the other employees in the plant. The SMR
for workers not employed in the Chemical Division was less than expected for prostate cancer
59).

An updateofthis study was conducted to include the death experienceofemployees through
1997 (Alexander, 2001a). The cohort consistedof3992 workers. The eligibility requirement
was increased 10 1 year of employment at the Cottage Grove plan, and the exposure categories
were changed to be more specific. Workers were placed into 3 exposure groups based on job
history information: definite PFOA exposure (n = 492, jobs where cell generation, drying,
shipping and packagingofPFOA occurred throughout the historyofthe plant); probable PFOA
exposure (n= 1685, other chemical division jobs where exposure to PFOA was possible but with
Tower or transient exposures); and not exposed to fluorochemicals (n = 1315, primarily non-
chemical division jobs)

In this new cohort, 607 deaths were identified: 46ofthese deaths were in the PFOA exposure
group, 267 in the probable exposuregroup,and 294 in the non-exposed group. When all
employees were compared to the state mortality rates, SMR were less than 1 or only slightly
higher for allofthe causesofdeath analyzed. Noneofthe SMR were statistically significant at
P= .05. The highest SMR reported wasforbladdercancer (SMR = 1.31,95% C1 = 042- 3.05),
Five deaths were observed (3.83 expected)

A few SMR were elevatedfor employeesin the definite PFOA exposure group: 2 deaths from
cancerofthe large intestine (SMR = 1.67, 95% CI = 0.02 ~ 6.02), 1 from pancreatic cancer
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(SMR = 1.34,95% CI = 0.03 ~7.42), and 1 from prostate cancer (SMR = 1.30, 95% C1 = 0.03 -
7.20). In addition, employees in the definite PFOA exposure group were 2.5 times more likely
to die from cerebrovascular disease (5 deaths observed, 1.94 expected; 95% CI = 0.84 ~ 6.03).

In the probable exposure group, 3 SMR shouldbenoted: cancerofthe testis and other male
‘genital organs (SMR = 2.75, 95% C1 = 0.07 — 15.3); pancreatic cancer (SMR = 1.24, 95% CI =
0.45 -2.70); and malignant melanomaofthe skin (SMR = 1.42, 95% CI = 0.17 - 5.11). Only 1,
6, and 2 cases were observed, respectively. The SMR for prostate cancerin this group was 0.86
(95% C1=028-202)(n=).

‘There were no notable excesses in SMR in the non-exposed group, except for cancerof the
bladder and other urinary organs. Four cases were observed and only 1.89 were expected (95%
CI=0.58 ~ 5.40).

tis difficult to interpret the resultsofthe prostate cancer deaths between the firs study and the
update because the exposure categories were modifiedin the update. Only 1 death was reported
in the definite exposure group and wereobserved in the probable exposure group. All of these
deaths would have been placed in the chemical plant employees exposure group in the first
study. The numberofyears that these employees worked atthe plant and/or were exposed to
PFOA was not reported. This is important because even 1 prostate cancer death in the definite
PFOA exposure group resulted in an elevated SMR for the group. Therefore, ifany ofthe.
employees’ exposures were misclassified, the resultsof the analysis could be altered
significantly.

“The excess morality in cerebrovascular disease noted in employees in the definite exposure
‘group was further analyzed based on numberofyearsofemployment at the plant. Threeofthe 5
deaths occurred in workers who were employed in jobs with definite PFOA exposure for more.
than 5 years but lessthan 10 years (SMR = 15.03, 95% CI = 3.02 — 43.91). The other2 occurred
in employees with less than I yearofdefinite exposure. The SMR was 6.9 (95% CI = 1.39 —
20.24) for employees with greater than $ yearsofdefinite PFOA exposure. Inorder to confirm
that the results regarding cerebrovascular disease were not an artifactof death certificate coding,
regional mortality ates were used for the reference population. The results did not change.
‘When these deaths were further analyzed by cumulative exposure (time-weighted according to
exposure category), workers with 27 yearsof exposure in probable PFOA exposed jobs or those
with 9 yearsofdefinite PFOA exposure were 3.3 times more likely to die of cerebrovascular
disease than the general population. A dose-response relationship was not observed with years of
exposure.

Its difficult to compare the results ofthe first and second mortality studies at the Cottage Grove.
plant since the exposure categories were modified. Although the potential for exposure.
misclassification was certainly more likely in the fist study, it may sill have occurred in the
update as well. Its difficult to judge the reliabilityofthe exposure categories that were defined.
without measured exposures. Although serum PFOA measurements were considered in the
exposure matrix developed for the update, they were not directly used. In the second study, the
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chemical plant employees were sub-divided into PFOA-exposed groups,and the film plant
employees essentially remained in the “non-exposed” group. Thiswasan effort to more
accurately classify exposures; however, these new categories do not take into account duration of
exposure or lengthof employment. Another limitation to this study is that 17 death certificates
were not located for deceased employees and therefore were not included in the study. The
inclusion or exclusion ofthese deaths could change the analyses for the causesofdeath that had
a small number ofcases. Follow upofworker mortality at Cottage Grove (and Decatur) needs to
continue. Although there were more than 200 additional deaths included in this analysis, it is a
small number and the cohort is still relatively young. Given the resultsofstudies on
fluorochemicals in both animals and humans, farther analysis is warranted.

32.4 Hormone Study

Endocrine effects have been associated with PFOA exposure in animals; therefore, medical
surveillance data, including hormone testing, from employeesofthe Coftage Grove, Minnesota
plant were analyzed (Olsen, etal, 1998). PFOA serum levels were obiained for volunteer
workers in 1993 (n = 111) and 1995 (n = 80). Sixty-cight employees were common to both
sampling periods. In 1993, the rangeofPFOA was 0-50 ppm (although 80 ppm was the limit of
detection that year, so it could have been higher) and 0-115 ppm in 1995 using thermospray mass
spectrophotometry assay. Eleven hormones were assayed from the serum samples. They were:
cortisol, dehydroepiandrosterone sulfate (DHEAS), estradiol, FSH, 17 gamma-
hydroxyprogesterone (17-HP), free testosterone, total testosterone, LH, prolactin, thyroid
stimulating hormone (TSH) and sex hormone-binding globulin (SHBG). Employees were
placed into 4 exposure categories based on their serum PFOA levels: 0-1 ppm, 1-< 10 ppm, 10-
<30 ppm, and >30 ppm. Statistical methods used to compare PFOA levels and hormone values
included: multivariable regression analysis, ANOVA, and Pearson correlation coeflicients.

PFOA was not highly correlated with anyofthe hormones or with the following covariates: age,
alcohol consumption, BMI, or cigarettes. Mostofthe employees had PFOA serum levels less
than10 ppm. In 1993, only 12 employees had serum levels> 10 ppm, and 15 in 1995.
However, these levels ranged from approximately 10 ppm to over 114 ppm. There were only 4
employees in the >30ppm PFOA group in 1993 and only 5 in 1995. Therefore, it s likely that
there was not enough power to detect differences in eitherofthe highest categories. The mean
age of the employees in the highest exposure category was the lowest in both 1993 and 1995
(33.3 years and 38.2 years, respectively). Although not significantly different from the other
categories, BMI was slightly higher in the highest PFOA category.

Estradiol was highlycorrelated with BMI (+ = 41, p < 001 in 1993, and r = 30, p< 01 in
1995). In 1995, all 5 employees with PFOA levels > 30 ppm had BMIs > 28, although this effect
was not observed in 1993. Estradiol levels in the >30 ppm group in both years were 10% higher
than the other PFOA groups; however, the difference was not statistically significant, The
authors postulate that the study may not have been sensitive enough to detect an association
between PFOA and estradiol because measured serum PFOA levels were likely below the
observable effect levels suggested in anima studies (55 ppm PFOA in the CD rat). Only 3
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employees inthis study had PFOA serum levels this high. They also suggest that the higher
estradiol levels in the highest exposure category could suggest threshold relationship between
PFOA and estradiol

Free testosterone was highly correlated with age in both 1993 and 1995. The authors did not
report a negative association between PFOA serum levels and testosterone. There were no
statistically significant trends noted for PFOA and either bound or free testosterone. However,
17-HP, a precursoroftestosterone, was highest in the >30 ppm PFOA group in both 1993 and
1995. Tn 1995, PFOA was significantly associated with 17-HP in regression models adjusted for
‘possible confounders. However, the authors sate that this association was based on the results
ofone employee (data were not provided in the report). There were no significant associations
between PFOA and cortisol, DHEAS, FSH, LH, and SHBG.

There are several design issues that should be noted when evaluating the resultsofthis study.
First, although there were 2 study years (1993 and 1995), the populations were not independent.
Sixty-cight employees participated in both years. Second, there were 31 fewer employees who
participated in the study in 1995, thus reducing the powerofthe study. There were also very few
employees in cither year with serum PFOA levels greater than 10 ppm. Third, the cross-
sectional designofthe study does not allow for analysis of temporalityofan association. Since
the half-life ofPFOA is at least 1 year, the authors suggest that it is possible that there may be
some biological accommodation to the effects of PFOA. Fourth, only one sample was taken for
ach hormone for eachofthe study years. In order to get more accurate measurements for some
ofthe hormones, pooled blood taken in a short time period should have been used for cach
participant. Fifth, someofthe associations that were measured in this study were done based on
the resultsofan earlier paper that linked PFOA with increased estradiol and decreased
testosterone levels. However, total serum organic fluorine was measured in that study instead of
PFOA, making it difficult to compare the result. Finally, there may have been some
‘measurement errorofsomeofthe confounding variables.

3.2.5 Study on EpisodesofCare (Morbidity)

Tn order to gain additional insight ito the effectsof luorochemical exposure on workers’ health,
an “episode of care” analysis was undertaken at the Decatur plant t0 screen for morbidity
outcomes that may be associated with long-term, high exposure to fluorochemicals (Olsen et al.,
20012). An “episodeofcare” is a seriesofhealth care services provided from the start ofa.
particular disease or condition until solution or resolutionofthat problem. Episodesof care were
identified in employees’ health claims records using Clinical Care Groups (CCG) software. All
inpatient and outpatient visits to health care providers, procedures, ancillary services and
prescription drugs used in the diagnosis, treatment, and management ofover400 discases or
conditions were tracked.

Episodesof care were analyzed for 652 chemical employees and 659 film plant employees who
worked at the Decatur plant for a least 1 year between January 1, 1993 and December 31, 1998.
Based on work history records, employees were placed into different comparison groups:
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Group A consistedof all film and chemical plant workers; Group B had employes who only.
worked in either the film or chemical plant; Group C consisted of employees who worked in jobs
with high POSF exposures; and Group D had employees who worked in high exposures in the
chemical plant for 10 years or more prior to the onsetof the study. Film plant employees were
considered to have litle or no fluorochemical exposure, while chemical plant employees were

assumedto have the highest exposures.

Ratiosofobserved to expected episodesofcare were calculated for each plant. Expected
numbers were based on 3M's employee population experience using indirect standardization
techniques.A ratioofthe chemical plant’s observed to expected experience divided by the film
plant’s observed to expected experience was calculated to provide a relative risk ratio for each
episodeof care (RREpC). 95% confidence intervals were calculated forcachRREpC. Episodes
of care that wereofgreatest interest were those which had been reported in animal or
epidemiologic literature on PFOS and PFOA: liver and bladder cancer, endocrine disorders
involving the thyroid gland and lipid metabolism, disordersofthe liver and biliary tact, and
reproductive disorders.

‘The only increased riskofepisodes for these conditions ofa prior interest were for neoplasms of
the male reproductive system and for the overall categoryofcancers and benign growths (which
included cancer of the male reproductive system). There was an increased riskof episodes for
the overall cancer category for all 4 comparison groups. The risk ratio was greatest in the group
of employees with the highest and longest exposures to fluorochemicals (RREPC = 1.6, 95% C1
= 12-211). Increased risk ofepisodes in long-time, high-exposure employees also was reported
for male reproductive cancers (RREpC = 9.7, 95% Cl = 1.1 - 458). It should be noted thatthe
confidence interval is very wide for male reproductive cancers and the sub-categoryofprostate.
cancer. Five episodesofcare were observed for reproductive cancers in chemical plant
employees (1.8 expected), of which 4 were prostate cancers. One episode ofprostate cancer was
observed in film plant employees (3.4 expected). This finding should be notedbecausean
excess in prostate cancer mortality was observed in the Cottage Grove plant mortality study
‘when there were only 2 exposure categories (chemical division employees and non-chemical
division employees). The updateofthe study sub-divided the chemical plant employees and did
not confirm this finding when exposures were divided into definitely exposed and probably
exposed employees.

‘There was an increased riskofepisodes for neoplasmsofthe gastrointestinal tract in the high
exposure group (RREPC = 1.8, 95% CI = 1.2- 3.0) and the long-term employment, high
exposure group (RREPC = 29, 95% CI = 1.75.2). Most of the episodes were attributable to
benign colonic polyps. Similar numbersofepisodes were reported in film and chemical plant
employees.

In the entire cohort, only 1 episodeofcare was reported for liver cancer (0.6 expected) and 1 for
bladder cancer (1.5 expected). Both occurred in film plant employees. Only 2 casesofcirrhosis
ofthe liver were observed (0.9expected), both in the chemical plant. There was a greater risk of
Tower urinary tract infections in chemical plant employees, but they were mostly due fo recurring.
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episodesof care by the same employees. It s difficult to draw any conclusions about these
observations, given the small numberof episodes reported.

Chemical plant employees in the high exposure, long-term employment group were 2 % times
more likely to seck care for disordersof the biliary tract than their counterparts in the film plant
(RREPC = 2.6, 95% CI = 1.2 - 5.3). Eighteen episodesofcare were observedin chemical plant
employees and 14 in film plant workers. The sub-categories that influenced this observation
were episodesof cholelithiasis with acute cholecystitis and cholelithiasis with chronic or
unspecified cholecystitis. Mostofthe observed cases occurred in chemical plant employees.

Risk ratiosof episodesofcare for endocrine disorders, which included sub-categories of thyroid
disease, diabetes, hyperlipidemia, and other endocrine or nutritional disorders, were not elevated
in the comparison groups. Conditions which were not denifieda prior but which excluded the
null hypothesis in the 95% confidence interval for the high exposure, long-term employment
‘group included: disordersof the pancreas, cystits, and lower urinary tract infections.

“The resultsofthis study only should be used for hypothesis generation. Although the episode of
care design allowed for a direct comparisonofworkers with similar demographics but different
exposures, there are many limitations to this design. The limitations include: 1) episodesof care
are reported, not disease incidence, 2) the data are difficult 0 interpret becausea large RREpC
‘may not necessarily indicate high risk of incidenceofdisease, 3) manyofthe risk ratios for
episodesofcare had very wide confidence intervals, thereby providing unstable results, 4) the
analysis was limited 10 6 years, 3) the utilization ofhealth care services may reflect local medical
practice patiers, 6) individuals maybe counted more than once in the database becausetheycan
be categorized under larger or smaller disease classifications, 7) episodesof care may include the
same individual several times, §) not all employees were included in the database, such as those
on long-term disability, 9) the analysis may be limited by the software used, which may
misclassify episodesofcare, 10) the software may assign 2 different diagnoses to the same
episode, and 11) certain services, such as lab procedures may not have been reported in the
database.

3.3 Acute Toxicity Studies in Animals

33.1 Oral Studies

The acute oral toxicityof APFO was tested in male and female rats in three studies. Death
occurred at concentrations 2464 mg/kg (Intemat’| Res and Dev Corp., 1978). Abnormal findings
upon necropsy (kidney, stomach, uterus) were observed (Glaza, 1997) at 500 mg/kg (higher
concentrations were not tested). Clinical signs oftoxicity observed in these three studies
included the following: red-stained face, stained urogenital area, wet urogenital area,
hypoactivity, hunched posture, staggered gait, excessive salivation, ptosis, piloereetion,
decreased limb tone, ataxia, comeal opacity, and hypothermic to touch.

In one study (Internat’l Res and Dev Corp., 1978), the oral LDS0 values for Charles River CD
2
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rats were 680 mg/kg (399 — 1157 mg/kg 95% confidence limit) for males; 430 mg/kg (295 626
‘mg/kg 95% confidence limit) for females; and 540 mg/ke (389 - 749 mg/kg 95% confidence
limi) for males and females. The remaining two studies provided LDSO valuesof (1) >500
mg/kg for male Crl:CD(SD)BR rats, and 250-500 mg/kg for female Crl:CD(SD)BR rats
(Glaza, 1997); and (2) <1000 mg/kg for male and femaleSherman- Wistar rats (3M Company,
1976b).

3.3.2 Inhalation Studies

‘The acute inhalation toxicityof APFO was testedinmale and female Sprague-Dawley rats, at a
dose level of 18.6 mg/L (nominal concentration), and exposure durationofone hour. Signs of
toxicity during and up to 14 days aftr the exposure period, included the following: excessive
salivation, excessive lacrimation, decreased activity, labored breathing, gasping, closed eyes,
mucoid nasal discharge, irregular breathing, red nasal discharge, yellow stainingofthe
anogenital fur, dry and moist rales, ed material around the eyes, and body tremors. Upon
necropsy, lung discoloration was observed in a higher than normal incidenceof ats (8/10).
Based on the study results, the test substance was not fatal to rats at a nominal exposure.
concentration of 18.6 mg/Landexposure durationof one hour (Bio/dynamics, Inc. 1979).

3.3.3 Dermal Studies

‘The acute dermal toxicityofAPFO was tested in male and female Hra(NZW)SPF rabbits, at a
dose levelof2000 mg/kg, and a 24-hour exposure period. All animals appeared normal and
exhibited body weight gain throughout the study, with the exceptionofone male that lost weight
during the first week. Dermal irritation consisted ofslight to moderate erythems, edema, and
atonia; slight desquamation; coriaceousness; and fissuring. No visible lesions were observed
upon necropsy. The dermal LDSO in rabbits was determined tobegreaterthan 2000 mg/kg
(Glaza, 1995).

3.3.4 Eye Irritation Studies

“The eye initation potentialofAPFO was tested in albino rabbits, at a dose level of 0.1 gram. In
wo ofthree studies, APFO was determined to be a primary ocular imitant. In the studies in
which APFO was found to be a primary ocular iitant, APFO was left in contact with the eye for
7 days, then rinsed, or not rinsed. Iitation scores varied during the observation period.
Initation scoresofthe conjunctiva, iris, and comes ranged from 24 in one study (Biosearch,
Inc. 1976) and from 2-10inthe other study (3M Company, 19762). In both studies, irritation
remained evident for the durationof the observation period (7-days post-exposure). In the study
in which APFO was determined to be a non-iritant (Gabriel), the test substance was let in
contact with the eye for 5 or 30 seconds, and then the eyes were rinsed. In this study, positive
scores were reported for conjunctivac irritation for up to 7-days post-exposure, so the author's
negative conclusion for ocular irritancy is problematic.
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3.3.5 Skin Irritation Studies

‘The skin iritation potential of APFO was tested in albino rabbits in two studies, ata dose level
f0.5 grams, under occluded test conditions. Inone study (Riker Laboratories, Inc. 1983),
APFO produced irreversible tissue damage in female rabbits, following a 3-minute, 1-hour, and
-hour contact period. Moderate erythemaandedema, as well as chemical burn, eschar, and
necrosis, were observed following all three contact periods. An endpoint was not achieved in
this study due to extreme iritation following each contact period. In contrast in the second study
(Gabriel), APFO wasreportedas a non-itantofskinaferan exposure periodof24 or 72
hours, based on primary irritation scoresofzero.

3.4 Mutagenicity Studies

APFO was tested twice (Lawlor, 1995; 1996) for is ability to induce mutation in the Salmonella
~E. coli/mammalian-microsome reverse mutation assay. The tests were performed both with and
without metabolic activation. A single postive response secn at one dose level in S.
typhimurium TA1537 when tested without metabolic activation was not reproducible. APFO did
not induce mutation in either S. typhimurium or E. coli when tested either with or without
‘mammalian activation. APFO did not induce chromosomal aberrations in human lymphocytes
‘when tested with and without metabolic activation up to cytotoxic concentrations (Murli, 1996¢;
NOTOX, 2000). Sadhu (2002) recently reported that APFO did not induce gene mutation when
tested with or without metabolic activation in the K-1 lineof Chinese hamster ovary (CHO) cells
in culture.

Murli (19960) tested APFO twice for its ability to induce chromosomal aberrations in CHO
cells. In the first assay, APFO induced both chromosomal aberrations and polyploidy in both the

presenceand absenceofmetabolic activation. In the second assay, no significant increases in
chromosomal aberrations were observed without activation. However, when tested with
metabolic activation, APFO induced significant increases in chromosomal aberrations and in
polyploidy (Mur, 1996b).

APFO was tested in a cell transformation and cytotoxicity assay conducted in C5H 10T;; mouse
embryo fibroblasts. The cell transformation was determine as both colony transformation and
foci transformation potential. There was no evidenceoftransformation at anyofthe dose levels
tested in either the colony or foci assay methods (Garry & Nelson, 1981).

APFO was tested twice in the mouse micronucleus assay. APFO did not induce any significant
increases in micronuclei and was considered negative under the conditionsofthis assay (Murli,
19963)

3.5 Subehronic Toxicity Studies in Animals

Subchronie toxicity studies have been conducted in rats, mice, rhesus monkeys and cynomolgus
monkeys. Two unpublished 28-day feeding studies were performed at Industrial Bio-Test
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Laboratories, Inc. (Metrick and Marias, 1977 and Christopher and Marias, 1977). Tn both rats
and mice the liver was the target organ. In rats, males had more pronounced hepatotoxicity and
histopathologic effects than females. Three 90-day subchronic toxicity studies have been
conducted in rats (Goldenthal, 19783, Palazzolo, 1993) and rhesus monkeys (Goldenthal,
1978). Thomford (2001a,b) recently conducted a range-finding and a 6-month toxicity Study in
cynomolgus monkeys. In addition, chronic/carcinogenciy studies have been conducted which
are described in section 3.8. In all species, the liver is the main target organ. In rats, males had
more pronounced hepatotoxicity and histopathologic effects than females, presumably because
of the gender difference in elimination ofAPFO,

In a 28-day studyof ChR-CD albino rat, eight randomly assigned groups ofive males and five
females were studied (Metrick and Marias, 1977). After rats were allowed to acclimate fora
week in individual cages they then received similar feed containing 0, 30, 100, 300, 1000, 3000,
10,000,or 30,000 ppm APFO for 28 days. The animals were observed daily and body weights
and food consumption were recorded weekly. Animals that died during the study were examined
for gross pathology, as were surviving animals at 28 days. I is stated that the study included a
complete examinationofgross pathology and a complete setof tissues and organs were
‘examined, but the specific lst is not supplied. Livers were weighed to determine relative organ
weight then stained for histopathologic examination.

All animals in the 10,000 and 30,000-ppm groups died before the end ofthe first week. There
were no premature deaths or other clinical signsoftoxicity in the other groups. Body weight
‘gains were reduced in the groups receiving 1000ormore ppm. Slight reductions in body weight
‘gain were also observed in males exposed to 300 ppm and males and females fed 100 ppm.
Reduced food intake was observed in rat fed 1000 ppm or higher in a dose-related manner.
Relative liver weights were increased in males fed 30 ppm or more and females fed 300 ppm or
more. Gross pathological exam did not reveal treatment.related effects in kidneysorother
organs besides livers. Focal to multifocal cytoplasmic enlargementof hepatocytes was noted in
animals fed 300 ppm, and multifocal to diffuse enlargementof hepatocytes was noted in animals
fed 1000 ppm or higher. These effects were more pronounced in males (Metrick and Maras.
1977).

Ina 28-day studyofCharles River-CD albino mice, eight randomly assigned groups offive
males and five females were studied (Christopherand Marisa, 1977). After mice were allowed
10 acclimate for§ days in individual cages they then received similar feed containing 0, 30, 100,
300, 1000, 3000, 10,000, or 30,000 ppmof APFO for 28 days. The animals were observed daily
and body weights and food consumption were recorded weekly. Animals that died during the
study were examined for gross pathology, as were surviving animes at 28 days. is stated the
study included a complete examinationofgross pathology and a representative setoftissues and
organs were examined, bu the specific list is not supplied. Livers were weighed to determine
relative organ weight then stained for histopathologic examination.

Al animals in the 1000-ppm and higher groups died before the endofday 9. Theentire 300-ppm
‘group died within 26 days except 1 male. One animal in eachofthe 30 and 100-ppm groups
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died prematurely. Clinical signs were observed in mice exposed to 100 ppm and higher doses of
PFOA. At100ppm some animals exhibited cyanosison days 10 and 11 oftesting, but appeared
normal throughout the restofthe study. Animals feed 300 ppm exhibited roughed fur and
muscular weakness as well as signsofcyanosis after days of treatment. Animals fed 1000 ppm
exhibited similar effects ater 6 days and those receiving 3000 ppm or greater doses exhibited
effects after 4 days.

All mice fed APFO lost weight. Reductions in body weight gain were followed by weight losses
in mice fed 30, 100, or 300 ppm. A dose-related pattern was seenin the depressed body weights.

Relative and absolute liver weights were increased in mice fed 30ppmor more APFO. Gross
pathological examination ofkidneys or other organs besides livers is not discussed. Treatment-
related changes were observed in the livers among all APFO treated animals including
enlargement and/or discolorationof1 or more liver lobes. Histopathologic examinationof all
APFO treated mice revealed diffuse cytoplasmic enlargement of hepatocytes throughout the liver
(pan lobular hypertrophy) accompanied by focal to multifocal cytoplasmic vacuoles.
Degeneration and /or necrosis ofhepatocytes and focal bile duct proliferation were also noted in
mice within all groups (Christopher and Maras, 1977).

‘Three 90-day subchronic toxicity studies have been conducted. One was conducted in rats
(Goldenthal, 19783), one was conducted in rhesus monkeys (Goldenthal, 1978b) and the third
was conducted in male rats (Palazzolo, 1993).

In the monkey study, Goldenthal (1978) administered rhesus monkeys (2sex/group) doses of 0,
3,10, 30 or 100 mg/kg/day perfluorooctanoic acid (FC-143) in 0.5% Methocel by gavage for 7
days/week for 90 days. All doses were given in a constant volume; individual daily doses were
based upon the weekly body weights. Animals were observed twice daily for general physical
appearance and behavior and pharmacotoxic signs. General physical examinations were
performed during the control period and monthly during the study period. Individual body
weights were recorded weekly. Blood and urine samples were collected once during the control
‘period and at 1 and 3 monthsofthe study for hematology, clinical chemistry and urinalysis.
Monkeys were fasted overnight prior to the collectionofblood and urine samples. Organs and
tissues from animals that were sacrificed at the endofthe study and from animals that died
during the treatment periodwere weighed, examined for gross pathology and samples taken for
histopathology. Histopathology was performed on the following organs from all monkeys in the
control and treatment groups: adrenals, aorta, bone, brain, esophagus, eyes, gallbladder, heart
(with coronary vessels), duodenum, ileum, jejunum, cecum, colon, rectum, kidneys, liver, lung,
skin, meseateric lymph node, retropharyngeal lymph node, mammary gland, nerve (with
muscle), spleen, pancreas, prostate/uterus, rib junction (bone marrow), salivary gland, lumbar
spinal cord, pituitary, stomach,testesovaries, thyroid, parathyroid, thymus, trachea, tonsil,
tongue, urinary bladder, vagina, identifying tattoo, and any tissues(s) with lesions.

All monkeys in the 100-mg/kg/day groups died during the study. The first death occurred during
week 2; all animals were dead by week 5. Signs and symptoms which first appeared during
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week 1 included anorexia, frothy emesis which was sometimes brown in color, pale face and
‘gums, swollen face and eyes, slighto severe decreased activity, prostration and body trembling.
‘Three monkeys from the 30-mg/kg/day group died during the study; one male died during week
7 and the two females died during weeks 12 and 13. Beginning in week 4, all four animals
showed slight to moderate and sometimes-severe decreased activity. One monkey had emesis
and ataxia, swollen face, eyes and vulva, as well as pallorofthefaceand gums. Beginning in
week 6, two monkeys had black stools and one monkey had slight to moderate dehydration and
ptosisofthe eyelids.

No monkeys in the 3 or 10 mg/kg/day groups died during the study. Animals in the 3-
‘mg/kg/day-dose group occasionally had soft stools or moderate to marked diarrhea; frothy
emesis was also occasionally noted in this group. One monkey in the 10 mg/kg/day group was
anorexic during week 4, had a pale and swollen face in week 7 and had black stools for several
days in week 12. The other animals in the 10-mg/kg/day groups did not show any unusual signs
or symptoms.

Changes in body weight were similar0 the controls for animals fromthe 3 and 10 mg/kg/day
dose groups. Monkeys from the 30 and 100 mg/kg/day groups lost body weight after week 1.
‘At the endof the study, ths loss was statistically significant for the one surviving male in the 30-
‘mg/kg/day group (2.30 kg vs 3.78 kg for the control)

Hematology values at the endofthe I and 3 monthsoftreatment were similar for the control and
the 3 and 10 mg/kg/day groups. At 30 mg/kg/day, the surviving male had decreased numbers of
erythrocytes, decreased hemoglobin, decreased hematocrit, and increased platelets. Prothrombin
time and activated prothrombin time were also increased. These increases were apparent at 1
‘month but were much more marked at three months.

Following one monthoftreatment, glucose was significantly elevated in the 3-mg/kg/day group
(117 v5 89 mg/100 ml in the control). The authorsofthe report attribute this to a single high
value for male #7366 who had a value of 131. The other three monkeys in the 3-mg/ke/day
‘groups had levels of 112, 105, and 120-mg/100 ml. Glucose levels in the 10 and 30 mg/kg/day
‘groups were 104 and 122-mg/100 ml, respectively, afterone monthoftreatment. At thrce
‘months of treatment, glucose levels were 81, 96, $8, and 66-mg/100 ml in the control, 3, 10 and
30 mg/kg/day groups respectively.

‘There was a decrease in alkaline phosphatase levels in the 30-mg/kg/day group (365 vs 597 1U/
in the control) at one month, which persisted in the one surviving male (360 vs 851 IU in the
control) at 3 months. Alkaline phosphatase levels inthe 3- and 10 mg/kg/day groups at three
‘months were 783 and 743 IU/l showing a dose-related trend toward decreased levels.

SGOT levels were reduced in the 30-mg/kg/day groups at one month (59 vs 29 TU/l in the
control) and in the one surviving maleat 3 months (88 vs 45 IU in the control). SGPT was
elevated in both the 10 and 30 mg/kg/day dose groups at 1 month; the levels were 15, 34, and 44
IU in the control, 10 and 30 mg/kg/day groups, respectively. SGOT levels in the 10-mg/kg/day
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‘group were comparable to the controls at 3 months (34 vs 31 IU/ in the control) but were stil
elevated in the one surviving male in the 30-mg/kg/day dose group (46 TU)

Cholesterol in the one surviving malein the 30 mg/kg/day group was elevated (240 vs 165
mg/100ml) and total protein and albumin in this animal were reduced. Total protein was 5.52 vs
a control level of 8.21 ¢/100 ml and total albuminwas2.00vs acontrol level of 4.52 g/100 ml.

There were no treatment related changes in urinalysis studies at any time period studied.

‘There were no macroscopic lesions noted at gross necropsyofany animals which died during the
study or which were sacrificed at the endofthe treatment period.

“The following changes in absolute and relative organ weight changes were noted: absolute and
relative weightofthe hearts in females from the 10 mg/kg/day group were decreased; absolute
brain weightof females from this same group were also decreased and relative group mean
weightofthe pituitary in males from the 3 mg/kg/day group was increased. The significance of
these weight changes is difficult to assess, a they were not accompanied by morphologic
changes.

‘One male and two females from the 30 mg/kg/day group and all animals from the 100 mg/kg/day
‘group had marked diffuse lipid depletion in the adrenals. All males and females from the 30 and
100 mg/kg/day groups also had slight to moderate hypocellularity ofthe bone marrow and
‘moderate atrophyof lymphoid follicles in the spleen. One female from the 30-mg/kg/day group
and all animals in the 100-mg/kg/day group had moderate atrophy of the lymphoid follicles in
the lymph nodes. No other compound related lesions were sen in at the 30 and 100 mg/kg/day
‘groups. No treatment related lesions were seen in the organsof animals from the 3 and 10
mg/kg/day groups.

‘The levels of PFOA in the serum and liver are presented below in Table 3. Individual values are
presented so there are double entries for most dose levels.

Table 3. Levels ofPFOA in the Serum and Liver

Dose Serum (ppm) Liver (ppm) Liver total (ug)

Males Females Males Females Males Females
[I 005 007 3s
308 6 37 250 350
38 50 ND ND ND ND
0 4s 7 9 ND 600 ND
won ND 10 ND 750
0 ND ND 25 80 8000 7500
30 145 ND 60 125 4000 9000
100 ND ND 100 325 6000 20000
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In the first rat study, Goldenthal (19784) administered CD rats (S/sex/group) dietary levelsof0,
10,30, 100, 300, and 1000 ppm perfluorooctanoic acid. These dose levels are approximately
equivalent 0 0.6, 1.7, 5.6, 17.9, and 63.5 mg/kg/day in males, and 0.7, 23, 7.7, 22.4 and 76.5
mg/kg/day in females. Animals were housed individually in wire mesh cagesandhad free
access to food and water. Animals were observed twice daily for signsoftoxicity and for
mortality. Detailed examinations were performed once a week. Individual body weight and food
consumption were recorded weekly during the pretest and treatment periods. Blood and urine
samples were collected during the pretest period and at 1 and 3 monthsofthe study for
hematology and clinical chemistry and urinalysis. At week 13, the serum samples were frozen
and shipped to the sponsor for analysis. Organs and tissues from animals that were sacrificed at
the endofthe study and from two females that died during the treatment period were weighed,
examined for gross pathology and samples taken for histopathology. Histopathology was
performed on the following organs from rats from the control, 100, 300, and 1000 ppm dose
groups: brain with cervical cord, lumbar spinal cord, peripheral nerve, eyes, pituitary, thyroid
with parathyroid, adrenals, lung, heart with coronary vessels, aorta, spleen, mesenteric lymph
node, thymus, bone with marrow (sternum), salivary gland, small intestines (duodenum,
jejunum, ileum) colon, pancreas, liver, kidneys, urinary bladder, testes, ovaries, prostate, uterus,
skin (mammary gland), any tissues) with gross lesions. Livers from rats from the 10 and 30-ppm
dose groups were also examined microscopically and liver samples from all dose groups were
frozen andsentto the sponsor for analysis.

One female in the 100 and one female in the 300-ppm group died during collection of blood.
These deaths were not consideredto be treatment related. All other animals survived until
scheduled sacrifice.

There was a significant reduction inmean body weight in males in the 1000-ppm group (362 &
vs 466g in the control group). Food consumption was reduced in males in the 100, 300 and.
1000-ppm groups, but the differences were not statistically significant.

Males in the 30, 100, 300 and 1000-ppm groups had significantly reduced numbers of
erythrocytes at the endofthe treatment period. The values were 7.95, 7.05, 7.16, 6.72, and 6.94.
in the control, 30, 100, 300 and 1000-ppm groups, respectively. Males had reduced leukocyte
values compared to the controls in all dose groups, but were statistically significant at the 300
ppm group only; leukocyte values were 10.64, 8.88, 9.33, 9.35, 7.63, and 8.06 in the control, 10,
30, 100, 300 and 1000 ppm groups, respectively. A similar phenomenon was seen with
hemoglobin values, which were reduced at all dose levels but were significant at the 10-ppm
dose level only. Hemoglobin values were 16.2, 14.7, 15.0, 15.4, 14.9, 13.1in the control, 10, 30,
100, 300 and 1000 ppm groups, respectively. There was no similar effect upon the
hematological parameters of female rats in the study.

Males at the 30, 100, 300, and 1000-ppm dose levels had increased glucose levels (mg/100 ml),
which were statistically significant at all but the 100-ppm dose level. Reported glucose levels.
were 121,120, 136, 134, 143 and 135mg/100 mlforthe0, 10, 30 100, 300 and 1000 ppm
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groups, respectively. B.UN. levelswere elevated in males at the 100, 300, and 1000 ppm dose.
levels; mean values at 90 days were 20.4, 23.9-and 35.1 mg/100 mi for the three dose groups,respectively, compared to 16.2 mg/100 mlforthe controls. Alkaline phosphatase was elevated
in males in the 100, 300, and 1000-ppm groups; the levels were 147, 204 and 212 IU for the
three groups, respectively, compared to 104 IU/L for the controls. Females showed no similar
changes in biochemical measurements.

Neither males nor females showed any treatment related changes in urinalysis parameters
although females from all groups showed a higher frequencyofoccult blood in the urine than did
males,

‘The only gross necropsy observation was noted in males at the 1000-ppm dose level. These
animals had enlarged livers that showed varying degreesofsurface discoloration. Neither
females from the 1000-ppm dose level nor males or females from the lower dos levels showed
such effects.

Both absolute and relative liver weights were significantly increased in males in the 30, 300 and
1000-ppm groups and in one female in the 1000-ppm group. Compound-related liver lesions
occurred in all male ras in the 100, 300 and 1000-ppm groups. These lesions consistedof focal
to multifocal, very slight-to-slight hypertrophyofhepatocytes in centrilobular to midzonal
regionsofthe affected liver lobules. In some instances these lesions were accompanied by an
increased amount of yellowish-brown pigment resembling lipofuscin in the cytoplasm of
hepatocytes and occasionally in sinusoidal lining cells. The incidence and severityofthe lesions
was more pronounced among male rats at the 1000-ppm dietary level.

‘A comparisonof the serum levelsof PFOA is shown below in Table 4. The greater toxicity
observed in the males than in the females is due to the gender difference in elimination as
demonstrated by the differences in serum PFOA levels.

‘Table 4. Comparison of Male and Female PFOA Serum Levels

Dose PFOA in Serum (ppm)
Males Females

0 0 0
10 21 ND
30 34 01s
100 36 ND
300 38 025
1000 49 0.65

ND = Not Determined.

In the second rat study, Palazzolo (1993) administered 45-55 male Sprague-Dawley rats per
group, doses of 1, 10, 30, or 100 ppm (approximate mean compound consumption at week 13 of
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0.05, 0,47, 1.44, and 4.97 mg/kg/day) APFOadlibitum in the diet for 13 weeks. Two control‘groups (a nonpair-fed control group and a control group pair-fed to the 100 ppm dose group)were also exposed during that period. Following the 13-week exposure period, 10 animals per‘group were fed basal dietforan additional 8-weeks post-treatment and observed foranysigns ofrecovery. All test diets were assayed and evaluated for test material homogeneity and stability.All animals were observed twice daily for mortality, moribundity, and general clinical signs oftoxicity. Body weights were recorded once before exposures began, weekly during the treatmentperiod, and then on the day ofnecropsy. Food consumption was recorded weekly for all groups,including the nonpair-fed control groups daily for the pair-fed animals, and then weekly for all of
the animals retained for the recovery phaseofthe study. A totalof15 animals per group weresacrificed following 4, 7, or 13 weeks oftreatment; 10 animals per group were sacrificed after 13weeksoftreatment and following 8 weeksofnon-treatment. Serum samples collected from 10animals per group at cach scheduled sacrifice during treatment and from $ animals per groupduring recovery were analyzed for estradiol, total testosterone, luteinizing hormones, and for testmaterial residue. The levelofpalmitoy! Co oxidase, an indicatorofperoxisome proliferation,was analyzed from a section of liver that was obtained from 5 animals per group at each
scheduled sacrifice. The following organs from all animals at each scheduled sacrifice were
weighed: brain, liver, lungs, testis (one), seminal vesicle, prostate, coagulating gland, and
urethra. The followingtissuesin these same animals were preserved in 10% phosphate-buffered
formalin and examined macroscopically: external surfaceofthe body, ll orifices, the cranial
cavity, the extemal surfacesofthe brain and spinal cord, the nasal cavity and paranasal sinuses;the thoracic, abdominal, and pelvic cavities and viscera; and also examined microscopically: anyobserved lesions, brain, liver, lungs, testes (one), seminal vesicle, prostate, coagulating gland,
and urethra. In addition, the following tissues were preserved in glutaraldehyde for electron
microscopic examination: brain, liver, lungs, testes (one), seminal vesicle, and prostate.
In the analysisofthe data, animals in groups exposed to 1, 10, 30, and 100 ppm APFO were
compared to the control animals in the nonpair-fed group, while the data from the pair-fed
control animals were compared to animals exposed (0100 ppm APFO. All test diets were
considered to be homogeneous and stable under the experimental conditions. All animals
survived to scheduled sacrifice, with the exception of one animal in the 100-ppm dosed-group
that was sacrificed on week 4 due to severe neck sores unrelated to treatment. Twice-daily
examinations ofall animals were unremarkable. At 100 ppm, significant reductions in body
weights were seen compared to the pair-fed control group during week 1 and the nonpair-fed
control group during weeks I-13 (ic. throughout treatment). During recovery, however, no
reductions in body weights were apparent. Bodyweight data in the other dosed-groups were
comparable to controls. At 100 ppm, mean body weight gains were significantly higher than the
pair-fed control group during week 1 and significantly lower than the nonpair-fed control group
during weeks 1-13. At10 and 30 ppm, mean body weight gains were significantly lower than
the nonpair-fed control group at week 2. These differences in body weight gains were not
obsarved during the recovery period. Significant differences in food consumption were observed
21 100 ppm during weeks 1 and 2 only, when compared to the nonpair-fed control group; no
other significant differences in food consumption were noted. There were no significant
differences among the groups for anyofthe hormones evaluated in the serum. Likewise, serum
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analysisof test material residue showed no increase in serum APFO levels over the course of
treatment. Statistically significant higher hepatic palmitoyl CoA oxidase activity was observed
at 30 and 100 ppm; however, this effec retumed to control levels by the endofthe recovery
period. At 10 ppm, statistically significant higher levels ofhepatic palmitoyl CoA oxidase.
activity were observed at week 5 only. Mean enzyme activities were highest during week § for
animais exposed to 10, 30, and 100 ppm. Significant increases in absolute and relative liver
weights and hepatocellular hypertrophy were observed at weeks 4, 7, or 13 in the 10, 30 and
1000 ppm groups. The authors suggested tha these changes might be associated with
peroxisome proliferation, especially since increases in hepatic palmitoyl CoA oxidase activity
were also observed at this dose level during treatment. During recovery, however, none of the
liver effects were observed, indicating that these treatment-related liver effects were reversible.

Therefore, under the conditionsofthis study, a NOAEL of 1.0 ppm (0.05 mg/kg/day) and a
LOAELof 10 ppm (0.47 mg/kg/day) are indicated basedonreductions in body weight and body
weight gain, and on increases in absolute and relative liver weights with hepatocellular
hypertrophy.

‘Thomford (2001a,b) recently conducted a range-finding and a 6-month toxicity study in
cynomolgus monkeys. In the range-finding study, Thomford (2001a) administered male
cynomolgus monkeys an oral capsule containing 0, 2, or 20 mg/kg/day APFO for 4 weeks.
There were 3 monkeys in the 2 and 20 mg/kg/day groups and one monkey in the control group.
‘The monkeys weighed 2.1 t0 3.6kegat the startoftreatment. Animals were observed twice daily
for mortality and moribundity and were examinedat least once daily for signsof poor health or
abnormal behavior. Food consumption was assessed qualitatively. Body weight data were
recorded before the startoftreatment, on day Ioftreatment and weekly thercafier. The
monkeys were fasted overnight and blood samples were collected one week priorto the start of
the study and on day 30 for clinical hematology and clinical chemistry analyses, and hormone
‘and PFOA level. Blood for clinical chemistry was also collected from each animal on day 2
(approximately 24 hours after the fist dose). Samples were analyzed for estradiol, estrone,
estriol, thyroid stimulating hormone, total and free triiodothyronine, and fotal and free thyroxin.

Au scheduled necropsy, samplesofthe right lateral lobe ofthe liver were collected rom each
animal and analyzed for palmitoy! CoA oxidase activity. Representative samplesofliver, right
and left testes, and pancreas were collected from each animal for cel proliferation evaluation
using proliferation cell nuclear antigen. Bile was collected from each animal for bile acid
determination. A. sampleofliver was collected from each animal for PFOA concentration
analysis. The following tissues (when present) or representative samples were collected and
preserved in 10% neutral-buffered formalin, unless otherwise specified, for possible future
examination: adrenal (2), aorta, brain, cecum, colon, duodenum, epididymis (2), esophagus, eyes
[preserved in Davidson's fixative (2), femur with one marrow (articular surfaceofthe distal
end), gallbladder, heart, ileum, jejunum, kidaey (2), lesions, liver, hig, lymph node (mesenteric)
mammary gland, muscle (thigh), pancreas, pituitary, prostate, rectum, salivary gland [mandibular
(2), sciatic nerve, seminal vesicle (2) skin, spinal cord (cervical, thoracic, and lumbar), spleen,
sternum with bone marrow, stomach, testis (2) thymus, thyroid (2) with parathyroid, trachea,
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and urinary bladder. The adrenals, liver, pancreas, spleen, and testes from each animal were
embedded in paraffin, sectioned, stained with hematoxylin and cosin and examined
‘microscopically.

All animals survived to scheduled sacrifice. There were no clinical signsoftoxicity in the
treated groups and there was no effect on body weight. Low or no food consumption was
observed for one animal given 20 mg/kg/day. No food consumption was noted for this animal
on day 12 and low food consumption was notedondays 5, 7, 11, 14 17, and 24, respectively.
For this animal, decreased food consumption is in al likelihood related to APFO administration.
There were no effects on estradiol, estriol, thyroid stimulating hormone, total and free
triiodothyronine, and total and free thyroxin. Estrone levels were notably lower for males given
2 and 20 mg/kg/day APFO. Therewasno evidence ofperoxisome proliferation or cell
proliferation in the liver, testes or pancreasoftreated monkeys. No adverse effects were noted in
either gross or clinical pathology studies.

In the 26-week study, male cynomolgus monkeys were administered APFO by oral capsule at
doses of 0,3, 10or 30 mg/kg/day for 26 weeks (Thomford, 2001b; Butenhoff et al., 2002). At
study initiation the monkeys weighed 3.2 to 4.5 ke. Therewere4monkeys in the 3 mg/kg/day
‘group and 6 monkeys in cachofthe other groups. Dosingof animals in the 30 mg/kg/day dose
‘group was stopped from days 11-21 becauseoftoxicity. When dosing was resumed on day 22,
animals received 20mg/kg/dayand this groupwasdesignated the 30/20 mg/kg/day group. At
the endof the 26-week treatment period, 2 animals in the control and 10 mg/kg/day groups were
observed for a 13-week recovery period.

Animals were observed twice daily for mortality and moribundity and were examined at least
once daily for signsofpoor health or abnormal behavior, food consumption was assessed
qualitatively. Ophthalmic examinations were done before initiation of treatment and during
weeks 26 and 40. Body weight data were recorded weekly before the start oftreatment, on day 1
oftreatment and weekly thereafter. Bloodandurine samples were collected for clinical
hematology, clinical chemistry, and urinalysis before the startoftreatment and on days 11, 31,
63,91, 182, 217, 245 and 275. Blood samples were also taken for hormone determinations;
samples were analyzed for estradiol, estrone, estriol, thyroid stimulating hormone, total and free
triiodothyronine, total and free thyroxin, and testosterone. Blood, urine and feces were collected
during week 2 and every 2 weeks thereafter during treatment and recovery for PFOA
concentration analyses. The animals were not fasted before collections.

At scheduled necropsy, liver samples were taken for determination of PFOA levels. The right
lateral lobe of the liver was collected from each animal for palmitoy] CoA oxidase activity
analyses, and representative samples of liver, right and let testes, and pancreas were collected
from cach animal for cell proliferation evaluation using proliferation cell nuclear antigen. All
available bile was collected for bile acid determination. The following organs were weighed at
scheduled and unscheduled sacrifices; paired organs were weighed seperately: adrenal (2), brain,
epididymis (2), kidney (2), liver, pancreas, testi (2), and thyroid (2) with parathyroid. Organ to
body weight percentages and organ to brain weight ratios were calculated. The following tissues
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were collected for histopathology: adrenal (2), aorta, brain, cecum, colon, duodenum,
epididymis (2), esophagus, eyes [preserved in Davidson's fixative (2)], femur with bone marrow
(articular surfaceofthedistal end), gallbladder, heart, ileum, jejunum, kidneys (2), lesions, liver,
lung, mesenteric lymph node, mammary gland, pancreas, pituitary, prostate, rectum, salivary
gland [mandibular (2), sciatic nerve, seminal vesicle (2), skeletal muscle (thigh), skin, spinal
ord (cervical, thoracic, and lumbar), spleen, sternum with bone marrow, stomach, tests ((2)
preserved in Bouin's solution, thymus, thyroid (2) with parathyroid, trachea and urinary bladder.

Two animals, one male from the 30/20 mg/kg/day dose group and one male from the 3
mg/kg/day dose group, were sacrificed in moribund condition during the study. The male in the
3020 mg/kg/day dose group was sacrificed on day 29. This animal exhibited signs of
hypoactivity, weight los, few or no feces, low or no food consumption and the entire body was
old 10 the touch before death. Necropsy revealed esophageal and gastric lesions that were
indicativeof an injury that occurred during dosing and liver lesions that were presumed to be
treatment related. The animal from the 3 mg/kg/day dose group was sacrificed on day 137. This
animal showed clinical signsoflimited use and paralysisofthe hind limbs, ataxia and
hypoactive behavior, few feces and no food consumption. The causeofdeath was not
determined, but APFO treatment could not be ruled out.

Males given 30 mg/kg/day from days I-11 had clinical signsoffew feces and low food
consumption and they lost weight during week 1oftreatment. Based on these signs, treatment
was stopped on day 11 and was not resumed uniil day 22. When treatmentwasresumed, the
dose was lowered to 20 mg/kg/day; this group was then designated the 30/20 mg/kg/day group.
Of the remaining animals in his group, only 2 tolerated this dose level for the remaining 23
weeksoftreatment. Treatmentofthree males given 30/20 mg/kg/day was halted on days 43
(week 7), 66 (week 10), and 81 (week 12) respectively. Clinical signs in these animals included
thin appearance, few or no feces, low or no food consumption, and weight loss. The animals
appeared to recover from compound-related effects within 3 weeks after cessationoftreatment.

Mean body weight changes were notably lower during weeks 1 and 2 for males receiving 30
mg/kg/day. During week 2, this change was statistically significant. Treatment was stopped on
day 11 and when it was resumedat 20 mg/kg/day on day 21,mean body weight changes were
significantly lower than controls during weeks 7, 9 and 24. Overall mean body weight changes
through week 27 were notably lower for the males in the 30/20 mg/kg/day group. There was an
increased incidence of low or no food consumption for animes in the 30/20 mg/kg/day group.
that was considered to be treatment related.

There were no consistent or clearly dose-related effects on estrone, estradiol, estriol, thyroid
stimulating hormone, or testosterone that were seen in any treatment group over time. In
‘general, thyroid hormones were decreased beginning on day 35 in animals in the 10 or 30/20
mg/kg/day groups. Triiodothyronine remained depressed through day 183 in the 30/20 mg/kg
group. Total thyroxin was decreased beginning on day 35 in animals administered 10 or 30/20
mg/kg APFO. The effect on thyroxin was most pronounced at day 33 in animals administered
10 mg/kg/day and day 66 in animals administered 30/20 mg/kg/day. Thereafter, the effect began
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0 diminish and recovery was observed either in the last 3 months ofdosing or during the
recovery phaseof the experiment. No changes in cholecystokinin concentrations were seen over
time in either dose group.

Two males from the 30/20 mg/kg/day group, the one sacrificed on day 29 and one for whom
treatment was stopped becauseofpoor health, had moderate to marked increased serum enzyme
concentrations (ic. aspartate aminotransferase, alanine aminotransferase, sorbitol
dehydrogenase, and creatine kinase) and a mildly increased serum bile acid concentration. At
30/20 mgkg/day, there were slight increases in triglyceride concentrations and mild to moderate
decreases in absolute neutrophil count, total protein concentration and albumin concentration.
‘Two animals in the 30/20 mg/kg/day group had markedly increased serum enzyme activities and
mildly increased serum bile acid concentrations. At 3 mg/kg/day or 10 mg/kg/day, APFO had
no effects on hematology, coagulation, clinical chemistry, or urinalysis. There was no evidence
ofpersistent or delayed toxic effects on clinical pathology test results during the recovery period.
At terminal sacrifice at 26 weeks, there were statistically significant increases in absolute and
relative liver weights in all dose groups. The absolute liver weighs were increased by 35, 38
and 50% in the 3, 10 and 30/20 mg/kg/day groups, respectively; relative liver weights were
increased by 20, 20 and 60% in the 3, 10 and 30/20 mg/kg/day groups, respectively. In addition,
mean liver-to-brain weight was significantly increased in the 10mg/kg/day group. The
increased liver weights were considered treatment related. There were no treatment-related
macroscopic or microscopic changes in any organs at the terminal sacrifice, including liver,
adrenal, spleen, pancreas, and testis. While there was no evidence ofenhanced cell proliferation
in the testes or pancreasof the treated monkeys, the findingsinthe liver were equivocal. There
was evidenceof mitochondrial proliferation in the liversoftreated monkeys (Butenioffet al,
2002),

Atthe recovery sacrifice, there were no reatment-related effects on terminal body weights or on
absolute or relative organ weightsa recovery sacrifice indicating that the liver weight changes
seen at terminal sacrifice were reversible over time. There were no treatment.related
macroscopic or microscopic changes at the recovery sacrifice.

“The result ofthe analyses ofPFOA in the serum, liver, urine and feces are presented in Tables
5-8, respectively (3M Environmental Laboratory, 20016). Low levels of PFOA were often
detected in the sera, liver, urine and fecesofthe control animals. The levels in treated animals
were significantly higher than those seen in the controls. In general, PFOA levels in the sera of
test animals increased with dose but decreased over time during treatment, On day 9 of
treatment, the serum levels were 126 36.1 pg/mL in the 3 mg/kg/day group and 1597 2392
ng/mL in the 30/20 mg/kg/day group, and during weeks 26/27, the serum levels were 52.5 + 9.14
ng/mL in the 3 mg/kg/day group and 51.5 77.6 ug/ml in the 30/20 mg/kg/day group. PFOA
Tevels in serum decreased over time during recovery until they reached 1.18 + 0.827 pg/ml in
the 10 mg/kg/day group as compared to 0.0738 + 0.00256 in the controls during week 40.

A similar trend was seen in the urine. On day 9, the levels in the urine were 73.5 38.1, 221 &
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124, and 909+ 209 g/mLinthe 3, 10and 30/20 mg/kg/day groups,respectively,and duringweek 26, the levels were 51.6 = 13.7, 109 + 75.2, and 19.2 + 27.0 ug/g, respectively, in these
same groups. During week 2, the levels in the feces were less than the limitof quantitation in
the controlanimals,and 7.43 % 6.54, 15.4 = 10.2 and 56.6 + 73.7 ug/g inthe 3, 10, and 30/20
mg/kg/day groups, respectively; during week 26 the levels were 2.92 £1.35, 43.0% 36.9 and 10.3
20.8 gg in the 3, 10, and 30/20 mg/kg/day groups, respectively. There is no explanation for

the high levelsofPFOA seen in the fecesofthe control animals during week 22. During the
recovery period, PFOA levels in both urine and feces fell to levels that were comparable to
control levels.

Under the conditionsof the study, the LOAEL was 3 mg/kg/day (liver toxicity and possibly
mortality) and a NOAEL was not established.
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Table 5
Average PFOA Concentrations in the Serum (ng/mL)ofTreated Animals

=
[imepom—

[Week12 10.123 00507[7962259 [9062245 [1402775 |

[Week2a T<100___"T722:688[009%210 [e272743 |

[Week30 To1s200238[NS [1i3esi [Ns |
[Week32  T0.1i0200216[NS [760390 [ns |REEee0.0256

:0.0324

0.00256

standard deviation associated with that group. Data are accurate to within one SDofthe average
fortified sample recovery. The average fortified sample recovery was 94% with an SD of 11%.
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Table 6
Average PFOA Concentrations in the Liver (ug/g) ofTreated Animals

0 mg/kg/day 3 mg/kg/day 10 mg/kg/day | 30/20
mg/kg/day

0.117%0.0730.
0.114%0.0441

LOQ = Limitof Quantitation; NS = No Sample
Results are expressed as group averages + the standard deviation associated with that group.
Data are accurate 0 within one SDof the average fortified sample recovery. The average
fortified sample recovery was 90% with an SD of 26%.
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[Week2  T<100___ [75e31 [oidJo0os3e0 |
[Weeks 1015220337 [5492462 [1902916 [40161 |

0.0587 = 128+ 50.0 272% 140
0.0716

Week 8 00161 = 180109fr
Week 10 0.0177% 175£923 359%449Gl
Week 12 0.014] £ 488188 201£92.7 Hg£111re Jr prJe

0.0299 + 5022210 139%57.0 502679

[re prJaen
0.00688

00.0265

[Week3s—T<100 INS Toi2i=00305[Ns |

0.00841 0.0166

LOQ = Limit ofQuantitation; NS = No Sample; Results are expressed as group averages = the
‘standard deviation associated with that group. Data are accurate to within one SDofthe average
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Table 3
Average PFOA Concentrations in the Feces (ug/g) ofTreated Animals

Omgkgday |3mgkgday | 10 mgkgday [3020
mg/kg/day

[TimePoint— ——————————————————

Week 4 00214 1045120 [242106 [2202623AFS
000192

00894

00762
[Week18 [025820654 [5722715 [1732133 [22i+317 |

000892

Weeks 36-40 [0.0103 = 00336 + NS
0.00684 00313

'TOQ — Limit of Quantitation; NS = No Sample
Results are expressed as group averages the standard deviation associated with that group.
Data are accurate to within one SDof the average fortified sample recovery. The average
fortified sample recovery was 117% with an SD of22%.

3.6 Developmental Toxicity Studies in Animals

“Three prenatal developmental toxicity studies ofAPFO have been conducted, one inhalation and
wo oral studies.

“The first ofthese studies was an oral developmental toxicity study in rats (Gortner, 1981). Basedon the resultsof a range-finding study, an upper dose level of 150 mg/kg/day was st or the
definitive study in which five groupsof 22 time-mated Sprague-Dawley ras were administered0,005, 1.5, 5, and 150 mg/kg/day APFO in distilled water by gavage on gestation days (GD) 6-
15. Doses were adjusted according to body weight. Dams were monitored on GD 3-20 for
clinical signsoftoxicity. Individual body weights were recorded on GD 3, 6,9, 12, 15,and20.
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Animals were sacrificed on GD 20 by cervical dislocation and the ovaries, uteri, and contentswere examined for the numberofcorpora lutea, numberofviable and non-viable fetuses, numberof resorption sites, and numberofimplantation sites. Fetuses were weighed and sexed andsubjected to extemal gross necropsy. Approximately one-third ofthe fetuses were fixed inBouin's solution and examined for visceral abnormalities by free-hand sectioning. Theremaining fetuses were subjected to skeletal examination using alizarin red.
Signs of maternal toxicity consistedofstatistically significant reductions in mean maternal bodyweights on GD 9, 12, and 15 at the high-dose group of 150 mg/kg/day. Mean maternal bodyweight on GD 20 continued to remain lower than controls, although the difference was notstatistically significant. Other signs ofmaternal toxicity that occurred only at the high-dosegroup included ataxia and death in three rat dams. No other effects were reported.Administrationof APFO during gestation did not appear to affect the ovaries or reproductivetract of the dams. Under the conditionsofthe study, a NOAEL of § mg/kg/day and a LOAEL of150 mg/kg/day for matemal toxicity were indicated.

A significantly higher incidence in fetuses with one missing sternebrac was observed at the high-dose group of 150 mg/kg/day; however this skeletal variation also occurred in the controls andthe other three dose groups (at similar incidence butlowerthan the high-dose group) andtherefore was not considered to be treatment-related. No significant differences between treatedand control groups were noted for other developmental parameters that included the meannumberofmales and females, otal and dead fetuses, the mean numberof resorption sites,implantation sites, corpora lutea and mean fetus weights. Likewise, a fetal lens finding initiallydescribed as a varietyofabnormal morphological changes localized to the areaofthe embryonal‘nucleus, was later determined to be an artifectofthe free-hand sectioning technique andtherefore not considered to be treatment-related. Under the conditionsofthe study, a NOAELfor developmental toxicity of 150 mg/kg/day (highest dose group) was indicated.
A second oral prenatal developmental toxicity study was conducted in rabbits (Gortner, 1982).Based on the results ofa range-finding study, an upper dose levelof50 mg/kg/day was set forthe definitive study in which four groups of 18 pregnant New Zealand White rabbits wereadministered 0, 1.5, 5, and 50 mg/kg/day APFO in distilled water by gavage on gestation days(GD) 6-18. Pregnancy was established in each sexually mature female by i.v. injection ofpituitary lutenizing hormone in order to induce ovulation, followed by artificial inseminationwith 0.5 mlofpooled semen collected from male rabbits; the dayof insemination was designatedas day 0 of gestation. A constant dose volume of | ml/kg was administered. Individual bodyweights were measured on GD 3, 6,9, 12, 15, 18, and 29. The does were observed daily on GD3-29 for abnormal clinical signs. On GD 29, the does were euthanized and the ovaries, uterusand contents examined for the number ofcorpora lutea, live and dead fetuses, resorptions andimplantation sites. Fetuses were examined for gross abnormalities and placed in a 37°Cincubator for a 24-hour survival check. Pupsweresubsequently euthanized and examined forvisceral and skeletal abnormalities. A blood sample was taken from six docs prior to dosing andthen on GD 18 and 29; a liver sample was taken from the sameanimalson GD 29. All sampleswere sent to the sponsor for analysis. “This information was unavailable a the timeof this
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review.

Signsof maternal toxicity consistedofstatistically significant transient reductions in body
weight gain on GD 6-9 when compared to controls; body weight gains returned to control levelson GD 12-29. Administration ofAPFO during gestation did not appear to affect the ovaries orreproductive tract contentsof the does. No clinical or other treatment-related signs were
reported. Under the conditionsofthe study, a NOAEL of 50 mg/kg/day, the highest dose tested,for maternal toxicity was indicated.

No significant differences were noted between controls and treated groups for the number of
males and females, dead or live fetuses, and fetal weighs. Likewise, there were no significant
differences reported for the numberof resorption and implantation sites, corpora lutea, the
conception incidence, abortion rate, or the 24-hour mortality incidenceofthe fetuses. Gross
necropsy and skeletal/visceral examinations were unremarkable. The only sign of
developmental toxicity consistedof a dose-related increase in a skeletal variation, extra ribs or
13° ib, with statistical significance at the high-dose group (38% at 50 mg/kg/day, 30% at 5
me/kg/day, 20% at 1.5 mgkg/day, and 16 % at 0mgg/day). A statistically significant increase
in 13% ribs-spurred occurred in the mid-dose group of S mg/kg/day; however, te biological
significanceofthis effecti uncertain since in both the high- and low-dose groups, this effect
occurred at the same rate and was not statistically significantly different from controls
‘Therefore, under the conditionsofthe study, a LOAEL for developmental toxicity of 50
mg/kg/day (highest dose group) was indicated.

Staples etal. (1984) also conducted a developmental toxicity studyofAPFO. The study design
consistedofan inhalationandan oral portion, each with two tialsorexperiments. The first trial
was the teratology portionofthe study, in which the dams were sacrificed on GD 21; while in
the second tral, the dams were allowed to liter and the pups were sacrificed on day 35-post
partum. For the inhalation portionofthe study, the two trials consisted of 12 pregnant Sprague-
Dawley ratspergroup exposed to 0, 0.1, 1, 10, and 25 mg/m’ APFO for 6 hours/day, on GD 6-
15. In the oral portionofthe study, 25 and 12 Sprague-Dawley rats for the first and second.
trials, respectively, were administered 0 and 100 mg/kg/day APFO in com oil by gavage on GD
6-15. For both routesofadministration, females were mated onan as-needed basis and when the
number of mated females was bred, they were ranked within breeding days by body weight and
assigned (0 groups by rotation in onder of rank. Finally, to additonal groups (six ams per
group) were added to each tial that was pair-fed to the 10 and 25 mg/m’ groups

For the teratology portionofthe study (trial one), dams were weighed on GD 1, 6,9, 13, 16, and
21 and observed daily for abnormal clinical signs. On GD 21, the dams were sacrificed by
cervical dislocation and examined for any gross abnormalities, liver weights were recorded and
the reproductive satusof each animal was evaluated. The ovaries, uterus and contents were
examined for the numberof corpora lutea, live and dead fetuses, resorptions and implantation
sites. Pups (live and dead) were counted, weighed and sexed and examined for extemal,
visceral, and skeletal alterations. The heads ofall control and high-dosed group fetuses were
‘examined for visceral alterations aswellas macro- and microscopic evaluationofthe cyes.
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For rial two, in which the dams were allowed to liter, the procedure was the same as that fortrial one up to GD 21. Two days before the expected dayofparturition, each dam was housed inan individual cage. The dateofparturition was noted and designated Day 1 PP. Dams wereweighed and examined for clinical signs on Days 1, 7, 14, and 22 PP. On Day 23 PPall damswere sacrificed. Pups were counted, weighed, and examined for extemal alterations. Each pup‘was subsequently weighed and inspected for adverse clinical signs on Days 4, 7, 14, and 2 PP.‘The eyes of the pups were also examined on Days 15 and 17 PP for the inhalation portion and onDays 27 and 31 PP for the gavage portionofthe study. Pups were sacrificed on Day 35 PP and
examined for visceral and skeletal alterations.

Inhalation Exposure

“Trial One:

Treatmen-related clinical sigasofmatemal toxicity for tial one (tertology) occurred at 10 and
25 mg/m’ and consistedofwet abdomens, chromodacryorrhea, chromorhinorrhea, a general
unkempt appearance, and lethargyin four dams at the endof theexposure period (high-
concentration group only). Three out of 12 dams died during treatment at 25 mg/m’ (on GD 12,
13, and 17). Food consumption was significantly reduced at both 10 and 25 mg/m’; however, no
significant differences were noted between treated and pair-fed groups. Significant reductions in

bodyweight were also observed at these concentrations, with statistical significance at the high-
‘concentration only. Likewise, statistically significant increases in mean liver weights were seen
atthe high-concentration group. Under the conditions ofthe study, a NOAEL and LOAEL for
maternal toxicity ofI and 10 mg/m’, respectively, were indicated.

No effects were observed on the maintenanceofpregnancy o the incidenceofresorptions.
Mean fetal body weights were significantly decreased in the 25-mg/m’ groups and in the control
‘group pair-fed 25 mg/m’. A detailed microscopic visceral and eye examination of the fetuses did
not reyeal any treatment-related effects; however in the control group that was pair-fed 25
mg/m’,a statistically significant increased incidence of fetuses with partially ossified stemebrac
was observed. Under the conditionsofthe study, a NOAEL and LOAEL for developmental
toxicity of 10 and 25 mg/m’, respectively, were indicated.

“Trial Two:

Clinical signsofmaternal toxicity seen at 10and 25 mg/m’ were similar in type and incidence to
those described for trial one. Maternal body weight gain during treatment at 25 mg/m was less
than controls, although the difference was not statistically significant. In addition, 2 out of 12
dams died during treatment at 25 mg/m’. No othertreatmentrelated effects were reported, nor
were any adverse effects noted for anyofthe measurementsofreproductive performance. Under
the conditionsofthe study, a NOAEL and LOAEL for maternal toxicity of1 and 10 mg/m’,
respectively, were indicated.
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Signsofdevelopmental toxicity in this group consistedof statistically significant reductions inpup body weight on Day 1 PP (6.1 g at 25 mg/m’ vs. 6.8g in controls). On Days4and 22 PP,
pup body weights continued to remain lower than coro, although the difference was not
statistically significant (Day4PP: 9.7 gat 25 mg/m’ vs.10.3 in controls; Day 22 PP: 49.0 gat 25
‘mg/m’ vs. 50.1 in controls). No significant effects were reported following external examinationofthe pups or with ophthalmoscopic examinationofthe eyes. Under the conditions ofthe study,
a NOAEL and LOAEL for developmental toxicity of 10 and 25 mg/m’, respectively, were
indicated.

Oral Exposure

“Trial One:

Three outof25 dams died during treatment of 100 mg/kg APFO during gestation (one death on
GD 11; two on GD 12). Clinical signsof maternal toxicity in the dams that died were similar to
those seen with inhalation exposure. Food consumption andbody weights were reduced in
treated animals compared to controls. No adverse signs oftoxicity were noted for anyofthe
reproductive parameters such as maintenanceofpregnancy or incidence of resorptions.
Likewise, no significant differences between treated and control groups were noted for fetal
weights, or in the incidencesofmalformations and variations; nor were there any effects noted
following microscopic examinationofthe eyes.

“Trial Two:

Similar observations for clinical signs were noted for the dams as in trial one. Likewise, no
adverse effects on reproductive performance or in anyofthe fetal observations were noted.

3.7 Reproductive Toxicity Studies in Animals

‘York (2002) conducted a two-generation reproductive toxicity studyofAPFO. Five groups of
30 Sprague-Dawley rats per sex per dose group were administered APFO by gavage at doses of
0,1,3, 10, and 30 mg/kg/day six weeks prior to and during mating. Treatmentofthe FO male
rats continued until mating was confirmed, and treatmentofthe FO female rats continued
throughout gestation, parturition, and lactation.

“The FO animals were examined twice daily for clinical signs, abortions, premature deliveries,
and deaths. Body weights of FO male rats were recorded weekly during the dosage period and
then on the dayofsacrifice. Body weightsof FO female rats were recorded weekly during the.
pre- and cohabitation periods and then on gestation days (GD) 0, 7, 10, 14, 18, 21, and 25 (if
necessary) andon lactation days (LD) 1, 5,8, 11, 15, and 22 (terminal body weight). Food
consumption values in FO male rats were recorded weekly during the treatment period, while in
FO female rats, values were recorded weekly during the precoabitation period, on GDs 0,7, 10,
14,18, 21, and 25and on LDs 1,5, 8, 11, and 15.
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Estrous cycling was evaluated daily by examinationofvaginal cytology beginning 21 days
before the scheduled cohabitation period and continuing until confirmationofmating by thepresenceofsperm in a vaginal smear or confirmation ofa copulatory plug. On the day ofscheduled sacrifice, the stageofthe estrous cycle was assessed.

For mating, one male rat and one female rat per group were cohabitated for a maximum of 14.
days. Female rats with evidenceof sperm in a vaginal smear or copulatory plug were designated
25 GD 0 and assigned to individual housing. Parental females were evaluated for length of
‘gestation, fertility index, gestation index, number and sexofoffspring per ltt, number of
implantation sites, general condition of the dam and litter during the postpartum period, litter
size and viability, viability index, lactation index, percent survival, and sex ratio. Matemal
behaviorofthe dams was recorded on LDs 1,5, 8, 15, and 22.

FO generation animals were sacrificed by carbon dioxide asphyxiation (day 106 to 110 ofthe
study for male rats, .¢, after completionofthe cohabitation period; and LD 22 for female rats),
necropsied, and examined for gross lesions. Gross necropsy included examinationofextemal
surfaces and orifices,aswell as intemal examinationof tissues and organs. Individual organs‘were weighed and organ-to-body weight and organ-to-brain weight ratios were calculated for the
brain, kidneys, spleen, ovaries, testes, thymus, liver, adrenal glands, pituitary, uterus with
oviduets and cervix, left epididymis (whole and cauda), right epididymis, prostate and seminal
vesicles, (with coagulating glands and with and without fluid). Tissues retained in neutral
buffered 10% formalin for possible histological evaluation included the pituitary, adrenal glands,
‘vagina, uterus, with oviduct, cervix and ovaries, right testi, seminal vesicles, right epididymis,
and prostate. Histological examination was performed on tissues from 10 randomly selected rats
per sexfromthe control and high dosage groups. All gross lesions were examined histologically.
Al FO generation rats that died or appeared moribund were also examined.

Histological examination of the reproductive organs in the low- and mid-dose groups was
conducted in rats that exhibited reduced fertility by either failing to mate, conceive, sire, or
deliver healthy offspring; or for which estrous eyclicity or sperm number, motility, or
morphology were altered. Sperm number, motility, and morphology were evaluated in the left
cauda epididymisof FO generation male rats; testicular spermatid concentrations were evaluated
in the left testis. The number and distributionof implantation sites were recorded in FO
‘generation female rat. Rats that did not delivera litter were sacrificed on GD 25 and examined
for pregnancy status. Uteriof apparently nonpregnant ras were examined to confirm the absence
of implantation sites. A gross necropsyof te thoracic, abdominal and pelvic viscera was
performed. Female rats without a confirmed mating date that did not deliver a litter were
sacrificed on an estimated day 25ofgestation.

At scheduled sacrifice after completionofthe cohabitation period in FO male rats and on LD 22
in FO female rats, blood samples (10 males and 10 females each for the 10 and 30 mg/kg/day
dose groups; 3 males and 3 females for the control group) were collected and frozen for future.
analysis. The methods section cites that liver samples were also collected, but no other details
were provided and the results did not appear to be available at the timeofthe report.

C

000069



‘The F1 generation pups in cach litter were counted once daily. Physical signs (including
variations from expected lactation behavior and gross external physical anomalies) were
recordedfor the pups each day. Pup body weights were recorded on LDs 1, 5,8, 15 and 22. On
LD 12, all FI generation male pups were examined for the presenceofnipples. Pups that died
before examination ofth litter for pup viability on LD 1 were evaluated for vital status a birth,
Pups found dead on LDs 2 to 22 were examined for gross lesions and for the causeofdeath. All
FI generation rats wereweanedon LD 22 basedon observed growth and viabilityof these pups.

At weaning (LD 22), two FI generation pups per sex perliterpergroup (60 male and 60 female
pups per group) were selected for continued evaluation, resulting in 600 total rats (300 rats per
sex) assigned to the five dosage groups. At least two male pups and two female pups per litter,
when possible, were selected. F1 generation pups not selected for continued observation for
sexual maturation were sacrificed. Three pups per sex per liter were examined for gross lesions.
Necropsy included a single cross-sectionofthe head at the level ofthe frontal-parietal suture
and examinationofthe cross-sectioned brain for apparent hydrocephaly. The brain, spleen and
thymus from oneofthe three selected pups per sex per litter were weighed and the brain, spleen,
and thymus from the three selected pups per sex per liter were retained for possible histological
evaluation. All remaining pups were discarded without further examination.

‘The FI generation rats were given the same dosage levelofthe test substance and in the same
manner as ther respective FO generation sires and dams. Dosages were given once daily,
beginning at weaning and continuing until the day before sacrifice. F1 generation female rats
were examined for age of vaginal patency, beginning on day 28 postpartum (LD 28). F1
‘generation male rats were evaluated for ageofpreputial separation, beginning on day 39
postpartum (LD 39). Body weights were recorded when rats reached sexual maturation.

Estrous cycling was evaluated daily by examinationofvaginal cytology beginning 21 days
before the scheduled cohabitation period and continuing nil confirmationofmating by the
presenceofsperm in a vaginal smear or confirmation of2 copulatory plug. On the day of
scheduled sacrifice, the stageofthe estrous cyclewasassessed.

A table of random units was used to assign F1 generation rats to cohabitation, one male rat per
female rat. If random assignment to cohabitation resulted in the peiring of F1 generation
siblings, an alternate assignment was made. The cohabitation period consisted ofa maximum of
14 days.

Body weightsofthe FI generation male rats were recorded weekly during the postweaning
period and on the dayofsacrifice. Body weightsof the F1 generation female rats were recorded
weekly during the postweaning period to cohabitation, and on DGs 0, 7, 10, 14, 18, 21 and 25 (if
necessary) and on LDs 1,5, , 11, 15 and 22. Food consumption values for the F1 generation
male rats were recorded weekly during the dosage period. Food consumption values for the FI
‘generation female rats were recorded weekly during the postweaning period to cohabitation, on
GDs0,7, 10, 14,18, 21 and 25 and on LD 1,5, 8, 11 and 15. Because pups begin to consume
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matemal food on or about LD 15, food consumption values were not tabulated afier LD 15.
At scheduled sacrifice, the F1 animals were subjected to gross necropsy, and selected organs‘were weighed and examined histologically a described above for the FO animals. Spermanalyses were also conducted as described for the FO animals.

F2 gencration liters were examined after delivery to identify the number and sexof pups,
stilbiths, live births and gross alterations. Each liter was evaluated for viability at least twice:
cach dayofthe 22-day postpartum period. Dead pups observed at these times were removed
from the nesting box. Anogenital distance was measured for all live F2 generation pups on LDsLand 22.

Parental Males (FO)

One FO male rat in the 30 mg/kg/day dose group was sacrificed on day 45ofthe study due to
adverse clinical signs (emaciation, cold-o-touch, and decreased motor activity). Necroscopic
‘examination in that animal revealed a pale and tan liver, and red testes. All other FO generation
male rats survived to scheduled sacrifice. Statistically significant increases in clinical signs were
also observed in male rats in the high-dose group that included dehydration, urine-stained
abdominal fur, and ungroomed coat.

Significant reductions in body weight and body weight gain were reported for mostof the dosage
period and continuing until terminationof the study in the 3, 10, and 30 mg/kg/day dose groups
‘Absolut food consumption values were also significantly reduced during these periods at the 30
mg/kg/day dose group, while significant increases in relative food consumption values were
observed in the 3, 10, and 30 mg/kg/day within those same periods.

No treatment-related effects were reported at any dose level for anyof the mating and fertility
parameters assessed, including numbers ofdays to inseminate, numbers ofrats that mated,
fertility index, numbers ofrats with confirmed mating dates during the first and second week of
cohabitation, and numbersofpregnant ats per ras in cohabitation. At necropsy, noneofthe
sperm parameters evaluated (sperm number, motility, or morphology) were affected by treatment
atany dose level,

Atnecropsy, statistically significant reductions in terminal body weights were seen at 3, 10, and
30 mg/kg/day. Absolute weightsofthe left and right epididymides, left cauda epididymis,
seminal vesicles (with and without fluid), prostate, pituitary, left and right adrenals, spleen, and
thymus were also significantly reduced at 30 mg/kg/day. The absolute weightofthe seminal
vesicles without fluid was significantly reduced in the 10 mg/kg/day dose group. The absolute
weightofthe liver was significantly increased in all dose-groups. Kidney weights were
significantly increased in the I, 3, and 10 mg/kg/day dose groups, but significantly decreased in
the 30 mg/kg/day group. All organ weight-to-terminal body weight and ratios were significantly
increase in all treated groups. Organ weight-to-brain weight ratios were significantly reduced
for some organs at the high dose group, and significantly increased for other organs among all
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treated groups.

No treatmentrelated effects were seen at necropsy or upon microscopic examinationofthe
reproductive organs, with the exception of increased thickness and prominenceofthe zona.‘glomerulosa and vacuolationofte cells ofthe adrenal cortex i the 10and 30 mg/kg/day dose
groups.

Serum analysisforthe FO generation males sampled at the endof cohabitation showed that
PFOA was present in all samples tested, including controls. Control males had an average
concentrationof0.0344 0.0148 ug/l PFOA. Treated males had 51.149.30 and 45.3+12.6
ug/ml, respectively for the 10 and 30 mg/kg/day dose groups.

Parental Females (FO)

No treatment-related deaths or adverse clinical signs were reported in parental females at any
dose level. No treatment-rlated effects were reported for body weights, body weight gains, and
absolute and relative food consumption values.

There were no treatment-related effects on estrous cyclicity, mating or fertility parameters.
Noneofthe natural delivery and ltter observations were affected by treatment, tht is, the
numbersofdams delivering litters, the duration ofgestation, the averages for implantation sites
per delivered liter, the gestation index (numberofdams with one or more liveborn pups/umber
ofpregnant rats), the numbersofdams with stillborn pups, dams with all pups dying, liveborn
‘and stillborn pups viability index, pup sex ratios, and mean birth weights were comparable to
controls among all treated groups.

Necropsy and histopathological evaluation were also unremarkable. Terminal body weights,
organ weights, and organ-to-terminal body weight ratios were comparable to control values for
all treated groups, except for kidney and liver weights. The weights ofthe left and right kidney,
and the ratiosofthese organ weights-to-terminal body weights, andofthe left kidney weight-to-
brain weight were significantly reduced at the highest dose of 30 mg/kg/day. The ratio of liver
weights-to-terminal body weight was also significantly reduced at 3 and 10 mg/kg/day.

Resultsofthe serum analysis in FO generation females sampled on LD 22 showed that PFOA
was present in all samples tested, except in controls where the level was below the limits of
quantitation (0.00528ugny1). Treated females had an average concentration of 0.37+0.0805 and
1.02:0.425 ug/ml, respectively for the 10 and 30 mg/kg/day dose groups.

F1 Generation-Males

No effects were reported at any dose level for the viability and lactation indices. No differences
between treated and control groups were noted for the numbersofpups surviving per iter, the
percentage of male pups, liter size and average pup body weight per lter at birth. Pup body
weight on a per litter basis (sexes combined) was significantly reduced in the 30 mg/kg/day
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‘group on days 1, 5, and 8 of lactation. Of the pups necropsicd at weaning, no statisticallysignificant, treatmentrelated differences were observed for the weightsofthe brain, spleen andthymus and the ratiosofthese organ weights o the terminal body weight and brain weight.
Significant increases in reatment-related deaths (7 animals total) were reported in FI males inthe high dose group of 30 mg/kg/day. One rat was moribund sacrificed on day 39 postweaning
and another was found deadon day 107 postweaning, but the majorityof the FI male rats were
found dead on days 2-4 postweaning.

Statistically significant increases in clinical signs oftoxicity were also observed in F1 males
during most ofentire postweaning period. These signs included an increased incidence of
annular constriction of the tail at all doses, with statistical significance at the 1, 10, and 30
mg/kg/day; a significant increase at 10 and 30 mg/kg/day in the numberofmale rats that were
emaciated; and a significant increase in the incidenceof urine-stained abdominal fur, decreased
‘motor activity, and abdominal distention at 30 mg/kg/day.

Body weights and body weight gains were statistically significantly reduced prior to and during
cohabitation and during the entire dosing period in all treated groups. Statistically significant
reductions in body weights were observed at 10 and 30 mg/kg/day during days 8-15, 22-29, 29-
36, 43-50, and 50-57 postweaning. Body weight gains were also significantly reduced in the 30
‘mg/kg/day group on days 1-8, 15-22, 3643, 57-64, and 64-70 postweaning. Statistically
significant, dose-related reductions in body Weight gains were observed for the entire dosage
period (days 1-113 postweaning). Absolute food consumption values were significantly reduced
at 10 and 30 mg/kg/day during the entire precohabitation period (days 1-70 postweaning), while
relative food consumption values were significantly increased

Statistically significant (p< 0.01) delays in sexual maturation (the average dayofpreputial
separation) were observed in high-dose animals versus concurrent controls (52.2 daysofage.
versus 48.5 daysofage, respectively).

No apparent effects were observed on anyofthe mating or fertility parameters including fertility
and pregnancy indices (numberofpregnancies per numberofrats that mated and rats in
cohabitation, respectively), the numberofdays to inseminate, the numberofras that mated, and
the numberofrats with confirmed mating dates during the first week. No statistically
significant, treatment-related effects ere observed on any ofthe sperm parameters (motility,
concentration, or morphology).

Necroscopic examination revealed statistically significant treatment-related effects at 3, 10, and
30 mg/kg/day ranging from tan areas in the lateral and median lobesofthe liver to moderate to
slight dilationofthe pelvisofone or both kidneys.

Statistically significant, dose-related decreases in terminal body weighsofparental F1 males
were observed. The absolute weightsofthe liver were significantly increased and the absolute
weightsofthe spleen were significantly decreased at all treated groups. The absolute weights of
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the left and/or right kidneys were significantly increased in the 1 and 3 mg/kg/day dose groups
and significantly decreased in the 30 mg/kg/day dose group. The absolute weightofthe thymus
was also significantly decreased in the 10 and 30 mg/kg/day dose groups. The absolute weight of
the prostate, brain and left adrenal gland were significantly decreased in the 30 mg/kg/day
dosage group. The ratiosofthe weightsof the seminal vesicles, with and without fluid, iver and
left and right kidneys to th terminal body weights were significantly increased in all treated
‘groups. The ratiosofthe weightsofthe lef tests, with and without the tunica albuginea and the
right tests to the terminal body weight, were significantly increased at 3 mg/kg/day and higher.
‘The ratiosofthe weightsofthe left epididymis, left cauda epididymis, right epididymis and brain
10 the terminal body weight were significantly increased at 10 mg/kg/day and higher. The ratios
ofthe weightofthe seminal vesicles with fluid to the brain weight were increased at 1
mg/kg/day and higher, with statistical significance at 1 and 10 mg/kg/day. The ratiosofthe liver
weight-to-brain weight were significantly increased in the 1 mg/kg/day and higher dosage
‘groups, and the ratios ofthe left and right kidney weights-to-brain weight were significantly
increased in all treated groups. The ratiosof the spleen weightto-brain weight were significantly
decreased at 1 mg/kg/day and higher, and the ratios ofthe thymus weight-to-brain weight were
significantly decreased at 10 and 30 mg/kg/day. The ratios of the lef and righ testes weight-to-

brainweight were increased in the 3 mg/kg/day and higher dosage groups. These ratios were
significantly increased at 10 mg/kg/day (right testis only) and 30 mg/kg/day.

Histopathologic examinationofthe reproductive organs was unremarkable; however, treatment-
related microscopic changes were observed in the adrenal glandsofhigh-dose animals
(cytoplasmic hypertrophy and vacuolationofthe cellsofthe adrenal cortex) and in the liver of
animals treated with 3, 10, and 30 mg/kg/day(hepatocellular hypertrophy). No other treatment-
related effects were reported.

FI Generation ~ Females

No effects were reported at any dose level for the viability and lactation indices. No differences
between treated and control groups were noted for the numbersofpups surviving per litter, the
percentage male pups, liter size and average pup body weight pr liter at birth. Pup body
‘weight on a per litter basis (sexes combined) was significantly reduced in the 30 mg/kg/day
group on days 1,5, and 8oflactation.

At 30 mg/kg/day, one pup from one dam died prior to weaning on lactation day 1 (D1).
‘Additionally, on lactation days 6 and 8, statistically significant increases in the numbersof pups
found dead were observed at 3 and 30 mg/kg/day. According to the study authors, this was not
considered to be treatment related because they did not occur ina dose-related manner and did
not appear to affect any other measuresofpup viability that included, numbersofsurviving pups
per liter and live litter size at weighing. An independent statistical analysis was conducted by
US EPA (20020). No significant differences were noted between dose groups and there was no
significant trend.
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Of the pups necropsied at weaning, no statistically significant, treatment.related differences wereobsarved for the weightsofthe brain, spleen and thymus and the ratiosofthese organ weights tothe terminal body weight and brain weight.

An increase in treatment-related mortality (6 animals toal) was observed in F1 females onpostweaning days 2-8 at the highest doseof 30 mg/kg/day. No adverse clinicel signs oftreatment.elated toxicity were reported for any dose level during any timeof the study period.
Statistically significant decreases in body weights and body weight gains were observed in high-
dose animals on days 8, 15, 22, 29, 50, and 57 postweaning, during precohabitation (recorded on
the day cohabitation began, when F1 generation rats were 92-106 days ofage), and during.
gestation and lactation. Decreases in absolute food consumption were observed during days 1-8,
8-15 postweaning during precohabitation and during gestation and lactation in animals treated
with 30 mg/kg/day. Relative food consumption values were comparable across all treated
groups

Statistically significant (ps 0.01) delays in sexual maturation (the average dayofvaginal
patency) were observed in high-dose animals versus concurrent controls (36.6 days ofage versus
34.9 daysofage, respectively).

Prior to mating, the study authors noted a statistically significant increase in the average numbers
ofestrous stages per 21 days in high-dose animals (5.4 versus 4.7 in controls). For this
calculation, the numberof independent occurrences of estrus in the 21 daysof observation was
determined. This type ofcalculation can be used as a screen for effects on the estrous cycle, but
‘amore detailed analysis should then be conducted to determine whether there is truly an effect.
3M Company (2002) recently completed an analysis that showed there were no effects on the
estrous cycle; there were no differences in the number of females with > 3 daysof estrus or with
24 daysofdiestrus in the control and high dose groups. Analyses conducted by the US EPA.
(20024) also demonstrated that there were no differences in the estrous cyele among the control
and high dose groups. The cycles were evaluated as having either regular 4-5 day cycles, uneven
cycling (defined asbriefperiods with irregular pattern) or periods ofprolonged diestrus (defined
as 4-6 day diestrus periods) extended estrus (defined as 3or 4daysofcomified smears), possibly
pseudopregnant, (defined as G-greater days of leukocytes) or persistent estrus (defined as 5-or
greater daysof comilfied smears). The two groups were not differentinanyofthe parameters
measured. Thus, the increase in the number ofestrous stagesper21 days that was noted by the
study authors is due to the way in which the calculation was done, and is not biologically
‘meaningful.

No effects on anyofthe mating and fertility parameters (numbersofdays in cohabitation,
numbersofrats that mated, fertility index, rats with confirmed mating dates during the first week
ofcohabitation and numberof rats pregnant per rats in cohabitation).

All natural delivery observations were unaffected by treatment at any dose level. Numbers of
dams delivering liters, the durationofgestation, averages for implantation sites per delivered
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litter, the gestation index (numberofdams with one or more liveborn pups/mumber ofpregnant11), the numbersofdams with stillborn pups, dams with all pups dying and liveborn and
sillbom pups were comparable among treated and contol groups.

No treatment.related effects were observed on terminal body weights. The absolute weight of
the pituitary and the ratiosofthe pituitary weight-to-terminal body weight and to the brain
weight were significantly decreased at 3 mg/kg/day and higher, but did not show a dose-
response. No other differences were reported for the absolute weights or ratios for other organs
evaluated. No treatment-related effects were reported following necroscopic and histopathologic:
examinations.

F2 Generation Offspring

No treatment-related adverse clinical signs were observed at any dose level. Likewise, no
treatmentrelated effects were reported following necroscopic examination, with the exception of
0 milk in stomach in pups that were found dead. The numbersofpups found either dead or
stillbom did not show dose-response (3/28, 6/28, 10/28, 10/28, and 6/28 in 0, 1, 3, 10, and 30
‘mg/kg/day dose groups, respectively) and therefore were unlikely related to treatment.

No effects were reported at any dose level for the viability and lactation indices. No differences
between treated and control groups were noted for the numbersofpups surviving per liter, the
percentage ofmale pups, litter size and average pup body weight per litter when measured on
LDs 1,5, 8, 15,0r 22. Anogenital distances measuredforF2 male and female pups on LDs 1 and
22 were also comparable among the five dosage groups and did not differ significantly.

Statistically significant increases (p< 0.01) in the numberofpups found dead were observed on
lactation day 1 at the 3 and 10 mg/kg/day dosage groups. According to the study authors, this
was not considered to be treatment related because they did not occur in a dose-related manner
and did not appear 10 affect any other measuresof pup viability tha included, numbers of
surviving pups per litter and ive ter size at weighing. An independent statistical analysis was
conducted by US EPA (20026). No significant differences were observedbetweendose groups
and there was no significant trend.

‘Terminal body weights in F2 pups were not significantly differen from controls. Absolute.
weightsofthe brain, spleen and thymus and the ratiosofthese organ weights-to-terminal body
weight and to brain Weight were aiso comparable among treated and control groups

Conclusions

Dosing with APFO at 30 mg/kg/day appeared to delay the onsetofsexual maturation in both
male and female F1 offspring. The authorsofthe study contend that the delays in sexual
maturation (preputial separation or vaginal patency) observed in high-dose animals are due to the
fact that these animals have a decreased gestational age,a variable which they have defined as
the time in days from evidence ofmating in the FO generation until evidenceof sexual
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‘maturation in the F1 generation. The authors state that gestational age appeared to be decreasedin high-dose animals at the time of acquisition (the time when sexual maturation was reached),which they believe meant the animals in that group were youngerand more immaturethanthecontrol group, in which there wasnosignificant difference in sexual maturation.

In order to test this hypothesis, the authors covaried separately the decreases in body weight and
in gestational age with the delays in sexual maturation in order to determine whether or not body
weights and gestational age were a contributing factor. When the body weight was covaried
with the time to sexual maturation, the time to sexual maturation showed a dose related delay
that was statistically significant at the ps 0.05. This suggests that the delay in sexual maturation
was partly related to body weight, but not entirely. When gestational age was covaried with the
time to sexual maturation, there was no significant difference in the time of onsetofsexual
‘maturation between controls and high-dose animals. This indicates that the effectofdelayed
sexual maturation could possibly be attributed to decreased gestational age.

‘While it is known and commonly accepted that changes in the body weightsofoffspring can
affect the time to sexual maturation, whether or not gestational age, as defined by the authors,
also affects the timeofacquisition is purely speculative, especially since there was no data
provided by the authorstosupport this relationship. Additionally, covarying gestational age
with time to sexual maturation is problematic from a statistical standpoint. Since there was no
significant change in the lengthof gestation at 30 mg/kg/day, based on the authors’ definition of
“gestational age’, the decreases in gestational age would have to be due mostly to changes in
time to sexual maturation. Therefore, sexual maturation is essentially being covaried with itself
Stil, even ifa relationship between gestationalage and time to sexual maturation were shown, it
merely offers an explanation for the observed delays in sexual maturation in high-dose animals,
but does not diminish its significance.

Therefore, under the conditionsofthe study, the LOAEL for FO parental males is considered to
be I mg/kg/day, the lowest dose tested, based on significant increases in the liver and kidney
weights-to-terminal body weight and to brain weight ratios. A NOAELforthe FO parental males
ould not be determined sincetreatmentrelated effects were seen at all doses tested.

‘The NOAEL and LOAEL for FO parent females are considered to be 10 and 30 mg/kg/day,
respectively, bascd on significant reductions in kidney weight and kidney weight-to-terminal
bodyweightand to brain weight ratios observe at the highest dose.

‘The LOAEL for F1 generation males is considered to be 1 mg/kg/day, based on significant
decreases in body weights and body weight gains, andinterminal body weights; and significant
changes in absolute liver and spleen weights andinthe ratios of liver, kidney, and spleen
sweights-to-brain weights; and based on significant, dose-related reductions in body weights and
body weight gains observed prior to and during cohabitation and during the entire dosing period.
ANOAEL for the FI males could not be determined since treatment-relted effects were seen at
all doses tested.
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‘The NOAEL and LOAEL for F1 generation females are considered to be 10 and 30 mg/kg/day,respectively, based on statistically significant increases in postweaning mortality, delays insexual maturation (time to vaginal patency), decreases in body weight and body weight gains,
and decreases in absolute food consumption, all observed at the highest dose tested.

The NOAEL for the F2 generation offspring was considered to be 30 mg/kg/day. No treatment-
related effects were observed at any doses tested in the study. However, itshouldbe noted that
the F2 pups were sacrificed at weaning, and thus it was not possible o ascertain the potential
postweaning effects that were noted in the F1 generation.

3.8 Carcinogenicity Studies in Animals

3.8.1 Cancer Bioassays

‘The carcinogenic potential ofAPFO has been investigated in a two-year feeding study in rats
(3M, 1987). In this study, groupsof50 male and 50 female Sprague-Dawley (Cr:CD BR) rats
were fed diets containing 0, 30 or 300 ppm APFO for two years. Groups of 13 additional ats per
sex were fed 0, or 300 ppm APFO and evaluated at the one-year interim sacrifice. The mean
actual test article consumption was: males, 1.3 and 14.2 mg/kg/day; females, 1.6 and 16.1
‘mg/kg/day for the low and high-dose groups, respectively.

There was a dose-related decrease in body weight gain in the male rats and to alesser extent, in
the female rats as compared to the controls; the decreases were statistically significant in the
high-dose groups ofboth sexes. The body weight changesare treatment related since feed
consumption was actually increased (rather than decreased). There were no differences in
‘mortality between the treated and untreated groups; the survival rates at the end of 104 weeks for
the control, low-, and high-dose groups were: male, 70%, 72% and 88%; females, 50%, 48% and
58%. The only clinical sign observed was a dose-related increase in ataxia in the female rats; the
incidences in the control, low- and high-dose groups were: 4%, 18% and 30%. Significant
decreases in red blood cell counts, hemoglobin concentrations and hematocrit values were
observedinthehigh-dose male and female rat as compared to control values. Clinical
chemistry changes indicativeofliver toxicity included increases in alanine aminotransferase:
(ALT), aspartate aminotransferase (AST) and alkaline phosphatase (AP) in both reated male
‘groups from 3-18 months, but only in the high-dose males at 24 months. Increases in relative
liver and kidney weights were noted in both high-dose male and female ras. Significant non
neoplastic lesions were seen primarily in the liver and testis; there were increases in the.
incidence of liver masses, hyperplastic nodules and foci, and in testicular masses in the high-
dose male group. Other liver toxic effects include dose-related increasesinthe incidence of
diffuse hepatomegalocytosis, cystoid degeneration, and portal mononuclear cell infiltration in
both male and female treated groups; these increases were statistically significantinthe high-
dose males. A statistically significant, dose-related increase in the incidenceofovarian tubular
hyperplasia was found in female rats; the incidence ofthis lesion in the control, low, and high-
dose groups was 0%, 14%, and 32%, respectively. Based on these toxic effects, the high dose
selected in this study appears to have reached the Maximum Tolerated Dose (MTD). Based on
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decreased body weight gain, increased liver and kidney weights and toxicity in the hematologicaland hepatic systems, the LOAEL for male and female rats is 300 ppm. [Based on increases in theincidenceofataxia and ovarian tubular hyperplasia, the LOAEL for female rats is 30 ppm.)
At the terminationofthe study,a slight increase in the incidenceofvarious neoplasms (tumorsofthe lver, testis, thyroid, adrenal and mammary glands, etc.) was seen in the treated animals.Among them, the increased incidences oftesticular (Leydig) cell adenomas in the high-dose.male rats, andofmammary fibroadenoma in both groupsof female rats were statistically
significant (P< 0.05) as compared to the concurrent controls. The incidenceofthe Leydig cell
tumors (LCT) in the control, low- and high-dose males was 0/50 (0%), 2/50 (4%) and 7/50
(149%), respectively; the respective incidencesof mammary fibroadenoms in the female groups
were 11/50 (22%), 21/50 (42%) and 24/50 (48%). The increases are also statistically significant
as compared to the historical control incidences (LCT, 0.829%; mammary fibroadenoma, 19.0%)
observed in 1,340 male and 1,329 female Sprague-Dawley control rats used in 17
carcinogenicity studies (Chandra etal., 1992). The spontaneous incidence of LCT in 2-year old
Sprague-Dawley rats in other studies was reported to be approximately 5%(cited in: Clegg et al.,
1997). Therefore, under the conditions ofthis study, APFO is carcinogenic in Sprague-Dawley
ats, inducing Leydig cell tumors in the male rats and mammary fibroadenomas in the female
rats.

“The inductionofLeydig cell tumors was confirmed in a follow-up 2-year mechanism study of
PFOA in male Sprague-Dawley (CD) rats ata dietary level of 300 ppm (Cook ct a., 1994;
Bicgel etal. 2001). Asignificantly increased LCT incidence was observed in the treated rats
(8/76, 11%) as compared to the controls (0/80, 0%). In addition, PFOA also caused significantly
increased incidencesof liver tumors and pancreatic acinar cell tumors. The incidencesof liver
adenomas in the control and treated groups were 2/80 (3%) and 10/76 (13%), respectively,
whereas those for the pancreatic acinar cell adenomas were 0/80 (0%) and 7/76 (9%). There was
one pancreatic acinar cell caricinoma in 76ofthe reated ras and none in 80 controls. The
incidenceof combined pancreatic acinar cell adenomalcarcinoma in the treated rats (8/76, 11%)
was also significantly increased as compared to the controls (0/50, 0%).

PFOA has also been shown to promote liver carcinogenesis in rodents (Abdellatifct al,1991;
Nilsson etal., 1991)

3.8.2 Mode of Action Studies

‘The mechanism(s)of toxicologicalcarcinogenic action of PFOA is not clearly understood.
PFOA was not mutagenic in the Ames test using five strainsofSalmonella typhimurium, of in an
assay with Saccharomyces cerevisiae (Griffith and Long, 1980). Short-term genotoxicity assays
appear to suggest that PFOA. is not a DNA-reactive compound. However, when tested with
metabolic activation, PFOA induced significant increases in chromosomal aberrations and in
polyploidy in CHO cells (Murli, 1996). The significance of these genotoxic effects is unclear.
Available data appear to indicate that the induction oftumors by PFOA is due to a non-genotoxic
‘mechanism, involving activation of receptors and perturbationsofthe endocrine system. The
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Agency is currently examining these postulated modesofaction in detail. The following
summaries are not meant to bea detailed reviewofthe literature, but simply summarize the
current scientific evidence.

38.2.1 Liver Tumors

thas been well documented that APFO is 2 potent peroxisome proliferator, inducing
peroxisome proliferation in the liverofrats and mice (e.2., Ikeda ct al., 1985; Pastoor etal,
1987; Sohlenius et al., 1992). A sex-related difference in the inductionof iver peroxisome
proliferation exists in ras (Kawashima et al, 1989), but not in mice (Soblenius etal, 1992).
‘The higher inductionof liver peroxisome proliferation in male rats was shown to be strongly
dependent on the sex hormone testosterone (Kawashima et al, 1989). Like many other
peroxisome proliferators, APFO has also been shown to cause hepatomegaly (an early biomarker
ofperoxisome proliferator hepatocarcinogenesis) in rats (Takagi, etal, 1992; Cook, 1994) and
mice (Kennedy, 1987), and induce oxidative DNA damage in liverofrats (Takagi etal. 1991).
“The totality ofthese data appears to suggest that the liver toxicity and carcinogenicity of APFO
may be related to induction ofperoxisome proliferation. Meanwhile, estrogen has been shown to
promote hepatocarcinogenesisinrats (Yager and Yager, 1980; Cameron et aL, 1982); an
increase in estrogen levels after APFO exposure (discussed below) may also playa role in
hepatocarcinogenesis in ras. Recently, IARC (1995) concluded that the liver tumors induced in
rodents by PPARalpha agonists are unlikely tobeoperative in humans based onour current
understandingofthe animal mode ofaction.

3.8.2.2 Leydig Cell Tumors

A large numberofnon-genotoxic compoundsofdiverse chemical structures have been reported
to induce Leydig cell tumors (LCT) in rats, mice, or dogs. A reviewof the available information
on LCT induction in animals led a workshop panel to classify these compounds into seven
groups based on their modesofaction (Clegg et al., 1997). The common theme in the mode of
action for most compounds is that these compounds affect the hormonal control of Leydig cell
‘growth by disrupting the hypothelamic-pituitary-testicular axis a various points that result in
increasing the serum levels of luteinizing hormone (LH). It has been postulated that in addition
to stimulating the production of testosterone, LH may also play a mitogenic role in the Leydig
cells; a sustained increase in circulating LH levels and chronic stimulationof Leydig cells by
‘growth-stimulating mediators suchas IGF-1, TGF-B, leukotrienes and various free radicals can
lead to LCT development (rev. in: Clegg eta, 1997).

A series of studies have been conducted to investigate the mechanismoftumor formation in
male Sprague-Dawley (CD) rats exposed to APFO (Cook et al, 1992; Biegel etal,, 1995; Liu et
al, 1996). No significant increases in LH were seen in the rats aftr treatmentofAPFO at
various dose levels for 14 days. However, serum and testicular levelsofestradiol were
significantly increased and testosterone levels were significantly decreased. It was postulated
that the elevated estradiol levels may cause Leydig cell hyperplasia and tumor formation by
acting as a mitogen and/or enhancing growth fector secretion; the transforming growth factor a.
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(TGF u), which binds to the epidermal growth factor (EGF) receptor and stimulated cell
proliferation, for instance, has been detected in Leydig cells (Teerds eta., 1990). Subsequentexperiments have shown that APFO increased the levels ofestradiol by inducing cytochrome
P450 XIX (aromatase), which converts testosterone to estradiol. Peroxisome proliferators are:
known to induce p-oxidation and cytochrome P-450 monooxygenases by binding to the
peroxisome proliferation activation receptor a (PPAR a; a subfamilyofsteroid hormone
receptors). I is believed that APFO induces cytochrome P450 XIX (aromatase) by binding to
and activating the PPAR.

Although significant increases in LH were not seenin Sprague-Dawley rats after treatment of
APFO in the 14 day-studies, it appears that increase in LH levels cannot be ruled outto be
involved (in addition to increased estradiol level) in the inductionof LCT by APFO. In these
studies, significant increase in hepatic aromatase (which converts testosterone to estradiol)
activities associated with decreased serum testosterone levels and increased estradiol levels were
observed in the treated rat. Testosterone is synthesized and secreted by the Leydig cells, and is
regulated by LH; testosterone and LH form a closed-loop feedback system in the HPT axis. In
order to maintain adequate testosterone plasma levels, reduced testosterone levels (caused by
increased aromatase activity) are expected to lead to increased LH levels through the negative
feedback mechanism. It has been pointed ou that increases in LH may not always be seen in all
studiesof chemicals for which the proposed modeofaction cals for elevated LH, and that
compensation may have occurred to restore homeostasis and inappropriate timing of sampling
are someofthe explanations for failing to detect changes in LH levels (Clegg et al., 1997).

3.8.2.3 Mammary Gland Tumors

Estradiol has also been shown to stimulate the secretionofTGF by mammary epithelial cells
and the overexpressionofTGF a has been suggested as one possible factor in producing
sustained cell proliferationofmammary tumor cells and the subsequent development of
neoplasia (Liu ct al., 1987). Hence, it is possible that the APFO-induced elevation of estradiol
levels may also be responsible for the developmentofmammary fibroadenomas in Sprague
Dawley rats in addition to LCT (discussed above). In fact, this is consistent with the mechanism
by which spontaneous mammary neoplasms were developed in aging female Sprague Dawley
rats. It has been demonstrated that the early appearance and high spontaneous incidence of
‘mammary gland tumors in untreated, aging female Sprague-Dawley rats is due to increased
exposure to endogenous estrogen and prolactin zs a result ofan accelerating effect on normal,
age-related perturbationsofthe estrous cycle in this strainof rat (Cutts and Noble, 1964; Chapin
etal, 1996)

3.8.2.4 Pancreatic Tumors

‘The mechanism by which APFO induced pancreatic acinar cell tumors is unknown. A number of
other peroxisome proiferators also produce pancreatic acinar cell tumors in rat. Available data
suggest that the pancreatic acinar cell tumors are related to an increase in serum cholecystokinin
(CCK) level secondary to hepatic cholestasis (Cook et al, 1994; Obourn et al., 1997). CCK is a
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growth factor that has been shown to stimulate normal, adaptive, and neoplastic growth of
pancreatic acinar cels in rats (Longnecker, 1987). However, data on the role of CCK in
pancreatic tumor formation are conflicting.

3.9 Immunotoxicology Studies in Animals

Four immunotoxicity studiesof PFOA have been conducted in mice. The firsofthese studies
was a feeding study in mice (Yang et al. 2000). For investigationofthe effects of
perfluorooctanoic acid (PFOA), and other peroxisome prolferators, on lymphoid organs, 0.02 %
PFOA was administered to male CS7BY6 mice in the dict for 2, 5, 7, or 10 days. At the end of
the feeding period, mice were sacrificed and the liver, spleen, and thymus were dissected out and
weighed. The effectofPFOA administration on the cellularity, cll surface phenotype, and cell
cycle of thymocytes and splenocytes was determined. In addition, effectsofexposure of
thymocytes and splenocytes to PFOA in vitro were examined.
The resus showed that administration of 0.02% PFOA for 2, 5, 7, or 10 days resulted in a
significant increase, relative to controls, in liver weight, even af the earliest ime point. Also, a
decrease in body weight caused by PFOA administration was observed. Subsequently, by the
day S administration period, significant decreases in thymus and spleen weight were detected.
After administration of 0.02% PFOA for 7 days, significant decreases (85% and 80%,
respectively) in the total number of thymocytes and splenocytes were observed. The results also
showed that the number ofthymocytes expressing both CD4 and CDS decreased by 95% the
number expressing both CD4 and CDS decreased by 57%; and the number expressing either
CD4 or CDS decreased by 64% and 72%, respectively. For the splenocytes, both T cells (CD3)
and B cells (CD19) decreasedby 75% and 86%, respectively. Also, significant decreases in both
CD4 helper and CDS cytotoxic splenic T cells were observed. Upon administration of 0.02%
PFOA to mice for 7 days, thymocyte proliferation was also inhibited, as detected by cell cycle
flow cytometry analyses. In vitro studies showed that there was spontaneous apoptosis occurring
in splenocytes and thymocytes afer§ or 24 hoursofculturing in the presenceofvarying
concentrations (50, 100, or 200 M) of PFOA. However, PFOA did not significantly alter the
cell cycle under these conditions.

In order to study mechanism (Yang et al. 2001), another mouse feeding study was performed.
In order to examine the dose dependencyofthe effects, CS7BUS mice received diets consisting
0£ 0.001%-0.05% PFOA (w/w) for 10 days. For examining the time-course, a diet containing
0.02% PFOA was given for 2,5, 7 or 10 days. Effects ofwithdrawal of PFOA were also
studied.
“The results showed that, at higher doses, a significant decrease, relative to controls, in body
weight was observed, although no other apparent signsoftoxicity such as sores, lethargy, and
poor grooming were noticed. However,asignificant decrease in total water intake was
observed. Mice receiving dietary PFOA for 10 days experienced significant increases in liver
weight and peroxisome proliferation, as measured by induction ofacyl-CoA oxidase with
lauroyl-CoAor palmitoyl-CoAas substrate. These increases started at the lowest dose and
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reached their maximal values at a doseof0.003-0.01%. In contrast, the weight decreasesof thespleen and thymus began ata higher dose (0.01%) with no maximum reached with the dosesgiven. The time course studies showed that increased liver weights and peroxisome proliferationwere evident at the earliest time point examined. In contrast, significant thymus and spleenweight decreases required PFOA administration for a periodofat least 5 days, following whichthe spleen weight remained constant while the thymus weight continuedto decrease. However,‘upon prolonged treatment for one month, no further decreasesin thymus and spleen weightswere observed. In another setofexperiments, animals received 0.02% PFOA for 7 days, and
then they received normal chow for a period of 10 days. These recovery experiments showed
that the animals rapidly recovered the body weight the second day after withdrawalof PFOA.
However, the liver weight did not return to normal even after 10 daysof recovery. Thymus
recovery started on day 2 and was completed by day 10. ‘The spleen weighs retumed to normal
by day 2 post-withdrawal. In addition, the changes in thymus and spleen weight upon PFOA
treatment and withdrawal paralleled the changes in otal thymocyte and splenocyte counts
Furthermore, flow cytometry cell cycle experiments showed that the decrease in thymocyte
‘number caused by PFOA treatment is due mainly to inhibitionofthymocyte proliferation. In
contrast, PFOA treatment caused no changes in the cell eyeleof splenocytes.
A third feeding study (Yang et al. 2002) was designed to examine the possible involvement of
the peroxisome proliferator-activated receptor alpha (PPAR in the immunomodulation exerted
by PFOA. This study made useoftransgenic PPAR: null mice, which are homozygous with
regards to a functional mutation in the PPAR: gene. These mice do not exhibit peroxisome
proliferation or hepatomegaly and hepatocarcinogenesis even after exposure to peroxisome
proliferators. These mice were fed a diet consisting of 0.02% PFOA (wi) for 7 days. At the
endofthe feeding period, mice were sacrificed and the liver, spleen, and thymus were removed
and weighed. The effect ofPFOA on peroxisome proliferation, cellcycle, and
Iymphoproliferation was ascertained.

The results showed that, in contrast to wild-type mice, feeding PPAR: mull mice PFOA resulted
inno significant decrease in body weight. However, increases in iver weight were sil seen in
PPARo: null mice, suggesting that this is notaPPAR dependent process. As expected,
‘peroxisome proliferation, as measured by fatty acid - oxidation, was totally lacking in PPARo:
null mice. Also in contrast to wild type mice, feeding PPAR( mull mice PFOA resulted in no
significant decrease in the weightofthe spleen or the numberof splenocytes. At the same time,
the decrease in weight and cellularityofthe thymus was attenuated, but not totally eliminated in
the PPAR( null mice. In addition, thedecreasesin the sizeofthe CD4+CD8+ population of
thymus cells and the numberofthymus cells in the S and G2/M phasesofthe cell cycle, which
reflects inhibitionofproliferation, observed in wild type mice administered PFOA were much
less extensive in PPAR( null mice. Finally, in contrastto wild type mice, PFOA treatment
caused no significant change in splenocyte proliferation in response to mitogens in PPAR( null
mice.

A fourth feeding study (Yang et al. 2002b) was designed to examine the effects ofPFOA on
specific humoral immune responses in mice. For his study, 0.02 % PFOA was administered to
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male CS7BY6 mice for 10 days. Then the animals were examined, via plaque forming cell (PFC)
and serum antibody assays, for their ability to generate an immune response to horse red blood
cells (HRBCS). Ex vivo and in vitro splenic lymphocyte proliferation assays were also
performed.
‘The resuits showed that mice fed normal chow responded to challenge with HRBCs with a
strong humoral response, as measured by the PFC assay. In contrast, mice fed with PFOA
responded to HRBC immunization with no increase in HRBC-specific PFCs, relative to
unimmunized controls. However, in experiments where PFOA-treated mice received normal
chow following HRBC immunization, there was a significant recoveryofthe numbersofspecific
PFCs stimulated. The suppressionof the humoral immune response by PFOA was confirmed by
analysisoftheserum anti-HRBC response. In ex vivo experiments, splenocytes isolated from
control mice responded to both ConA and LPS with lymphocyte proliferation, as measured by
thymidine incorporation. However, treating mice with PFOA (0.029% for 7 days) attenuated the
proliferation. In setofin vitro experiments, PFOA (1-200 M) added to the culture medium of
splenocytes cultured from untreated mice did not cause an alteration of lymphocyte proliferation
in response to LPSor ConA.

4.0 Hazards to the Environment

4.1 Introduction

‘The aquatic toxicity and hazardofAPFO to aquatic organisms was assessed. This task was
made more difficuit by several problems discussed below. These problems complicated the task
ofdeterminingif the ecotoxicity tests were valid and could be used in the assessment.
Furthermore, these problems limited the confidence that could be placed on the toxicity test
values, and thus in tum lowered the confidenceof conclusions that couldbedrawn in assessing
the inherent toxicity and hazard of APFO to aquatic organisms.

1) A varietyof different APFOS with varying designations and lot numbers were tested.
Generally, the ammonium salt or the tetrabutylammonium salt was tested. The exact composition
and identification ofimpurities, which may affect toxicity, in ach lot number used is not known.

2) A varietyoftesting laboratories conducted the APFO toxicity studiesover a period of time
from approximately 1974-1996. This situation served to increase overall test variability and thus
‘made inter-laboratory comparisons more difficult.

3) Purityofthe tested material, or percent test material and percent other material(s), was a
major concern. Purity was not sufficiently characterized in these tests. In some tess it appeared
that 100% test chemical was used; in others a chemicalof lesser purity (approximately $5%) was
used. Purityoftest material does affect toxicity and should be taken into account when possible,
by expressing toxicity on the same purity basis.

4) Water, an isopropanol solvent, or a combinationofboth were used with the test material in
50
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‘many ofthe toxicity tests, for no obvious indicated reason. Solvents are mixed with the test
‘material to make it miscible with the test dilution water before the test is begun. Solvents are
used in tests where the concentrationsofthe test material are extremely lowand a very small
amountoftest material must be added to the test chambers. It was not clear from the summariesofthese studies why a solvent wasusedor was even foundtobe necessary. In fact, 3M.
summarized cach test and stated “Data may not accurately relate toxicityofthe test sample with
thatof the test substance.” Thus, in those tests where 100% test material was not used, the
toxicity values had to be adjusted to take into account the percent solvent(s), and to express the
values on a 100% test chemical basis, so that the tests could be compared.
5) In al these toxicity tests only nominal est chemical concentrations were used. Measured test
chemical concentrationsare instead always recommended so that one can accurately determine
the actual test chemical concentration to which the test organisms are exposed. If itis
determined that the nominal concentrations are only, for example 50%ofthe measured
concentrations, the toxicity values will have to accordingly be adjusted by 50%. Analytical
‘measurementsof chemical concentration should have been taken or made available. Then,
recovery rates could have been determined, and physicochemical processes (c.g. hydrolysis,
volailty) that might lower the actual concentrations to which th test organisms were exposed
ould have been taken into account. Nominals may be used when measured concentrations are
taken and the relationship ofboth is known.

In order to proceed with any sort ofenvironmental hazard review it was necessary to ignore
these test limitations and to assume that the nominal concenrations were an “adequate”
expressionofthe measured test chemical concentrations. Criteria for assessing degreeof acute
toxicity are based on well-established values (low is >100 mg/L; medium or moderate is >1<100
mg/L; high is <I mg/L).

4.2 Acute Toxicity to Freshwater Species

Several species were tested to assess the acute toxicityof APFO; these included the fathead
‘minnow (Pimephales promelas), bluegill sunfish (Lepomis machrochirus), water flea (Daphnia
magna), and a green alga (Selenastrum capricornutum). The toxicity test endpoints have been
adjusted to 100% test chemical and test results are presented in Tables9(organized by test
substance) and 10 (organized by test species). Each value is related toa testing facility and
reference.

‘Twelve tests were conducted with fathead minnows; 96-h LCS0 values (based on mortality)
ranged from 70 to 843 mg/L. Its unclear why this range is so wide. Assuming these studies are
valid, and due to the limitations discussed above, these toxicity values indicate low toxicity. The
two acute values for bluegill sunfish also indicate low toxicity (96-h LC50sof>420, and 569
mg/L)

Nine acute tests were conducted with daphnids and 48-h ECS0 values (based on immobilization)
ranged from 39 t0>1000 mg/L. The lowervaluesare indicativeofmoderate toxicity, but the.
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wide range makes interpretation difficult,

Seven tests were conducted with green algae; 96-h ECS0 values (based on growth rate, celldensity, cell counts, and dry weights) ranged from 1.2 to >66 mg/L (the Er50 cell density value
01,000 mg/L is excluded from this discussion). The lower value indicateshighto moderate
toxicity, based on the acute criteria. The lower value would also be indicative of moderate
toxicity, based on the chronic moderate criterion (0.1<10 mg/L). A 14-d ECS0 value of 43
mg/L, based on cell counts, for green algae was also calculated in one study. This is indicative
of low chronic toxicity, based on the chronic criterion (10 mg/L). Green algae appeared fo be
the most sensitive test species in the 44% APFO test sample, daphnids were the next most
sensitive, and fathead minnows were the leas sensitive.

©
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— Ee
‘athead minnow (Pimephales promelas)[96:-h LCS0_[70[3M Company, 1974a

[96-hLCS0_[766[3M Company, 1980a___|
[96-1LCS0[301 3M Company, 1987c
I96-hLCS0[740 [Ward et al., 1995

[Blucgill sunfish (Lepomis.
machrochirus)

SE [a Laboratory, 1982
[IEC 1000 ft‘Environmental

Laboratory, 1982
| [8-hECS0[221 3M Company, 19875.
L Ward etal, 1995
(Green algac (Selenastrum [06-hECS0 310[Wardetal, 1995

leapricornutum) [96hECS0[1000 [Wardetal 1995 |

phosphoreum) EC50

EC50 Laboratory, 1996s

(OFC
1000 3M Company, 1987d

EC50

Fathead minnow (Pimephales promelas)[96-hLCS0_440 [3MCompany,1974b___|
[96hLCS0 [343 [3M Company, 1985

est Sample: APFO ammoniumsaltin 50% water
[Fathead minnow (Pimephales promelas)| wiroSystems, Inc., J

1990
[EnviroSystems, Inc,
119908

11990

phosphoreun) [EC50 Laboratory, 19902

[ECS0 Laboratory. 1990
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(Test Sample: APFO ammonium salt in 80% water
[Fatheadminnow(Pimephalespromelas)06-hLC50[494 [Wardetal,19962 |
(Water flea(Daphniamagna) 48hECS0 [240 [Ward etal. 199%c |
reen algac (Selenastrium [Ward etal, 1996b

leapricornutum) [96-hECS0_[>666 [Ward et al. 1996b.
[Bacteria (Photobacterium Boma 60 hw ‘Environmental
phosphoreum) ECS0 [Laboratory 1996

hom [0M‘Environmental
50 Laboratory, 1996

[EC50 Laboratory, 19964
Test Sample: APFO in 50% isopropanol
[Fathead minnow (Pimephales promelas)|peRLcs0 io "R. Wilbury |

{ Laboratories, Inc., 1996

Laboratories, Inc., 1996b.

apricornutun, aboratories, Inc., 1995

ia ad al [Laboratories Inc., 1995

pr[Laboratories, Inc., 1995

Waterflea(Daphniamagna)~~WSHECS0 141 [Wardetal 1995 |
[Water flea(Daphniamagna) W8-hECS039 [Wardetal1995 |

apricornutum)

apricornutun |

apricornutun)
*Values were adjusted to represent 100% active ingredient.
These values may be inconsistent due to different diets tested.
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[Table 10. Summary of EcologicalToxicity Datafor APFO (grouped byspecies
[Test Organism [Value [Reference

[Duration (mg/L)
Fathead minnow (Pimephales [96hLC50_70° [3MCompany,19742 |
promelas)

[96:1LC50 [440° [3MCompany, 1974b.

96hLCS0_|>500° [EnviroSystems, Inc., 1990a

|| id OA itn| 19968
| oy [EG&GBionomics Aquatic

INOAEL [Toxicology Laboratory, 1978
PREC oI” TTR Wilbury Laboratories, Inc.,

1995
peRECSD[aT ITR. ‘Wilbury Laboratories, Inc.|

1995

Blues sunfish (Lepomis
imachrochirus)

Water flea (Daplmia magna) ad ll Favironmental Laboratory,
1982

RRECD|  t‘Environmental Laboratory,
100% [1982

[48-hECS0[221° [3M Company, 1987b
[48-hECS0_292” [EnviroSystems, Inc., 1990b

|
| "R. Wilbury Laboratories, Inc.,

I 1996b
|

INOEC

INOEC
[48-0ECS0[417 Wardetal, 1995 ]
[48-hEC50[39% [Wardetal. 1995

|
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[Test Organism alue [Reference
[Duration (mg/L) |

(Green algac (Selenastrum
|eapricormatam)

| PREC 0” TR Wilbury Laboratories, Inc.,
1995

prewC50
ard ot al, 1995

| 96hECS0 [127 [Wardetal 1995 |
[Bacteria (Photobacteriunt rlall “Company, 19872 1
phosphoreum) [ECS0

Ea Environmental Laboratory,
[EC50 19961 |

al Environmental Laboratory,
[ECS0 1990a

[3M Environmental Laboratory,
EC50 1996b.

| ErECs0 | 1996¢

[Activated sludge el‘Company, 1980b
OEC

[EC50
fom [500° ft Environmental Laboratory,

[EC50 19905
rlEnvironmental Laboratory, |
EC50 1996a

Values were adjusted to represent 100% active ingredient,
These values may be inconsistent due to different diets tested.
PTested substance was APFO ammonium salt
Tested substance was APFO
Pested substance was APFO ammonium sal in 50% water
FTested substance was APFO ammonium salt in 80% war.
FTested substance was APFO in 50% isopropanol.
Test Sample: APFO (44%) in 27.9% water and 27.2% isopropanol
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