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Attached is a revised PFOS Hazard Assessment. Minor changes from the text in the
original version (August 31, 2000) are found on pages 6, 7, and 26, and concern the
corrected 1974 reference to Biesemeier and Harris. The conclusions were not affectedby these changes.
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Hazard Assessment and Biomonitoring Data
on Perfluorooctane Sulfonate - PFOS

I Executive Summary

[human blood samples, PFOS has been detected in the serumof occupational and generalpopulations in the ppm to ppb range. [n the U.S. recent blood serum levels of PFOS inmanufacturing employees have been as high as 12.83 ppm, while in the general population,serum collected from blood banks and commercial sources have indicated mean PFOS levels of30-44 ppb. Levels ina very small sample of children yielded even higher results, with a meanlevelof5¢ ppb.

Sampling of several wildlife species from a varietyofsites across the United States has shownwidespread distribution of PFOS. In recent analyses, PFOS was detected in the ppb range in theplasma of several speciesof eagles, wild birds. and fish. Endogenous levelsof FOS have alsobeen detected in the ppb range in the livers of unexposed rats used in toxicity studies, whichpresumably occurred through exposure to a dietary source (fishmeal),

Studies show that PFOS is well-absorbed orally and distributes mainly in the serum and the liver.No further metabolism is expected. Elimination from the body is slow and occurs via the urineand feces. Serum PFOS levels in 3 retired male 3M chemical workers have been followed forfive and ahalfyears and suggest a mean elimination half-life (1.,) of 1,428 days (approximately+ years). Based on the pharmacokinetic data obtained from a 28-cay oral study in male andfemale monkeys, a volumeofdistribution (V.) of 0.19L/kg was reported; no sex differences inthe pharmcokinetic parameters ware noted.

PFOS has shown moderate acute toxicity by the oral route with a rat LDS0 of 251 mg/kg. A one-hour LCS0of 5.2 mg/l in rats has been reported. PFOS was found to be mildly irritating to the.eyes and non-irritating to the skin of rabbits. PFOS was negative in mutagenicity studies in fivestrainsof salmonella and did not induce micronuclei in an in vivo mouse bone marrowmicronucleus assay.

Numerous repeat-dose oral toxicity studies on PFOS have been conducted in rats and primes.Adverse signs oftoxicity observed in rat studies included increases in liver enzymes, hepaticvacuolization and hepatocellular hypertrophy, gastrointestinal effects, hematological‘abnormalities, weight loss. convulsions, and death. These effects was reported at doses of2me'kg/day and above. Adverse signs of toxicity observed in Rhesus monkey studies included
anorexia. emesis, diarrhea, hypoactivity. prostration. convulsions, atrophy of the salivary glandsand the pancreas, marked decreases in serum cholesterol. and lipid depletion in the adrenals, Thedose range for these effects was reported benween 1.5-300 mykg/day. No monkeys survived
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beyond 3 weeks into treatment at 10 mgkg/day or beyond 7 weeks into treatment at doses as lowas 4.5 mg/kg/day. At doses as low as 0.75 mg/kg/day, cynomolzus monkeys exhibited low foodconsumption, excessive salivation, labored breathing, hypoactivity, ataxia, hepatic vacuolizationand hepatocellular hypertrophy. significant reductions in serum cholesterol leves. and death.
Postnatal deaths and other developmental effects were reported at low doses in offspring ina 2-generation ceproductive toxicity study in rats. At the two highest doses Of 1.6 and 3 2 marke/day,Pup survival in the frst generation was significantly decreased. All first generation offspring (FIpups) at the highest dose died within a day after birth while close to 30% of the F1 pups ia the1.6 mg/kg/day dose group died within + days after birth. As a resultofthe pup mortality in thewo top dose groups, only the two lowes: dose groups, 0.1 and 0.4 mg/kg/day, were continuedinto the second generation. The NOAEL and LOAEL for the second generation offspring (F2pups) were 0.1 mg/kg/day and 0.4 mg/kg/day. respeciively. based on reductions in pup bodyweight. Reversible delays in reflex and physical development were iso observed in this study.raising concems about the potential for evelopmental neurotoxicity following exposure toPFOS.

Developmental effects were also reported in prenatal developmental toxicity studies in the racand rabbit, although at slightly higher dose lev-ls. Signs ofdevelopmental toxicky were evidentat dosesof $ mg/kg/day and above in rats administered PFOS during gestation. Significantdecreases in fetal body weight and significant increases in extemal and visceral anomalies,delayed ossification, and skeletal variations were observed. Abnormalitesofthe lens ofthe eyewere also reported at doses as low as | mg/kg: {ay in one rat prenatal developmental study. butcould not be repeated in a second studyofsimilar design. At dosesof2.5 mg/kg day and above,significant reductions in fetal body weight anc significant increases in delayed ossification wereobserved in rabbits administered PFOS during gestation.

There are several uncertanties in the data-base. For example, since the two-generationreproductive toxicity study dosed the FO males for only six weeks prior to mating and did notinclude any evaluationsofsperm number, motiicy. 2nd morphology, an analysis for the potentialfor male reproductive toxicity is incomplete. Although blood concentations of PFOS inanimals have been estimated based on limited pharmacokinetic data. it is uncertain how PFOSwas assayed in these analyses. Moreover, the =xient of potential interspecies and intraspecicsvariabilis in the pharmacokinetic handlingof FOS is not well understood and cannot be fullyascertained with the two-generation toxicity study alone. There presently exists uncertaintieswith the human exposuredataas well. Data on exposure pathways for ail populations is missing,For occupational exposures, only limited data on the sampled workers is available and humanserum levels were not measured over time in the same individuals. Data on general populationexposures come from pooled sera and must be interpreted with caution. In addition, due to thelong hal£-lifeofPFOS in the body and given the limited knowledge regarding the distribution ofPFOS in the body. it is uncercain whether body burden is adequately reflected by serum levelsSeveral on-going mechanistic and other studies may help address some of these data needs.
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IL. Hazard Assessment

Metabolism and Pharmacokinetics

Absorption

PFOS is well absorbed following ingestion. After a single oral dose of PFOS-14C (mean dose.4.2 mg/kg) in solution to groupsofthree male rats, a least 95%ofthe total carbon-14 issystemically absorbed at 24 hours (Johnson. Gibson and Ober, 1979a,). The digestive tract andcontents contained on average, 3.45% of the dose. The mean fecal excretion is 1.55% ofthe dose2t 24 hours and 3.24% at 48 hours. At 24 hours, the mean sum of total carbon. 14 in feces anddigestive tract plus contents is 5%ofthe dose. Some of this 5% likely represeats systemicallyabsorbed carbon-14 present either in the digestive tract tissues or in the digestive tract contents as2 cesult of excretion. The datz from the 43 hour post dose group of rats are consistent with the 24hour post dose data. Thus, at least 95%ofthe PFOS-14C dose was absorbed from solution afteradministration to non-fasted rats

Distribution

A124 10 48 hours after a single oral dose of PFOS-14C (4.2 mg/k) in rats, approximately 36%of the radioactivity recovered was found in the carcass (Johnson, Gibson and Ober, 1979a). Thecarcass data are not as reliable as the other tissu data since large volume homogenates werenecessary and homogeneityofsample aliquots was difficult to assure. There is some excretion ofotal carbon14 in urine (1-2%/day). The spleens from the 24 hour and 48 hour post dose ratswere analyzed for total carbon14 content, and the percent ofthe dose in the whole organ was0.2%. The concentrationsof total carbon-14 in red blood cells and plasma were compared. Themean ratioofred blood cell 10 plasma concentration at 24 and 48 hours is 0.25 and 0.39,respectively. Thus, at 24 and 48 hours after a single oral dose of FC-95-14C. there is no selectiveretentionofcarbon-14 in red blood cells

At89 days after a single intravenous doseof PFOS-14C (4.2 me/kg) in male rats, mean tissue C-14 concentrations above one ug equivalents/g were as follows: liver, 20.6: plasma. 2.2; kidney,1.1; and lung, 1.1 (Johnson, Gibson and Ober, 1979b). Other tissues such as muscle, skin, bonemarrow, and spleen had concentrations tanging from 0.2 to 0.6 ug/g. There was a difference inC14 contentofsubcutaneous fat (0.2 ug/g) and abdominal fat (<= 0.08 ug/g). Very litle C-14was found in whole eye (0.16 ug/g) and no detectable C-14 was found in brain. Only liver andplasma contained a substantial percentage of dose at 89 days post dose, 25.21% and 2.81%,respectively. The low levelsof radioactivity found for kidney, lung, testes, and spleen are due inpart 10 blood still contained in these organs when nomogenized.

Placental tanster of PFOS has been demonstrated (Argus Research Laboratories, 1999), FO ratswere given oral doses of PFOS (0.1, 04. 1.6. or 3.2 me/ke/day in 0.5% Tween 80). Male FO
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animals were treated 42 days prior to mating and through mating period; female FO animals wereadministered PFOS daily 42 days prior to mating, through gestation, and up to 20 days followinglie delivery. Liver and sera samples collected rom the inital populationof dosed animals (FO)2nd their offspring (F1) were analyzed for the presenceof PFOS. The FO results by are presentedbelow, by dose group:

Dose group Average PFOS conc. Average PFOS conc.(mgkg/day) in serum (ug/ml) in liver (ug/g)0.0, female 0.0307 female 0.171
male 0.0244 male 0.665

ol female 5.28 female 14.8
male 10.5 male 84.9

04: female 13.9 female 58.0
male 45.4 male 176

16 female 82 female 184
male 152 male 323

32 female NR* female NR*
male 273 male 1360

“samples not received

Average PFOS concentrations in pooled liver samples from F1 animals shortly after birth were0.0511, 6.19,57.6, and 70.4ug/ginthe 0.0,0.1. 0.4,and 1.6 my’kg/daydose groups,respectively.

Elimination

Urlnary excretion is the primary routeof elimination for PFOS. By 39 days after a singleingravenous dose of PFOS-14C (4.2 mg/kg) in male rats, mean urinary excretion was 30.2+-1.5%of total C-14 administered (Johnson, Gibson, and Obes, 1979b). Mean cumulative focalexcretion was 12.6+-1.2%. Radioactive content in feces was 00 low to measure afer 64 days,
The half-life for eliminationof total PFOS carbon-14 from plasma afera single oral dose (4.2mg/kg) in male rats is 7.5 days (Johason. Gibson and Ober, 19792). This determination wasbased upon analysis of plasma samples from groupsofthree rats at 1, 2, 6, 12, 24, 48, 96, and144 hours after the single oral dose.

There is evidenceof enterohepatic circulation of PFOS. After 21 daysofcholestyramineweatment, the mean percentage of PFOS-14C dose eliminated via feces (75.8 = 5.0) was 9.5-fold the mean percentage of dose eliminated via feces by control rats (3.0 ~- 0.8, Johnson,Gibson and Ober, 1984). After adjustment for the amount of carbon- 14 excreted in urine (13%for controls and 5% for cholestyramine-treated), the amounts of carbon14 remaining to beexcreted are 19%for cholestyramine-treated rats and 74% for control cats. After PFOS-14C
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administration, the mean liver carbon-14 content at 21 days represents 11% and 40% of the dosefor cholestyramine-treated and control rats, respectively. Mean plasma and red blood cellcarbon-14 concentrations are significantly lower after 21 days of cholestyramine Treatment, Theauthors conclude that the high concentration ofPFOS-14C in liver a 2 t 3 weeks after cosing2nd the fact that cholestyramine treatment enhances fecal eliminationofcarbon-14 by nearly 10-fold suggest that there is a considerable 2nterohepatic circulationof PFOS- 14C.
Acute Toxicity,

Four reports of acute studies of PFOS have been submitted, one inhalation toxicity of rats, twooral studiesofrats, and one dermal and ¢ye irritation study of rabbits

[na study to determine the median lethal concentration (LC.y), Rusch etal. (1979) administeredPFOS dust in air 0 Sprague-Dawley rats. 5/sew/group. levels of 1.89 to 45.97 mg/l PEOS to eighttest groups. A Wright dust-feed mechanism with dry air at a flow rate of 12 to 16 liters perminute was used to administer the PFOS dust. Rats were exposed for | hour. The test group ratsweighed 201-299 g at study initiation. The control group rats weighed 203-263 2 at sndinitiation. The test group rats were exposed (0 1.99. 2.86. 4.88. 6.49. 7.05. 13.9, 24.09 or 45.97#1. The contol rats were exposed to dry air at 2 low rate of 12 liters per minute, All otherprotocols were the same as the test group rats. The rats were observed for abnormal signs prior© exposure, at 13-minute intervals during the 1-hour exposure, at removal from the exposurechamber, hourly for four hours after exposure, and daily thereafter for 14 days. Individual bodyweights were recorded on Day 0 (prior to exposure). Day 1, Day 2, Day 4, Day 7. and Day 14. Itis reported that all animals dying spontaneously were necropsied a5 s00n2 possible afer deathBlood samples were collected on Day 1+4 from ail surviving animals, but analyses were notprovided. The LC 0f 5.2 mg/l and 95% conridence limits of 4.4 and 6.4 mg/l were calculatedusing the method ofLitchfield and Wilcoxon

The highest dose group, 45.97 mg/l, was not used in the LC, calculations and terminated onDay 2. Ac that point, only 5 animals survived and blood samples were taken at termination. The13.9 mg/l group was also terminated early (Day !) because of2 mechanical problem duringexposure. These animals were also not used in the LC. determination.

[n the 24.09 mg/l exposure group, all animals died by Day 6. At 7.05 and 6.40 mg there was80% mortality. At4.88, 2.86, and 1.89 mg/l there was 20%, 10%, and 0% morality,respectively. The rats in all these groups showed signs of toxicity including emaciaion, redmaterial around the nose or other nasal discharge. yellow material around the anogenital region.dry ralesor other breathing disturbances. and general poor condition. Abnormal inlifeobservations were reported (0 be less frequent in thelower exposure groups.

At necropsy, the most common abnormality was discolorationof the liver and lungDiscolorationof the lung was also observed in control rats and therefore may not be weatment
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elated. Therefore, the most significant treatment related abnormality was varying degrees ofdiscoloration of the liver. Among animals that died prematurely, decreased body weight,discoloration of the lung, and discoloration and distention of the small intestine were alsoobserved.

{na study to determine the acute oral LD,,, Dean etal. (1978) administered CD rats, S/sex/grotp,doses of0, 100, 215, 464, and 1000 mg/kg PFOS by gavage. The powdered test material wassuspended in a 20% acetone/80% comoil mixture. All dose levels were administered asvolumes of 10mUkg body weight. The rats weighed 172-212 g at the beginning of the studyimmediately prior to dosing and weights were recorded at Day 7 and Day 14. The rats wereobserved for abnormal signs during the four hours after exposure, and daily thereafter for 14days. Its reported that all animals dying spontaneously were grossly necropsied, as weil as allats that survived to the end of the 14 day study.

Acute oral LD values and 95% confidence limits were calculated for males (233 [160-339]mg/kg), females (271 (200-369) mg/kg) and combined male and female rats (251 [199-318]mg/kg).

All ats fn the 464 and 1000 mg/kg dose groups died before the end of the study. Three animalsin the 215 mg/kg group died prematurely.  [ appears signsof toxicity most frequently observedincluded: hypoactiviry, decreased limb tone, and ataxia. At necropsy, observations included:yellow-siained urogenital region, stomach distention and signsof irritationofthe glandular‘mucosa, and lung congestion.

In 2 second oral study, Gabriel (1978; cited in Dean etal, 1978) administered two groups ofSherman-Wistar albino rats (5 /sex/group) two dosesof PFOS by gavage in water. The ratsweighed between 200 -300 grams. & was determined the acute oral LD, was greater than 50mg/kg and less than 1500 mike,

Allof the rats administered 1500 mg/kg died before the 14-day observation period ended, withthe last rat dead on Day 9. None of the rats administered 50 mg/kg died before the end ofthestudy. Tis stated that rats were observed for signsof toxicity and mortality but it is ot clearhow frequently they were observed and no individual animal data was provided. [ts stated thatthe high dose group rats were “depressed” at 2- 3 hours after dosing and "severely depressed orsemi-comatose” by 24 hours; saying in this state until death occurred. No individual pathologydata were provided. The author states: “Gross pathologic examination revealed nothingremarkable."

Biesemeier and Harris, 1974 examined the potential for PFOS to cause skin and eve imitation.Six albino rabbis had theirhair clipped trom their backs and flanks. and it appears five tenths ofone gram (0.5 g; the procedure states either 0.5 g or 0.5 ml and the test material as supplied by
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3M was a solid)ofthe test material was placed on abraded: or intact prepared test sites, thencovered with gauze patches. After 24 hours and 72 hours the coverings were removed and thedegree of erythemaand edema was recorded according to a standardized scale. No reference isprovided for method or scoringofresults. Concentration or total dose of test material was notprovided. [n all six rabbi, it is reported the primary skin irritation scores were 0; whichindicates no reddening or swelling detected.

a the eye initasion study. six albino New Zealand White cabbits were placed in collars so theycould not rub their eyes. [t appears one tenth ofa gram (0.1 g; the procedure sates either 0.1 g or0.1 ml was used and T117 was a solid as supplied by 3M)ofthe test substance was instilled inone eye, the other eye was left untreated as a control. The concentration or total dose of the testsubstance were not provided. [tis reported that the reaction to the test material was read against2 scale of damage to the comea, iis, and the bulbar and palpebral conjunctiva at 1, 24, 48, and72 hours after treatment. The scale criteria were not presented or referenced. Each tim the eyeswere scored, any accumulated discharge or residueof test material was flushed fom the eye,There is no reference provided for the method. It appears that scores were maximal at | hour and24 hours after treatment then decreased over the rest of the study (Biesemeier and Harris, 1974),
Mutagenicity

PFOS was tested for its ability to induce mutation in the Ames Salmonella/Microsome Plate Testand in the D4 strainof Saccharomyces cerevisize (Litton Bionetics, [nc., 1979). It was aisoested in: (1) a Salmonella ~ Escherichia coli/Mammalian-microsome reverse mutation assay(Mech. 1999): (2) an in vio assay for chromosomal aberrations in human whole bioodlymphocytes (Murli, 1999): and (3) an assay for unscheduled DNA synthesis (UDS) in rat iverprimary cell cultures (Cifone, 1999). It was negative in all assays in which it was tested. PFOSdoes not induce reverse mutation at the histidine locusof S. typhimurium or at the Tryptophanlocus ofE. coli when tested with or without metabolic activation. It does not inducechromosomal aberrations in human lymphocytes when tested with or without metabolicactivation and does not induce UDS in primary cultures of rat hepatocytes. PFOS was also testedin an in vivo mouse micronucleus assay (Murli, 1996). PFOS did not induce micronuclei in thebone marmow of Crl:CD-1 BR mice and is negative in the mouse bone marrow micronucleusassay.

T-2247 CoC which is a 50% by weight solution of the diethanolammoniurn salt ofpertluorooctanesulfonate in water was tesied for is ability to induce gene mutasion in strains ofS. typhimurium and also for its ability to induce recombination in S. cerevisiae sain D5.(Simmor. 1978). The chemical was negative in all 5 strains of Salmonella and in S. CerovisiaeD3 when tested with and without metabolic activation. T-2247 CoC was tested with S.eyphimurium strains TA98 and TA100 in a desiccator assay for the detectionofvolatilecompounds. It was nonmutagenic when tested under these conditions.
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Repeat-Dose Toxicity

Three 90-day subchronic studiesof POS have been conducted, two gavage studies in rhesusmonkeys and one dietary study in ras. [n addition. 2 four week and a 26 week capsule study ineynomolgus monkeys have been conducted. Both reports were unaudited drafts at the time ofthis review. In addition, a two-year cancer bioassay is currently being conducted, but was notavailable at the timeofthis review.

In the first rhesus monkey study, Goldenthal et al. (1979) administered rhesus monkeys,2Usexigroup, doses of 0, 10, 30, 100 or 300 my/kg/day PFOS (FC-95) in distilled water bygavage. The males weighed 3.05-3.30 kg at study initiation and the females weighed 2.75.10kg. The monkeys were observed daily for general clinical signs and body weights were recordedweekly. Hematological and clinical chemistry analyses and urinalysis were conducted at thebeginningofthe study. The study was terminated after 20 days due to the death ofthe monkeys.At necropsy the heart, liver, adrenals, spleen. pituitary. kidneys, testes/ovaries and brain wereweighed. The thyroid/parathyroid were weighed atte fixation. Tissues were preserved inbuffered neural 10% formalin; the eyes wers preserved in Russell's fixative. The followingorgans from control and all weated grouss were examined microscopically: adrenals, aorta, brain,esophagus, eyes, gallbladder, heart (with coronary vessels). duodenum. ileum, jejunum, cecum,colon, rectum, kidneys, liver, lung, skin. mesenteric lymph node, retropharyngeal iymph code,mammary gland. nerve (with muscle), spleen, pancreas, prostate/uterus, bonebone marrow (ibjunction), salivary gland, lumbar spinal cord. pituitary, Stomach, testes/ovaries. thyroid.parathyroid. thymus, trachea, tonsil. tongue, urinary bladder and vagina.

Allofthe treated monkeys died. The monkeys in the 300 me/ke/day group died between days 2-4 the monkeys in the 100 mg/kg/day group died betwesn days 3-5. the monkeys in the 30mykg/day group died between days 7-10. and the monkey's in the 10 mg/kg/day group diedberween days 11-20ofweatment. The monkeys fom all the groups showed similarsigns oftoxicity including decreased activity, emesis with some diarrhea, body stiffening, general bodywembling, twitching, weakness, convulsions and prosiration. At necropsy, severalof themonkeys in the 100 and 300 mg/kg/day groups had 2 yellowish-brown discolorationof the liver;histologic examination showed no microscopic lesions. Congestion, hemorrhage and lipiddepletionofthe adrenal cortex was noted in all treated groups. No other lesions were noted.
In the second study, Goldenthal etal. (1973) administered thesus monkey's. /sex/group, doses0£0,0.5, 1.5 or 4.5 mg/kg/day PFOS (FC-95) in distilled water by gavage for 90 days. Themales weighed 2.55-3.55 kg at study initiation and the females weighed 2.73.75 kg, Themonkeys wre observed daily for general clinical signs and body weights were recorded weekly.Hematological and clinical chemistry analyses and urinalysis were conducted at the beginning ofthe study and after 30 and 90 daysof treatment. The monkeys were sacrificed afier 90 days ofweatment and a gross necrospy was conducted. At necropsy the heart, liver, adrenals, spleen,
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pituitary, kidneys, testes/ovaries and brain were weighed. The thyroid/sarathy roid were weighedafter fixation. Tissues were preserved in buffered neutral 10% formalin; the eyes were preservedin Russell's fixative. The following organs from control and all treated groups were examinedmicroscopically: adrenals, aoa, brain. esophagus. 2ves. gallbladder, heart (with coronaryvessels), duodenum, ileum, jejunum, cecum. colon, rectum. kidneys. liver, lung, skin, mesentericlymph node, retropharyngeal lymph node, mammary gland. nerve (with muscle), spleen,pancreas, prostate/uterus, bone/bone marrow (sib junction). salivary gland, lumbar spinal cord,pituitary, stomach, testes/ovaries, thyroid. parathyroid. thymus, wachea, tonsil, tongue, urinarybladder and vagina.

All monkeys in the 4.5 mg/kg/day group died or were sacrificed in extremis between week 5 and7 of the study. Beginning on the first or second day of the study, these monkeys exhibited signsof gastrointestinal tract toxicity including anorexia, emesis. biack stool and dehydration. All ofthe monkeys had decreased activity and just prior to death showed marked to severe rigidity,convulsions, generalized body wembling and prostration. The mean body weight decreased fom3.44 kg at the beginningof the study to 2.7 kg at week 5. After 30 daysof weatment, there was asignificant reduction in serum cholesterol and a 30% reduction in serum alkaline phosphataseactivity. At necropsy. mean organ weights were comparable among the control and treatedmonkeys. Histologic examination showed several treatment related lesions. All the male andfemales had marked diffuse lipid depletion in the adrenals. One male and two females hadmoderate diffuse atrophy of the pancreatic exocrine cells with decreased cell size and loss ofzymogen granules. Two males and one female had moderate diffuse amophy ofthe serousalveolar cells characterized by decreased cell size and loss of cytoplasmic granuies

All monkeys in the 1.5 mg/kg/day group survived until the end of the study. During the firstweek of the study, the monkeys had decreased activity. Signs of gastrointestinal tract toxicitywere noted occasionally during the study and included black stool. diarrhea. mucous in the stooland bloody stool; at the end of the study. anorexia. dehydration or general body Tembling werenoted. Although statistical significance was not achieved. the mean body weightofthe malesdropped from 3.15 kg at the beginningofthe study 1 2.93 kg at the endofthe study, and themean body weight of the females dropped from 3.22 kg to 2.75 kg. After 90 days of wreatment,the femaleshad asignificant reduction in serum alkaline phosphatase activity and serumpotassium levels. One of the females had very low serum cholesterol and another had 2reduction in inorganic phosphate. Necropsy revealed notreatment related lesions.

All monkeys in the 0.5 mg/kg/day group survived unil the end of the study. Signs ofgaswointestinal tract toxicity were noted occasionally during the study and included diarrhea, softstools. anorexia and emesis. Occasionally. decreased activity was noted in three of the monkeysAfter 90 daysofweaument. a slight decrease in serum alkaline phosphatase was noted. Necropsyrevealed no treatment related lesions.

in the rat subchronic study, Goldenthal etal. (1978) administered CD rats. Sisex. group. dietary
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fevels of0, 30, 100, 300, 1000 or 3000 ppm PFOS (FC-95) for 90 days. The males weighed 196-232 g and the females weighed 165-206 g at study initiation. The dietary levels were equivalent0 doses of0, 2,6, 18, 60 and 200 mgkzday. The rats were observed daily for general clinicalsigns; body weights and food consumption were recorded weekly. Hematological and clinicalchemistry analyses and urinalysis were conducted at the beginning of the study and after 30 and90 daysoftreatment. The rats were sacrificed atter 90 days of treatment and 2 gross necrospywas conducted. Al necropsy the hear, liver, adrenals, spleen, pituitary, kidneys,testes ovariesand brain were weighed. The thyroid/parathyroid were weighed after fixation. Tissues werepreserved in buffered neutral 10% formalin: the eyes were preserved in Russells fixative. Thefollowing organs from control and all weated groups wer examined microscopically: adrenals,aorta, brain, esophagus, eyes, gallbladder, heart (with coronary vessels), duodenurn, ileum.Jejunum, cecum, colon, rectum, Kidneys. liver, lung, skin, mesenteric lymph node,retropharyngeal lymph node, mammary gland, nerve (with muscle), spleen, pancreas,prostate/uterus, bone/bone marrow (rib junction). salivary gland. lumbar spinal cord, pinsiary,stomach, testes/ovaries, thyroid, parathyroid. thymus. trachea. tonsil tongue, urinary bladder andvagina

All of the rats in the 300, 1000 and 3000 ppm groups died. Death occurred berween days 13-25and days 18-28 for the males and females. respectively, in the 300 ppm group. At 1000 pom,death occurred between days 8-14, and at 3000 opm, the rats died between days 7-8of reement.The rats in all groups showed signsof toxicity including emaciation, convulsions followinghandling, hunched back. red material around the eyes vellow material around the anogenitalregion, increased sensitivity to extemal stimuli. reduced activity and moist red material aroundthe mouth or nose.

Three males and two females in the 100 ppm group died prior to scheduled sacrifice. Twoofthemales and the two females died during week 5 and the third male died during week 11 oftrestudy. Ac study termination, mean body weights were reduced by 16.7% and 16.3% in the male.and female groups, respectively. Average food consumption uring the entire study period(g/ravdey) was significantly reduced for males and females at 100 ppm. After 30 days ofweatment. hematologic values were comparable among the control and 100 ppm groups. Clinicalchemistry analyses at one month showed a significant increase in mean glucose in males. bloodurea nitrogen values in males and females. and creatinine phosphokinase and alkalinephosphatase values for females. After 90 daysoftreatment at 100 ppm, the two surviving maleshad significantly reduced erythrocyte, hemoglobin. hematoerit and leukocyte counts: the treesurviving females had significantly reduced hemoglobin and reticulocyte counts, as well asslightlylower erythrocyte, hematocritand leukocyte counts. Twoofthe surviving femalesshowed slight to moderate increases in plasma glutamic oxalacetic and pyruvic transaminaseactividies. Urinalysis results were comparable among treated and control groups at 30 and 90days. Relative liver weight was significantly increased in the males and absolute and relativeliver weights were significantly increased in the demales. Relative kidney weights weresignificantly increased in both sexes,
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All rats in the 30 ppm group survived until the end of the study. At study termination, meanbody weights were reduced by 8.7 and $% in the males and females, respectively. Average foodconsumption during the entire study period (g/ratday) was significantly reduced for the males at30 ppm. Hematologic values were comparable among the control and 30 ppm 2roup at 30 and90 days. One female showed a slightly elevated glucose level and one male showed a slightlyincreased alkaline phosphatase level at 30 days. At 90 days, one male showed moderateincreases in glucose, blood urea nitrogen and y-gluamy| anspeptidase activity. The femaleshad significant increases in absolute and relative liver weights. The males had significantdecreases in absolute and relative adrenal weights. absolute thyroid/parathyroid weight andabsolute pituitary weight. The biological significance of the changes in male organ weights isunclear since similar changes were not noted in higher dose groups.

At necropsy, treatment related gross lesions were present in all treated groups and includedvarying degreesofdiscoloration and/or enlargementofthe liver and discolorationoftheglandular mucosa ofthe stomach. Histologic examination also showed lesions in all treatedgroups. Cenurilobular to midzonal sytoplasmic hypertrophyof hepatocytes and focal necrosiswas observed in the liver; the incidence and relative severity were greater in the males. lnaddition, especially among rats in the 300. 1000 and 3000 ppm groups. treatment related.
histologic lesions were noted in the primary (thymus. bone marrow) and secondary (splesa,mesenteric lymph nodes) lymphoid organs. stomach, intestines, muscle and skin. [n the thymus.this consistedofdepletion in the number and sizeofthe lymphoid follicles and in the bonemarrow hypocellularity was noted. The spleen was slighly atrophied witha correspondingdecrease in the size and numberof lymphoid follicles and cells and 2 similar depletion was notedin the mesenteric lymph nodes. Mucosal hyperkeratosis and/or acanthosis was observed in theforestomach and mucosal hemorrhages were noted in the glandular portion of the stomach.Decreases trophy in the height and thicknessofthe villi were noted in the small intestine.Atrophy of the skeletal muscle was noted. as well as epidermal hyperkeratosis andor acanthosiswas noted in the skin.

[a order to determine the dose range for a six-monta study, Thomiord et al. (unaudited drat,1998) conducted a 4-week range-finding study in cynomolgus monkeys. Male and femalecynomolgus monkeys were administered doses of0 (2/se group), 0.02 (3/sex/group), or 2.0mg/day (Usex/aroup) PFOS in capstiles placed directly into the stomach. The monkeysweighed 2.1- 2.4 kg at study initiation. It appears the monkeys were observed at leas: daily forgeneral clinical signs and body weights were recorded twice weekly. Hematological and olinicalchemistry analyses were conducted on samples collected before the beginning ofthe study at day~7(baseline values) and day 29. Additional blood samples for clinical chemistry were collectedon study days 2.7. and 14. Blood samples for serum POS concentrations were taken on days+7.2.3.7. 14. and 29. In addition. samples from day -7and day 29 were analyzed for levelsofestradiol. estrone. estriol. thyroid stimulating homore. triiodothyronine.and thyroxin. Thesuudyanimals were terminated as scheduled at 30 days. A necropsy sample of fiver was collectedfrom each animal for palmitoyl CoA oxidase activity analyses. Samples of liver, testes, and
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pancreas were collected for proliferation cell nuclear antigen evaluation. A sample of liver was
also collected from each animal for PFOS concentration analysis. The following organs from
control and all treated groups were examined microscopically: adrenals. eye. kidney. liver, lung.
spleen, pancreas. femoral bone marrow. testes, and thymus.

Noneof the monkeys died before the study was ended. There were no test-related effects on
clinical observations. body weight, food consumption, body temperatures, hematology, or
‘macroscopic or microscopic pathology findings. No test-related effects were noted in the levels
of estrone, estriol, thyroid stimulating hormone. and thyroxin. Cell proliferation, as measured by
immunohistochemical detection of proliferating cell nuclear antigen, was not increased in the
liver, testes, or pancreas of monkeys.

Both the male and female monkey that received 2.0 mg/kg/day showed reductions in serum
cholesterol. Serum cholesterol levels for the male dropped froma baseline value of 150 mg/dl to
91 mg/dl at day 29. Serum cholesterol levels for the female dropped from a baseline value of
141 mg/dl to 62 mg/dl at day 29. The decreases in serum cholesterol were first evident in
samples from day 7 for the high-dose animals. The monkeys in the 2.0 mg/kz/day group both
showed estradiol levels that were less than their prestudy values and controls at day 29.
Similarly, the monkeys in the 2.0 mg/kg/day group both showed miiodotayronine levels that
wer lessthantheir prestudy values and controls at day 29. However, pre-treatment, the high
dose monkeys also had triiodothyronine values lower than controls in baseline samples as well.
However, since the aumbers oftested animals are small and baseline levels are variable, it is not
clearifthese hormone level changes are treatment-related effects.

In the final study, Thomford (unaudited draft, 2000) administered POS to cynomolgus monkeys
by oral capsule at doses of0 (6 monkeys per sex). 0.03 (+ monkeys per sex). 0.15 (6 monkeys per
sex), or 0.75 mg/kg/day (6 monkeys per sex) for 26 weeks. Two animals from the control, 0.15
and 0.75 mg/kg/day groups were assigned to a recovery group and were not weated for at least 52
weeks following the last administration ofPFOS. Animals were observed twice daily for
morality and moribundity and were examined at least once daily for abnormalities and signs of
toxicity; food consumption was assessed qualitatively. Ophthalmic examinations were done
before initiation of treatment and during weeks 26 and 52. Body weight data were recorded
weekly before the startof treatment, on Days -1 and | and weekly thereafter. Blood and urine
sampies were collectedfor clinical hematology. clinical chemistry, and urinalysis before the start
of treatment and at specified intervals during treatment and recovery. Blood samples were also
taken for hormone determinations. The following organs were weighed at scheduled and.
unscheduled sacrifices; paired organs were weighed separately: adrenal (2), brain. epididymis
(2). kidney (2). liver, ovary (2), pancreas. testis (2). and thyroid (2) with parathyroid. The
following issues were collected for histopathology: adrenals (2), aorta. brain, cecum. cervix,
colon, duodenum. epididymis (2). esophagus. eyes (2). femur with bone marrow. gallbladder.
heart. ileum. jejunum. kidneys (2). lesions. liver, lung, mammary gland. mesenteric lymph node,
ovary (2). pancreas. pituitary, prostate, rectum. salivary gland [mandibular (2)], sciatic nerve,
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seminal vesicle (2), skeletal muscle (thigh). skin. spinal cord (cervical, thoracic, and lumbar),spleen. stemum with bone marrow, stomach. testis (2), thymus, thyroid (2) with parathyroid,trachea, urinary bladder. uterus, and vagina

Males weighed 3.3-3.4 kg and females weighed 2.8-2.9 kg at the beginningofthe study. Ac theend Of 26 weeksof treatment, males weighed 3.7, 3.8, 3.5, and 3.3 kg for the 0, 0.03, 0.15 and0.75 mg/kg/day treatment groups respectively. Females weighed 3.1, 3.1, 3.1 and 2.8 kgforthe0.0.03, 0.15 and 0.75 mg/kg/day weatment groups respectively. The difference between thecontrol and the 0.75 mg/kg/day female treatment groups was statistically significant. At the endofthe recovery period, differences in weight between the control and treated animals were nolonger obvious.

Tuo males from the 0.75 mg/kg/day group did not survive to the scheduled sacrifice. One animaldied after dosing on Day 155 (Week 23). Clinical signs noted in this animal included: constrictedpupils, pale gums, few, mucoid, liquid and black-zolored feces, low food consumption,hypoactivity, labored respiration, dehydration, and recumbent posicion. [a addition, the animalwas cold 10 the touch. An ealarged liver was detected by palpation. Causeofdeath wasdetermined to be pulmonary necrosis with severe acute inflammation. On day 179, the second.male was sacrificed in a moribund condition. Clinical signs noted included low foodconsumption, excessive salivation, labored respiration, hypoactivity and ataxia. Causeofdeathwas not determined

Males and females in the 0.75 ma/kg/day dose-group had lower total cholesterol and males andfemales in the 0.15 and 0.75 me/kg/day groups had lower high density lipoprotein cholesterolduring reatment. The effect on total iolesterol was reversed within § weeks of recovery and theeffect on high density lipoprotein cholesterol was reversed within 9 weeks of recovery.

Esiradiol values were lower in males given 0.75 mg/kg/day on days 62, 91, and 182 but becauseofvariation only the day 182 value was significant. Estrone values were generally higher in the,eased females on days 37, 62 and 91 but again becauseof variation in the data none of thesevalues were significantly different from the controls. Triiodothyronine values were notably loweron days 91 and 182 in males and females given 10.15 and 0.75 mg'kg/day. There were otherinstances in which hormone values in treated groups were different Eom thoseof controls butthese dizferences were not consistent over time or between sexes. were not clearly dose-reiatedand did not appear to be related to the administrationofthe test material. Apparent differences inthe sexual maturityofboth males and females used in the study complicates the interpretation ofthe hormone data.

At terminal sacrifice, females in the 0.75 mg/kg/day dose-group had increased absolute liverweight, liver-t0-body weight percentages, and liver-to-brain weight ratios. [a males, liver-o bodyweight percentages were increased in the high-dose group compared to the controls, “Mottled”livers were observed in two high-dose males and in one high-dose femal. OF the two males not
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surviving until the scheduled terminal sacrifice, one had a “mottled” and large liver. Three of4
‘high-dose males (including those that did not survive to scheduled sacrifice) had centrilobularor
diffuse hepatocellular hypertrophy which was also observed in all high-dose females.
Centrilobular or diffuse hepatocellular vacuolation occurred in 2of 4 females and 2of 4 malesinthe high-dose group.

No PFOS related lesions were observed either macroscopically or microscopically at recovery
sacrifice indicating that the effects seen at terminal sacrifice may be reversible.

Developmental Toxisity

‘Three prenatal developmental toxicity studiesof PFOS have been conducted, two studies in rats.
and one study in rabbits.

The first study administered four groups of 22 time-mated Sprague-Dawley rats 0, 1, 5, and 10
mg/kg/day PFOS in com oil by gavage on gestation days (GD) 6-15 (Gortner, 1980). Doses were
adjusted according to body weight. Dams were monitored on GD 3-20 for clinical signs of
toxicity. Individual body weights were recorded on GD 3, 6, 9, 12, 15, and 20. Animals were
sacrificed on GD 20 by cervical dislocation and the ovaries, uteri and contents were examined for
the numberofcorpora lutea, numberofviable and non-viable fetuses, number of resorption sites.
and number of implantation sites. Fetuses were weighed and sexed and subjected to external
gross necropsy. Approximately one-thirdofthe fetuses were fixed in Bouin's solution and
examined for visceral abnormalities by free-hand sectioning. The remaining fetuses were
subjected toaskeletal examination using alizarin red.

Signsofmatemal toxicity consisted of significant reductions in mean body weights during GD
12-20 at the high-dose group of 10 mg/kg/day. No other signs of matemal toxicity were
reported. Underthe conditionsof the study, a NOAEL of 5 mg/kg/day and a LOAEL of 10
mg/kg/day for maternal toxicity were indicated.

Developmental toxicity evident at 10 mg/kg/day consisted of reductions in the mean number of
implantation sites, corpora lutea, resorption sites and the mean numbersofviable male, female,
and total fetuses, but the differences were not statistically significant. In addition. unusually high
incidences of unossified, assymetrical, bipartite, and missing sternebrae were observed in all dose
groups; however, these skeletal variations were also observed in control fetuses at the same rate
and therefore these effects were not considered to be reatment-related. The most notable sign of
developmental toxicity observed in all dose groups consistedof abnormalities of the lensof the
eye, which was not seen in controls. The proportion of fetuses with the lens abnormality in one
or both lenses was significantly higher in the high dose group. All eve abnormalities appeared to
be localized to the areaofthe embryonal lens nucleus, although a varietyof morphological
appearances were present within that location. According to the authors, this abnormality
appeared (0 be an arrest in development ofthe primary lens fibers forming the embryonal lens
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nucleus. Secondary lens fiber development progressed normally except immediately suroundingthe abnormal embryonal nucleus. Under the conditionsofthe study, a LOAEL fordevelopmental toxicity of| mg/kg/day was indicated; a developmental NOAEL could not beestablished.

A second prenatal developmental toxicity study administered four groups of 25 pregnantSprague-Dawley rats 0, 1, 5, and 10 mg/kg/day PFOS in com oil by gavage on gestation days(GD) 6-15 (Wetzel, 1983). Sexually mature Sprague-Dawley rats, one per sex per cage, werepaired uniil confirmation of mating or until two weeks had elapsed. Mating was confirmed bydaily vaginal examinations fof the presence and viabilityof sperm or the presence ofa copulatoryplug. The dayofconfirmation of mating was designated as day 0 of gestation. Doses wereadjusted according to the most recently recorded body weight measurements. Dams wereobserved twice daily for signsofmorality and moribundity and once dailyforclinical signs oftoxicity. Individual body weights and food consumption were recorded on GD 6, 8, 12, 16, and20. Animals were sacrificed on GD 20 by CO, asphyxiation and the fetuses were delivered bycesarean section on GD 20. A gross necropsy was performed on all dams. The uterus from eachfemale was excised, weighed and examined for the number and placementofimplantation sites,number andof live and dead fetuses, aumberofearly and late resorptions, and any abnormalitiesand then weighed again after the contents were removed. The ovaries were examined for thenumberof corpora lutea. Each female was examined by gross necropsy. Each fetus was sexed.weighed, and examined extemally. Approximately one-thirdof the fetuses were fixed in Bouin'ssolution and examined for visceral abnormalities by the Wilson technique, with particularatention (0 the eyes, palate, and brain. The remaining fetuses were subjected to a skeletalexamination that included evaluationofthe skull, long bones, vertebral column, ib cage,exemities, and pectoral and pelvic girdles using alizarin red; bone alignment and degres ofossification were also evaluated.

Evidence ofmaternal toxicity, that was observed at the 5 and 10 mg/kg/day dose groups bothduring and following treatment and considered to be treatment-related, consistedof hunchedposture, anorexia, bloody vaginal discharge, uterine stains, alopecia, rough haircoat, and bloodyerust. Significant decreases in mean body weight gains during GD 6-8, 6-16, and 0-20 were alsoobserved at the 5 and 10 mg/kg/day dose groups. These reductions were considered to betreaunent-related since mean body weight gains were greater than controls during the post-exposure period (GD 16-20). Significant decreases in mean total food consumption wereobserved on GD 17-20 in thel0 mg/kg/day dose group. and on GD 7-16 and 0-20 in both the 5and 10 mg/kg/day dose groups. The mean gravid uterine weight in the 10 mg/kg/day dose groupwas significantly lower when compared with controls. The mean terminal body weights minusthe gravid uterine weights were lower in all reated groups, with significant decreases at 5 and 10mg/kg/day. High-dose animals also exhibited an increased incidence in gastrointestinal lesions.No significant differences were observed in pregnancy rates, number of corpora lutea, andnumber and placementof implantation sites among treated and control groups. Two dams in the10 mg/kg/day dose group were found dead on GD 17. Under the conditionsofthe snudy, a
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NOAEL of | mg/kg/day and a LOAEL of 5 my kz/day for maternal toxicity ers indicated.
Signsof developmental toxicity included 3 dose-related trend toward an increased incidence oflake resorpions, total resorprions. number of dead fetuses. and fecal loss, although, none of theseaffects were sutistically significantly different fom controls. Significant decraases in mean fetalweights for both males and females were observed in the 5 and 10 makg/day dose groups. Thepercent of male fetuses was 52%, 54%, and 60% for 1. 5, and 10 myke/day, respectively,compared 10 44% in controls. Statistically sigrificant increases in the incidences in the numberoflitters containing fetuses with visceral anomalies. delayed ossification, and skeletal variationswere observed in the high dose group of 10 mg kz/day. These included external and visceralanomalies of the cleft palate, subcutaneous edema, and eryprorchism as weil as delays in skeletalossificationofthe skull, pecroral girdle. ib cage. vertebral column, pelvic girdle, and limbsSkeletal variations in the ribs and stemebrac were also observed. Under the conditionsofthe.study, a NOAEL of | mg/kg/day and a LOAELof 5 mg/kg/day for developmental toxicity wereindicated.

The developmental eye abnormalities that were seen in the previous study (Gorter, 1980) wereaot observed in the 1983 developmental toxicity study even though the study design and doseswere the same. Findingsofabnormalities in ev2 development were initially thouzh to bereatmenc-related but then later suggested as being artifactsof sectioning. The Agency is aware ofthe conoversy surrounding these findings and the matte is currently under review

Christian et al. (19992) administered pregnant New Zealand White rabbits. 22 per group. doses0F0.0.1, 10,25 or 3.75 mgkg/day PFOS in 0.5% Tween-30 by gavageon gestation Gays 7-20A dose volume of5 ml/kg was administered. 2djusted daily on the basis of individual bodyweights. The does were observed twice daily for viability. and clinical observations wererecorded I hour prior to and after dosing during the reatment period and once daily during thepost-treaument period (i.e. gestation days 20-29). Maternal body weights were recorded onzestation days 0 and 6-29; food consumption was recorded daily throughout the seucy. Ongestation day 29, the does were euthanized: 2 gross necropsy of the thoracic. abdominal andpelvic viscera was conducted and the number of corpora lutea in each ovary was recorded. Theutert wes examined for number and disiribution ofimplantations, live and dead fetuses, andcarly and late resorption. The fetuses were weighed, sexed and examined for exiernalabnormalities. All fetuses were examined for visceral and skeletal abnormalities and the brain ofone-half of the fetuses were free-hand cross-sectioned and examined in site

In addition. a satellite study was conducted in which pregnant New Zealand White rabbits were.administered the same doses as in the main study. The numberofdoes was 3. 3. 3. 3 and in theconwol. 0.1, 1.0. 2.5 and 3.75 my/kg/day groups. respectively. The does were euthanized ongestation day 21. blood samples were collected. and the liver was weighed and sectioned. Thefenuses were removed and examined for external abnormalities. Fetwses and placentae were
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pooled per litter. All samples were sent to the Sponsor (3M) for analysis and final reports werenot available at the time of OPPT's review of the data.

Matemal toxicity was evident at doses of 1.) mya day and above. One doe in the 2.5mg/kg/day group and nine does in the 3.75 mykg day aborted. All abortions occurred ongestation days 22-28 and were considered treatment-related by the study authors. There was asignificant increase in the incidenceof scant feces fn the 3.75 m’kg day 2roup. Scant fecaswere also noted in one and three does in the 1.0 and 2.5 mekg/day groups. respectively. Meanmaternal body weight gains were significantly reduced in the 3.75 me/ke/day group on gestation
days 10-13, 13-16, 16-19and 21-24. Mean body weight gains were also calculated for theweatment period (days 7-21). post-treatment period (days 21-29) and duration of the study (days7-29). There was a significant reduction in. mean matemal body weight gain during the ceatmentperiod in the 1.0, 2.5 and 3.75 mg/kg/day groups. Mean body weight gain for the entire studyperiod was also significantly reduced in the 2.5 mg kg/day group. Mean food consumption
(g/kgiday) was significantly reduced in the 2.5 mg g/day soup on gestation days 15-19, 19-21and 21-24, as wella for the entire study period (days 7-29). Mean food consumption was
significantly reduced in the 3.75 mg/kg day group on gestation days 13-16. 16-19, 19-21 and 21-24, as well as the entire treatment period. The LOAEL for macemal toxicity was 1.0 mgkg/dayand the NOAEL was 0.1 mg/kg/day.

Developmental toxicitywasevident at doses of 2.5 mg/kg/day and above. The number ofcorpora lutea, cesorprions, live/dead fetuses. liter size and sex ratio ‘were comparable amongweated and control groups. Mean fetal body weight (male. female and sexes combined) wassignificantly reduced in the 2.5 and 3.75ma kgrday groups. There was also a significantreduction in the ossification of the stemum (lifer averages)in the 2.5 and 3.75 me ky/daygroups. and a significant reduction in the ossiticationofthe hyoid lifer averages). metacarpal(lirter averages) and pubis (liner and fetal averages) in the 3.75 mz kg/day group. The LOAELfor developmental toxicity was 2.5 mg/kg/day and the NOAEL was 1.0 mg kz day

Reproductive Toxicity

A two-generation reproductive toxicity study, designed (0 test for the toxic effects of PFOS onreproductive function in adult animals and on developmental. learning, end reproductive effectsin the offspring. was conducted in Sprague-Dawley rats (Christian ¢2 al. 19995). Five groups of35 rats per sex per dose group were administered PFOS by gavage at doses 0£0. 0.1. 0.4, 1.6, and3.2 me/kgfday for six weeks prior 10 and during mating. Treatment in male cats continued untilone day before sacrifice (approximately 22 days total): female fais were treated throughoutgestation. parturition. and lacatio,

EOGeneration:

Parental animals (FO) were observed twice daily for clinical signs. Body weights and food
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consumption values were recorded weekly during the treatment period in male rats: and weeklyduring mating and then daily during gestation. and on lactation das 1. 4. 7, 10. 14, and atsacrifice in female rats. Each dosage group consisted of two sets of female rats, One setconsistedof the first ten female rats with confirmation of mating; this group was dosed untilgestation day (GD) 10 and delivered via Caesarean-sectioning. The remaining femalescomprised the second set which delivered naturally. During the 21-day lactation period. thedams were evaluatedfor clinical signs during parmurition and length of gestation, and then exchlirter was evaluated atleast twice daily for size and pup viability at birth. Pup observationsduring the 21-day lactation period included physical signs. body weights, nursing behavior,surface righting reflex, pinna unfolding, eve opening, acoustic startle response and air rightingreflex. Pupil constriction was evaluated only on lactation day 21. On lactation day 4, livers wererandomly culled to four male and four female pups. The remaining pups were sacrificed andnecropsied. The FO male rats were sacrificed and necropsied after the endof dosing at the timeof parturition (lactation day 1). The testes, epididymices, prostate. and seminal vesicles wereweighed. Evaluations of sperm number, motility. and morphology sere not included in theprotocol. The FO generation females that delivered by Cacsarean-section were sacrificed on GD10 and necropsied. Pregnancy stars was confirmed. the ovaries were examined for the numberand distributionof corpora lutea, implantation sites were determined. and embryos wereexamined for viability. The FO generation females that delivered narurally wess sacrificed onlactation day (LD) 21 and necropsied. Ovaries were examined as above and the number anddistributionofimplantation sites was recorded. The liver from each parental rat was removed.weighed and analyzed. Blood samples were collected from 3 male rats that hed mated and from$ female rats on LD 21 for pharmacokinetic analysis: livers om the pups trom the liziers ofthese five dams were also collected for analysis. The final result of these analy ses were aotavailable at the time ofthis review.

El Generation;

Since FL generation pup viability was significantly reduced in the 1.6 and 3.2 mg kg/day dosegroups. only the 0.1 and 0.4 mg/day dose groups ware carried into the second generatior.Twensy-dive F1 generation rats per sex per dose group were administered PFOS bv gavage atdosesof0. 0.1. and 0.4 mg/kg/day beginning on LD 22 and continuing through the day beforesacrifice. At 24 days of age, one rat per sex per lifer in each dose group was tested in 2 passiveavoidance paradigm. On LD 28, females were evaluated for the ageofvagina patency and onLD 34. male rats were evaluated for the ageof preputial separation. One rat per sex per literwere evaluated in a water-filled Memaze or LD 70. Assignment to cohabitation within cach dosegroup began on LD 90. Females with evidenceof mating were considered to be 21 GD 0 andassigned 10 individual housing for the remainder of the dosing period.

The FI generation male rats were sacrificed after mating. necropsied and evaluated as describedin the FO generation. All FI generation females were ailowed to deliver naturally. Dams thatdelivered lizers were sacrificed and necropsied on LD 21. All F2 generation pups were
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sacrificed, necropsied, and examined on LD 21 as previously descrived for the Fl generation
pups.

a the FO generation male rats, there were no treatment-related clinical signs of ‘oxicity, nomortality, and no effects on mating or on any of the fertility parameters evaluated in any dosegroup tested. Reported effects included reductions fn both body weight gains and in absolute andrelative food consumption at the 1.6 and 3.2 my kg/day dose groups during the pre-matingperiod. Following mating, food consumption was significantly reduced in the 0.4. and 1.6mg/kg/day dose groups. Terminal body weights were also significantly reduced in the 1.6 and3.2 mg/kg/day dose groups. Signs of reproductive toxicity in the FO generation males were seenat the highest dose groupof 3.2 mg/kg/day and included significant reductions in the absoluteweights of the seminal vesicles (with fluid) and the prostate. A significant increase in the.aumber ofmales with brown liver at 3.2 mgkg day dose group was also reported.

In the FO generation female rat. no deaths were reporied at any dose level. In dams sacrificed onGD 10 for Caesarean-sectioning, there did not appear to be any effects on estrous cycling, matingand fertility parameters. the numbers of corpora lutea and implantations. or in the number ofviable or non-viable embryos. The only findings reported in the FO dams occurred in the 0.2, 1 6,and 3.2 mg/kg/day dose groups and included localized alopecia during pre-mating. gestation. andlactation; and reductions in body weight and food consumption values observed during the pre.mating period and continuing throughout gestation and lactation.

Reversible delays in reflex and physical development were observed in the FI generationoffspring. The ability to surface righ was significantly delayed in the 1.6 and 3.2 mg/kg/daydose groups on LD 3-10 (delays in the 3.2 mg ka/day dose group ware observed on LD 1, aderwhich there were no surviving pups remaining for further observation). By the end of theobservation period, however, all surviving pups in the 1.6 mg'ka/day dose group had the abiliyy© surface right. There were no delays observed in the ability co surface righ in dose groups<0-4 mgkz/day. Similar responses were sean for pinna unfolding and eye opening. Althoughthers were transient delays seen with these sigs of physical development across all dose ups.by the endofthe observation period responses in pups were similas to controls. The time ofdevelopmentofthe acoustic startle reflex 2nd the ability to air right were both significantlyreduced in the 1.6 mg/kg/day dose group. No effecrs on these reflexes were Observed in the lowdose group of 0.1 mg/kg/day and only a transient delay (on LD 16 only) in the ability to air ightwas seen in the 0.4 mg/kg/day group. At the end of lactation (LD 21), al live pups in all dosegroups (0.0.1. 0.4, and 1.6 mg'kg/day) had pupil constriction response.

The most significant finding reported in the offspring was that ofreduced pup viability at the twobighest cose groups. The reductions in pup viability began to appear on LD + postculling ia the1:6 ma/kg/day dose group, with over 26% of the pups found dead between LD 2-4. [n the 3.2mg ke/day dose group 43% of the pups wers found dead on LD: 10 pups survived beyond LD |As acest, the viability index was greatly reduced in these dose groups (0% at 3.2 mgkg/day
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and 66% at 1.6 mg/kg/day). The lactation index was aiso significantly reduced (54.6%) in theL6 dose group. In addition. gestation length was significantly reduced in the high-dose groupand there also was 2 significant reduction in the numberof implantation sites followed by 1concomizant reduction in liter size. Scacistically significant reductions fn pup body weights werealso observed at the two highest dose groups. Other adverse signs in the 3.2 mg  2/day doselevel associated with reductions in pup viability and maternal care included litters with pups thatwere not nursing or who had no evidence of milk in the stomach, as well as matsrmalcannibalization of pups that were stillborn or found dead

Since F1 generation pup viability was significantly reduced in the 1.6 and 3.2 mg'kg/day dosegroups, ony the 0.1 and 0.4 mg/kg/day dose groups were carried into the second generation
Clinical observations in the F1 generation male rats appeared unremarkable. No zeatment-elated deaths were reported and no statistically significant differences were reported for any ofthe following parameters: body weights body weight gains, average day of preputial separation:values for learning, short-term retention. long-term retention or response inhibition as evaluatedby performance in a passive avoidance or watermaze performance paradigm; mating or ferilicyparameters: necroscopic examinations; absolute or refative weights for the sight or leftesis. seminal vesicles, right epididymis. or prostate: and terminal body weights, The onlyreported effects were sigaificant reductions in adsolute food consumption on postweaning days1-8 occurring at the 0.1 and 0.4 mg/kg/day cose levels.

Clinical observations for the F1 generation females were likewise unremarkable. Observations atthe 0.4 mg/kg/day dose group included. reductions in body weights on day | postweaning,significant losses in body weight on LDs [-4, and significant reductions in food consumption ondays 1-8 postweaning and during lactation. There were no sutistically significantdierencesreporied for anyofthe following parameters: values for leaming, short-term retention. long-termrexention or response inhibition as evaluated by performance in a passive avoidancs orwaiermaze performance paradigm: mating and fertility parameters: gestation index: pregnancyfates; and necroscopic examinations.

Evidence of weatment-related effects in the F2 generation pups consisied of reductions ix meanPup body weights (on 2 per litter basis) observed ac 0. mg/kg/day on LD 4 and 7. Body weightswere comparable to control levels by LD 14. At 0.4 mekg/day, statistically significantreductions in mean pup body weights wers observed on LDs 7-14. Mean body weights on LD21continued to cemain lower than controls. aithough the difference was not sutistically significant(36.5 g in 0.4 mg/kg/day dose group vs. 50 g in controls). Clinical and necroscopic observationsofthe F2 generation pups were unremarkable. No other toxicologically significant effects wereceported. :
Under the conditionsofthe study. the NOAEL and LOAEL for oth the £0 and F1 generationmale and female parents are 0.1 mykgiday and 0.4 me kg day, respectively, based on reductions
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in body weight gain and food consumprion. The NOAEL and LOAEL for the FI generationoffspring are 0.4 mg/kg/day and 1.6 meky/day, respectively, based on significant reductions inthe numberof implantation sites, liter size, pup viability. growth and survival. The NOEL andLOAEL for the F2 generation offspring ar: 0.1 mg k/day and 0.4meka/day, respectively. baseson significant reductions in pup growth

UL Human Data

For many years, PFOS has been measured in the serum of workers occupationally exposed toPFOS. [t was also recently detected in the serumofthe general population, but at much lowerlevels. The resulsofthe gost recent analysesofblood samples are described below andsummarized in Table |.

Occupational exposures

PFOS serum levels have been measured in workers involved in both the manufacturing ofpertluorochemicals and the processing of these compounds into product, such as fire protectionand surface protection products. Biomonitoring dara are available from manufacturing plants inAlabama and Belgium, and a processing facility in Japan.
Fluorochemical Manfacturing

Two 3M plants, located in Decatur, Alabama and Annwerp, Belgium, produce cernfuorochemicals that may transform metabolically to PFOS. Serum PFOS levels were measuredin manutacturing plant employees in 1995 a = 175) and 1997 (n = 149) using high performanceliquid chromatography/mass spectrometry (3M Repors, 1999). The PEOS levels in workersacross both plants in 1995 ranged fom 0.10 pom to 12.33 pp. The serum levels were sighlylower at the Antwerp plant across both sampling periods. The fangs of PFOS levelsof workersin 1997 was 0.10 - 9.93 ppm. Mosofthe employes at both facilities and during both samplingperiods had PFOS serum levels that were <6 pom.
The participation rate of the total number of potentially exposed employees in the medicalmonitoring program from which these data were derived was not provided. [t was expressed thatthe employes were offered 2 medical monitoring program. but it is not clear how many of themactually participated. In addition, age of the employees and duration of employment were notceported. and it is unclear how many of the otal numberof employees worked at sach plantTherefore. it should be noted that these data only provice a snapshot of the serum levels ofparticipating workers during each sampling period.
n order 10 address the voluntary nature of the monitoring program at the 3M plants, a randomsample of employees rom the Decatur plans was chosen to measure seven differentfuorochemicals in employees blood (Olsen 2. AL. 1999). Limited job information. years
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worked, and building location were collected to provide a heer understanding of the distribution
offluorochemical serum levels in employees. The srandom sample consisted of 137 chemical
plant workers (126 randomly chosen workers and 51 volunteers) and 76 film plant workers (60candomly chosen and 16 volunteers). The lev=ls in these employees. who were sampled in late1998, were similar to those reported above. Mean PFOS leveis were 1.505 ppm (range, 0.091-
10.600) for the random sample, 1.259 ppea for the volunteers. and 1.424 pom for all participants
Since the PFOS levels appeared to be log normally distributed, geometric means were also
calculated. They were 0.944 ppm (95% CI 0.737-1.126) for chemical plant employees and 0.136
Pp (95% CLO.114-0.161) for film plant emplovess. When compared by job description.
workers in the chemical plant had higher PFOS levels than workers in the film plant. PFOS
levels in males were positively, although modestly. associated with numberof years worked in
the chemical plant. Although this cross-sectional study tried to address the volunteer bias
associated with the previous stud, there are still many limitations regarding exposures and
worker participation.

Fluorockemical Processing

Biomonitoring data were submitted on workers in Japan processing perfluorinated chemicals into
fire protection products and surface products (ures at. AL. 1999). [n 1999, PFOS. PFOA and
PFHS (perfluorohexanesulfonate) were measur: in employees” serum at the Sagamihara plant.Serum was drawn from both production empio; 22s (n = 32) who regularly handle
duorochemicals and management employees (+ = 32) who are rot regularly exposed. Serum was
also drawn from management employees (n = 30) at the Head Otfice in Tokyo. The highest
PFOS level in 32 production employees was 0.328 ppm. with an arithmetic meanof0.133 ppm.‘The highest PFOS level in eitherofthe management groups was 0.0967 ppm. while the average
level was approximately 0.04 ppm. The resultsof tae biomonitoring performed at the
Sagamihara plant indicate lower levels of POS than at eitherofthe manufacturing facilites
cited above.

Although the exposures would not necessarily Se considered “occupational” for either group,
PFOS levels in corporate staffmanagers at a 3M plant in St. Paul. Minnesota were similar to
those reported in the corporate managers in Japan (3M Repors, 1999). Thiry-one employees,
noneofwhom had worked in fluorochemical production or research and development, were
sampled in 1998. All ofthe participating employees had measurable ievelsofPFOS in their
serum. The mean PFOS level was 0.047 ppm. with 2 range of 0.028 to 0.096 ppm. In this group
Of 3M employees, age was significantly associated with increased serum PFOS. Noother data on
these workers were provided.

Non-occupational exposures .

PFOS has been measured in the serumofthe general U.S. population and in small
numbers of historical samples (dating as far back as 1957) from sources throughout the world.
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In 1998. PFOS levels in pooled serum from 2 commercial sources in the LS. ranged from 43- 45
ppb and 26 - 45 ppb (3M Report, 1999). There were zpproximatety 300 donors in the first source
and an estimated 200 donors in the second. Noother data, such as 3eographic location or age of
the donors, were provided. 3M also analyzed thirty-five lots of individual or pooled human sera
samples from U.S. chemical or biological supply companies in 1999 (3M Lerter, 1999), These
samples yielded an average of 35 ppb POS, ranging from 5 to 35 ppb.

Sera pooled from 18 regional blood banks in various geographic regionsof the U.S. were
analyzed for PFOS in 1998 (3M Report, 1999). There were 68 pools and an estimated 340-680
donors. The overall mean PFOS serum level across the pools was 29.7 ppb. The PFOS levels
varied quite 2 bit depending on the geographic location ofthe blood bank. The range of the
levels across geographic regions was 9 10 36 ppb. while the rangeofthe averages was 1410 52
pob.

Very limited data have recently become available on PFOS levels in U.S. children. [na 1999
pilot study meant to verify the analytic technique used on small voiumes of serum. blood samples
of children 6-12 years old were analyzed for PFOS (3M Report, 1999). Ten samples were
analyzed using high-pressure liquid chromatography electrospray tandem mass spectrometry
(limitofdetecion is 3 ppb). PFOSwas detected fnall ofthe sampies. The average level of
PFOS in these samples was 54 ppb, with a rangeof 31-115 ppb. These individual levels are
higher than those reported in pooled samples in adults in the general population: however, given
the small numberof samples, few inferences can be made about the resultsofthese daca.A study
analyzing over 600 pediatric serum samples is ongoing.

These daw are useful in providing preliminary levels of PFOS in the general U.S. population, but
they must be interpreted carefully. It cannot be assumed that the raporied PFOS levels are
represenativeofthe U.S. population. Many of the blood banks originally contacied for possible
inclusion in the study declined to participate. thus introducing possible non-response bias. Only
a small aumber of samples have actually been analyzed for PFOS. and someofthe levels varied
quite a bit depending on geographic location of the blood bank. Also. no other data, such 2s age.
sex, or other demographic variables, are available on the donors. Blood donors 2s a group cannot
be considered representative of the U.S. population as a whole.

A summaryofthe occupational and general population exposure daw are presented below in
Table 1
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TABLE 1

MEANPFOS SERUM LEVELS [N HUMAN POPULATIONS

Range (pom)
Decatur, Alabama

1595 244 025.128
1997 (a=380) 196 010-995

Antwerp, Belgium
1995 193 010-993
1997 (a = 65) Lig 0.-438

Sagamihara, Japan (1999) 0.135 00475-0628
(processing PFOS) n = 52

Non-occupational (n = 31) |
(corporate stafor managers) a7 23-96
St Paul,Minnesota (1998)

| Non-occupational (1999)
(plant management, Japan)
Sagamibara n=32 03 519-566

Tokyo n=30 523 53-967
Commercial

Intergen po Hea
n= ~300 donors

Sigma 1 33 26-45 |
n= ~200 donors |

Other Commercial Sources ~~ | 35 5-85
n=35 lots
Blood Banks 29.7
= ~340-630 donors

Samples in children sa sousa= | |EYet—————)
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Human Hazard Data

Epidemiologicdataon the health effects associated with fluorochemical exposure are limited.
There are two studies that specifically analyzed possible effectsof PFOS on workers.

‘The same groupof employees (males only) who had been monitored for PFOS serum levels in
1995 and 1997 at the Decatur, Alabama plant were studied to determine ifthere were any
associations between PFOS levels and hematology. clinical chemistries, and hormonal
parameters (Olsen et. AL, 1998, 1999). Animal studies had reported that PFOS is a peroxisome
proliferator in rats and that it reduces cholesterol in rhesus monkeys. When the data from both
plants were combined, there were no consistent associations between PFOS levels in the workers
and the hematology andotherclinical chemistry parameters for either time period. Mean serum
cholesterol levels remained constant or increased with increasing PFOS serum levels depending
on the year; however, those employees with the highest PFOS levels had lower HDL mean
values.” [t should be noted that age was significantly associated with higher PFOS levels. In
addition, there were no associations between clinical hepatic enzyme tests and serum PFOS
levels in workers.

Eleven hormone values were collected from 38of the employees who participated in the study in
1995. The employees who participated in the hormone portion of the study were significantly
different fom the non-participants a both locations (younger, higher PFOS levels, smokers, and
higher WBC). After adjusting for confounders, thers were no significant associations between
PFOS and the hormones analyzed, except estradiol; however, it seems that one employes with
high PFOS measurements (12.33 ppm) and a large BMI may have influenced these results
Removal of this employee from the anaiyses resulted in no significant associations with eswadiol.

‘There were several differences between the employees at the two plants. such as body mass
index, alcohol consumption. and age. In addition. there were only 61 employees common to both
the 1995 and 1997 cohort due to a high rate of tumover at bota plants Fom 1996-1997. Some of
the findings were not consistent over the 2 time periods. The participation rate in this voluntary
biomonitoring was very low at the Decatur plant (35-40%). (n addition, the employees at bot
sites used PFOA as a surfactant (mean PFOA serum levels in 1995 were 1.46 ppm and in 1997
were 1.57 ppm). The numberof years thas each group worked at the 2 plants (exposure) were not
provided in the analyses, although the youngest employees had the lowes: levels of serum PFOS.
Also, ninety-five percentofthe employees across both plants and both time periods had serum
PFOS levels less than 6 ppm. There is also the concern that serum PFOS may no accurately
reflect body burden because PFOS primarily concentrates in the rat liver. These limitations.
indicate that the resultsofths study should be interpreted carefully

A retrospective cohort morality study was aiso performed on Decatur employees to determine
whether plant employees had significantly different death experiences fom the general
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population (Mandel and Johnson, 1995). There were 1957 employees who had worked at least
one year at the Decarur plant between 1961 and 1991. Seventy-four deaths were recorded. and
there were no significantly elevated SMRs for all major causes of death regardless of the.
‘comparison population used (Alabama siate, US, or Alabama counties). When the data were
analyzed by job description (chemical department us. film plant employees), there was a
statistically significant deficit for all causes ofdeath in both job categories.

“This study had almost complete follow-upofthe cohort and ascertainment of causesof death.
However, since the workforce was relatively young, only 74 deaths were reported for 1,951
employees. Also, PFOS serum levels were not examined in relation to mortality. In addition, the.
aumberof women in the study was very small (+ deaths). Therefore, the cohort needs to be
followed for many additional years to provide a meaningful pictureofthe mortality experience of
these workers.
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