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Preface
In the margins of the ninth meeting of the Task Force on Existing Chemicals (29-30 May 2000) severalMember countries agreed to informally work together to collet information on the environmental sndhuman health hazards of perfluorooctane sulfonate (PROS) to producea hasard assessment. The decisonfollowed the announcementby amajor US manufacturer- 3M-to globally phase out the manufacture anduse of these chemicals beginning in 2001. The US and the UK agreed to lead the activity with theSecretariat assisting by requesting readily available exposure information from Member countries as sellas fiom non-Member counties through IFCS,
An informal meeting was hostedby he US on 26-27 October 2000 (Crystal City, Virginia, US) to:

«review the current statusof assessment activites;+ leam about actions being taken in other counties; and+ identifyplannedorongoingwork on this issue.
In preparation for the meting 3M circulated a draft intial assessment report including robust studysummaries of key studies, together with exposure information
Atthe 31" Joint Meeting ofthe Chemicals Commitee and the Working Party on Chemicals, Pesticides andBiotechnology (7-10 November 2000), it wasagreed thar, since this wasa matterofsufficient meres 1 a1Member counties, this activity should be undertaken under the existing Chemicals Programme, overseenby the Task Fore. As PFOS is not an HPV Chemical, it was not dealt with under the HPV ChemiealeProgramme.
A drat hazard assessment was posted on the OECD web sie for comment in December 2000. The OECDestablished an electronic discussion group to exchange comments and information. A special session on,PROS and ts salts was held on 25 January 2001 in Orlando, USA, as pat of th 11% SIAM meeting. Athis session an overview ofthe draft hazard assessment was presented.
“The draft hazard assessment was revised tice since December 200 10 incorporate comments that werececeived, as well as to incorporate newly completed studies. Comments were received from 3M, WorldWildlife Fund, Health Canada, Environment Canad, and Australi
AU the 11° meeting of the Task Force on Existing Chemicals (27-28 May 2002), the revised hazardassessment was discussed. The Task Force agreed with the conclusions and recommendations ofthe hasardassessment. The Task Force also agreed tha th Secretariat should gather information fom governmentsand BIACon isk management activites curently undertaken or planned in Membercountries on PFO,
tthe 34" Joint Meetingof the Chemicals Commitee and the Working Paty on Chemicals, Pesticides andBiotechnology (5-8 November 2002), the final df of the assessment was endorsed. The Join Messingrecommended that his document be derestriced under the authorityof the Secretary General
This hazard assessmentofperfluorooctane sulfonate (PFOS) and is salts includes al information that wasavailble by July 2002. A quantitative rik assessment was not conducted as this should ental regionalexposure information. The hazard information on POS should be used with caution in cvauating thepotential hazards of other perfluorinated compounds. The pefluorinated compounds represent 3 veryunique chemistry whose toxicological properties are presently not well understood and clearly the présenceofdifferent length (perfluorinated) carbon chains and functional groups are likely to influence toxicity. Iti no clear at this time whether the hazard cancems of PFOS can be extrapolated to other perflorigted‘compounds except undercircumstances where the compound may degrade 1 PFOS.
Assessment activites on PFOS and issaltsarealso on-going in other internationalfor,¢.¢. OSPAR.
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RECOMMENDATIONS OF THE HAZARD ASSESSMENT
Perfluonooctane sulfonate (PFOS) is acandidat for further work:
Sufficient information exists to address hazard classification for all SIDS human health endpoints, PFOSis persistent, bioaccumulative and toric to mammalian species. There are species differences in thelimination halF-ife of POS; the half-if is 100 days in ras, 200 days in monkeys, and years in humans,The toxicity profile of PFOS is similar among rats and monkeys. Repeated exposure. results inepatotonicity and mortality; the dose-response curve is very seep for martait. This occurs in animals ofall ages. although the neonate may be more sensitive. In addition,a 2-year bioassay in rats has shown thtexposure to PFOS. results in hepatocellular adenomas and thyroid follicular cell adenomas. thenepatocellular adenomas do not appear toberelated © peroxisome proliferation. Further work to clucidatethe species differences in toxicokineties and in the mode of action of PFOS wil increase our ability fopredic risk to humans. Epidemiologic studies have shown an association of PFOS exposure and the.Incidenceofbladder cancer; further work is needed to understand thi association.
Sufficient information exists to address hazard classification fo all SIDS environmental endpoints. PFOS.i persistent in the environment and has been shown to bioconcentrte in fish. It has been detected in anumber of species of wildlife, including marine mammals. is persistence, presence in the environmentand bioaccumulation potential indicate cause for concern. It appears o beoflow to moderate toxicity 10aquatic organisms but there is evidenceofhigh acute toxicity to honey bees. No information is availableon effects on soil- and sediment-duclling organisms and the equilibrium partitioning method may not besuitable for predicting PNECS for these compartments. PFOS has been detected in sediment downsireanofa production site and in eluents and sludge from sewage treatment plants,
Given the apparent widespread occurrence of PFOS, national or regional exposure information gatheringand isk assessment may need to be considered. In addition, data on its toxicity to soil and sediment.dwelling organisms could be generated as a post-SIDS activity. There is currently no information oneffects on sol- or sdiment-dwelling organsisms and PFOS has been detected in sediment and is presencein sewage sludge could esd1 soil exposureifspreadonagricultural land.
SUMMARY AND CONCLUSIONS OF THE HAZARD ASSESSMENT
Perfluorooctane sulfonate (PFO) and is als ae fully urinated organic compounds. The number ofproduction sites isnotclea, but there is production in the US. Europe and Japan. In recent years (to 2000),approximately 4.500 metric tons of PFOS-related chemicals have been produced annually. The majorlobal producerof PFOS intends to cease production by the endof 2002
“The majority of PFOS-related chemicals are high molecular weight polymers in which PFOS represents afraction ofthe total molecular weight. PFOS-relatedchemicalsare used in varietyof products, includingas surface-reatments of fabric for soilistain resistance, coating of paper as pat of a sizing agentformulation and in specialised applications suchs fir fightin foams.
PFOS has a solubility of approximately 550 mg/l in pure water at 24-25°C, The solubility decreasessignificantly with increased salt conten, fo example the potassium sal of PFOS has a solubility in freshwater of 370 mg/L. andof25 mg in filered sea water. Due tothe surface-sctve properties of PFOS, theLog Kow cannot be measured. The potassium salt of PFOS has alow vapour pressure, 3.31 x 10° Pa at 20i
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Human Health
In human blood samples, PFOS has been detected inthe serumofoccupational and general populations. Inthe US. the highest reported blood serum level of PFOS was observed in 1995 in a manufscturingemployee in Decatur, Alabama (12.83 ppm). Mean PFOS levels have been dropping in that plan and 3plant in Belgium since 1995, the mast recent being 1.32 ppm and 0.80 ppm, respectively, in 2000, In the‘general population, serum callccted from blood banks and commercial sources have indicated mean PFOS.levels of 30-53 ppb. In individual serum samples obiained from adults and children in various regions ofthe U.S.. mean PFOS levelswereapprosimately 43 ppb.
Several occupational studies have been conducted on volunters at the 3M plants in Decatur, Alabama andAntwerp. Belgium. Cross-sectional studies, based on the resus ofa voluntary medical surveillanceprogram for employees at cach plant, did no report consistent associations between workers’ PFOS levelsless than 6 ppm and certain hematology, hormonal, and other clinical chemistry parameters in 1995 and1997. In2000 when the analysis included mae employees from both plaats, mean values for triglycerides,alkaline phosphatase, total bilirubin, and ALT were significantly (p< .03) higher for workers with thehighest PFOS scrum levels (1.69 ~ 10.06 ppm). Serum triiodothyronine was signficanly higher andthyroid hormone binding rato was significantly lower in workers withth highest PROS scrum levels (p<05 for both). The association with T3 also remained significant and positive in multivariable regressionanalyses adjusted for potential confounders. A longitudinal analysis of these data did mot revealstatistically significant associationsover ime between PFOS and cholesterol, triglycerides, and ore pidand hepatic parameters. Hormones were not included in these analyses. There are several limitations (0boi the cross-sectional and longitudinal studies, such as the voluntary natureof the medical surveillance,the small number of employees participating across sampling periods, the different labs and analyticaltechniques used to measure serum PROS, and the differences in PFOS levels, demographics, and clinicalchemisiries between employees i the Decatur and Antwerp plants.
na mortality study, which followed workersfor 37 years, mortality isks for most of the cancer types andnonmalignant causes were not elevated. However. a statistically significant rik of death from bladdercancer was reported. Three male employees in the cohort did ofbladder cancer (0.12 expected). and al ofthem had been employed at the plant for more than 20 years. All of them had also worked in highexposure jobs for at leas 3 years. In ordertoscreen for morbidity outcomes, an “episode ofcar” analysiswas undertaken for employees whhadworked at the plant between 1993 and 1995, Many differen typesof cancer and other nonmalignant conditions were examined. Increased sks were not reported for mosof the conditions or did not reach statistical significance. However, an increased risk of episodes wasreported for neoplasms of the male reproductive system, the overall category of cancers and benign‘rowths, and neoplasms of the gastrointestinal tract. These risk ratios were highest in employees withthehighest and longest exposures to luorochemicals
Animal 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 sow and occurs via he urine and fecesThere are species differences in the elimination halFlfe of PFOS. The hal-ife in serum is 7.5 days inadult ats and 200 days in Cynomolgus monkeys. In humans, it appears tobe quite anger. A recent halffie analysis was conducted on 9 retired 3M chemical workers. PFOS samples were collected over 4 time.periods spanning 80 days, measured in triplicate with alltime points from each subject analyzed in thesame analytical run. The mean hal-ife for PFOSwas 8.67 years(range 229 21.3 years, SD = 6.12).
PFOS has shown moderate acute toxicity by the oral route with a at LDSO of 251 mg/kg. A one-hourLCS0 of 5.2 mg/l in rats has been reported. PFOS was found to be mildly imitating to the eyes and non.freiating (0 the skin ofrabbits. POS has not been shown to be genotoxic in variety of assay systems.
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Numerous repeat-dose oal toxicity studies on POS have been conducted in rats and primates. In genera,exposure to PFOS results in hepatotoxicity and mortality: the dose-response curve for mortality verysteep for ats and primates. Adverse signs of toxicity observed in 90-day rat studies included increases fnfiver enzymes, hepatic vacuolization and hepatocellular hypertrophy. gastrointestinal effects, hematologicalabnormalities weight loss, convulsions, and death. These effects were reported at doses of2 mgkg/dayand above. In a dictary 2-year bioassay in Sprague-Dawley rats, hepatotoxicity, characterized bycentrilobular hypertrophy, centrilobular cosinophilc hepatocytic. granules, centrilobular hepatocytepigment. or centeilobular hepatocytic vacuolation was noted n male andlor female rats given 5 or 20 ppHepatocellular centilobulr hypertrophy was also observed in mid-dose (2 ppm) male rat. Significantincreases inthe incidenceofcystic hepatocellular degeneration were found in all the male raed groups(0.5.2.5. or 20 ppm). Based on the pathological findings in the lve, the LOAEL was 3 ppm and theNOAEL was2 ppm in female ats. In males, the LOAELwas0.5 ppm, andaNOAEL was not estblished
Adverse signs of toxicity observed in Rhesus monkey studies included anorexia, emesis, diamhea,yposctivity. prostaton, convulsions, atrophyofthe salivary glands and the pancreas, marked decreases inserum cholesterol, and lipid depletion in the adrenals. The dose range for these effects was reportedbetween 15-300 mg/kegiay. No monkeys survived beyond 3 weeks into treatment at 10mekday ofbeyond 7 weeks into treatment at doses as low as 4.5 mglkg/day. In a &-month study of Cynomogusmonkeys. low food consumption, excessive salvation, labored breathing, hypoactivity, ataxia, hepaticvacuolization and hepatocellular hypertrophy, significant reductions in serum cholesterol levels, and deathwere observedat0.75 mg/kgiday. No effects were observedatdosesof 0.15or 0.03 mg/kg/day. Noeffects were noted in animals at any dose level following a Sek recovery period. The sverageconcentrationofPROS in the serum following26weeksoftreatmentwas 1.1 + 1-53, $8.5 + 4.67and 160£ 23.9 ug/ml for the females in the 0.03, 0.15 and 0.75 mgrkg/day groups, respectively: for males, theaverage concentrations were 15.9+ 5.54, 68.1 + 5.75 and 194 + 893 pigiml inthe 0.03, 0.15 and 0.75mg/day groups, respectively. Afterthe S2-week recovery period, the serum levels were 21.4 + 201 and414© 115 pgm for the females in the 0.15 and 0.75 mekg/day groups, respectively; for males, theaverage concentrations were 19.1 + 0.805 and 41.1 + 25.9 uml in the 015 and 0.75 mg/kg/day groups,respectively
“The potential carcinogenicity of PROS has been examined in adietary 2-year bioassay in Sprague-Dawleyats. There wasa significant increase in the incidence ofhepatocellular adenomas in males and females athe highest dose of 20 ppm the females at 20 ppm also had 4 significant increase in combinedhepatocellularadenomasand carcinomas. In addition, therewas a significant increase in thyroid follicularcel adenomas and combined thyroid follicular cel adenomas and carcinomas in the male recovery groupa1 20 ppm. There was no evidence ofperoxisome proliferation in th livers ofthe trated animals,
Postnatal deaths and other developmenalefects wererepored at ow doses in offspring in a 2-generationreproductive toxicity study in at. At the two highestdoses of 1.6 and 3.2 mg/keday, pup survival in thefirst generation was significantly decreased. Al first generation offspring (FI pups)a th highest dosedied withinaday afer birth while close 10 30% ofthe FI pups in the 1.6 mg/kg/day dose group died within4 days after birth. As a result of the pup mortality in the te top dose groups, only the two lowest dosenous. 0.1and0.4 mg/day, were continuedinto thesecond generation, The NOAEL and LOAEL forthe second generation offpring (F2 pups) were 0.1 mg/kg/day and 0.4 mg/kg/day, respectively, based onveductions in pup body weight
“Theliverand serum from the FO and F1 animals was analyzed for PFOS. Qualitative. the results for theFO animals indicate that all ats (including controls) had detectable levels of PFOS in serum and Fr.PFOS concentration increased with dose. PFOS concentrations were higher in the ivr than i the serum,and males had greatly increased PFOS concentrations in serum and liver when compared with females of
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the same dose group. Pooled liver samples from the Flanimals sacrificed shorty aftr birt had lowerPFOS concentrations than adults ofthe FO generationofthe same dose group.
Based on the results of the two-generation reproductive toxicity study, a cross-fostering study was‘conducted as a means of determining whether the reductions in pup viability were a result of fn uteroexposure {0 PFOSoras a resultofexposure during lactation; thus the potential foradistinction 0be madebetween prenatal and postnatal effects following continuous maternal treatment. Under the limitedconditions of the study. the daa appear (0 indicat tht reduced pup Survival is mainly a result ofin iro‘exposure to PFOS and that postnatal exposure via milk in conjunction with i ater exposure may legcontribute 10 reduced pup survival. In contrast, exposure during lactation alone. through milk fiomexposed dams, does not appear to have any adverse effect on pup viability:
Several mechanistic studies are being conducted (0 understand the neonatal death (3M Company, 2001).Preliminary resals indicate that reductions in serum lipids and cholestrol synthesis do not appear to play4significant role in the death ofth offspring,
Devclopmental effects were also reported in prenatal developmental toxicity studies i the rat and rabbit,although a slightly higher dose levels. Signsof developmental toxicity in the offspring were evident adoses of § mg/kg/day and above in rats administered PROS during gestation, Significant decreases in fetalbody weight and significant increases in external and visceral anomalies, delayed ossification, and skeletalvariations were observed. A NOAEL of I mg/kg/day and a LOAELof S my/kg/day for developmentaltonicity were indicated. Inthe same study, evidenceof treatment elated signs of maternal toxicy werealso obscrved at dosesof S mekgday and above and mainly consisted of hunched posture, anorexiabloody vaginal discharge, uterine stains, alopecia, ough hair coat, and bloodycrust, as well as decreases ibody weight gains and food consumption. Reductions in the mean terminal body weights mins the graviduterine weights were also observed at doses > S mg/kg/day. A NOAEL of 1 mpkgday and a LOAEL of$meke/day for matemal toxicity were indicated. In rabbits, significant reductions in fetal body weigh andsignificant increases in delayed ossification were observed in the offspring of pregnant femalesadministered PFOS during gestation at doses of 2.5 mg/kg/day and sbove. A NOAEL of 1.0 mg/kg/dayand a LOAELof 2.5 mgkgiday for developmental toxicity were indicated. Maternal toxicity in the docwas evident at doses of 1.0 mg/kg/day and above, and consistedof n increase incidence of sbortions andscant feces, as well a significant reductions in mean matemal body weight gains and food consumption.A NOAELof 0.1 mgfkg/day and a LOAEL of1.0 mgkg/day for matemal toxicity were indicate.
Environment
There is curremly litle information on the lifecycle steps that may lead to release of PROS to theenvironment. However, PFOS has been detected in surface water and sediment downstream of 4production facility and in wastewater treatment plant eflvnt, sewage sludge and land leachate at a‘numberofcities in the US. Sampling of several widife species from variety ofsites across the niedStates has shown widespread distribution of PFOS and it was detected in the ppb range in th plasma ofseveral speciesof eagles, wild birds, and fish. PFOS has been detected in marine mammals at 1 number ofTocations across the world.

PFOS is persistent in the environment. It does not hydrolyse, photolyse or biodegrade underenvironmental conditions and is not expectedovolatilize, based on an sirwater partition coeTicientof <2F-6 Pam3/mol.PFOS has been shown to bioconcentrte in the tissues of bluegill sunfish and carp. Inbluegill sunfish, BCF (BCFK) values between 1124 and 4013 were determined and PFOS depuratedslowly with estimated 50% clearance timesof up to 116 days. In carp, BCF values were determined fo bebetween200and 1500.
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“The substance shows moderate acute toxiity 0 aquatic organisms, the lowest LCS0 for fish is a 96-hourLCu of 47 mg/l to the futhead minnow Pimephales promelas for the lithium Sul. For aquaticinvertebrates, the lowest ECSO for freshwater species isa 48.ou EC.of 27 me! for Daphnia magna andfor saltwater species,a 96-hour LC value of 3.6 mg/l for the Mysid shrimp Mysidopsis bahia. Both testswere conducted on the potassium salt. For algae, the potassium salt gave 8 96h NOEC of -5.2 mel withSkeletonema costatum.
Long-term toxicity data is vailable for fish and aquatic invertebrates. The lowest NOEC for fish is a 42day NOEC (survival)of0.3 m/l in an carly lif sage test with Pimephales promelas using the potassiumsalt. The lowest NOEC for aquatic invertebrates i a 35-dayNEC of 0.25 mal for Mysidopsisbahia using the potassium salt. For freshwater species, there is 4 28-dayNOECopener of 7 mo forDaphnia magna, aso using the potassium salt.
A growih inhibition test has been carried out on PROS potassium salt with Lemna gibb (Duckweed), Thefest avea 7-day ICs of 108 mg/l or inhibition of frond production anda 7-day NOECof 15.1 mel basedon the inhibitionoffrond production and evidenceofsublethal effects.
PFOS does not appear to be toxic 10 sewage sludge microorganisms. In an activated sludge respirationinhibition test the 3-hour IC value for PFOS (potassium salt was 905 mg! (nominal concentration).
No data are available for effects on saildweling or sediment.dwelling species. The use of equilibriumpartitioning models to derive a PNEC for these compartments may not be applicable to thi anionicsurfactant
PFOS has been tested on two species of bid, the Mallard duck, Anas playrhynchos, and the NorthernBobwhite quail, Colinus virginianus. The lowest acute dietary Ce value of 220 mgkg of food wasdetermined in the test with the quail. The lowest NOECof 37 mg/kg of food for effects on body weightwas. in contrast, obained in th test with the duck.
There are data available from acute oral and contact toxicity ests on the Honey bee (Apis mellifera) wing.PFOS potassium salt. These studies indicate moderate and high orders oftoxicity of PFOS to bees when‘administered via these routes. The acute oral test yielded a 72-hour LD for ingestion of PROSof 0.40ug/bec and a 72-hour NOELof0.21 ug/bee. The contact test yieldeda 96-hour LDof 4.78 ghee and a96-hour NOEL of 1.93 ig/bee.
“The results of an amphibian teratogenesis study carried out with Xenopus laevis (Afican clawed frog)show PFOS potassium salt 0beacutely toxic 0 (96-hour LCs = 13.5 mg), and cause malformations in(96-hour ECig = 12.1 mg/), frog embryos. The minimum concentration that inhibited growth of theembryos was determine to be 7.97 mg). A teratogenic index of 1.1 was determined from the ratio ofthe96-hour LC to the 96-hour EC, indicatinga ow potential for PFOS 10be a developmental hazard in tisspecies
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10 identity
Chemical Name: Perfiuorooctane Sulfonate
The perfluorooctane sulfonate anion (PFOS) does not have a specific CAS number. The acid and saltshave the following CAS numbers:
acid (1763.23.1)
ammonium (NHL) salt (29081-56-9)
diethanolamine (DEA) salt (0225-145)
potassium (K') sat 2795-39-3)

Tihium (LI)salt (29457-72-5)
Molecular formula: C,F,,SO,
Structural formula: CF CFsCF-CF-CF-CF-CF.-CF-S(=0)(=0)0
Synonyms: 1-Octanesulfonic acd, 1,1,23.34.45.5,6,6.1.7,8..Sheptadecafluoro:112.233,485.56.6.77.88 S-heptadecafluoro-1-octanesulfonc acid:I-Octancsulfonic acid, hepradecaflvoro-,

I-Perfluorooctanesulfonc acid;
Hepatadecafluoro-l-octanesulfonic acid;
Perfluoro-n-octancsalfonic acid;
Perfluorooctanesufonic acid:
Perfluorooctylsulfonic acid

1.1 PhysicochemicalProperties
Due t0 the surfuce-actve properties of PFOS and the test protocol itself, PEOS forms three layers inoctanol/water and hence, an n-octanolwater (Kow) partition coefficient cannot be. determined.Consequently. the various physicochemical properties (e.g. bioconcentation factor, soil adsorptioncoelicient). which can usually be estimated for conventional organic compounds utilizing Kow equations.cannot be estimated, and a calculated (estimated) log Kow cannot be trusted. Even ifthe log Kow wereKnown. it may not be appropriateforpredictivepurposes, .2.,bioconcentation. Studieson laboratory rteindicate that PFOS does not bioconcentate in the lipid faction. Instead, t tends to bind 10 certainproteins. In two studies. PFOS was reported to have a mean solubilityof $19 mL and $70 mg in purewater at 24-25°C. Solubility decreases significantly with increased salt conten (12.4 mg/L in naturalseawater at 22-23°C, and 20.0 mg/L in a 3.5% NaCl solution at 22.24°C (3M Company, 20013). In arelated study. PFOS was reported fo have a mean solubilityof56.0 mg/L in pure octanol (3M Company2001b). These data suggest that any PFOS discharged to a water source would tend to remain 1 tatmedium. unless it i adsorbed onto particulate mater or assimilated by organisms. If PFOS docs bind to.particulate mater the material would ulimately end up in the sediment. Further study is underway todetermine the presence of PFOS in sediments from various locations and the binding potentialof PFOS foSediments,
“The available physicochemical properties for the potassium salt of PFOS are as follows (3M Report,1999)

Melting point: >= 400°C
Boling point: not calculable
Vapor pressure: 3.31 x 10° Paat 20°C (3.27 x 10° atm)
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Airwater partition coefficient in pure water: 0 (<2x 10°)
Solubility: pure water: $70 mg/L.
Solubility: fresh water: 370 mg/L.
Solubility: unfiltered seawater: 12.4 mg/L
Solubility: filtered seawater: 25 mL.
“The specific gravities (water = 1) and pH values (in parentheses) of the PFOS sas are as follows (3MReport. 1999):
DEA ~L1(-)
NHL ~ 117)
ti. Lies)
kK. ~050%)
The above water solubility values correspond to the following Henry's Law constants (aman),calculated herein, utilizing the vapor pressure of 327 x 10° atm given in the 3MReport (1999):
Pure water: 305310"
Fresh water: a7x10°
Unfiltered seawater: 14x 107
Filired seawater. 24x 10°

45. pointofreference, the Henry's Law constant for pure water at 20 °C is 4.34 x 107
20 General Information on Exposure
“The starting material for PROS.related chemicals is perfluorooctanesulfonyl fluoride (POSE). POSE ismanufactured through a process known as Simons Electro-Chemical Fluoination (ECF) in which anelectric current i passed through solutionofanhydrous hydrogen fluoride and an organic feedstock of 1octanesulfony! fluoride. The ECF proces replaces the carbon-hydrogen bonds on moleculesofthe organicfeedstock with carbon-fluorine bonds. PerfTuorination occurs when ll the carbon-hydrogen bonds arcreplaced with carbon-fluorine bonds. The ECF process yields between 30-45 percent stight chain(normal) POS, along witha variable mixture ofbyproducts and impurities. The outputofthe ECF processis not a pure chemical, but instcad a mixture of isomers and homologues including higher and lowerstmight-chain homologues; branched-chain perfluoroalkyl fluorides of various chain lengths, stright:hain. branched, and cyclic perfluroalkanes and ethers; and other byproducts (3M Company, 20000)
According to information available 0 the U.S. Environmental Protection Agency (USEPA), 3M Companyis the dominant producer of POSF. In 1997, 3M reported the manufacture or importation into the UnitedStates ofapproximately 1,848 metric tonsofPOSF. For 2000, 3M forccastsa volumeof 1.820 metric tonsmanufactured or imported into the United Sates. Afer accounting for 3M operations in Antwerp,Belgium. 3M estimates a total global POSF production of 365 metric tons for 2000 (3M Company,20000). Production of POSF by 3M i expected to decline t0 7ero by the endof2002 as IM scales backthe production POSF-derived chemicals (3M Company, 20004).
Since most POSF is incorporated into higher molecular weigh polymers, it comprisesnlyaportionof themole fractionofthe entire polymer in the final product. However, i should be noted tht he secondaryreactions usedto produce POSF derivatives do not necessarily produce pure products. Typically, 1-29 ofthe final product is comprised of unreacted or partially reacted Muorimated sarting. materials orintermediates that are carried forward into the final product a impurities (3M Company, 2000b)
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To date, 3M has not provided information on the total cumulative production volumesofPOS or PFOS-related chemicals since initial commercialization over 40. years ago. Precise production volume.information for manufacturers other than 3M outside the United States has also been dificult to obiain.3M. however, has asserted that it i the dominant global producer of PFOS chemicals, responsible for thelarge majorityoftotal global production volumes (3M Company, 2000¢). The limited production volumeinformation provided by OECD member countries for companies located outside he United StatesSupports this conclusion.
Aside from the United States and Belgium, other OECD Member counties tht reportedly have productioncapacity include Haly and Japan. Theremay also besome production in non-OECD countries Followingare companies that have been identified in various chemical buyer's guides as offering PFOS-elatedchemicals for sale (Directory of World Chemical Producers, 2000; ChemSources USA, 2000: OPDChemical Buyers Directory, 2000). This information has not been corroborated independently, excep forMitcai S.A. of alyand DianipponInk& Chemicals, Inc. ofJapan.
‘OECD membercounties
© Miteni SpA. (aly)
+ EniChemSynthesis SpA. (aly)+ Dianippon Ink & Chemicals, Ic. (Japan)+ Midori Kaguka Co. Ltd. Gapan)+ Tohkem Products Corporation (span)+ Tokyo Kasei Kogyo Company, Ld. (Japan)
+ Fluka Chemical Co, Ltd. (Switzerland)+ BNFL Fluorochemicals Lu. (United Kingdom)© Fluorachem Lid. (United Kingdom)
Non-QECD counties
© Milenia Agro Ciencias S.A. (Brazil)
+ Changjiang Chemical Plan (China)+ IndofineChemical Company, Inc. (India)- Sciemific Industrial Association P & M Ld. (Russian Federation)
21 ProductionandUseof PFOS.
“The majority of PFOS-tlated chemicals are high molecular weight polymers in which PFOS representsafraction of the total molecular weight, PFOS elated chemical are used in a variety of products, as showninthe figure following this section. These products ca be divided into three main categories of vc:
© Surface reaments,
+ Paperprotection, and
+ Performance chemicals
Each ofthese categories and the associated 3M production volume is described in more detail below. Noteha in many cases the production volumes represent total solid metic tons of Mluorochemical-containingcompound, not PROS itself. Less than91 metric ton of PFOS and is sals are commercialized as finishedproducts (3M, 2000).
In addition, varying amounts of luorochemica residuals (unreacted or partially reacted starting materials
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or intermediates) are carried forward into final products at concentrations of 122% or les as a result ofheECF manufacturing process. These residuals aso have the potential to degrade or metabolize to PFOS(3M, 2000).
2.11 PFOS-BasedSurfaceTreatment Applications
PFOS-selated chemicals produced for surfuce treatment applications provide soi, oi, and water resistance0 personal apparel and home Furnishings. Specific application in this use category include protection ofapparet and leather, fbric/upholstery, and carpet. These applications are undertaken in india settingsby customers such a tele mills, esther tanneries, finishers, fiber producers, and carpet manufacturers,PFOS-related chemicals are also used in aftermarket treatment of apparel and Teather, upholsery, carpet,and automobile interiors by the general pubic or professional applicators (3M Company, 2000b). In 2000,the global production volume of PFOS-reated chemicals for this use category is estimated stapproximately 2,160 metric tons (3M Company, 2000b)
2.12 PFOS-Based Paper Protection Applications
PFOS-telated chemicals produced for paper protection applications provide grease, ofl, and waterresistance to pape and paperboard as partof a sizing agent formulation. Specific spplications in his usecategory include food contact applications (plates, food containers, bags, and wraps), as well as non-foodcontact applications (folding cartons, containers, carbonless forms, andmaskingpapers). The applicationof sizing agents is undertaken mainly by paper mills and, to some exten, converters who manufacturebags. wraps. and other products from paper and paperboard (3M Company, 20004). Tn 2000, the globalproduction volume of PFOS-relted chemicals for tis use category i estimated at approximately 1,490metic ons (3M Company. 2000b)
2.13 PFOS-BasedPerformance Chemical Applications
PFOS-related chemicals in the performance chemical category are used in a variety of specializedindustrial. commercial, and consumer applications. This category includes various sals of PFOS that are‘commercialized as finished products. Specific applications in this category include fre fighting foams.mining and oil well surfactant, acid mist suppressants for metal plating and electronic ciching baths,photolithography, electronic chemicals, hydraulic fluid additives, alkaline cleaners, floor polishes,photographic fim. denture cleancrs, shampoos, chemical intermediates, coating additives, caper spotcleaners. and a an insecticide in bait tations (3M Company, 2000b; Bosing, 2000). In 2000, the globalproduction volumeof PFOS chemicalsfo tis use category i estimated at approximately 831 metric tons(3M Company. 20004). OF this volume, approximately 151 metic tonswill be used in fir fighting foams
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22 Environmental Exposure and Fate
PROS does not hydrolyze, photolyze or biodegrade under environmental conditions and it is persistent inthe environment.
22.1. Voladitity
PROS is not expected to volatilize, based on an assigned sirater partition coefficientof < 2 x 10°Pammol. This assignment was made by Prof. Donald Mackay bused on experimental doa gencrated by3M. In that study, th He was too small to measure experimentally using prc water. The teapretation byMackay sates “(PFOS] is thus essentially non-volatile from aqueous solution. Thi is probably because ofits fonic mature. The simple expedient is (0 assign it a Kaw of ero, i. is a type 2 involaile chemical inour nomenclature.” This determination is in agreement with the Henry's Law constantof 3.05 x 10°calculated hercn for pure water. Overall the conclusion is that PROS is a substance with very low andpossibly negligible volatility.
22.2 Combustion
“To begin to understand the potential degradation pathways for perflorinated chemicals, the incinerationprocess was thermodynamically modeled. The most pertinent finding of the reported analysis is that thecarbon-sulfur bond in the perflorooctane sulfonate molecule i a fit weak bond. To valida themodels prediction, laboratory combustion studies on a series of perfluoroalkyl compounds. includingPFOS and two polymeric product formulations are being conducted. An assessment will be made of‘combustion by-products through a range of temperatures. These data will be important to determinewhether PFOS may cnter the atmosphereas resultof incomplete combustionof was
22.3 PhotolysisiOxidation
PFOS does not appear to photolyze (Hatfield, T. 2001). Screening studics on the aqueous photolyticdegradation of PFOS, EAFOSE alcohol, McFOSE alcohol, EFOSA and MFOSA as well 2s 3 surfactantand foamer product, all appeared to undergo indirect photolysis to FOSA, PFOA, a hydride and olefinsPFOS was not detected (Hatfield, T. 2001, 3M Report No. W2775), One product, an aromaticperfluorooctane sulfonate, did photodegradeo form PFOS (3M Report, 1999).
22.4 Biodegradation
The biodegradability of PFOS was examined in a MITLI test (Kurume Laboratory (2002), No significantdegradation of PFOS was observed in 28 days, cither 15 net oxygen demand from degradation of featsubstance (i... ultimate degradation, losso total organic carbon (TOC:another way to mesure ulimatedegradation). or loss of parcnt_compound identity (primary degradation). Average percentagebiodezradation after 28 days was observed to be 0% by oxygen demand; 6% by removalof total organiccarbon: and 3% by liquid chromatography-mass spectrometry (LC-MS; measures primary degradation).“These values are indicative of no significant degradation, within the accuracy limitsforthis tes. ValidityOf the test was confined by degradation of the contol substance aniline, for which % of theoreticaloxygen demand exceeded the pass criterionof 45% aftr 7 days and 60% aftr 14 days respectively (74%and §5%oftheoretical a days7 and 14, respectively),
23 Environmental Monitoring
SMS Multi-City Study reported on PFOS concentrations from water, sludge, sediment, POTW effluentand landfil leachate samples taken in six cts (3M, 20012). Four of the cites (Decatur AL, Moble AL,
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Columbus GA, Pensacola FL) were supply cites that have manufacturing or industrial use ofuorochemicals: two of the cities (Cleveland TN, Port St. Lucie FL) were control iis that do not navesignificant luorochemical activites. Across al cities, POTW effluent concentrations ranged from 0.041 10.529 ppb. The POTW sludge (dry wt.)range was less than 0.2 ugk to 3,120 ppb th drinking waterrange was non-detect to 0.063 ppb; the landfill leachate range was non-deteet 10 55.1 ppb: the surfice.‘water ange was non-detect 100.138 ppb; the sediment ange was non-detect 1 1.13 ppb (dry at, and thequiet water ange was non-detect 0 293 ppb. The control cities samples generally inhabited the lower endof the above ranges, except for the POTW effluent and sludge findings for Cleveland, which wereintermediate in their ranges, and the quiet water samples at Port St. Lucie, which were the highest. $nstates that all the PFOS surface water concentrations are below laboratory-derived NOEC. (No ObservedEffect Concentrations) for aquatic organisms.
“The Mult-City Study also included a market basket sampling of PFOS residue in a total of over 200samples taken from green beans, apples, pork muscle, cow milk, chicken muscle, chicken cggs, bread, hotdogs. catfish, and groundbeef (3M, 2001a). Measurable quantities of PFOS,to0.852 ns, were found infour milk samples and one groundbeef sample; oneof the four milk samples was from acontol city. thebalance ofthe samples with measurable PROS were from cites with fluorochemical manufacture or se
Giesy reported the resultsofa global monitoring surveyof PFOS in marine mamma: they were located inFlorida. California and Alaskan US. coastal waters, the northern Baltic Sea, the Mediterranean Sea, theArctic (Spitsbergen). and Sable Island in Canada. PFOS was detected in the Iver and blood of minemammals from most locations. The largest liver concentration was 1520 nglg, wet wt. in botlenosedolphin from Florida; the largest blood concentration was 475 ngimL in ringed seal from the northernBali Sea

“The plasma of piscivorous (fish-ting) birds was sampled in th late 1980' and carly 19905 or obiainedfrom the U.S. Fish and Wildife Service (datof liver samples was not listed), and these samples were laterSent 0 3M for analysis of PFOS levels (3M Company, 2000a). Species sampled for PFOS plasma levelsincluded thebaldeagle, albatross,and scaesgle. Plasma levels ranged from below the limitofdetection(1PPb) up 10.2 maximum of 1047 ppb, present in a bald eagle. Levels in the lvers sampled from six birdspecies ranged from below the limit ofdetection up to a maximum of 2055 ppb.
Giesy reported on PFOS in fish and fish-ating water birds. Fish were sampled from the U.S. certainEuropean countries, the North Pacific Occan and Antarctic locations (Giesy, 2001a). The highestconcentration was 923 nglg, wet wt, in the muscle of fish from a Belgium estuary. The highestconcentration of PFOS in U.S. Great Lakes fish was 297 ng, wet wt, in the muscle of cap. Muscletissue of fish from several inland lakes in Michigan U.S. did not contain detectable PFOS,nordid fishfrom the North Pacific and Antarctic oceans. Fish-cating bird samples were collected from the U.S..including Midway atoll, he Baltic and Meditérranan Seas, Japanese and Korean coasts (Giesy, 20015).PFOS concentrations collected from the plasma of bald eagles n the midwester USA ranged from notquanifiabl to 2220 ng/mL, with a meanof 330 ng/mL. The largest PFOS concentration in hver samplesfrom USA birds was 1750 ng/g, wet wt. from a Brandis cormorant, PFOS concentrations in the sets ofNorth Pacific Ocean albatrosses ranged from 3 0 34 ng/mL. PFOS concentrations in blood or livers ofbirds fromthe Mediterancan and Baltic Seas were reatvely less than those found in U.S, birds.
Giesy reported on PFOS in mink and rive otter livers from the US. (Giesy, 20016). PFO was found inall samples. with the largest concentration of 4800 ng/g, wet wt. found in mink liver. PROSconcentrations in iverotter livers from Washington and Oregon states ranged fom 34 0 994 ng/g, wet wt
Giesy reported that PFOS was detected in oysters collected in the Chesapeake Bay and Gulf of Mexico ofthe U.S. coasta $1of 77 sampling locations at a concentration rangeof<42 to 1225 ng, dry wt. (Gioy,

6



ENVAM/RD(002)17FINAL

20014)
Giesy reported on the concentrations of PFOS in surface water, sediments, clams, and fish collected fiomlocations upstream and downsiream of the 3M fcilty at Decatur AL (Giesy, 20016). Of the threedownstream sampling locations, the two closet to the 3M facility had PFOS surface water concentrationssignificantly greater than the two upstream sites (meansof 150 ug/L and §2 ug/L v. 0.009 (est and 0.055ug: he nearest two locations had sediment concentrations significantly greater than the upstream sca(wet wi. means 930 ugk, 1299 ugke vs. 0.18(est.)and0.95). Clam and fish samples were collected atwo locations, one upsiream and one downstreamof the 3M fcily. The average fih whole body PROSconcentration for the upstream location was 59.1 uglke (wet wt), while tha for the downstream locationwas 1332 ugk. The average PFOS concentration in clams at the upstream location was 15.6(est) wg/ke:hat for the downstreamlocation ws 14.1(est) ugg.
Hansen (2002) reported concentrations of PFOS measured from surfuce water samples taken from theTennessee River up- and downstream of the outfall from the fluorochemical manufacturing facility a1DecaturAL(the 3M facility mentioned above). Therewere 20 sampling sits above and 20 sites below theoutfall location, spaced at approximately 2 mile intervals. Upstream of the facility the averageconcentration of PFOS was 32 2 11 ngL; the downstream concentrations were obacrved 1 increase atspoint approximately six miles below the outfall; the average PFOS concentration from that pointdownsiream was 114 +19ng/L. The report states that the consistency ofthe PFOS concentrations withinthese wo regions suggests the absence ofeither major environmental sinks or additonal sources of PFOSnthe areas sampled.
The 3M Environmental Lab reported on analyses of PFOS in naive rat livers, rat chow, and fish meal (a‘component of rat chow). Rat livers from twooftheee suppliers had endogenous levelsof PFOS above thelimit ofdetection (1S ng/g). PROS levels in the male rats with measurable evel increased with age, whilethe levels n female rats showed no correlation with age. In the rat chow study, two of the four chowexamined hadPFOSabove the 2-10 ng/g levelof quantitation, 18 and 12 ng/g, respectively, The fish meatstudy analyzed PROS levels in six typesof fishmeal formulated from at leat three types of fish, Three ofthe six types had PFOS levels above the fimit ofquantitationof 3.5 ng/g the maximum concentration was.157 gle
“The 3M Environmental Laboratory also summarized PFOS analyses of avian and aquatic feed matrices,PFOS levels were not detected in the two daphnid feeds, and were below th limits of auantration in theavian feed. Dry anemia brine shrimp) cysts use for fish feed had PFOS levels of 910 ugk.
24 Human Biomonitoring
For many years, PFOS has been measured in the serumof workers occupationally exposed to PFOS. Itwas also recently detected in the scrumofthe general population, but at much lower levels. The results ofthe most recent analysesofblood samples are described below and summarized in Table 1.
24.1 Occupational Exposures
PFOS scrum levels have been measured in workers involved in both the manufacturing ofperfluorochemicals and the processing of these compounds into products, such as fire protection andsurface protction products. Biomonitoring data are available from manufacturing plants in Alabama andBelgium, a processing facility in Japan, and corporate offices in Minnesota
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Fluorochemical Manfacturing
Two 3M plants, located in Decatur, Alabama and Antwerp, Belgium, have produced POSE fromelectrochemical cel fuorination and then subsequently used POSF to produce various products throughpolymerization processes. These POSF-bascd products degrade or metabolize to PROS. | A. thirdmanufacturing plan, located in Cottage Grove, Minnesota, has not produced POS, but has manufacturedsome POSF-based products. Scrum PFOS levels were measured in manufacturing plant employees in1995 (n = 178), 1997 (x = 149), and 2000 (n= 521) using high performance liquid ehfomatography/masespectrometry (Olsen et a, 1999; Olsene al, 2001; Olsen et al, 2001¢; Olsen et al, 20011). Evployeesvoluniered to participate for medical surveillance. Arithmetic means and ranges were reported fon asurveillance periods. Geometric means have only been reported in 2000. These data are provided in Table1

Mean serum PFOS levels have been declining a both plants since 1995. Decatur serum levels have beenhigher than Antwerp levels during every surveillance period. The PFOS levels in workers across boplants in 1995 ranged from 0.10 ppm 10 12.83 ppm. The range of PFOS levelsofworkers in 1997 was.0.10 - 9.95 ppm. The largest number of employees at each plant participated in the 2000 medicalsurveillance program (521 out of $40 employees). The mean serum PFOS levela the Decatur plant was1-32 ppm (range = 0.06- 10.06 ppm). Mostofthe employees at both facilties had PFOS serum levels thatwere <6 ppm across all of the sampling periods.
xceptforthe year 2000. the participation ateofthe total number of potentially exposed employees in themedical monitoring program from which these data were derived was not provided. It was reported thatthe employees were offer a medical monitoring program, but it i not clear how many of them actuallyvolunteered to participate. In addition, age of the employees and duration of employment were notreported for most of the surveillance years, and it is unclear how manyofthe total number of employeesworked at each plant. Therefore, it should be noted that these data only provide a snapshotofhe serumlevelsofparticipating workers during each sampling perio.
In order to address the voluntary natureof the monitoring program at the 3M plant, a random sample ofemployees from the Decatur plant was chosen to measure seven diffrent luorochernicals in cmployecy’blood (Olsenetal, 1999). Limited job information, years worked, and biking location were collected toprovide a better understanding of the distribution of fluorochemical serum levels in employees. Therandom sample consisted of 157 chemical plant workers (126 randomly chosen workers and 61 volunicers)and 76 film plant workers (60 randomly chosen and 16 volunteers). The levels in these employees, who.were sampled in late 1998, were similar 10 those reported above. Mean PFOS levels were 1.505 ppm(range. 0.091-10.600) for the random sample, 1.259 ppm for the volunteers, and 1.424 ppm fo alparticipants. Geometric means were 0.944 ppm (95% C1 0.787-1.126)forchemical plant employees and0.136 ppm (95% C1 0.114-0.161) or fim plant employess. When compared by job description, workers inthe chemical plant had higher PFOS levels than workers in the film plant. PFOS levels in males werepositively. although modestly, associated with numberofyears worked in the chemical plant.
Fluorochemical Processing
Biomanitoring data were submitied on workers in Japan processing perfluorinated chemicals ino fireprotection products and surface products (Burris et al, 1999). In’ 1999, PROS, PFOA and DEHS(perfluorohexanesulfonate) were measured in employees” serum at the Sagamibara plant. Serum wasdrawn from both production employees (n = 32) wh regularly handle florochemicals and managementemployees(n = 32)whoare not regularly exposed. Serumwasalodrawn from management employees(1= 30) at the Head Office inTokyo. The highest PROS level in 32 production employees was 0.638 ppm.‘with an arithmetic mean of0.135 ppm. The highest PFOS level in cithr of he management groups was
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0.0967 ppm, while the average level was approximately 0.04 ppm, The resultsof biomonitoring performedat the Sagamibara plant indicat lower levels of PFOS than at either of the manufacturing facies citedabove,
Although the exposures would not necessarily be considered “occupational”foreither group, PFO levelsin corporate staffimanagers at a 3M plant in St. Paul, Minnesota were similar to hose reported in thecorporate managers in Japan (3M Report, 1999). Thiny-one employees, none of whom had worked inMuorochemical production or research and development, were sampled in 1998. Al of the participatingemployees had measurable levels of PFOS in thei serum. The mean PFOS level was 0.047 ppm, with 3range of 0.028 10 0.096 ppm. In this group of 3M employees, age was significantly associated withincreased serum PFOS. No other dataon thse workers were provided.
2.42 Non-occupational Exposures
PFOS has been measured in the serumofthe general U.S. population and in smal numbers of historicalsamples (dating os fa back as 1957) from sources throughout the world. In 1998, PFOS levels in pooledserum from 2 commercial sources in the U.S. ranged from 43-45 ppb and 26 - 45 ppb (3M Report, 1099)“There were approximately S00 donors in th first source and an estimated 200 donors in the second. Noother data, such as geographic location or age of the donors, were provided. 3M also analysed thirty-fivelots of individual or pooled human sera samples from U.S. chemical or biological supply companies in199 (3M Lette, 1999). These samples yielded an average of35 ppb PROS, ranging from$ t §5 pb.
Sera pooled from 18 regional blood banks in various geographic regions of the U.S. were analyzed forPFOS in 1998 (3M Report, 1999). Therewere 68 pools and an estimated 340-680 donors. The overallmean PFOS serum level across the pools was 29.7 ppb. The PFOS levels varied quite a bit dependingonthe geographic locationofthe blood bank. The range of the levels across geographic regions was 9 6 $6.Pb. While the rangeofthe averages was 14 10 52 ppb,
Pooled ser from biood banks in Belgium (6 pools) the Netherlands (5 pools), and Germany (6 pools) asoive been analyzed for PFOS. Each pool had 15-20 donors. The Netherlands had the highest PROS levels(mean= 53 ppb) and Belgium had the lowest (mean = 17 ppb).
Individual blood samples from 3 different age populations were recently analyzed for PFOS and otherfuorochemicals using high-pressure liquid. chromatography/electrospray tandem mass. spectrometry(HPLC/ESMSMS) (Olsen ct al, 20023, 2002b, 20020). The studies” participants included adult blooddonors. an elderly population participating in a prospective study in Seat, WA, and children from 23states participating in a clinical tial. Overall, the PFOS geometric means were similar across all 3populations (34.9 ppb, 31.0 ppb, and 37.5 ppb, respectively). The geometric means and 95% tolerancelimits and their upper bounds were comparable acros all 3 studs. However, the upper ranges for thechildren and adults were much higher than for the lderly population. 1 is not clear whether this 1 therest of geographic differences in PFOS levels or some other factor It should be noted that PFOS andPFOAwerehighly comeltedin al threestudies(s= 63,= 70,and r= 75). The detailsof cach studyare provided below.
Serum PROS levels in 645 blood donors (332 males, 313 females), aged 20-69 years, were obtainedfrom 6American Red Cross blood banks (Olsen et al, 20023). The blood banks were located in: Los Angeles,‘CA: Minneapolis/St. Paul, MN; Charlotte, NC; Boston, MA; Portland, OR, and Hagerstown, MD. Eachblood bank was requested to provide approximately 10 samples per 10-year age intervals (20-29, 30-39,ete) for cach sex. The only demographic factors knownfor cach donor were age, gender, and locaton.
“The geometric mean serum PFOS level for all locations and gender was 34.9 ppb (95%C1, 333365 ppb,
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“The range was < LLOQ (4.3 ppb) to 1656 ppb. Males had significantly higher (p < 05) geometric meanPFOS levels than females. The geometric meanforall males was 37.8 ppb (95% CI, 35.5-40.3 and wae31.3 ppb for al females (95% CI, 30.0 — 34.3). Age was not an important predictor of dul serumAuorochemical concentrations. When siratified by geographic location, the highest geometric mean forPFOS was in the samples from Charlot, NC (51.5 ppb, range: 19.3 16.0) and the lowest from Boston(28.0 ppb, range: 4387.2),
“The highest serum PFOS measurement in this sample was 1656 ppb fromamale bioad door, 67 years oldfrom Portland. The next highest donor level was 320 ppb from a male donor, 62 years old alsa fromPortland. The next§ highest serum PFOSvalues (range 139 - 226 ppb) were measured in 4 females and 4males representing Charlotte (n=4), Hagerstown (1-2), Los Angeles 1-1)and Minneapolis’. Paul (1-1.In bootstrap analyses, the mean of the 95% tolerance limit for PROS was $5.5 ppb with an upper 95%confidencelimitof100.0 ppb.
Serum PFOS levels were reported for 238 (118 males and 120 females) elderly volunters in Searleparticipating in a study designed to examine cognitive function in adults aged 65.96 (Olsen et al. 2002.Age. gender and number of years residence in Seattle were the only data avaiable on the paricipunt.Most of the participants were under the ageof 85 and had lived in the Seatle areafor over 50 years.
“The geometric meanofPFOS for al samples was 31.0 ppb (95% C1, 26.8-33.4). The range was 3.4 - 175pb. Therewasnosignificant (p < 03)diffrence in geometric meansfor malesand females. In simplelinear regression analyses, age was negatively (p < 05) associated with PFOS in men but not in womenThe meanof the 95% tolerance limit for PFOS was 84.1 ppb with an upper 95% confidence limit of 104.0orb.

A sampleof $99 children, ages 212 years old, participating in astudyofgroupA streptococcal infections,was analyzed for PFOS levels (Olsen et al, 20026). The samples were callected in 1094-1995 fromchildren residing in 23 states and the Disrict of Columbia. The geometric mean of PFOS for allof theparticipants was 37.5 ppb (95% C1, 333-365). The range was 6.7 to 15.0 ppb. Male children hadsignificantly (p<.01) higher geometric mean PFOS levels than females: 40.1 ppb. and 35.2 ppb,respectively. In bootstrap analyses, the mean of the 95% tolerance limit for PFOS was $8.5 ppb with anupper 95% confidence limitof97.0 ppb. When stratified by age, the geometric mean tended to rise foreach axe group from age 2 (25.6 ppb through age 9 (42.8 ppb where it was highest, and then started 10decrease gradually to 32.8ppbat 12 yar. In simple lincar regression analyses, age was not significantly(p< 05) associated with PFOS. Although the data were not provided, a graphical presentationoflogPROS levels for each sate by gender were similar across the states, however, it is dificult to merpretthese data given the limited sample sizefor cach genderTocation subgroup.
In another study, Olsen et a. (2001) obtained samples from 31cadavers (16 males and 15 females) overan 18-month period from the Intemational Institute for the Advancement of Medicine (IAM). Theaverage age of the male donors was 50 years (SD 15.6, ange 5-69) and the average age of the femaledonors was 45years (SD 18.5, ange 13-74). The causesofdeath were intsacranial hemorrhage (n = 16 of52%). moor vehicle accident (n= 7 or 23%), head trauma (n = 4or 13%), brain tumor (1 ~ 2or 606), drug.overdose (n= 1 or 3%) and respiratory arest (n = 1 or 3%). Both serum and liver tissue were harvestedfrom 23 donors: 7 donors contributed lve tissue only and 1 donor contributed serum only. Serum sampleswere obtained from $ mofblood: liver samples consisted of 10 ¢oftissue. Samples were frozen at HAMand shipped frozen to 3M for analysis. The samples were extracted wing an fon-pairing extractionprocedure and were quantitatively assayed using HPLC-ESMSMS and evaluated versus an unextraciedcurve. Fxtensive matrix spike studies were performed to evaluate the precision and accuracy of theextraction procedure. The average fortified sample recoveryof PFOS from human sera was $9% (3D 217%)andthe average fortified sample recoveryof PROS from human liver was 78% (SD 2404).
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Serum PROS levels that were determinedt be less han the limitofquaniation (LOQ) were asigned avalue midpoint between7610 nd the LO. The mean serum PROS level forthe 24 serum donors analysedwas 17.7 nginL; the geometric mean for serum PFOS was 14.7 nginL. OF the 30 PFOS Iver samplesanalyzed. 15 (50%) were determined 10 be <LOQ. These samples were asigned value midpoint between210 and the LOQ. The mean liver PFOS level was 18. ng/g: the geometric meanfor liver PROS was 19.2ne. Mean PFOS levels for male and female donors were similar for both serum (male = 18.2 ng/L;female = 17.2 ng/mL) and liver (male = 19.2 ng/g; female = 25.4 ng/g). Although the data were not shown.the report stated that no associations were observed between measured PFOS levels and age. The averagePFOS serum and liver data for cachofthe 23 paired samples (serum and live from the same individual)showed a good conelation. The mean liver to serum ratio was 1.3:1. OF the 13 male donors with pairedsamples. the mean fiver to serum ratio was again 1.31; the mean serum level was 18.2 ng/mL. and themean liver level was 20.8 ng/g. For the 10 female donors with paired samples, the mean Iver 0 serumtio was 1.321 with mean serum levelsof 169 ng/mL. and mean liver levels of 16.3 ng/g, respectively.
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30 Human Health Hazards
30 Metabolism and Pharmacokinetics
300 Absorption
PFOS is well absorbed folowing ingestion. Aftera single oral dose of PFOS-14C (mean dose, 42 mg/kg)in solution 0 groupsofthree male rats, at least 95%ofth total carbon-14 is systemically abiorbed ot 34Tours (Johnson, Gibson and Ober, 19798). The digestive tract and contents contained on sverage, 345%.of the dose. “The mean fecal excretion is 1.55% of the dose at 24 hours and 3.24% at 48 hours, At 24Hours. the mean sum oftotal carbon-14 in feces and digestive tract plus contents is %of the dose. SomeOf this 5% likely represents systemically absorbed carbon-14 present cither inth digestive tract issues orin the digestive tact contents as a resultof excretion. The data from the 45 hour pos dose group of ratsare consistent with the 24 hour post dose data. Thus, at least 95% of the PFOS-14 dose was absorbedfrom solution after administration to non-fasted ats,
3.1.2 Distribution
Al 24 10 48 hours aftera single oral dose of PFOS-14C (4.2 mek) in ras, approximately $6% of theradioactivity recovered was found in the carcass (Johnson, Gibson and Ober, 19794). The carcass data arenot as reliable as the other tissue data since large volume homogenates were necessary and homogeneity ofsample aliquots was difficult to assur. There is some excretion of total carbon-14 in urine (13%/day).“The spleens from the 24 hour and 45 hour post dose rats were analyzed for totalcarbon 14 content, and thepercent ofthe dose in the whole organ was ~0.2%. The concentrationsoftoal carbon14 inred blood cellsand plastna were compared. The mean ratioofredbloodcell 0plasma concentration at 24 and 48 hours is0.25 and 0.39. respectively. Thus, at 24 and 48 hours afer a single oral dose of FC-95.140, there 1 noselective retentionofcarbon-14 in ed blood cels
AUS days after a single intavenous dose of PFOS-14C (4.2 mg/kg) in male rats, mean tissue C-14concentrations above ane ug cquivalentsg wereas follows: liver, 20.6: plasma, 2.2; kidney, 1.1; and lung.1.1 (lohnson, Gibson and Ober, 1979b). Other tissuessuch as muscle, sin, bone marrow, and spleen halconcentrations rangingfrom0.2 10 0.6 ug/g. There was a difference in C-14 content of subcutaneous fx(02 ugle) and abdominal ft (<= 0.08 ugg). Very litle C-14 was found in whole eye (0.16 ug) and nodetectable C-14 was found in brain. Only liverand plasma contained s substantia percentage ofdose 1 $9days post dose. 25.21% and 2.81% respectively. The low levelsof radioactivity found for kidney, lung,testes.and spicen are due in part 0 blood tll contained in these organs when homogenized.
“There have been several studies conducted to examine the levels of PFOS in the dam, fet and neonate,These studies are described in detail in sections 3.4 and 3.5. In general, the levels of PFOS ar higher inthe liver than in the serum of dams, fetuses and neonate, and placental transfer of PROS has beendemonstrated
313 Elimination
Urinary excretion is the primary routeof elimination for PFOS in the rat. By 59 days aftr a singleintravenous dose of PFOS-14C (4.2 mg/kg) in male rts, mean urinary excretion was 30.2+-1.5% of toa!C14 administered (Johnson, Gibson, and Ober, 1979b). Mean cumulative fecal excretion was 12.61-12%. Radioactive content infeces wis toalow tomeasure aftr64 days.
“The half for elimination of total POS carbon-14 from plasma aftra single oral dose (4.2 mg/kg) in
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male rats is 7.5 days (ohnson, Gibson and Ober, 1979). This determination was based upon analysis ofplasma samples from groupsof three at at 1, 2,6, 12, 24,45, 96, and 144 hoursafte the single oral dose
There is evidence of enterohepatic circulation of POS. After 21 days of cholestyramine treatment, themean percentageofPFOS.14Cdoseeliminated via feces (75.8 +- 5.0) was 9.5-fold the mean percentage ofdose eliminated via fecesbycontrol ats (8.0 +- 0.3, Johnson, Gibson and Ober, 1984). Afes adjustmentfor the amount of carbon-14 excreted in urine (189% for controls and $%forcholestyramine-reated, theamounts of carbon-14 remaining to be excreted are 19% for cholestyraminc-reated rats and 74% forcontrol rats. Afier PFOS-14C administration, the mean liver carbon-14 content at 21 days represents 11%and 40% ofthe dose for cholestyramine-treated and control ats, respectively. Mean pasa and red bloodcell carbon-14 concentrations are significantly lower afer 21 days of cholestyramine treatment, Theauthors conclude tht the high concentrationofPFOS-14C in liverat 2to 3 weeks after dosing and the factthat cholestyramine treatment enhances fecal liminationofcarbon-14 by nearly 10-fold suggest hat therei considerabie enterohepaic circulationof PFOS-14C.
3.1.4 Haltife in Humans
In order io determine the half-life of PROS, 3 retirees who worked in 3Ms Chemical Division werefollowed for five and a half ears (3M Company, 20006). Serum PFOS levels suggested a meanclimination halEHE (12) of 1428 days (approximately4 years). A halitestudy on a larger group ofretirees (n = 27)i curently underway, in which serum samples are drawn every 6 monthsover3 S-yearperiod. Two interim reports describing the results thus far have been submited (Burris et a, 2000; Bunsetal. 2002). The frst interim report suggesteda serum half.ife of 139-640 days. However, there wereseveral limitations to these analyses including: 1) the limited data available and the rangeof serum PFOS.levels measured:2)serum was analyzed afer each collection period with only one measurement per timeperiod on different days using slightly diffrent analytical techniques: and 3) th reference material puritywas not determined until afer the frst 3 samples had been analyzed. An effort was made to minimiseexperimental emor, including systematic and random error in the analytical method, involving 9 of theoriginal 27 subjects. Serum samples were collected from cach ofthe subjects over4 time periods spanning150 days. measured in iplicate with all time points from each subject analyzed in the same analytical run.“This would allow for statistical evaluation of the precision of the measurement and assure that allsystematic error inherent in the assay equally affected each sample used fo half fe determination,
OF the 9 eirees included in this analysis, thre were 7 males and 2 females, all from the Decatur plant“The average ageof th retirees was 61 years, the mean numberof years worked at Decatur was 27.7 years,and the average numberof months retired was 189. Average BMIof this group was 27.9. The meanPROS value at study initiation was 0.89 ppm (range 0.11 3.53 ppm, SD ~ 1.07),
The mean serum half-life for PFOS was $67 years (range 2.29 21.3 years, SD = 6.12). Age, BMI,number of years worked or years since retirement were not sigaificant predictors of serum half ives inmultivariable regression analyses. This analysis has attempted to reduce experimental crror in thedeterminationof a half-life for PFOS. However, several issues should be noted. Firs, the effet ofcontinued non-occuparional, low-level exposureon the hal-ife is unknown. Second, PFOS is a metabolicproductofother compounds found in the retires” blood; therefore, PFOS is likely being produced in thebody while the study was ongoing. Third it is not known i there are interaction between PFOS and otherfluorochemicals in the body. Fourth, this estimate is much higher than that reported in lab animals.However, it may not be appropriate to directly compare the resuls of the animal halFJife data with theseata due to potentially different protein binding sites and affinities. Fifth, systematic erorofthe analyticalmethod could beas high as +/- 20% andstill satis th data qualy criteria.
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32 Acute Toxicity
Four reportsof acute studiesof PFOS have been submited, one inhalation toxicity ofras, wo oral studiesof ats. and one dermal and eye iitation studyofrabbits,
Ina study to determine the median lethal concentration (LC.o), Rusch et al. (1979) administered PFOS dustin ai to Sprague-Dawley rts, Siscxgroup, levels of 189 10 45.97 mgll PROS to eight et groups. AWright dus-feed mechanism with dry air at a flow rate of 12 16 liters per minute was sed to administerthe PFOS dust. Ratswere expascd for | hour. The test groupratsweighed 201-299 8 at study initiation“The control group rats weighed 203-263 g at study initiation. The test group ras were exposed (0 1.89,2.86. 4.88, 649, 7.05, 13.9, 24.09 or45.97g. Thecontrol atswere exposed(0dry ai at flow ate of 15Bites per minute. All other protocols were the same as the test group ras. The rats sere observed forabnormal signs prior to exposure, at 15-minute intervals during the 1-hour exposure, at removal from theexposure chamber, hourly for four hours after exposure, and daily thereafe for 14 days. Individual bodyweights were recorded on Day 0 (prior (0 exposure), Day 1, Day 2, Day 4, Day 7, and Day 19. It 1reported tha all animals dying spontaneously were necropsied as soon as possible afer death. Bloodsamples were collcted on Day14 from all surviving animals, but analyses wereno provided. The LCs of52 mg/l and 95% confidence imitsof4.4 and6.4 mewerecalculated using the methodofLitchfield andWilcoxon.
“The highest dose group, 45.97 mg/l, was not used in the LCs calculations and termined on Day 2. Atha point, oly§animals survived and bloodsampleswere taken at termination. The 13.9 my) group wasalso terminatedcarly (Day 1) because ofamechanical problem during exposure. These animals wert alsonot used in the LC determination
nthe 24.09 mg/l exposure group, all animals died by Day 6. At 7.05 and 6.49 mg/l there was 50%mortality. At 488, 2.86, and 1.89 mg/l there was 20%, 10%, and 0% mortality, respectively. The rats 1all these groups showed signs oftoxicity including emaciaton,red material around the nose or other nasaldischarge, yellow material around the anogenital region, dry rales or other breathing disturbances, andgeneral poor condition. Abnormal inf observations were reported to be less frequent in the Towerexposure groups.
AC necropsy, the most common abnormality was discoloration of the fiver and lung. Discoloration of theHue was also observed in control rats and therefore may not be treatment related. Therefore, the mostsignificant treatment elated abuiomaliy was varying degreesofdiscoloration ofthe fiver. Among animalsthat did prematurely, decreased body weight, discoloration ofthe lung, anddiscoloration snd distention ofthe small intestine were also observed.
Ia study fo determine the acute oral LD. Dean etal. (1978) administered CD rts. S/segroup, doses of0.100. 215, 464, and 1000 mg/kg PFOS by gavage. The powdered test material was suspended in 8 20%acetone’80% com oil mixture. All dose levels were administered as volumes of 10 mk body weight“The rats weighed 172-212 g at the beginningof the study immedisely prior to dosing and weights wererecorded at Day 7 and Day 14. The rats were observed for abnormal signs during the four hours afer‘exposure, and daily thereafter for 14 days. Its reported tha all animals dying spontancously were grosslynecropsid, as well a all rats that survived to the end ofthe 14 day study.
Acute oral LD values and 95% confidence limits were calculated for males (233 (160-339) mg/kg),females (271 (200-369) mek) and combined male and femalerats (251 (199.318) make).
All as in the 464 and 1000 mg/kg dose groups did before the ndofthe study. Three animals in the 215mek group died prematurely. It appears signs of toxicity most frequently abscrved included:
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hyposciviy, decreased limb tone, and ataxia. A necropsy, observations included:  yellow-siainedwogenital egion, stomach distention and signs of iiationofhe glandular mucosa, and lung congestion
In a second ora study. Gabriel (1975; cited in Dean et aL, 1978) administered two groups of ShermanWistar albino ais (5 /sex/group) two dosesofPFOS by gavage in water. The rats weighed between 200 -300 gran. 1t was determined the acute oral L Dig was greater than 50 mg/kg and less than 1500 mg/kg
All ofthe ras administered 1500 mg/kg died before the 1-day observation period ended, with the las ratdead on Day 9. None ofthe rats administered 50 mg/kg died before the ndofthe study. I is sated thtrats were observedforsignsof toxicity and mortality bu it is not clear how frequently they were obeervedand no individual animal data was provided. It s stated tha the high dose group rats were “depreceed” at2-3 hours after dosing and “severely depressed or semi-comatose™ by 24 hours: staying in this sate untildeath occurred. No individual pathology data were provided. The author states “Gross pathologicexamination revealed nothing remarkable.”
Biesemeier andHarris (1974) examined the poential for PFOS to cause skin and eye ration. Six albinoabbits had thie hailipped fom their backs and flanks, and it appears five tenths ofon gram (0.5 g; theprocedure states either 0.5g or 0.5 ml and the test material as supplied by 3M was a solid) of ths tsmaterial was placed on abraded of ntact prepared test sites, then covered with gauge patches. Afr 24hours and 72 hours the coverings were removed and the degreeoferythema and edema was recordedaccording 10 a stndardized scale. No reference is provided for method or scoring of resultsConcentration or total doseoftest material was mot provided. Tn all sx rabbis, it is reported the primaryskin imitation scoreswere 0; which indicates no reddeningorswellingdetected.
In the eye imitation study, six albino New Zealand White rabbits were placed in collars so they could notrub ther eyes. It appears one tenthofa gram (0.1 g; the procedure states ether 0.1 or 0.1 1a was uedand TH17 was sold as suppliedby 3VD) ofthe test substance was instilled in one ve, the other eye wasleft untreated asa control. The concentration or total dose of the test substance were not provided. i isreported that the reaction o the test material was read against scaleof damage o the comes rs and thebulbar and palpebral conjunctivac at 1, 24, 45, and 72 hours after treatment. The scale entra were notpresented or referenced. Each time the cyes were scored, any accumulated discharge or residue of teumaterial was flushed from the eye. There is no reference provided for the method. It appears tht scoreswere maximal at | hour and 24 hours afer treatment then decreased over the retofthe study (Biesometerand Hari, 1974),
33 Mutagenicity
PFOS was ested forts ability 10 induce mutation in the Ames SalmonellMicrosome Plate Test and n theD3 stwin of Saccharomyces cerevisiae (Litton Bionetcs, Inc., 1979). It was sso tested in: (1) aSalmonella ~ Escherichiacoli Mammalian-mictosome reverse mutation assay (Mecchi, 1999); (2) a invitro assay for chromosomal aberrations in human whole blood lymphocytes (Mur, 1999); and (3) anassay for unscheduled DNA synthesis (UDS) in rat liver primary cel cultures (Cifone, 1999). 1 wasnegative in all assays in which it was tested. PFOS docs not induce reverse mutation a the histidine locus.OFS. typhimurium or at the tryprophan locus ofE. coli when tested with or without metabolic activation. idocs not induce chromosomal aberrations in human lymphocytes when tested with or withow metabolicactivation and does not induce UDS in primary cultures of rat hepatocytes. PFOS was also tested in an inio mouse micronucleus assay (Muli, 1996). PFOS did not induce micronuclei in the bone maou of(CrCD-1 BR mice and is negative in the mouse bone marrow microntcleus assay.
T2247 CoC which is a 0% by weight solion of the diethanolammonium salt ofperfluorooctanesulfonate in water was tested for its ability to induce gene mutation in S strains of §
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phim and also fo is ability to induce recombination in S. cerevisiae stain D3. (Simmon, 1978)“The chemical was negative in al § strainsofSalmonella and in 5. Cerevisiae D3 when tested with andwithout metabolic activation. T-2247 CoC was tested with S. typhimurium srsins TASS and TA100 fn adesiccator assay for the detection of volatile compounds. It was nonmtagenic when tested under theseconditions
34 Repeated Dose Toxicity
‘Three 90-day subchronic studiesof PFOS have been conducted, two gavage studies in rhesus monkeys andone dietary study in ats. In addition, a four week anda 26 week capsule study in noma monkeysave been conducted. Both reports were unaudited drafs at the timeof this review.
In the rat subchronic study, Goldenthal et a. (1978b) administered CI rats, S/sex/group, ditary levels of0.30. 100. 300, 1000 or 3000 ppm PFOS (FC-95) for 90 days. The males weighed 196-232 ¢ and thefemales weighed 165-206gat study initiation. Theditay levels were equivalent o doses of 0-2. 6, 15,60 and 200 mg/kg/day. The rats were observed duly for general clinical signs; body weights and foodconsumption were recorded weekly. Hematological and clinical chemistry analyses and urinalysis were‘conducteda the beginning of the study and after 30 and 90 days of treatment. The rats were sacrificedafter 90 days of rcatment and a gross necrospy was conducted. At necropsy the hear, liver, adtendls,spleen. pituitary. kidneys, testeslovarics and brain were weighed. Thethyroidparathyroid were weighedafter fixation. Tissues were preserved in buffered neutral 10% formalin the eyes were preserved fnRussell's fixative. The following organs from control and all treated groups were. examinedmicroscopically: adrenals, aorta, brain, csophagus, eyes, gallbladder, heart (with coronary vessel),duodenum, ileu, jejunum, cecum, colon, rectum, kidneys, liver, lung, skin, mesenteric lymph node.retropharyngeal lymph node, mammary gland, nerve (with muscle), spleen, pancreas, prone ens.bonelbone marrow (tijunction), salivary gland, lumbar spinal cord, pituitary, stomach. estesovarice,thyroid. parathyroid, thymus, trachea, tonsil tongue, urinary bladder and aging
All ofthe rat in the 300, 1000 and 3000 ppm groups died. Death occured between days 13-25 and days.18:28 for the males and females, respectively, in the 300 ppm group. At 1000 ppm, death occurredbetween days 8-14, and at 3000 ppm, th rats died between days 7-8of treatment. The rats in al groupsshowed signsoftoxicity including emaciation, convulsions following handling, hunched back,red materialaround the eyes, yellow material around the anogenital region, increased sensitivity to extemal simul,reduced activity and moist red material around the mouthor nose
Three males and two females in the 100 ppm wroup died prior to scheduled sacrifice. Two of the malesand the two females died during week $ and the third male died during week 11 of the study. At studytermination, mean body weights were reduced by 16.7% and 16.3% in the male and female groups.respectively. Average food consumption during the enire sudy period (g/atday) was sigicantyreduced for males and females at 100 ppm. After 30 days of wcatment, hematologic values werecomparable amon the control and 100 ppm groups. Clinical chemistry analyses at onc month showed 3significant increase in mean glucose in males, blood urea nitrogen values in males and females, andcreatinine phosphokinase and alkaline phosphatase values for females. Afer90 days oftreatment a 100PP.he two surviving maleshadsignificantly reduced erythrocyte, hemoglobin, hematocrit and leukocytecounts: the thre surviving females had significantly reduced hemoglobin and reticulocyte counts, as wellas slightly lower erythrocyte, hematocrit and leukocyte counts. Twoof the surviving females showedslight to moderate increases in plasma glutamic oxalacetic and pyruvic transaminase activities. Urinalysisresults were comparable among trated and control groups at 30 and 90 days. Relative Jiver eight wassignificantly increased in the males and absolute and relative lver weights were sgaifcantly increased inthe females. Relative kidney weights were significantly increased in both sexes.
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Al as in the 30 ppm group survived until the endof the study. At study termination, mean body weights
were reduced by 8.7 and 8% in the males and females, respectively. Average food consumption during theentire study period (g/rauday) was sgnificanly reduced for the males at 30 ppm. Hematologic valueswere comparable among the control and 30 ppm group a 30 and 90 days. One female showed slightly
elevated glucose level and one male showed a slightly increased alkaline phosphatase lovea 30 days, At90 days. one male showed moderate increases in glucose, blood urea nitrogen and y-glutamyl
transpeptidase activity. The females had significant increases in absolute and relative liver weights, The
males ad significant decreases in absolute and relative adrenal weights, absolutethyroid parathyroid
weight and absolute pituitary weight. The biological significanceofthe 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 al trated groups and included varying
deesofdiscoloration and/or enlargement of the liver snd discoloration of the glandular mucosa of the
stomach. Histologic examination also showed lesions in all treated groups. Centilobular 10 midzonal
cytoplasmic hypertrophy of hepatocytes and focal necrosis was observed in the liver, the incidence and
relative severity were greater in the males. In addition, 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 (spleen, mesenteric ymph nodes) lymphoid organs, stomach, intestines, muscle and skin. In the
thymus, his consisted of depletion in the number and size of the lymphoid folices and in the bone
marrow hypocellulaity was noted. The spleen was slightly atrophied withacorresponding decrease in the
size and numberof lymphoid foliles nd cells anda similar depletion was noted in the mesenteric lymphnodes. Mucosal hyperkeratosis andlor acanthosis was observed in the forestomach and. mucosal
hemorrhages were noted in the glandular portion of the stomach. Decreases in the hight and thickness of
the ill were noted in the small intestine. Atropy ofthe skeletal muscle was noted, as well as epidermal
hyperkeratosis andloracanthosis was noted in the skin,

In the first rhesus monkey study, Goldenthal eta, (1979) administered rhesus monkeys, 2/sex/group, dosesof0. 10, 30, 100or 300 mg/day PFOS (FC-95) in distilled water by gavage. The males weighed 3.05-
3.80 ke at study initiation and the females weighed 2.75-4.10 kg. The monkeys were observed daily for
general clinical signs and body weights were recorded weekly. Hematological and clinical chemistryanalyses and urinalysiswere conducted at the beginning of the study. The study was terminated after 20
days due 10 the death ofthe monkeys. AU necropsy the hear, liver, adeenals, spleen, pituitary, kidneys,

testeslovariesandbrainwere weighed. The thyroid parathyroid were weighedafterfixation. Tissueswere
preserved in buffered neutral 10% formalin; the eyes were preserved in Russell's fixative. The following
organs from control and al weated groups were examined microscopically: adrenals, aorta, brain,
csophagus, eyes, gallbladder, heart (with coronary vessels). duodenum, leu, jejunum, cecum, colon,vectun, Kidneys, liver, ung. skin, mesenteric lymph node, rtropharyngeal lymph nod. mammary gland.nerve (with muscle), Spleen, pancreas, prostateluterus, bone/bone marrow (rib junction), salivary gland,umbar spinal cord, pituitary, stomach, testes/ovaries, thyroid, parathyroid, thymas, raches, tonsil, tongue,urinary bladder and vagina.

AIL ofthe treated monkeys died. The monkeys in the 300 mg/kg/day group died between days 2-4, themonkeys in the 100 mg/kg/day group died between days3-5, the monkeys in the 30 mgkgiday groupdiedbetween days 7-10, and the monkeys in the 10 mgkg/day group died between days 11-20 of treatment.
“The monkeys from all the groups showed similar signs of toxicity including decreased activity, emesis
with some diarhea, body stiffening. general body trembling, twitching, weakness, convulsions andprostation. At necropsy, several of the monkeys in the 100 and 300 mg/kg/day groups had yellowish
brown discoloration of the live; histologic examination showed no microscopic lesions. Congestion,
emorshage and ip depletionofthe adrenal cortex was noted i all rcated groups. Noother lesions were
noted.
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In the second study, Goldenthal et al. (19784) administered rhesus monkeys, 2/sex/group,dosesof 0, 0.5,15 or 4.5 mg/kg/day POS (FC-95) in distilled water by gavage for 90 days. The males weighed 2.55.3.55 kg at study initiation and the females weighed 2.73.75 ke, The monkeys were observed daily forgeneral 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 90daysof reatment.
“The monkeys were sacrificedaftr90 daysof rzatment anda gross necrospy was conducted. At necropsy
the bean, liver, adrenals, spleen, pituitary, kidneys, testesiovaries and brain were weighed. The
thyroid parathyroid were weighed afer fixation. Tissues were preserved in buffered neuteal 10% formalin:
the eyes were preserved in Russels fixative. The following organs from control and all trated groups.
were examined microscopically: adrenal, aorta, bran, esophagus, ees, gallbladder, heat (with coronary
vessels). duodenum, ileum, jejunum, cecum, colon, rectum, kidneys, ivr, lung, sin, mesenteric lymph
ode. retropharyngeal lymph od, mammary gland, nerve (with muscle) spleen, pancreas, prostate crus,bonc/bone marrow (ib junction), salivary gland, lumbar spinal cord, pituitary, stomach, tesesiovarics,
thyroid, parathyroid, thymus, traches, tonsil, tongue, urinarybladder and vagina.
All monkeys in the 4.5 mg/day group diedorwere sacrificed in exremis btseeen week S and 7 of the
study. Beginning on the firstorsecond dayofthe study, these monkeys exhibited signs ofgastrointestinal
tract toxicity including anorexia, emesis, black stool and dehydration. All of the monkeys had decreased
activityand just prior to death showed marked to severe rigidity, convulsions, generalized body trembling
and prosiaton. The mean body weight decreased from 3.44 kg at the beginning ofthe study 10.2.7 kg at
week 5. After 30 days of treatment, there was a significant reduction in serum cholestrol and a 50%
reduction in serum alkaline phosphatase activity. At necropsy, mean organ weighs were comparable
amon the control and treated monkeys. Histologic examination shoved several treatment elated lesions.
All the male and females had marked diffuse lipid depletion in the adrenals. One male and two females
had moderate diffuse atrophyofthe pancreaticexocrinecells with decreased cel size and loss of zymogen
granules. Two males and one female had moderate diffuse atrophy of the serous alveolar cells
characterized by decreased cel size and losof cytoplasmic granules.

All morikeys in th 1.5 mkday group survived until the end of the study. Daring the frst week of the
Study. the monikeys had decreased activity. Signs of gastrointestinal tract toxicity were noted occasionally
uring the study and included black stool, diarthea, mucous in the stool and bloody stool at the end ofthe
study. anorexia, dehydration orgeneral body trembling were noted. Although statistical significancewas
ot achieved, the mean body weight of the males dropped from 3.15 kg at the beginning of the study (0
2.93 ki at the endofthe study, and the mean body weight ofthe females droppedfrom 3.22 kg 10 2.73 kg.
One of th females had very low serum cholesterol and another had 4 reduction in inorganic phosphate.Necropsy revealed no treatment related lesions.

All monkeys in the 0.5 mg/kg/day group survived until the endofthe study. Signsofgastrointestinal tract
toxicity were noted occasionally during the study and included diarrhea, sof tools, anorexia and emesis.
Occasionally, decreased activity was noted in three of the monkeys. Necropsy revealed no treatment
related lesions.

Serum samples from monkeys in th 0, 0.5 and 1.5 mg/kg/day dose group were individually analyzed for
PROS levels; liver samples from the G, 0.5, 1.5 and 4.5 mg/kg/day dose groups were aso analyzed for
PFOS levels. Except for the control animals where animal 735SM was uscd in both the serum and liver
control groups, differnt animals were used for serum and ivr determinations. PFOS levels in serum were
developed by pyrolysis; precision iesmatedtobe = 10- 25%,
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weekly. Hematological and clinical chemistry analyses were conducted on samples collected before thebeginning of the study at day -7 (baseline values) and day 29. Additonal blood samples for clinicalchemistry were collected on study days 2,7, and 14. Blood samples for serum PFOS concentrations were
taken on days 7.2,3, 7, 14,and 29. In addition, samples from day -7 and day 29 were analyzed for levels
of estradiol, estrone, estriol, thyroid stimulating hormone, triiodothyronine, and thyroxin. The study
animals were terminated as scheduled at 30 days. At necropsya sample of liver was collected from eachanimal for palmitoyl CoA oxidase activity analyses. Samples of liver, tests, and pancreas were collectedfor proliferation cel nuclar antigen evaluation. A sampleof liverwas lso collected from cach anna for
PFOS concentration analysis. The following organs from control and all treated groups were examinedmicroscopically: adrenals, eye, Kidney, liver, lung, splen, pancress, femoral bone marrow, tests, andthymus,

None of the morikeys died before the study was ended. There were no testrelted effects on clinicalobservations, body weight, food consumpion, body temperatures, hematology, or macroscopic. ormicroscopic pathology findings. Notestrelated effects were noted in the levelsof stron, estriol, thyroid
stimulating hormone, and thyroxin. Cel proliferation, as measured by immunohistochemical detection of
proliferating cel nuciar antigen, was no increased in the liver, teste, of pancreasofmonkeys.
“The monkeys in the 2.0 me/kg/day group both showed estradiol levels that were less than thei prestudyvalues and controls at day 29. Similarly, the monkeys in the 2.0 mykg/day group both showed
riodothyronine levels that were les than thei prestudy values and controls at day 20. However, pre-
treatment, the high-dose monkeys also had triodathyronine values lower than controls in baseline samples
a well. Since the mumbers of tested animals are small and baseline levels are variable, it i not clear if
these hormane level changesare treatment elated effects.
In the final study, Thomford (2002) administered PFOS to cynomolgus monkeys by oral capsule at dosesOf 0 (6 monkeys per sex), 0.03 (4 morikeys per sex), 0.15 (6 monkeys per sex), or 0.75 mekg/day (6
monkeys per sex) for 26 weeks. Two animals from the contol, 0.15 and 0.75 mg/kg/day groups wereassigned 10: recovery group and were not rested for atleast 52 weeks following th lat administration of
PROS. Animals were observed twice daily for mortality 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 oftreatment and during weeks 26 and 52. Body weight data were
recorded weekly before the stat of treatment, on Days 1 and 1 and weekly thereafter. Blood and urine
samples were collected for clinical hematology, clinical chemistry, and urinalysis before the start of
treatment and at specified intervals doring treatment and recovery. Blood samples were alo taken for
Hormone determinations. Samples of serum were collected at various time points durin the study and sent
10 3M for analysis of POS levels. The following organs were weighed at scheduled and unscheduled
sacrifices; paired organs were weighed separately: adrenal (2), bran, epididymis (2), kidney (2), iver,
ovary (2), pancreas, tests (2), and thyroid (2) with parathyroid. The following tissues were collected for
histopathology: adrenals (2), sort, bran, cecum, ceri, colon, duodenum, epididymis (2), esophagus,
eyes (2), femur with bone marrow, gallbladder, heart, ileum, jejunum, Kidneys (2), lesions, iver, lung.mammary gland, mesenteric lymph node, ovary (2) pancreas, pituitary, prostate, rectum, salivary gland
[mandibular (2). sciatic nerve, seminal vesicle (2), skeletal muscle (thigh), skin, spinal cord (cervical,thoracic. and lumbar), spleen, stemum with bone marrow, stomach, testis (2), thymus, thyroid (2) withparathyroid, trachea, urinary bladder, uerus, and vagina. Liver specimens fom the 0.15 and 0.75
mike/day recovery animals were collected via biopsy and analyzed for PFOS levels.

Males weighed 3.3-3.4kg and females weighed 2.8-29 kg a the beginning of the study. At the endof26
weeks of treatment, males weighed 3.7, 3.8, 3.5, and 3.3 ke for the 0, 0.03, 0.15 and 0.75 mgrkg/day
treatment groups respectively. Females weighed 3.1, 3.1, 3.1 and 2. ke for the 0, 0.03, 0.15 and 0.75mik/day resumen groups respectively. The difference berween the control and the 0.75 mgkg/day
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female treament groups was statistically significant. At the end of the recovery period, differences inweight between the control and treated animals were no longer obvious.

“Two males from the 0.75 ma/ke/day group did not survive to the scheduled sacrifice. One animal died afer
dosing on Day 155 (Week 23). Clinical signs noted in this animal included: constricted pupils, pale gums,few, mucoid, liquid and black-colored feces, ow food consumption, hypoactivty, labored respiration.
dehydration, and recumbent position. In addition, the animal ws cold fo the touch. An enlarged lver wasdetected by palpation. Cause of déath was determined to be pulmonary necrosis with severe acuteinflamovation. On day 179, the second male was sacrificed in a moribund condition. Clinical signs notedincluded low food consumption, excessive salvation, labored respiration, hypoactivity and ataxia. Thecause of death was pot determined.

Males and females in the 0.75 mg/kg/day dose-group had lower total cholesterol and males and females in
the 0.15 and 0.75 mg/kg/day groups had lower high density lipoprotein cholestrol during treatment. The
effect on total cholesterol worsened with time. By day 152, mean total cholesterol for males and females in
the high dose group were 68% and 49% lower, respectively, tht than levels in the control animals. The
effect on high density lipoprotein was greater than that seen with cholesterol. On day 132, the mean high
density lipoprotein levels were 79% and 62% lower, respectively in males and females fiom the high dose
‘roup than they were in male and female control animals. Males i the high dose group also had lower
total bilirubin concentrations and higher serum bile acid concentrations than mals in cithr the control or
other treatment groups. The effect on total cholesterol was reversed within $ weeks of recovery and the
effect on high density lipoprotein cholesterol was reversed within 9weeksofrecovery.
Estradiol values were lower in males given 0.75 mg/kg/day on days 62, 91, and 182 but becouse of
variation only the day [82 value was significant. Estrone values were generally higher in the treated
females on days 37, 62 and 91 but again because of variation in the data none of these values were
significantly different rom the controls. Except for males in the 0.15 mg/kg/day group, tiodothyronine
values were significantly lower on days 91 and 152 in males and females given 0.15 and 0.75 mg/kg/day.
There were other instances in which Hormne valucs in treated groups were differnt fom thoseofcontrols
but hese differences were not consistent over time or between sexes, were not clearly dose-related and did
ot appear to be related to the administration of the test material. Apparent differences in the sexual
maturity ofboth males and females used inthe study complicate th interpretationofthe hormone data
Ac terminal sacrifice, females inthe 0.75 my/kg/day dose-group had increased absolut Iver weight, liver-
To-body weight percentages, and liver-to-brain weight ratios. In males, liver-to body weight percentages
were increased in the high-dose group compared to the controls. “Motled” vers were observed in two
high-dose males and none high-dose female. OFthe two males not surviving until the scheduled terminal
sacrifice, one had a “mottled” and large liver. Threeof 4 high-dose males (including those that did not
survive to scheduled sacrifice) had centrilobular or diffuse hepatocellular hypertrophy that was also
observed in all high-dose females. Centrilobular or diffuse hepatocellular vacuolation occurred in 2 of4.
females nd 2 of4 males in the high-dose group.

No PFOS related lesions were observed either macroscopically or microscopically at recovery sacrifice
indicating that th effets sen at terminalsacrificemaybe reversible.

Serum and iver specimens collected fom test animals were sen to the 3M Laboratory and analyzed for
the presenceof PFOS. Serum was harvested from blood that was centifged within one hour ofcollection.
Liver specimens were lash frozen inliquid nitrogen. Both iver and serum samples were stored in freezerset 10 maintain specimens at -60 0 80°C until shipped to the 3M Lab. Samples were shipped frozen andon dry ce from Covance Laboratories to 3W periodically from August 1998 through March 2000 which
covered the inife phase of the study. Once received at 3M specimens were stored in freezer a either
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55°C + 10:20°C or 20°C + 10°C.

During the first 26 weeks of the study a total of 550 serum specimens and 30 liver specimens werecollected. OF the serum specimens, 151 were from Group 1,99 from Group 2, 152 from Group3 and 148from Group 4. Eight liver samples were collected from Group 1, § from Group 2, 12 from Group 3 and 14from Group 4. In th recovery Groups, 72 serum and 4 iver samples were collected from Group 1: 72Serum and 4 liver samples from Group3 and 80 serum and4 liver samples from Group 4.
Liver and serum samples were extracted using an ion-paring reagent and methyl-rrt-buty cher (MIE)
Liver samples were homogenized prior to extraction. Sample extracts were analyzed using high-pressure
liquid_chromatography-clectrospray/andem mass spectrometry (HPLC-ESMSMS) in the. multiple
response mode. PFOSlevelswere quantitated by external standard calibration.
Liver samples were homogenized in water. An aliquot of cach liver homogenate and all serum samples.
were spiked with THPFOS and extracted using an fon-paring extraction procedure. An fon-pairing
reagent was added to the samples and the ion pairs were partitioned into MIBE. The extracts were
evaporated until dry on a nitrogen evaporator and then were reconstituted in 1.0 mL. of methanol and
passed through'a 0.2 um nylon filer,
“The analyses were performed by monitoring one or more productions selected from a single primary ion
characteristic of the Muorochemical of interest using HPLC/ES/MSMS. Molecular ion 499, the primary
ion for PFOS (C,F,;S0;) analysis, was fragmented to produce fon 99 (FSO). lon 99 was monitored for
quantitative analysis
Although low levelsof PEOS were often detected in the sera and ivr of the control animals, thse levels
were significantly lower than those found in the low dose test animals. PFOS levels in the sea of test
animals increased with dose during treatment rom 210 = 1.57 and 20.4 + 271 ug/ml in the Group4 males
and females respectively at the end of Week 1 (0 194 + £94 and 160 + 23.1 gm] in males and females
respectively in Group 4 at the endofWeek 27. During recovery, PFOS levels in serum samples decreased
overtime until they reached 41.1 + 25.9 pgm in malesand 41.4 = 1.15 ml in females from Group 4 at79 weeks postireatment. Control values were< LOQ (the limitofquantitation) st Week 4 in both males
and females and 0.0215 + 0.00296 and 0.0343 + 0.00355 g/m in males and females respectively at the
end of Week 79. The serum values for selected weeks of treatment and recovery are shown in the table
below. There were no significant differences between PFOS levels in the sera of treated males and
females
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death. Five animals'sex in the treatment groups were sacrificed during weeks 4, 14 and S3; iver samples
were collected for mitochondrial activity, hepatocellular proliferation rat, and determination of palmitoyl-
CoA oxidase activity. Serum and liver specimens were collected for analyses of the presence andconcentrationof PFOS in fiver and serum during and at the endofthe in-life phase ofthe study.
‘There was a significant increased trend in survival that occurred in the males that was due to significant
increases in survival in midhigh (5.0 ppm) and high-dose (20.0 ppm) groups as compared to that of thecontrol group. None of the other treated groups in the males revealed any significant differences insurvival. No Significant trend was noted in survival in females. Therewasa significantdecrease in survival
in the mid-dose (2.0 ppm) group and not in the mid-high (5.0 ppm) and high-dose (20.0 ppm) groups ascompared to that ofthe contol.
Males given 20 ppm had significantly lower meanbodyweights comparedtoanimals in th control group.
during weeks 9 through 37. Females given 20 ppm had significantly lower body weights compared 10
animals in the control group during weeks 3 through 101. At week 105, mean body weights of the
surviving males and females were not significantly different from the controls. Food consumption for
males and females was similar in all ecated groups compared to animals given the control material xcept
for the high-dose females which had sutisicaly significantly lower food consumption during weeks 2

through 44.

AU the week 14 and week 53 interim sacrifice, absolute and relative liver weights were significantly
increased in the males given 20 ppm. In females given 20 ppm, only th liver-o-body weight percentagewas significantly increased. Treatment-elaed histomorphologie changes were seen in the liver in themales given $ or 20 ppm and in the females given 20 ppm. The changes consisted of hypertrophy of
hepatocytes in centrilobular areas in males and females, and midzonal to centrilobular hepatocytic
vacuolation. The incidence and severity of the changes tended to he greater in the males. Dietary
administration of PFOS for approximately 53 weeks was associated with mildly to moderately lower
cholesterolfor males and females fed 20 ppm; and mildly higher alanine aminotransferase for males fed 20
ppm. In the unscheduled sacrifices between Weeks 54 and 105, animals given 20 ppm had increased
Tnepatocelular centrilobular hypertrophy, cosinaphilc hepatocytic granules, and centrilobular hepatocytic
pigment were noted. Increased hepatocellular centrilobular hypertrophy wasseeninanimals given Spp.
Auth terminal sacrifice, the liversof animals given 5 or 20 ppm exhibited light increase in macroscopic
findings, includingenlarged, mottled, diffuse darkened,orfocally lightened. Hepatotoxicty, characterized
by significant increases (P<0.03) in centilobular hypertrophy, centrilobular cosinophiic hepatocytic
rani, centrilobular hepatoeyic pigment, or centrilobular hepatocytic vacuolation was noted in male
andlor female ras given $ or 20 ppm. A significant increase (P<0.05) in hepatocellular centilobular
hypertrophy was also observed in mid-dose (2 ppm) mal rats. Significant increases in the incidence of
ystic hepatocellular degeneration was found inal the male treated groups (0.5, 2,5, or 20 ppm); however,
his lesion is belive tobeduetood ageof th animals nd is not consideredtobe treatment elated
Based on the pathological findings in the lve, the no-observed-adverse-effect level (NOAEL) for PFOS is
considered 10 be 0.5 ppm in male rats and 2 ppm in female rai; the low observed-adverse-cffect evel
(LOAEL) is 2 ppm in male rats andS ppm in female ats,

“There was no effect on hepatic palmitoyl-CoA oxidase activity. There were also no statistically significantincreases in cell proliferationas measured by proliferative cell nuclearantigen (PCNA) atweeks 4 and 14,
or by bromodeoxyuridine (BrdU) at week 53.
For neoplastic effects,a significant positive trend (P=0.0276) was noted in the incidencesofhepatocellular
adenoma in male rat. This was dueto a significant increase (P<0.05) in the high-dosegroup (11.7%, 7/60)
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over the contol (0%, 0/60). A significantly increased incidence (P<0.05) was observed for thyroidfollicularcel adenoma inthe high-dose recovery group (23.1%, 9/39) when compared tothe control group(5%, 3/60). There was also a slight increase in the combined thyroid follicular cell adenoma andcarcinoma in th high-dose recovery group (25.6%, 1039) as compared to that of the control group (10%,6/60); the increase did not reach siatistical significance relative to the control but did reach statistical
significance relative o the high-dose group (8.5%, 5/59).

In the females, significant positive trends were observed in the incidences of hepatocellular adenoma(P=0.0153) and combined hepatocellular adenoma and carcinoma (P=0.00S7). These cases were due to
significant increases in th high-dose group (8.3%, 5/60, and 10%, 6/60) a compared to the contol (0%,0/60). A significant increase (P=0.0471) for combined thyroid focular cell adenoma and carcinoma was.
observed in the mid-high (5.0 ppm) group (5%, 3/50)ascompared to the control group (0%, 0/60). Except
for the ighdose group (which showed a slight decrease in incidences of mammary
fbroadenomaladenoma and combined mammary fibroadenoma and carcinoma), increases in mammarytumors were observed in all treatment groups when compared to the controls. Significant increases
(P0.05) in mammary fbrosdenoma/adenoma (60%, 30/50) and combined mammaryfbroadenomaladenoma and carcinoma (729%, 36150) were observed in th low-dose (0.5 ppm) group ascompared o th respectivecontrols (38.3%, 23/60 and 48.3%, 2960). The mid-dose (2.0 ppm) group alsoexiibited a swistcally significant (P<0.05) increase (64.6%, 31/48) in the incidence of combined
mammary fibroadenoma/adenoma/carcinoma over the control group (43.8%, 29/60). Increases in
mammary tumors in the mid-high (5 ppm) dose group did not reach statistical significance relative to thecontrol
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Table 4. Summaryof PEOSConcentration-Serum(sgt)
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Signs of maternal tonicity consisted ofsignificant reductions in mean body weights during GID 12-20 at thehigh-dose group of 10 mg/kg/day. No other signsof mater toxicity were reported. Under the conditions
of the study, a NOAELof § mgkgiday and a LOAEL of 10 mgkgidsy for matemal toxicity wereindicated

Developmental toxicity evident at 10 mg/day consisted of reductions in the mean number ofimplantation sites, corpora lutea, resorption sits and the mean numbersofviable male, female, and total
fetuses. but the differences were not sitstically significant. In addition, unusually high incidences ofnossified,assymetrical,bipartite, nd missing stemebrae were observed in all dose groups; howener, theseskeletal variations were also observed in contol fetuses at the same rate and therefore these effects were
not considered to be treatment-relaed. The most notable sign of developmental toxicity observed in alldose groups consisted of abnormalities of the lens of the eye, which was not seen in controls. Theproportion of fetuses with the lens abnormality in one or both lenses was significantly higher i the high
dose group. Al eye abnormalities appeared to be localized to the area of the embryonal fens nucleus.
although a varity of morphological appearances were present within that locaton. According to the‘authors. his abnormality appeared o be an ares in development of the primary lens fibers forming thecmbryonal lens nucleus. Secondary lens fiber development progressed normally except immediately
surounding the abnormal embryonal nucleus. Under the conditions of the study, 4 LOAEL for
developmental toxicity of 1 mykg/daywas indicated; developmental NOAEL could notbe established
In a second prenatal developmental toxicity study, groups of 25 pregnant Sprague-Dawley rats were
administered 0, 1, 5, and 10 mg/kg/day PROS in corn oi by gavage on gestation days (GD)6-15 (Wetzel,
1983). Sexually mature Sprague-Dawley rats, one per sex per cage, were paired until confirmation of
mating or until two weeks had clapsed. Mating was confirmed by daily vaginal examinations for the
presence and viability of sperm or the presence ofa copulatory plug. The dayofconfirmation of mating.
was designated as day0 of gestation. Doses were adjusted according to the most recently recorded body
weight measurements. Dams were observed twice daly for signs of mortality and moribundity and once
daily fo clinica signs oftoxicity. Individual body weights and foodconsumption wererecordedon GD 6,
812,16, and 20. Animals were sacrificed on GID 20 by CO; asphyxiation and the fetuses were delivered
by cesarean section on GID 20. A gross necropsy was performed on all dams. The uterus from each femalewas excised, weighed and examined for the number and placement of implantation sits, number and of
five and dead fetuses, number of carly and late resorption, and any abnormalities and then weighed again
aftr the contents were removed. The ovaries were examined for the number of corpora lutea, Eschfemale was examined by gross necropsy. Each fetus was sexed, weighed, and examined externally.
Approximately one-third of the fetuses were fixed in Bouin's olution and examined for viscersl
abnormalities by the Wilson technique, with particular stienton 1 the eyes, palate, and brain. The
remmaining fetuses were subjected to a skeletal examination that included evaluation of the skull, long
bones. vertebral column, rib cage, extremities, and pectoral and pelvic girdles using alizari red; bone
alignment and degreeofossification were also evaluated,

Evidence of materal toxicity, that was observed at the 5 and 10 mg/kg/day dose groups both during and
following treatment and considered tobe treament-relatd, consistedofhunched posture, anorexia, bloody
vaginal discharge, uterine sain, alopecia, rough haircoat, and bloody crust. Significant decreases in meanbody weight gains during GD 6-5, 6-16, and 0-20 were also observed at the S and 10 mg/kg/day dose
roups. These reductions were considered to betreatment elated since mean body weight gains werereat han controls during the postexposure period (GD 16-20). Significant decreases in mean total foodconsumption were observed on GD 17-20 in thel0 mg/day dose group, and on GD 7-16 and 0-20 in
both the and10 mg/kg/day dose groups. The mean gravid uterine weight i the 10my/kg/daydose group
was significantly lower when compared with controls. The mean terminal body weights minus the gravidutrine weights were lower in al treated groups, with significant decreases a 5 and10mg/kg/day. High
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dose animals also exhibited an increased incidence in gastrointestinal lesions. No significant differenceswere observed in pregnancy rate, number of corpora lutea, and number and placement of implantationsites among trated and control groups. Two dams in the 10 mg/kg/day dose group were found dead onGD 17. Under the conditionsofthe study, a NOAEL of | mgkg/day and a LOAEL of§ mghkg/day formaternal toxicity were indicated.
Signs of developmental toxicity included a dose-related trend toward an increased incidence of lateresorptions, otal resorpions, numberof dead fetuses, and fetal loss, although, noneof these effects were.statistically significantly different from controls. Significant decreases in mean fetal weights for bothmales and females were observed in the and 10 mg/kg/daydosegroups. The percentofmale fetuses was.
52%, 54%, and 60% for 1, 5, and 10 mg/kg/day, respectively, compared to 44% in controls. Statisticallysignificant increases in incomplete closure ofthe skull were abserved in the low and high-dose groups butot in the mid-dose group. Statistically significant increases in the incidences in the number of liters
containing fetuses with visceral anomalies, delayed ossification, and skeletal variations were observed in
the high dose group of 10 mgkg/day. These included external and visceral anomalies ofth cleft palate,subcutancous edema, and cryplorchism as well as delays in skeletal ossification of the skull, pectoral
iri, rib cage, vertebral column, pelvic girdle, and limbs. Skeletal variations in the ribs and stemebrac
were also observed. Under the conditions of the study, a NOAEL of| mg/kg/day and a LOAEL of 5
mekg/day for developmental toxicity were indicated
‘The developmental eye abnormalities that were seen in the previous study (Gorter, 1980) were not
observed inthe 1953 developmental tricity study even though the study design and doses were the same.
Findings of abnormalities in eye development were initially thought to be treatment elated but later
determined to be arifcts ofsectioning (3M Company, 1999).

Lau etal. (2001) administered Sprague-Dawley rats and CD-1 mice doses of0, 1, 5 or 10 mg/day PFOS.
in 0.5% Tween-20 by gavage beginning on gestation day 2 and continuing until term. Half of the dams
weresacrificedon gestationday21 (rats)orgestation day 17 (mice) and the remaining dams were allowed
to deliver. Preliminary results are avilabi. In rats, thee was a significant reduction in maternal body
weight gain at $ and 10 mg/kg/day. Materal serum cholestrol and triglycerides were reduced at 10
mkg/day, but liver weights were comparable ocontrol. At 10 mglkg/day, there was reduction n fetal
body weight and an increase in cleft palate and anasarca. All pups were bom alive, but within 4-6 hours
after birth al the pups in the 10 my/kg/day group died, and 95% ofthe pups in theS mg/kg/day group died
within 24 hours. In mice, maternal body weight was unaffected and liver weights were Significantly
increased at $ and 10 mg/kg/day: serum triglycerides were reduced were elevated at S and 10 mg/day.
“The incidenceoffetal mortality was slightly increased at 10 mg/kg/day and mean feta body weights were
‘comparable to control. However, neonatal body weights were reduced during the first 3 days of life,
Additional studics are underway 10 further elucidate the dose-response relationships and to examine the
mechanism for the neonatal death.

Cristian et al. (19992) administered pregnant New Zealand White rabbis, 22 per group, doses of 0, 0.1,10.2.5 0r 3.75 mukg/day PFOS in 0.5% Tween-80 by gavage on gestation days 7-20. Adose volume of5 mike was administered, adjusted daily on the basis of individual body weights. The does wereobserved twice daily for viability, and clinical observations were recorded 1 hou prior to and after dosingduring the trcatment period and once daily during the post-treatment period (ic. gestation days 20-29),
Matcal body weights were recorded on gestation days 0 and 6-29; ood consumption was recorded daily
throughout the study. On gestation day 29, the does were euhanized; a gross necropsy of the thoracic,
abdominal and pelvic viscera was conducted and the numberofcorpora lutea n esch ovarywasrecorded.“The uteri were examined for number and distribution of implantations, lve and dead fetuses,and cary andlate esorptions. Thefetuses were weighed, sexed and examinedfor external abnormalities. All fetuses
were examined for visceral and skeletal abnormalities and the brain of one-half of he fetuses were free.
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handcrosssectioned and examined in si.

in addition, a satellite study was conducted in which pregnant New Zealand White rabbits were‘administered the same doses a inthe main study. The numberofdoes was 3. 5, 3, 3 and § in the control,0.1.10. 2.5 and 3.75 mykgday groups, respectively. The does were euthanized on gestation day 21.blood samples were collected, and the liver was weighed and sectioned. The fetuses were removed and‘examined for external abnommalitics. Fetuses nd placentaewerepooledper ltr. All samples were sent10 the Sponsor (3VD) for analysis. At his time, only the liver and serum analyses have been reported (3MEnvironmental Laboratory, 20014).

Maternal toxiity was evident at doses of 1.0 mg/kg/day and sbove. One doe in the 2.5 mgkg/day group.and nine does in the 3.75 mgkg/day aborted. All abortions occurred on gestation days 22-28 and wereconsidered treatment-related by the study authors. There was a significant increase in the incidence ofscant feces inthe3.75 mg/kg/day group. Scantfeceswerealso noted in one and thee does in the 10 and2.5 mwkg/day groups, respectively. Mean maternal body weight gains were significantly reduced in the3.75 mg/kg/day group on gestation days 10-13, 13-16, 16-19 and 21-24. Mean body weight gains werealso calculated for the rcatment period (days 7-21), postratmen period(days21-29) and duration of thestudy (days 7-29). There was a significant reduction in mean maternal body weight gain during thetreatment period in the 1.0, 2.5 and 3.75 mgkg/day groups. Mean body weight gain fo the ire studyperiod was also significantly reduced inthe 2.5 mg/kg/day group. Mean food consumption (g/kg/day) was
significantly reduced i the 2.5 mg/kg/day group on gestation days 16-19, 19-21 and 21-24, as well as for
the entire study period (days 7-29). Mean food consumption was significantly reduced in the 3.75myfkg/daygroupon gestation days 13-16, 16-19, 19-21 and 21-24, a well as the entire treatment period.
“The LOAEL for maternal toxicitywas 1.0 mg/kg/day and the NOAELwas 0.1 mg/kg/day.
Developmental toxicity was evident at dosesof 2.5 mykgiday and above. The number of corpora luca,resonpions, livedead fetuses, ltr size and sex ratio were comparable among read and control groups.
Mean fetal body weight (male, female and sexes combined) was significantly reduced in the 2.5 and 3.75mg/day groups. There was also a significant reduction in the ossification of the sternum (iteraverages) inthe 2.5 and 3.75 me/kaday groups, and a significant reduction in the ossification ofthe hyoid
liter averages), metacarpals (iter averages) and pubis (ter and fetal averages) in the 3.75 mgkg/dey
group. The LOAEL for developmental toxicitywas 2.5 mg/day and the NOAEL was 1.0 mg/kg/day.
nthe satelite studyofdoes euthanized on gestation day 21, the liver and serum analyses were reported by
3M Environmental Laboratory (20014). All serum and liver samples (including those from untreated
controls) had detectable levels of PFOS; the values are presented below:

Average Concentrationof PFOS in Rabbit Liver and Serum by Dose Group.
Dose group PROS cone. POS conc
(nghgday) liver (gig) serum (ug/ml)
00 0239 00690
or 131 273
10 133 2338
25 3 ass
37s 16 889

Qualitively, increasing concentrations of PFOS were found in samples of liver and serum as doses ofPFOS increased. The levels ofPFOS are much higher inthe liver than n the serum,
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“These values should be viewed with caution. It was stated that because radiolabeled reference materialwas not available, it is not possible to verify tue recoveryof endogenous analyte from tissues.” Matrixspike recovery indicates the accuracyof quantitation to be + 30%. It i also noted that liver concentrationsmay be biased high. The only conclusion presentedi th laboratory report i that “PFOS was observed inthe liver and serum of al rabbits dosedwith the test article” (3M Environmental Laboratory, 20014).
37 Reproductive Toxicity
A two-generation reproductive toxicity study, designed 10 test for the toxic effets of PFOS on
reproductive function in adult animals and on developmental, leaming, and reproductive effects in the
offspring, was conducted in Sprague-Dawley ras (Christianetal. 19996). Five groupsof 35 rats per sex
per dose group were administered PROS by gavage at dosesof 0, 0.1, 04, 1.6, and 3.2 mykeiay for six
weeks prior 10 and during mating. ~Treamment in male rats continued until one day before Sacrifice
(approximately22 days ota); female rats were treated throughout gestation, parturition, nd lactation
F0 Generation:
Parental animals (FO) were observed twice daly fo clinica signs. Body weights and food consumption
values were recorded weekly during the treatment period in male rats; and weekly during mating and then
daily during gestation, and on lactation days 1,4, 7. 10, 14, and at sacrifice in female ras. Each dosage
‘roup consisted of tw sets of female rats. One set consisted ofthe frst ten female rats with confirmation
of mating this group was dosed until gestation day (GD) 10 and delivered via Caesarcan-sectoning. The
remaining females comprised the second set which delivered naturally. During the 21-day lactation period,
the dans were evaluated for clinical signs during parturition and length of gestation, and then each liter
was evaluated at least twice daily for size and pup viability at bith, Pup observations during the 21-day.
lactation period included physical signs, body weights, nursing behavior, surface righting reflex, pinna
unfolding, eye opening. acoustic sare response and ait righting reflex. Pupil constriction was evaluated
only on lactation day 21. On lactation day 4, liters were randomly culled to four male and four female
pups. The remaining pups were sacrificed and necropsied. The FO male ras were sacrificed and
necropsied afer the end of dosing at the timeofparturition (acttion day 1). The testes, pididymides,
prostte. and seminal vesicles were weighed. Evaluations of sperm number, morility, and morphology
were no included in the protocol. The FO generation females that delivered by Cacsarean-section were
sacrificed on GD 10 and necropsied. Pregnancy status was confirmed, the ovaries were examined for the
umber and distributionofcorpora lutea, implantation sites were determined, and embryos were examined

forviability. The FO generation females that delivered naturallywere sacrificed on lctaton day (LD) 21and necropsied. Ovaries were examined as above and the number and distribution of implantation siteswas recorded. The lver from each parental rat was removed, weighed and analyzed. Blood samples were
collected from $ male rats that had mated and from female rats on LD 21 for pharmacokinetic alysis;
Tivrs from the pups from the litersofthese five dams were also collected for analysis.

ELGeneration:
Since FI generation pup viability wassignificantly reduced in the 1.6 and 3.2 mg/kg/day dose groups, only
the 0.1 and0.4me/kg/day dose groups were card into the second generation, Twenty-five FI generation
ats per sex per dose group were administered PFOS by gavage at doses of 0, 0.1, and 0.4 mgkg/day
beginningon LD 22 and continuing through the day before sacrifice. At 24 daysofage, one rat per sex per
litt in cach dose group was tested ina passive avoidance paradigm. On LD 28, females were evaluated
for the age of vaginal patency and on LD 34, maleratswere evaluated for the age of preputial separation.
One rat per sex per litter were evaluated in a water-filled Momaze on LD 70. Assignment to cohabitationwithin each dose group began on LD 90. Females with evidence of mating were considered0beat GD 0
‘and assigned to individual housing for the remainder of the dosing period. The FI generation male rats
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were sacrificed after mating, necropsied and evaluated as described in the FO generation. All FI generation
females were allowed to deliver naturally. Dams that delivered ltrs were sacrificed and necropsied anLD 21. All F2 generation pups were sacrificed, necropsied, and examined on LD 21 as previously
described forthe F1 generation pups.
Tn the FO generation male rats, thre were no treatment related clinical signsoftoxicity, no mortality, and
0 cffcts on mating or on any of the fertility parameters evaluated in any dose group tested. Reportedeffects included reduction inbothbody weight gains and in absolut and relative food consumptiona the1.6 and 3.2 mg/kg/day dose groups during the pre-mating period. Following mating. food consumption
was significantly reduced in the 0.4 and 1.6 mg/kg/day dose groups. Terminal body weights were aso
significantly reduced in the 1.6 and 3.2 mg/kg/day dose groups. Significant reductions in the absolute‘weights of the seminal vesicles (with fluid) and the prostate were observed in FO males at 3.2 mg/day:
mo other organ weight changes were reported. A significant increase in the number of males with brown
Tver at 3.2 mykg/daydosegroup was also reported.

In the FO generation female rats, no deaths were reported at any dose level. In dams sacrificed on GD 10
for Cacsarcan-sectioning, there did not appear 10 be any effets on estrous cycling, mating and fertility
parameters, the numbers of corpora lutea and implantatons, or in the number of viable or non-viable
embryos. The only findings reported in the FO dams occurred inthe0.4, 1.6, and 3.2 mg/kg/day doseroups and included localized alopecia during pre-mating, gestation, and lactation; and reductions in body
weight and body weight gain and food consumption values observed during the pre-mating period andcontinuing throughout gestation and lactation

Reversible delays in reflex and physical development were observed in the FI generation offpring. The
ability 10 surface right was significantly delayed in the 1.6 and 3.2 mg/kg/day dose groups on LDs 3-10
delays in the 3.2 mg/kg/day dosegroupwere observed on LD 1 after which thre were no surviving pups.
remaining for further observation). By the end of the observation period, however, all surviving pups in
the 1.6 mg/kg/daydose group had the ability o surface right. There werenodelays observed in th ability
to surface right in dose groups< 0.4 mg/kg/day. Similar responses were seen fo pina unfolding and eye
opening. Although there were transient delays seen with these signs of physical development across all
dose groups, by the end ofthe observation period responses in pups were similar to controls. The time of
developmentofthe acoustic sare reflex and the ability (0ai right were both significantly reduced in the
1:6 ma/kg/day dose group. No effects on these reflexes wer observed in the low dose group of 0.1
mg/day and only a transient delay (on LD 16 only) in the ability to air right was sen in the 0.4
mgkg/day group. At the end of lactation (LD 21), all live pups n all dose groups (0, 0.1, 0.4, and 1.6
mg/kg/day) hadpupil constriction response.

“The mst significant finding reported in the offspring was thaofreduced pup viability at the two highest
dose groups. The reductions in pup viability began to appear on LD 4 postcullng in the 1.6 mg/kg/day
ose group, with over 26%ofthe pups ound dead between LD 2-4. In the 3.2 mg/kg/day dose group 45%
of the pups were founddeadon LD: no pups survived beyond LD 1. Statistically significant increases in
the number of dams with stillborn pups were also observed at 3.2 my/ke/day. Asa resul, the viability
index was greatly reduced in these dose groups (0% at 3.2 my/kg/day and 66% at 1.6 mykg/day). The
Jactation indexwas also significantly reduced (94.6%) in the1.6dose group. In addition, gestation lengthwas significantly reduced i the high-dose group and there alsowas a significant reduction in the number
of implantation sites followed by a concomitant reduction in Iter size. Statistically significant reductions
in pup body weights were also observed at the two highest dose groups. Other adverse signs in the 3.2
mg/day dose level associated with reductions in pup viability and matemal care included ltrs with
pups hat were not nursing or who had no evidence of milk in the stomach, as well ss matemmal‘cannibalization ofpups that were stlborn or found dead
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Since F1 generation pup viability was significantly reduced inthe 1.6 and 3.2 mg/kg/day dose groups, onlythe 0.1 and0.4 mg/kg/day dose groups were cared ito the second generation.
Clinical observations in the FI generation mle rats appeared unremarkable. No treatmentrelated deathswere reported and no statistically significant differences were reportedforanyofth following parameters
body weighisbody weight gains, average day of preputial separation; values for leaming, short-term
retention, long-term retention or response inhibition as evaluated by performance in a passive avoidance orwatermaze performance paradigm; mating or fetlity parameters; necroscopic examinations; absolute orrelative weights for the right or lef testis, seminal vesicles, right epididymis, or prostate; and terminal body
weights. The only reported effects were significant reductions in absolute food consumption onpostweaning days 1-8 occurring atthe 0.1 and 0.4 mg/kg/day dose levels.

Clinical observation for the F1 generation females were likewise unremarkable. Observations at the 0.4
makg/day dose group included, reductions in body weights on day | postweaning, significant losses in
body weight on LDs 14, and significant reductions in food consumption on days 1-8 postweaning and
during lactation. There were no satisically significant differences reported for any of the following
parameters: values for learning, short-term retention, long-term retention or response inhibition as
evaluated by performance in a pasive avoidance or water maze performance paradigm; mating and
fertility parameters; gestation index; pregnancy rates; and necroscopic examinations.

Evidence of treatmenterelated effects in the F2 generation pups consisted of reduction in mean pup body
weights (onaper itr bass) observed at. mg/kg/day on LD4and 7. Body weights were comparable to
contol levels by LD 14. At 0.4 mg/kg/day, statistically significant reductions in mean pup body weights
were observed on LDs 7 and 14. Mean body weights on LD21 continued to remain lower than controls,
although the difference was not satistically significant (46.5 in 0.4 mg/kg/day dose group vs. S0g in
controls). Clinical and necroscopic observationsofthe F2 generation pups were unremarkable. Nootheronicologically significant effects were reported

Under the conditionsofthe study the NOAEL and LOAEL for both the FO generation male and female
parents are 0.1 mykg/day and 0.4 mgke/day, respectively, based on reductions in body weight gain and
food consumption. The NOAEL for the FI generation parental males could not be established since
ireatmentrelated reductions in absolute food consumption values were reported at the lowest dose tested,
0.1 migkg/day. The NOAEL and LOAEL forthe FI generation parental females are 0.1 mg/kg/day and0.4 mg/day, respectively,basedon significant reductions in body weights and food consumption. TheNOAEL and LOAEL for the FI generation offspringare0.4 mg/kg/day and 1.6 mg/kg/day, respectively,
based on significant reductions in the number of implantation sites, ler size, pup viabily, pup bodyweight and survival. The NOAEL and LOAEL for the F2 generation offspringare0.1 mg/day and 0.4
mg/kg/day, respectively, based on significant reductions in mean pup body weight

Liver and sera samples were collected from theFOand F1 animals at terminal sacrifice (after cohabitation
for males and on lactaon day 21 for females) and analyzed for the presence of PROS (3M Environmental
Laboratory, 1999a). The resus for the FO animals are presented below:
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Dose group Average PFOS cone. Average PFOS cone.
(mgkglday) inseum(ugml) in liver (gle)

00 female 0.0307 female 0.171
male 0.0244 male 0.665

01 female 528 female 14.3
male 105 male 84.9

04 female 189 female 58.0
male 45.4 male 176.

16 female 82 female 184
male 152 male 323

52 female NR* female NR*
male 273 male 1360

“samples not received
Qualitaively, the FO results indicate al ats (including controls) had detectable levels of PFOS in serum
and livers. PFOS concentration increased with dose. PFOS concentrations were higher in the liver than inthe serum, and males had greatly increased POS concentrations in serum and liver when compared with
femalesofthe same dose group. Pooled liver samples from the FI animals sacrificed shortly afer birth
had lower PFOS concentrations than adults of the FO generation of the same dose group. The average
PFOS concentrations in pooled liver samples from FI animalsshorlyafter bith were 0.0811, 6.19, 57.6,
and 70.4 uglg in the 0.0, 0.1, 04, and 1.6 mg/kg/day dose groups, respectively. These quantitative values
for the PFOS concentration in the liver and serum should be viewed with caution. The accuracy of
quantitation s = 30%, the purity of the analytical reference substance is unknown, and there were several
uncorrected dilution eros.

Two studies were then conducted to further understand the distribution of PFOS in the dam, fetus and
neonate. In the frst study, Sprague-Dawley rats were administered oral doses of PFOS (0.1, 04, 1.6, and
3.2 mu/kg/day) once daily beginning 42 days prio ocohabitation, and continued through dey 14orday 20
of presumed gestation (3M Environmental Laboratory, 2001e). Serum, urine, and feces specimens were
collected from the dams before mating and at GD 7, GD 1 and GD21; liver specimens were collected on
GD21. A total of 54 pooled serum and liver specimens wer collected from fetuses on GD 21. The results
are shown below:

Average Results for the Analysisof Serum Samples (ug/ml)

Omgke Olmgkg O4mgky lémgke 32meke

Dayo 00723 889 07 160 sis
Day 7 0.136 782 409 is4 105
Day 15 00926 880 ans 156 27s

Day 21 ons a2 262 136 iss
Day2i Fel 0.125 9.07 343 101 165
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Average Resuls for the Analysisof iver Samples
Dose Group PFOS Cone. (ug/g) ~~ PFOS Conc. (ug/g)(mgkeiday) Female Adult Fea Liver
0 0288 0169
01 22 793
04 107 306
16 347 367
32 610 20
In general, here was a dose-related increase in the levels of POS inthe iver and serum of the dams and
the fetuses. PROS was also observed in the control dams, as well a the control fetuses. As observed in
the 2-generation reproductive toxicity study described above, he levels of PFOS were much higher in the
liver than in the serum fo the dams.” The levelsofPFOS remained fily steady in the serum of the dams
from GDO- GID 1S, bu he levels dropped at GD21. In the GD21 fetuses, the level of PFOS inthe serum
was generally comparable 0 the level observed in the dams, whereas the level of PFOS in the fetal livers
was wel below that seen in th dams.

Tn the second study, Sprague-Dawley rats were administered oral doses of PFOS (0.1 and 1.6 mglkg/day),
once daily beginning 43 days prior to cohabitation until confirmed evidence of mating (3M Environmental
Laboratory, 20010. Urine and fecal sampleswerecollected from the dams during the following intervals:
‘ne day prior to initiationof cohabitation tthe following moming, days 6 107, 14.10 15, and 20 to 21 of
presumed gestation and days 21-22of lactation. Blood samples were collected from cachof the dams on
the day cohabitation was initiated (prior 10 cohabitation), GD 7, 15 and 21, and LD 14 and 22. Day 1 of
lactation was defined as the dayofbirth. On LD 4, litters were culled to five male pups and five female
pups pr liter, where possible. Sera specimens were collected from pooled ltr samples on LD 21. Liver
specimenswerecollected from the dams, and the lve from each pup was collected and pooied per liter.
Blood samples were collected and pooled per ltr. The resus are shown below:

Average Results for the AnalysisofSerum Samples (ug/ml)
Omgke  Olmgke 16mekg

apo 0.100 921 161
a7 0096 724 129
GD is 0.0742 68 9056
G21 <LLQ 258 5
in 00502 163 2056
b22 002 0970 ial
(D3 pups 00531 150 2

Average Results for the AnalysisofLiver Samples (ug/g)
Omgke  Olmgke  Lomgke

Dam 0283 615 597
Pup 01m son 562

In general, there was a dose-related increase in the levels of PFOS in the liver and serumof the dams and
the levels in the serum decreased with time. The levelsof PROS were much higher in the iver than in the
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Serumofthe dams and th pups. The levels ofPFOS were sila n the fiveof the dams and pups, while
televels in theserumwer highly higher in the pups than in he das.
Based on the resuls of he two-generaton reproductive toscity study in which significant reductions in
up viability were observed at 1.6 and 3.2 mg/day,acros-Fostering study was conducted 35a means of
termining whether th effects observed in pups Wer resultof in wir exposure to PFOS ora  resul
ofexposure durin lciton: thus the potential for distinction to bemadebetween prenatal and posit
effets Tllowing coninuous matemal weament (Chistian etal. 199)
In this dy, wo groups of 25 femaleSpragueDavey rats were administered 0 and 1.6 mgrkgdy PFOS
in 0.5% Tween-$0 by gavage, beginning 42 days prior to mating (0 unrated (breeder) males, and
continuing throughout gestation and to day 21of actation. Adose volume of mLkg was administered,
adjusted daily on the basis of individual body weight. Parental femsies wer observed twice daly for
ability and clinical observations were recorded 1 hour prior to and afer dosing during the treatment
period. Matra bodyweightswere recorded once drin the acclimation peiod and then daily during the
ream period and at sacrifice: food consumpion was slo ecorded one during he acclimation period
and then daily daring gestation and on days 1, 4, 7, 10, and 14 of lactation. During parturition, females
were continually evaluated for lnical signs and ls for duration of gestation, length of parturition, liter
Sizes. and pup viability at bie. Matera behavior was recorded daly throughout lactation. All maternal
tats were Sacrificed by carbon dioxide asphyxiation on dy 22 of action and a gross necropsy of the
thoracic. abdominal, and pelvic viscera was performed: any ross lesions were preserved for future
analysis. In addition, the mbes and disso ofplantation ses wer recoded. Rats hat did nox
liver Titer wre no inched i he cross.fostring procedure and were sacrificed on lacaton day 25.
examined for gross lesions, and the utr examined 0 conf thepresence absence of implantation ics.
Das with no surviving pups were sacrificed aftr the lst pup was found dead. missing, or presumed
comnibalized
Following completion of parturition, liters were immediately removed from thei respective dams and
placed wih cithr contol. or PFOS-trested dam for rearing. This cross.fostering procedure resulted in
Tour groups of 12-13 dams or pups as follows: A) control dams with ites rom PFOS-reated dams, i...
in tery exposure oly: B) control dams with liters from contol dans, i... negative control: €) PFOS.
weated dams with liters from PFOS-teatd dams, i... both in wero and postnatal exposure; and D)
PROS. cated dams with ters from contol dams, ic. post-natal xpasure oly.
On day 1 oF acaion (birth), cach pup was individually weighed and each ler was evaluated twice daly
during cation for viabily. Pups were obsrved once daly for clinical signs and gross extemal physical
anomalies. Pup body weights wererecordedon days 1,4, 7, 14, nd21of cation, and then at sacrifice
On day 4 of lactation, each cross.fostered liter was culled 0 § males nd $ females. On day 21 of
Iacation, all pups were sacrificed via decapitation and examined for ros lesions. Pups found dead or
sacrificed because of meribundity were examined for ross lesions and for the cause of death or the
moribund condition. The lungs, ier, and any gross lesions were collected from selected pups at various
timepoints and preserved for possible fue analysis Liver samples were evaluated via clon
microscopy: The methodofsatstical analysis consistedof calculation of averages and percentages: ler
Salus were used where appropri
Tn addin, samples of blood, milk including th milksccring gland), and liver were collected fom
selected matermal rats and pups (blood and iver samples were pooled per ter) at various timepoints for
analysis of PROS concentration. Only the analysis ofhe sea samplesar aailable at his te.
A matcmal rats survived t0 schedule scifi. Signs ofclinical oxiiy observed in the dams during the
Study period e2. chromrhinorehea, scaly tl, abrasion on the head, neck, tal andlor forelimb, missing.
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broken andlor misaligned incisors, and localized alopecia, among others) were not considered 10 be
treatment. related since they also occurred in the control animals. Mean maternal body weight gins at 1.6
mg/day were reduced compared to controls during premating and continuing throughout gestation
Mean atemal body weights and body weight changes in th trated group were comparable to those seen
in control animals during lactation. During the premating period, and on ino gestation and lactation, food
consumption was reduced in treated animals as comparedtocontrols. Reductions in gestation length, the
‘average numberofimplantation sites, delivered sizes, and live liter size were observed in treated animals
Al pregnant animals delivered ive offspring.

Following cross-fostringon LD 1, live litter sizes were comparable between trated and control groups.
Pup mortality was observed in (woof the cross-fostered groups. On lactation days 2-4, approximately 19%
ofthe pups in groupC were either founddeador presumed cannibalized. Pup mortality was also observed
in group A at a rate of 9%. In addition, on day 4 of lactation, the number of live pups, numbers of
surviving pups per liter, and live liter sizes were also reduced in these two groups. Pup morality in
‘roups B and D during lactation days 2-4 were at 1.6% and 1.1%, respectively. Reductions in pup body
weights were observed in groups A and C on day 1 of lactation. Pup body weights in group D were
‘comparable to controls during that same period. From lactation day 4-21, pup body weights in groups A.
Cand D were reduced when compared 0 group B (negative control) withthe reductions greatest in group

“Tae Titers in groupAand one ler on groupCdidnot nurs. Milk analysis ofthe stomachsofpups
found no milk in the stomachsof$7%, 100%, and 87% of the pups found dead and necropsied in groups
A. C.and D, respectively. Sex ratios and the lactation indexwerecomparableamongal groups. Signsof
clinical toxicity were observed in pups, but were not considered (0 be treatmentrelated since they also.
occurred ingroupB (negative control) at the same rat.

Electron microscopic examinationof the ive revealed an increase in the number of peroxisomes in pups.
from dams treated with 1.6 mg/kg/day PFOS. No significant differences were observed between group B
and the other groups following examinationofpup lungs.

PFOS concentrations in th serumofuntreated dams ranged from below the limit ofdetection (0.05 ug/l)
105.34 gm. Serum PROS concentrations in the pups from untreated dams, fostered with uniecated dams.
were below the imit of detection. Serum PFOS concentrations in the pups from treated dams, fostered
with untreated dams, ranged from 47.6 ug/ml 0 59.2 ug/ml. PROS concentrations in the serum of treated
dams ranged from 59.2 ug/ml 10 157 ug/ml. Serum PFOS concentrations in the pups from untreated dams,
fostered with treated dams, ranged from below the limit of detection 10 35.7 ugiul. Serum POS
concentrations in the pups from trated dams, fostered with reed dams, ranged from 79.5 ug/ml 10 96.9
gil. These dat indicate that exposure to PFOS can occur both in uero and via milk from treated dams
(3M Environmental Laboratory, 19995). The accuracyof quantitationfotheanalyseswas + 30%.

in conclusion. pups from control dams that were cross-fosered with PFOS-reated dams (postnatal
exposure only) had the same low mortality rate (1.1%) as pups from control dams cros-fostered with
contol dams (1.6%; negative control). Mortality rates in the remaining two groups, however(i. contol
dams with liters from PFOS-reated dams, i... utero exposure only: and PFOS-treaed dams with liters
from PFOS-treated dams, i.e, both in utero and post-natal exposure), were much higher at 9.6 % and
19.2%, respectively. Under th limited conditionsofthe study, the data appearto indicate that reduced pup
Survival is mainly a result of in utero exposure to PFOS and that postnatal exposure via milk in
conjunction with in utero exposure may also contribute to reduced pup survival. In contrast, exposure
during lactation alone, through milk from exposed dams, does not appear to have any adverse affect on pup.
viability. Additionally, analysis of PFOS concentration showed that PROS was observed in the sera of FO
female ras exposed during the in-life phase of the study. Additionally, PFOS was observed in sera
Samples taken from F1 generation pups from female rats exposed 1 the test substance, and in FI
eneraton pups exposed via lactation, but not exposed in utero.
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Several mechanistic studies are being conducted to understand the neonatal death (3M Company, 2001),Preliminary resuls indicate that reductions in serum lipids and cholesterol synthesis do not appear to laya
significant roe in the death ofthe offspring.

38 Human Hazard

Several occupational studies on the health effects associated with flurochemical exposure have been
conducted. The following studies have all been conducted atthe 3M Decatur, Alabama plant where PFOS
Has been manufactured since 1991, and PFOA since 1998. The studies conducted in 2000 also included
the Antwerp, Belgium plant. Only some of the studies examined a possible association between serum
PFOS levels in workers and corresponding health effects. The other studies use exposure categories as
surrogates forluorochemical serum levels in workers.

Cross-sectional data from medial surveillance conducted at the plants were analyzedto determineif there
were any associations between PFOS levels and hematology, clinical chemistries, and hormonal
parameters (Olsen etal, 1998, 1999, 20012). A group of male volunteers working a the Decatur plant in
1995 and 1997 and volunteers from the 2000 medical surveillance, which also included females and
Antwerp employees, were analyzed.

In the 1995 and 1997 analyses, there werenoconsistent associations between PFOS levels in the workers
and the hematology and other clinical chemistry parameters when the data from both plants were
combined. 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 mean
HDL values. It should be note that age was significantly associated with higher PFOS levels. In addition.
there werenoassociations between clinical hepatic enzyme tests and serum PROS levels in workers.

Eleven hormone values were colected from 88 of the employees who participated in the study in 1995,
The employees who participated in the hormone portionofthe study were significantly different from the.
on-participants at both locations (younger, higher PFOS levels, smokers, and higher WBC). After
adjusting for confounders, there were no significant associations between PFOS and the hormones
analyzed, except estradiol; however, it seems that one employee with high PFOS measurements (12.53
ppm) and a large BMI may have influenced these results. Removal of this employee from the analyses
resulted in no significant associations with estradiol.

There were severaldifferencesbetween the employees at the two plant, such as body mass index, alcohol
consumption, and age. In addition, there were anly 61 employees common o both the 1995 and 1997
cohort due oa high rateof tumoverat bath plants from 1996-1997. Some of the findings were not
consistentover the 2 ime periods. The participation rate in this voluntary biomonitoring was very low at
the Decatur plant (35-40%). In addition, the employees at both sites used APFO as a surfctant (mean
PFOA serum levels in 1995 were 1.46 ppm and in 1997 were 1.57 ppm). The number of years that cach
group worked at the 2 plants (exposure) were not provided in the analyses, although the youngest
employees had the lowest levels of serum PFOS. Also, ninety-five percent of the employees across both
plats and both time periods had serum PFOS levels less than 6 ppm. These limitations indicate that the
resultsofthis study shouldbe interpreted carefully
“The resus from the 2000 cross-sectional analysis were analyzed for all employees from both plant
locations combined and by plant since the Antwerp and Decatur populations were significantly diferent
from cach other in several ways. Antwerp employees as compared to Decatur employees had lower PFOS
Serum levels (mean 0.96 ppm). were younger, had lower BMS, worked fewer year, had higher alcohol
consumption, higher mean HDL and bilirubin values, lower mean triglyceride, alkaline phosphatase, GGT.
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AST,and ALT values, and mean thyroid hormone values endedtobe higher. The datawere also stratified
by production satus and gender and divided into quate of ther serum POS distribution. However, the
PROS levelsaredifferentforcach subgroup, making it difficult to compare th results.
Comparisons across quartiles within plant locations did not reveal many differences in thyroid,
hematology,orurinanalysis values. Theonly significant (p < 05) differences noted were: BUN was
significantly higher in male production workers and females inthe highest PFOS quartiles at the Antwerp.
plant,and ALT was significantly higher in the highest quartile in Decatur male production employees.

‘When the data were analyzed by number of employees who had values above the reference range forhepatic clinical chemistry tests and liver enzyme and bilirubin test, a higher percentageof male Decatur
production workers were in the highest PFOS quartile (2.31- 10.06 ppm) for ALT, GGT, and total liver
panel than the other quartile. Most notable were the resultsfor ALT where 8%ofemployees in the lowest
PROS exposure group (Q1) and 28% in the highest exposure group (04) had values above the reference
range, while the percentages fo total liver panel (which includes alkaline phosphatase, AST, ALT, GGT,
and toal anddirect bilirubin)were 18% and 35%, respectively. Thistrendwasnot evident in Decatur non-
production employees, in Decatur females, or in anyof the Antwerp employees. However, it should be
noted that each sub-population had different serum PFOS quale disbution,

Mean values for triglycerides, alkaline phosphatase, otal biliubin, and ALT were significantly (p < 05)
Higher in Q4 (mean PFOS level 2.69, range 1.69 — 10.06 ppm) than in QI (mean PFOS level 0.27 ppm,
range 0.04 —0.42 ppm) for all male employees at both plants (n = 421). It shouldbenoted tht the number
of Antwerp production employees were evenly distributed among the quartiles while this was not the case:
for Decatur employees. The highestnumberofDecaturemployeeswasinQ4. Thesedata wereanalyzed
for employees who had values above the reference range for alkaline phosphatase, AST, ALT, GGT, and
total liver panel. For male employees for al of these measure, the levels increased from QI to Q
However, statistical significance was not reported. In Q1, 4% of the employees had values above the
reference range for ALT and 6% for GGT, while 12% was reported for Q4 for both ofthese tests. For total
liver panel, 149% ofthe employees had values above the reference range in Q1 as compared 0 23% in Q4.
“The numbers offemale employees with values above the reference range was very small (n=). In female
employes combined fo both plants (n = 97), alkaline phosphatase and GGT were significantly higher (p <
105) and toal bilirubin significantly lowerin Q4 than in QI.

“Thyroid resus for mal production employees of bth plants indicated that T3 as significantly higher (p
<05)and THBR (T3 uptake)wassignificantly lower(p <.05)in Q4 than in Q1. The rangeof T3 values
was very large for females; however, thre were no statistically significant diffrences between the mean
values across the quartiles.

Multivariable regression analyses were conducted 1 adjust for possible confounders that may affect the
ressofthe clinical chemistry tests. The followingvariableswere included: production job (yes orno),
plant age, BMI, cigaretes/day, drinksday and years worked at the pant.

A positive significant (p = 04) association between T3 and PROS was observed. Plant location ws highly
Significant (p = 0001) in the model. BM, cigaretiesiday, alcoholiday were also significant. In the
univariate analyses, Antwerp employees had higher mean T3 levels than Decatur employees overall
However, for each plant (individually) T3 values increased by quartile as PFOS serum levels increased,
alhough th differences were not statistically significant. THBR, as well as the other thyroid hormones.
were not significant in the regression analyses.

A positive statistically significant (p = 04) association between PFOS and cholestrol was observed.
When both PFOS and PFOA were included in the model, neither were statistically significant at p-.05.
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PROS was not significantly associated with HDL, but riglycerides were positively associated with PFOS
(p= 01). No significant associations were observed with PFOSinrelation to alkaline phosphatase, GGT,
AST or total bilirubin.
A longitudinal analysis of the above data was performed to determine whether occupational cxposure to
Auorochemicals over time i related to changes in clinical chemistry and pid results in employeesofthe
Antwerp and Decatur facilites (Olsenetal, 2001b). The medical surveillance data from 1995, 1997, and
2000 were analyzed using mulivariable regression. The plants were analyzed using 3 subcohort that
included those who participated in 2 or more medical exams between 1995 and 2000. When male
employees from both plants were combined, no sttisically significant (p < 05) associations were
observed over time between PFOS and cholesterolortighycerdes. In addition, thee were no significant
associations between PFOS and changes over time in HDL, alkaline phosphatase, GGT, AST, ALT, total
bilirubin, and direct bilirubin.

There were several limitations to the 2000 crosssectional and longitudinal studies including: 1) serum
PROS levels in these workers have been declining over ime, 2) PFOS serum levels were significantly
higher at the Decatur plant than at the Antwerp plant, 3) all participants were volunteers, 4) there were
several consistent differences in clinical chemist profiles and demographics between employees of the
Decatur and Antwerp plants, $) PFOA and other perfluorinated chemicals are also present in these plans,
6) plant populations cannotbecompared because quartilesare diffrentforeach subgroup, and 7) only one
measurement at a certain point in time was collected for each clinical chemistry tes. In addition, in the
ongitudinal study only a small number of employees participated in all 3 sampling periods (24%).
iffrent labs and analytical techniques for PFOS were used each year, and female employees could not be
analyzed because ofthe small numberofparticipants.

A retrospective cohort mortality study was performed on Decatur employees to determine whether plant
employees hadsignificantly different death experiences from the generalpopulation (Mandel and Johnson.
1995). There were 1957 employees who had worked a least one year at the Decatur plant between 1961
and 1991. Seventy-four deaths were recorded, and there werenosignificantly elevated SMR for all major
causesof death regardless of the comparison population used (Alabama state, US. or Alabama counties).
Whe th data were analyzed by job description (chemical department vs. film plant employees), there was.
a statistically significant deficit for all causesofdeath in bothjobcategories.

“This study had almost complete follow-upof the cohort and ascertainmentofcauses of death. However,
Since the workforce was relatively young, only 74 deaths were reported for 1,951 employees. The number
of women in the study was very small (4 deaths). Additionally, PFOS serum levels were not examined in
relation 0 morality.

An update of this study was recently conducted 10 follow the cohort through December 31, 1998, thus
‘adding 7 years of follow-up (Alexander, 2001). This cohort consistedof2083 employees who had worked
at the Decatur plant for at least 1 year. There were 145 deaths reported. aimost twice tht reported in the
last cohort. In this study, employees were placed ino 3 exposure categories based on their job
descriptions: high, low, and non-xposed. Almost halfof the employees (47%) were placed in the high
exposure group, in which thee ere 65 deaths. Fourteen percentofthe cohort was in the low exposure
rou (27 deaths), and 39% were in the non-exposed group (53 deaths).

‘SMR were calculated using sateof Alabama reference data. When the entire cohort was analyzed, SMR.
were not elevated for most of the cancer types and for nonmalignant causes. SMRS tha were above |
(cancer of the esophagus, live, breast, urinary organs, bladder, and skin) were also elevated when the
colort was limited to any employee ever employed in a high exposure job (except breast cancer). Only 2
or 3 deaths were reported for cach of these cause-speciic categories and were not statistically significant,

2



ENV/MRDE002)1FINAL

except for bladdercancer

‘Workers who were employed in high exposure jobs were 13timesmorelikely todieofbladder cancer than
the general population of Alabama (SMR = 12.77, 95% C1 = 2.63 - 37.35. This effect remained when the
data were analyzed using county death rates. Thice male employes in the cohort died of bladder cancer
(0.12 expected). All of these workers had been employed at the Decatur plantfor morethan 20 years, and
all of them had worked in high exposure jobs for at least $ years (SMR = 24.49). In the previous color
mortality study, 1 bladder cancer death was reported.
Tuo deaths were reported for liver cancer. One was in the low exposure group and one in the high
exposure group. The SMR for workers who were employed in either igh or low exposure jobs was 3.08
(95% C1 = 0.37- 11.10). Five cases of cirtosis ofthe iver were reported in this cohort,2i the high
exposure group, 1 in the low exposure group, and 2 in the non-exposed. The observed did no exceed the
expected mortality experience in anyofthese exposure groups.

Most of the same limitations discussed above for the original cohort study apply to tis update. A larger
colort was followed in the update, thus reporting twice as many deaths; however, the cohort is faily young.
and the number of deaths is still smal (especially for females in all categories). Death certificates were
Tocated for 96% ofthe cohort, but the 6 not obained could greatly impact the resultsof the analyses since
the number of deaths in mostof the sub-cohort was very smal. In ddition to fluorochemicals, workers
were expased to other chemicals in the workplace. Biological measurementsof luorochemicals were used
{o define jobs into exposure categories based on job descriptions; however, ther is tll a potential for
misclassifcation ofexposure.
The high ratio ofobserved bladder cancer deaths in long-time employees to those expected in the general
population is troublesome. Although only 3 deaths were reported in high exposure jobs, the expected
umber in the general population was 0.23. It seems unlikely that tis effect would be due to chance,
given the magnitude of the risk estimate (12.77). Many years of follow up without another death from
bladder cancer would have 0 occur before there wuld nolongerbe an appreciable risk. Currently, animal
Studies on PFOS have not reporteda higher incidenceof bladder cancer tumors. It is unlikely that (bacco
Smoking could be solely responsible for the excess in bladder cancer mortality, given the 13-fold increase.
Smoking status was not determined for this cohort; however, lung cancer and other smoking-related
cancers werenotelevated. Therefore, itis unlikely that tobacco smoking was any higher in he employees.
than in the general population

Given the limitationsof this study, it is unclear whether luorochemicls ar responsible fo the excess of
bladder cancer deaths, or whether other carcinogens may be present in the Decatur plant. At the 3M
Cottage Grove facility, where APFO and other florochemical are manufictured, § bladder cancer deaths
were reported (SMR 1.31, 95% C1 = 0.42 ~ 3.05). Fourof these deaths occurredin employees who did
ot work primarily in the chemical division and therfore were assumedtohave litle exposure 0 APFO.
“The authorsofthe Decatur study report that thebladdercance cases worked mostly in mainenance jobs oF
at the incinerator and wastewater treatment plant and could have been exposed to many chemicals in
addition to Nuorochermical. 1 important tha follow up of this cohort is continued in order (0 gain a
better understanding ofthe mortality experienceofworkers expased to florochemicals.

In order to gain additional insight into the effects of Muorochemical exposure on workers® health, an
“episodeof care” analysis was undertaken a the Decatur plant o screen for morbidity outcomes that may.
be associated with long-term, high exposure to uorochemicals (Olsenetal. 2001¢). An “episode ofcare”
ix a series of health care services provided from the start ofa particular disease or condition until solution
or resolution of that problem. Episodesofcare were identified in employees’ health claims records using.
Clinical Care Groups (CCG) software. ~All inpatient and outpatient visits to health care. providers,
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procedures, ancillary services and prescription drugs used in the diagnosis, treatment, and management of
over 400 diseases or conditions were tracked.

Episodes ofcare were analyzed for 652 chemical employees and 659 film plant employees who worked st
the Decatur plant for at leas | year between January 1, 1993 and December 31, 1998. Based on work
history records, employees were placed into differnt comparison groups: Group A consisted of al film
and chemical plant workers: Group Bhad employees who only worked in either the im or chemical plan;
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 yearsor more prior (0 the onset of
the study. Film plant employees were considered to have litle or no fluorochemical exposure, while
chemical plant employees were assumed o have the highest exposures.

Ratios of observed to expected episodesof carewerecalculated for each plant. Expected numbers were
based on 3M's employee population experience using indirect sundardization techniques. A rato of the
Chemical plants observed to expected experience divided by the film plant's observed to expected
experience was calculated to provide a relative risk rato for cach episode of care (RREPC). 95%
Confidence intervals were calculated for cach REC. Episodesof care that wereofgreatest intrest 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, disordersof he iver
and biliarytract, and reproductive disorders.

“The only increased isk ofepisodes for thse conditionsof aprior interest were or neoplasms ofthe male
reproductive system and for the overall categoryofcancers and benign growths (which included cancer of
the male reproductive system). There was a increased riskofepisodes fr the overall cancer category for
all 4 comparison groups. The risk ratio was greatest in the groupof employees with the highest and
Jongest exposures to uorochermicals (RREPC = 1.6, 95% CI = 1.2 — 2.1). Increased riskofepisodes in
long-time. high-exposure employees also was reported for malereproductivecancers (RREPC = 9.7, 95%
C= 1.1458). It should be noted that he confidence interval is very wide for male reproductive cancers
and the sub-category of prostate cancer. Five episodesofcare were observed for reproductive cancers in
chemical plant employees (1.8 expected), of which 4 were prostate cancers. One episode of prostate
cancer was observedin film plant employees (3. expected).

“There was an increased risk of episodes for neoplasms of the gastrointestinal tract in the high exposure
roup (RREPC = 1.8, 95% C1 = 1.2- 3.0) and the long-term employment, high exposure group (RREPC =
29.95% Cl = 1.7 -52). Most of the episodes were atbutable to benign colonic polyps. Similar
umbersofepisodes were reported in film and chemical plan employees.

In the entire cohort, only 1 episodeof care was reported foliver cancer (0.6 expected) and I for bladder
cancer (1.5 expected). Both occurred in film plan employes. Only 2 casesofcirhosisofthe liver were
observed (0.9 expected), both in the chemical plant. There was a greater isk of lower urinary tract
{fections in chemical plant employees, but they were mastly duc o recuring episodesofcare by the same
employees. It is difficult to draw any conclusions about these observations, given the small number of
episodes reported.

Chemical plant employees in the high exposure, longterm employment group had 2 4 times more
episodes of care for disorders of the biliary tract than their counterparts in the im plant (RREPC = 2.6,
950 C1 = 1.2 - 5.5). Eighteen episodesofcare were observed in chemical plant employees and 14 in film
plant workers. The sub-categories that influenced this observation were episodes of cholelithiasis with
cute cholecystitis and cholelithiasis with chronic or unspecified cholecystitis. Mostofthe reported
episodes occurred in chemical plant employees.
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Risk ratios of episodes of care for endocrine disorders, which included sub-categories of thyroid discase,
diabetes, hyperlipidemia, and other endocrineor nutritional disorders, were not levated in the comparison
oups. Conditions which were not identified priori but which excluded the null hypothesis in the 95%
Confidence interval for the high exposure, long-temn employment group included: disorders of the
pancreas, cysts, and lower urinary tract infections.

“The results of this study should only be used for hypothesis generation. Although the episode of care
design allowedfo a direc comparisonof workers with similar demographics but different exposures, there
are many limitations to this design. Episodesofcare are reported, not disease incidence; therefore, this
parameter cannot be interpreted in any other manner. The data are dificult (0 interpret because alarge
REC may not necessarily indicate high risk of incidence ofdisease. In addition, manyofth risk ratios
for episodesofcare had very wide confidence intervals. The analysis was limited to 6years. Also, the
lization of health care services may reflect local medical practice paterns.. Individuals may be counted
more than once in the database because they can be categorized under larger or smaller disease
Clasifcations. Episodes of care may include the same individual several times. Not all employees were
included in the database, such as those on long-term disability. The analysis may be limited by the
Software used, which may misclassify episodes of care. The software may also assign 2 different
iagnoses to the same cpisode. Certain services, such as lab procedures may not have been reported in the
database.
40 Hazards to the Environment

The 3M Company have reported ecotoxicity test resus on five PFOS salts: potassium, lithium,
ammonium, didecyldimethylammonium and DEA (diethanolamine). The majoriyoftesting has however
cen carriedouton the PFOS potassium salt. Only limited data are available for the ther salts, but because.
Ihe salts all dissociate instantancously at neutral pH to the PFOS ion and the appropriate counterion the
orcntial exists for read-across. For the purposes ofthis review i is assumed that the toxicityofthe PFOS.
inion will be dominant and that read-scross of toxicity from the potassium salt to the other salts is
‘acceptable as a frst approximation, except for the didecyldimethylammonium salt. This is because these:
‘counterions are unlikely to be toxicological significant compared wih the contributionof the PFOS ion.
Published toxicity data relating to, for example, potassium (as chloride) (0 fish and invertebrates show
acute and chronic effet concentrations obe >100 mg/l (Dicrickx and Bredacl-Rozen, 1996; Biesinger and
Christensen, 1972), Toxic concentrations ofhe PFOS potassium sal reported for ih and invertebrates in
the 3M studies are however all well below 100 mg, suggesting that the potassium ion was not a msjor
contributor to the overall toxicity of the substance. For the present purpose correction for the molecular
Weight ofthe counterions is considered tobeunnecessary. Didecyldimethylammoniun is an exception duc
no only 0 its higher molecalar eight, but also because high molecular weight amines are known to have
the potential for exhibiting significant toxicty to aquatic species. Onlytwoofthe studies presented for
vin related to the salt of thi cation acute sues with the Fathead minnow (Pimephales promelas)
ind the water fea (Daphnia magna), Both were judged to be unacceptable for assesing PFOS toxicity
caneofthe use of an inappropriate method of test medium preparation. The result of the test with the
ish did however suggest tht the didecyldimethylammonium ionwas not asourceof significant toxicity in
the test medium whilst the result ofth test with the wate flea suggested hat it might have been.

Wherever possible measured exposure concentrations have been used as the bass for expressing the
toxicity of the test substance. In some instances the measured concentrations were significantly below
nominal. In basing effect concentrations on measured concentrations it is assumed tht thre is a direct
relationship between PFOS concentration and toxicity

“The data summaries in Tables 7 to 18 include columns headed “Study Standard” and “Comments in
addition to study information required under the standard OECD column headings.
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“Study standard” indicate the overall quality of the reported study taking into account the technical and
scientific procedures employed and the information conten of th test report. Five standards have been
used:

+ Good the study fulfils al requirements in termsofmethod, reporting and interpretation.
= Acceptable — the study isof an overall acceptable sandard for use in hazard and risk assessment

although there are inadequaciesi some elements.
+ Questionable- there are significant inadequacies in lemens ofthe study that raise concerns about its

validity. The results shouldonlybe considered supportiveofothr data.
+ Unacceptable therear significant inadequaciesin elementsofthestudy that invalidatethedata.
= Unknown - there is insuficent informationtoevaluate thestandardofthe study.

“The column headed “Comments highlights observations on the study procedures and resuls that arc
considered relevant 0 the assessment. Reasons why procedures or results were considered inappropriate
are also given,

“The tables also contain a column headed “Study reference number” that refers (© the lis of studies in
Annex 1. A summary of the lowest acceptable effect concentrations for cach trophic level is given in
Annex4.

41 Effects on Fish, Invertebrates and Aquatic plants (Algae and higher plants)

Acute (short-term) data wer available from a totalof 31 studies covering thre species of freshwater fish,
‘one species of saltwater ish, a fish acclimated to saltwater, two species of freshwater and thee species of
Saltwater invertebrate, tree species of freshwater and one species of saltwater algae and one species of
reshwater higher plan. The studies have been reviewed and this has resulted in 2 being considered to be
of an accepable standard for assesing the acute(short.term) toxic hazard of PFOS to fish, invertebrates
and aquatic plans.

Sub-chronicichronic (prolonged/onger-term) data were availble from a total of§ studies covering two
Species of freshwater fish, one species of fresh and saltwater invertebrate and one species of freshwater
unicellular algae. A review of the studs has resulted in seven being considered to be of an acceptable
Mandard for assessing th toxic hazard of PFOS to fish and invertebrates. It should be noted that study
Sumber 25 with the Fathead minnow (Pimephales promelas) was considered unacceptable becauseof &
Jack information in the report. I is probable that tis study was the same as that described more fully in
report number 14. Study 14 was judgedtobe scceptable.

In addition, flow-through bioconcentration studies have been conducted in the bluegill sunfish (Lepomis
macrochinus) and car (Cyprinus carpio).

“The acceptable and unacceptable studies are identified in Table 6.
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“Table 6. Acceptable and unacceptable studies for determining the acute
andsubchronicichronie (prolonged/lngterm) {oxi hazard of PFOS

lo fish invertebrates and aquatic plans algae and higher plants)

[7apm [Tees Tnaccepiabi study
| ference numbers| reference numbers
[aarmoy |Ppp| LI 24362)
Greshwaten) pomis macrochras | 20 | 3

[Oncorhmelusmykiss| 31,82 |
cute Ghortierm) oxyto sh

(atwater) Coping vrigatus
| Soni cronies 0 |Agileonc |
i Greshwate
‘Acute Ghorttermy toxicity to |Daphniamagna____| 3. 15.17.25.33
imertcheates (freshwater 77 I SR ——
ewe hortterm) toicy to | Mysdopsis bia ——

| encesann 5 5
|Sub-hronir chron ovicity to | Dapinia magna 5.15

| imerihrates reshwate
[ Sub-chronic <hronie trict16 |¥ysidopsi bia ww CII
invercbrates alate

[icity o freshwater wniceloar|Seerasiran Fae
| stgac capricornutun
| “inabaena fsa B
| avicula pellculosa
oxic to saitwater wnieeular

| Langererm oxy to freshwater| Sensis :
unica a capricorn il
“Foxit to freshwater Wigher |Lenna iba 7 =

plans
AL Fish
Acute (short-term) toxicity
“The results ofthe acute (shorterm) studics are summarized in Table 7. Three species of freshvat fish
Have been vsed for testing - Pimephales promelas (Fathead minnow). Lepomis macrochirus (Bluegill
unis nd Oncorhynchus mykiss (Rainbow trou). The end pont assessed in all the tests was mortality
during 3 96-hour exposure period

1. promelas was the most suscepiible freshwater fish species in acute ess with lowest 96-hour LCs for
PHOS tithium salt of 41 me. L. macrochinus, and O. mykiss,were only marginally less susceptible - 3
96-hour Le value of 7.8 mg was determined with both species for the diethanolamine (DEA) and
potassium sit respectively. A second study on Oncorhynchus mykiss showed an LC. of 22 mg/l again
Ling the potassium salt. A very hith 96-hour LL value of pproximately 200 mg/l determined for he
idee methlammorium sal of PFOS was obtained for P. promelas ina est on water accommodated

his species has recently been renamed Predokirchnrilla subcapitat
heeoy tre ahi oily report fo Foesimhoofscepible orbeter quality, ote most eine
alu edis assessment.
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fractionsofan aqueous mixture containing the substance. However, the sctual exposure concentrations ofPFOS were not determined and could notbeestimated in this tet
PFOS also exhibits acute toxicity to fish in saltwater. A 96-hour LC value of 13.7 mg/l has beendetermined fo the potassium salt in test with 0. mykiss acclimated to saltwater ata salinity of 30 partsper thousand. The data show saltwater acclimated O. mykiss to be of similar susceptibility © PFOS whencompared with O. mykiss living in freshwater. However, in the absence of measured exposure
concentrations, it should be noted that ths study might have been conducted in excessofthe subsiance's
salt water solubility (2.5 0 20 mg, depending on salinity and purity). A further study using a saltwater
fish Sheepshead minnow (Cyprinodon variegatus) showed no toxicity up 10 the water solubility limitindicated as 15 mg/l in the test. Loss of concentration during the tes, probably due to sedimentation,
indicates that this valuemaybeabove the rue solubily, however,
Sub-chronic/chronic (prolonged/long-term) toxicity

“The resus of the sub-chronic/chronie (prolongedlong-erm) studies are summarized in Table 8. Studies
Have been caried out with two species of freshwater fish — Pimephales promelas (Fathead minnow) andLepomis macrochirus (Bluegill sunfish). Tests with P. promelas were designed to. determine
concentrations affecting early ife-stages of the ish over exposure periods of up to 42 days. Mortality data
for L. macrocliruswere obained from a bioconcentarion study in which deaths in the treated and control
roupsof fish were recorded over the 62-day uptake phase ofthe study.

“The lowest definitive no observed effect concentration (NOEC) of 03 mg/l was determined for P.promelas To the potassium salt of PFOS. This value was applicable t both survival and growth end
points. This NOEC is supportedby results rom a bioconcentation studywith L. macrocinus tha showedno significant mortality at an exposure concentrationof0086 myovera 62-day uptake phase but 100%.mortality at a concentration of0.87 mg/ after 35 days. A NOEC of 1.0 mel reported for effects of PFOS
potassium salt on early lfestages of P. promelas could not be atrbuted to more specific end point
because insufficient information was contained in the study report,

Bioconcentration

A flow-through bioconcentration study ofPFOS in bluegill sunfish was conducted. Test concentrations of
0.0.08 and 0.87 my/L were used. At the0.086 m/l level, the fishwereexposed for 62 days, while at
the 0.87 mg/L level, the fish were exposed for 35 days due to excessive mortality. Fish were collected
from the test chambers by random selection at 12 time points during the study. They were euthanized,
blotted dry, weighed and measured. They were dissected into edible and nonedible tissue factions and thefractions were weighed. The head, fins and viscera were considered to be nonedible tissue and the
remaining tissue, including skin, was considered to be edible tissue. Whole fish concentrations werecalculated from the sum of the edible and nonedible part. Steady-state BCF values were calculated fromthe tissue concentrations ai apparent steady-state divided by the mean water concentration. Tissueconcentrations were considered 0 be a steady-state if3 or more consecutive set of tissue concentrations.
were not significantly different. The kinetic boconcentraton factor (BCFK), uptake rate and depuration
fate were calculated for the edible, nonedible and whole fish exposed to 0.086 meL using BIOFAC
computer software.

In this study, POS bioconcentrated in th tissues of bluegill sunfish. Apparent steady-state was not
clearly atained fo the fish exposed 0 0.086 mg/L. Although the tisue residue levelsof PFOS were not
statistically significantly different on days 49, 56 and 62, the concentration of PFOS appeared to be stlincreasing up to the last dayofexposure. BCFK valuesforedible, nonedible and whole fish tissues werecalculated 0 be 1124, 4013, and 2796, respectively. PFOS depurated slowly. The BIOFAC estimates for
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the time t0 reach 0% clearance for edible, nonedible, and whole is tissues were §6, 116, and 112 days,respectively.
Kurume Laboratory (2001) conducted a flow-through bioconcentraton study of PFOS in carp (Cyprinuscarpio). The fish were checked visually and those demonstrating any abnormality were removed. The fish
were eared for § days ina flow thorough system following an external disinfection. After rearing, the fishwere medicated to eliminate parasites and transfered to an acelimatizing aquarium. After the secondexternal disinfection, they were acclimalized. The fish demonstrating any abnormality during this periodwere removed and the remainder of the fish were reared for 1S days in a flow through system attemperaturesof25 + 2° C. The fish were transferred to test tanks and reared at the sume temperature n theflow through system for another 27 days. Temperature of the est water was measured with alcoholthermometer and recorded once a day. Dissolved oxygen concentrations was measured with a dissolved
oxygen probe and recordedtwice a week. The pHofthe test water was measured with a pH meter one a
week. Temperatureof tet water was measured and recorded once a day. Dissolved oxygen in fest water
wasmeasured and recorded twiceaweek. During the experimental period,heexcreta ofcap,dirt on test
tanks, were removed once a day. The temperature ranged from 25.0 10 25.4C; the dissolved oxygenconcentration ranged from7.910 8.1my; and the pH ranged from 7.610 7.5.
Forty carp were exposed to two concentrationsof PFOS, 2 and 20 ug/L respectively for 8 days in a flowthough system. The test waterofeach level was analyzed ance before firs analysis of test fish and at the
Same time a analysisof test fish. Analysisof test ish was performed six times at cach level in duration ofexposure. Four ishwere taken out at each sampling ime and divided into two groups, and then both were.analyzed individually. Because the stored sample rom one fish was 00smal for the measurement of lipidcontent. groups of two fish were used. Analysis of contol fish was performed before the experimentalstarting and afte the experimental completion. Six fish were taken out at each sampling time and divided
into three groups, and then bath were analyzed individually
Avalysis of PFOS in the test water and carp was performed using high-performance. liquid
chromatography-mass spectrometry (HPLC-MS) analysis. The test waterofcach lovel was analyzed once
before first analysis of test fish and at the same time as the analysis of the tes fish. Sieady-sate was
reached when three successive analyses of BCFs made on samples taken at intervalsof at least 48 hours
were within + 20%ofcach other. When BCFs were less that 100, it was evaluated thata steady-state had
been reached aftr 28 days. The fish which were exposed for 61 dayswereseparated ino parts; tegument,ead, viscera except liver, liver and remaining matter, BCFswere determined inal the pars.

his study. PROS bioconcentated in the tissuesof carp. Test concentrationsof 2 and 20 ug/L were used.The fish were exposed for 58 days to makeup for excessive mortality. Bioconcentation factors were.calculated tobe 720 for 20 ug/L. and 200- 1500for 2 ug/L.
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412 Invertebrates

“The resulsofacute (shortterm) and sub-ehronic/chronic prolonged/Tong-term) studies are summarised in‘Tables 9:and 10.

Acute (short-term) toxicity tofreshwaterspecies
“Two species of freshwater invertebrate have been usedfor testing - Daphnia magna (he “water flea’) andUnio complamaus (fresh water mussel. Immobilsation/mortaliy during 48-hours exposure was assessed
in the tests with D. magna. Morality during 96-hours exposure was assessed in the test with Ucomplamatus

A lowest acceptable 48-hour ECs value of 27 mg/l was determined for PFOS potassium salt in tests withthe daphnid.” A dS-hour EL value of approximately 40 mg was also determing for thedidecy imethylammonium sat of PROS ina daphnid test onwateraccommodated fractions ofan aqueous
mixture containing the substance. However, the actual exposure concentrations of PFOS were notdetermined in this test and, as pointed out in the introduction to this section, it is possible that
didecyldimethylammonium may have contributed to the toxicity of the test medium. These values‘compare with a 96-hour LC. value determinedformartalty ofthe musselof59mg.
Acute (short-term) toxicity to saltwater species

Three species of saltwater invertebrate have been used for testing - Mysidopsis bahia (Mysid shrimp),Crassostrea virginica (Eastern oyster) and Artemia sp (Brine shrimp). Mortality during 96-hours exposure
was assessed in the tess with M. bahia and Artemia sp. Reduction in shell deposition wesassessed over a96-hour exposure period in th test with C. virginica. The test substance was PFOS potassium salt in all

A 96-hour LC. value of 3.6 mg/) and an associated NOEC of 1.1 mg/l were determined in the test with the
Mysid shrimp. This compares witha 96-hour EC.q valueof >3.0 mg/l fo effects on shell deposition in the
oyster nda48-hour LCi of 8.9 mg for mortalityofthe Brine shrimp.

Sub-chronic/chronic (prolonged/long-term) toxicty o freshwater species
Two tests have been caried out on PROS potassium salt with ane species of freshwater invertbrate the“water flea’, Daphnia magna. The end points assessed in the tests were survival, growth and reproduction
measured over exposure periods ofup to 28 days.
NOECS of 12 and 7 mg/l have been determined for D. magna reproduction in 21 and 28-day testsrespectively. In the 21-day test the NOECs for survival and growth were also 12 mg, indicating thatreproduction was no more snsitive han these twoother end points.

*Fos Daphnia magna there are ive 48-hour acute toxicity studies of sceeptble of beter quality, although one ofthese lacs to water accommodated factions. The remaining 48-hour ECs ae 27, 55. 61 nd 210 mp. The lateralu i based on nomial exposure concentrations, but since the tock solution wa prepared at  concenrtion thatexceeded water solubily, exposure concentrations re kel to be lower tha nominal, This aves Jus Tre reportsith comparable measuresoftoicy, andso the mos sensi value ived inthis assesment.
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‘Sub-chronic/chronic (prolonged/long:term) toxicity tosaltwater species
A test has been carrid out on PFOS potassium salt with one speciesofsaltwater invertebrate; the Mysidshrimp, Mysidopsis bahia. The end points assessed in the test were survival, growth and reproducionmeasuredoveran exposure period of35 days.
The 35-day NOEC determined fo survival, growth and reproduction in this test were 0.55, 0.25 and 0.25mel respectively.
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41.3 Aquatic plants

“The results of all the short- and longer-term studies are summarised in Tables 11 and 12 (algae) and 13higher plants). Note: The species Selenastrum capricormutum has been renamed Pscudokirchnerilla
subcapiata. Fo transparency, the name used in th tst report has been retained in the discussion below.
Freshwater algae- Short-term
Three species of freshwater unicellular algae have been used for testing - Selenastrum capricornutum,
Anabaenaflos-aquae snd Navicula pellculosa. The end point assessed inthe tess was growth measured interms ofcell density, growth rate andor th area under the growth curve over 96-hours. Only studies thatassessed toxicitybyreference 10 effects on growthrateareconsidered herefor the purposes ofdetermining
the toxicityofPFOS to algae. The resultsofstudy number 13 ar therfore excluded because they are olyexpressed relative 10 cell numbers and cell dy weight. These results could be considered were the ECsvalues to be recalculated in respect of growth rat, but since algae were relatively insensitive compared
with fish, this is not considered high priority.

“The lowest 96-hour EC valuforeffects on growth ateof 71 mg/l was determinedfor5 capricornutu.
However there are some uncertainties over the validity of this result given tha exposure concentrations
were ot measured and diethylene glycol butyl ether was present in the test material (as part of theformulation). A 96-hour EC value of 126 mg/l was obtained for the same species usinga tet protocol
that was judged to meet al the criteria for acceptability of the dats The 96-hour NOECs associated withthese wo tests were 35and44 m/l respectively. The tests with th two other species yielded 96-hour EC.y
values of 176 mel (4. los-aquae) and 305 mgd (N. pellculosa) and respective NOECs of 94 and 206mel

Saltwater algae - Short-term
A 96-hour growth inhibition test has been carried out on PFOS potassium salt with Skeletonema costarun.
“The test was unable to determine a definitive 96-hour EC value because no effects were determineda thehighest dissolved PFOS concentration that could be attained under the test conditions (3.2 mg).
Freshwater algae- Longer-term

One species of freshwater unicellular algae has been tested - Slenastrum capricornutu (study reference
110.13). The test assessed effects on growth rat expressed relative 0 cel density over 14 days. The resultsrom the est are no discussed further here for two reasons. Firstly, th results are expressed eltive to clldensity (sce comments in respectofshorten tests). Secondly, thre are concerns that the 14-day testperiod and absenceof test medium renewal may have resulted in s decline in exposure concentrations overtime (he test media were not analysed for PFOS concentration. The latter is suggested by comparison ofthe 14-day EC value of5 me with the 96-h EC.q value of82 mg! determined in the same test.
Freshwater higher plants

A growth inhibition est has been carried out on PFOS potassium sal with Lemna gibba (Duckweed). Thetest yielded a 7-day ICa of 108 mg for inhibition offrond production and a 7-day NOEC of 15.1 mg/lbased on the inhibition offrond production and evidenceof sub-lthal effects.

©
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42 Effects on Other Aquatic Organisms

42.1 Amphibians
Data summarised in Table 14 were obtained in an embryo teratogenesis assay carried out on PFOSpotassium salt with Xenopus laevis (African clawed frog). Exposure of the embryos for 96 hours resuliedin an LC. for mortality of 13.8 mg and an ECs for malformations of 12.1 mg. The minimumconcentration that inhibitedgrowthwas7.97 mg/l. and the teratogenic indexwascalculated, asthe ratio ofthe 96-hour LC 0 the 96-hour EC, 0be 1.1. The later value indicates that PROS has a low potential tobea developmental hazard in this specs

n
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422 Sediment Dwelling Invertebrates

No data are availablefo effects on sediment dwelling invertebrate. It s possible that predictednoeffectconcentration (PNEC) for sediment-dwellng invertebrates could be determined by applying equilibriumpartitioning models to the data for water column organisms. However, as discussed in Annex 3, this isunlikely to be feasible at the present ime.

423 Bacteria

Data summarised in Table 1S were obtained from 2 reports describing Microtox® studies (study report
reference numbers 18 and 22). The Microtox® procedure assesses light output inkibiton from theluminescent marine bacterium Photobacteriun phosphoreun, following exposure to a toxicant over a shortexposure period (30 minutes in the caseof hese two studies. Both studies areof an unaccepiable standard
for assessing the hazard of PFOS (ithium sal) to bacteria because of uncertainty over the true exposure
concentrations and in one case because of the presence ofdithylene glycol in the test sample. There arealso more general concerns over the relevanceof the tet system and test species for determining effects forthis particular groupoforganisms. No toxic effcts were observed in cithr test at nominal concentrations
(>250 my) that were significantly in excessofthe solubility of PFOS salt in saline medium (2.5 to 20
ml depending on puritysalinity).

7s
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42.4 Activated Sludge Microorganisms

Data summarised in Table 16 were obtained from 3 reports describing activated sludge respiration
inhibition studies (study report reference numbers 6, 19 and 21). Only study reference number 9 was
considered tobeofan acceptable standard for assessing the hazardof PFOS to activated sludge. Studies 19
and 21 had significant inadequacies in tet procedures related 0 tet conditions, duration of the expos.
andor absence ofa reference substance.

“The hour IC. value for PFOS (potassium salt) determined in the acceptable study was 905 mg/l
(nominal concentration).

”
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43 EffectsonTerrestrialOrganisms
43.1 Solk-dwelling Invertebrates

No data are available for effects on soil dweling invertebrates. It is however possible that predicted io
effect concentration (PNEC) for sil-dweling invertebrates could be determined by applying equilibrium
partitioning models to the data for wate column organisms. However, a discussed in Annex 3, his is
unlikely tobe feasiblea th present ime. It is noted that an earthworm acute toxicity and uptake Study is
in the planningstages, and a ina report shouldbe available in 2002.

432 Terrestrial Plants
No data are available for effects on terestial plants. It is however possible tht a predicted no effect
concentration (PNEC) for terrestrial plants could be determined by applying equilibrium partitioning
‘models 0 the dataforaquatic plants. However,as discussed in Annex 3, this is unlikely to be feasible at
the presen time. Ii noted that aterestrial plant toxicity and uptake study shouldbeavailable in 2002.
433 Birds

Data summarised in Table 17 were rom 2 reports describing ditary acute studies with the Mallard duck,
Anas platyriynchas, and the Norther Bobwhite quail, Colinus virginianus (study report reference
numbers 11 and 12). Birds in both tests were exposed to PFOS potassium salt in thei diets for § days and
observations were made afer 3 or 17 days. Both sudies are considered tobeofa acceptable standard for
assessing the acute toxic hazardof PROS tobirds via dietary exposure.
The lowest acute dietary LCa value of 220 mg/kg offood was determined in the test with the quail. This
value was approximately half that obtained in the est with the duck. The lowest NOECof 37 mg/kg of
food foreffectson body weight was, in contrast, obtained in the test ith the duck. Once again this value
was approximately half that obtained with theotherspecies the quail.

Ii noted that avian reproductive data willbesubmited for eviews in 2002,

”
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43.4 Bees

Data summarised in Table 18 were obtained in acute oral and contact toxicity tests caried out with theHoney bee (dpis mellifera) on PFOS potassium salt. The studies fully met the required standard foraceepabiltyofthe dat

“The acute oral test yielded a 72-hour LDig or ingestion of PFOSof0.40 i/bee and a 72-hour NOEL of0.21 ghee. The contact test yieldeda 96-hour LDigof 4.78 gb anda 96-hour NOEL of 1.93 pgibe.The respective LD values indicate moderate and high orders of toxicity of PROS to. bees whenadministered via these routes.
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Amst. Ecological Studies
“The followinglssofstudy reports were contained on a 3M Fuorochemical EPA Submissions CDs dated
12° July 2000, 25° June 2001, and February 2002
12° July 2000
17 96-Hour Sac Acute Tosicity Test with the Fathead Minnow (Pimephalespromelas)
2. 96-Hour Toxicity Test with he Freshwater Alga (Seenastrun capricornunu)
3. 48-Hour Static Acute Toxicity Test with th Cladoceran (Daphnia magna)
4 96-Hour Shell Deposition Test with the Eastern Oyster (Crassostrea virginica)
5. 96-Hour Static Acute Toxicity Tes with the Freshwater Mussel (Unio complamatus)
6. Activated Sud, Respiration Inhibition Test
7. 96-Hour Static Acute Toxicity Test wit the Saltwater Mysd (Msidopsis bahia)
8. Early Life-Stage Toxicity Test with the Fathead Minnow (Pimephales promelas)
9. Sean-Static Life-Cycle Toxicity Test with the Cladoceran (Daphnia magna)
10. Flow-through Life-Cycle Toxicity Tes with the Saltwater Mysid (Mysidopsis bahia)
11. Dietary LC. Study with the Malard
12. Dietary LC. Study with the Norther Bobwhite
13. Multi-Phase Exposure /Recovery Algal Assay Test
13. The Effects of Continuous Aqueous Exposure 0 14C-78.02 on HatchabiltyofEgs nd Growth and

Survival of Fryof Fathead Minnow (Pimephials promelas / Summaryofhistopathological
examinations of Fathead Minnow (Pimephales promelas) exposedo 78.02 for 30 Days

15. EffectofPotassiumPerfluorooctanesulfonateonSurvival,ee. (Daphnidreproduction)
16. Pimephalespromelas 96-hour Toxicity Test Data Summary. Sample FC-94-X (Li saltof PFOS)
17. 45-HR Acute Toxicity to Daphnia, Daphnia magna. FC-94-X (Li salt of PFOS)
15. Microbics Microtox Tovicity Test. Sample :FC-94-X (Li salt of PFOS)
19. Evaluation of FC-94-X by OECD Activated Shudge Respiration Inhibition Test #209 Reviewof OECD.

209 nd BODICOD Test Results for FC-94- X. test data sheets (Li saltof PEO)
20. 96-Hour Acute Toxicity Teston Blucgil Sunfish (FC-99, DEA saltof PFOS)
21. Acute Toxicity to Activated Sludge (FC-99, DEA sat of PFOS)
22] Microtox data for FM.3820 (28% PFOS)
23. Acute Toxicity to Daphnia magna for FM-3820 (28% PFOS)
24. Toxicity 10 Algae (Selenasirum capricornutan) for FC-3820 (28% PFOS)
25. Final Comprehensive Report: FC-95
26. Data from Fathead Minnow Study on FC-93 (25% NH, salt of PFOS in IPA and water), 3M

Environmental Lab, Aug. 2, 1974.
27. Daa from Fathead Minnow Study on FC-93 (25% NH, salt of PFOS in IPA and water), 3M

Environmenial Lab, Oc. 19, 1974
25. Acute tonicityof P3025 developmental material to Fathead minnow (Pimephales promelas)
29. Acute toxicityof P3023 developmental material to Daphnia magna.
25° June 2001
30. Acute toxicity of PFOS to Rainbow trout in saltwater
31. Acute toxicityofPFOS to Rainbow rout n freshwater
32. Acute osicityof PFOS to Ariemia p.
33. Acute woxicityofPFOS to Daphnia magna
34. Perfluorooctanesulfonat, Potassium sat (PFOS): An acute oral toxicity sudy with the Honey bee
55. Perfluorooctanesulfonate, Potassium sal (PFOS): An acu contact toxicity study with he Honey bee
36. POS: A 96-hour toxicity tes with the freshwater alga (Anabaenaflos-aguae)
37. PFOS: A 7-day toxicity test with Duckweed (Lemna gibba G3)
35. PROS: A 96-hour toxicity test with freshwater diatom (Vaviculapelculosa)
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30. PFOS: A 96-hour toxicity test with the marin diatom (Skeletonema costatum)
40. PFOS: A frog embryoteratogenesisassay —Xenopus (FETAX)
31. Perfluorooctanesulfonate, Potassium salt (PROS): A flow-through bioconcentation test with the
Bll (Lepomis macrochiris)

February 2002
42, Perluorooctanesulfonate, Potassium salt (PFOS): 96-Hour Static Acute Toxicity Test with the

Rainbow Trout (Oncorhynchus mykiss) in freshwater

43. Perluorooctanesulfonate, Potassium salt (PFOS): 96-Hour Semi-Static Acute Toxicity Test with the
Sheepshead Minnow (Cyprinodon variegarus) in saltwater
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Robust Study Report Reference No. 1 ~ 96-Hour Static Acute Toxicity Test with the FatheadMinnow (Pimephalespromelas)
TEST SUBSTANCETEST SbSTANCE
Mdentiy: Potassium perfluorooctanesulfonate; may also be referred to as PFOS or FC-95. (I.Octancsulfonic acid, 1.1.2.23,3.4:,5.5.6.6,1,7.85 8-heptadecafluoro-, potassium sal, CAS # 2793-393)
Remarks: The tet substance is a whit powder. Sample was aken from 3M lot mumber 217, Sample wassored under ambient conditions prior to testing. Purity determined fo be 90.49% by LC/MS, 'HLHVR, "1NMR and elemental analyses techniques
METHOD —
Method: OECD 203 and OPPTS 850.1075Type: Suri acute
GLP: Yes
Year completed: Study completed 1999. Reportcompleted 2000Species: Pimepalespromelas.
Supplier: In-house cultures, Wile Intemational, Lid, Easton, MD, USAAnalytical monitoring: PFOS measuredat0, 45, 96-hoursExposureperiod: 96-hours
Statistical methods: LCs values calculated, when possible, by probit analysis, moving average method orbinomial probability with nonlinear intespolation using the computer software ofCE. Stephan“Test fish age: Approximately 126 days old
Length and weight 35 (30-38) mm, 036 (021-049)¢Loading: 0.24 g ish
Pretreatment: None

“Test Conditions
Dilution water: 0.45 um feredwell waterDilution water chemistry (during the d-week period immediately preceding the test):Hardness: 131 (126-136)mg/LasCaCO,

Alkalinity: 177(176.178)mg/LasCaCO,
pH: 83
ToC. <LomeL
Conductivity: 311 310-315) pnhosiem

Stock and test solution preparation: Primary stock prepared in dilution water at 27 mg/L andmixed for ~22 hours prior0use. After mixing, primary stock solution was proportionally dilutedwith dilution water (0 prepareth fouradditional est concentration.‘Concentrations dosing rate: Once
Stability ofthe test chemicalsolutions: Extremely stableExposure vessels: 25L polyethylene aquaria containing approximately 15Lof test solution; waterdepth approximately 17.6 cm.
Number of replicates: two.
Numberoffish per replicate en
Numberofconcentrations: five plus a negative control‘Water chemistry during the study:

Dissolved oxygen range (0-96 hours):
7.88.8 mg/L (control exposure)

0
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77-90mg. (8mg expose)PHrange (0% ours)$325 (mel expose)54755 G8 mel pone)Tost temperature range0 5¢ hou204-331 eomol pons)213° 223°C Ghmal cxponnt)Methodofcalculatingmeanmeasured oncemteaton:itmcicmean

ResuLTs
Nominal concentrations: Negise con, 36,59,99, 16,27 mglLMeasured oncenraions S00,33. 56.95. 17.24 mp.Element aie. (059 coniknce emt gen ria)Saou Lon 33 mal (1 not cause)Shor LCan 28 mE (CT orcahow LCan 703 itymaSionCy 95.60 1mol.All cement ales Bos on ah easedCoens
Statistical eatution of mortal: Confidence fms or 24 snd 8 hours could not be caucus toTack of moray. Th 72hCs valu is austonabie bec comortionotetea0not demonsted over a reasonable ange of prcnt ded. The 4 and 4%pour Lose estein by ia eptaion, Pr was sed 0 oleate he 72 LandSi nsort DhowLC
attics methodology: Ansys of test solutions wer performed a Wid Inmsions Ld. wingih performance ud Chomaogaphy wih Tas specrometnc doscion. GILOMS. Winkdtemininghe Sanction of he 5 aban i he es solatons. hc se ond reptptresponse or peruoroocaneslomtc vas es. No tent was Tadeo nnyindia Somer component. The LOQ(it of quinone 058 ma hs sty “ToesPercent ecocry of mat orcas analy Conroy dung ample Sr 97 moCollected at tet ntaron had sured values fom 85.3 to 17% of nominsl Mesewred soneSamples ake at 45 hoes need om 86.3 0 101% f nominal Messe ses FormsootBoursranged 1m $7 85 of ori.
[———

Nominal Test Measured Duplicate Values at 0, | Mean Measured| Percent ofConcanirtion my.| 55. 4nd 96s, Rspecel, | Conan, | No
L mg/L mg/L[egine Gonil |———All=106og =[ 36 3.16,3.53,3.08,322,346 313] 33 | 92ss— 599.047.088.933, 070-052] 0 53 152 315056 18 Tos] 06—= 205.285.270.078. 268.266] Tos
Bilgical observations after 96-hour: Fish in the egaive contol and the 33 mol. exposeconcenirion appeared normal Som alofhe rin Fah wer swervedhe So ay16m 5. mu expose, 1010 m0.5 mel, 44 17my ot esvs
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Cumulativepercent moratity:
[Vian Weird Test | haus Thos| ShonConcenion
RT IEE} 0 foi To | Ios 0ToTo Tw17 I

{ = CoToTw [iw
Lowest concenteation causing 100% mortality: 28 mgMortalityofcontrols: None
coxcLusions

The possum perforoocianesfonte 96-hour LC for fathead minnow was determined be 9.5 mglLwith 3 95% confidence interval of 8.011 mel. The 96-hour na morality and no oss oncentutonws33mgL

Subir: 3M Company, Environmental Laboratory P.O. Box 33331 St. Pau,MN 35133, USA
DATA QUALITYA

Reliability: Kiimisch ranking -
REFERENCES eeeeee
Thi study was conducted at Wilde eration Li. Easton, MD at he requestof the 3M Company.
onir ee
Last changed: $300

0
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Robust Study Report Reference No. 2 = 96lor Tost Test with the Freshwater Algaelenaeopricomuton)
TEST SUBSTANCE
Went: Possum peruoroocancsufoates mayals be referedaPEOS x F951Octneslinicacid, 12233445560738.8hepa,poril, CASrosan
Remarks: The ts subsancis whitpowcr Samplewas ake fom 3M ot pur 217. Sampleas Stored under ambien conditionspro0tein. Party detemined 0 be 30495 Cte. vin"*F-NMRand elementalanalyses techniques.

METHODSACO.rn A
Method: OECD 201, OPPTS 850.340, ASTM 1218.90Too Sie see
GL Ves
Year completed: Stuy completed 199, Report completed 2000Species Selnasr capricornSturce: Originally fom Th Culture Colton of Alga tthe UnivesityofTexas a Aus, mainedincurs mdm a Wid tmaonl 1d, Eaton MD. SAnaval monitoring: PFOS messed a 0. 7296hElement basi: Reported ways: mbof cells, rc under hs growth curv and growth teExposure periods poorStree 1959En des 416%Anayical monitoring: Test conceraions measured a 0,72 snd96 hours.TSC organisms boratory culture: Algae curshadbeen actively growin i fester sa ulureId for a east two wecks pro 0 16 inion. Stock mies Soins were perc wingSagetadechemi reves omapTwllwr,Fok Conditions:Test temperature range: 23.6. 25.5°C
Growth medium: ASTM Suandard Gide 215.505, 1990

Compoundgeleiho| et] fiCacao En mi]50; 01556 ——Sacha] ate | pi]Inc, 3 [—Fcieio BIg—erTr) Tax aNaMoOIG 726 orCuCiito aoiz feNaEDTAMGToe[pr]Nao, men~ pose hm]{ Kiro, Loi NOT
us
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CyTT
Dilution water source: Wildlife Intemational Ld. well water purified by reverse osmosis. The testmedium was prepared by adding the appropriate volumes ofstock nutrient solutionst purified well waterThe pH ofthe medium was adjusted 0 7520.1 using 10% HCT and the medium was serlized by tation©.223m) prior to use.
Stock and fest solution preparation: A. primary stock solution was prepared in algal medium at aconcentration of 183 mg/L. The primary stock solution was stirred with a magnetic sir plate. forapproximately 24 hours. After mixing the primary stock solution was proportionally diluted with algalmedium (0 prepare the five additional test concentrations. All final test Solutions sppeared clea ondcolorless.
Exposurevessels: Sterile 250 mL polycarbonate Erlenmeyer flasks lugged with foam stoppers containing100 mloftet solution.
Agitation: Shaken continuously at 100 rpm
Numberof replicates:three
Initial algal cell loading: 1.0 X 10° cellsmL
‘Numberofconcentrations: ix plusa negative control plus an abiotic control at the highest concentrationested
Water chemistry:

PH range (0-96 hours)
7.5-8.1 (control exposure)74-75(179 mg/Lexposure)

Test temperature range (0-96 hours)
236-258°C

Light levels (0- 96 hours)
3870 - 4610 lux from continuous cool-white fluorescent lighting‘Methodof calculating mean measured concentrations: arithmetic mean

RESULTS eee
Nominal concentrations:Negativecontrol, 5.7, 11, 23, 46, 91,153 mg/L plus 13 mg/L abiotic controlMeasured concentrations: <LOQ, 5.5, 11, 21,44, 86, 179, 169 mg.Element value: 95% confidence interval is given in brackets)hour EC (cel density)= 163 (74-191) mg/L2hour EBC (ara under curve)= 122 (19-176) mg/L.24-hour EC. (growth rate) = 136 (30 204) mg/L.48-hour EC (cell density) = $1 (72 - 90) mL48ehour EBC, (area under curve) = 4 (67 - 146) mg/L48ehour ErCay (growth ate) = 142 (107 - 185) mg/L72-hourtCy cell density)=37 (<0 -64) mg/L72-hourEbCo area under curve)= 46 (<0 - 36) mg/L72-hour Ey (growth ate) = 53 (23 -64) mL.
72-hourtiCap (cell density) = 70 (44 - 78) mg/L72-hourEbCin (area under curve) =74 (55 - £2)mg/L72-hourExCg (growth rate)=120 (103- 132) mL.T2houtFCyp (cel density)= 153 (130 - 165) mg/L72-hourEbCo (area undercurve) = 165(145- 176) mL.72-hour ECan (growth ate) = 179 mL (C1. not calculable)96hourECig (cel density) = 49 (43 - 0) my/L96-HourEBC, area under curve) = 49 40- 30) mg/L.96-hour Co (growth rate)= 59(54- 63) mg/L

9%
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96-hourECag (cel density)= 71 (66- 73) mg/L96-HourEBC (area under curve) = 71 (67- 74) mg/L.96-hour ErCa (growth rate) = 126 (115. 138) mg/L96-hour EC (cel density) = 137(105 - 153) mL96-hour EDC (area unde curve)= 145 (125- 155) mg/L96-hour ErCop (growth rate)= >179 mg. (C.. not calculable)72-hour NOEC (growth at, cell density, area under the curve)=4mg/L96-hour NOEC (growth rte, cel density, area under the curve)=44mg/L
Al element valuesbasedon mean measured concentrations
Statistical methods: Cell denstics, arca under the growth curve values, growth rates and percentinhibition values were calculated using “The SAS System for Windows", Release 6.12, Thesevalues werethen analyzed by linear interpolation using TOXSTAT Version 3.5 to cstimate the EC, EC, and ECsvalues and 95% confidence limits at 72 and 96 hours. Cel densities, areas under the growth curve and‘growth rates at 72 and 96 hours were also evaluated fo normality and homogeneityofvariances using the‘Shapiro-Wiks’ fest and Bartlett test, respectively. The treaument groups were then compared 10 thecontrol using Dunnett test. Resultsofthe statisticalanalyses wereused todetermine the NOEC values
Analytical Methodology: Analyses of test solutions were performed at Wildife Intemational Lid. usingHigh. performance liquid chromatography with mass spectrometric detection (HPLOMS). Whendetemining the concentration ofthe test substance in the test solutions, th same and most prominent peakresponse for perfluoroocianesulfonate was used. No atempt was made to quantify on the basis ofindividual isomeric components. The LOQ (limit ofquantitation) was 0.115 my/L. in this std. The meanpercent recovery of matrix fortifications analyzed concurrently during sample analysis was 99.1 Samplescollected at test initiation had measured values fiom 82.0 to 98.1%of nominal. Measured values for‘samples taken at 72 hours ranged from 91.7 to 105%ofnominal. Measured values for samples takenat96hours ranged from 90.3 0 102% of nominal. Fo the abiotic controls, measured values for samples takenat72-hours ranged from 81.9 to. 105%of nominal and for samples taken at 96-hours, 90.3 to 103% ofnominal
Summary of analytical chemistry data:

Nominal test | Measured values at| Mean measured | Percent nominalconcentration, mg| 0,72, and 96-hours| concentration, mg| respectively, m;
Negative control All <LOQ <L0Q P=

57 TT amemssw [55s 15 |TT 107,112, 12.1 i}
23 198.231,207 20
6 07,419,463
or $53,560,883
i83 179 9853 Gabiotie) | Not analyzed, 150, 169 92een Iss

Control response: sasfuctory
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Biological observationsafter 96-hour:
Mean | Mean number Percent Percent. Percentmeasured | ofcelisper mi | Inhibionvia| Tnkibiion via| Inbibiienviconceniraton, Density | Area Underthe| Groth Ratemy ‘CameNegative conor| Z000 |_|teEE EYSC|Taso T5531a EC ENNNi soon [pss a06 esr |rTmTpTT ses ® o %

Observations: Afer 96 hours of exposure thre werno signs ofaggregation, oceulaton of adherenceofthe algae 10 the flasks in th negative conivl or any 1 eam: roup 1 addition, ture wernoticeable changes in ce! coor or morphology when Compared 6 the agave con, Shouts fonells appeared cnlrged in the 86 and179mal. resent arp.
Reversibility of Growth Inhibition: The 179 mg/L eatment group was masimaly inibitd afer 96.Hours. Aliquotof the st solution wer ited with gal medi andcuredforTe dye,Basedcnrow observed inthe recovery phase, theectomalga growth wasfoundbeslot
concuusions
The potassium pecluoroocincsforate 96-hour ECs and 95% confidence imenal fo Seleastrncapficorminmvas determined win tice calculation methods By << dem was 1 (6 13myar unde he growth cue i was 71 (6774) mg and by growth rte 136 (115 138) me. Theo:our NOEC was determined by Dunnett procedure (p< 0.09 tobe 44 mg/L. win si et ethos xoSinsofagregation, ocean,oradhrencwes noted nanohe et Solonthe comror Thfet substance was determine 0b algae.
Submitter 3M Company, Environmental Laboratory,P.O. Box 33331, St. Pau, Minesot, $5133, USA
DATA QUALITY
Reliability: Klmisch ranking
REFERENCESreeLl LL
This study was conducted at Wilde Inernronal Li, Eaton, MID at he request ofthe 3M Company
omerQe eet LW]
Last changeds553.00
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Robust Study Report Reference No. 3 - 48-Hour Static Acute Toxicity Test with the Cladoceran(Daphnia magna)
TEST SUBSTANCE
Identity: Potassium perfluorooctancsulfonate; may also be referred to as PFOS or FC95. (1.Octanesulfonic acid, 1.1.2,2.33.4:4.5,5,66.17.8,3 8-heptadecalluoro-, potassium salt, CAS # 2795.39.3)
Remarks: The fst substance sa white powder. Samplewas taken from 3M lot number217. Sample wasstored under ambient conditions prior to testing. Purity determined tobe 90.49% by LCAMS, HMR, VF.NMR and clemental analyses techniques.
METHODMeROB
Method: OECD 202 and OPPTS 850.1010Test ype: Static acute
GLP: Ves
‘ear completed: Study completed 1999. Report completed 2000Species: Daphnia magna
Analytical monitoring: PFOS measured st 0, 24, 48-hoursStatistical methods: EC, values calculated, when possible, by probit anslyss, moving average method orbinomial probability with nonlinear interpolation using the computer softwareof CE. StephanTest daphnid source: Obtained from cultures maintained by Wildlife Intemational Lid. Easton, MD.Identification of the original brood stock was verified by the Academy ofNatural Siences, Philadelphia,PA. USA
“Test daphnid age at study initiation: <24-hours
Test conditions

Dilution water: 0.45 um fered well water
Dilution water chemistry (during the 4-week period immediately preceding the tes):Hardness: 132(126-136)mg/LasCaCO,

Alkalinity: 175 (176-178)mg/LasCaCO,
pH: 83823)
Toc: 10mg
Conductivity: 313 310-315) ymhosiem
Cagratio: 35/135
NaK ratio: 2136.62

Lighting: Colortone® 50 fluorescent lights, intensity approximately 359 lux. Photoperiod of 16.Hours ight, hours dark with a 30-minute transition period.Stock and tes solutions preparation: A primary stock solution was prepared in dilution water at91 mglL. It was mixed for ~19.5 hours prior to use. After mixing, the primary stock wisproportionally diluted with dilution water to prepare the four additonal test concentations. Alltest solutions appeared clear and colorless.
Exposure vessel: 250 mL plastic beakers containing 240 mL ofest solution. The approximatedepthoftest solution was 6.4 cn.
Numberofreplicates: two.
Numberof daphnids per replicate: ten
Numberofconcentrations: five plusa negative control‘Water chemistry during the study:

Dissolved oxygen range (0 48 hours)
86-89 mp/L. (control exposure)
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86-9. mpl 91me exposure)pHrange (0-48 hours)82-85 (con exposure)5556 01 my exposure)Test temperaturerange(045hou)19.5°202°C (contol exposure)193 201°C 51mpl exposure)Element bass: mortality and immabiizaionMethod of cleulting mean measured concentrations: arithmetic mean
RESULTS Ll
Nominal concentrations: Negative contol, 12,20, 3, 55,91 mg/L.Measured concentrations. <L00, 11, 20.3.5, 91 mg.Element value 05% confidence rv hen in brackets)24-hour EC = 52 (31-83)mpl2achouEC=91 mpl. (C1. rot clea)24-hourEC =291 mel (C1 not callable)hour ECL = 53 (<11-01) mp.

8hourEC =61 (3.91) ml.48-hour EC =63 (11591)mgr.All clement values based on mean messed concentrations
Statistica evaluation: The EC values and 95% confidence intervals were calulted when possible byprobit analysis the moving aerage method o binomial probably with no-incer erpolation sin thecompute sofia of CE. Sephan The EC. and EC values wee calculated when posi sung theBruceVert method because thre were ss than wy Coneenuatons wih pana monaimmobility.
Analytical methodology: Analyses of st solutions were performed at Willie Intentions Li. usingigh. pecformance liquid chromatography with mass spectrometric deeton’ (PLAS) iesdetermining he concentration ofthes substance nthe st soltons, the same snd hot promuent pckvesponse for perfluoroocaneslfonate as used. No Sept vas made 10 unity on he kh ofindividual isomeric components. The LOG (mitofquantitation) was 4.58m/l. this sds. The enpercent recovery of matin forfiations analyzed concurrently ring sample rls was 96.2 Somesollctd a test nation had measured vahes from. 55.51 112% of nominal. Mesmred sales fogSamples taken st 24 hours ranged from 92.2 to 115% of nominal. Measured values for samples uk a 36foursranged fom91.6 t 106%ofnomial.
Summaryof analytical chemistry data:
[Nominal Test | essed dupicaed vasa | Vea|PewearoF| Concencaion mel. | 0,24,and46-hour respectively,| Measured| Nominal| | mel Concentrationi iNegaive Contal A100 tog |]LOSE SDA 1—= 172,181, 28.216.214,185 0 joo]302541.340,36.1313.340 | 35[100]TE S05.495,570.630.565.56.4 | 56 02
[ 91 $7.6,102,90.1, 84.4. 887, 92.4. 9 [0

Biological observations ater48hours: Daphnis in the negative contol, the 11 and the 20 mglL
0
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treatments appeared healthy and norma throughout the est with no morality, immobility or overt clinicalsigns of toxicity. Five percent mortality was observed at 48-hours in the negative control, The effecesnoted in this study were mortality; no immobilization was noted at any test concentration.
Cumulative percent mortality:

[MeanMeasured TestConcentrationmg/L]24-Hours|48-hours|Negative Control lo 51]
1 [ooT"0 |LITT 0 0
3 0 0

—— 36 loT7351r 91 [35100]

Control response: satisfactory
CONCLUSIONSEOeeeeet LH
“The potassium perfluorooctanesufonate 48-hour EC for Daphnia magna was detenmined to be 61 mg/Lwith a 95% confidence interval of 33-91 mg/L. The 48-hour no immobilization and no observed effectconcentration was 33 mg.
‘Submitter: 3M Company. Environmental Laboratory P.O. Box 33331 St. Paul, MN $5133, USA
DATA QUALITYDemago@—«——————————
Reliability: Klimisch ranking |
REFERENCESBE ee
“This study was conducted at Wildife Internationa, Lu. Easton, MD at therequestofthe 3M Company.
OTHERerectile
Last changed: 51300
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Robust Study Report Reference No. 4 - 96-Hour Shell Deposition Test with the Eastern Oyster(Crassostrea virginica)
TEST SUBSTANCE

Identity: Potassium pertiuorooctanesulfonate; may also be refered to as POS or FC95, (I-Octanesulfonic acid 1.1.2,2.33,4.4.5.5.66.17.8:88- eptadecalluoro-, potassium salt, CAS # 2795.39.3)
Remarks; The test substance is a white powder. Samplewastaken from 3M lot number 217, Sample wasstored under ambient conditions prior to testing. Purity determined tbe 90.49% by LOS, HIME, VF.NMR and elemental analyses techniques.
METHODteeter
Method: OPTS 850.1025
Type: Sutic acute
GLP: Ves
Year completed: Study completed 1999. Report completed 2000Species: Crassostrea virginica
Supplier: P. Cummins Oyster Company, Inc. Balimore, MD, USAShell grinding: Prior to tet initiation, recently deposited shel at the rounded (ventral) end was removedusing a small electric grinder. Care was taken to remove the shel rim uniformly to produce a smooth,sounded, blunt profile.
Analytical monitoring: PFOS measured at 048,96-hoursExposure period: 96-hours
Statistical methods: Shell growth inhibition was calculated for each treatment group as the percentreduction in shell growth relative to mean shell growth in the negative control. The Cis value wasestimated by visual inspection of shel growth inhibition data. The shell growth data was evaluated fornormality and homogeneity of variances using the Chi-Square test and Bartlet tes, respectively.‘Dunes est was used to identify treatment groups that had a statistically significant (<0.09) reduction inshell growth as compared tothe conirol,
“Test oyster age: unknown
Length:33.8(27.8415) mm,
Pretreatment: None

“Test conditions:
Dilution water: Natural seawaterdilutedto 3 salinity of20% with well waterDillion water chemistry (during the &-week period immediately preceding the tes):salinity: 21 20-210

pH: 813082)
Toc: <1omgL

Stock and test solution preparation: Primary stock prepared in dilution water at 9.Img/L. andmixed for ~24 hours prioro use. After mixing, primary stock solution appearedclear and colorlesswith some white particulate material suspended throughout the solution. It was proportionallydiluted with dilution wate 10 prepare the four additonal test concentrations. All est solutionsappeared clear and colorless. Due fo the relatively low solubilityofPFOS in natural seawater, thehighest concentration atainable with this mate i approximately 3.3me/L.‘Concentrations dosing rate: Once
Exposure vessels: S21 polyethylene aquaria containing approximately 40Lof test solution; waterdepth approximately 21 cm. Each chamber was continuously stirred to circulate the Supplemental

02
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alae dius an licude mir,Feding: Algal cele Thalassia sedonana Stletorena. Chaciceas sp. andbch1) TE proved 1) upper srl ocuming a1 nd fo viveirosdung,Numberof replicates: neNumber ofoyters per replicate: veryNumberofconcentration: fc pis gis conrolWater chmiry during sh say:Disolvd oxygen range 9 hour:G6 Tm.(nol xpos)61-77 0met por)DH rang 0.9 hoe.65.1 con exposure)76781 Com xponre)est temperature range (0-5 our

22.2-22.3°C (control exposure)
21.8-22.7°C (3.0 mg/L exposure)Methodofcalculating mean messed consemtemtons: metic mes

resus
Nominal concentrations: Negative coniol, 12,20, 33,55,. mg.Nieasired concentrations <L00. 036040, 1115.0 me.Element valu: (550 conden teri ghen in bracesSheu ECa = 30 mg(C1 nok clus960i NOKC - 19 mg.Alone values based on ean messed concerns
Statistical xauation of shel growth:EC ales cold not be sled due 10 sles shel ron iii a1 the ighes tseconemanon
attic Methodology: Ansys of st solaons were perfor a Wide eran Li. wingigh performance Tid chromatography with mass pcm detection (HPLC). Wheydetcinin he concenraion ofthe 6 Subace in he ct solution, se sane snd st promi pakresponse fo pelsonoocneulione was ed. No stew was ae fo Qn On te ph oFindiidal someric components. The LOG (mit of quan wes 0115 mg. kis vad Sorincolli a st niin ad mead values fom 35 144% of saminl Mest aoe or somolfaker at 4hours and Fm 1510-41 5 of nora. Msased vio fo sic ben monsTange om £00 105254 of ori
Summary ofante chemisey dat:

Nomar Test | Messed plows| New esrsd | FesenorNomConcentcation, melt | Values 10,38 and | Concentration. mg? |Shou,Repeal mger EC — -2 035,035. 0537| 0340.295100 410%
TT 20 0/622, 0.633. 0.299, 0.40 20

n
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ed EE33 136,115,0924, 3»0878, 1.58, 1.72
55 242,253,202, 5224,145,097
oT 339,348301°, 30 3374,357, 199.219

3 repicates analyzed at time 0
Biological observations after 96-hours: Oysters in the negative control and all PFOS treatment groupsappeared normal and healthy throughout the exposure period:
Shell deposition and shel growth Inhibition at test terminations

Mean Measured Shel Deposition Mean+ SD| Percent inhibition in ShellConcentration, mg/l. mn GrowthNegative Control 267-05 -
036 2.500933 T/T
ea drosTy 25150919
19 2.13 30.804. ELTT3% 19120591 2 1

Mortalityofcontrols: None
CONCLUSIONS reece ess erese ete sm———
“The potassium perflurooctancsulfonate 96-hour EC.q for the Easter Oyster was determined to be > 3.0mg/L. the highest concentration tested and the practical limit of soubilty in unfiltered seawater. The 96.hour ho effect concentration was 1.9 mg/L.
Submitter: 3M Company, Environmental Laboratory, P.O. Box 33331, St. Paul, Minnesota, 55133, USA
DATA QUALITY.DmpCOMNY
Reliability: Klimisch ranking= |
REFERENCES

“Thisstudywasconducted at Wildife Intemational Ld, Easton, MD at the request ofthe 3M Company.
oTHER eeeel
Last changed: 5/3100
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Robust Study Report Reference No. § - 96-Hour Static Acute Toxicity Test with the FreshwaterMussel (Unio complamats)
TEST SUBSTANCE

Mdentity: Potassium perfluorooctancsulfonate; may also be referred to as PFOS or FC95. (1-Octanesulfonic acid, 1,1.2,2.3.3.4.4.5.5.66,17.8,8 -heptadecaluoro-, potassium salt, CAS # 2795.39-3)
Remarks: The test substanceis awhitepowder. Samplewas takenfrom 3Mlot number217.Samplewasstored under ambient conditions prior to testing. Purity determined tbe 90.49% by LOMS, THHMR. VFNMR and elemental analyses techniques.
METHODMOB».
Method: The study was conducted usinga protocol based on procedures outlined in U.S. EnvironmentalProtection Agency Series 850 — Ecological Effects Guidelines, OPPTS Number 850.1075 5 OECD 203Fish, dcute Tosiciy Test; and ASTM Standard £729.88, Standard Guide for Conducting Toxicis Testswith Fishes, Macroinvertebrates and Amphibians
Test type: Semi.static Renewal
GLP: Yes
Year completed: Study completed 1999. Report completed 2000Species: Unio conplamas
Analytical monitoring; Test substance concentrations measured by LCMS at 0, 48, 96-hoursStatistical methods: LCs values calculated, when possible, by probit analysis, moving auerage method orbinomial probability with non-linear interpolation using thecomputer softwareofC.F. Stephan,“Test organism source: Obiaincd from Carolina Biological Supply Company, Burlington, North Caroling,USA. Carolina collected from the wild,
“Test organismage a study initiation: UnknownTest Conditions

Dilution water: 0.45 um filtered well water
Dilution water chemistry (during the &-week period immediately preceding the est):Hardness: 126 (120-132)mg/L35 CaCO,Alkalinity: 174 (170-175)m/las CaCO,

pH: 333185)
Toc: <1omgL
Conductivity: 321 (310-330) hos/em
CaMg ratio: 3513.5
Na ratio: 2136.62

Lighting: Colortonct® 50 fluorescent lights, intensity approximately 369 ux. Photoperiod of 16-hours light, 8-hours dark with a 30-minute transition periodStock and test solutions preparation: A primary stock solution was prepared in dilution water at91 me/L. It was mixed for approximately24 hours prior to us. After mixing, he primary stockwas proportionally diluted with dilution water to prepare the four additional fest concentrationsAll est solutions appeared clear and colorless.Exposure vessels: 25 liter polyethylene aquaria containing approianatly 20 Loftest solution,“The approximate depthoftestsolutionwas 23.2 cm.Number of replicates: two.
Number of tes organisms per replicate: ten
Numberof concentrations: five plusanegative control‘Water chemistry during the study:

10s
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Dissolved oxygen range (0-96 hours):588.5mg/L (control exposur)
50-86 mg/L (19 mg/L exposure)PH range (0-96 hours:50-84 (contol exposure)
79-85 (79 mg/Lexposure)

“Test temperature range (0 96 hours):
214-21 §°C (contol exposure)
218 -23.7°C (79 mg/L exposure)Element Basis: Mortality. Mussels with open shell and no responding to gentle prodding wereconsidered dead. The number of individuals exhibiting clinical signs of toxicity or abo)behavior also were evaluated.

‘Methodof calculating mean measured concentrations: arithmetic mean
RESULTS

‘Nominal concentrations: <L0Q, 57, 11,23, 46,91 mg/LMeasured concentrations: <L0Q, 5.3, 12,20,41, 79 mLElement value: (95% confidence interval i given in brackets)96-hourLC= $9 my (51-68 mg/L)
Statistical evatuation: The LC values and 95% confidence intervals were calculated when possible byprobit analysis, the moving average method or binomial probability with non-iner interpolation win thecomputer software of CE. Stephan.

Analytical methodology: Analyses of test solutions were performed at Wildl Intemational Ld. usinghigh performance liquid chromatography with mass spectrometric detection (HPLOMS). Whendetermining the concentration ofthe est substance n the test solutions, the same and most prominent peakresponse for perfluorooctancsulfonate was used. No attempt was made 10 quantify on the basis ofindividual isomeric components. TheLOQ (mit of quantitation) was0.115 mg/L in this study. The meanpercent recovery of matrix fortifications analyzed concurrently during sample. analysis was 94.7%.‘Samples collected at test initiation had measured values from 73.7% to 96.0% of nominal. Measuredvalues for samples taken at 48 hours ranged from 81.2 t 98.9% ofnominal. Measured values for samplestaken at 96hours ranged from 88.5 0 130%of nominal.
Summary ofanalytical chemistry data:
[NominalTest | Measured duplicatedvalues 0, | Mean Measured | Percent of| Concentration , mg/L | 48, and 96-hours respectively,| Concentration, | Nominal| mg LNegative Control All<L0Q “Log -57 547.493, 518,570,330 536 53 %
" 1 109

23 190.168, 187,187,229.224 | 20 | 87
46 312,406,37.1,39.5, 482,405| "a1 | go |ot 690.747.813.776,882,857] 70 | wm]

Biological observations aftr 96-hous: Mussels in the negative contol the 53, 12 and the 20 mg/Ltreatments appeared healthy and normal throughout the test with no mortality or overt clinical signs oftonicity. Five percent mortality was observed at 96-hours inthe 41 mg/L treatment and 90% mortality wosobserved inthe 79 mg/L treatment. No abnormal behavior was noted in hese concentrations.
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Cumulative percent mortality:
[MeanMeasuredTest | 24 Flours[*m] 72 Hous[57Concentrationmg

— » ooTyr

7 30 Tw 50Tw

Control response: Satisfactory
CONCLUSIONS
“The potassium perfluorooctanesulfonate 96-hour LC forthe Freshwater Mussel, Unio complamatus wasdetermined to be 59 mg/L with a 95% confidence intervalof S1-68 mg/L. The 96-hour no mortalityconcentration was 20 mg/L.
‘Submitter: 3MCorporation, Environmental Laboratory P.O. Box 33331 St. Paul, MN 55133, USA
DATA QUALITY

Reliability: Klimisch ranking |.
REFERENCES

“This study was conducted at Wildife Internationa, Lu. Easton, MID at the request ofthe 3M Company.
oTHER
Last changed: 51300
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Robust Study Report Reference No. 6 - Activated Sludge, Respiration Inhibition Test
TEST SUBSTANCE _
Hdentity: Potassium perfluorooctanesulfonaie; may also be refered 10 as PFOS or FC95, (I.Octanesulfonic acid, 1.1.2.2.3.34.45.5,66.77.8,85- heptadecafluoro-, potassium salt CAS # 2795.39.3)
Remarks: The est substance is awhit powder. Sample was taken from 3M lotnumber217. Sample wassored under ambient conditions prio o testing. Purity determined 0 be 90.49% by LC/MS, ‘LIME.PF-NMR and elemental analyses techniques
METHOD. eeeee ee
Method: OECD 209
Test type: Static acute
GLP: Ves

Year Completed: Study completed 1999. Report completed 2000Analytical monitoring: Dissolved oxygen concentrations.Statistical methods: Probit analysis using the computer softwareofC.E. Scphan,Test organism source. Activated sludge collected from the Prospect Bay Wastewater Treatment Facil,Grasonville, Maryland, USA.
“Test conditions

Dilution water: NANOpuret:
Synthetic Sewage:

1liter municipal water
160. peptone
11.0.8 meat extract
30gurea
07gNaCl
04.2 CaCl 21,0
02.£ MgSO THO
28g KiHPO,

Reference and test solution preparation: A stock solution of the reference substance, 3.5dichlorophenal, was prepared by dissolving 500 mg in 10 mL of IN NaOH, diluted to 30 mL. withNANOpure® water, then broughtt thepontofincipient precipitation with | NH;S0,, and diluted10 1 L with NANOpured® water. The pH of the reference solution was measured to be 7.15PFOS was added directly to test vessels rather than volumetric addition of stock solution. Thismethod was deemed appropriatebasedon the observed solubility ofthe tet substance in waterTest vessels: Mixtures were prepared and aerated in 500 mL. Edenmeyer flasks and thentransfered into 300 mL Biochemical Oxygen Demand (BOD) botsNumberofconcentrations: 7 plus3 reference controls and2 Blank controlsTemperature: 19-21°C
“Total Suspended Solids and pH for sludge on day oftesting: 4350 mg/L and 7.87 respectively.Element Basis: Respiration inhibitiona determined by dissolved oxygen concentration.

Method Remarks: Stock solutionsof PROS that were prepared at nominal concentration ofapproimately500d 1 000mg/L in NANOPure® watcr contained test material that was not insolution afte 20-minutcsof sonication. Therefore, direct weight addition was employed to administer PFOS to the test system

108



ENVIMRDQO)I FINAL
Test mintures were prepared a 1S-minute teva and crated unl the contact tieof the et substanceith he SEA sludge was tre hours. Afr 3-hors af contact tne ARs gion wenyovera periodof up 0 10-minuis
RESULTSA
Nominal concentrations: Two bark conrol, thre reference substan contls, 090, 2, 90, 27, %,2717905 mel. test material solutions.
Statistical Analyses: EC values wer calculated or the reference material by probit ansiysis using thecomputer soarofCE. Stephan. An EC value coud orbe luted forhtspon
Anaitical Methodology: Avalysis ofDO conseriraions in al test soon were performed at Wildentrational Ld. using YS Model SOB Dissolved Onygen Meer. Dissolved apton satis won:recorded ery 10secondsfo 10 minutesounl he dissolved oxygen dropped belo 3m.

RespirationRates and een nibiions
Treatment Respiration fate Percent Takbiion| mg OL houra i wryControl SHITE SAAN NA[.5iclorophanal SgTT 2575 Schloophenol 15 mg is oF[75Sichorophenci 50 si 4Test tance 090 mpl fm So 1[Test substance 27 mgt Ei) MRK Se[Test substance 9.0 35 —i—Test substance 27 mg 79Test substance 90 mg 27

Test substance 271 mg MYSRESNE TRAY(est ubsancesome 1 347 3g
Control response saisfciry
coxcuusions
“The te sbstance cXhbied 3 maximum ory Cet of T8% upon respon a 3 pomsubstance concentation of 905 gL. The EC (rspration ibn is heirs. Exc tan snSolubilityofth est substance
Submitter: 3M Company, Environmental Laboratory, P.O. Box 33331, St. Paul, Minnesota, 55133, USA
DATA QUALITYary
Reliability: Kimisch ranking|
REFERENCES
This study was conducted t Wide Intrnrionl, Ld. Eaton, MDa the request ofthe 3M Company.
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oTHER nee mereeratorHe.
Last changed: 5/3100
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Robust Study Report Reference No.7- 96-Hour Static Acute Toxicity Test with the Saltwater Mysid(Msidopsis bahia)
TEST SUBSTANCETe eee
Wentity: Potassium perfluorooctanesulfonate; may also be referred to as PFOS or FC95. (1-Octancsulfonic acid, 11,2,2.3.3.4:4.5.5.66.1.7.8,8 8-heptadecafluoro-, potassium salt, CAS #2795-39.3)
Remarks; The test substance is a white powder. Sample was taken from 3M lot umber 217. Sample wasstored under ambient conditions prior to esting. Purity determined to be 90.49% by LC/MS, IHHMR19F-NMR and elemental analyses techniques.
METHOD ee eeell el
Method: OPPTS 850.1035
Type: Suticacute
GLP: Yes
‘ear completed: Study completed 199. Report completed 2000Species: Mysidopsis bahia
‘Supplier: In-house cultures, Wikdie Intemational, Lid, Easton, MD, USAAnalytical monitoring: PFOS measuredat0, 45, 96-hoursExposure period: 96-hours
Statistical methods: LCs values calculated, when possible, by probit analysis, moving average method orbinomial probability with nonlinear interpolation using the computer software of .E. Stephan“Testfish age: = 24-hoursold
Pretreatment: None
“Test Conditions:

Dilution water: Naturalseawaterdiluted to 20% with well water, 0.45pm filer.Dilution water chemistry (during the 4-week period immediately preceding the te):Salinity: 20 2020) %
pH: 828182)
Toc: <10mgL

Stock and test solution preparation: Primary stock prepared at 8.2 mg/L and mixed for ~22Hoursprior (0 use. Afler mixing, primary stock solution was proportionally diluted with dilutionwater 0 prepare the four additional test concentrations. All test Solutions appeared clear andcolorless.
Concentrations dosing rate: Once.
Stability ofthe test chemical solutions: Extremely sableExposure vessels: 2L polyethylene aquaria containing approximately 1000mL of test solution;water depth approximately 6.6 cm.
Numberofreplicates: two
Numberof mysids per replicate: ten
Numberof concentrations: ive plusa negative controlFeeding: Live brine shrimp nauplii dailyWaterchemistryduringth study:

Dissolved oxygenrange (0 96 hours)68-74 mg/L (control exposure)
65-73mpl (5.4 mel exposure)PHrange (0-96 hours):
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81-82 (contol exposure)51252 (54mpl exposure)“Test emperature range (1 9 hour:242 254°C (control exposure)
23.8 -24.5°C (5.4mg/L exposure)Methodofcalculating mean measured concentration: aitmetic mean

RESULTS eeyg
Nominal concentrations: Negative contl 1.1, 18, 3.0, 49,5.2 mpl.Measured concentrations: <L00,0.57, 11, 19,50, $4 mpl.Element value (95% confidence tral giver in backers24-hour LCs => 4 mpl. (C1 not exulble)hour LC. =~ 5.4mL C1. not calculableT2hourLC = 44 (3.662)mel.Shou LC=36 (304.0) mpl.Al clement alues based on mean measured concentations
Statistical evaluation of mortality: LC. values coud not be called for 24 and 45-hours of exposurede 10 the ack on an adequate concenruion-esponse patter. Th probit method wos send a pnmorality at 72 and 96 hours.
Analytical methodology: Anse of tes solaons wer performed st Widife nematonl Li. usingHigh performance liquid. chromatography with mass. pectiometn detection’ (HPLOMS). Wheedetermining the concentstion of the test substance in the est soon, the same an most prominent pakresponse for perfloncocane sulfonate was used. No ate was made 10 Quins on he pach ofindividual isomeric components. The LOQ (iitofquantarion) was 0-15 m/l. nhs say, The enpercent recovery of mati fortifications analyzed concurrently durin sample alysis was 974. Sumscolected at test ntation hd measured values from $2.4 10 70. of nominal Mesewed vane trsamples taken at 48 hours ranged fom 43.510 71.0% of nominal. Mcasrcd alosfo samples oes 0Hours rangedfom35.5 0 71.1% of nominal
Summaryof analytical chemistry data:
[|Nominal Test Measuredduplicatevasat,48, and Vicar Missured Perens ofNowa]Concentration, gL| 96-hours respectively, mpL | Concentration

mLNegaive Contal A100 oeEE rr ossTo reabietwions|La][30 192,196 192,191, L191 | 15 |v]I 19 ol—i SSSASessass |se]
Biological observations after 96-hours: Mysid in th negative control, and the0.57 and 1.1 mg/L (meanmeasured concentrations) amen groups appeared normal and healthy during he tet
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Cumulative percent mortality:
[Mean Measurd Test |2hours [own wa SetoConcentration, mg/L
| NegativeConwol |0|0 © 0

057 Tv me
LL 7Te erLC 19 Tra[ 30 ANESNI SO” |
54 [osTsTe1 95]

Mortalityofcontrols: None
CONCLUSIONS
“The potassium perfluorooctanesulfonate 96-hour LC for saltwater mysids was determined to be 3.6 mg/Lwith 95% confidence intervalof 3.0 4.6 mg/L. The 96-hour no mortality and NOEC concentration wasLim,
‘Submitter: 3M Company, Environmental Laboratory P.0, Box 33331 St. Paul, MN 55133, USA
DATA QUALITYOY ee el
Reliability: Klimisch ranking= |
REFERENCESMeeRONCES
“This study was conducted at Wildie Intemational Li., Easton, MD at the request of the 3M Company.
oTHERoR
Last changed: 5/300
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Robust Study Report Reference No. 8 - Early Life-Stage Toxicity Test with the Fathead Minnow(Pimephales promelas)

TEST SUBSTANCEeT SUBSTANCE
Identity: Potassium perfliorooctancsulfonate; may also be refered to as PROS or FC95, (1-Octanesulfonic acid, 1,1.22.3.34.4.5,5.6.6.77.8,8 8heptadecafluoro, potassium salt,CAS#2795.39.3)
Remarks; The test substanceis whitepowder. Sample was taken from 3M lot number 217,Sample wasstored underambient conditions prior to testing. Purity determinedtobe 90.49% by LOS, TLHMR, “F-NMR and elemental analyses techniques
METHODwe, —
Method: OECD 210, OPPTS 850.1400Type: Flow-throughchronic
GLP: Yes
Year completed: Study completed 1999. Report completed 2000Species: Pimephales promelas
Supplier: In-house cultures, Wildiie Intemational, Lid., Easton, MD, USAAnalytical monitoring: PFOS measured on days 0, 4,7, 14, 21, 2, 35,42, and 47Exposure period: 47days
Statistical methods: Discrete-variable data were analyzed using 2 x 2 contingency tables to identifytreatment groups that showeda satisticaly significant difference (0.03) from the negative control groupAll continuous-variabe data were evaluated for normality using Shapiro-Wilk's test and for homogeneityof variance using Bartlets tes. Analysisof variance and Dunnett's testwereused to evaluate differencesbetween treatment and control means.
“Test fish age: eggs < 24-hours old at test ntiationPretreatment: None
Test Conditions

Dilution water: 0.45 im filtered well waterDilution water chemistry (during the 4-week period immediately preceding the test):Hardness: 126 (124-128)mg/Las CaCO;Alkalinity: 172(170-172)mg/L asCaCO,ph 82 (8243)
Toc: <LomgL
Conductivity: 321 (315-330) pbosiemStock and test solution preparation: Primary stock prepared in dilution water at 85.4 mg/L andmixed until al test substance dissolved prior to use. Afler mixing, the primary stock solution wasproportionally diluted with dilution water to prepare five additional stock. solutions. a1concentrationsof44.2, 22.1, 11.0, 5.52, and 2.76 mg/L. Stock solutionswereprepared every threeto four days during the test. The six stocks were injected nto the diluter mixing chambers (at 3ateof6.0 mL/minute) where they were mixed with dilution water (ata ate of 116 mbminute) toachieve the desired est concentrations,

Flow through rate: Approximately six volume additions oftet water every 24-hoursStability ofthe tet chemical solutions: Extremely sibleExposure vessels: L glass aquaria filed with approsimtely 7 Loftest solution with a depth ofapproximately 17 cm. Embryo incubation cups were constructed from glass cylindersapproximately 50 mm in diameter with 425 wm nylon screen mesh attached to the bottom with

na
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silicone sealant. The cups wee suspended in the water column of cach SL ghss aquarium andatached 0rockerarm withareciprocating mation ofapproximately2 pnNumberofreplicates: four
Numberoffish per replicate: twentyNumberofconcentrations: six plus negative controlFeeding: Live brine shrimp naupli. Fed 3 times per day during the first 7 days posthatch, Ondays § through40 post-hatch, fed 3 times daily onweekdaysand 2times dailyonweekends. Notfed fora leas 48 hours prior to the terminationof tet to allow for gut clearance prior 10 weightmeasurements.Water chemistry during the study:

Dissolved oxygen range (0 47 days):7.68.2 mg/L (control exposure)7.682mg/l (1.2 mg/L exposure)PH range (0 47 days):
80-84 (control exposure)
80-84 (12 mg/L exposure)Test temperature range (0 - 47 days):
24.4-24.7°C (control exposure)243-247°C (12 mL exposure)‘Methodof calculating mean measuredconcentrations: arithmetic mean

RESULTS ;
Nominal concentrations: Negative control,0.13,029,0.57, 1.1, 23, 4.6 mg/LMeasured concentrations: <LOQ,0.15,0.30, 060, 1.2, 24,4.6 mg/LElement value: 5-day hatchability NOEC = 4.6 mglL42-day postehatch survival NOEC=0.30mg/L42-day post-hatch growth NOEC=0.30 mg/L42-day post-hatch survival LOEC = 0.60 mg/LAlclement values based on mean measured concentrations
Statistical evaluation of mortality: The statistical difference for growth at concentrations equal to andHigher than 0.60 mg/L was not evaluated due toa significant effect on survival. No satiscaly significantdifference between the negative control and the highest concentrationtestedwasseo for hatchability.
Anaiytical methodology: Analyses of tet solutions were performed at Wildlife Intemational Lid. usinghigh performance liquid. chromatography with mass spectrometric detection (HPLOAMS). Whendetermining the concentration ofthe test substan inth est solutions, th same and most prominent peskresponse for perfluorooctane sulfonate was used. No attempt was made to quantify on the bask ofindividual isomeric components. “The LOQ (limit of quantitation) was 0.0438 mg/L in this study. Themean percent recovery of matrix fortifications analyzed concurrently during sample analysis was 102Samples collected at pretest ranged from 91.4 to 105% of nominal. Samples at test nition hadmeasured values from 95.5 to 114% of nominal. Measured values for samples taken at test terminationranged from 95.20 111% of nominal,

ns
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‘Summaryofanalytical chemistry data:
[Nominal Test Measured duplicate values at0,4, Mean Measured Percent| Concentration, 7,14,21,26,35,42, and 47 Days Concentration,| of| my respectively, mg/L mg [NominalNegative Connell __Ali<ioq [oTO14 (147,0.160, 0.141, 0.140, 0.15%, 0.13, 0.13,1135, 0.153,0.143, 0.160, 0.158,0.179,0.173,0.157.0.160,0.147,0.155
[OB 0287,0277.0270,0.289.0252,0396, 0365, 1030.266.0307,0315,0.343, 0341, 0311.0.325.| 0319.0313,029.0276
[037 ps71,0576,0,619,0.659,0597,0,683,053,| 0.535.0.608, 0.580,0.639, 0.617, 0.646, 0.644,0.575. 0576, 0.345, 0.543[I Ua L120, 125,113, 125, 105, 110, 19, izLnDees||II P21,227,252,246,245,238, fish all deadat Er [™]Day?
= [0 56,440,479,4.79,4.46,4.76, sh lldeadat ww|Day 7

Biological Observations
Hatching success and time to hatch All viable fathead minnow embryos hatchedon Day4or 5.There were no apparent differences between the time to hatch n th negative control and the PFOS.treatmentgroups.
‘Survival: Al ish surviving to est termination appeared normal with no overt signs of sublethaltoxicity. Fish which did not survive generally appeared to be swimming erratically prio to death‘Growth: Fish exposed to PFOS at concentrationsof 0.15or0.30 mL for 43 days posthatchshowed no satisically significant reduction in total length, wet weight or dry. weight in‘comparison to the negative control.

Hatchability
|MeanMessurd Numberof Number| Suber| Number| Torl| Percent| Concentration | Eggs | Hatched,| Hatched, | Hatched,| Number| Hatching|__ mgt | Exposed | Day3| Duyd| Days | Hatched| Success[Negative Comrol| 80 T=0 120|34| 7a| 03 |0.15 [80ToTis[581 7% 1 05 |IF 03 soToTha | 88T7100 |[os 50 [28TawT71 9s|12 80 [72 TwT74| 03 |

24 80T70 T0630175 | os
46 TsToT14Te[7| o
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Larval Survival
[NienMessed ~T Percent SarvaConcentration, mg Daya2

Negative Control [#8|
Toe

I 03 AE
06 =="I 12
24 I
46 30

Growth
Nean Measured | Numberof| Total Length| Wet Weight [Dry Weight Mean 7Concentration,mg/L| Surviving| Mean SD,|Mean + SD,|~ SD.mg.Larvae mm mg
Negative Control 265 +0721 158+910| 325+120 |0.15 [60 7266+0208| 160+3.10 | 33340900030 1674119 3424270

0.60 0
12 [8T267v202[185+338| 354+666 |I 24 A USE EAA ANE - ]

LL 3 Tm ir
CONCLUSIONSOO eee eee
Fathead minnows exposed to potassium perfluorooctanesulfonate at concentrations < 0.30 mg/L for 42days post-hatch showed no statisticallysignificant reductions in time to hatch, hatching success, survival or‘rowth. The most sensitve endpoint in thi study was post-hatch survival.
‘Submitter: 3M Company, EnvironmentalLaboratoryP.0, Box 33331 St. Paul, MN $5133, USA.
DATA QUALITYA eeeemerson
Reliability: Kiimisch ranking= 1
REFERENCESBePeRONCBS OOOOOO
“Thisstudywas conductedatWildife Intemational Li., Easton, MDat the request of the 3M Company.
oTHERoR
Last changed: 5/300
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Robust Study Report Reference No. 9 - Semi-Stat Life-Cycle Toxicity Test with the Cladoceran(Daphnia magna)
TEST SUBSTANCE

Identity: Potassium perfluorooctanesulfonate; may also be referred to as PFOS or FC95. (1.Octanesulfonic acid, 1,1.22.3.34.4.5,5,6.6.77,8,8 -heptadecafluoro-, potassium salt, CAS #2795.39.3)
Remarks: The tes substance is awhite powder. Sample was taken rom 3M lot number 217, Sample wasstored under ambient conditions prioo esting. Purity determined tobe 90.49% by LC/MS, 'HLHME, "F-NMR and elemental analyses techniques.
METHOD

Method; OPPTS §50.1300, OECD Guideline211, and ASTM StandardE 1193-87.
Type: Semi-Statc Life-Cycle Toxicity
GLP: Ves
‘Year completed: Study completed 1999. Report completed 2000
Species: Daphnia magna
Supplier: In-house cultures, Wildlife Intemational, Ltd, Easton, MD, USA
Analytical monitoring: PFOS measured on days 0.2, 11, 14, 18, and 21.Exposure period: 21 days
Statistical methods: Survival data was evaluated on fst-generation daphrid, the number of live youngand the lengih and dry weight of the surviving first-generation daphnids. Survival data were analyzedusing Fisher's exact test. Reproduction and growth (length and dry weight) data were evaluated for‘nommuity using Shapiro-Wilk’s test andfor homogeneity of variance using Bartlet’s test. Analyais ofvariance and Dumetts test was used to identify treatment groups that were statistically significant incomparison 10 the negative contol (p < 0.05). All statistical tests were performed using 4 personalcomputer with SPSSIPC Version 2.0 or “TOXSTAT Release 3.5" statistical software
Test organism age: < 24-hours old at tet initiation
Pretreatment: None.

Test Conditions
Dilution water: 045 pum filtered well water passed through a UV sterilizer to. remove.microorganisms and fine particles
Dilution water chemistry (during the &-week period immediately preceding the test):Hardness: 124 (120-128)mg/Las CaCO,Alkalinity: 169 (164-172)mg/LasCaCO,

pH: 828083)
Toc: <10mgL
Conductivity: 329 (315-340) rmhosiem
Cag ratio: 3513.5
Na/K ratio: 213/662

Stock and test solution preparation: Primary stock solution was prepared in dilution water at 46 mg/L. Itwas sted until all test substance was dissolved prior (0 use. Afer mixing, the primary stock solution wasproportionally diluted with UV sterilized dilution water to prepare five additonal stock solutions atnominal concentrations of 1.4, 2.9, 57, [1,and 23 mg/L. All test solutions appearedclearand colorless.Renewal rate: Every Monday, Wednesday and Friday.
Exposure vessels: 250-nL. plastic beakers containing approximately 200 mL test solution. Thedepth was approximately cm.
Numberofreplicates: 10

us
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Numberof test organismsperreplicate: |
Numberofconcentrations: 6 plus negative control
Feeding: Each test chamber was fed 0.3 mL of YCT (a mixture of yeast, CerophylI®, and trout
chow at 1500 mg TSSIL) and 0.60 mLofSelenastrum capricornutum (3.5 10" cellsimL) oncedaily.
Lighting: Colortone® 50 fluorescent lights. Intensity ranged from 329 - 383 lux at the water
surface. Photoperiodof 16-hours light, 8-hours dark with 30-minute transition period
Water chemistry of new and old solutions during the study:

Dissolved oxygen range (0-21 days):
83-89 my/L (negative control exposure)
83-90melL (12m exposure)
84-89 my/L* (48 my exposure)

PH range (021 days):
81-84 (negative control exposure)
82-85 (12mg exposure)
8.4 85° (48 me/L exposure)

Test temperaturerange(0 -21 days):
19.4-20.1°C (negative control exposure)
19.4-20.1°C (12mg/L exposure)
19.4-19.5°C* (48 me/L. exposure)

* (Measurements discontinueda Day 3due to 100% mortality

Element basis: Survival, reproduction and growth. Effect concentrations based on survival.
Method of calculating mean measured concentrations: aritimetic mean
RESULTS

Nominal concentrations: Negative contr, 1.4,29,5.7, 11,23, 46 mg/L.
Measured concentrations: <LOQ, 15,29, 5.6, 12, 24,48 mg/L
Element value: 21-day NOEC* 12 mg/L

21day LOEC = 24 mg/L
21-day MATC= 17mg/L
20d generation acute survival NOEC = 12 mg/L.

All cement values based on mean measured concentrations.

Analytical methodology: Analyses of test solutions were performed at Wilife Intemational Ltd. using.
high performance liquid chromatography with mass spectrometric detection’ (HPLC/MS). When
determining the concentrationof the test substance in the test solutions, th same and most prominent peak
response for the test substance was used. No attempt was made to quantify on the basis of individual
isomeric components. The LOQ (mit of quantiation) was 0458 mg/L in this study. The mean
procedural recovery of matrix fortifications analyzed concurrently during sample analysis was. 104%.
Measured values of new samples ranged from 94 to 121% of nominal. Measured values from the old
solutions ranged from 90 to 108% of nominal values. PFOS was stable throughout th renwal periods.

no
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Summaryof analytical chemistry data:

|Nominal Test | Measured duplicate values at 0, 2, 11, 14, 18, and 21 Days| Mean Measured| PercentConcentration respectively, mg Concentration | ofmy A
Nagatne ConralA£100 ” :

UA [L78172, 158,156, 138, 147,136,132, 138, 148,150] 15
Lis
SISI TRTR |W]hi

ST 597,587,565. 573, 563. 559,536, 59,535, 575,538 wr
37

= [ren EREW]
13

3 p42,230.240,006,328.35,336, B51, 248.50a
- aphids deadaftr [3-daysexposure

3 7.3,480,49.1, 49:4 all daphnids dead afer 2-day [= =]
NOTE: Viean measured concentrations were determined fom nw (renewal solaions) and Soresponding
old solutions during each week ofthe test. Days 0, 1, and 18 are “new” and days 2, 24, and 21 are “old”
Biological Observations

Survival All surviving ist generation daphnids appeared normal at et termination. Survival in
the 24 and 48 mL treatments was satisticaly significantly diferent from the negative controlgroup.
Reproduction: Daphids inth control an treatmentgroups <12mg/L.started producing neonates
on Day 9. The Bonferroni test showed tha reproduction was no significantly reduced in anyreament group <12 mg/L. (p 20.09) The 24 and 48 mel tratment groups wee not included in
the statistical analysis ofthe reproduction data due to a satistcaly significant effect on survival.
Growth: The Bonferroni est showed that mean length and dey weighti the treatment groups
<12 mg/L, were not significantly reduced in comparison to the negative control (> 0.05),
Secand Generation Acute Exposure:Afr4hours ofexposure, survival in the negative controlwas 95%. Survival in the 1.5, 2.9, 5.6,12, and 24 mg/L ucatment groups was 100, 100, 100, 0,
and 0% respectively. Survival i the 24 mi/L treatment group was significantly differen from the
negative control (= 0.09

‘Summary ofPercent Mortality
Mean Measured Concentration, mg [Day?[Dayid| Dayal

Negative Contd Foe
1S NE NY
29 TT 10
56 TvTW
12 SN SNE 10

— rs I | 100
L 4 [toeToe iow

120



ENVIMRDQ00)IFINAL

Second Generation Mortality
Vian MessedConcentrations, gL| Tol |Narnber Ave] Camfaive PercentDeadNumber afer 4%-hours

[CC NemmeComa 0[B35|FF — sr=p
aSmy56 eSTTi? [oSrm

oy ———;: RNAIBUN 00K OR. 0%MONI) NPI
Summary of Length and Dry Weight ofSurviving Individually ExposedFirstGeneration Daphids

Vea MicauredConcentration mL| Numberof| Toul Leng, | Dry Weight| Surviving| Moan SD,mn| Mean+SD mgDapinids
Negatvs Conial

is [0 ae0ls| oum-oos
[2Tien|mon |56 o  4eivons| omiromees
TTasem |_omroom |- 30 Te

£3 er
Reproduction
[ican Measured| Naberof MeanLive Young]|FitDayof| Tout Norn of Toa Number
oer Surviving| SurvivingAdult | Reproduction|Dead/immobile of‘my _| Dophnids| Dapnid(-SD Neonates | Aborted Ege[agate Commo [10| 12e192 9ToT"0Ss ToTowerToT0 0]CyTsTheis TToT0 |[se ToTwmpsTo 10]

ee
I~a
stvTe
coxcLusions
There wre no adverse effects an survival, eproductiono growth of Daphia magna exposed 1 he tessubstanceatconcentration <12 mel.fo 21 days. Daphnia magna exposed 10.24 and 48mL. hadSenTeanly reduced val
Author andlor submitter: 3M Company, Environmenisl Labortory P.O, Box 33331 St. Paul, MN§5135.USA.
DATA QUALITY

Reliability: Kiimisch ranking I.
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“Thisstudy was conducted at Wildife International, Ld. Easton, MD atthe requestof the 3M Compan.
OTHER

Last changed: 5/300
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Robust Study Report Reference No. 10 - Flow.through Life-Cycle Toxicity Test with the SaltwaterMysid (Mpsidopsis bahia)
TEST SUBSTANCE

Identity: Potassium perfluorooctancsulfonate; may also be referred to as PFOS or FC95. (1-Octanesufonic acid, 1,1.2,2.33,4,5.5.66.17.8,8 8-heptadecafluoro-, potassium salt, CAS # 2795-39-3)
Remarks: The test substance sawhite powder. Samplewas taken from 3M lot number217. Sample wasstored under ambicnt conditions prior to testing. Purity determinedtobe90.49% by LC/MS, THoHMR, “F-NMR and elemental analyses techniques.
METHOD. otters
Method: OPPTS 850.1350
“Type: Flow-throughchronic
GLP: Yes
‘ear completed: Study completed 1999. Report completed 2000
Species: Mysidopsis bahia
Supplier: In-house cultures, Wildlife Intemational, Lid. Easton, MD, USA
‘Analytical monitoring: PFOS mezsured on days 0.7, 14, 21, 28, and 35
Exposure period: 35 days
Statistical methods: Survival data was evaluated (prior to. pairing and after pairing) using 2 x 2
contingency tables to identify treatment groups that showed a statistically significant difference (p<0.05)from th negative control group. All continuous-variable daa (reproduction and growth) were evaluatedfor normality using Shapiro-Wik's test and for homogeneityof variance using Bart’ test. Analysis ofvariance and Dunnett's test were used to evaluate differences between treatment and control means. Allstatistical tests were performed using a personal computer with SPSSIPC Version 20 or “TOXSTAT
Release 3.5" statistical software.
Test mysids age: < 24-hours old attest initiation
Pretreatment: None

“Test Conditions: Naturalseawaterdiluted to 20%s with wel water, 0.45um filteredDilution water chemistry (during the 4-week period immediately preceding the est):Salinity: 20 2020)%o
TOC: < 10mg

Stock and test solution preparation: Primary stock prepared st 00895 mg’ and mised for‘approximately 24 hoursprior 0 use. After mixing, the primary stock solution was proportionally dilutedwith dilution water to prepare five additional stock solutions at concentrationsof 0.0447, 0.0224, 0.0112,0.00559, and 0.00280 mg/L. The six stocks were injected into the diluter mixing chambers (at a rate of4.60 mUminute) where they were mixed with dilution water (at a ate of 150 mL/min) to achieve thedesired test concentrations.
Flow through rate: Approximately eleven volume additions oftest water every 24 hours
Stability ofthe test chemical solutions: Extremely stable
Exposure vessels: Prior to pairing, mysids placed in glass beakers with nylon mesh sercentached10 twoholes on opposite sides. After reaching sexual maturity, pais placed in glas petri
dishes with sides of nylon mesh screen atached with silicone adhesive. Both pre-paring and pos
pairing exposure vessels were placed in SL glass aquaria filed with approximately 5 L of testsolution. The depth was approximately 6.2 em prior to pairing and 5.5 cm aftr paring.

m
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“The test chambers for he second generation exposure were 2L beakers with IL of test solution‘whic was dipped ut of tet chamber fom the appropri rsment group.
Numberofreplicates: four
Numberofconcentrations: six plus a nega contol
Number of fic per replicate: Fife juveniles before pain, § pics (10 dul) when posible
ate pairing.
Feeding: Fed live brine shrimp nauplii 3 o four times per day. Not fed th ast dy ofthe test.
Water chemistry during the study.
Dissolved oxygen range (0- 35 days:

60° 64 me (contol exposure)
59-63 mL (13 mplexposure)

PH range (0-35 days):52-84 (conrl exposure)
538.4 (13 mg exposure)est temperaturerange (0-35 days):
2452252°C (contol exposure)
2447251°C(13 mel exposure)

Methodofcalculating mean measured concentrations: aici mean
RESULTS
Nominal concentrations: Negativecontrol, 0086,0.17,0.34, 069, 1.4.2.7 mg/L
Measured concentrations: <L0Q, 0.057, 0.12, 025,055, 13, 26 mL
Element value 20-day survival (pre-paiing) NOEC = 0.5 mgiL

35-day (postpairing) survival NOEC= 0.55 mg.
35-day reproduction NOEC = 0.25 mg/L
35-day growth NOEC = 025 m/l
35-day eprod &growth LOEC = 0.55 mg/L
20d generation cute survival NOEC =0.55mg. (Highest concentration ested)

Alelement values based on mean measured concentrations
Analytical methodology: Analyses of test solutions were performed at Wilde Inemations! Ld. using
high performance liquid chromatography. with mass spectometic detction (HPLCMS). When
determiningthe concentration ofthe test substance nthe est soon, the sme and most prominent pak
sponse for perluoroocuaneslfonate was used. No atempt was made to quantify on th basis of
individual isomeric components. The LOQ (imi of quaniaion) was 0.0458 mg/L. in this study. The
mean percent recovery of matix fortifications analyzed concuretly during sample analysis was 92.5.
Samples collected at pretest ranged fom $7.4 10 99.3% of nominal. Samples at est mitation had
measured values from 67.1 to 103% of nominal. Measured values for samples taken a test termination
ranged from $0.8 090.0%ofnominal,
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Second Generation Survival
ican Vissured | Tol Number Exposed| NumberAl afer9:| Perce SurvivalConomtionsmg hours

[Negative Conol[91[esTo |0057 |
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Adult Mysid Growth
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CONCLUSIONS

“There were no satisticall significant eects on survival, reproduction or growthof mysid shrimp exposedto potassium perfluorooctanesulfonat at concentrations< 0.25 mg/L for 35 days. Reproduction, length
and dry weight were the most sensitive biological endpoints in his study. Second gencration mysidsexposed to POS during a static 96-hourexposure showed no adverse effcts.
Submitter: 3M Company, EnvironmentalLaboratoryP.O. Box 33331 St. Paul, MN $5133, USA
DATA QUALITY

Reliability: Klimisch ranking= |
REFERENCES
“This study was conducted at Wildife Intemational Ld, Easton, MID atthe requestofthe 3M Compan.
oTHER
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Robust Study Report Reference No. 11 - Dietary LCs Study with the Mallard duck
TEST SUBSTANCE

Identity: Potassium perfluoroocianesulfonate; may also be refered to ss PROS or FC95. (1-Octanesulfonic acid, 1,1.2,2.33,4:4,5,566.1,7,888- heptadecalluoro-, potassium salt, CAS #2795.30.3)
Remarks: Thetestsubstanceisawhite powder. Samplewas taken from 3M lot number217. Sample wasstored underambicnt conditions prior to testing. Purity determined be 90.49%by LC/MS, H-HMR, VF
NMR and elemental analyses techniques.
METHOD

Method: OPTS §50.2200, OECD 206, and FIFRA Subdivision E. Section 71.2
‘Type: Dietary acute:
GLP: Ves
Year completed: 2000
Species: Anas planyrhynchos
Supplier: Whistling Wings, Inc. Hanover, IL, USA
‘Analytical monitoring: PFOS measured on Day0 or homogeneity in feed and verification, and Day § forabil

Test phases: Acclimation-9 days
Exposure- 5 days
Postexposure observation - 3 or 17 days.

Statistical methods: Cn values calculated by probit analysis using the computer software of C.EStephan. Body weight data were compared by Dunner test using TOXSTAT software. No satsical
analyseswereapplied (0 feed consumption data
Test bird age:10days
Pretreatment: None

“Test conditions:
Housing and environmental conditions: Indoors In bateries of thermostatically controlled
brooding pens. Floor space of each pen measured approximately 62 x 90 cm. Ceiling height wasapproximately 25.5 can. External walls, ceilings and floor were constructed of galvanized steelwire and sheeting.
Identification: Each group ofbirds Identifiedbypennumber and test concentration. Individuals
identified by wing bands.
Number of replicates: Sixforcontrols, two for each treatment group
Numberof ducks per replicate: five
Numberofconcentrations: Eight plus a negative control
Feed and water: Game bird ration formulated as below, water from the town of Easton publicwater supply. Both providedad libitum during acclimation and testing,

is
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Game Bird Ration

[ GR [reeoe Comba PmSoy Bean Meal 45% Fron ANNIEMhenbitlsTgp]PooteinBae|g————1raySpec,607 Proven fTitsveal 20% Protein feDriedWh fisGround Lieitane e—
Cstnan CalPhos aTy —— —|aminand Miners! PrinGs Bel)

GLEomGemaeo) [emSaltodioed 010
Fermentation by-products (sourceofunidentified growth factors)

Vitamin snd Mineral Premix

VitaminorMineralamin
TeeyRein eyPamotemehedfog]iminB,Thm]ET TT—
BeaTRiamins STaminVitamin K Orso:desided Seaii

mgnese

lode TRIE SWron
fem TT ee

Prophylaxis None
Bonding compartment mesn temperature: 38 + XC
Ambient room mean temperatures 25.2 £0.7-C‘Average relative humidity: 533 18%
Photoperiod: Sixicen hous ight per doyLighting Ruorescet Hh which closely approximate noon-day sunlight; serge proximatelyho
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est die preparation: Te substance mined disty ino the ation by means ofa Hobart mcr, Nocami was nid
Dict sampling: Homogeneity ofth est sistance ne dit evaluated by collecting six samples from the3.1 ppm and si rom he lowest and highest conenraion. Samples coco Fos te to. mde ndion: of he Iefl and ight sions of the ming vel. These Samples sso served vriichionsamples for these concentration. Two vefesion samples rom the remaining conconrmiors ant onerom th coirwer collected st preparation an Dey 0. Sbilty amples wer colic sh and ofexposure period (Day 5) from he contr (one sumple) and each ment rou (wo samplessu.
ResuLTs
Nominal concentrations: Negative contol, .1, 183. 36.6, 73:2, 146,29, 586, and 117] pomMeasured concenteations: <L0Q. 5. 19.5, 40.2, 74.5. 174, 91,537, ani 1156 pnElement value, DiaryLC=G28 (445- 955) pom

No morality concentstion 146 ppmNOEC (body weigh gin) 36.6 pos
Al ment values based on nominal concenitions
Analytical Methodology: Dict samples were extracted with methanol, Analyses of et solutions wereperfonned at Wildlife Itcmaons Ld. king high perormance liquid hromatopaphy wit mseSpectrometric detection (HPLCIMS). When determining the concentrationof ch et subse nthe enSolutions,th same and most prominent pes sespons otperTuroacanclorate was wed. No antWas made to quantify on the bai of individual somerc companens. The LOQ (mit of quatiason)as 115 po in his study. The mean percent recovery of mati foriiction anhyed concurduring sample analysis was 94.7. Samples collected or dctemination of homogeneity in dit anges on102. 103% of oral Samples olliefo ericaton i diet ad measured vos from 93.1 19%of nomial. Measured value fo ambient stability amples ake at Day $ ranged om 94 130% of
[—————
Homogeneity in Avian diet

Nominal Test Measured Values at Day 0, ppm MeanMeasured Percent ofConsemaion pom Concencaion,| Nomial
2) 952.970,9798W.109.105 |98| is
18.3 185,234,183,173,194,199 |196| 107Tro T23. 221, 1013, 1301: 163.1133| 1196 2

Verification in avian diet
[ovina Test | Measred Duplicate Conceniraions at| Mean Miewared | Percent ofConcenmin, po ay 0. ppm conceaion. pm] Nominal

<L0Q 2 I -
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Ambient tabi in avian det
[Pm OMean | Measured Duplicate Concentrations at | Mean Measured [Mean Percent of|Veasred Bays. om. Concent, | Dayo(Concerto. pr -

:5s 3.01 Ti7 ii5 153157 iso 5or 0.568 — io
745 776.779 78 wa]

I 174) we remy1
291 [we—1
$37 C—O

[196 1150, 1122 ose Tw
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CONCLUSIONS

“The dietary LC value for Mallard Duck exposed to PFOS was determined to be 628 ppm with a 95%confidence interval of 448 to 958 ppm. The slopeofthe concentrationresponse curve was 3.67 and thechi-square valuewas 2.13. The no mortality concentration was 146 ppm. Based upon reductions in bodyweight gain at the 73.2 ppm est concentration, the no observed effectconcentration was 36.6 ppm.
‘Submitter: 3M Company, Environmental Laboratory, P.O. Box 33331, St. Paul, Minnesota, 55133, USA
DATAQUALITY

Reliability: Klimisch ranking |

REFERENCES

“This study was conducted at Wildlife Intemational Lt. Easton, MDat the request ofthe 3M Company.
oTHER

Last changed: 5/1/00
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Robust Study Report Reference No. 12 - Dietary Cau Study with the Northern Bobwhite quail
TEST SUBSTANCE

Identity: Potassium perfluorooctancsulfonate; may also be referred to 3s PFOS or FC95. (1-Octanesulfonic acid, 1,12,2.33.4:4,5.5,66.1,7,8,8 -heptadecafluoro-, potassium salt, CAS # 2795-39.3)
Remarksfield: The test substance is 2 white powder. Sample was taken from 3M lot number 217.Sample was stored under ambient conditions prior (0 testing. Purity determined 0be 90.49% by LC/MS,H-HMR, "F-NMR and elemental analyses techniques.

METHOD

Method: OPTS §50.2200, OECD 20, and FIFRA Subdivision E. Section 71-2
Type: Dietary acute
GLP: Ves
Year completed: 1999 (Test),2000 (Repor)Species: Colinus irginianus
Supplier: Wildlife International Lid. Production Flock, Easton, Maryland, USA.
Analytical monitoring: Test substance concentration in standards and samples were determined byreversed-phase HPLC and mass spectroscopy. PFOS measured on Day 0 for homogeneity in feed andverification, and Dayforstability.
Test phases: Acclimation- 10days

Exposure -$ days
Post-exposure observation 3o 17 days

Statistical methods: LC. values calculated by probit analysis using the computer software of C.F
Stephan. Body weight data were compared by Dunnett's tes using TOXSTAT software. No satsical
analyses were applied to feed consumption data.
“Test bird age: 10 days
Pretreatment: None

“Test conditions:
Housing and environmental conditions: Indoors in batercs of thermostatically controlled
brooding pens. Each pen's floor space measured approximately 72 x 90 cm. Ceiling height was
approximately 23 cm. External walls, ceilings and floors were constructedofgalvanized steel wire
and sheeting.
Identification: Each group of birds dentified by pen number and test concentration. Individuals
Identified by leg bands.
Number of replicates: Sixforcoirol, tw for each treatment groupNumber ofbobwhiteperreplicate: five
Numberofconcentrations: seven plusanegative control
Feed and water: Game bird ration formulated as below, water from the town of Easton public
water supply. Both provided ad libitum during acclimation and testing.

14
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Game Bid Ration
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Prophylaxis None
Brooding compartmentmeantemperature 333°C
Ambient room mean temperature: 27.35 1 2C-
Average relative humidity: 31 14%
Photaperiod: Sixteen housightprday
Lighting: fuorescen lights which. closely approximate noonday sunlight; average ofapproximately 135 fo of huminaton

“Test die preparation: Tet substance mixed diety ito th rion by means ofa Hobart mixer, No
ss
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caervas used
Dict samplings Homogeneity ofth est substance i he dictvatedbycollin six samples rom the,15.3 pm concentration nd ix ro th 1171 pm concematon Samples collected fom te fo, mide,ani bottom of the Je and righ Sections of he Ting vessl. Thos Supls ako Served 2 theerification samples for these Conccnratons Verication Samples of the othr veatment groups (Wo
Sanpies fom ach) andthe conirol (ne sample) were collected at preparationon Day 0 Sabi samples
“ve collected at th end of the exposure prod (Day) fom th comol (on sample nd ch resmeotSrp Casareseae
RESULTS
Nominal concentrations: Negative cont, 18.3, 36.6,73.2, 146,293, 556, and 117 ppm
Measured concentrations:+ <LOQ, 195.403 74.5. 174, 291,53, an 1196 ppm.Flement vane: DicaryLC 220(168-289) pomNomorality concenttion73.2ppm.NOEC (sodyweightgain) 75.2 ppm
1 lent values based on ominal encenuations
Analytical Methodology: Dict samples were extracted with methanol, Analyses of tet solutions were
performed st Widife Intemational Li. wing high performance liquid Chromatography with mass
pctrometic detcton (HPLOMS). When determining he contention of the et ance the reSolutions, he sam and most prominent es response fo perflarooctncsuonts was usd. No anemptas made 0 quantify on the bai of individual somerk companens. The LOG (mi of quantitation)as 115 ppm in this snd. The mean percent recovery of mati fortifications analyzed coneurenty
ring sample analysis was 94.7. Samples cole fo detention ofhomogeneity in diet nged rom
102:107%ofnominal. Samples collet fo verification i diet had measured values from 93 to 119% ofnominal Messed vahes for ambien sabi Samples ake at Day $ ranged from 101 122% ofno
Summaryofanalytical chemistrydata
Homogeneity in aviandict

Nomar Nessus Visa Dy 0. yn | Wen Nosed| —Pecnto|
Concentration, ppm Concenaton,| Nominal
ES TEE NS—in 39, i221, 1118, 101, 1165, 1155| 196| iez
Verification in avian diet

‘Nominal Test | Measured Duplicate Concentrationsat Percent ofConcenrtion. pm Bay, ppm Concentration.pm] Nemgaat
NemtheConrol | <fogTrtSie 67.346 —® Tio]

72 ane 02
146 176,172 19203 T8507 —s—T—w»|
586 550,523. 537 rr.
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Ambient sabi n avin diet
[Day0Mean | earedDuplicate Concerraionsat | Mean Measured[VianPree of]

Measured ev 5.0m Concentration,| Day| Concemation.
Negative Conwol | 100 [>]
Toes TousTe Tor02 sass wT2 |Tis T4779

Te 17.178
—1 SEIS 317 To

So0-c65
—r— To. 1157 meTe]
Biological abservaionsVlotalies and clinical abservations: One incidental morality occured i the control group sso

“eu of3, boken le an th mami of Day 5. It vas subscquly utanzed on Day . Two
er birds in the coml group wee. merely noted with Tot sons esocned wilh cg
mae aggression. Otherwise, ll contol Birds wie absrved 0 bc normal in appearance and
Sedothoughoutth et.
The fir neamene elated morales occured an Day 3 in the S86 and 1171 ppm tment
croup. Mortality occured trough Day 8 in all dose groups 146 pp with some af the deaths
Being durin the posexposure period. There wer no eam eed morao overt Signs
oftoch at concenaions <73.2 pm.
There was 11% mortality in the 146 ppm rcatment group, and two additional birds displsyedlineal signs of toiy (wing droopy. All ier bids nis est group isplyed nol
appensnes and behavior for he Gera of th Tet. Recovery with orl amare and
Sehnior occured on Day9 to est emia,
Therwas 0% morality occuringon Days, 6. and 7) or bids nthe 293 pm ese group.
Signsoftoxicity observed prior death incea led sppesance, duced action 1 ml
(sound and mation Iehrgy, wing oop, Joss of coordination, lowes 1m. weakness and
convulsions. Recovery with normal appearance nd. behavior occured an Day 10 tet
emintion
“There was 100% martlty (occuring from Day 3 through Day 7) fo bis in th 586 ppm
irestment group. Signs oftoxicityobserved prio (0 death eluded a ued sppearance, reduced
reaction to stimuli (sound and motion), lethargy, depression, wing droop, loss of coordination,owe mb weskaess, lowe hm Agi, prostate posure, and comolsons.
There was 100% mortality (occuring from Day 2 (noted on Day 3 for Day 2 afemoon) through
Day 4 for bird Inthe 1171 ppm treatment Erp. Signs of exicy opsereed prio 0 dent
included 3 ied appearance, reduced reaction, © Smal (sound and. motion. Iehargy.
depression, wingdroap Joss ofcoordination, Kower i weskness, and lowe ib gy.
ody weight gin; When compared 0th comvol group, there were o apparent reamen eae
fers an body weight among he irk in concemratons <T3.3 ppm During Days 0.3
Snaiclly significant reductions in body Weight sin of bods weightloss occured i the 146,
205. and 556 ppm tresment groups. Body weight ffs coud nt be deimmined fo 16%
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CONCLUSIONS

“The dietary LC value for Northern Bobwhite exposed to perfluorooctancsulfonate was determined (0 be220 ppm with a 95% confidence Interval of 164 to 289 ppm. The slope of the concentration responsecurve was 7.005 and the chi-square valuewas 0.023. The no mortality concentration was 73.2 ppm. Basedupon treatment related mortality, signsoftoxicity and effects upon body weight gain at the 146 ppm testconcentration, thenoobserved effect concentration was 73.2 ppm
Author andlor submitter: 3M Corporation, Environmental Laboratory, P.O. Box 33331, St.Paul,Minnesora, 55133, USA

DATA QUALITY

Reliability: Klimisch ranking = 1

REFERENCES _ ol
“This study was conducted at Wildife International Lud, Easton, MID at the requestofthe 3M company.
OTHER

Last changed: 5/300
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Robust Report Reference No.13 - Multi-Phase Exposure/Recovery Algal Assay Test
TEST SUBSTANCE
Identity: Potassium perfluorooctancsulfonate; may also be refered to ss PROS or FC95. (1-Octanesulfbnic acid, 1,12.2.3.344,5,5,66.77.8.88- heptadecafloro-, potassium salt, CAS #2795.39.3)
Remarks field: The test substance is a whit powder (3M Lot $83)of uncharacterized purty.“The following summary is abbreviated due tothe fact that this study has been superceded by a more recent

METHOD
Method: Test protocol utilized was modified afer those described by USEPA - 6009-78-018, 1978;ASTM-E-35.23, 1981; OECD 201,1979. ASTM STP #667
Type: Semi<hronic:
GLP: No
Year completed: 1951
Species: Selenastrum capricornutun
RESULTS

EC Values, mg/L. 95% confidence interval s given in brackets)
Cell-Dry Weight Cell-Count

4 115 (15-65) 2(No Con, Limits)
7 122 81-366) 9919-398)

I Sg 8 128 (46-372) 98 (16-431)
eT 146 (332350) 95 (12-455)

Remarks: The satistical program used was questionable,
DATA QUALITY
Reliability: Klimisch ranking = 2. This study satisfied criteria fo quality testingatthe time performed, butactual concentrations were not measured. Results were based on nominal concentrations. Additionally,sample purty was notproperly characterized.
REFERENCES

“This study was conducted by the 3M Company, EnvironmentalLaboratory,1981
OTHER

Submitter: 3MCompany, Environmental Laboratory, P.O. Box 33331, St. Paul, Minnesota, $5133, USA
Last changed: 5/300
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Robust Study Report Reference No.14- The Effects of Continuous Aqueous Exposureto 14C75.02an Hatchabilty of Eggs and Growth and Survival of Fry ofFathead Minnow (PomephalesprotoSummaryofhistopathalogical examinations ofFathead Minnow (Pincphales proms) exposed t75.02 for 30 Days

TEST SUBSTANCE
entity: Potassiam perfluoroocanesufonate; may sso be refered 08 14C78.02, POS or FC95(1-Ounelonc sid 112.23.5445.5.66.1.73. beptadcaoro possum sh, CAS# 3795.39.3)
Remarks: The test substance is 2 white powder, Sample was adolbeled. Sample pury was notchscerized.
The following summary i abbreviated due the fc that his study as been supercededby a mor recent

METHOD.
Method: Method was developed by  G & G, Bionomic and closely followed those presented in he“Proposed recommended bossay proceduc for S58 and iy Sages oF Fshwaes Fs, U.S EPA, 1073.Tune: Flow rough ahonic
Gib xo
Vearcompleted: 1975
Species: Pmephales promeia
ResuLTs
30.Day NOEC: 1 mg
30.Day LOEC, 19 ml
30.Day MATE: 1 mpl and <1.9 mel.
DATA QUALITY
Reliability: Kimisch ranking=2. This study satisfied rteriaforquay tesinga th time perfonnd,ut the analytical methodologywas question
“REFERENCES
This study was conducted at EG & G, Bionomics, Aquatic Toicaogy Laboratory in Wareham,Massachuses t the request ofthe 3M Company.
omer
Submitter: 3 Company, EnizonmertaLaboratoryP.O. Box 3531 1. aul, MN $5133, USA.
Last changed: 5300
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Robust Study Report Reference No. 15 - Effect of Potassium Perfluorooctanesulfonate on Survival,etc. (Daphnid reproduction)
TEST SUBSTANCE
Identity: Potassium perfluoroociancsulfonate; may also be refered to as PROS or FC-95. (1.Octanesulfonic acid, 1,1.2,2.33.4:,5,5.66.17,88- eptadecaluoro-, potassium salt, CAS #2795.30.3)
Remarks field: The test substance is awhit powderofuncharacterized puriy.
“The following summary is abbreviated due to the fact that this study has been superceded by a mor recentest,
METHOD L
Methods: ASTM, 1951, Proposed Standard Practice for Conducting Renewal Life-Cycle Toxicity Tests‘with Daphnia magna; OECD, 1981, Daphniasp. 14-day Reproduction Test
‘Type: Acute static and Chronic renewal
GLP: No
ear completed: 1954
Species: Daphnia magna
RESULTS (95% confidence interval is given in brackets)
48hour EC (immobilization): 27 (25-28) mg/Lieday ECa (reproduction)®:  14.7(12-18) mg/L21-day ECa (reproduction)®: 1241114) mg/L
28-dayEC(reproduction)*: 1410-13) mg/L
26-day NOEC**: 7m
14.2124 28-day MATC: 112mg
“Cumulative (Young/Adul)
“This concentration appli (© no observed effects on Cumulative results of Young/Adull andBroods/Adultand on the total number of Young/Adult
DATA QUALITY
Reliability: Klimisch ranking= 2. This studysatisfiedall citer for quality testing at the time performed,but actual concentrations were not measured. Results werebasedon nominal concentrations. Additionally,sample purity was notadequately characterized.
REFERENCES
This study was conductedbythe 3M Company, Environmental Laboratory, 1984.
oTHER

‘Submitter: 3M Company, Environmental Laboratory, P.O, Box 33331, St. Paul, Minnesota, 55133, USA
Last changed: 5/300
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Robust Study Report Reference No. 16- Pimephales promelas 96-hour Toxicity Test Data Summary,Sample FC-94-X (Li salt of PFOS)
TEST SUBSTANCE

Identity: Perfluorooctanesulfonate, Lithium sal; may also be refered to as PFOS Li salt, FC-94, or FC-94-X. _(1-Octanesulfonic acid, 1,1,2.23,3,44,5.56.67,1.85.8-heptadecafiuoro- lithium sat, CAS #20157-7125)
Remarks: Test sample was taken from 3M production lot #1. The test sample is a mixtureof the testsubstance inwater (approximately 24.5% test substance and 75.5% water). No calculations were made (0adjust forthe actual concentrationofthe est substance in the test sample.
METHOD -
Method: Not ned.
Type: Static acute
GLP: No
Yearcompleted: 1994
Species: Pimephales promelas
‘Supplier: Aquatic Biosystems Inc, Fort Colin, CO, USA
‘Analytical monitoring: pH andDOcontent
Exposure period: 96-hours
Statistical methods: LC. values calculated by Trimmed Spesrman - Karber.
Test fish age: 79 days.
Length and weight: Average length = 2.1 +0.3em Average weight =0.069 + 0.03
Loading: 0.69g ish/L
Pretreatment: None
Test Conditions.

Dilution water: Carbon fered well water
Dilution water chemistry:

PH: 84
DO:8.1 mpl

Stock and test solution preparation: A primary stock solution was prepared in dilution water 0yield a test sample concentrationof 400 mg/L. All test solutions were made by diluting theappropriate amountofstock solution with dilation water to make | L.of solutionper concentration.
Stability of the test chemical solutions: Not noted.
Exposure vessels: 2 Lglass beakers
Number of replicates: two.
Numberoffish per replicate: en
Numberofconcentrations: six plus negative control
Water chemistry during the study:

Dissolved oxygen range (0 96 hours):
60.7.2 mg/L (control exposure)
4879 my/L (560 my/L exposure)

PH range (0 96 hours):
80-84 (control exposure)
5.084 (36.0 mg/L exposure)

“Testtemperaturerange(0- 96hours):
19.2:19.5°C

1
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RESULTS
Nominal concentrations: Negative cotrl 3.2, 5.6, 100, 180,320,560 mg’Element value (95% conideoes eral shen braceS6hour LCu= 19m (1639,Mortality ofcontrols: NoneRemarks: Values reported ar for the est sample. No caleuaions were made fo adjust fo theconcenraton of the ts substance nthe st ample
concuusions
The est sample comining 24.3% Pecosaactaneulfonat, Lit sl exhibited a 96-hour LCs oxhead minnow of 19mg. Thi alu muskbe didedby inode o exes the esl i es of thconcentrationof PROS,
Submitter: 3M Company, EnvironmenalLabortory P.0. Bo 33331. Paul, MN. 55133, USA
DATA QUALITY. li
Reliability: limisch ranking 2. This dy, while well conducted, lacks analytical daa for: determinationofthe st sultan concertonee solutions: and deeination fhe sample Pry
REFERENCES a
Thi std was conducted by the 3M Company, Environmental Labostry, Lab Request number MIO1S,32904
omer — MA -

Last changed: 7901
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Robust Study Report Reference No. 17-48-hour Acute Toxicity to Daphnia, Daphnia magna. FC-94-X(Li salt of PFOS)
TESTSUBSTANCE
Identity: Perfluorooctanesulfonat, Lithiumsalt; mayalsobe referred tas PFOS Li sat, FC-94, or FC-94-X._(1-Octanesulfonic acid, 1,12.23,344,55.6.67.7,88%heptadecafluoro- lithium salt, CAS #20457725)
Remarks: The test sample isa mixtureofthe est substance in water (approximately 24.5% test substanceand 75.5% water) No calculations were made (0 adjust fo th actual concentration ofthe tes substance inthe test sample.

METHOD. lL
Method: Not noted.
“Test ype: Staticacute
GLP: No.
ear completed: 1994
Species: Daphnia magna
Analytical monitoring: pH andDOcontent
Statistical methods: EC. values calculatedusing Trimmed Spearman-Karber methodTest daphnid source: Obiained from U.S. EPA-NETAC, Duluth, Minnesota, USA.
“Test daphnid age at study initiation: <24-hour
“Test Conditions

Dilution water: Carbon-flered wll water
Dillion water chemistry:

PH: 8.4
DO: 5.6 mel

Stock and test solutions preparation: Apinary stock solution was prepared in dilution water (0vied a test sample concentration of 1000 mL. All test solutions were made by diluting theappropriate amount of stock solution with dilution water to make SO mL of solution per
Exposure vessels: 100 mi. glass beakers containing 50 mLoftest solution.
Number of replicates: +
Numberofdaphnids per replicate: S
‘Numberof concentrations: five plusa negative control
‘Water chemistry during the study:

Dissolved oxygen a tet termination:
70 mg/L (control exposure)
78ma/L (1000mg/Lexposure)

PH attest termination:
86(control exposure)
86 (1000 mL exposure)

“Test temperature range (0 - 45 hours) 20.121.0C
Element basis: morality and immobilization

RESULTS
Nominal concentrations: Negative control, 100, 150, 320, 560, 1000 mg/L

ue
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Element value: (95% confidence interval is given in brackets)
2hour EC.y = 330 (290370) mL
8hour EC,= 210 (190-230) mg/L
hour NOEC = 100 mg/L

Statistical Evaluation: The EC: values and 95% confidence intervals were calculated using the Trimmed‘Spearman-Karber method with rm set 0 0%
Mortality of controls: None
Remarks: Values reported are for the test sample. No calculations were made to adjust for theconcentration ofthe tes substance in the est sample.
CONCLUSIONS

“The test sample containing 24.5% Perfiuorooctanesulfonate, Lithium salt exhibited a 48-hour EC. for‘Daphnia magna of210 mg/L This value mustbe dividedby & in ordertoexpress th result in termsoftheconcentration of PFOS,
Submitter: 3M Company, Environmental Laboratory P.O. Box 33331 St. Paul, MN 55133, USA.
DATA QUALITY

Reliability: Klimisch ranking 2. This study, while well conducted, lacks analytical data for: determinationofthe test substance concentration in the test solutions; and determinationofth sample purty.
REFERENCES
“This study was conducted by the 3M Company, Environmental Laboratory, Lab Request number MIOLS,21094,
oTER

Last changed: 79/01
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Robust Study Report Reference No. 20 - 96-hour Acute Toxicity Test on Bluegill Sunfish (FC-99,
DEAsaltofPFOS)
TEST SUBSTANCE il

Identity: Perfluorooctanesulfonate, DEA salt may also be referred 0 as PFOS DEA salt, FC-99, or 3M
Sample No. 2. (1-Octanesulfonicacid, 1,1223,3.44.5.5,6,6.1.18.88heptadecafhuoro- compd. with 2.2
minabis{ethanol] (1:1), CAS # 70225:14-8)
Remarks: Test samplei a mixture of the test substance in water (approximately 25% test substance and
75% water). All vale reportedrelatetothis mixture. No calculations were made fo adjust for the actual
concentration ofthe test substance in the test sample.
METHOD

Method: Environmental Protection Agency, Ecological Research Series EPA-60/3-75-009, April, 1975.
Standard Methods.
Type: Static acute
GLP: Yes
Year completed: 1979
Species: Lepomis macrochirus
Supplier: Osage Catfisheres, Inc. in Osage Beach, Missouri, USA.
Analytical monitoring: pi and DO ammonia content
Exposure period: 96-hours
Statistical methods: Probit analysis
Test fish age: Not noted.
Length and weight: Average length=28.6+2.17 mm,

‘Averageweight=0.60£0.15 ¢Loading; 0.2 fish/ L
Pretreatment: None.
“Test Conditions

‘Dillon water: Laboratory well water
Dilution water chemistry:

Dissolved oxygen: 9.3 mg/L
Hardness: 258 my/L as CaCO,

Alkalinity: 368 mL 25 CaCO,
ut 78

Conductivity: 50moe

Stock and test solution preparation: Primary stock prepared in deionized water at a
concentration of 150 mg/mL. The test concentrations were prepared by transfering appropriate
aliquotsof the stock standard directlytothe test chambers. The test solutions were noted to foam
when timing in toxicant aliquots. Test concentrationswere prepared based on total sample, not on
percent concentrationofthe test substance in the test sample.
Concentrations dosing rate: Once.
Stabilityofthe test chemical solutions: Not noted
Exposure vessels: 40 ltr glass aquaria containing 30L oftet solution.
Numberofreplicates: on
Number of fish per replicate: en
Numberofconcentrations: six plus negative control

1s



ENVIMRDQU)I FINAL

Water chemistry during the study:Dissolved oxygen range0-96 hour):50784mel (conirol exposure)
55.83ml (18mel exposure)

pH range (0 96 hour:
§2-53 (conol expose)
53053 (18 mal exposure)

est temperature: Temperature held constant st 22°C trough se of a wate bath for test
vee

RESULTS
Nominal concentrations: Negative cool, 15, 37,7, 160,320, 650mg/L.
Element valu: (95% confdencs interval given i bracket)

ShoutLCa-460 GT0550) ml
hour Co = 370 Q90470) mg
S6hourLCy=31 Q2-43 mgr
96-hour NOEC = 1§ mg (C1. not caleuaed)

A clement values based on nominal concentrations
Statistical evaluation of mortality:
Pri analysis was usd o calle LCs values andthe corresponding confidence lis.
Quality Check for Test Organism Health:
‘The bluegill sunfish were challenged with a reference compound, Antimycin A. The observed 96-hour
LC nd 95% confidence mis (C1) were within te 95% confidence mits report in te erature,
indian that th ish wre in goodcondition.
Cumulative percent mortality:

Nomimal Test Coneeaiaon mg] 28 hours [Sours|7-hous| V6ours
Neg Control =I is Pyer:

- 57 oTTo| w 17s TO
io oeToTT_w |

Cw TT» wl io J
CeTw[we|wo]
concuusions
The est sample 96-hour Cy fo bluegill sunfish was determined 0 be 31 mal with 95% confidence
interel of 2-43 ml. The Y6-hou no observed ect concenraton was 18 mL. These values mus be
divided by order express he results ems of he concentration ofPFOSSubmitters 3M Company. Environmental LaboratoryP.0. Box 33331 5. Paul, MN 55133, USA.
DATA QUALITY
Relnbilty: Klimisch ranking 2. This suds, whic well conducted, lacks analytical daafo determination
ofhe est Substance concenation th et solutions and etrminationofthe sample pri. There were
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also gaps in the measurement of wate qualiy criteria for number of the concentrations at given time
intervals.
REFERENCES

“This study was conducted by Analytical BioChemisry Laboratories, Inc. ofColumbia, Missouri on behalf
ofthe 3M Company.
oTHER ereeres
Last changed: 51200
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Robust Study Report Reference No. 23~ Acute toxicity to Aquatic Invertebrates (e.. Daphnia)
“TEST SUBSTANCE
Identity: Potassium perfluorooctancsulfonate; may also be referred to as PFOSor FC-95or as partof themixed product FM-3820 (see Remarks). (I-Octunesulfonic acid, 1,12.23,3.44.5.8.6.0.178.85.heptadecafluoro- potassium salt, CAS # 2795-39-3)
Remarks: The test sample is FM-3820,a mixtureofthe est substance in diethylene glycol butyl ether andwater (approximately 24-28% test substance in diethylene glycol butyl ther and water). Caleulaions weremade to adjust test values using the upperlimitconcentration ofthe test substance (28%) i the est sample.and no adjustment was made for the presence of the diethylene glycol butyl ether or water when notedbelow. These calculations assumed that all toxicity was due to the presence of thePerfluorooctanesulfonate substance.
METHOD —
Method: OECD 202
Test ype: Staticacute
GLP: Ves
Year completed: 1991
Species: Daphnia magna
Analytical monitoring: DO, pH, Conductivity, and temperature were monitored daly.Statistical methods: EC. values calculated, when possible by standard statistical techniques (Stephan,1983)
“Test daphnid source: Obtained from cultures maintained by EnviroSystens Division, Resource Analysts,tnc., Hampton. NH, USA.
“Test daphnid age at study initiation: <24-hour
Test Conditions

Dilution water: Well water from wellsat EnviroSystems in Hampton, New Hampshire.Dilution water chemistry:
PH: 75°
Conductivity: 1200 hose
TOC: 20mg

*Values measureda time oftet

Lighting: Cool white fluorescent lights, intensity 23 WE/sm2.  Photoperiod of 16-hours light, 5hours dark. No ransidon period noted.
Stock and test solutions preparation: A primary stock solution was prepared in dilution water at1000 mL. The primary tock wasproportionally diluted with dilutionwater to prepare the fivetest concentrations.
Exposure vessels: 250 mL plastic beakers containing 200 mL of tet solution. The approximatedepthoftest solution was cm.
Numberofreplicates: Four
Numberofdaphaids per replicate: Five
Numberofconcentrations: Fieplusa negative control‘Water chemistry during the study:

Dissolvedoxygen range (0 45 hours):
82-85 me/L (control exposure)
81-85mul (150 mgexposure)
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PH range (0 48 hours:78-86 (coniol exposure)78-86 (150 my exposure)est temperature rane (0 45 hours:
208 “210°C (control exposure)
20.7-209°C (150 mg/Lexposure)

Conductivity range (0 45 hours):
1200-1300 pose (contol exposure)
1200-1300 mhoslem (150 mg/L. exposure)
Element basis: mortality

RESULTS
Nominal concentrations: Negative conrl, 25, 40, 60, 00, 150 mg/L.Element values: 24-hour ECay=>150 mL (C.. not calcwabl)hour EC= 49 (43-56) mL.
PerMuorooctanesulfonate concentration adjusted clement value:

24hour EC.= 42 mpl
hour EC.= 14 mL

All element values based on nomial concentrations
Biological observations: Ninety five percent suival occurred in the contol exposure. The number ofsurviving organisms and the occurrence of sublethal effct and immobilizationof ther sublethal effectswere determined visually and recorded niall and fir 24 and 48 hours.
Cumulative percent mortality:
[Nominal Test Concentration 2dhours|d8hous|

Neg. Control 0
syTTTei 40 NEE SANADOORN©Ts

60 [oT 25
ww oT iwTz 150 0Tw

Control response: Satisfactory
coxcLusionsLL
“The test substance 4S-hour ECfor Daplhia magna was determined to be 49 mg/L with 95% confidenceinterval of43-56 mL. you assume ll toxicity ofthe mixtureis due to the Pefluorooctnesulfonate, theadjustcd 48-hour EC.o value is 14mall (49 mg/Lx0.28).
Submitter: 3M Company, Environmental Laboratory, P.O. Box 33331 St. Paul, Minnesota $5133, USA.

DATA QUALITY
Reliability: Kiimisch ranking = 3. The study lacks analytical measurement of test substance
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concentrations inthe tes solutions and sample purity is not sufficiently characterized. Additionally, dataare for a mixture and toxicity cannot be positively atributed to PFOS as the diethylene glycol buty ethercould also contribute to the tonicity. The basic water quality. parameters (ardnes, alkalinity. andcalcium/magnesium ratio) were not included inthe final report.
REFERENCESee
“This study was conducted at EnviroSystems Division, Resource Analysts, Incorporated, Hampron, NH,USA at the request ofthe 3M Company.
omer oeee ,——

Lastchanged: 5/3100
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Robust Study Report Reference No.26 - Acute toxicity to Fish
TEST SUBSTANCE

Hdenity: Perfluorooctanesulfonste, Ammonium salt may also be refered 0 as PFOS NH4# sat o FC-93,(1-Octancsulfonic acid, 1.12.23,344,5.5.6,67,7,88 8-heptadecafluorc-, ammonium salt, CAS # 29081.56.9)
Remarks: Test sample was taken from 3M production lot #1. The test sampleis a mixtureofthe testsubstance in isopropanol and water (25% tes substance, 20% isopropanol, $5% water. No calculationswere made t0 adjustfor the actual concentrationofthe est substance in the est sample.
METHOD

Method: Not noted,
Type: Static acute
GLP: No
Year completed: 1974
Species: Pimephales promelas
‘Supplier: Not noted
Analytical monitoring: pH and DO content
Exposure period: 96-hours
Statistical methods: Plotted LC,
“Test fis age: Not noted
Length and weight: Average length = 2inches, Average weight= 15gLoading: Not noted.
Pretreatment: Not noted

Test Conditions
Dillion water: carbon fered cityof St. Paul, MN water
Dilution water chemistry: Not noted.
Stock and test solution preparation: Not noted.
‘Concentrations dosing rate: Once.
Stability of the test chemical solutions: Not noted.
Exposure vessels: Not noted.
Numberofreplicates: One.
Numberofconcentrations: five plus a negative control
Water chemistry during the study:

Dissolved oxygenrange (0 96 hours)
50-59 ma/L (control exposure)
4250 my/L (100 melL exposure)

PH range (0-96 hours):7.0.7.1 (control exposure)
7072 70-11 (100 mg/L exposure)“Test temperature range (0 - 96 hours):
21-22C (10.72°F)

RESULTS

Nominal concentrations: Negative control, 10,25, 50,75, 100 mg/L

154



ENVAMRD(002)17FINAL

Element value: 96-hour LCs = $5 mg/L (C.1 not determined)Mortalityofcontrols: None
Remarks: 95% confidence limits were not calculated for this material, Additionally, testing wasconducted on the mixture ofth tet subsance in 20% isopropanol and 55% water. The value reported‘applies o that mixture and not th test substance. No attempt was made to determine the impact of thepresence of the organic solvent or what portion of the foxicty can be combed 10. thePerfluorooctanesulforate ammonium salt
CONCLUSIONS 4
“The test sample containing 25% Perfluorooctanesulfonate, ammonium salt exhibited a 96-hour LCs forfathead minnowof85 mg/L.

‘Submitter: 3M Company, EnvironmentalLaboratory PO. Box 33331 St. Paul, MN 55133, USA
DATA QUALITYAYeeeLL
Reliability: Klimischranking 3
REFERENCES J
“This study was conducted by the 3M Company, Environmental Laboratory, 729/74 t0 82/74.
OTHER

Last changed: 51300
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Robust Study Report Reference No. 27 - Acute toxicity to Fish
TEST SUBSTANCE a
Identity: Perfluorooctancsulfonate, Ammonium salt mayalsobe referred 0 as PFOS NH4+ sal or FC.93(1-Octanesulfonic acid, 1,1,2.23,3:44,5.56,6.7,1,88&-heptadecafluoro-, ammonium salt, CAS # 29081.
569)

Remarks: Test sample was taken from 3M production lot #1. The test sample is a mixture of the testsubstance in isopropanol and water (25% test substance, 20% isopropanol, $5% water. No calculationswere made 0 adjust for the actual concentrationofthe test substance in he tes sample.
METHOD

Method: Not noted.
Type: Static acute
GLP: No
Year completed: 1974
Species: Pimepiales promelas
‘Supplier: Not noted
‘Analytical monitoring: pH andDOcontent
Exposure period: 96-hours
Statistical methods: Plotted LC.o.
Test fish age: Not noted.
Length and weight: Average length = 2inches, Average weight = 15g
Loading: Not noted
Pretreatment: Not noted

Test Conditions
Dilution water: Carbon filtered cityof St. Paul, MN water
Dilution water chemistry: Not noted.
Stock and tet solution preparation: Not note.
Concentrations dosing rate: Once.
Stabilityofthe tet chemical solutions: Not noted.
Exposure vessels: Not noted.
Number of replicates: One.
Numberofconcentrations: five plus a negative control
Water chemistry during the study:

Dissolved oxygen range (0 96 hours):
45:57 me/L (control exposure)
385.0 mel (125 mel exposure)
Not recorded at highest conc. (150 mg/L) due to 100% mortality.

PHrange(0-96 hours):
7.07.0 (control exposure)
7.07.0 (125 mL exposure)
Not recordedat highestconc. (150mg/L) due to 100% morality.

“Test temperature range (0-96 hours):
20-21°C (6970 °F)
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RESULTSA eeeUeLL
Nominal concentrations: Negative contel, 50, 75, 100, 125, 150mg/LElement value: 96-hourLC= 100mg/L (CL. not determined)Mortalityofcontrols: None
Remarks: 95% confidence limits were not calculated for this material. Additionally, testing wasconducted on the mixture of the test substance in 20% isopropanol and 53% water. The value reportedapplies to that mixture and not th test substance. No attempt was made to determine the impact of theprescnce of the organic solvent or what portion of the foxicity can be comibwed to. thePerfluorooctanesulfonate,ammoniumsal
CONCLUSIONS
The test sample containing 25% Perfluorooctanesulfonate, ammonium salt exhibited a 96-hour LCs forfathead minnow of 100 mg/L
‘Submitter: 3M Company, EnvironmentalLaboratoryP.0. Box 33331 St. Paul, MN 55133, USA
DATAQUALITY

Reliability: Klimisch ranking3
REFERENCESeeeeet
“This study was conductedby the 3M Company, Environmental Laboratory, 10/1574 to 10/19/74
Oeelell
Last changed: 5/300
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Robust Study Report Reference No. 28 — Acute toxicity of P3025 Developmental Material toFathead minnow (Pimephalespromelas)
TEST SUBSTANCE

density: Perfluorooctylsulfonat, didecyldimethylammonium salt may also be referred to as Fluoroalkyl
ammonium derivative. (1-Decaminium, N-decyl-NN-dimethyl-, salt with 1,1223,3.64.5.5.6.6.7.788.8-
epadecafluoro-1-octanesulfonic acid (1:1), CAS # 251099-16-5)
Remarks: The 3M production lot number was Lot 1. The tet sample is L-14394 refered to by the testlaboratory as P3025. The sample was labeled F-11615, Lot 1. The test sample is a mixture of he testsubstance in water (approximately 30-40% test substance, 60-70% water, and 0-5% of residual
perfluorochemicals). All values reported reat to this mixture. The test sample appears be a 2phasedispersion (lear liquid with opague solid) which rapidly separate aftr agitation. No calculations weremade 10 adjust for the actual concentration ofthe tet substance in th test sample
METHOD —
Method: OECD 203
Type: Sticacute
GLP: No
Year completed: 1996
‘Species: Pimephales promelas
‘Supplier: Not noted.
‘Analytical monitoring: DO, pH, temperature, and conductivity were monitored daly.

Exposureperiod: 96-hours
Statistical methods: LL values calculated using the Trimmed Spearman-Karber method. The NOEL
was calculated using Fisher's Exact ess
“Testfish age: Not given.
Length and weight: Average length= 11.3 mm, Average weight = 7.8 mg.
Loading: 0.26911
Pretreatment: None

“Test Conditions
Dilution water: Dechiornated City of Duluth, MN tap water. Water was crated for 24-hours
prior 0 use in the test.
Dilution water chemistry:

Hardness: 48 mg/L as CaCO,
pi 808
Lighting: Cool-white fluorescent bulbs. Photoperiodof16-hourslight, S-hours dark used.No transition period noted.

Stock and test solution preparation: Water accommodated fractions. Test solutions were
prepared individually for each test replicate concentration by mass addition of vigorously shaken
test substancein 4Lofdilution wate. The solutions were vigorously stirred for 21-hours (vortex17210 1/3 solution depth). The aqueous phase was siphoned from the vessel a mid-depth
Concentrations dosing rate: Once.
Stabilityofthe tet chemical solutions: Not noted.
Exposure vessels: 4-L glass jas containing 3-Loftest solution. The jars were sealed with Teflonlined ids fitted with stoppers to accommodate oxygen flushing ofheadspace.
Numberofreplicates: two
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Number of fish per replicate: enNumber ofconcentrations: ree plus a negative contolWater chemistry during the stody
Dissolved oxygen range: (0 96 hours5.1 146mal (comolexposre)

8.718.2 mg/L (700 mg/Lexposure)PH range: 0-96hour:780 $08 (contol exposure)778-799 (100mg expose)Test temperature rang (09 hour 20.8 20°CConductivity rangs (096 our)125 132 bosconol exposure)15 134 mbox (00mg exposure)Remarks: Oxygen was added 0 he headspace 1 he ars before sealing nly and scach observation period. The disolvd oxygen cntentanoms wer supamid mi{est esc, paricalaly in he 700 mL. pose concern.
RESULTSRessLlnd
Nominal loding concentrations: Negative control, 400, 70, 100 mL.Element value (95% confidence intial s gen in brackets)24hour LL =G13 365-675)mg.hourLL= 607 (554-660) mpl.T2hour LL= $95 551-643) mL.ShurLy=62 (523604) mg.96hourNOEL=<490 ml.
A lent values based on nominal concentrations.
Biological observations after 96-hours: No morality or abnormal behavior observed in the negativecontrol during the st. Mortality was bserved in ihe remaining expos conconraions. Su soabserved infal of he fish at the 700 my exposure concentration 24-hour, and 2 ohwrepresen96-hour. No abnormal behaviorwsoer nthe400 mL. expose contemeion
Cumulative percent mortatty:
“NominalLoading Test Concentration,mg/L| 24-hours 72-hour — oT oT 00 ITo 75 ETTow 010 too {iw
Lowest concentration causing 100% mortality: 1000 mgr.Morality of controls None
Remarks: Values reported are fo the test sample. No calelatons were made to adjust for theConceniaionof the fst substance i he 04 sample.
coxcuusions
The test sample 96-hour LL for thea minnow was determined tobe S62 mel. with a 95% confidenceinterval of $33 604 mL. The 96-hour no observed fects lve (NOEL) wa 490 mi.
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‘Submitter: 3M Company, Environmental Laboratory, P.O. Box 33331, St. Paul, Minnesota, $5133, USA
DATA QUALITY.

Reliability: Klimisch ranking 2. The study lacks analytical measurement of test substance concentrations
in the test solutions and sample purity is no sufficiently characterized. Additionally, data is fora mixture
and toxicity cannot be positively attributed to didecyldimethylammonium Perflurooctylulfonate salt
alone. Also, supersaturation ofth test solutions with oxygen could also have contributed to th toxicity.
REFERENCES

“This study was conducted at ASel Corporation, Environmental Testing Division, Duluth, MN, at the
request ofthe 3M Company.
oTHER 1

Last changed: 524100
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Robust Study Report Reference No. 29 — Acute toxicity of P3025 Developmental Material Daphniamagna
TEST SUBSTANCE
Identity: Perflvorooctylsulfonate, didecyldimethylammonium salt; may also be referred 0 as Fuoroalkylammanium derivative. (1-Decaminium, Nodecyl-NN-dimethyl- salt with 1,1,223,344.5.5.6,6.17.88.8eptadecafluoro-1-octanesulfonic acid (1:1), CAS# 251099-16-5]
Remarks: The 3M production lot number was Lot 1. The test sample is L-14394 referred t by the testlaboratory as P3025. The sample was labeled F-11615, Lot 1. The test sample is a misture of the testsubstance in water (approximately 30-40% test substance, 60-70% water, and 08% of residualperfluorochemicals). All values reported relat to this mixture. The test sample appears o be a 2-phasedispersion (clear liquid with opaque solid) which rapidly separates after agitation. No calculutions weremade 0 adjust for the actual concentration ofthe tst substance i the test sample
METHOD

Method: OECD 202
Test type: Stic acute
GLP: No
ear Completed: 1996
Specics: Daphnia magna
Analytical monitoring; DO, pH, temperature and conductivity were monitored daily.Statistical methods: EL values calculated using Trimmed Spearman-Karber method. NOEL valuecalculated using Steel's Many-One Rank test.
“Test daphnid source: Obtained from cultures maintained by ASel Corporation, Duluth, MX.“Test daphnid age a study initiation: < 24-hours
“Test Conditions:

Dilution water: Dechiorinsted CityofDuluth, MN tap water. Water was acrated for 24-hours
prior use in the test.
Dilutionwater chemistry:

Hardness: 44 mg/L as CaCO,
pi: 804
Lighting: Cool-white fluorescent bulbs. Photoperiod of 16-hours light, S-hours dark. No.transition period noted.

Stock and test solutions preparation: Water-accommodated fractions. Test solutions wereprepared individuallyforeach concentration by mas addition of vigorously shake test substancein I L of dilution water. The solutions were vigorously stirred for 23-hours (vortex 12 to 13solution depth). The aqueous phase was siphoned from the vessel at mid-depth after sting for 1
our.
Exposure vessel: 250 mL borosilicate glass beakers containing 200 mL of test solution. TheSolutions were kept covered during the tes.
Numberofreplicates: Four
Numberofdaphaids per replicate Five
‘Numberof concentrations: Fiveplus negative control
Water chemistryduring the study:

Dissolved oxygen range (0 48 hours):
86-91 mg/L (control exposure)80-88 mL (50 mLexposure)
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PH range (0 48 hours):
804-811 (control exposure)
7.92.00 (S0 mg/L exposure)

“Test temperaturerange (0-45 hours)
209-21.0°C

‘Conductivity range (0 45 hours:
142 155 mhosiem (contol exposure)
120- 124 pmhosiem (50 mg/L. exposure)Element basis: mortality and immobilization

RESULTSEe
Nominal loading concentrations: Negative contol, 3.13, 6.35, 125,25, 50 mg/LElement value: (95% confidence interval i givenin brackets)

2hourEL =27.0(18.7:39.0) mg/L8hour EL = 113 (96-13. mglL
48-hour NOEL = 625 mg/L.

Al element valuesbasedon nominal concentrations,
Statistical Evaluation: The EL valucs and 95% confidence intervals were calculated by the Trimmed‘Spearman Karber method. The NOEL was calculated using Steel's Many-One Rank test using theTOXSTAT statistical software Version 32, Universityof Wyoming.
Biological observations: Daphnids in the negative control, and the 3.13 and 6.25 mg/L wcatmentsappeared healthy and nomnal throughout the test with no mortality, immabliy or overt clinical signs oftoxicity. The effects noted in this study were mortality: no immobilization was noted at any testconcentration. The numberofsurviving organisms were determined visually and recorded intially andafter 24 and 48 hour.

Cumulative percent mortality:

[Nominal Loading Test Concentration mg’ |24-hours|__d8-houss |
Negative Control ryieI 303 0 0

625 To 0= 25 5 0
25 50 95.
50 7s 100

Control response: satisfactory
Remarks: Values reported are for the test sample. No calculations were made to adjustfo theconcentrationof th test substance inthe test sample.
CONCLUSIONS -
“The test substance 48-hour EL for Daphnia magna was determined 10 be 113 mg/L with a 95%confidence interval of 9.6-13.2 mg/L. The 48-hournoobserved effect level (NOEL)was 6.25 mg/L.
Submitter: 3M Company, Environmental Laboratory P.O, Box 33331 St. Paul, MN, S133, USA.
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DATA QUALITYAteeReliability: Klimisch ranking 2. The study lacks analytical measurementof test substance concentrationsin the test solutions and sample purty is no sufficiently characterized. Additionally, data is fora mixtureand toxicity cannot be positively atibuted to didecyldimethylammonium Perfluorooctylsulfonite satalone
REFERENCESTeelLLVNThis sudy was conductedatASci Corporation, Environmental Testing Division, Duluth, MN, at therequest ofthe 3M Company.
OTHER CuO ENARRLast changed: $2400
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Robust Study Report Reference No. 30- Acute toxicityof PFOS to Rainbow rout in salwater
TESTSUBSTANCE
deniy: Perivorooctncsufoate; may sso be refered 0 as PFOS or FC95. (1.Octnesufonie ci11223344.5.5.66,1.7.55. hepadecaliors.« potassium sat, CAS # 2795.39.3
Remarks: The test substan sa whit powder ofuncharacterized pu.
METHOD ili -
Method: Standard procedures fr Testing Ace Lethality of Liquid Efuents (Evironment Canad, 980)Type: Acute static renwal af 46-hour
GIP No
Yearcompleted: 1955
Species: Rainbow Trou, Salmogaideri
Fish source: Rainbow Springs, Framesord
Fis age at est ination: not noted
Fish acclimation 0 salt water: Teh gradu selimaed to increasing sls: held st 30 pars perthousand salinity8deyspio fo fet inion.
Exposure period: 96-nows
Aivtica monitoring; Dissolved oxygen, pi, conductivityStaisical methods: Not note. Element vies wer called for each replicate crc, but notcombined forthe whole study. A cumulates mataliy-concemtation lot vas uscd 0 exis th Lo
Testconditions:

Dilution water: Mississauga dechlorinatd tap water amended with calcium, magnesia,sodium,andchloride 0abi 30 parspathousandSlyDilutionwater chemistry Gita:74-5
D0: 56-90myL
Conductivity: > 20,00 umboscm

Stock solution preparation: 1000 mgr.
Exposure vals ot nite:slotvolume35
Number of replicates: 2 ets un 4 ays apa, not replicatedNumberaf organisminesse 6
Londing: 073 41
Number ofconcentrations: plus bak control
Water chemistry duringteStudies:

Ditahed owvten ranges
£12103 (coma
85-101 G0me)
ol ranges76-33 (cont)75-80 Go mel)Test temperature (0-4 hours): 15°C

Photoperiods 13-hour igh, 13hows darkElement basis: mortality
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RESULTS

‘Nominal concentrations: 5, 10,20, 30 mg/L
Element values (95% confidence interval) calculated per replicate:96-hourLC =13.7(107-177) mg/L96-hour LC. = 13.7 107 -17.8mg/LMortality of controls:17% (1/6 in both stdics)
DATA QUALITY.

Reliability: Klimisch ranking=2. This study satisfiedalcriteriafor quality testingatthe time performed,but actual concentrations were not measured. Results were based on nominal concentrations.Additionally, sample purity was not adequately characterized.
REFERENCES

his study was conducted by Beak Consultants Limited, Mississauga, Ontario, Canada for Panaretic OilsLid, Calgary, Alberta, Canada

oTHER

Submitter: 3M Company, Environmental Laboratory, P.O. Box 33331, St. Paul, Minnesota, 35133
Lastchanged: 7/19/01
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Rabust Study Report Reference No. 31 Acute oscty of PFOS to Raabow trout in freshwater
TEST SUBSTANCE
Hetty: Pefluoroocinsslfonscs may sso be refered to a PFOS ox FC-95. (1-Osaneulfonc ci,11223344.5.566.1.7.88 epadecafuos. potassium sh, CAS 219539.3)
Remarks: Th test sbsance isa whit powderofuncharacterized purty
METHOD
Method: Standard procedures fr Testing Acute Lethality of Liquid Ents (Evironment Canad, 1950)Type: Act, renwalafer 48-hours
GIP No
Vearcompleted: 1955
Specie: Rainbow Trout
Fish source: Rainbow Springs, Thamesford
Fish age a fet ination: no noted
Exposarsperiod: Sohours
Analytical monitoring: isoved oxygen, pH, conductivity
Ststical method: Nor nied Elem valu wer caused for sach replicate sre, but otcombined for the whole dy. A cumulatesmatali -concemration lo was used estimate th Lor
Test conditions:Dilution water: Mississauga dchlrinaed tp water

Dilution water chemistryital):3s
0: 90° 104myL

Stock solution preparation: 1000 lL noted cloudy
Exposure vessel: Not nods solution volume 33 |Number of replicates: 2 ct un one wes apa, nt replicated
Numberof organismnesselLonding: 073 41
Numberof concentrations: plus blak coil,4 psa bark controlWater chemistry durin th studies:

Dissolved oxen ranges£27108 com
50-95 Gomgl)
oH ranges
74.753 (convo)
75-87 Come)
Contuctiviy omge:
270-38Dumbosn

Test temperature (0-48 hours 15°C
Element pacst morality

RESULTS
Element values (95% confidence interval) calculated per replicate:Sohour LCu =75 (62 95) mol

1
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96hour LC: =9.9 (7.5 = 13.4) mglL
Mortality of controls: None

DATA QUALITY

Reliability: Klimisch ranking = 2. This study satisfied all criteria for quality testing at the time
performed, but actual concentrations were not measured. Results were based on nominal concentrations.
‘Additionally, sample purity was not adequately characterized

REFERENCES

This study was conducted by Beak Consulants Limited, Misissauga, Ontario, Canada for Panaretc Oils
Lud, Calgary,Alberta, Canada

OTHER

‘Submitter: 3M Company, Environmental Laboratory, P.O. Box 33331, St. Paul, Minnesota, 55133
Last changed: 719/01
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Robust Study Report Reference No. 32 - Acute toxicity of PFOS to Artemia sp.
TEST SUBSTANCE

density: Perfluorooctancsulfonate; may alsoberefered toas PFOS or FC-95, (1-Oetancsulfonic aid,1122334.4.5.5,66,1.7.8,8 S-heptadecalluor-, potassium salt, CAS # 2795.39-3)
Remarks: The test substance is awhitepowderofuncharacterized purty.
METHOD.

‘Method: Draft Intemational Standards Organization (Vanhaecke and Persoone, 1981)Type: Acute static
GLP: No
Year completed: 1985
Species: Arena 5.
Artemia source: Salt lake Brine Shrimp Inc
Artemia age a est initiation: naupul< 24 hours old.Exposure period: 48-hour
Analytical monitoring: Dissolved oxygen, pH, conductivity
Statistical methods: Not noted. Element values were calculated for cach replicate serics, but notcombinedfor the whole study. A cumulative mortality-concentraton plot was used to estimate the LC“Test conditions:

Dilution water: 30 parts per thousand NaCl solution
Dilutionwater chemistry (initia):

pH: 30-82
D0: >6mgl

Stock solution preparation:1000 mg/L; noted as cloudy
Exposure vessel: Not noted; solution volume 10 mL
Numberofreplicates: 3
Numberof organisms/replicate: 10
Numberofconcentrations: 6 plusa blank control
Water chemistry during the study:

Dissolved oxygen ranges (test and control):>60mglL
PH (est and control)
80-82

“Test temperature range (0 - 48 hours): 21 - 21°C
Element basis: mortality

RESULTS

Nominal concentrations: 1.2.3, 5,10, 20 mg/LElement values (95% confidence interval) calculated per replicate:hour ECay =9.4 (74 12.1) mglL.
hour EC = 9.4 (13-122) mg/L
Shout EC. 8.9 (6.7 11.9) mg/L
Mortality ofcontrols: None
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DATA QUALITY

Reliability: Klimisch ranking = 2. This study satisfied all criteria for quality testing at the timeperformed, but actual concentrations were not measured. Results were based on nonsinal concentrations.‘Additionally, sample purity was not adequately characterized
REFERENCES

“This study was conducted by Beak Consultants Limited, Mississauga, Ontario, Canada for Panartic OilsLid, Calgary,Albert, Canada.
OTHER

Submitter: 3M Company, Environmental Laboratory, P.O. Box 33331, St. Paul, Minnesota, $5133
Last changed: 6/12/01

1



ENVAMRD(2002)17FINAL

Robust Study Report Reference No.3 -Acute toxicity of PFOS to Daphnia magna
TEST SUBSTANCE

Identity: Perfluorooctancsulfonate; may also be referred to as PFOS or FC-95. (1-Octanesulfonic acid,11.2.2.33,4:,5,566.77.8.8 S-heptadecaloro-, potassium sal, CAS # 2795.39.)
Remarks: The test substanceis awhitepowderofuncharacterized purty.
“The folowing summary is abbreviated due toth fac that this study has been supercededby a more recent

METHOD

Method: International Standards Organization (1952)
Type: Acute static
GLP: No.
ear completed: 1985
Species: Daphnia magna

RESULTS

Nominal concentrations: 10,20, 30, 50, 100 mg/L.
Numberofreplicates: 2
Element values (95% confidence interval) calculated per replicate
48-hour EC = 58 (46 - 72) mL
48-hour EC.y= 67 (48 - 92) mg/L.

DATA QUALITY.

Reliability: Klimisch ranking = 2. This study satisfied all criteria for quality testing at the timeperformed, but actual concentrations were not measured. Results were based on nominal concentrations‘Additionally, samplepurity was not adequately characterized.
REFERENCES

“This study was conducted by Beak Consultants Limited, Mississauga, Ontario, Canada for Panaretc OilsLid, Calgary, Alberta, Canada,

oTHER

‘Submitter: 3M Company, Environmental Laboratory, P.O. Box 33331, St. Paul, Minnesasa, 55133
Lastchanged: 5126/01
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Robust Study Report Reference No. 34 - Perfluoraoctanesulfonate, Potassium salt (PFOS): An acuteoral toxicity study with the Honey bee

TEST SUBSTANCE 3

Identity: Perflvorooctanesulfonate; may also be refered to as PFOS or FC-95. (1-Octanesulfonic acid,11.2.2.33,485,566.77.8.8Sheptadecalluoro-, poassium salt, CAS # 2795.39:3)
Remarks field: The 3M production lot number was 217. The tet substanceis a white powder. Samplewas sored AT 16-20°C prior o testing. Purity determined tobe 86.9% by LC/MS, 'H-HMR, "F-NMR andelemental analyses techniques.
METHOD

Method: OECD Guideline 213, EPPO Guideline 170.
“Test type: Acute Oral
GLP: Ves
Year Completed: 2001
Species: Apis melljera L
Analytical monitoring: None nominal concentrations
“Test honey bee source: Obiained from colony number 32 belonging to the Central Science Laboratory(CSL). Sand Hutton,York, UK, National Bes Unit.
“Testhoneybeeage at study initiation:Youngadult
“Test honey bee type: Worker honey bees, feeofacarine, nosema and amocba.
‘Varroacide treatment: None within the 4weeks prior to est nition.
Test conditions

Humidity: 65% + 5%
Temperature: 25 + °C
Lighting: Conducted in darkness
Stock and test solutions preparation:
Test substance: Initial stock Solution prepared in analytical grade acetone 10 a finalconcentration of 47.8 ug PFOS/uL (nominal concentration). Final test concentrations prepared
from dilutions ofthis solution with $0% wiv sucrose. Resulting acetone concentration was 3%.
Reference toxicant: Primary stock solution of dimethoate was prepared in deionized water
containing 1 gL Triton X-100 t0 a final concentrationof3.0 wg/uL. Secondary stock solutionswere made by diluting the primary stock solution in deionized water containing | gL Triton X-100. Final test concentrations prepared from dilutionsofthese solutions ith S0% w/v sucrose.Stabilityofthe test chemical solution: A dispersion tet was carried outon an 86 jg PFOSuLacetone solution before the toxicity study was performed. The homogeneityofthe mixture was.
assessed afte 2 hours. The test item formed a clear solution on mixing; afer 2 hours at room
temperature, slight sediment was noted. For the toxicity test all solutions were re-mixed prior (0
use. The contract laboratory considered the solutionsofthe test doses to be homogenous for he
purposeofadministation.Exposure vessels: Clean, well-ventilated inverted pee dishes, measuring approximately 9 cm indiameter,
Feeding: During the first four hours of the test, bees provided with 50% wiv aqueous sucroseSolutions contain ng the appropriate PFOS dose. After 4-hours, dosed sucrose removed, andbees provided with 50% wiv aqueous sucrose solutions, continuously available through the end

m
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ofthe exposure period.

is

24-hour LDyg = 0.72 (0.60 - 0.85)pg/bee:
48-hour LDug = 0.46 (0.32 0.55) pg/bee.
72-hourLug=040 (0.33 - 0.45) glee:

:
NegativeContol |0[0 0 | 0 |

[Solvent Control ee —— 33
0.205 [oTerT "10
0.450 0T7720 T77s0Te
0.991 a 97
217 [67Tio[eo |
47s 30 io |_t00J
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Sublcthal Effects- Percent Knockdown(K)orStumbling (5:

Solvent Control
Se TT,
as [0[33m|BE HE
ye SE2 0] fe
as] [rm

Control response saistuctory
Reference toxicant response: saisactory— dimethote 72-hourLD. 0.11 ghee
conclusions
“The potassium perfiuorooctansulfoate 72-hour oral LD for the hey bee was determined 0 be 0.40bee wih 8 95% confidence ntrval of 0.33 048. Th 72 hou no observed ee Tene wis 0.31Jibee. Thedos responsewas steep between a mean uptakeof 0.45 and 3.bee.
Submitter: 3M Company, Environmental Laborstry, P.O, Box 33331, St.Paul, Mines, 5133
DATA QUALITY
Reliability: Kiisch ranking 1
REFERENCES
This study was conducted an Cental Science Laboratory, Sand Huton, York, UK, under contact byWilde ternational Lid, Eason, MD at the request ofhe 3M Company ab Request Number 02723,2001
omer
Last changed: 5101
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Robust Study Report Reference No. 35 - Perfluorooctancsulfonte, Potassium salt (PFOS): An acutecontact toxicity study with the Honeybee
TEST SUBSTANCE i
Identity: Perfluorooctanesulfonate; may also be referred to as PFOS or FC-95. (1-Octanesulfonic acid,112.2.33445,5,66.77.8,8S-heptadecafluoo-, potassium salt, CAS # 2795.39.)
Remarks field: The 3M production fot number was 217. The test substance is a white powder. Samplewas stored AT 16-20°C prior to testing. Purity determined to be 86.9% by LC/MS, 'H-HMR, "F-NMR andelemental analyses techniques

METHOD .

Method: USEPA OPPTS 850.3020 (df), OECD Guideline 214, EPPO Guideline 170Test ype: Acute Contact
GLP: Yes
Year Completed: 2001
Species: Apis melljera
Analytical monitoring: None — nominal concentrations
“Test honey bee source: Obiained from colony number 32 belonging to the Central Science Laboratory(CSL). Sand Hutton, York, UK, NationalBee Unit.
“Testhoney beeage at study initiation: Young adult
“Test honey bee type: Worker honey bees, feeofacarine, nosema and mocha,Varroacide treatment: None within the 4 weekspriorto est initiation.
Test conditions

Humidity: 65% + 5%
Temperature: 25+ °C
Lighting: Conducted in darkness
Stock and tet solutions preparation:
Test substance: Stock solution prepared in analytical grade acetone to a inal concentration of90.4 ig PFOSIL (nominal concentration). Final test concentrations prepared in acetone fromdilutions of this solution. Reference toxicant: Stock solution of dimethoate was prepared indeionized wate containing | /L Triton X-100 to a fina concentration of3.0 igiuL. Final test‘concentrations prepared from dilutionsofthis solution.
Stabilityofthe test chemical solution: A dispersion test was carried out on an 86 ug PFOS/uLacetone solution befor the tovcity study was performed. The homogeneity of the mixture wasassessed after 2 hours. The tet item formed a clear solution on mixing; after 2 hours at roomtemperature, light sediment was noted. For the toxciy test, al Solutions were remixed prior ©use. The contract laboratory considered the solutions ofthe test doses 0 be homogenous for the
purposeof administration.
Exposure vessels: Clean, well-ventilated, inverted pet dishes, measuring spproximately 9 cm indiameter.
Feeding: 50% wi aqueous sucrose solution, continuously available
Number of replicates: Thee.
Number of bees per replicate: Ten

Negativecontrol: Undosed
Solvent control: Acetone.
Reference substance: Dimethote
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Reference substance contol: Triton X-100
Numberofconcentrations: ive plusa negative and asolvent controlDose administration: The bees were anaesthetized with carbon dioxide immediately beforedosing and gently tipped out onto filter paper and counted nto the per dish cage (droncs worediscarded). Each bee was dosed on the thorax witha 1 uL drop ofa given es tem concentrationor ILacetone before being placed nt the est chamber
Dose frequency: Once
Element basis: Mortality

RESULTS

Nominal concentrations: Negative control, acetone contol (10 bec), 1.93, 424, 930, 205, 45, pePROS ee
Element value and 95% confidence interval:
24-hourLD = 38.9/28.2- 71.2) gheehour LD.= 104 (82 13.0) ghee
72-hour LDxy = 6.0 (4.7 -7.6) pee96-hour LDS0 = 478 (3.8 - 8) pfbee96-hour NOEL = 1.93 pee
Al clement valuesbased on nominal concentrations
Statistical Evaluation: Probit mortality plotted against the logarithm ofdos using the contract laboratoryProbit | package. A least-squares regression (Finney 1971) was fitted to these. The NOEL wereestimated using Student's ist (p<0.05)
Biological observations: There was significant mortality at al doss above 1.93 ghee witha steep doseresponse between 4.24 1nd 9.30 bee
Cumulative percent mortality:

hee
I NegativeComwol |0| 0 |33|35 |33 |[solvent Control 33 33 33

1.93 0 67 13
424 0 rT]9.30 oe 63 90
205 [0TwToT"9 T 00]
450 oT soTes 100 100]

‘SublethalEffects Percent Knockdown (K) or Stumbling (5):
whee

Negative Control o Io lo7]
[SolvemComrol[0T77010[0 0|

424 Tv [oT1]
[95% oT 1 “eo T3360]205

450 seT3300[010|

is
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Control response: satisfactory
Reference toxicant response: satisfactory- dimethoate 96-hour LD. = 0.19 ghee
CONCLUSIONS

“The potassium perfluorooctancsufonate 96-hour contact LD, for the honey bee was determined to be 4.75ghee witha95% confidence interval of 3.8 5.5. The 96-hourno observed effet level was 1.93 g/bee,“The dose response was steep between 4.24 and 9.30 ugh.
Submitter: 3M Company, EnvironmentalLaboratory,P.O, Box 33331,St. Paul, Minnesota, $5133
DATA QUALITY.

Reliability: Klimisch ranking |
REFERENCES more
This study was cond ucted at Central Science Laboratory, Sand Hutton, York, UK, under contract byWildife Intemational, Ld, Easton, MD at the requestofthe 3M Company, Lab Request Number U2723,2001
OTHER rere cre re
Last changed: 5/101
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determined to be 86.9% by LC/MS, 'H-HMR, "F-NMR and clemental analyses techniques.

MgCL6H20| 1216 |ml|
CaCl, 20,0 4.40 mg |
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[MnCL4H00416|mgr |Cott iE
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filtration (0.2m) prior to use.
“Test solution preparations: Individual test solutions were prepared in algal medium at ach ofthe six nominal concentrations. The Solutions were stirred with magnetic stir plates forapproximately 1§ hours. The fina tet solutions appearedclear and colories.Exposure vessels: Sterile 250 mL glass Erlenmeyer flasks plugged with foam stopperscontining 100 mLof test solution.
Agitation: Shaken continuously at 100pr
Numberofreplicates: six (including3 fo analysisofexposure concentration).Initial algal cel loading: 10 X 10"cell
Cell counts method: hemacytometer and microscope.
Number of concentrations: six plusa negative control plus an abiotic control at the highestconcentration ested
‘Water chemistry: pH range (0 96 hours)

74-76 (contol exposure)
74-74 (329 my/L exposure)

“Test temperature range (0 96 hours)
28-235C

Light levels: (0- 96 hours)
1990-2310 lux fom cool-white fluorescent lighting
Photoperiod: 24-hous ight
‘Methodof calculating mean measured concentrations: arithmetic mean obtained using resultsobiained at -hours, 72-hours and 96-hours

RESULTS -

Nominal concentrations: Negative control, 37.9, 58.6, 88.5, 139,216, 331 mg/L plus 331 abiotic replicateMeasured concentrations: <LOQ, 37.9, 63.9,93.,143, 235, 329 mL; abiotic replicate= 349 mg/l.
Element values (95% confidence interval)
24-hour EC, (cll density)= 103 mg/L. (C.1. not caleulable)
24chour EBC (area under curve)=90 (40 - 150) mg/L2chour ErCar (growth rate) =94 (33-145) mg/L.
48-hourEC (celdensity) = 117 mg/L (C.1 not calculable)48-hour EBC (area under curve) = 103 mL (C1. not calculable)48-hour ExCao (growth rate) = 128 mg/L (C.1. not calculable)
2hourEC,(cll density)=43(34- $4) mg/L
72-hour EBC area under curve)= <38 myL (C1. not calculable)72-hour EXC (growth rate)=$2.49- 116) mL.
72-hour EC. (cell density)= 120 (92 - 139)mg/L.
72-hour EbCe (area under curve) = 116 (49 - 142)mg/L72-hour ErCay (growth ate) = 174 (146 - 208) mg/L.
72-hour EC (cel density) = 224 (193 275) mg/L.72-hour EBC (area under curve) = 204 (134- 226) mL.
72-hour EiCay (growth rate)=275(162-330) mL.
6houEC (cell density) = $2 (29- 125) mL96-hour EBC, (area under curve) = 56 (26- 107) mg/L96-hour ErCip (growth ate) = 109 (84- 125) mL
96-hour EC (cell density)= 131 (106 - 142) mL.
96-hour EDC (area under curve)= 124 (104 - 138) mglL96-hourEC (growth ate)= 176 (169-181) mg/L96-hour ECan (cel density) = 213 (203 219) mg/L

i.
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96-hour EBC (area under curve)=209197- 218) mglL96-hour ErCo (growih rate) = 225 (220 235) m/l.72-hour NOAEC (cll density, area under curv): 37.9 mL72-hour NOAEC (growth rac): 93.8 mg/L96-hour NOAEC (cel density, growth rac): 93.8 mglL
96-hour NOAEC (area undercurve: 639 mL.
All clement values based on mean measured concentrations
Statistical methods: Cell densities, area under the growth curve values, growth rates and percentinhibition values were calculated using “The SAS System for Windows”, Release 6.12. The ECyy ECanand EC values and 95% confidencelimitswere calculated by linea interpolation with treatment responsand exposure concentration data using TOXSTAT Version 3.5. Cell densitis, areas under the growthcurve and growth rates at 72 and 96 hours were evaluated for normality snd homogenchy of variancesusing the Shapiro-Wilk's test and Levene's test, respectively. Where the data were nonmally disibued‘with equal variances, th trestment groups were compared 0 the control using Dunnett’ test In the oneinstance where data were not normaly distributed, the non-parametric Kruskal-Wallis 1et was wedResults ofthe statistical analyses were used to determine the NOAEC values.
Analytical Methodology: Analyses of es solutions were performed at Wildife International Ltd. usingHigh” performance liquid chromatography with mass spectrometric detection (HPLOMS). | Whendetermining the concentration oftheest substance nthe est solutions, the same and mst prominent peakresponse fo perfluorooctancsulfonste was used. No atempt was made to. quanty on the base ofindividualisomeric componens. The LOQ (mit of quantitation)was 4.50 mg/L in this study. The meanpescent recoveryofmatrix fortifications analyzed concurrently during sample analysis was 103%. Samplescollected at est nttion ad mesure values from 10010 112% ofnominal The measured vals for thesamples taken at T2-hours wer 99.0 - 110%of nominal. The measured value for the sample ahen a 96-Hours were 99.0 - 109% ofnominal. _For the abiotic replicate, the measured value for the sample take72-houes was 1039%of nominal andfo the sample taken at 96-hour, 107%ofnominal.
‘Summary ofanalytical chemistry data:

Nominal Test | Measured Values a0, and 96- | Mean | Percent ofConcentaton, | hours, Respectively, mglL | Measured| Nomimal| me Concentration,
| Negative Control A=10g ET —

379 319,382,376 [31910][see 656,627,634 69 Tw]
38.8 943,974,898 938 |106|7 182,146,142 aT we |
216 0mm| ns

331 329 | 094331 (abiotic Notanalyzed, 342,356 349 Tos
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Biological observations after 96-hours:
Mean Measured| Mean Number| Percent Percent Persent |
Concentration, | ofCellsper | Inhibition via | Inhibition via | Inhibition via

mg mL Density | Arca Under | Growth Rate
the Curve

Negative Control| se0.067| -|- [ -
379 [eosoo0 | 63130| 13
63.9 585,833 097

f 938 ams 131 aae136 |
143 [sess| er| eer | ne]
235 2338 |werTorToor |
329 |_ssoo | oor | door | ee]

STndicates a sigificant ifference from the negative control using the appropriate tasted est (p <0.05)
Control response: satisfactory
Observations: Afr 96 hoursofexposure, there were no signsof aggregation or adherence ofhe algae
the flasks in the negative contolo any treatment group. In addition there were no noticeable changes in
cell morphology when compared to th negative contol

Reversibility of Growth Inhibition: Aliquos of the 235 and 329 me/L test solutions were diluted with
algal medium and cultured for nine days afte the exposure phase of the study concluded. Based on the
increase in growth observed by Day 9 of the recovery phase, the effect on alga growth was algistatic at 1
concentrationof235 mg/L. However, no alga cell were detected during the recovery phase i the 329
mL treatment indicating that PROSwas algcidalatthat concentration.

CONCLUSIONS

“The potassium perfluorooctanesulfonatc 96-hour EC: and 95% confidence interval for Anabaena flos-
quae was determined using three calculation methods. By cell density. it was 131 (106 - 142) me/L, by
area unde the growth curve it was 124 (104 - 138) mg/L and by growth rate176 (169 - 181) my/L. The
96-hour NOAEC values were determined 0 be 63.9 mg/L using the area under the growth curve, and 93.5
mL with th cell density and growth rate calculation method. No signsof cell aggregation or adherence
were noted in any of the test solutions or the controls.  PFOS was determined to be algistatic at a
concentrationof235 mL and algicidala 329 mg/L.
‘Submitter: 3M Company, EnvironmentalLaboratory,P.O. Box 33331, St. Paul, Minnesota, 55133
DATA QUALITY. ere
Reliability: Kiimisch ranking= |

REFERENCES

“This study was conducted at Wildife International Lid, Easton, MD at the request of the 3M Company,
Lab Request number U2723.

oTHER

Last changed: 7/19/01
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“The pHofthe medium was adjusted10 7.5 + 0.1 using 10% HCL.
Dilution water source: Wildlife International Ld. well water purified by reverse osmosis. The
test medium was prepared by adding the appropriate volumes of stock nutrient solutions to
purified well water. The pH ofthe medium was adjusted to 7.5 + 0.1 using 10% HCI and the
medium was sterilized by flation (0.22 jm) priorto use.
Stock and test solution preparation: A primary stock solution was prepared in duckweed
medium at aconcentrationof 351 mg/L. The primary stock solution was sted with a magnetic
stir plate for approximately 24 hours.  Afler mixing, the primary stock solution was
proportionally diluted with duckweed medium to prepare the ive additional tes concentrations.
‘All inal test solutions appeared clear and colorless.
Exposure vessels: 250 mi. plastic beakers containing 100 mi tet solution, each covered with a
disposable peti dish lid.
Agitation: None
‘Number of replicates: three plus2 additional replicates for analyticalsamplingon Days3 and 5
nial loading: 5 planisireplicae, 15 frondsirplicate
Number of concentrations: six plus a negative control plus abiotic controls at the highest
concentration ested
‘Water chemistry: pH range (0-96 hours)

79-59 (contol exposure)
84-87 (230 mg/L exposure)

Method of calculating mean measured concentrations: arithmetic mean obained using results
obiained at Days 0,3, 5, and 7.

RESULTS

Nominal concentrations: Negative control, 11, 22, 43.9, $7.9, 176, and 351 mg/L plus 351 m/l abiotic
control.
Measured concentrations: <LOQ, 7.74, 15.1, 31.9, 62.5, 147, 230 mg/L; biotic control = 231 mglL

Element value and 95% confidence interval (based on frond number):
3-day IC 101 mg/L (CL not calculable)
3day IC: > 230 mL (C1. not calculable)
day IC. > 230 mg/L (C1. not calculable)

Sday IC 30.7 mp (13.3 142 mg/L)
Sday IC Ls: 182 mg/L (39.1 ~240 mL)
Sday IC ui >230 mL (C.L. not calculable)
day 10, 22.1 mg/L (133-260 ma/L)
Tuday IC <i: 108 mg/L (45.7 -144 mg/L)
7uday IC os: >230 mglL (C.L not calculable)
7-day NOAEC (numberof fronds): 15.1 mglL
Al clement values based on mean measured concentrations

Statistical methods: Mean plant and frond numbers, percent inhibition values and the percentages of
necrotic, chlorotic and dead fronds were calculated using “Microsoft Excel Version 5.07, while statistical
analyses were conducted using “TOXSTAT Version 3.5". Percent inhibition values were calculated for
‘ach trcatment group as the percent reduction in mean frond number relative to mean frond number in the
contol replicates. The IC 4, ICa, 3nd IC values and 95% confidence intervals were determined, when
possible, using linear interpolation with frond number and exposure concentration data. The percentages
of dead, chlorotic and necrotic fronds also were calculated relative 10 th total number of fronds in cach
test chamber. The frondnumberdatawasevaluated fonormality and homogeneityofvariances (p = 0.05)
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Effects
Mean Measured Mean Mean Mean
Concentration, Dead Chiorotic Necrotic| mg Fronds, Fronds, Fronds,

% % %
[NegativeControl| 0] Tar

ne — 1
15.1 FeTr 0

- 319 [1 023
62.5 =

TN
230 CyTWIR Te

Control response: satisfactory. Plants appeared healthy and extibited normal growth throughout the testwith the exceptionofone necrotic frond observed on Day 3 and Day 5ofthe test.
‘Observations: Duckweed exposed to 147 and 230 me PFOS/L exhibiteda dose-responsive increase in theincidenceof dead, chlorotic of necrotic fronds during the test. By Day 7, ll treatment groups> 31.9 g/L.showed evidenceofsublethal effects, including root destruction and/or cupping of the plant downward
on the water surface.

CONCLUSIONS

The potassium perflucrooctanesulfonate 7-Day IC and 95% confidence interval for duckweed wasdetermined © be 108 (45.7- 144) mg/L. The 7-Day NOAEC, based on the inhibition offrond production
and evidenceofsublethal effects, was 15.1 mg/L.

‘Submitter: 3M Company, EnvironmentalLaboratory,P.O, Box 33331, St. Paul, Minnesota, 55133
DATA QUALITY

Reliability: Klimisch ranking= |

REFERENCES

This study was conducted at Wildife Intemational Lid, Easton, MID at the requestofthe 3M Company.
oTHER

Last changed: 7/19/01
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Robust Study Report Reference No. 38 - PFOS: A 96-hour toxicity test with freshwater diatom(Navieulapelculosa)
TEST SUBSTANCE ud

entity: Prfluorooctanesufonate may also be refered to as PROS or FC-95. (1-Octanesolfone acid,11.22.3.34:45.56.61.7.8,8 S-heptadecallioro- poassium sal, CAS # 2795-39.3)
Remarks: Sample obtained from 3M production lt number 217. The test substance is a white powder,Sample was stored under ambient conditions prior 1 testing. Purity determined to be 86.9% by LC/MS,HHMR, "F-NMR and elemental analyses techniques.
METHOD

Method: OPPTS 850.5400
“Test: Acute sac
GLP: Ves
Year completed: 2001
Species: Navicula peliulosa
Source; Originally from The Culture CollectionofAlga at the University of Texas at Austin, maintainedin culture medium at Wilde Intemational Ld, Easton, MD
Analytical monitoring: PFOS measured at 0,72, 96-hours
Element basis: Reported three ways: numberofcell,areaunder the growth curve and growth rateExposure period: 96-hours
Start date: 225/00
End date: 229/00
“est organisms laboratory culture: Algae cultures had been actively growing in freshwater algal culturemedium ith silica and selenium for at least two wks pri to test nition, Stock nutrient solutionswere prepared by adding reagent-grade chemicals to reverse osmosi-purified well water.
“Test Conditions:

‘Growth medium
Compound Nowinal Tos

Concentration

[CachoTT 440 TT mer |
[HBOT0186|mer|MnCl 4110 04l6 0

Zac, 328 0
re

[Cochorotas | upr |
L

0012 gL

=NaNO,
MgSO. | 1470| my
K;HPO, | os mgr |

[CNaco,T7150 |mel|
200 o

0.010 2
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Dilution water source: Wildlife Intemational Ld. well water purified by reverse osmosis. Thetest medium was prepared by adding the appropriate volumes of stock nutrient solutions topurified well water. ThepH ofthe medium was adjusted 0 7.5 + 0.1 using 10% HCland0.1 NNaOH. The medium was seized by filtation (0.224m) priorto use.“Test olution preparation: A primary stock solution was no prepared for this study. Individualtest solutions were prepared in algal medium at cach of the seven nominal concentrations. Theindividual test solutions were stirred with a magnetic tir plate for approximately 24 hours, Allfina test solutions appeared clea and colorless.
Exposure vessels: Sterile 250 mL plastic Erlenmeyer flasks plugged with foam stopperscontaining 100 mLof test solution,
Agitation: Shaken continuously at ~100 pm
Number of replicates: three.
Initial algal cell loading: 1.0 10*cellsmL
Number of concentrations: seven plus a negative contol plus an abiotic control at the highest
concentration tested
‘Water chemistry: pH range (0-96hours)

75-8 (contol exposure)
73-77 (335 m/lexposure)

Test temperature range (0 - 96 hours)
231-246°C

Light levels: (0-96 hours)
3910-4510 ux from continuous cool-white fluorescent lighting

Methodof calculating mean measured concentration: arithmetic mean obtained using results
obtained at O-hours, 72-hours and 96-hours

RESULTS

Nominal concentrations: Negative control, 61.5, 813, 110, 147, 195, 264, 347 mg/L plus 347 mglLabiotic control,
Measured concentrations: <L0Q, 623, 83.2, 111, 150, 206, 266, 335 mg/L: abiotic control = 339 mg/L
Element value (95% confidence interval):
2dchour EC (cell density) = 21 (214-312) mg/L.
24-hour EBC (area under curve) = 262 (205 - 308) mL.
24-hourEICe (growth rate) =279 (212-306) mL.48-hour EC (cell density)= 261 (219-306) mL
48-hour EBC. (area under curve) = 259 (227 - 303) mg/L
48-hour EXC. (growth rate)=294 (271 -307) mg/L
72-hour EC, (cell density)=<62.3 (CL. notcalculable)mg/L72-hour EbCio (areaundercurve) =<62.3 (CI. nocalculable) mg/L72-hour ExCo (growth rate) = 221 (190 +252) mg/L.
72-hour EC, (cell density) = 242 (200-276) mL
72-hour EBC. (area under curve) = 246 (210- 277) mg/L
72-hour ECa (growth ate) = 295 (388 - 305) mg/L
72-hour ECan (cell density) = 317 (306 -326) mgL
72-hourEBC area under curve) = 318 (307- 325) mg/L
72-hourErCa (growth rate)= 335 (323 - 35) mL
96-hour EC cell density) = <62.3 (C.1. not calculable) mg/L.96-hour EBC, (rea under curve) = <62.3 (C1. notcalculable) mg/L
96hou ErC,0 (growth rate)=243 (209. 295) mg/L
96-hour EC (cel density)=263 (317 - 299) mg/L
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96choue EBC (rca undecurse) = 252 (220-285) mol.
96-hour ErCyo (growth rate)=305 (295 - 316) mg/L.
96-hour ECan (cell density)=322 (310-328) mg/L.96-hour EBC (rca unde curs) 319 G08 326) mgr.96hEXC growth se) - 5353 mp (C1. nt cae)72hour NONEC (cel deni,areunder the uve: <623 mel72-hour NOAEC (growth ae): 206 mg.
96-hour NOAEC (el density): 150mg.
96-hour NOAEC (res unde he cuvey: 62.3 mg/L.96-hour NOAEC (growth rat) 206mg
AM clement values basedon mean messed concentrations
Statistical methods: Cell densics, seca unde the growth curve values, grow aes and. percentinibiion values were cleusted sing “The SAS Sys for Windows™. Rea 6.12. Thevalu werehen alyzed by Tear interpolation sing TOXSTAT Version 3.5 to sstimate he EC. EC nd ECalucs and 95% confidence its. Cell densities, aras under he growth eure and grow rte at 72 nd96 hours were loalufo £ normality and homogeneityof variance win theShapiro Wilker atand Levene tes, respectively. The esment groups were (hen Compared 10 the conor wing Donat’Le. Results of he isinlysis wid 10 determine the NOREC vues.
Anaytial Methodology: Analyses of test solutions were performed at Wide Inermatonl Ld. winghigh. performance liuid_ chromatography with mass specomeric detection (HPLCAS). Whesdetermining he concentration of the st substance in th6 soltons, te ame and ot prominent peckresponse for perfluoroocanculfonsie was uscd, No temp was made fo Qnty on th bash ofindividual isomeric components. The LOGQ (imi of quantitation) was 439 m/l. in ts stdy. The meanpercent recoveryof mat fortifications analyzed concurrently during sample analy wes 108%. SamplesCollctd a tes intron had measured vahes fom 96.21 106% of nominal. Measured value orSamples ake at 72 hours rangedfrom 9.5 to 06% of nominal. Measured alosfo spin then a6Hours rangedfrom 94. 0 101%of nmin. For te bits ants, he measured ae fo he samplefake 17 hourswas 95 2% of nominal and oth sample akeat96 hour, 96.85 ofmina.
Summary of analytical chemistry daa:
[Nominal Test | Measured Valuesat 0,72, snd96-| Mean | Percent of
Concentration, hours, Respectively, mg/L Measured | NominalnL Concenation,
Negative Contrl A<T00 “og |Ts a3 Tor|Sia $2 [0|Twain]wT mises is oe]
eT amoww Tae io]261 oi]Sa7 hioti) | Notanalyeed. 341.56
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Biological observations after 96-hours:
[Mean Measured| Mean Number | Percent Inhibition via | Percent Ihibivion via| Percent

Concentration, | ofCell per Density Arca Under the Curve | Inhibition via
0 mL Growth Rate

YLeeferred]
623 236.667 aw 3552 2.366.667 2+ 27
Ti
150
206 [233"1 37Tae

J 266. 1.330.000
338 a TYsre

“Indicatesa significant difference from the negative control using Dunnet’ est(p< 0.05)
Control response: satisfactory

Observations: Aflr 96 hoursof exposure, thre were no signsofaggregation or adherenceofthe algae (0the flasks in the negalive controlorany est treatment group. In addition therewere no noticeable changes
in cel color or morphology when compared (0 the negative control, although at 72 and 96 hours ofexposurea few cells in the 338 mg/L treatment group appeared small in comparison to the control
Reversibilityof Growth Inhibition: The 335 mg/L treatment group was maximally inhibited afer 96-
Hours. The treaument group was diluted to a concentration of the test substance that would not inhibit
rowth and exposed for 7 days. Based on the growth observed in the recovery phase, the effect on algalowt was found o be algistatic

CONCLUSIONS

The potassium perfluorooctanesulfonate 96-hour EC and 95% confidence interval for Navicula
pelliculosa was determined using three calculation methods. B.y cel density, it was 263 (217 - 299) mL.by area under the growth curve it was 252 (220-25)mp/L and by growthrate 305 295- 316) mg/L. The96-hour NOAEC was determined by Dunnett's procedure (p < 0.05) o be 150 mg/L using cell density.
<62.3 mg/L when using area under the curve and 206 mg/L by growth rate. No signs ofcell aggregation or
adherence were noted in anyofthe test solutions or the controls. This test substance was determined 0 beagit.

Submitter: 311 Company, Environmental Laboratory, P.O, Box 33331,St. Paul, Minnesota, 133
DATA QUALITY
Reliability: Klimisch ranking= |
REFERENCES

“This study was conducted at Wildife International Lid,Easton, MID at the requestofthe 3M Company,
Lab Request number U2723,
omer
Last changed: 6/19/01
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Robust Study Report Reference No. 39 - PFOS: A 96-hour toxicity test with the marine diatom(Sheletonema costaum)
TEST SUBSTANCE

Identity: Prfliorooctanesulfoate may also be refered to as PFOS or FC-95. (I-Octanesufoni acid,11:22.33.4:4,5.5.6.61.7.8,8 -heptadecafloro- potassium sal, CAS # 2795-39.3)
Remarks: Sample from 3M production lt number 217. The test substance is a white powder, Puritydeterminedto be 86.9%by LC/MS, 'HoHMR, "F-NMR and clemental analyses techniques
METHOD

Method: OPTS 850.5400
“Test: Acute sarc
GLP: Ves
Year completed: 2001
Species: Skelton costatum
Source: Originaly from The Culture Collection of Algae and Protozoa, Dunsaffnage marine Laboratoryat Oban Argyl,Scotland, and maintained in culture mediuma Wilde Inerationl Ld. Eaton, MD.Analytical monitoring: PFOS measuredat 0. 72, 96-hours
Element bass: Reported thee ways: numberof cell, area under th growth curv andgrowth ateExposure period: 96-hours
Start date: 19.00
End date: 923/00
Analytical monitoring: Tes: concentrations messured at 0, 72, and 96-hours
“Test organisms laboratory culture: Algae cultures had been actively growing in saltwater algal culuremedi for at last two weeks prior 0 test inittion. Stock nutrient solutions were prepared by 3ddingSeagent-grade chemicals to reverse osmosis-purified well water. Solutions were then diluted i artificalSaltwater to prepare final growth media.
“Test Conditions:

‘Algal saltwater medivm

Concentration
[reciemoTT om | mer |

MnCLa0|216|
ZnSO TH,0 2
CuSOSHO| 236 |gt |
CoCLo0 |606| ye
HBO, 2

NaEDTA 2,0. Se[mt
KPO. 30 0

ho — 1NaSi0,900 200 me
“Thiamine 02s mel

Hydrochloride
[Bon"T7005ugk |

BI2 [esTwp
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Dilution water source: The stock nutrient solutions were prepared by adding the appropriate
volumes reagent-grade chemicals to Wildlife International Ltd. well water purified by reverse
osmosis. The algal medium was prepared by adding appropriate volumes of the stock nutrient
solutions to artifical saltwater at 30 ppt salinity. The pH of the medium was 8.1 and it was
sterilized by flration (020m) prior 0 use.
Test solution preparation: A single tes solution (3.46 me/L) was prepared for this study in
algal saltwater medium. The solution was sonicated for approximately 30 minutes and wastimed with a magnetic sir plate for approximately 43 hours. The final test solution appeared
clear nd colorless.
Exposure vessels: Sterile 250 mL glass Erlenmeyer flasks plugged with foam stopperscontaining 100 mLof est solution.
Agitation: Shaken continuouslyat 100 sm
Numberofreplicates: six.
Initial algal eel loading: 7.7 X 10"cellsmL
Number of concentrations: one plus a negative contol plus an abiotic control at the highest
concentration ested
‘Water chemistry: pH range (0-96 hours)

80-84 (control exposure)
50-84 (320 mg/Lexposure)

“Test temperature range (0 96 hours)
202 214°C

Light levels: (0 96 hours)
3880 - 4710 lux from cool-white fluorescent lightingPhotaperiod: 14-hour ight and 10 hours dark

Methodofcalculating mean measured concentrations: arithmetic mean obtained using resultsobiained at -hours, 72-hours and 96-hours

RESULTS > -
‘Nominal concentrations:Negativecontrol, 3.46 mg/L plus 3.46 mg/L abiotic contol. This is apparerily
the highest concentrationof PROS atainable inthis saltwater algal media.
Measured concentrations: <LOQ, 3.20 mg/L; abiotic control= 3.18 mg/LElement value (95% confidence interval):
72 and 96-hour EC via cll density, ares under the curve and growth ate: > 3.20 mg/L (C.L. notcalculable)
24,45, 72, and 96-hourECgviacell density, area underthe curveandgrowthrae: >3.20 mL. (C.L. notCaleulible)
72 and 96-hour ECoviacell density, area under the curve and growth rate: > 320 mg/L (CL. not
calculable)
72-hour NOAEC (celldensity, area under the curv, growth rate): 3.20 mg/L
96-hour NOAEC(cell density, area under the curve, growth ate): 320 mg/L
Al element values based on mean measured concentrations
Statistical methods: Cell densities, area under the growth curve values, growth rates and percentinhibition values were calculated using “The SAS System for Windows”, Release 6.12. The EC, ECa,and FC. values and 95% confidence limits cold not be calculated using sttisical methods. Coldensities, areas under the growth curve and growth rats at 72 and 96 hours were evaluated for normality
using the Shapiro-Wilk's test and for equalityofvariance using an F-test. The treatment groups were thencompared to the control using ANOVA and a 2-sample Ltst.
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Results ofthe satisial analyses were sed to determine the NOAEC values.
Anayticat Methodology: Analyses of est solutions were performed st Wife erations Lic. usinghigh pesomance lid chromatography ith mass spescomece ecaon (HPLCAS). Th 73 andHour Samples were cemriuged approximately 10 mimics a appevimarly 2000 1pm prior to amy.When determining ihe conceniation of te ts substance 1 the tet slmions, th” same ni poprominent peak responsefo perfvrooctancsulionte was usd. No temps was mde 0qui onais of individual meric components: The LOG (imi of quantiaion was 0.450 mf. the syThe mean percent recovery of mati fortifications analyzed concurenly dung samp nave wd103%. Samples collected at test nition had messed values rom 06.2 1 855% of nominal. Themeasured value for he sample taken at 72 hous was 32.2% of nominal. The messed vale for theSample taken at 96 hours was 912% of nominal. For the aio contol, the measured vo fo theSample ake at 72 hours was 97.15 ofnominal ad or he sample ake a 9 hours, 86.5 ofnon,
Summary of analytical chemistry dta:

Nominal Test | Measured Values 0 72, nd 9.| Mean | Percent of| Comenaion| hous, Respectively mph. | Mewured | NominalmL Concemation,
py

Negaine Con] AISL00 tog|__|Sis 326.319.305 30 oz]Tat bio)| Notanaljed, 336.500 Sov]
Biological abseryations afer 96hours
[Mean Measured| Mean Number| Percent Percent Percent| Concentration, | ofCellar | nbibiionvis| nibitonvia| Inhibuionviamet mL Densty| ArcaUnder| Growth RateL he CureNegate Conol3a¥Ger |~~aT ese
Contra response: stisfctory
Observations: Afr 96 hours ofexposure, ther were no signs of agregation or adberencofth lg 0ihe Tasks in the treatment group. However hrs were sign of adherence 1o he es chamber in thnegative contol group. There were no noticeable changes in el morphology When compared to thenegative conto.
Resersibilty of Growth Taibiion: Air 96-hour of expose, ther was no significant inisiion ofrow in he Highest concentration sted (320mg). Theeft, 4 covery phe was nsconden.
coxcLusions 1
A single concentration of potassium pefluorooctanesufonte was exalted fo toxicity to Skleonemcosatum. “This mean measured concenraton, 320 my. was he highest concentration atanable in hieSaal media. The 96-hour EC» and 95% contdence ralfo Skelconem conan, 2 dcermined byell density. ar under he growth curv, and by growth rt was fund to be- 320 mL. Th96 hourNOAEC was determined by ANOVA ania2-ample 45 10 be 3.30 mel. saeulted oning cel deny.res under he sure 4nd Erowth ate, No ign ofall SBFFaiono Adherent wer red any of thet solutions or te conto.



ENVAMRDQOO)IFINAL

‘Submitter: 3M Company, EnvironmentalLaboratory,P.O. Box 33331,St.Paul, Minnesots, $5133
DATA QUALITY g er
Reliability: Klinisch ranking=
REFERENCES

“his study was conducted at WiKIe Totemationl Ld, Easton, MDa the request of the 3M Company.Lab Request umber U2723
otHER
Last changed: 719001
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Robust Study Report Reference No. 40 - PFOS: A frog embryo teratogenesis assay ~ Xenopus(FETAX)
TEST SUBSTANCE

Identity: Perfluorooctanesulfonate; may also be refered toas PROS, U2723 or FC-95. (1-Octanesulfonicacid. 1122.3.344.55,6.61.7,885-heptadecafluoro-, potassium sa, CAS #2795.39.3)
Remarks: Sample obtained from 3M production lot number 217. The tet substance is a white powder.Purity determined tobe 86.9%by LC/MS, 'H-HMR, "F-NMR and elemental snalyses techniques.
METHOD _

Method: ASTM E1439.91
Test type: Static renewal
(GLP: Infife phase- no tock solution preparation and messurement oftest concentrations- yesYear completed: 2001
Numberof studies: 3

Stayt Swdy2  Swdyd
Startdate: SIs S200 52200
End date: 51900 50600 52600
(Study2 and 3 setup concurrently with common stock solutions)Analyticalmonitoring: PFOSmeasuredat0and96-hours
‘Species: Xenopus laevis
Source: Breeding colonies at the University of Maryland Wye Research and Education Center(UMD/WREC), Queenstown, Maryland.
“Test organisms laboratory culture: Mating pais were bred in the dark in 23.5 + 05°C UMDWRECnon-chlorinated well water at ~ 70 day intervals by injecting 400 and 800 1. U. of human chorioniconadotropin (HCG) inthe dorsal lymphsac ofthe males and females, respectively. Amplexus occured6 hours after injecting HCG;egg deposition occured 9-12 hours following HCG injection.
Age at test initiation: Embryos; normal sage8blastul t0 normal stage 11 gastrulaLoading: 25 embryos/10 mL.
Pretreatment: Embryos dejelled in a 2% L cysteine solution, then rinsed and re-suspended in FETAXsolution prior 0 introduction to test chambers.
Element basis: mortality, malformations (vi th ala of Bante et al, 1991), growthExposure period: 96-hours
“Test Conditions (all3 studies):

Dilution water: ASTM (1998) FETAX solution
Test temperature: 24.0 +0.2°C
Light levels: 60-55 foot candle fluorescent lights
Photoperiod:12-hourlight 12-hourdark
Stock and test solution preparation: A primary stock solution was prepared in FETAX medium(supplied by UM-WREC) by Wildife Intemational, Lid. at 48 mg PFOSL. The primary stocksolution was mixed by sonication and sting. After mixing, the primary stock solution wasproportionally diluted with FETAX medium 10 prepare the six tet concentrations. The si testconcentration solutions were delivered to UM-WREC prior ( the start ofeach study.
Reference substance: 6-aminonicotinamide
Stock and reference substance solution preparation: as outlined in the ASTM (1998) protocolExposure vessels: Covered 60 mm glass Petr dishes containing 10 mL test solution
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Number of replicates: controls 4, treatments 2
Numberof embryos per replicate: 25
Number of concentrations: sx plus a negative control plus an abiotic control at the highest
concentration tested, plus two reference substance concentrations.
Renewal frequency: every 24 hours
Stabilityofthetest chemical solutions: Extremely stable
Water chemistry during all 3 studies:

PHrange(0-96hours)7.17.7 (control exposure)
707.6 (24 mg/L nominal exposure)
Dissolved oxygen range (0-9 hours)
7.3 8.4 mL (contol exposure)
7.0 8.5 mg/L (24 mg/L nominal exposure)

Methodofcalculating mean measured concentrations: arithmetic mean

RESULTS limi

Nominal PFOS concentrations: Negative contol, 1.82, 3.07, 5.19, 864, 14.4 and 24.0 mg/L plus 24.0
‘mg/L abiotic control
Nominal -aminonicotinamide concentrations: 5.5 and 2500 mg/L
Mean measured PFOS concentrations:

Study1: <L0Q,200, 283, 4.73, 7.90, 147, 24.6 mL;
abiotic control - 23.7 mg/L
Study 2: <LOQ, 1.91, 3.04, 482, 7.97, 133, 23.0 mglL;
abiotic control ~23.9 mg/L

Study 3: <L0Q. 193,327, 525,826,140, 23.9 mg/L;
abiotic control =24.1 mgL

PFOS clement values and 95% confidence intervals, mg/L
Sudy | 96HrLCa| 96HrECs|Minimum conc to] Teraogenic
Number Inhibit Growth | Index (TT)

} MCI)
T BE Notcalculable TT

| is3y 146)
Tess] meas 757 To

i 200) 29) -
3 B33 26 [x
SI 2

All clement values based on mean measuredconcentrations

Statistical methods: The Trimmed Spearman-Karber statistical procedure was used to determine the 96-
hour LC. formortality and 96-hour ECs for malformations. The MCIG was determined by Bonferroni's
T-Test. All statistical tests were performed using Toxstat (WEST and Gulley, 1994). A minimum
probably level of 0.05 was used. The teratogenic index (TT) was calculatedby dividing the LCx by the
EC
Analytical Methodology: Analysesoftest solutions were performedat Wildlife International Lid, Eason,
MD using high performance liquid chromatography with mass spectrometric detection (HPLC/MS).
When determining the concentration of the test substance in the test solutions, the same and most
prominent peak responseforperfluorooctanesulforate was used. No attempt was made to quantify on the
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basis of individual isomeric components. The LOQ (limitof quantitation) was 0.240 mg/L in these sudics.The mean percent recovery of matrix. frtificaions analyzed concurrently during sample andlysis was97.2% Samples collecteda est nttion had measured values from 112 to 141% of nominal in the rtstudy. and in the second and third studis, fom 95.8 to 117% of nominal. Measured values fosamplestaken at 96-hours ranged fom $4.7 10 98.6% of nominal in the frst study and 80.7 1.112% of nominal inhe second and third studies. The samples from th abiotic 24.0 mg/L rcament group was comparable 10samples from he 24.0 mL. treatment group with he embryos present.
Summary ofanalytical chemistry data:

Study1
Nominal Test_| MeasuredValuesat0and96- | Mean Vieasured| Percent ofConcentration, mg/L| hours Respectively, mg/L | Concentration,| Nominal

|NegativeConwol|"AW<LOQ | clog | |
258,142 1 2.00 Tie

so seam anoi |
8.64. [iors= 70[oa|
lad 18.5, 108
240. 269.223 a6 T1103

[240G@biotic) [™ notanalyzed,337|237 | 986 |

Study 2
Nominal Test | MeasuredValues a0 30d96- | Mean Measured| Percent of

Concentration, mg/L. ours Concentration,| Nominal
Respectively, mL mg

Negative Conwol | AN<LOQ |<0Q | |
191 105.
3.04 99.0

[sv TT sasasTas |oe|
set 1"soy: 1907Tw|

[a1 esrT13319a|
240 1 23.0,23.1 963

[240Gbiotic)|“notanalyzed 39 | 239 | 996

Sudy3
Nominal Test | MeasuredValues a030 96- | Mean Messured| Percent ofConcentration, mg/L ours Concentration,| Nominal

Respectively, mg/L mpl
[NegativeConwol| AW<L0Q |<toQq | |
[ieTimates | e6 |
[er1soa |320 | wer |

5.19 545.505
8.64. 8.43,8.09

[a777 esis a0 1 ora |240 250.207 29 96
240 abiotic) otanalyzed, 24.1 241 00
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182 o 180 To[60 |
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[CaTsT7765 130| 57 |aa |""3 |

rer re epee em eee LotootLor}

[Negative Control |__859 |__888 |oar|
[asTs1 sds 1 ei |
[oorT7880 1 857 oa |

sie 1ssi 1"8n_| 928 |
[seen ew [ws]

5.08 ET
[a0 |:Gotalmortality),7.39% _|___ 7.50%

Iph



ENVAMRD(2002)1 FINAL

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

DATA QUALITY.

Reliability: Klimisch ranking= 2
Although these were wellconducted studies, the inife phases were not conducted in acsordance with
Good Laboratory Practices

REFERENCES

These studies were conducted at the University of Maryland Wye Research and Education Center (UM-
WREC) in Queenstown, Marylandandat Wildi Intemational Ld. Easton, MD at therequestofthe 3M
Company. Lab Request number U2723
OTHER

Last changed: 7/19/01
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Robust Study Report Reference No. 41 - Perfluorooctanesulfonate, Potassium sat (PFOS): A flow-through bioconcentration test with the Bluegil (Lepomis macrochirus)
TEST SUBSTANCE

Identity: Perfluorooctanesulfonate; may also be referred to as PFOS or FC-95. (1-Octancsulfonic acid,112.2.33,4:4,5566,1.7.8.8Sheptadecaflvoro, potassium salt, CAS # 2795.39-3)
Remarks: Sample from 3M production fot number217. The test substance is a white powder. Puritydeterminedtobe 86.9% by LC/MS, 'H-HMR, "F-NMR and clemental analyses techniques.
METHOD: -

Method/guideline followed: US EPA OPPTS 850.1730 and OECD 305
“Type: Flow-through exposure with low-hrough depuration phase.
GLP (VIN): Yes
Year: 2000
‘Species: Bluegill (Lepomis macrocirus)
‘Supplier: Osage Catfsherics, Inc., Osage Beach, Missouri
Length and weight at test termination: Mean length = 62 mm, range 56-66 mm Mean weight = 2.70 g,range 203-332
Loading: 0.48gfish/Liday (basedon initial loadingof90fish per tank, using mean fish weighta the endof the study and volumeofwater that passed through test chamber in 24-hour).
Fish age: Approximately7 months a es nitiation
Analytical monitoring: Concentration of PFOS in water and fish.
Pretreatment: None
Numberofconcentrations: Two plus a negative contol
Test concentrations (mean measured): Negativecontrol,0.056and0.87 mg/L
Uptake period: 62-days (0.086 mg/L exposure)

35-days (0.87 mL exposure— his exposure ended after 35-days due to fishmorality)
Depuration period: ~~S6-days (0.086 m/Lexposure

None (0.087 mg/L exposure)
“Test conditions:

Dilution water: Moderately hard well water
Dilution water chemistry:

Specific conductance: 313 (310 -315 ymhosiem)
Hardness:130 (125 - 132 mg/L)
Alkalinity: 178(176- 178)
PH: 81(80-82)
Measured during the 4 week period immediatly preceding the est,

Stock and test solution preparations Two stock solutions were prepared at 10 and 100 mgiL. Stock solutions sired with an electric top-down mixer0 id in the solubilization of thetest substance. After mixing, the stocks appeared clear and colorless. Stocks were prepared atapproximately weekly intervals during the uptake phase. Stocks injected into the diluer mixingchambers at a ate of 3.5 mLiminute where they were mixed with dilution wate at a ate of 350mL/minute 10 schieve the desired tet concentrations. All final test solutions appeared clear andcolorless.
Diluter flow rate: Appros. 6.3 volume additions per 24-hours
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Exposure vessels: 104Lstainless seel aquariafilled with approximately 80Lsolution.
Number of replicates: None one vesselperconcentration
‘Number of ish per vessel: 90
Diet: Flake food, Ziegler Brothers, Inc, Gardners, PA

‘Water chemistry ranges during the study:
es. Conver | 006mg | 05m

68-86 |68-86|64-83|
28-20 |217-20

pH: 79-82 79-82

Photoperiod: 16hours light and §hoursdarkwith a 30-minute transition period.
Light intensity: 278 luxa surface ofthe negative control vessel at est nition

Collection of tissue samples: Fish were collected from test chambers by random selection at 12 time
points during the 62-day uptake phase. Theywereeuthanized, blotted dry, weighed and measured. Fish
then rinsed with dilution water, bloted dry again and dissected ino edible and non-cdible issue fractions.
“The fractions were individually weighed. The head, fins and viscera were considered to be non-dible
tissue. The remaining issue, including skin was considered o be edible tissue

Statistical methods: Whole fish concentrations were calculated based on the sum of the edible and
nonedible parts. Steady-state bioconcentration BCF values calculated from the tissue concentrations at
apparent steady-state divided by the mean water concentration. Tissue concentrations were considered (0
be at apparent steady-state if 3 or more consecutive sets of tissue concentrations Were not significantly
differen (p > 0.05). Tissue concentrations were evaluated for normality and homogeneity of variance
suing the Shapiro-Wilk's test and Barett’s tet, respectively. If the data did not meet the assumpions,
data was transformed in an attempt 10 correct th data. Mean tissue concentrations were then compared
using ANOVA and Dunnett's test.

The kinetic bioconcentraton factor (BCFK), upiake rte (k) and depuration rat (ky) were calculated for
the edible, nonedible and whole fish exposed to 0.086 me/L PFOS using BIOFAC computer software.
BIOFAC is a nonlinear parameter estimate routine which estimates ate constantsfroma set of sequential
time-concentraton data. Theserate constants were then usd to calculateaBCFK(BCFK = K/K 12),

RESULTS _

Nominal concentrations: Negative control 0.1 and 1.0 mg/L
Mean measured concentrations: < 0.05, 0.086 and 0.87 mL
Bioconcentration factors (BF):

0.086 mg/L apparent steady-state BCE
Edible
484 856

0.87 mg/L. (study ended prior to achieving steady-state)BCF:
Edible Whole Fish
136 386.

199



ENVAMRDQOO2)I FINAL

BIOFAC Estimates (sing 1.086 mL. exposure)
[Bem 1is66|a2 |361 |

ane

PROS ConcentrationsinTissuesofBluegillExpose 00.086 mgt.Valuesar om nd hat schsample ero.
aha po nie

0 4-hours) 0.167, 0.155, 0.144, 0.182 0.293,0.351, 0.286, 0.363
CT10736,0726.0600,0806T166085.172,207| 136,134.129.15

3 321,4.04,4.18,438
7 102,106, 119,152 7.33,7.66,8.73, 11.4.

F 14 273,232,353,326 202.169.260.246
I 21
| 28 49.4,30.7, 653, 57.9 35.3,292,45.4,44.1

35. 671,733,620. 59.1 463,538, 46.6, 409—= 276.255.212.076 | 610651 544.796 | 501.494. 405563
29° | 333.362,39.0,306

62
|DepurtionbayT_T1

14 124,794,818, 113[= §705.1.857.945
a

C36 17211,376,329.312| 577.803.854.844|41.6,665.658.62.1 |

PFOS Concentrations in TissuesofBluegl Exposed 10 037 mg.Value re from individual sh atexch sample period.
Uptake: ‘EdibleTissue, ‘Non-edibleTissue,Do mals x mg

0(d-hours)
468.659.556.564|111,142,133,121 | 800.109.102.047 |

3
[ 7 749,770,853, 89.8

14 141,157, 180, 158
21

28 102, 131, 107, 133
Sampling of Th snp afer Uptake Day 38 dusTo meri

Test organism mortality:
Negative control: None dain the upske phase (62dys)ordepron phase (35 days)0.086 my. exporares One fh ded ar 49 dys and one ae 59 dos of expan in theuptake phase,noedung the depron pase087 mal. posure: Morality is notin Day9and continued through Day3 ofthe uptakepha at which time all fh Hh had chr did or hd ben sampled

Analytical methodology: Analyses of test soins and fh tissues were performed at Willie
20
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Intemational, Lid, Wate samples were diluted and analyzed by HPLC with single quadeupoe mass
spectrometric detetion. Tissue samples were homogenized, extacted, ited and analyzed by HPLC
ith triple quadrupole mass spectrometric detection. When, determining the concentrationof the test
Sbtance in the samples, the same and most prominent peak response for peflorooctancaulfonte was
ied No attempt was made to quantify on the basis of individu isomeric companents. The LOQ was
0.05 mL. fo wate in this study. For issue samples, the LOQ was caleulatd an an individual bass for
cach Sample since ach entire submited sample, of difering weight, was extracted without an adjustment
to constant weight,
Recovery was excellent in bothwater and ih issues, ranging from 84.9 10 122% of fortification levels
Analytical results were not corrected fr procedural recovery.
conctusions
PROS bioconcentrated in the tissues of bluegill sunfish during this sudy. Apparent steady-state was
arsine on Day 49 or the fish exposed 10 0.086 mg aL. Allough Day 49, 6 and 62 tsue residues
‘were no statistically significantly ifeent, PEOS concentrations appeared obe sil increasing during this
ime. Apparent steady-state BCF values for edible, non-dible and whole ish tissues were calculated 0 be
84. 1124, and $50, respectively.
PFOS depurated slowly. The BIOFAC estimates for the time 10 reach 50% clearance for edible, non
edible and whole fish issues were 146, 133 and 152 day, respective.
DATA QUALITY
Reliabiliy: Kiimisch ranking = 1
REFERENCES
This sudy was conducted a Wildife erations, Lid, Eason, MD at the requestofthe 3M Company.
Lab Recuest number U2723
orr
Last changed: 71901
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Robust Study Report Reference No. 42 - Perfluorooctanesulfonate, Potassium salt (PFOS): 96-Hour
Static Acute Toxicity Test with the Rainbow Trout (Oncorhynchus mykiss) in freshwater

TESTSUBSTANCE ~ A

Identity: Perfluorooctanesulfonate; may also be refered 0as PFOS or
FC.95.(1-Octanesulfonic acid. 1,12.23,3,44.5.5.6,67.18.88
eptadecafluoro-, potassium salt, CAS #2795.39.3)

Remarks: The test substance is a white powder. Sample was taken from
3M lot number217. Sample was stored under ambient conditions prior
testing. Purity determined tobe 86.9% by LC/MS, | H-HMR, 19 F-NMR
and elemental analyses techniques.

METHODee ———————————————

Method: OPPTS 850.1075 and OECD 203
“Type Static acute
GL: Yes
Date completed: Study completed 2001, report completed 2002

Species: Oncorhynchus mykiss
Supplier Thomas Fish Company, Anderson, CA

Analytical monitoring: POS measured at 0, 45, 96-hours
Exposure period: 96-hours
Statistical methods: LCS0 values calulated, when possible by probit

analysis, moving average methodorbinomial probability with nonlinear
interpolation using the computer softwareofCE. Stephan.

Test fish age: juveniles
Average Total Length and weight: 3.6 (3.4-4.0) em, 034 (025.047)

Loading: 023g fish
Pretreatment None
Test conditions:
Dilution water: 0.45 um filtered moderately hard well water
Dilution water chemistry (during the d-week period
immediately preceding the test):
hardness: 130 (128-132) mg/L as CaCO3

alkalinity: 177 (176-178) mg/L as CaCO3
pit 8382-84)
Toc: Not given
Conductivity: 311 (10-315) pmhosiem
Stock and test solution preparation: Primary stock prepared in iuion water at 150 mg/L and mised for <23
ours prio 0 use
After mixing, primary stock solution wasproportionally diluted with
dilution water to prepare the five test conceniratons.
Concentrationsdosing rate: Once.
Stability ofthe test chemical solutions: Extremely stable
Exposure vessels 25L polyethylene aquaria containing

approximately 15Lof est solution; water depth approx 17.5 cm.
Number of replicates: wo
Numberoffish per replicate: ten

m
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Numberofconcentrations: fiveplus anegativecontrol
‘Water chemistry during the study;
Dissolved oxygen range (0-96 hours) :9.4 - 10. mg/L. (control exposure)

92 10.8 mg/L (50 mg/L exposure)
PH range (0-96 hours)

8.18.4 control exposure)
828.4 (50 mL exposure)

“Test temperature range (0 - 96 hours)
12.1 - 12.6C (control exposure)
118 129°C (50 mL exposure)

- Methodofcalculating mean measured
concentrations: arithmetic mean

RESULTS —
Nominal concentrations: Bk control, 3.1, 63, 13,25, 50 (exposure), 50

(abiotic) mL
Measured concentrations: <L0Q, 3.0, 63, 13,25, 50, 52 mg/L
Element value: 24-hour LCS0 => $0 my (C1. not calculable)

48-hour LCS0 => 30 mg/L (CLL. not calculable)
72-hour LCS0 = > $0 mg/L (CLL. not calculable)
96-hour LCS0 = 22 (15 - 27) mg/L
All clement values based on mean measured concentrations

Statistical Evaluation of Mortality:
Element values and confidence limits for 24,48, and 72-hours could not
be calculated due 0 lakofmortality. Probit Analysis was used fo
calculate the 96-hour LCS0.

Analytical Methodology: Analyses of test solutions were performed at Wildife Intemational Lid.
using high performance liquid chromatography with mass spectrometric
detection (HPLC/MS). When determining the concentration of the test
substance in the test solutions, he same and most prominent peak response
forperfluorooctanesulfonate was used.

No attempt was made to quanify on the basis of individual isomeric
components. The LOQ (limitof quantitation) was 0.200 mg/L in this sudy.
The mean percent recovery of matrix fortifications analyzed concurrently
during sample analysis was 101. Samples collected at test ination had
measured values from 93.2 fo 103% of nominal. Measured values for the
biotic samples taken at 48-hours ranged from 93.6 to 103% of nominal,
while abiotic samples ranged from 105 to. 106% of nominal. Measured
values for biotic samples taken at 96-hours ranged from 91.4 fo 105% of
nominal, while the abiotic samples were 102%of nominal,

0
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‘Summary of analytical chemistry data:

Nominal Test ‘Measured Duplicate Values a0, |Mean Percent of
Concentration, a8 Measured NominalML and 96 hours, Respectively, | Concentration,

[NegativeComal [ALO [dog [=
315,302,290301283.297 [30 lor |

[63 1622,621,616,643,615.660 [63 [100 |
13 [322112723BL26[13 [io
25 25.0,25.7,24.3,25.7,25.7,262 100

497.98 SLLSS. 96508[0 Tio |
[soGbiotie)(0 153.1.52.6.509.51.0 [2Te1) Samples taken at 48 and 96-hours only

Biological observations after 96-hours:
Fishin the negative control and the 3.0 and 6.3 mg/L exposure concentration appeared normal with nomortalitiesorover signsof toxicity. All surviving fish in the 13and 25 mg/L exposures appeared normal‘with no overt signsof toxicity afer 6-hours.

Cumulative percent mortality:

Mean Measwred |
Test Cone, mpl

[NegComol To To —"To — To |
AeI Tleff
IeeMy jer— 1
Er rh ETT

cr TTT
TeThee ae

Lowest concentration causing 100% mortality: 50 mg/L.

Mortality of controls: None
CONCLUSIONS : a
“The potassium perfluorooctanesulfonate 96-hour LCSO for rainbow trout was determined to be 22 m/l.with 95% confidence interval of 18 -27 mg/L. The 96-hour nomortality and no effects concentation was63mg.

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

0
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DAAeee

Reliability: Kiimisch raring= |

RRC er —— ——————————

“This studywas conductedatWide Intemational Ld. Easton, MD at the request of 3M.

ope LN)

Last changed: 12402
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Robust Study Report Reference No. 43- PerMuorooctanesulfonate, Potassium salt (PFOS): 96-Hour‘Semi-Static Acute Toxicity Test with the Sheepshead Minnow (Cyprinodon variegatus)insaltwater

Aeeetcetae remem ————————s

Identity Perfluorooctanesulfonate; may also be refered 0 as PROS or
FC-95. (1-Ocuancsulfonic acid, 11.22.334.45,5.66.1.7.885heptadecafluoro-, potassium salt, CAS # 2795.30.3)

Remarks: The test substance is a white powder. Sample ws taken from3M lotnumber 217. Sample was stored under ambient conditions prior totesting. Purity determined tobe $6.9% by LC/MS, 1 H-HMR, 19 F-NMR
and clemental analyses techniques,

METHOD. ete lO EE
Method: OPPTS 850.1075
Type Static renewal
GLP. Yes
Date completed: Study completed 2001, report completed 2002
Species Cyprinodon varicgarus
Supplier: ‘Aquatic BioSystems, Inc, Fort Collins, CO
Analytical monitoring: PFOS measured at initiation, prior to and after
renewal at 24, 48, and 72 hours and at test termination (96-hours)
Exposure period: 96-hours
Statistical methods: The use ofa single est concentration (a water
Solubility) precluded the statistical calculation of LCSO values.
“Test fish age: Juveniles
Average Total Length and weight: 3.0 (2.4.3.5) cm, 0.44 (021-066)¢.
Loading: 0.29g Gs.
Pretreatment: None.
Test conditions:

Dilution water: Natural seawater, lered and dilutedt a salinity
ofapproximately 20 parts per thousand with well water

Dilution water chemistry (during the 4-weck period
immediately preceding the tes):

Saline: 2020-20) partspr thousand
pi 82(81-83)
Stock and test solution preparation:
Primary stock prepared in methanolat 40 mg/L, sonicated for approximately20 minutes snd inverted 0mix prior 0 use. After mixing, primarystock solution ws proportionally diluted with dilution water (0prepare the ane test concentration. Each solution was sired withstainless stl whisk for approximatelyone minute. All test solutions appeared clear and colorless.
Solvent Methanal
Salvent concentration (treatment and solvent control groups): 0.5 mU/L
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‘Concenteations dosing rate: Daly sc renewal
Stability of th test chemical solutions: Extenely sable
Exposure vessels: 25L polyethylene aquaria containing approximately SLoftest solution; water depthapproximately 17. cm.
Number ofreplicates: thre (biotic), two (abiotic)
Number offish per replica: ten
Numberof concentrations: Oneplus negativeandsolvent control, and an abiotic souion.
Water chemistry during the study:

Dissolved oxygen range (0-96 hours):
2.87.4 mg/L (negative control exposure)177.6 mg/L (solvent contol exposure)
16-76 melL (15 mel exposure)PH range 0-96 hours)
79-83 (negative contol exposure)
7983 solvent control exposure)
7.98.3 (15 mg/Lexposure)Test temperature range (0-96 hour)
21.9 22.6°C (negative control exposure)
22.1 - 22.9°C (solvent control exposure)
22.2-23.1°C (15 mg/Lexposure)~ Method ofcalculating mean measured concentrations: arithmetic mean

RESULTS
Nominal concentrations: Blcontol,solvent contol, 20 mL. (bio), 20 mg/L (sbitic)
Measured concentrations: <L0Q, <LOQ, 15, 13 mg/L
Flementvalue: 24-hour LCS0 = >15 mp (CL. not callable)

hourLCSO = 15 mel (CL. not calculable)
72-hour LCS0=>15 my (CL. not caleble)96-hour LCS0=>15 me (CL. notcaleuble)

Al clement values based on mean measured concentrations
Statistical Evaluation of Mortality:
Element values and confidence interval could no be calculated due 0 lack ofmoray.
Analytical Methodology:
‘Ansys of tst solutions were performed at Wildife erations! Ld. using high performance liquidchromatography with mass specometic detection (HPLC/MS). When detemining the concentration of
he tex substance in the test solutions, the same and most prominent peak response for
perfluorooctanesulfonate was used. No aempt was made to quantify on the basis of individual omeric
Components. The LOG (mitof quantitation) was 5.00 mel. in his study. The mean percent recovery ofmati fortifications analyzed concurrnily during sample analysis was 99.2 Samples collected in exposureeels at test initiation had measured values from 78. to 82.0% of nominal. New samples collard atTours 24,45 and 72 had measured concentrations fom74.910 §1.2 and 869 0.92, and £2. 0 8.1% of

wm
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coxcLusions MARIA _
The potassium pefiuoroocaneulfnate 96-hour LCSO for sheepshead misnow was determined 0 be 15mL the limitofsolubility i hs studs. The 06-hourno moray coneemraion wo 13miibserved effects concentration was <15mLmg (1 ish out of3 wis discoloredat 56 nar,
Submitter: 3, Environmental Laborstory, P.O. Box 3331, Pau, Misnesots, 55133
pommel 14WI WL
Reliab: Kimisch aking=
REFERENCES_ - i
his study was conducted at Wilde nermationl Lid. aston, MD at th requestof3,
gree et
Last changed: 12402
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Robust Study Report Number 44. Bioconcentration est ofSalt (Na, K, Li) of perfluoroalkyl (Cos
12) sulfonic acid [This tet was performed using Perfluorooctane sulfonic acid, potassium sal (Testsubstance number K-1520)] in carp

TESTSUBSTANCE 1
Identity: K-1520. Perfluorooctane sulfonic acid, poassium salt. Lot ursber AS76268
‘Supplier: Kishida Chemical Co., Li.
Remarks: Test substance number K-1520. The test substanceis awhite powder. Purity determined tobe100%

Meno» ertbee —e——

Methodguideline followed: Method for Testing the Degree of Accumulation of Chemical Substances inFish Body” stipulated in the “Test Method for New Chemical Substance” July 13, 1974, Revised October8. 1995. No. 5, Planning and Coordination Bureau, Environmental Agency; No.615, PharmaceuticalAffairs Bureau, Ministy of Health and Welfare: and No. 392, Basic Industries Bureau, Ministry ofInternational Trade and Industry, Japan), and Bioconcentation  Flow-through Fish test ( Guideline 305,June 14, 1996)” in the OECD Guidelines for TestingofChemicals.
Type: Flow-through system
GLP (VIN): Yes
ear: October 13,2000- February 16, 2001
Species: Camp (Cyprinus carpio)
Supplier: Fukuckaken yabegawa fisherman's cooperative association (Address: 193-1 Yamauchi, Yame-i. Fukuoka $34-0012, Japan)
Length and weight at test termination:

Mean length = 6.4 -9.6
Mean weight = No weight recorded

Loading: 2 and 20 ug/L respectively
Fish Age: Yearling ish
Analytical monitoring: High-performance liquid chromatography-Mass spectrometry
Pretreatment The fish were checked visually in the receiving and those demonstrating any abnormality
were removed. The fish were reared for § days in a flow thorough system following an external
disinfection. After rearing, the fish were medicated to eliminate parasites and transferred fo. anacclimaizing aquarium. After the second external disinfection, they were accimatized. The fishdemonstrating any abuiormality during this period were removed and the remainderofthe fish were rearedfor 15 days in a flow through system at temperatures of 25 +2°C. The fish were transfered to test tanksand reareda the same temperature in the low through system for othe 27days.
The fsh were starved for 4 hours before sampling.Number of concentrations: Two plusa negative control
“Test concentration: (mean measured): Negativecontrol, 2 and 20 ug/L
Uptake period: 58 days.
Depuration period: 37 days
Test conditions:

Dilution water: Groundwater fiom the premisesof Kurume Laboratory
Dilution water chemistry:

Specific conductance: Not recorded
Hardness: 111 gL
Alkalinity: 6.1
PH: 7.61078
Dissolved Oxygen: 79 108.1
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Temperature: 25010 25.5C
Stock and tes solution preparation: Bascd on preliminary test ests for the96hour LCS0 value andanalytical detection limit, test concentrations ofthe est substance were decided as follows. The controlwas set asa blank est. Level | was 20 ug/L and Level 2 was2ull. The est substance was dissolvedwith on-<xchangedwatertoprepare16 and 1.6 mg/Lsock solutions.Diluter flow rate: 2 mLiminfostock solution and 1600 mL/min fordilution water; 2307 lesday fortest water were supplied
Exposure Vessels: 100 tr tank
Number of replicates: Nore
Numberoffish per vessel: 40
Diet: Nippon Formula Feed Mfg. Co, Lid.
Waterchemistry ranges during the study:

I Neg. Control LugToouwl|Dissolved Oxygen: | 80-5. my 80-81mg
TemperaureC: 251-254C 255 258C 250. 354C

lo"776-78 [76-78 76-78

Photoperiod: Arifical light of white fluorescentlamp (14 hrs. day)
Light intensity: Artifical ight of white fluorescent lamp.
‘Collection of tissue samples: Analysis of test fish was performed six ims at cach level in duration ofexposure. Four ish were taken out at cach sampling time and divided into two groups, and then both wereanalyzed individually. Analyssof control fish was performed befor the experimental starting and aferthe experimental completion. Six fish were taken ou at cach sampling time and divided ito three groups,and then both were analyzed individually. Because thestoredsample taken out from ane fish wast00 smallforthe measurementof pid content, a group ofwo fishwas employed. The fish were separated ino parts;tegument, head viscera except live, liver and remaining mater were weighted separately. The tegumentconsisted of the skin except head, cals, fin, alimentary canal or ils. The viscera consisted of ternalorgans except alimentary canal.
Statistical methods: Steady-state ioconcentation BCF values calculated fom the tissu concentrations atapparent scady-siate divided by he mean wate concentration. Tisue concentrationswere considered 10be at apparent steady-sateif3 or mare consecutive sets of tissue concentrations were not significantlydiferent.
RESULTS $ ow
Nominal concentrations: Negative contol,
Mean measured concentrations:2and20 ug.
Bioconcentration factors (BCP):
PFOS Concentration in test water:
Conc. [Aer | Aer? AferaT Aesbn Ibns |bns |bws lows lows Dax |oTD[out [isi los [17 Tiss Ties(ug Tom Tie Tie Tiss Tie Tis [200
PFOS BCFsof Carp Exposedto 2 and 20 ug/L:
Cone Aer2l| Afr 25 As{os [Das |u| Doss | Dua | Dowl[200 [a0 L300 Te 720
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Annex3. Application of Equilibrium Partitioning Models toDetermining Effect Concentrations for PFOS Salts in Sil and Sediment
“The review of the complete set of ccotoxicity test reports presented in section 2.2.1, 2.3.1 and 2.3.2 hashighlighted the absence of data describing the toxicity of PFOS sals to sediment andsoildwellingorganisms and temesrial plant. Since tests with aquatic invertbrates and plants have demonstratedtoxicity of PFOS salts, and thre i generally a correlation between toxicity to aquatic organisms living inthe water column and toxicity to sediment and soil-dwellng organisms. There is 5 a consequencea needto consider the possibilityofderiving effet concentration for PFOS in sol and sediment to fill the data‘aps based on data tha already exist for aquatic organisms. One approach 10 deriving such data is 10 usequilibrium pationing models
Equilibrium partitioning models aeused in two ways:

+ To calculate soilisediment pore water concentration from overall soiisedimentconcentration
© TocalcultePNEC,segofiom NEC.

In both cases, the equilibrium constant for distribution between water and soilsediment, Ksoil sediment,is needed. For many substances, K,soilsediment is replaced by K.., which is equivalent 0 assuming thatonly the organic components of soil or sediment ar important in affecting the equilibrium. However, foran anionic surfactant, such as PFOS, ti very likely that interaction with th inorganic substrate will alsobe important (Sallou et al, 2000), as has been demonstrated in a recent study with POS (Ellefson)‘Therefore K, values for an appropriate sol or sediment would have to be used. It should also be noted thatsalinity affects the Solubility of PROS; the high ionic content of interstitial water could also affect theadsorption behaviour of PFOS. Furthermore, it is uncertain over what time-scale equilibrium would beachieved (Ellefson), and as a consequence the extent of adsorption may be dependent upon theconcentrationofPFOS in the aqueous phase
Whilst for all substances extrapolation of PNEC from aquatic data to the teresirial or sediment‘compartment is subject to uncertainty, that uncertainty is compounded when the mode of uptake isdifferent for organisms present in different environmental compartments. The modeof toxic action and themechanism of uptake of surfactants are complex. Therefore the use of equilibrium partition models to01ain PNEC,u 05 PNECvimer 5 subject to considerable doubr,
Should any laboratory soil or sediment organism tet results become available then there is a further‘complication in extrapolating from these results to PNEC values sppropriate to these compartments. Thenormal methodofextrapolation so applya correction tht takes nto account the organic matter contentofthe matrix. For substances that adsorb preferentially to inorganic matter it wouldbenecessary 10 correctfor both the type of inorganic matix, the composition of the aqueous phase and the concentration of thesubstance. This is unlikelytobe straightforward.
A search of the open literature was carried out in order to assess the environmental fate and behaviourpropestis of substances with similar chemistry and properties to PFOS. Published papers are relevant tothe consideration of equilibrium partioning as a relevant model for PFOS environmental fae. Severalpapers were located and the abstracts are summarised below. I is beyond the scope of this work 10vestigate the papers in detail but it can be noted that the technical quality of the work, as with all openJiterature, has already been pee reviewed (although not subject to GLP audi). The findings ofhese papersdo not preclude the possibiltyofapplying equilibrium partitioning to PFOS but do highligh the technics!ifficules thatmightbeencountered.
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Conclusion

It is concluded that on the basis of the presently available data for PFOS that equilibrium partitioningtheory cannot be applicd to determine either concentration in interstitial water of sil and sediments ofPNECvalues for soil and sediments for the following reasons:

«the nature of the adsorption process cannot be assumed to be linearly dependent uponconcentration;
«the adsorption is likely to be highly dependent upon soil composition, particularly theinorganic component;and

the rate at which equilibrium mightbeachievedi unknown

REFERENCES
Salloum, M.J, Dudas, M.J., McGill, W.B. and Murphy, S.M. (2000). Surfactant sorption to soil and‘geologic samples with varying mineralogical and chemical properties. Environ. Toxicol. Chem. 19(10),2436-2042.

Soil Adsorption/Desorption StudyofPotassium Perfluorooctanesulfonate (PFOS), Mark E. Elefson, 3MLaboratory Report Nos E00-13 11

2



ENVAM/RD(002)1 FINAL

Review ofopen literature
Report title Journal

Terrestrial isk Reviews investigationsoffactors | DeWolfe, | Chemosphere, vol 36, noassessments for linear | affecting fat of LAS inthe Watze; 6.pp 1319-1333, 199%allylbenzenesulfonste |terrestrial environment. Refersto |Feel, Tom(LAS) in sudge- precipitating effect of
amended soils calcium/magnesium ions in |addition to primary sorption.

Sorbed form is noted as being. |different to the commercially
available form (for which data were.
available).

Effect ofsediment | Investigation ofthe effectsof | Cano, M.L; | Environ. Toxicol, Chem.organic-carbon on the | sediment organic carbon levels on |DyerS.C | vol 15, mo. 8, pp 1411-
toxicity ofa surfactant | the sorption and toxiity to Hyalella| Decarvalho, | 1417, 1996 |to Hyulella azteca. | aztecaof anionic surfactants, All

Specifically ABS alkylbenzenesulfonate). Studies indicated that
| higher levels oforganic carbon led

10 higher apparent sorption
coefficients.A higher sediment
concentration was required o cliit
the toxic response at higher organic.
carbon levels.

Anionic surfactant | Investigations showed that foran | Allred, Soil Sci, vol 161, 0.7, pp.transport characteristics| alkyl ether sulfate anda liar | Barry; 415425. 1996inunsaturated soil | alkylbenzenesulfonate, sol. Brown,surfactant interactions were Glen 0.
reversible and that equilibrium
conditions were quickly achieved.
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Amex. Summaryof the Lowest Acceptable Effect Concentrations
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Annex 5. Robust Summaries for Physical Chemical Properties and Environmental Fate Studies

VAPOR PRESSURE
“Title: Impinger Studiesof Volatility of FC-95 and FC-143

“TEST SUBSTANCE

Identity: Perfluorooctanesulfonate; may alsobereferred0as PROS or FC-95. (1-Octanesulfoni acid, 1,
112.2,3.3,4,4,5,5.6,6,7.7, 8,8, 8-heptadecafluoro-, potassium sal, CAS # 2795.39-3)

Remarks: The 3M production lot number was not noted. The test sample is a white powder of
uncharacterized purity.

METHOD -

Method: Internal

GLP: No
‘ear study performed: 1993

Remarks: Details outlined in the results section. As described below, there are a number of
‘methodological concerns with this study. In addition, the document submitted is a combination of two
reports. The fist report contained Parts 1 and II, nd a second report contained Experiment # 3. In
‘addition, the first report contain portion oftwo versions. As neither ofth frst report versions is dated, it
iS unknown which s the final version. Part I Procedure: A mixture of 10 ppm FC-95 (PFOS) and 10
ppm FC-143 (PFOA) was prepared in water or waterisopropanol solutions of the  polar-organic
Compounds listed in the table below. Aliquots of cach solution were analyzed in iplicate for
fuorochemical content by LC-thermospray mass spectrometry both before and aftr bubbling 280 liters of

airthrough them. The flow rateof the airpassing through th stock solutions was | Limin. The solutions
were kept in an ice bath during bubbling. The concentrations before and after bubbling were compared
aftradjusting for volume lost during bubbling. Part I Procedure: Air was passed through an apparatus
Containing dry test material and then through glass wool at room temperature 0 a chainofimpingers. A
50:50 propanok:water solution containing 500 ppm ammonium acetate was used in the impingers to catch
any volatilized PFOS. All impingers were in ice water, Experiment #3 Procedure: The same study us in
Part Il was conducted in duplicate at 90°C.

RESULTS

‘Vapor PressureValue: Pat Il 8.7 x 10° tor, Experiment #3-12x10” tore

Temperature °C: 90°C in experiment #3

Decomposition: not sated

us
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Part I Analysis before and after passing260 litersofair through various stock solutions,
Results:

Solution Original PFOS Conc., ppm | 9% PFOS retained[1300ppm Tetrabutylammorfumydronide | 100 [ogg]500 ppm Ammonium acetate 100. 7503 ppm Laurylpyridinium chloride 100 9500 ppm N-Alkyldimethylbenzyl- 100 100|ammonium chloride
500 ppmCetyltrimethy ammonium 00 9%bromide
503 ppm Tallowirmethy ammonium 100 5chloride
500 ppmDicocodimethy ammonium 100 wachloride

[Water PropanolGOOTop|p]Water/|-Propano (30:50) 0 000 ppm Ammonium acetate in water I~ 010 9%opanol (50:50)
500 ppm Ammonium aceate in water I~ 030 Torpropanol (50:50)
500 ppm Ammonium aceaie in water1- 40 %propanol (50:50)
500 ppm Ammonium acetate n water1- 050 5%propanol (50:50)
500 ppm Ammorium acetate in water 20 %ropanol (50:50)

Remarks: These findings appear 1 suggesta small loss of PFOS. However, in comments dated 12/793,Dr. Edwin Tucker of the Chemistry Departmenta the University of Oklahoma indicates that it is veryunlikely hat these flourochemicals were removed by bubbling air through water due to their vaporpressures, which are very low. Tucker thought more ikely mechanisms fo los from the sotion phasewere concentration of the surfactants in foam and loss from the bubbled solutions as foam of micro:droplets.

Part I1- Analysisof impinger ammonium acetate solutions.
Results: No test material was found tobepresent in either the first or second impinge. This indicates thatany test material transported from th solids to ai and the into the ammonium acetate solutions in theimpingers is below the detection mit, The calculated maximum preseure was 8.1 x 10° tore.
Remarks: In the report, the maximum vapor pressure calculations section contain errors. Equation |should use the value 0.625:g, not 0.625:g/mL. In addition, the “maximum” vapor pressure calculated was.ertoncouslycalled “minimmunn” vapor pressure inth text below both cquations § and 7Dr. Edwin Tuckerof the Chemistry Department at the UniversityofOklahoma sates that the experimentalconditions do not provide fim evidence that the number is reasonable. There is no evidence that vaporpressure equilibrium as atained between th solid and the flowing gas

29
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Experiment # 3- Measuring Vapor Pressure at 90°C

Results: The report concludes that PFOS has a measurable vapor pressure at his temperature. The
minimum vapor pressure forth test material was purported tobe 1.2 10” ore at 90°C. It was considered
mum beckuse the impinger trains may not have caught al of the fluorochenmical that had been

Volatlized.

Remarks: There are reasons to consider ths 4 questionable result. No notation was made abou the
Ehof the analytical measurements in thi study, but he quantification imi nthe analysis inPart 11
os 0.635 ug, The concentration range from impinge train | in Experiment # 3 was 007-0075 yg.
Viner concentrations ranged from 0-0.18 ug in impinger tran 2. These concentrations re nearof
below the quantification imit reported in Prt I.

CONCLUSIONS

No relsble conclusions can be made based on ths study. The general observation is that this compound
Dauvery low volatility ora very low vapor pressure under ambient conditions.

Remarks: none,

DATA QUALITY.

Reliabifities: Kimisch ranking 3. There is no information on the validity of the test method for
emmining volatility of th test substance. This study lacks characterization of the purity of the tet
Sbstance. There is no information on the validity ofthe analysis method.

REFERENCE.

3M Environmental Laboratory. 1993. 3M Lab Request Nunber 3306, 3M Company, St. Paul, MN.
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WATER SOLUBILITY STUDY
“Tiles Solubility of PFOS in water
TEST SUBSTANCETe
Identity: Perfluorooctanesulforate; may also be refered 0 as PROS or FC-95. (1.Octanesulfoic acid, 1,1:2:2.3,3,4,4,5.5,6,6.7,7, 8, 8, S-heptadecafluoro., potassium salt, CAS # 2795-3003)
Remarks: The test substance is a white powder. The sample was recrystallized rom a production lo ofFC95. and asigned 3 test, contol, and reference number TCR 00017046. The purity was determinedbe 97.9% by LOMS, "H-NMR, “F-NMR and elemental analysis techniques,
METHOD ell NN -
Method: Based on OECD 105, OPPTS 830.7840.
GLP: Yes

Year study performed: 2001
Remarks: Water source is ASTM Type I water, Millipore. The definitive test consisted of placing anexcess amountof tet substance with the appropriate water in centrifuge tubes. The tubes wert vocaland shaken at 225 rpm at 30°Cfor 24, 4, or 72 hours followed by 24-hours of equilibration 1 24.35.Following equilibration, samples were centrifuged and the supernatant was analysedby high performanceTiquid chromatography ith mass spectrometric detection (LCMS).
RESULTS-e.
Value (mg/L) at temperature °C: 680 mg/L at 2425°C
Descriptionofsolubility: Slightly soluble
PH value and concentrationat temperature °C: not sated
PKa value at 25°C: not stated
Remarks: The 24-, 48-, and 72-hour solubility concentrationswereaveragedtoobtain the overall meansolubility concentrations.
CONCLUSIONS
“The overall mean solubility concentrationof the test substance in pure water was 630 mg.
Remarks: none
DATA QUALITYA eet ill LIE
Reliabilities; Klimisch ranking |

om
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REFERENCEfo
Ellefion, M. 2001c. Solubilityof PFOS in Water. 3M Company, 3M Environmental Laboratory, ProjectNumber E00-1716.
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WATER SOLUBILITY STUDY

ile: Soubily of FOS in Natural Seawater an an Aqueous Solution of3.5% Scum Ciride
TEST SUBSTANCENe
entity: Peloroosanesulfonat; may sso be refered 0 as PROS or FC-95. (1-Octanesulfoni acid, 1.12.2:33,4,4.5,5,6,6.7,7,5, 5, Sheptadecalcro potas sah CAS # 39300s
Remarks: The fst substance is a whic pode. The sample was ecystalized fom production tofFC.95, and assigned atest, contol, and ere umber TCR 00017006 Tot oy se pmobe 97.9% by LC/MS, "H-NMR, ""F-NMR and elemental analysistechniques.

b> SH LRA
Method: Based on OECD 105, OPPTS 830.7540
GLP: Yes
Year study performed: 2001
Remarks: The defini est consisted ofplcina xcess amountof test substance with he proprewate i centrifuge tubes. Th tubes were vorened and shaken 150 pm 130°Cfo 34. 1 cos psfollowed by 24 hours of cqllbaion at 2-24. Following euibraton, smpls as comme arsihe spermatant vas analyzed by high perfonnance liquid Swommogeiphy wih ms monedecom (LMS)
Water Sources: Natural Seawater = Ocean Scientific, lot # LN 58, salinity = 3.5%
‘SodiumChloride = EM Science, 99% pure, mixed with ASTM Type 1 water to achieve salinity of 3.5%

ResuLTSay tl
Value (mg/L) at temperature °C: NaturalSeawater: 12.4 mg/Lat 22:23°C;3.5%NaClSolution: 20.0mya 220C
Description of solubility: Sighly soluble
PH value and concentration at temperature °C:notsed
pKa value at 25°C: not sted
Remarks: The 24 4, and 72-hour solubility conceptionswer acraged (0 bain the overall meansolubilty conceririons for the natural seawater, The 34-hour values wis ot coded ie oesolubility of the sodium chloride clcuation becausc whe the cooicient of iron was ceuacs orllf the replicate anayses fo tht day was 15%.
coNcLusions teeta (lL
The oneal mean slut concentration ofthe test substance in natura sates was 124 ml. In5.5% NaCl solution it was 200 mel. PROS Salbilty decrease wit ncevin bie een of he

m
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Remarks: none

DATA QUALITYDa —
Reliabliies: Klimisch ranking |
Remarks: none
REFERENCE

Fllefson, M. 2001a. Solubility of PFOS in Natural Seawater and an Aqueous Solution of3.5% SodiumChloride. 3M Company, 3M Environmental Laboratory, Lab Project Number 00-1716.
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SOLUBILITY STUDY
Title: Solubility of PFOS in Octanol

TEST SUBSTANCETe ee
Identity: Perflurooctanesulfonat; may also be refered 0 as PFOS or FC-95. (1.Octancsulfonic acd, 1,1:2:2.3,3,4,4,5,5,6,6.7, 7, 3,8, &-heptadecalluoro-, potassium salt, CAS # 2795.39-3)
Remarks: The test substance is a white powder. The sample was recrystallized from a production lof ofFC-95, and assigned 1 test, contol, and reference number TCR 00017-046, The purty sas determin sobe 97.9% by LOMS, "H-NMR, "F-NMR and elemental analysis techriques
tz AAIA-_

Method: Based on OECD 105, OPPTS $30.7840
GLP: Yes

ear study performed: 2001
Remarks: Octanol Source: Aldrich
Screen Test: Lot JUOB73804, 99+9%
Definitve Test: Lot 06238CI, 99.94% HPLC GradeThe definitive tet consisted of placing ~0.010 g test substance with ~10 mL octano i centrifuge tubes.The tubes were shakenat~150 rpm at 30°C for 24,48,o 72 hoursfollowedby 24 hoursof equijbraiona8 2223°C. Following equilibration, sampleswerecenirfuged an the supernatant was analysed by highperformance liquid chromatography with mass spectrometricdetction (LCS).
RESULTSa —
Value (mg/L) at temperature °C:
24 hours: $69 mg/L.8 hours: 35.7 mglL72 hours: 55.4 mglL
Mean solubility of PFOS in octanol = 56.0 mg/L
Description of solubility: not sated
PH value and concentration at temperature °C: not sated
Ka valueat25°C: notstated
Remarks: ‘The 24, 48, and 72-hour solubility concentrations were averaged to obtain the overall meansolubility concentration
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CONCLUSIONSBo
“The overall mean solubility concentrationof the fest substance in pure octanol was 36.0 mg/L.
Submitters® Remarks: Typically, the Colum Elution Method is recommended for use with substanceswith solubility screening results of <10 mL. However, the shake flask method was wind in ts sodsbecause of the difficuly in obtaining tubing compatibie with octanol and the possible explosion hasar’pos by possible leaksofa flammable solvent in an incubator.
DATA QUALITY

Reliabilitis: Klimisch ranking |

Remarks: none
REFERENCEBEerterorrrecssemereeetomtasemettasettemeememsmtmeeseeenetma
Ellefion, M, 20016. Solubility of PFOS in Octanol. 3M Company, 3M Environmental Laboratory,Laboratory Project Number EO0-1716.
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SOIL ADSORPTION
“Tiles PilotStudyon Soil Adsorption
TEST SUBSTANCEIe era,
Identity: Perfluorooctanesulfonatemayalsobe refered to as PROSor FC-95. (1-Octanesulfonicacid,11.2.2.33,4:45.566.1.7.8.8S-heptadecafluoro-, potassium sall, CAS # 2795-39.)
Remarks: The sample was radiolabeled isotope and labeling positon not specified). The 3M productionTot number was not noted. The tet substance was a whitpowderofuncharacterized pry.
METHOD

re
Methodguideline followed: The study explored the usc of autoradiography of Thin LayerChromatography Platesfordetermining the soil mobility of PFOS. This method was developed by svwhile lookingfor alternatives fo studying the adsorptiondesarpion properties of he tes substance.
GLP (VIN: No
Year study performed: 1975
Statistical methods: None
Temperature: Notindicated
Remarks: Lite detail was available regarding the study method.
RESULTS

Results: The study used TLC greenhouse sol plates. The radiolabeled spot due to PFOS was (oo fant 10bevisualized.
coNcLUsIoNs eee lH]
No conclusion could be reached in thisstudy.

AAYLLSS —
Reliability: Kinisch ranking 3. These studies lacked sufficient deal regarding methodology. Isotope.specific activity andchemical radiochemical purity of th tes substance were not provided. Tas methofor radiosynihesis was also not provided. The analytical methodology lacked validation and a means ofidentifying and quantifying potential degradation products.
REFERENCESRR

Boyd.S.A. 1993. ReviewofTechnical Notebook. Soil ThinLayer Chromatography. Number45277, p30.Michigan State University.Mendel. A. 1976. Soil Thin Layer Chromatography—FC.95, FC-143, FM-3422. Excerpt from 3M‘Technical Notebook. October13, 1978. Number 45277,p30. ProjectNumber9970612600,

wm



ENVIMRDQOZ)I FINAL

BIODEGRADATION STUDY
Title: Decrminationof Methylene Blu Activ Subsiance- FC95
TEST SUBSTANCE
entity: Pesfloroocunesufonts mayal be refered 33 PROSorFC-95.(1-Ocanesalfonie acd,L1223344.5566.7..8.5,5 eptadcaluors- passion a, CAS 42795303)
Remarks: The 3M production ot was 158. Th est substancewaswhic powderofuncharacterizedpus:
eA
Methodiguideine followed: EPA Method £25.
Test Type: Methylene Blue Active Subsance
GLP (VN: No
Year studyperformed: 1959
Contact tim unis: Not indicated
Inoculum: Not indicated

ResuuTs
Degradation 4 ste ime: Not ndicsed
Ress:
[3 LbRequestNamber | MBAS ResultGisio1

Kinetic (or samp, postive and negative contol: Not indicted
Breakdown products (eso): No indicated
Remarks: None
concuusions
Reviewer's remarks: The st indicated tha th est sample exhibited igh activity inthis MBAS say.
DATA QUALITY
Reliability: Klimisch ranking 3. This study lcked information regarding methodology and esing

nm
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parameters. Test substance purty within the test sample was not sufficiently characterized. The sampledescription from Twin City Testing was “liquid”, but FC-95 was a sold material This may indicate sorthe FC-95 was sent in 2 solution and that th actual MBAS may be higher than th values eed
REFERENCE eee ee
Determination of Methylene Blue Active Substance- FC-95. 1989. Pace Analytical and Twin City Testing.Minneapolis, Minnesota—at the requestofthe 3M Company, 3M Lab Request numbers: G1513, 61825.and 1828,
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SOIL ADSORPTION
“Tite: Soil Adsorpion/Desorption StudyofPotassium Perfluorooctane Sulfonste (PROS)
TEST SUBSTANCEeae
entity: Perfluorooctanesulfonates mayalsobe refered to as PROS or FC-95. (1-Octanesulfonicacid,1:122.334,4.55,6,61.78.8-heptadecafluoro- potassium sal, CAS # 3795.39.3)
Remarks: The test substance wasa white powder. The sample was recrystallized from a production ot ofFC.95. The purity was determined to be 97.9% by LC/MS, 'H.NMR, "F-NMR, and elemental analyststechniques.
METHOD iLI a

Method guideline followed: OECD 106
GLP (VIN): Yes
Year study performed: 2001
Statistical methods: Statistical analysis and plotting of the data was done according to OECD Method106 using Microsoft Excel
‘Temperature; Roomtemperature (19-30°C)
Stock and est solution preparation: The test concentrations and conditions were determined inpreliminary experiment. For the definitive experiment, est solutions were made by diluting a stocksolution of unradilabeled_perfluorooctanesulfonate to a final fest substance concenttion. ofapproximately 0.5 mL in aqueous 0.01 M CaCl

20
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ResuLTs LL ag
Adsorption Kinetics of PEOS, 1:5 Sol:Souton Rat, 48 hou Tim Poin
il I Distributic Percentageof ge Degaserage Distribution hon normalised[SIE enby| OremicCarbonin|ChonnormalCoecient, Ko.Clay 0.0183 26 Jes="Clay Loam 0.00972 26 ISTSede loam | guise ps1p——]| RiverSediment A fs—frDomestic Sludge|<0020"7T Notavailsble | Notcalculable |

Al matics adsorbed the test substance seongl. Thege demonsstd very song dsepion (-96%)and PROS was no detected in the extract. The data indicated tht soon comes wm ve oeHoursofexposure and the est substance concenation didmot vary Sgnihcamly hs 1 hon

Apparent Desorption Kineticsof PROS, 1:5SolSoluon Ratio, 45-hour Time PointSai Typ Desorption Coefficient, Ko Ls
[CC ClayLoam | 0.000158

Clay
FiverSediment 000100DomesticShu “0000237

The st substan was poly desorbed fromthesol edimenlodge matices during the 45-hour syperiod. The iver sim:diplayed the most desorpiona 39% fr 45 hws Then mmc0 dera detcctble amount of tet substance. Desorpion ta did teu oe pmasleney coQuickly; afte the Shou im pointe est subiancsconcentaon id ot vag Sons

Adsorption Isotherm
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Desorption Isotherms
oT Regression Regression[some| worn [wmv| Krom EmClay [08TT am 1os1aor]Shayloam | 1084 TT" "ool | 0986 | 10s]Sandy Loam[oss TT oq0 | tor | oom]River Sediment “dl 0039 102 0984Domestic Sud 1.47 205 0327 306(1)Fecundich desorption coefTicient

Freundlich adsorption isotherms wer used to relate the amount of test substance adsorbed on the sil tothe amount present in the aqueous solution at cquilibrium. The values calculatedfo the regression sonataindicate that the data obained or th test substanover(woorders ofmagnitude were slightly nonfnear
CONCLUSIONSBo

Perfuaroacincsulfonat (PFOS) appeared to adsorb siongly to al of thesilsdimentsiudgematrices tested. PFOS would not be considered to be qualitatively mobile as per OECD Guideline oe(121100) as the Ky values are >| mg. The test substance, once adsorbed, does not desorb eal, venhen extracted with an organic solvent. In cithr cas, adsorpionordesorption, an equilibrium icedin ess than 24 hours, with substantial adsorption (>50%) occuring in some of the tine 0 samples aferapproximately | minute of contact. The test substance exhibited low mobility in all of he aisosbonsstested. The shape of the PFOS adsorption isotherm (Fi-ype) indicated a very Strong chemical/sdsorbeminteraction. Because PFOS is a strong acid, it likely forms strong bonds with soil, sludge, and sedimentvia the mechanismof chemisorption.
DATA QUALITY a
Reliability: Kimisch ranking |
REFERENCES ee hi
Ellfson, MLE. 20014. Soil Adsorption/Desorpion StudyofPotassium Peflurooctanesufonstc (PFOS)3M Technical Report. Project Number E00-1311, Completiondue func 4, 2001
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BIOCONCENTRATION (PARTITION COEFFICIENT)
“itl: Kow (Solubility in Water, Natural Seawater, An Aqueous Solutionof 3.5% Sodium Chloride, and-Octanol with Subsequent Calculationof the n-Octanol Water Partition Coeficient (Kow) of PROScachofthe Aqueous Matrices)
TEST SUBSTANCEaCe
Identity: Perfluorooctanesulfonate; may also be refered to as PFOS or FC-95. (1-Octanesulfonic acid,11.2.2.33.44.5.566.1.7.8.8 -heptadecaluoro-,potassiumsalt, CAS #2795-39.5)
Remarks: The testsubstancewas a white powder. The sample was recrystallized from a productionlot ofFC.95, and gssigned the intemal referencenumberofTCR-00017-046. Purity was determined 0 be 07 05,by LC/MS, "H-NMR, "F-NMR, and elemental analysis techniques,
METHOD

Methodiguideine followed: _ Calculated from n-octanol solubility and water solubility according 10OPTS 830.7550 and OECD 107.
“Test Type: n-OctanolWater partition coeficient (at saturation)
GLP (VIN): Yes
‘ear study performed: 2001
Test temperature: n-Octanol solubility value at 23-24°C

Water solubility value at 24-25°C
Remarks: The physical properties of PFOS did nt allow a determination ofthe partion coeficient bythe shake flask method per guidance provided in the OPPS and OECD guidelines. Therefore, ths studydid no bring the two phases (n-octanol and water) into contact with PFOS at the same time. and theytesting reflected the partition coefficient for the subject material at saturation only. The n-OctanolWaterpartion coefficient was calculated by dividing the solubility of PEOS in noctanol by he salbilty inWater and expressing it s the logarithmic value,

cAAEA AANA eo
The calculated log Kow for PFOS was determined to be 1.08 at saurston (1og(56 mg/L inn-octanol650mL in water).
CONCLUSIONS

trent
Remarks: No conclusions couldbederived rom this information. I applicd onlyto astrated system,‘which would not Tkely exist in the environment
DATA QUALITYAYeetee | LL
Reliability: Klinisch ranking|

Pe
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Remarks: The solubility studies were conducted propery. However, th applicabilityof his data point isVimited. Applicaton ofthis valu ia isk assessment has limited oro valuea5 i only plies 0 summedsystems.
REFERENCESHy
Kow (Solubility in Water, Natural Seaveter, An Aqueous Solution of 3.5% Sodium Chioride, and n.Octanol with Subsequent Calculation ofthe n-Octanol Water Partition Coefficient (Kow)ofPROS fr saeofthe Aqueous Matrices). 2001. 3M Company. St. Pau, Minnesota. Environmental Laboratory ProjeNumber E00-1716,
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BIODEGRADATION STUDY
Tile: Microbial Metabolism (Biodegradation) studiesofPerfluorooctane Sulfonate (PEOS) IL. AerobicSoil Biodegradation
TEST SUBSTANCEI ANC
Identity:Perflorooctanesulfonate (1-Octanesulfonic acid, 1,122,33,4.45.5,66.77.8,88-heptadecafluoro-, potassium salt) CAS #2795393
Remarks: White powder, 86.9% purity, alsocalled PFOS or FC.95
METHOD _
Methodguideline followed (experimentalcalculated): Method wasdesigned by SpringbornLaboratories, In.

“Test Type (aerobic/anaerobic): Aerobic
GLP (VIN: No.

ear study performed: 2000
Contact me/units: 20weeks
Inoculum: The inoculum sources were soils collected fiom a hardwood forest in Hanson, MA, a pineforest in Onset, MA, and a river bank in Bridgewater, MA; and sediments collected from brackish esbelow the Warcham, MA wastewater treatment plant outfall an from the Narrows rea in Wareham, MsBiomass was determined on day 83 by both the fumigation/extaction and standard plate count methodsand was reporteda 17.4 me C/100g soil and 6x 10°cells', respectively.
Remarks: _ Soil and sediment samples were aiied, 2.0 mmsieved, and mixed together in cqual ryweight portions. A nutrient mixture was prepared by combining a sterile potting soil extract 5 facemineral olution,a yeast extract, and reagent water. The soisediment mixture was adjusted 10 75% oftheater holding capacity using the above nutrient mixture. Soil moisture was monitored weekly durin thestudy. nd adjusted using reagent water as needed. The nominal test concentration was approximately 31-3mg/kg. The incubation temperature was 22 1 38C, and the testwas conducted in the dark. Information ontest solution agitation was not provided. Test vessels were 40m. 1.Chem glass vials with siliconeTeflon.lined septum screw caps containing 10 g (dry weigh) soilsediment mixture. Each tet lak received aOmpONENts at test initiation. Samples were taken at days 7, 14, 21, 28, 35, 42. 49, 56, and 63. Entesamples were extracted with methanol via acclerted solvent extraction. Extracts pased though a 0.2 mnnylon filler prior to analysis. Samples wer diluted as necessary in methanol and analyzed wn LCVIS‘The stock solution usedtodose the biodegradation test systems was prepared at concentration of 1,060me/L, which is approximately twice the water solubility of PFOS. No. day 0 samples were saken 10detenmine saning concentrations.

ey llLLEtssesame|
Degradation % after time: Not specified
Results: Essentially no PFOS metabolism occurred duringth study.
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Kinetic (for sample, positive and negative controls: Not specified
Breakdown products (yes/no): Nore indicated
Remarks: None
CONCLUSIONSoeeemes
Remarks: PFOS is recalcitrant inthe activated sol/sediment sys,

DATA QUALITY n
Reliability: Klimisch ranking = 2. Study not conducted according to Good Laboratory Practices. Thestock solution used to dose the systems was prepared at twice the water solubility of PHOS. No Daysamples were taken to determine staring concentrations.

REFERENCEfs
The study was conducted at Springborn Laboratoris, Inc. Wareham, Massachusetts, at the request of the3M Company. Report completed 10/31/00, Lab Project number EO1-0434,
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BIODEGRADATION STUDY
Titles Microbial Metabolism (Biodegradation) studies of Perluorooctane Sulfonate (PFOS) 1 AnaerobicSludge Biodegradation

TEST SUBSTANCEIe
Identity: Perfluorooctancsulfonate (1-Octanesulfonic acd, 1,122,3,3,4.45.5.661.78.85heptadecafiuoro-, potassium sal) CAS #2795-39-3
Remarks: White powder, 869% puity, alsocalled PFOS or FC-95

ee Ll Ul-
Methodguideline followed (experimentalcalculated): Method ws designed by SpringbornLaboratories, In.
Test Type (aerobic/anaerobie): Anacrobic
GLP (VIN: No

ear study performed: 2000
Contact Gmelunits: 56days
Inoculum: The inoculum source was an anaerobic digestor at the Rockland, MD wastewater treatmentplan.

Remarks: A mixture containing dried sludge extract (from rotating biological contacter wastewatertreatment, Bridgewater, MA), unspecified OECD mineral media, and resazuri indicator served as he 1medium. The media were prepared under nitrogen purge 10 exclude oxygen. The momma) tenconcentration was approximately 20.8 my, and loading in est vessels was 300 ml. anaerobic Suge porierof medium. The est temperature was 3S®C, and the test was conducted in the dark. Information antest solution agitation was not provided. Twenty |60-mL serum bottles containing 100 mLof tet setion(purged with nitrogen afer filling) with crimped butyl rubber tops served a5 tes flasks. Bach, fkreceived all componentsa es nition. Samples were taken from the test bot on days 7, 14, 21. 38.35. 42. 49, and 56, and from inoculum control bores on days 7 and 36. For analysis, an aliquot wanremoved from each bottle and centrifuged. Boh the supematant and the solid biomass potion weanalyzed via LOMS, The stock solution used to dos the biodegradation test systems was prepared at 5.concentration of 1,060 mg/L, approximately twic the water solubility of PROS. No day 0 samples weretaken to determine starting concentrations.

RESULTS

Degradation % after time: Not specified
Results: No apparent PFOS biodegradation occurred over the 56-day period.
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Kinetic for sample, positive and negative controls: Not specified
Breakdown products (yes/no): Nore indicated
Remarks: None

CONCLUSIONSeee.
Remarks: PFOS is ecalitant in the anaerobic system.

DATAQUALITY.
Reliability: Kiimisch ranking = 2. Study not conducted according to Good Laboratory Practices, Thelock solution used 0 dos thesystemswas prepared a twice the water solubily. No Day0 samples weretaken to determine starting concentrations.

REFERENCEfo

The study was conducted at Springbom Laboratoris, Inc. Warcham, Massachusetts, at the request of the3M Company. Report completed 10/31/00. Lab Project umber EOI 0434
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BIODEGRADATION STUDY
Title: Microbial Metabolism (Biodegradation) studies of Perfluorooctane Sulfonate (PFOS) IV. PureCulture Study

TEST SUBSTANCEoi

Hdentity:Perfluorooctanesulfonate (1-Octanesulfonic acid, 1,1,2,23,3.44,5.5.6,6.7,7,88.8-eptadecafluoro- potassium sal) CAS #2795.30-3
Remarks: White poder, 869% purity, also called PFOS or FC-95

eee -—_
Method/guideline followed (experimentalicaleulated): Two study types were used (Pure Culture andClosed Vial Headspace) and Springbom Laboratories, Inc Betts tal. 1974 iscited.
“Test Type (acrobic/anaerobie): Aerobic
GLP (VIN: No
ear study performed: 2000
Pure Culture Studies
Contact time/units: 7 days
Inoculum: Four separatepure cultures fiom the American Type Culture Collection (ATCC) were tested:Cumninghamella cchinulata var. echinmlata (fungi, ATCC $9344)Mucor circinellidesfgriseocyanus (fungi, ATCCH12072)Phanerochaete chrysosporium (fing, ATCC #24725)Streptomycesgriseus (actinomycete, ATCC #13273)
Remarks: The test medium was soybean gits-glucose (SGG) and tet vessel loading was 6 mi. of Sage1 cultures into 60 mL medi, with 24 hours ofagitation on a shaker abl at 250 pm prior 10 the oddOf PFOS. The nominal test concentration was approximately 20.9 mg/L. The test temperature was 266¢.The est vessel type was not noted. Each test flask received all necessary components at test imation. Alwork utilized ssc aseptic technique until harvest at day7. Samples were taken on days 0 and 7. Anelylsof the broth and ces collected via centrifugation was performed by LC/MS. The stock solution weed uydose the biodegradation est systems was prepared at concentration of 1,060 mg/L approximately suitethe water solubilityof PFOS,
Degradation % after time: Not specified
Results: The studies with Cumninghamella, Mucor, and Streptomyces did no provide any indication ofbiotransformation of PFOS. Possible biotransformation of PFOS (90% mass balance) by Phanderochen:was noted, and closed vial studies were performed to confirm this
Kinetic (for sample, positive and negative controls): Not specified
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Breakdown products (yes/no): None indicated
Remarks: None

Closed Vial Headspace Study
Contact imelunits: 3 days
Inoculum: Phanerochaete chrysosporium (fungi, ATCC #24725)
Remarks: The test medium was soybean grits-glucose (SGC) medium at 1/10 and 1/100 sent plusresazurin. The test concentration was 0.2 mg/L. The incubation temperature was 265C,andashaker wiin an environmental chamber at 250 rpm was used in incubation.  Scrile 22-mL vials served onyvessels, nial inoculum test vessel loading details were not noted. Each tet flask received al cesscomponents at tet initation. Headspace was purged with oxygen and vias were immediately crimpedSamples were taken once on day 3. Analysis of the broth and cells collected via contefupation maeperformed by LC/MS. ‘The stock solution usedt dose th biodegradation tet ystems was prepared orconcentration of 1,011 mg/L, approximately twice the water solubility of PFOS. No inital messuecdConcentrations were taken in this closed vial study. Diffclies were encountered in mainingacrobicity and only3daysofexposurewere maintained.
RESULTSA eee
Degradation % after time: Not specified
Results: The results indicated nosignificant bitrnstormation of PROS by Phanaerochate fungi
Kinetic (for sample, positive and negative control): Not specified
Breakdown products (yes/no): Nore indicated
Remarks: None

ON ll I
Remarks: I did not appear tha the fourspecies werecapableofmetabolizing PFO,
DATA QUALITYDAY
Reliability: Klimisch ranking = 2. The stock solution usd to dose th systems was prepared at twice theater solubility. There were no initial measured concentrations taken In the closed val study. Theosstudies were not conducted in accordance with Good Laboratory Practices,
REFERENCE ee
The study was conducted at Springbon Laboratories, In., Wareham, Massachusets, a the request of the3M Company. Report completed 11/3/00. Lab Project number EOI-0434,
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BIODEGRADATION STUDY
“Titles The 18-day aerobic biodegradation studyofperflucrooctanesulfonyl-based chemistries,
TEST SUBSTANCEfe
Identity: Perfluorooctanesulfonate; may also be referred to as PFOSor CF, SO/K". (1-Octanesulfonicacid, 11.223.3.4:4,5.5.6,61.7.5.8 8-heptadecafluoro- potassium sal, CASH 2795.39-3)
Remarks: PFOS isa white powder. The original 3M product lt number was not noted. The PFOS wasHPLC purified and assgncd 3M standard identification #TCR-00017-046. Upon receipt ot the testinglaboratory, the test article was given a test, contol, and reference (TCR) number CA-TCRO2-014. 11ssubmitter suggests that an Interim Certificate of Analysis reports the purity tobe 97.9%, Al resale i theStudy were calculated assuming 100% purity. However, inth study report he purity is noted ot 86.1No explanationof thisdiscrepancy was given.

Meron -_—

Method/guideline followed: Based on EPA guidelines OPPTS §35.3200
Test Type: Acrobic
GLP: No

Yearstudy performed: 2001
Contact time: 15 days
Inoculum Activated sludge collected 731/00 rom the aration basina the Meteo Wastewater TreatmentPlant, St. Paul, MN. The MLSS was determined to be 2280 mg/L when first collected. The MLSS. wassored at 4 °C for approximately $ weeks prior to being used for this study. The sludge was allowed 1sete and the solids used for inoculum. The sete sludge constituted approximately 20% of he vous(200 mL) ofthe MLSS used.
‘Test Mediums Test flasks were prepared using a mineral salts medium defined in EPA Guideline OPTS35.3200. Methanol (1 mL per ler) was added per Iter of mineral medium. Fifty ml. of sted shigevas added per liter of mineral salts medium. Mineral medium plus sludge was prepared 97/00, whtfresh medium without sludge (abiotic controls) was prepared 81010,
Remarks: Three types of samples were prepared for this study: blanksludge controls (mineral medium,inoculum), abiotic controls (mineral medium, PFOS), and test substance. samples (mineral medion.inoculum, PFOS). The test vessels, seri 125 mi. Nalgene polycarbonate culture flasks comtaning 35 ml.ofmedia, were set in duplicate. Additional quality control samples (blanks) were prepared and amayocd asapproprite.
The tes concentration used was 2.455 mg/L. The samples were agitated at ~200 rpmata temperature of282°C. The est vesselswere spiked with 6uL ofa 10.30 mL solutionof PFOS in ethan yielding2.455 mu. Samplingwasdone on days0and 1. Theday 0test vesselswere preparedand immediplaced in a fioezer that was maintained at -20 °C unl analyzed. After 18 days, the test ves mersremoved from the incubator and frozen until final sample preparation by solid phase extraction (SPE)Following having. test vessel contents were adjusted to 1% acetic acid and then passed through
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Conditions SEP-VAC C18 ec SPE cartridge. Methanol was then added t0 the emptied culture flask,shaken vigorously and then passed through the SPE cartridge 10 extract adsorbed analytes. A wormmethanol washwascollected scparatelyfor analysis ensure quantitative exacts
Quantitative analysis was conducted on an HPL100 high performance liquid chromatograph with massspectrometer detector (HPLCIMSD) system. ‘The MSD was operated in electrospray ioninion 1negative-ion mode using selected-on monitoring (SIM)fo quantitation
In addition to PROS, the additional compounds quantified are specified below. In the case of thecompounds tha are potassium or ammonia salts, only the concentration ofhe fluorochemical anion wo.quantified and reported.

Compound Name Acronym ‘Chemical Formula2 (Neth Perfluorooctane slfonamido) chy] |NEFOSE | CFSON(C.HCHLCHLOMTalcohol AlcoholZ0-cthy Perluorooctanesulfonamide) acetic |N-EFOSAA | GIF SONCHHCHICOOR)acid
2-(Perfluoroociane sulfonamide) M356 CFSONH(CH,COOT)acetic acid
N-Ethyl perfluorooctane sulfonamide NEFOSA | CF SONGPerfluorooctane sulfnate, PROSulfina |CF,SO,K"potassium salt
Perfluorooctancate, ammonium sat PFOA GFCOONH,”Perfluorooctane sulfonamide [FosA TGF. s0,N;
No reference substance was used. However, when the results from an EtFOSE alcohal study conducted atthe same time are compared to the previous EtFOSE alcohol 35-day study, the vibily of the micsepisinoculum is confirmed.

RESULTS
-

Degradation % after time: 0
Resalss After 18 days, the analytical results demonstrate hat afer exposure to municipal wastewaterreatment sludge, 2455 mg/L PFOS was not measurably degraded biotcally o abioiclly. Mae punefor PROS test vessels was excellent nd ranged from 104-108%.
Breakdown products: No
Remarks: None
coNcLUsioNsee
No loss oF PROS was demonsiratd. Mass balance was 104-108%. The results from this study confirm thesuits fromotheraerobic biodegradation studiesof PFOS,Snmaters Remarks: The submits suggestedaKlimisch data quality ranking of2 because the studywas conducted as  non-GLP study, but with the understanding tha good data quality obectrcs pe rs.
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REFERENCEee
Lange, C. 200la. The 13-day acrobic biodegradation study ofperfluorooctancsulfonyl-based chemistries,Pace Analytical Services, Inc. Minneapolis, MN. 3V Company. Minneapolis. MN.
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STABILITY IN WATER STUDY
Title: Hydrolysis ReactionsofPerflucrooctane Sulfonate (PFOS)
TEST SUBSTANCEee
Mdentit: Perfluorooctancsulfonate-poassium sat. Mayalsobereferredtas:PFOS, PFOS-patassiumsal, 1-peruorooctanesulfonic acid-potassium salt, or 1.1.22.3.3.444.5.5,66.7.7.8 § 5.eptadecafluorosulfonate-potassium salt (CAS #2795.39.3).
Remarks: 3M production lot number was 171. Test substance is a light-colored powderat 25 °C.
METHOD —~ A
Methodguideline followed:Based on OPPS: 35.2110.
“Test Types Hydrolysisasa functionof pH
GLP (VIN): No

Year study performed: 2001
Test sample preparations Test solutions consisted of 1.0 mi buffered aqueous solutions at 6 pH levels{1:5.30, 80.70.90, 110). The resuling PFOS concentration in all est sumples (sample srplatesmatin spike samples) was approximately S00 wg. Samples were hicldd from let during ncutionat $0 °C for periods of 0 10.49 days. Control samples and blanks addressed potential nowhydrolyiedegradation routes.
Analytical Procedures: Samples were anslyzed by quantitative HPLOMS.
Remarks: This study was conducted1 50°C in orderto facilitate hydrolysis. Rats derived at 50°C werextapolated to 25 °C by dividing by a factor of 10, which is valid for reactions with Arthenius heats ofactivation near 18 kealimole.
RESULTS-_-;-..
Degradation %: Not applicable; no degradation was reported.
Hallie (42): > 41 years
Breakdown products (yes/no): No
Remarks: The analytical results indicate no degradation of PFOS or dependence on pH. The mean andstandard deviation of all observed PFOS concentrations, pooled over the 6 observed pH level. dieu.that the pscudo-first order hydrolytic alFfeofPFOS is greater tha 41 year.
CONCLUSIONS -
The analytical resus indicat no degradation of PFOSordependence on pH. The study indicates that thehydrolytic half-ifeof PFOS in water i greater than41 years,
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‘Submitters Remarks: The authors assigned a Klimisch ranking of2 for the reliabilityof this study. Theauthors also noted hat the study was wel-condicted, but no underGLP.
Reviewer's Remarks: None
REFERENCE

Hatfield, T. 200la. Hydrolysis Reactions of Perfluorooctane Sulfonate (PFOS). 3M EnvironmentalLaboratory andPace Analytical Services. Lab request numberW178. Minneapolis: MN.
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BIODEGRADATION STUDY
“Tile: The 35-day aerobic biodegradation study of PFOS.
TEST SUBSTANCETE eee LL
Identity: Perfluorooctanesulfonat; may also be referred o as PFOS or CF,SOS". (1-Octanesulfonicacid, 1,1.22.33.4,4.5,5.6.61.78,8 heptadecafluoro-, potassium salt, CASH 2795.33)
Remarks: PFOS is a white powder. The original 3M production lot number was not noted. The PFOSwas HPLC purified. An Interim Certificate of Analysis reports the purity to be 97.9%. All results in hisFeport are basedon apurityof86.4%, however. The lower purity value was asociated with 4 uandard thelaboratory was using during this study.
METHOD. a etter
Method/guideline followed: Based on EPA Guidelines OPPTS 835.3200, OPPTS §35.3210, OPTS835.5045.
Test Type: Acrobic
GLP: No

Yearstudyperformed: 2001
Contact time: 35days
Inoculum: Activated sludge collected9/18/00 from the aeration basin a the Metro Wastewater TreatmentPlant St. Paul, MN. The suspendedsolidswerealowed to sete for approximately 2days at 4EC and thesettled sludge, approximately 20% of the volume, was used to prepare cultures fo the biodegradationstudy. The mixed liquor suspended solids, MLSS, was nt noted.
Test medium: Test flasks were prepared usinga mineral salts medium defined in EPA Guideline OPTS35.3200. Fifty mLofsettled sludge was added perliterofmineral salts medium,
Remarks: Three typesofsamples were prepared for this test: blank sludge controls (mineral medium,inoculum), abiotic controls (mineral medium, PROS). and test substance samples (mineral medium,inoculum, PFOS).
‘Test vessels, sterile 125 mL Nalgene polycarbonate culture flasks containing 25 mL. media, were set induplicate. Addition quality control samples (blanks) were prepared and analyedas appropriate.
The test concentration used was 2.552 mg/L. The samples were agitated at 200 rpm at 25 = 3 °C. Testvessels were spiked 6 uL of 10,760 mg solution of PFOS in methanol yielding 8 2.582 mL PFOSSolution. Samplesweretaken on days 0,2, 5, 7, 14, and 35
{The day zero test vessels were prepared and immediately placed n a freeze that was maintained at 20+ 7°C. Upon removal from the incubator, test vessels on other days were cither immediately frozen, orprepared by solid phase extraction (SPE). Following thawing,ifneeded, es vessel coments were adjustedto 1% acetic acid and then pased through a conditioned SEP-VAC CIS fcc SPE cartridge containing aplug of quartz wool to deter plugging. Methanol was then added to the emptied culture flask, shaken
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A series ofpositive controls were no run with this study. However, the sludge used in this sudy was alsoused for the preparation of samples in other biodegradation studs, and in some of those sudics,preliminary results demonstrated positive biological activityfordegradation oftest samples.
REFERENCE.rereeed
Lange, C. 2001b. The 35-day acrobic biodegradation studyof PFOS. Pace Analytical Services, Inc.Minneapolis, MN. 3M Company. Minneapolis,MX.
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PHOTODEGRADATION STUDY

Title: Screening studies on the aqueous photolytic degradation of potassium perfluorooctane sulfonate
(PROS)

TEST SUBSTANCE

Identity: Perfluorooctancsulfonate-potassium salt. May also be refered to as: PFOS, PFOS-potassium
sal, 1-perfluorooctanesulfonic-potassium salt, or 1,12.2.33,44,5,566.7,7.88 $-heptadecafluoro-
potassium sal.

Remarks: 3M production lot number 171. The test substance sa light colored powder a 25 °C. The
purity was determined to be 86.4% by LC/MS, 'H-HMR, "F-NMR, and elemental techniques.
METHOD -

Method/guideline followed: Based on OPTS: 8355270 and OECD Draft Document
“Phototransformationof Chemicals in Water- Direct and Indirect Photolysis” August 2000.
Test Type: Direct and indirect photolysis

GLP (VIN): No
Year study performed: 2001

Light Source: Suntest CPS+ or Suntest XLS lamp
Light Spectrum (am): 290-800 nm

Relative Intensiy based on IntensityofSunlight: 650wi

Spectrumofsubstance (max lambda, max epsilon and epsilon 295): A UV/Vis spectrum of a saturated
aqueous solutionofPFOS was recorded between 190and110 am.

“Test sample preparation: Aliquots of PFOS were added to 3 separate sets of VOA screw cap vials
(exposed, unexposed, and control vials) containing S mLof appropriate matrix. Test vials were placed in
the photoreactor. Control vials were wrapped in aluminum foil, sealed in a plastic bag, and placed in the
photoreactor.
Analytical Procedures: Sampleswere analyzedby quantiative LC/MS and GC/MS techniques

Remarks: The duration ofthe study was 67-167 hours. The test media used were water, H:Os/water(1:1
molar equivalent), Fe0yvater (Fe” at 24X molar excess), Fe.Oywater with Hy, and commercial
(Aldrich) humic material prepared as in OPPTS 835.5270. All tess included a series of unexposed
controls (kept inthe dark) for he evaluation ofany degradationreactionsoccuring without the presence of
light. Solvent, matrix, and contol blanks and spikes were ested under each condition.

RESULTS

Concentrationof Substance: Not sated
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Temperature EC: 25 +3

Direct photolysis: No decomposition was observed.
Indirect photolysis: Data obained from the Fe,0, matrix samples (with and without H,0,) were posiedto provide sufficient data to estimate the minimum halE-lfe. The mean standard deviation of theve doaindicat that the minimum environmental half of PFOS due to indirect photolysis at 25 +C i greaterthan 3.7 years.

Breakdown products (ves/no): No

Remarks: No evidence ofdirecto indirect photolysis of PFOS was observed under anyofthe conditionstested. Direct photolytic decompositionof PFOS was not observed based on losofstarting materil, norwere anyofthe predicted degradstion products detected above theilimits ofquantitation.
CONCLUSIONSeovyONs
No evidenceof direct or indirect photolysis of PFOS was observed under anyofth conditions tested. Themean and standard deviation of the observed PFOS concentrations in an aqueous FesOVH:O; matrixindicate that th indirectphotolytic half-ife of PFOS at 25°C i greater than 3.7 years.
Submitters’ Remarks: The authors assigneda Klimisch ranking of2 for the data qualityof this study.
Reviewer's Remarks: None.

REFERENCE -
Hatfield, T. 2001. Screening sudics on the aqueous photolytic degradationofpotassium perluorooctanesulfonate (PFOS). 3M Environmental Laboratory. 3M Company, St. Paul, MN. Report umber W2775.
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'BIOCONCENTRATION IN FISH
“Tite: Perfluorooctanesulfonat, potassium sat (PROS): A flow-through biosoncentration test withbluegill (Lepomis macrochirus)

TEST SUBSTANCE

entity: Perfluorooctancsulfonate; may also be refered to as PFOS or FC-95. (Octanesulfonic acid,1122.3344.55.6,61.78,8-heptadecafluoro-, potassium salt, CAS #2795-39-3)
Remarks: Sample from 3M production lot number 217. The test substance wasa white powder. Thepurity was determinedtobe§6.9% by LC/MS, 'H-NMR, F-NMR, and elemental analysis techniques.
METHODS

Method/guideine followed: USEPA OPPTS 850.1730 and OECD 305
“Test type: Flow-through exposure with flow-through depuration phase (flow rte: approximately 6volume additions per 24 hours)
GLP: Yes

ear study performed: 2001

Species: Blucgill sunfish (Lepomis macrochirus), mean length=62mim (56-66 mm); mean weight: 2.70&(2.03:3.32 g)age~7months old

‘Supplier: Osage Catfisheries, Inc. Osage Beach, Missouri
‘Concentrations tested: 0,0.086, 0d 087 mg/L.

Uptake period: 62days(0.086mg/L exposure); 3 days (0.087 mg/L exposure- this exposure ended after35 days due to fish mortality)
Depuration period: 56 days (0.036 mg/L exposure); None (0.87mg/L exposure)
Analytical monitoring: Analyses of test solutions and fish tissues were performed at WildifeIntemational, Ltd. Water samples were diluted and analyzed by HPLC with a single quadruple massspectiometric detection. Tissue samples were homogenized, extracted, diluted, and analyzed by HPLCwith ripe quadruple mass spectrometric detection. When determining the concentration of the testsubstance in the samples, the same and most prominent peak response for perflurooctanesulfonate wassed. No attempt was made to quanify on the basis of individual isomeric components. The LOQ was0.05 mg/L for water in his study. For tissue samples, the LOQ was calculated on an individual bass forcach sample since cach entire submitted sample, of differing weight, was extracted withou! an adjustment10 constant weight

Recovery was excellent in both water and fish tissues, ranging from 84.9 to 122% of fortification levels.Analytical results werenot correctedfo procedural recovery.
Collection of tissue samples: Fish were collected from test chambers by random selection a 12 timepoints during the 62-day uptake phase. They were euthanized, blotted dry, weighed, and measured. Fish
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‘were then rinsed with dilution water, bitte dry again, and dissected into cdible and nonedibe fractions.The fractions were individually weighed. The head, fins, and viscera were considered fo be noncdibletissue. The remaining tissue including skin was consideredto beedible issue.
Statistical methods: Whale fish concentrations were calculated bused on the sum of the edible andnonedibie parts. Steady-state bioconcentration BCF values calculated from the tissue concentrations atapparent steady-state divided by the mean water concentration. Tissue concentrations were considered 10be at apparent steady-state if3 or more consecutiv sets of tissue concentrations were not significantlydiffrent (20.05). Tissue concentrations were evaluated for normality and homogeneityofvariance usingthe Shapiro-Wik's test and Bartlett's tes, respectively. I thedatadid notmee the assumptions, data weretransformed in an attempt to correct the data. Mean tissue concentrations were then compared usingANOVA and Dunnett's test

‘The kinetic bioconcenraton factor (BCFK), uptake rate (k;), and depuration rate (ky) were calculated forthe edible, nonedible, and whole fish exposed to 0.086 mg/L PFOS using BIOFAC compute software.BIOFAC is a nonlinear parameter estimate routine, which estimates rte constants from Set ofsequentialtime-concentration data. These ate constants werethenused to calculateaBCFK (BFK ~ kk,
“Test conditions: Stainless sil aquaria (104 L) filed with approximately $0 L solution were used as‘exposure vessels. One vessel per concentration was used. The loading rate was 0.48 g fish/L day (90 fishper vessel. The fish were fed flake food (Ziegler Brothers, Inc., Gardners, PA) and given16hoursoflightand§hoursofdarkwith a 30 minute tansiton period. The light intensity as 278 lux at the surfaceof henegative control vessel at est initiation.
“Two stock solutions were prepared at 10 and 100 mg a..L. Stock solutions were sired with an electrictop-down mixerto aid in the solubilization ofth test substance. Afer mixing, the stocks appeared clearand colorless. Stocks were prepared at approximately weekly intervals during the uptake phase. Stockswere injected into the diluter mixing chambers at a rate of 3.5 mLiminute where they were mixed withdilution water ata rateof 350 mLminute to achieve the desired test concentrations. All fina est solutionsappeared clear and colorless. The dilution water was. moderaely-hard well water with specificconductance of 313 umhoslcm, hardnessof 130 my, alkalinity of 175, and pH of .1. During the est thedissolved oxygen levels ranged from 6.4-8.6 mg/L, the temperature ranged from 21.7 t0 22.0 °C, and thePH ranged from 7.910 8.2

Remarks: None

RESULTS

Bioconcentration factors (BCF):
0.086 mL. apparent steady-state BCF:

Edible: 484

Nonedible: 1124

Whale fish: $56
0.87 mg/L(study ended prior to achieving steady-state) BCF:

Edible: 136
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Nonedible: 356
Whol fish: 275

BIOFAC Estimates using 0.08 my/L. exposure):
Edible Nonedible Whaleih

Berk: 1866 an 3614
“Time to reach
0% clearance: 146 days 133 days 152days
PROS Concentrations in TissuesofBluegil Exposed (0 0.086 mg/L:(Values are from4 individual fs at cach sample period)
Uptakeday_|Fable ssw, mg/kg |Noncdiieissue, mg/g |Wholefish conc miOGihows) | 0.167,0.155, 0144, |0415,0515,0417,0497| 0295, 0351, 0236, 367018

[[|omewmeoat [sim mm0306
173.707.200.201 439.550.547.597|391,400415.438

102.106.119.152i 114,507,137, 126 [273.202.353.326 [202.169.260.246[21 [107.120.129.106 [333,227246,244_[233,184, 198. 185£3 [183.137.239.251 49.4,407.653,579 |353.292 454.4413s 226.277.238.206 61.,753.620.59.1 | 963.535.466.409
[42 1276.253,21.2.276 |640.681.544.796 50.1,49.4,40.9,56.3Ei) 333.362.390.306
56 483.389.4038. [122,942,730 106 906.716.633.745

101,112,105, 964 710.927.196.731Depuration
| aay .
1 83318316, 20 |100481810|903.0%616.853 |2 $82.70.1.65.1.811a 717.806.783.821 |SLi.614.610.622So 211.376,329.312 577.803.854.845 [316.665.658.621
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PFOS Concentrations in Tissuesof Bluegill Exposed to 0.87 mg/L:(Values are rom 4 individual fish at each sample period.)
|Uptake day | Edible tissue, mg/kg] Nonedibleissue, mg/kg | Wholefish conc., mg104 hours) 3.52,437.420,406 | 2.71,3.08,284,2891 468.659.556.564 | 111, 142,133,121 [800.109.102.0473 173.158.190.208 | 393,420,438. 518 | 30.5,30.7.34.5.39.1920,440,577, 468 | 100,102, 102. 120 749,770,853. 895[1a 87.1,816,90.7.733 | 177,207, 245,214. 141, 157, 180, 15821 79.4117, 104,102 |201,278.246. 229
= 289,372,320, 361 205,267,232. 263.“Sampling ofish stopped after Uptake day 28 du to mortality
Remarks: Test organism morality was none in the negative control (during both the uptake anddepuration phases). At 0.086 mL, one fish died afer 49 days and one died after 59 days. None diedduring the depuration phase. At 0.87 mg/L, mortality was frst noted on day9 and continued through day35 ofthe uptake phase, at which time all fish either ded or had been sampled.
Was control response satisfactory: Yes

Statistical results: None
CONCLUSIONS eet feretenrets eet terete
PFOS bioconcentrated in the tissues of bluegill sunfish during this study. Apparent steady-state wasatained on Day 49 or the fish exposed to 0.086mga.i/L. Although Day 49, 56, and 62 tissue residuewere not statistically significantly differen, POS concentrations appearedtobe still increasing during thistime. Apparent steady-state BC values for edible, nonedible, and whole fish tissues were calculated to be454.1124, and 859, respectively.
PFOS depurated slowly. The BIOFAC estimates for the time to reach S0% clearanceforedible, nonedible,‘and whole ish tissues were 146, 133, and 152 days, respectively.

Submitters" remarks: Theauthors assigned this studya Klimisch data reliability ranking of|

Reviewers! remarks: None

REFERENCE eeeeeee
Drotar, K., VanHoven, R., and 1. Krueger. 2001. Perfluorooctanesulfonat, potassium salt (PFOS): Aflow-through bioconcentraton test with bluegill (Lepomis macrochirus). Wildlife Intemational, Limited.Project number454A-134. 3M Company. St. Paul, MN.
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Annex 6. Robust Summariesof Toxicology and Human Biomonitoring Studies
PHARMACOKINETIC STUDIES

Titles Absorption of FC-95-14Cin Rats aftera Single OralDose (1979)
TEST SUBSTANCE

Identity: Potassium perfluorooctylulfonate, CAS 2795.39-3
Remarks: FC-95-14C (carbon-14 label alpha (0 sulfur atom, Riker Isotope Inventory Number 442). Thespecific activity is 0459 + 0.008 uCimg. Thin-layer and column chromatography showed the FC-95-14Cto be at least 99% radiochemically pure. The FC-95-14C was found to be suitable for metabolism sudics.(Synthesis described in Johnson and Ber, 1979).
METHOD

Method/guidelinefollowed: NA

Test types invivo

Species/strain/eelltype or line: rat, Charles River CD.
Sex: male

Age and body weight range ofanimals used: §weeks, bw mean 285g (range 243-315)
Numberofanimalssex/dose: 24

Routeof administration: oral

Vehicle: 0.9% NaCL solution containing 1.2 mg FC-95-14C/2.0 mi
Doses: 4.2 mukg average,single dose

Excretion routes, body fluids, and tissues monitored and/or sampled during study:
red blood cells, plasma, urine, feces, spleen, digestive tract plus contents (esophagus, stomach, smallintestine, large intestine, and colon), and carcass
Statistical methods used: mean, log mean concentration versus time last squares line.
Method remarks:
Rats were conditioned to individual metal metabolism cages for 24 hours prior to dosing. Rats wereallowed free access to Purina Ground Chow and water before and aftr dosing. Each non-fasted rat wasweighed immediately before being given a single oral dose of FC-95-14C. The dosing solution wasprepared by adding ~200 mgofFC-95-14C to0.9% NaCl, shakingforonehalfhourat moderate speed n a‘mechanical shaker, and centrifuging. The supernatant was removed and used for dosing solution. Thecarbon-14 content ofthe dosing solution was determined by dirct counting. The dose was delivered with2.0 ce glass syringe (Trylon) fitted with a stainless steel intubation tube. Recovery of total carbon.14from seris of FC-95-14C spiked, blank biological samples was used to adjust the recovery of the testsamples to account for label los during the experimental manipulations.
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Groups ofthree ratsweresacificedby exsanguinaton at 1, 2, 6, 12, 24, 45, 96, and 144 hours post dose.Rats were anesthetized with diethyl ther and blood was drawn from the descending aortaofeach rat andimmediately transferred to a heparinized tube. Plasma was prepared promptly by centrifugation. Inaddition to plasma and red blood cell, (otal urine, otal feces, spleen, digestive rat ploy Sontents(esophagus, stomach, small intestine, large intestine, and colon), and remainderof carcass were saved fromcachofthe three ats in the 24 and 48 hours post dose groups for carbon-14 analysis.
RESULTS-0s
Detailed resus:
Aftera single ora dose ofFC-95-14C (mean dose, 42 mg/kg) in solution to groupsofthree male rats, atleast 95%of the total carbon-14 i systemically absorbed at 24 hours. The half fo eliminationoftotalcarbon-14 from plasma s 7.5 days.
“The digestive tract and contents contained on the average, 345%of the dose. The mean fecal excretion is1.55% of the dose at 24 hours and 3.24% at 48 hours. At 24 hours, the mean sum of tots carbon-14 infeces and digestive ract plus contents is 5% of the dose. Some of this 5% likely represents systemicallyabsorbed carbon-14 present either in the digestive tract tissues or in the digestive rac contents a a resultof excretion. The data from the 48 hour post dose groupofrtsareconsistent with the 24 hour post dosedata. Thus, at leas 95% of the FC-95-14C dose was absorbed from solution afer administration (0 nonfasted at. The major portion of the radioactivity recovered was found in the carcass. The carcass data aremot asreliableas th other tissue daa since large volume homogenates were necessary and homogeneity ofsample aliquots was dificult 0 assure. There is some excretion of total carbon-14 in urine (1-394 dey)“The spleens from the 24 hour and 48 hour post dose rats were analyzed for ota carbon-14 conten, nd hepercent ofthe dose inthe wholeorganwas ~0.2%. The concentrationsof total carbon14 in redblood cellsand plasma were compared. The mean ratio of ed blood cel to plasma concentration at 24 and 48 hours is0.25 and 0.39. respectively. Thus, at 24 and 48 hours afera single oral dose of FC-95-14C. there is noselective retentionofcarbon-14 in red blood cells.
“The half of elimination from plasma was determined by analysis of plasma samples from groups ofthee ras at 1,2, 6, 12, 24,43, 96, and 14 hours aftr single oral doseof FC-95-14C. The log of meanconcentration versus time for hese data was plotted. The least squares line through the individual pointsfrom 24 0 144 hours for these data fits the equation: Cp = 15.65¢°(-0.00387) where Cp is plasmaconcentration. ‘The halifeof elimination from plasma s 179hours (7.5 days). Thus, elimination fromplasmaoftotal carbon-14aferasingle oral dose of FC-95-14C is low.
Metabolites measured: none.

coNcLUstoNsEOeee
agree
REFERENCE eee LU
AbsorptionofFC-95-14C in Rats afera Single Oral Dose. Riker Laboratories, Inc., Subsidiaryof 3M, St.Paul, MN. Project No. 890310200. Johnson, JD, Gibson, SI, and Ober, RF, October 26, 197,
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“Title: Extent and RouteofExcretion and Tissue DistributionofTotal Carbon14 in Rats after SingleIntcavenous Doseof FC-95-14C (1979)
TEST SUBSTANCE

Identity: Potassium perfluorooctylsulfonatc, CAS 2795-39-3
Remarks: FC-95-14C (carbon-14 label alpha to sulfur atom, Riker Isotope Inventory Number 442). Thespecific activity is 0459 +0.008 uCimg, Thin-layer and column chromatography showed the FC.95-14C.10 be at least 99% radiochemical pure. The FC-95-14C was found to be suitable for metabolism studies.(Synthesis described in Johnson and Bet, 1979),

eee es ttre

Methodiguideline followed: NA
Test types invivo

Speciesstrain/eel ype olin: rat, CharlesRiverCD.
Sex: male

‘Age and body weight rangeofanimals used: § weeks,bwmean 258 g (range 262-303)
Numberofanimals/sex/dose: 6

Routeof administration: iv, via tai vein

Vehicle: 0.9% NaCL solution containing 12 mg FC-95-14C/20ml
Doses: 4.2 meg average, single dose

Excretion routes, body fluids, and tissues monitored and/or sampled during study:urine, feces, liver plasma, kidney, lung, spleen, bone marrow, adrenals, kin, testes, muscle, ft eye, brain
Statistical methods used: mean, standard deviation
Method remarks:
Rats were conditioned to individual metal metabolism cages for 24 hours prior to dosing. The ras wereallowed free access to Purina Ground Chow and water before and afer dosing. Each at was weighed,anesthetized with diethyl ether, then given a single iv dose using a 3.0 cc disposable plasic syringe fittedwith a 26 gauge 172” needle. Urine and feces were collcted at intervals for each of the six rats for 89days. AUS days post dos, the rts were anesthetized with dithyl ether, blood was drawn from thedescending aorta, animals were sacrificed by exsangination, and tissue samples were collected.
RESULTS

Detailed results:
By 59 days post dose, mean urinary excretion was 30.2+-1.5% of total C-14 administered. Meancumulative fecal excretion was 12.6+-1.2%. The authors not tha radioactive conten in feces was 100 lowto measure after 64 days. AC day 89, mean tissue C-14 concentrations above one ug FC-95.14C
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equivalents were as follows: liver, 20.6; plasma, 2.2 kidney, 1.1; and lung, 1.1. Other tissues such asmusce. skin, bone marrow, and spicen had concentrations ranging from 0.2 10 0.6 ugg. There was 3difference in C-14 contentofsubcutaneous fo (0.2 ug/g) and abdominal fut (<= 0.08 gig) Very lite C-14 was found in whole eye (0.16 ug/g) andnodetectable C-14 was found in brain. Only fiver and plasmacontained a substantial percentageofdose at $9 days post dose, 25.21% and 2.819%, respectively. The lowlevels of radioactivity foundforkidney, lung, testes, and spleen are due in pat to blood stil contained inthese organs when homogenized.
Mean ExcretionofTota Carbon-14 in Urine Over Time:
Collection Period Percent Dose
(Days) During Period005 091
051 5d
12 121
23 103
34 093
as 083
56 071
67 07675 075
59 0.689.10 06s1011 059
112 0381213 039
1514 035
13.15 0st
15.16 051
1617 0.8
1718 043
1819 039
1921 084
2 078
225 066
2527 068
2.29 068
2.32 086
3236 10s

3640 099
043 075
847 092
4.50 068

S054 078
S457 061
7.61 079
61-69 1500.78 Tot75.50 208

Tonal 302
Mean Excretionof Total Carbon-14 in Feces Over Time
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Collection Period Percent Dose
(Days) During Period
005 0049
0511 0542
12 0795
23 0649
3a 0656as osm
6 031067 058878 0482
89 0421
9.10 0387
1011 0370
2 029
213 0310
151 0281
141s 0276
15:16 0212
1617 0187
1718 0163
1819 0129
1921 0311
an 0302
22s 0262
527 0208
22 0202
23 0223
3236 052

3650 1530
pred os
Toul 126
“The radioactive content ofthe feces was 00 low to measure after 64 days.
‘Metabalites measured: none.

CONCLUSIONS

agree

REFERENCE

Extent and Route of Excretion and Tissue DistributionofTotal Carbon-14 in Rats afera SingleIntravenous Doseof FC-95- 14 C. Riker Laboratories, In., Subsidiaryof 3M, St. Paul, MN. Johnson, ID,Gibson, SI, and Ober, RE, December 28, 1979,
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“Title: Cholestyramine-Enhanced Fecal EliminationofCorbon-14 inRats after Administration ofAmmonium 14C]Pefluorooetanoate or Potassium [14CPerfluorooctancsulfonate (1984)
TEST SUBSTANCE

Ideniity:
Potassium perfluorooctanesulfonate (14C-PFOS)Ammonium perfluorooctanoate (14C-PFO)
Remarks:
14C-PFOS: sp act 0.46 uClim, radiochemical purity >99%,14C label in PROS is adjacent to sulfur14C-PFO: 5pact 0.31 uClime. radiochemical purity >98%
METHOD AAA A ALE1
Method/guidelinefollowed: NA

Test type: invivo,
Specics/srain/celltype or line: at, Charles River CD.
Sex: male

Age and body weight rangeofanimals used: 12 weeks, 300-342 g
Numberofanimalssex/dose: 5
Route of administration: iv

Vehicle: 0.9% NaCl, 2 mat

Doses:
Potassium[14C]Perfluoroactanesulfonate (PFOS): 3.4 mgkg mean, single dose,0.56mg/mPFOS control animals: 3.5 mg/kg mean
‘Ammonium [14C]Perflurooctanoate (PFO): 13.3mg/kgmean, singe dose, 2.1 mg/mlPFO control animals: 13.5 me/kg mean
Excretion routes, body fluids, and tissues monitored and/or sampled during study:Urine, pasta, red blood cll, iver

Statistical methods used: mean, standard deviation,Students test
Method remarks:
Rats were housed in individual stainless-steel metabolism cages and fasted withfeeaccessto water for 24Irs prior to receiving the fluorochemicals. The radiolabeled compounds were administered 5 singleintravenous doses (lateral tail vei). Two ml of dosing solution was administered to each rat. Ten ratswere dosed with each compound. Five ats from cach group were fed cholestyramine (dried and groundresin 7620), 4% in fed (Purina Lab Chow), for 14 days afer administrationof PFO and fo 21 days after‘administration of PFOS. Control ratswereadministered radiolabeled fluorochemical but were not retedwith cholestyramine. In ordertoallow comparisonof the radiometric results on an absolute basis, the
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radiolabel doseswere not adjusted for individual body weights. Urine andfecessamples were collected atintervals for individual ras in cach group until 14 days after 14C-PFO administration and 21 days ater14C-PFOS administration. At these times, rats were anesthetized with diethyl ether and exsanguinted bydrawing blood from the descending aorta. Plasma and red blood cells were prepared prompily bycentrifugation. Liver was collected as the whole organ and stored frozen until analyse
RESULTS ee tee lL
Detailed results:
After 21 days of cholestyramine treatment, the mean percentage of 14C-PFOS dose eliminated via feces(755 ++ 5.0) was 9.5-old the mean percentage of dose eliminate va feces by control ats (8.0 +- 0.8).After adjustment for the amount of carbon-14. excreted in urine (18% for controls and $% forcholestyramine-trated), the amountsof carbon-14 remaining to be excreted are 19%for cholestyramine.treated ats and 74% for control rats. Afer 14C-PFOS administration, the mean lvercarbon 14 content at21 days represents 11% and 40% of the dose for cholestyramine-reated and control rats, respectively:Mean plasma and red biood cell carbon-14. concentrations are significantly lower ater 21 days ofcholestyramine treatment
After 14 days of cholestyramine treatment, the mean percentage of 14C-PFO dose eliminated via feces(43.2 + 5.5) was 9.8-old the mean percentage of dose eliminated via feces by control rats (44 +« 1.0)After adjustment for the amount of carbon-14. excreted in urine (67% for controls and 41% forcholestyramine.trated), the amountsof crbon-14 remaining to be excreted are 16% for cholestyramine.treated ats and 28% for control rats. Afr 14C-PFO administration, the mean livercarbon 14 content st14 days represents 4% and 8%ofthe dose for cholestyramine-reaed and control at, respectively. Meanplasma andred blood cell carbon-14 concenirations ae significantly lower afer 14 daysofcholestyraminetreatment

Carbon-14 Concentration (expressed asug eq/g tissue or ml lid)
Treatment Group Liver Plasma Red Blood Cells14C-PFOS

Cholestyramine~~ 94%-1L6*  09+0.1° 030010
Control 356456 69006 1804

HCPFO
Cholestyramine 221 sie 18070
Control 2362 14768 42024

“Significantly different from control values (p<0.05)
“The authors conclude that the high concentration of 14C-PFOSor 14C-PFO inliverat2 to 3 weeks aferdosing and the act that cholestyramine treatment enhances fecal climinationofcarbon-14bynearly 10.fold suggest that there is aconsiderable enterohepati circulationof 14C-PFOS and 14C-PFO,
Metabolites measured: none

CONCLUSIONS re.)
agree
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REFERENCE
Johnson, J.D. Gibson,SI, and Ober,RE(1984). CholestyramineEancedFecalElationoFCarbon14 inRatsafter Administration of Ammonium (14C)Perfluorooctanoae or Potasium[14C]Perfluorooctanesulfonate. Fundamental and Applied Toxicology 4, pages 972.976
See also Johnson. J. D., Gibson, SI, and Ober RE (1984). Enhanced eliminationof FC-95-14C and FC-143-14C in ats with cholestyramine ramen. Project No. 8900310200, Riker Laboratories, Inc. St. Pau,MN.
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Tite:
Oral (Gavage) Pharmacokinetic Studyof PFOS in Rats, Analytical Laboratory Report, Determination ofthe Presence and ConcentrationofPefluorooctanesulfonate(PFOS) in Serum, Liver, Urine, and FecesSamples
TEST SUBSTANCERE ll]
Identity: Perfluorooctylsulfonate, potassium salt, CAS 2795-39-3
Remarks: Purity 86.9%, Lot #217
METHOD iA
Method/guideline followed:
“This study was conducted in compliance with United Sates Food and Drug Administration (FDA) GoodLaboratory Practice (GLP) Regulations 21 CER Part 58, with the exceptions noted on page 3 of report.
Test type: invivo

Species/strain/eel type or line: rauSprague-Dawley pregnant Crl-CD(R)BR VAFPlus(R)
Sex: FO: female, FI: both

Age and body weight range ofanimals used: 60days, 200-225
Numberofanimals/sexdose: FO: 16, F1: § male and § female pupsfier
Routeof administration: oral
Vehicle: 0.5% Tween(R) 80in R.O. deionized wate, dosage volume § ml/kg
Doses: 0 (vehicle), 0.1, 0.4, 1.6, and 3.2 mglkg/day in volume of$ mike, once daily beginning 42 daysprior to cohabitation, and continued through day 14 or day 20 ofpresumed gestation. Only the Fo femaleswere dosed.

Excretion routes, body fluids, and tissues monitored and/or sampled during study:FO urine, feces, serum, fiver. F1 liverandserun.
Statistical methods used: mean and standard deviation
‘Method remarks: Serum, urine, and feces specimens were collected from adult female rats (FO dams)before mating and at gestation day (GD) 7, GD 15 and GD 21. Liver specimens were collected from FOdams at terminationof the study (GD 21). 'A total of$4 pooied serum and liver specimens were collectedfromfetuscson GD 21. Specimens were sent 0 the 3M Environmental Laboratory and the contract labs10be analyzed for PFOS.
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RESULTS

Detailed results:
Average Results for the Analysis ofSerum Samples (ug/mi)

Omgkg  Olmpke Odmgkg Lomeke S2mgkeDayodam 00723 889 07 160 31sDay7dam 0.126 782 409 154 105Daylsdam 00926 $80 Ls 156 275Day2ldm 00714 424 262 136 issDay 21 Fetal 0.125 9.07 343 101 165
Average Results for the AnalysisofLiver Samples (GD 21)
Dose Group. PFOS Conc. (ugle) ~~ PFOS Cone. (ug/g)(mgkglday) Female Adult (FO) Fetal Liver (FI)0 0288 016901 22 79304 107 30616 347 86732 610 20
Average Results for the AnalysisofUrine Samples from F0 DamsOmgke  Oimgkg Odmgks Lomgke 32mgkeDayo <L0Q 0097 032 0959 153Day? <L0Q 00020 0308 110 160Day Is 0000S 00685 0526 062 0363Day21 00194 00514 055 271 [x
Average Results for the Analysis ofFeces Samples from FO DamsOmgks  Olmgkg O4mgky Lémgke 32mgkeDayo 00380 0499 242 103 29Day? 0015s 0490 216 9.19 30Day Is 0032 0662 293 1 205Day 21 0032 odls 239 994 201
In general, therewas a dose-related increase in the levelsof PFOS in the liver and serumof the dams andthe fetuses. PFOS was also observed i the control dams,a well as the control fetuses. On sacrifice on(GD21. the levels of PFOS were much higher in the liver han in the serum for the dans. The level ofPFOS remained fairly steady in the serum of the dams from GD — GD 15, but the levels dropped atGD21. In the GD21 fetuses, the level of PFOS in the serum was generally comparable to the Jevelobserved in the dams, whereas the level of PFOS in the fetalliverswas well below that een in the dams.
Results Remarks:
As stated in the report. “It is not possible (0 verify true recovery of endogenous analyte from tissueswithout radio-labeied reference material. The only measurement of sccuracy availble at this time, matrixspike studies, indicate that the data are quantitative to S0% or greater
Metabolites measured: none
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CONCLUSIONS

‘Conclusions: Under the conditions of the present studies, PFOS was observed in the livers, urine, feces‘and seraof al female rats dosed with POS during the in-ife phase ofthe study. Additionally, PFOS wasobserved in fetalliver and serum taken during gestation from the same groupof femal rats.
Agree

REFERENCE

Study Tie: Oral (Gavage) Pharmacokinetic Study of PFOS in RatsAnalytical Laboratory Report Tile: Determinationofthe Presence and Concentration ofPerfluorooctanesulfonate (PROS) in Serum, Liver, Urine, and Feces Samples
3M Medical Department Study: T-6295.12, Argus In-Life Study: 4313-013, FACT TOX-110, 3MLaboratory Request No. U2849, 3M Environmental Laboratory, May 4, 2001.
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Tite:
Oral (Gavage) Phammacokinetic Recovery Study of PFOS in Rats, Analytical Laboratory Report,Determination of the Concentration of Perfluorooctancsulfonate (PFOS) in the Serum, Liver, Urine, andFecesof Cr:CDBR VAF/Plus ® Rais Exposed to PFOS via Gavage
TEST SUBSTANCE 1]
Identity: Perfluorooctylsulfonate, potassium sal (FC-95), CAS 2795-39-3
Remarks: Pusity 86.9%,Lot #217
METHOD

Method/guideline followed:
This study was conducted in compliance with United States Food and Drug Administration (FDA) GoodLaboratory Practice (GLP) Regulations 21 CFR Past 58, with the exceptions noed on page 3 of report. Itdocs not appear these exceptions would significantly impact the results or conclusions. The analyticalphase completed at the 3M Environmental Laboratory was performed in accordance. with 3MEnvironmental Technology and Safety Services Standard Operating Procedures.
Test ype: invivo

Speciesistrain/eeltype or line: rauSprague-DawleypregnantCrl-CD(R)BRVAFPlus&
Sex: FO: female, FI: both
Age and body weight range ofanimals used: 65 days, 192-231 ¢
Numberofanimalsisex/dose: FO: 8,E15 maleand §female pups/iter

Routeof administration: oral
‘Vehicle: 0.5% Tween(R) 80 in R.0. defonized water, dosage volume § ml/kg
Doses: 0 (vehicle), 0.1 and 1.6 mg/kg/dayin volume of$ mikg (0.00, 0.02, and 0.32 mg/mL), once dulybeginning 43 days prior to cohabitation until confirmed evidence of mating. Only the FO females weredosed.
Excretion routes, body fluids, and tissues monitored and/or sampledduring study:FO urine, feces, serum, fiver. FI liver and serum.
Statistical methods used: means, standard deviations, and percentages
Method remarks:
Rat damswereexposed to PFOS via gavage prior 10 and during mating. Exposure to PFOS washaltedonthe frst day of presumed gestation. Pups were not dirctly exposed to PFOS, but may have been cxposedin utero and during lactation. Male rats ofthe same source and train were usd oly3s breeders and werenot administered the test article or considered partofthe test system.
Urine and fecal samples were collected from FO female ras for the folowing intervals: one day prior (0initiation of cohabitation to the following morning, days 6 10 7, 14 to 15, and 20 to 21 of presumed
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gestation (DG 6 10 7, 14 1015, and 20 0 21), and days of lacaton (DL) 21 10 2. Blood samples werecollected from each ofthe maternal ats onth day cohabitation ws initiated (prioro cohabitation), DG 7,15 and 21, and DL 14 and 22. Day 1 oflactation was defined as the day of bith. On DL 4, less wereculled to five male pups and five female pups per lier, where possible. Sera specimens were collectedfrom pooled fier samples on DL 21. On DL 22, all surviving Generation FO and Generation FI animalsassigned to the study were sacrificed,ndaliver specimen was collected from each animal. The liver fromach pup was collected and pooled pe liter. Blood samples were collcted and pooled per Iter. Urine,fecal, serum and liver samples were shipped to the Sponsor for analysis. On days 1 10 4 of the 43-daypremating period, FO female rats received 25% greater dose due to an incorrect calculated amount of tetSubstance in vehicle.

RESULTS

Detailed results:

Average Results for the AnalysisofSera Samples (PFOS Cone. ug/mi)DG D7 DGIS G21 DLs D21200mgkeFO 0.100 007% 00742 <LLQ 0052 NS 00492
00mee FI NS. NS NS NS NS 00H NS0.1 mgkg FO 921 724 S68 258 Le NS 09m0.1 mgkg FI NS NS Ns NS NS is NS16muke FO 61129 906 395 206 Ns 14116 mekg FI NS NS NS NS NS 21 NS
Average Results for the Analysis ofLiver Samples (PFOS Conc. ug/g)

DL.
00mgkgF0 0243
00mgkgFl 017
0.1 meg FO 615
0.1 mgkg Fl 500
16 marke FO 507
16 mekg FI 562

Average Results for the Analysis ofUrine Samples (PFOS Cone. ugim)060 oca7 Dott DGoz1  oLawe00mgkgFo 000819 00100 000685 0006i4 “LogOlmgkgFo 00905 0.0307 00327 00231 00055516meg FO 21 0588 0613 0340 00334
Average Results for the Analysis ofFeces Samples (PFOS Cone. ug/g)060 oer Das Daz ou00mek Fo ND ND ND ND NDOlmgkgFo 0.601 0399 0294 0119 005216mg FO 109 839 48 206 0387
In general, therewas a dose-related increase in the levels of PFOS in the liver and serumof the dams andthe levels in the serum decreased with time. The levelsof PFOS were much higher in th liver than in theserumofthe dams and the pups. The levels of PFOS were similar in the liverofthe dams and pups, whilethe levelsin the serum were slighty higher inthe pups thn in the dams.
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Results Remarks:
As stated in the report. “It is not possible 10 verify true recovery of endogenous analyte from tissueswithout adio-labeled reference material. The only measurementof accuracy available a this time, matispike studies, indicate tha the data are quantitative to 50% or greater
Metabolites measured: none

CONCLUSIONSON eee ee eed HL]
Statementof Conclusion
Under the conditionsofthe present study, perfluorooctanesulfonate was observed in all sample types ofilGeneration 0 test system aia dosed with th test substance during he in-fe phase ofhe study, nd fnall sample types oftheir offspring (Generation FI).
Agree

REFERENCE a
Study Till: Oral (Gavage) Pharmacokinetic Recovery StudyofPFOS in Ras Analytical LaboratoryReport itl: Determinationof the ConcentrationofPerfluorooctancsulfonate(PFOS)n the Serum, LivesUrine, and Feces of CrCDBR VAF/Plus ® Rats Exposed to PFOS via Gavage, 3M EnvironmentalLaboratory Report No. FACT TOX-111, Laboratory Request No. U2094, 3M Ref: No. T-6295.14, AgusIn-Life Study 418.015, May4, 2001.
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Tile: HAIFLIfe Study of PROS in Serum, 2000
TEST SUBSTANCE

dentty: PFOS
METHOD — ol ed
Study design: PFOS halflife study on rived workers fom the Datu, Alabama plant
ManufacturingProcessingUse: N/a
Hypothesis ested: To determine the halfof PEOS in eid pecfluorochenical production workers.
Study period Nov. 1998 t0 2003
Setting: NA
“Total population: 27 ees rom the Decatur, Alabama nd Cotisge Grove, Minnesota. plants
Subject selection riteria: The participants volunteeredforthis study
“Total # ofsubjects in study: 18 males
Comparison population: N/A
Participation rate: Uskaown
Subject description: Retirees ranged in age from 55-74 years, worked i the plant for anaverageof 28 years, average ime from retirement to strofstudy was 30 mos(ange: 5130 months).
Health efects studied: NA
Data collection methods: Blood sera samples collected evry 6 months
Details on data collection: No information was providedss to how the blood was drawn, stored, tc.
Exposure perio Ukaown
Description/deineation of
exposure groupsicategories: N/A
Measured or estimated exposures NA
Exposure levels: NA
Statistical methods: Medians and ranges calculated.
Other methodological information: Halflivs were calulted assuming a one-<omparimen model. Afoginea relationship was used 0 estimate the serum uorochenical elimination half in partcipring
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retirees. In ths log incar relationship, th slopeofthe fine i related to th elimination constant via the‘equation slope = -k,(2.303). Once the climination constant is calculated, the halF-ife is determined usingthe relationship 2 0.693
13 data points were not available for any of the subjects and if there was a lack offit {0 the model, thatretiree was not included in the analyses. Eighicen participants met hese requirements
RESULTS etter eeeeet
Describe result: The median serum half of PFOS was 270 days, with range of 139 to 640 days. Itshouldbe noted that the difference in serum PFOS levels between retirees was quit large (0.2 - 2.0 pp)
‘Study strengths and weaknesses: For most of the participants not included in the analysis, the second‘measurement was higher than the first. Therefor, he data did mot fit the model and they were excluded.Although this may justify not including those participants in the analysis, it is an indication of the manylimitations of the data. It is sated in the report that neither age nor number of months retired wayassociated with the serum PFOS halflife calculations; however, this statement is not supported with anydata in the report. In addition, no individual data were provided inthe report and the relationship betweennumber of years exposed in the workplace and PFOS levels and half-ife were excluded. Retirees wereexcluded from these calculationsiftheir second measurement was higher tha the firs. I is unknown whythis occurred, but the exclusion of those retires introduces bias to th resuls. Also, limination of PFOSoccurs via urine and feces; however, these measurements were not taken. Therefore, it cannot bedetermined tha th half-life suggestedbythe preliminary results reported here representsa rue liminationalfife from the body. Finaly, the effect of continued non-oceupational, low-level exposure on the half:life is unknown.
Research sponsors: 3M Environmental Lab
Consistency of results: These results are not consistent with the first study in which 3 retirees werefollowed over a S-year period. In that study, the estimated halfife was 3 0 4 years. There is no‘explanation in this currentreportas 10 why ther i sucha large difference in the resultsor why nonoftherettees in the current study didfallwithin the rangeofthe ist study.
CONCLUSIONS

NA

REFERENCE eeeeee elL
DeterminationofSerum Hal-Livesof Several luorochemicas, June 8, 2000, 3M Company. FYLL0700-1375, 8(¢) Supplemental Submission, SEHQ-0373/0374.
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ACUTE TONICITY STUDIES
Tie: An Act Inhalation Toc Study ofT-2306 CoC nthe Rat. 1979
TEST SUBSTANCE |
entity: Potassium pefluarooctylaloate, CAS Nos 2195.39:
Remarks: Dus, PROS (T-2306 CoC). Purity not specified.
METHOD.en el
Methodguideline followed: Similar 0 OECD 403
GLP: N.10 QUOC indicted
Year studyperformed 1979
SoeciesStrain: RatSprague Dawley
Sex (ialesfemales both: Bash
No.of animalsscxdoses sx/group
Route ofAdministration: Inalaon
Remarks: Conceniraions of 1.89, 2.86455, 49,705, 139, 24.09, 45.97 mg POSwereadministered10 Gight et groups. A Wrightdust eed mechanism with dry air ats Fow ate of 121 16 rspr mpm.4 uc 0 administer the PROS dust. Rats were cxposed 0 | hor. The et sro te enon so299 gat study ntaion. The control group ts weighed 203263 § a dy stn. The ool ne‘re expos to dry ira flow te of 12 Hers per mime. Alois protocols ner th saps ttrou ts. The ats wer observed orsno Signs prior to expesre st 15mm mlsduiI-hour exposure, a removal fom he exposure chamber, hourly for fou hours ae xpos, and ih.heres for 14 ays. Tndidual bodyweightwererecorded on Duy 0 (por o xpos by| D5Day 4, Day 7, and Day 14. It report hat sl amns dying spomaneoty were meeps sees 2.possbic aftr death. Blood samples were collected on Day 14 ho 1 uvamsoserror provided
RESULTS . UL .
LC = 52.48 - 6.4) ml (95% confidence mit) eirenced method of Lichfield and Wilkosan
Number of deathsa sch dos evel (by sex)
00mg: 0/10: 1.89 mel 010: 2.06ml: 110: 4.8ml 210 6.49 ms 10,7.08 mg: §10:2409 maT: 110 author id mo provide umm bye)
Remarks: The highest dose group, 45.9 mg, was not used in the LCs cautions and terminated onDay 2. A at pit ony 5 animals survived and blood samples were hen at rmination. Toe 15 mgtsr0up was also terminated aly (Day 1) because of a mechanical problem uring expose. Theo sims
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werealsonot used in the LC.» determination.
In the 24.09 mg/l exposure group, al anima died by Day 6. At 7.05 and 6.49 mg/l there was §0%mortality with last deaths at Day 10. At 4.55, 286, and 1.89 m/l there was 20%, 10%, and 0% mortality.respectively. At 286 mg, deathsoccurredon Day7and 10. At 1.89 mel, one death occurredon Day 1.“The rats in all these groups showed signsof oxicty including emaciation, red materia around he noe orother nasal discharge, yellow material around the anogenital region, dry rales or other breathingdisturbances, and generalpoorcondition. Abnormal inf observations were reported fo be Jess frequenin the lower exposure groups.
“The most common abnormality was discoloration ofthe ive and fung. Discoloration of the hung was alsoobserved in control ras and therefore may not be treatment related. Therefore, the most significanttreatment elated abnormality was varying degreesofdiscolorationofth liver. Arnon animals rat diedprematurely, decreased body weight, discoloration of the lung, and discoloration and distention of thesmall intestine were also observed.
CONCLUSIONS -
LCS0= 5.2 (44- 6.4)me, (95% confidence limits). Only conclusion provided: seems reasonable withavailabe data

REFERENCEA rere eee
Rusch, G.M., W.E. Rinchart andC.A. Bozak. 1979. An Acute Inhalation Tonicity StudyofT-2306 CoC inthe Rat. Project No. 78-7185, Bioldynamics Inc.
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“Title: Fluorad FluorochemicalSurfactant FC-95 AcuteOralToxicity (LD)Studyin Rats, 1975.
TEST SUBSTANCEAee
Identity: Potassium perfluorooctylsulfonate, CAS No.: 2795-39-3
Remarks: FC.95, Purity not specified.
METHOD -

Method/guideline followed: Similar to OECD 401
GLP (VIN): N, 50 QAQC indicated
ear study performed: 1975

‘Species/Strain:RayCharlesRiver CD.

Sex (Malesfemales/both): both

Numberofanimals'sex/dose: /sex/dose

Vehicle: 20% acetone/50%comol

Routeof Administration: gavage
Remarks: Levels of 100, 215, 464, and 1000 mg/kg PFOS were tested. All dose levels were administeredas volumes of 10milkg body weight. The rats weighed 172212 g at the beginning of the studyimmediately prior to dosing and weights were recorded at Day 7 and Day 14. The rats were abscrved for‘abnormal signs during the four hours afer exposure, and daily thereafer for 14 days. is reported that allanimalsdying spontancouslyweregrossly nectopsied,as well a al rats that survived t th end ofthe 14-day study.

RESULTS

LDS0: 251 (199-318) mg/kg, 95% confidence limits):3 referencesforstatistical tables are given.
Numberof deaths at each doselevel(by sex):100mk: 0/5 males, 0/5 females;215 uke: 2/5 males, 1S females;464meg: 5/3 mals, 5/5 females.1000 mgke: 515 males, 515 females
Remarks: All rats in the 464 and 1000 mg/kg dose groups died before the end of the study. Threeanimals in the 215 mg/kg group died prematurely. It appears signsotoxicity most frequently abscrvedincluded: hypoaciviy, decreased limb tone, and ataxia. At necropsy observations included: yellow:
stained urogenital region, stomach distention and signs of irtation of the glandular mucosa, and lungcongestion. No differences betweensexeswere noted.
LDS0 male rats: 233 (160-339) mg/kg (95%confidence limits)LDS0 female rats: 271 (200-369) mk (95% confidence limits)
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CONCLUSIONSEE eeeeee errata]
None specified beyond LDSO
REFERENCE eereetaen
Dean. W.P. DC. Jessup. G. Thompson, G. Romig, and D. Powell. 1975. Fluorad FluorochemicalSurfactant FC-95 Acute OralToxicity (LD) Study in Rats. StudyNo. 137-083, Intemational Rescarch‘and Development Corporation. (Includes Acute Oral Toxicity Study in Rats with T-2207 CoC. Project No.78-1433, Biosearch, Inc)
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SKIN IRRITATION
“Titles EyeandSkin Iriation Report onSample T-1117. 1974
TEST SUBSTANCE

Identity: Potassium perfluorooctylsulfonate, CAS No: 2795.39-3
Remarks: FC-95, Sample T-1117. Puritynotspecified.
METHOD.

Note pH oftest material: Not specified
Method Guideline followed: Notspecified
Test Type: in vivo
Speciesistainielltype: Rabbitsalbino
Sex (males femalestboth): Not specified
Numberofanimals/sex/dose: 6 total
“Total dose: appears to be 1.0 gram, 0.5 placed on each of2 prepared tes ites (inact-wet, abraded-

wet); total dose not specified
Vehicle: None?Not specified
Length ofme test material i in contact with animalicell: 72 hr
Grading scale: Separate scores for erythema formation and edema formation are summed.

Reference source not provided.
Remarks: Six albino rabbits had thie hair clipped from their backs and flanks, and five tenths of one‘ram (0.5 g) of tet material wasplacedon sbraded-wetorintactwet prepared tet sites, then covered with‘gauze patches. After 24 hours and 72 hours the coverings were removed and the degreeof erythema andedema was recorded according 0.2 standardized scale.
RESULTS

Results: Ina cases itis reported the primary skin iitation scores were 0; which indicates no reddeningorswelling detected.
Primary irritation score: zero
Remarics: Noindicationof reliability. No QAIQC. No effects reported.
CONCLUSIONS :
No imitation. Inadequate information is presented in report o evaluate quality ofstudy and validity ofconclusion

REFERENCE —

J. A. BiesemeierandD.L. Harris. 1974. Eye and Skin tation Reporton Sample T-1117, ProjectNoA102871, WARF Institue Inc.
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EVE IRRITATION

“Tite: Eye and Skin Iritation Report on Sample T-1117. 1974
TEST SUBSTANCE - lj
Identity: Potassium perfluorooctylsulfonate, CAS No: 2795.39:3
Remarks: T-1117. Purity not specified
METHOD

Note pHof test material: Notspecified
MethodGuideline followed: Not specified
Test Type: in vivo
Speciessraincell type or line: Rabbit New Zesland White
Sex (males femalesiboth): No specified
Numberofanimalssex/dose: 6isingledose

“Total dose: it appears 0.1 gram, (protocol statsether0.1 ml or0.1gand T-1117 i reported obe. solid{FC:95)by 3M), totaldose not specified
Length oftime test material i in contact with animalcel: could be 72 hours,
Buta | br bservation and at each scoring aftr "any accumulated dischargeor residueoftest material wasflushed rom the eye."

Observation period: 1hr, 24 hb, 48 hr, 72 hr
Scoring method used: Not specified or referenced - “The reaction tothe test material ws read according10 the scaleof scoring for damage (0 the come, rs, and the bulbar an palpebral conjunctivae...”
Remarks: Rabbits were placed incollars so they could not rub their cyes. One tenth ofa gram (0.1) ofhe test substance was instilled in one eye, the other eye was left untreated as control. 1 i reported thatth reaction 1 the test material was read against scaleofdamage to the comen, iris and the bulbar andpalpebral conjunctivae at 1, 24, 45, and 72 hours afte treatment. The scale criteria are not presented orreferenced. Each time the eyes were scored, any accumulated discharge or residue of est material wasRushed from the eye. It appears tha scores were maximal a | hour and 24 hours afer treatment thendecreased over the rest of th study.
RESULTS

Corrosive: no
Irritation score: Onlytotalscoresprovided.

hrs 8.00; 24hrs 9.33; 48 hr: 3.33;72 hr: zero

Tool used 0 asses score: Not specified
Descriptionoflesions: none.

Remarks: Inadequate description and discussionin report. Scores appear reduced in all rabbits overtime.Decreases were noted at 4h and at 24s values were zero.
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CONCLUSIONS

Only conclusion provided in study is that est substanceisrating to eyes. Inadequate information is:
presented in report to evaluate quality ofstudy and validity ofconclusion.
REFERENCE

J. A Biesemeierand D.L. Harris, 1974. Eye and SkinIrtation Report on Sample T-1117. Project No.4102871, WARF Institut Inc.
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GENETIC TOXICITY STUDIES

“Title: MUTAGENICITY EVALUATIONOFT-2014 CoC IN THE AMES
SALMONELLAMICROSOME PLATE TEST, 1978

TEST SUBSTANCE

Identity:Potassiumperflurooctylsulfonate, CAS#2795393
Remarks: T-2014 CoC, FC-95, Purity not specified.

METHOD. .

Method/Guideline followed: Ames, 1975

Test type: Reverse mutation

Test system: Bacteria; Yeast

Gen

Yearstudy performeds 1977

‘Species/Strain/eelltypeleel line: Salmonella yphimuriun TAIO0, TALS), TAIS37, TAIS3S, TAOS,
Saccharomyces cerevisiae DA

‘Metabolic activation: 0.1 + 05 mi $9 homogenateofAroclor 1254 induced Sprague Dawley at iver

Concentrations tested: 0.0lugplat,1.0 pg/plate, 10.0 ug/plate, 100pgplate, 500 ug/plate nonactivated:
0.1 pgplat, 1.0 pgplate, 10.0 plate, 100 pple,S00pg/plate activated

Statistical methods used: None
Remarks: Therewere no significant protocol variations.(1) For the time when the test was done (1977) a
Single plate per concentration was routine; (2) the negative control was the solvent DMSO; the positive
controls were chosen according to strain being tested and activation condition and included. thy!
methanesulfonate, quinoline hydroxide, nitoflourene , 2-anthramine; and 2-dimethylnitosamine (3) a
limited repeat study was done with stain TAI00 both with and without activation because the testing
Iaboratory believed that there was some evidenceof mutagenicity with this sein. The doses tested without
activation were 100 pg/plat, 500 ug/plate, and 1000 gfplate and 500 pple, 1000 pple, and 2000
gpl with activation. However, a review of the data shows that was originally thought to be
‘mutagenicity was within the normal variation of the assay. The repeat was inadequate because the doses
tested were100high and 100 oxic 10 shed any lighton possible mutagenic activity: there were no signs of
mutagenicity in anyofthe ther strains tested. The test ith Saccharomyces was also negative. (4) criteria
to evaluat resuswere as follows: dose-response over 3 concentrations with lowest increase equal 0 3X
the solvent control for TAIS3S, TAIS37 and TAIS3S. Dose-response over 3 concentrations with lowest
increase equal 10 3X background for TAL0O and 2x.3X background for TASS and DA.
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BES——————————————————

Overall results: positive, negative, ambiguous: Negative

Genotoxic effects (unconfirmed, dose-response, equivocal—with/without activation): Negative with
and without activation
Cytotoxic concentration: 1000 g/m both with and without activation

Statistical results: No statistics performed.

Remarks: None

CONCLUSIONS

Author's conclusions are accurate but for the wrong reasons. The fest chemical is negative not because it
as negative on repeat testing but because what was taken as mutagenicity in the first test was within
normal variation ofthe assay.

REFERENCE.

Litton Bionetic, Inc. Kensington, Maryland 20795 1975. MutagenicityEvaluation ofT-2014 CoCinthe
‘AmesSalmonelly/MicrosomePlateTest. FinalReport. Submitted 0: 3M Company, Saint Paul, Minnesota
ssiol
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Titles SALMONELLA ~ ESCHERICHIA COLIMAMMALIAN-MICROSOME REVERSE MUTATIONASSAY WITH PFOS, 1999

TEST SUBSTANCE

Identity: Potassium perfluorooctylsulfonate, CAS #2795-39-3
Remarks: FC-95, T-6295, purity not specified
METHOD. nl

Method!Guideline followed: Ames eal, 1975; Green and Mariel, 1976; Maron and Ames, 1983
“Test ype: Reverse mutation
Test system: Bacterial
Gury

Year study performed: 1999
Species/Strain/eelltypefeel lin: Salmonella yphimuriu TAIS3S, TAI00, TA9S, TAIS3T
Escherichia coll WP2urA
Metabolic activation: 0.1 ml $9 liver homogenate from Aroclor 1254 induced Sprague-Dawley rats
Concentrations tested: S. typhimurium: 33.3 wg/plte, 100 pgplat, 333 pe/plte, 1,000 pgplat, 3.330welplate, and 5,000ug/plate wg/plate with activation and0.333 wy/plate, 1.00 pgplate, 3.33 weplate, 10.0wglplae. 33.3 ugfplate plate, 100 pplte, 3333 pgplate, 1,000 wgipate and 5,000 peplate without
E col 333 pgplate, 100 ugplate, 3333 pe/plate, 1,000 pgplat, 3.330 plate, and 5,000 plate bothwith and without activation
Statistical methods used: None

Remarks: There were no significant protocol deviations. (1) There were 3 plates per test concentration andcontro: he positive controls were stain and activation condition specific and included benzofalpyrenc, 2nittofluorene, 2-aminoanthracene, sodium azide, ICR-191 and 4-nitroquinoline-N-oxide. The vehiclecontrol was DMSO; (2) the solvent was DMSO: (3) th assay ws no repeated. (4) For the test article tbeconsidered positive in strains TAOS, TAI00 and WP2uvrA, thre had to be at least a 2-fold increase in hemean revertants per plate over thatofthe appropriate vehicle contol. The increase had to be accompaniedby a dose response to increasing concentrations ofthe test article. For strains TALS3S and TAIS37 therendbe at fast a 3old increase in the mean revertanspe plate over thatof th appropriate vehicle contol.“The increasehad tobe accompanied by adose response to increasing concentrationsofthe test article
RESULTS

Overall results: positive, negative, ambiguous: Negative
Genotoxic effects (unconfirmed, dose-response, equivocal— with/without activation): POS was not
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zenotoxic when testedeitherwith or without metabolic activation
Cytotoxic concentration: Cytotoxicitywasnoted at S000 g/plate without metabolic activation. Thiseytotoxicity was evidenced by a slight reduction in the bacterial lawn,
Statistical results: Resuls were not evaluated statistically
Remarks: There wereno tstspecific confounding factors. Mutation frequencies were within the ange ofthe vehicle controls

CONCLUSIONS

Author's conclusions are that PROS is negative inthis assay. This is accurate
REFERENCE

Mecchi, M.S. 1999. Salmonella ~ Escherichia Coli/Mammalian-Microsome Reverse Mutation Assay withPROS. Covance Laboratories Inc. (Covance) Vienna, Virginia 22182 Final Report Covance Study No.20784.0-409. Submited0:3M Corporate Toxicology St. Paul, Minnesota 55144-1000
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‘Title: CHROMOSOMAL ABERRATION IN HUMAN WHOLE BLOOD LYMPHOCYTES WITHPROS, 1999

TEST SUBSTANCE

Identity: Potassium perfluorooctylsulfonate, CAS #2795-39-3
Remarks: FC-95, purity not specified.
METHOD .

Method Guideline followed: Galloway, 1994
“Test type: In vitro cytogenetics

Test system: Human eels in culture
cry

Year study performed: 1999

‘Species/Strain/eell-typeleel line: Human lymphocytes
Metabolic activation: Aroclor 1254 induced rat liver $9 homogenate, 15.0 iL, plus NADP andisocitic acid.
Concentrations tested: 12.5 ug/ml,24.9 pg/ml, 497 ml, 99.3 ug/ml,149pgm, 199 ug/ml, 249.g/ml, 299 ug/ml,349pg, 449 pgm, 399 ug/ml without activation,
12:5 ig/ml. 24.9 ug/l, 49.7 g/m, 99.3 ugh, 149 gin, 199 gi, 249 pgm, 349 wg, 449 g/mwith activation
Statistical methods used:Cochran-Armitage tet for linear trend; Fisher's Exact Test
Remarks: There were no significant protocol deviations. (1) Each concentration was tested in replicate;each replicate was considered an independent unit. The negative control for the nonactvation assay was"DMSO at 10 ulmi, which was the highest concentration usd in the est cultures; in the activation assay itwas DMSO plus the $9 mix; the positive control was mitomycin C for the nonactivation assay andcyclophosphamide for the activation assay. Thee concentrations of cach positive control were tested.Cultures were exposedto chemical for 3 hours and harvested 22 hours hte. One hundred metaphases fromeach replicate of the uscabl treatment cultures and the solvent and one doseofthe positive control wereused; mitotic index was evaluated by analysing the number of mitotic cells in at least 1000 cels perculture; (2) the solvent or the chemical was DMSO; (3) thre was no follow up study done although instudy such as this where there ae negative results after3 hours incubation with a 22 hour harvest ime asecond study with a continuous exposure of 22 hours for the nonactivated portion of the assay isrecommended. (4) The test article would have been considered positive if there had been a significantincrease (p<0.01) in the numberofcells with chromosomal aberrations at one of more concentrations. Thetest artic was considered negative because there was no significant increase observed in the number ofcells with chromosomal aberrations at any concentration ested.
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Ey eeeee emerfected

Overall results: positive, negative, ambiguous: Negative
Genotoxic effects (unconfirmed, dose-response, equivocal—with/without activation): Negative bothwith and without activation,

Cytotoxic concentrations 299 ug/ml without metabolic activation and 199 g/ml with activation were theFirst cytotoxic concentrations tested a evidencedby areduction in mitotic index.
Statistical results: Negative.

Remarks: Mitotic index was reduced 38%, 8% 15%, 15%, 12%, 19%, 24%, 69% and 92% in culturesrested with 12.8 pg/ml, 26.9 ug/ml, 49.7 ug/ml, 99.3 gin, 149 ug/ml, 249imi, 299 ug, 149 mdand 449 gm! without activation. Aberrations were analysed from cultures tested 199 gm, 249pgml,299 gm, and 349 pg/ml.

With metabolic activation, mitotic index was reduced by 12%, 419%, 71%, and 53% in cultures tested with49.7 pin, 199 g/ml, 249 ug/ml, and 299 wgiml. Aberrations were analysed from cultures treated with99.3 g/ml 149 gm, 199 ug/ml, and 299 pg/ml. Only 27 and 4 metaphases were availablefor analysisfrom cultures treated with 299 pg/ml.
CONCLUSIONS nn
Author's conclusions re that PROS does nok case mutation in human lymphocytes; this is correct assted.

REFERENCE

Mari, H. 1999. Chromosomal Aberrations in Human Whole Blood Lymphocytes with PFOS. CovanceLaboratories Inc. (Covance) Final Report. Covance Study No.: 20784-0-449. Submited to: 3M CorporateToxicology, S. Paul Minnesota 55144-1000.
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“Titles Unscheduled DNA Synthesis in Rat Lives Primary Cell Cultures with PFOS, 1999
TEST SUBSTANCE

entity: Potassium perfluorooctylsulfonate, CAS #2795393
Remarks: T-6295, purity not specified.
METHOD - i
Method/Guideline followed: Williams, 1977; Williams, 1980; Butterworth etal. 1987
“Test type: Unscheduled DNA Synthesis in Mammalian Cells in Culture
Test system: Primary cells in culture

cue:

ear study performed: 1999

Species/Strain/cel-typeleel line: Primary hepatocytes from Fischer 344 ratmale at.
Metabolic activation: None
‘Concentrations tested: 15 concentrationsbetween0.025 ug/ml and 4000 g/ml. Six,0.5 ug/l,10pgimi, 2.8 pg/ml, 5 pg/ml,10.0 ug/ml and 25.0 ig/ml, chosen for evakation based upon cytoonicity.
Statistical methods used: None

Remarks: There were no significant protocol deviations. (1) Triplicate cultures on coverslips wereincubated for 19.6-20.0 hour, then th assay was terminated and H-thymidine added to the cultures for 30minutes after which the cels were fixed, dried over night, coverslips were mounted on sides, dipped inemulsion and sored for days at 2-§° C afer which the emulsions were developed, fixed and stained. 150cells per dose were read (50 from cach coverslip) and the mean net nuclear grain count determined. (2) TheSolvent for the assay was DMSO; (3) therewasno follow-up repeat study; (4) th positive control was 2-AAF: (5) for a treatment 0 be considered positive, here mst be an increase in the mean net nuclear grainCount 0 at least 5 grain per nucleus above the concurrent vehicle control value, andlor an increase in he‘umber of nucle with five or more net grains such that the percentage of these nucle in test cultures is10% above the percentage seen in the vehicle control cultures. The positive control satisfied both ofthese

RESULTS

Overall results: positive, negative, ambiguous: Negative
Genotoxic effects (unconfirmed, dose-response, equivocal- with/without activation): Negative
Cytotoxic concentration: Excessive cytotoxicity at and at $0.0 ug/ml; weak cytotoxicity at 25.0 ug/l.Cell morphology was suitable for analysis at and below 25.0 ug/ml,
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Statistical results: Th results were not cvahated saistclly.
Remarks: There were notest.specific confounding for.
concLusions

“Theauthor concludes that POS is negative in this assay. This i sccurte
REFERENCE

Cifone M.A. 1999. Unscheduled DNA Synthesis in Rat Liv Primary Cell Cultures with PFOS, CovanceLaboratories nc. Vienna, VA 22182 Final Report. Covance Sudy Nos 20780047. Submited 10 3MCorporate Toxicology St. Paul, MN 55144-1000
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“Titles MUTAGENICITY TEST ON T-6295 IN AN IN ¥1V0 MOUSE MICRONUCLEUS ASSAY, 1996.
TEST SUBSTANCE

Hdenity: Potassium perfluorooetylsulforate, CAS #2795.39-3
Remarks: T6295, FC-95, purity not specificd.
METHOD

Method Guideline followed: Heddle, 1953
Test type: Micronucleus
GL:
ear study performed: 1996

Species/Strain: Mouse; CrlCD-1*(ICR)BR
Sex: Males & Females
No. animalysex/dose: Sisexdose
‘Vehicle if used): Deionized water
Routeof administration: Oral
Doses: 237.5 mek, 450 mgrkg, 950 mek
Frequency of treatment: Single dose
Statistical methods used: Analysisofvariance; Dunnet's cst
Remarks: There were no significant protocol deviations.(1) Animals were 9 weeksand | day olda startof dosing males; weight range for the males was 20.9 37.0 g; for females it was 23.1292 5; (2) thevehicle was deionized wat; (3) the test lasted 72 hours; (4) the test material was administeredas4singleoral dose; (5) all treatment groups were sampled at 24, 48 and 72 hours; (6) the vehicle control was HO;the positive control was 80 mye cyclophosphamide dissolved in water and administered by gavage.‘Controls were sampled at 24 hours only. Control groups consisted ofS males and $ females cach. (7) Noclinical examinations were made. (8) No necropsies or other gross examinations were made on theseanimals. (9) Micronuclei were evaluated in the bone martow of treated animals. Frequency of PCEs vsNCES was determined by scoring the number of PCE and NCES in the optic fields while scoring the firs1000 erythrocytes. A positive was judged by an increase in micronucleated polychromatic erythrocytesoverlevelsobserved in the vehicle controls in eithersexor at any harvest time. Bone marrow toxicity wasjudged bya significant reduction in PCEINCE ratios in either sex at any harvest time. (10) The M.T.D. was.chosen on the basis of2 preliminary dose selection assays bothof which showed significant toxicity at hehighest dose tested.
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RESULTS

Effect on mitotic index or PCE/NCE ratio by dose level and sex:
PCENCE Ratio
2375 mek

24 hours:males0.57 + 0.11;females0.52 £0.10
48 hours: males 0.45 +0.04; females 0.80 = 0.10
72 hours: males 039 + 0.11females0.42+0.14.

450 meke
24 hours:males 0.75 +0.1;females 0.59 +0.08
4% hours: males 0.71 + 0.0 females 037 0.07
72 hours: males 0.29 + 0.06; females 0.40 £0.12

950 mgrkg
24 hours: males 0.56 £0.13; females 0.59 + 0.08
48 hours: males 0.54 + 0.08; females 0.44 £0.11
72 hours: males0.17 + 0,05, females 0.17 £0.05

Genotoxic effects unconfirmed, dose-response, equivocal): Negative
Statistical results:
“The PCENCE rato was reduced in 237.5 mg/kg males at 45 and 72 hours; in 450 mg/kg males at 72 hoursand in 450 mp/kg females at 48 hours and in 950 mg/kg males at 48 and 72 hours and in 950 uke.females at 72 hours. There was no satistcally significant increase in the numberofmicronucleated PCEsover the controls in any treament group. The positive control induceda significant increase in the numberOfmPCE in both males and females and reduced the PCE:NCE ratio in females only at 24 hours,
Remarks:
(1) Animals were examined approximately 1-2 hours before sampling fo signsof toxicity and mortality.Animals inthe 237.5 mg/kg group remained healiy theoughout th treatment period. (2) Both males andfemales in the 950 mg/kg dose group began dying about 22 hours afer treatment. Also at 22 hours 2 malesin the 950 mg/kg dose group went ito convulsions when theircage was opened but recovered in a fewminutes. At about 46 hours afte treatment | femal from the 450 mg/kg dose group and more males andfemales from the 950 mk dose group were found dead and at about 71 hours afer treatment, one malefrom the 950 mg/kg dose group was found dead. All surviving animals appeared normal at that point. (3)No other clinical signs were notedo reported. (4) Body weight changes were not reported. (5) Food andwater consumption were not reported. (6) There was no increase in the percent of micronucleated PCEs atany dose level testedor at any time period sampled.
CONCLUSIONS

“The author concludes that PFOS is negative in the mouse bone marrow micronucleus assay. This is anaccurate sessment
REFERENCE _
Muri, H. 1996. Mutagenicity Test on T-6295 in an In Vivo Mouse Micronucleus Assay. Corning HazeltonInc. (CHV), Vienna, Virginia 22182. Final Report, CHV Study No. 17403-0-455. Submitted to 3M St.Paul,Minnesota SS1.44-1000.
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“Tile: IN VITRO MICROBIOLOGICAL MUTAGENICITY ASSAYS OF 3M COMPANY.
COMPOUNDS T-2247 CoC AND T-2248 CoC, 1978
TEST SUBSTANCE

Identity: T-2247 CoC; L-4299, a 50% by weight solution ofthe diethanolammonium sal of
perfluorooctancsulfonate inwaterT-2248 CoC; 22.5% ofa reaction productof ethyl and methyl
methacrylates and 22.5%ofthe pyridinium chloride salt ofan:
N-methylperfluoroociancsulfonamidocthanol-based ghuaryl amide,

Remarks: T2247 CoC, T-2248 CoC, purty not specified

MT... cr———ec tesa

Method Guideline followed: Amesetal, 1975; Zimmermann and Schwaier, 1967; Brusick and Mayer,
1973

“Test type: Reverse Mutation; Recombination
Test system: Salmonella typhimurium; Saccharomyces cerevisiae

Gen

Year study performed: 1978

Specics/Strain/celltypeleel line Salmonella typhimurium TAIS3S, TA1S37, TAIS3S, TA9S, TAIO0;
Saccharomyces cerevisiae D3

‘Metabolic activation: 0.5 ml of 10% 59 iver homogenate fom Aroclor 1254 induced rats.

‘Concentrations tested: Plate incorporation assay: 10 g/plte, 0gplate,100 pg/plate, S00pgplae,
1000 pple, S000 pgplate
Dessicator method: 0.1 midesicator. 0.5 midessicator, 1.0 mldessicator, 5.0 mldessicator
‘Yeast recombination: 0.1%, 0.5%, 1.0%, 5.0%
east repeat assay at 1.0%, 2.0%, 4.0%, 5.0%

Statistical methods used: None.

Remarks: There were no significant protocol deviations. (1). The plate incorporation assay and the S.
cerevisiae assay were performed with both chemicals and with one plate per test concentration; the
dessicator assay was performed with T-2247 CoC using two plates per concentration but used only strains
“TA 95 and TAI0D for the tes. However, given the complexityof the dessicator assay and the imitations
involved in seting it up, this i acceptabl; 2) the positive controls were chosen accordingto the stain and
activation conditions and included sodium avide, 9-aminoacridne, 2-nirofluorene snd 2-anthramiine for
the plate incorporation assay; 1,1-dichloroethylenefo the desiccator assay with T-2247 CoC and 1.23,4-
dicpoxybutane for the S. cerevisiae assay. The negative control group fo all assays was water, (3) The
plate incorporation assay with both agents and the east assay with T-2248 were repeated the desiccator
assay was run only once. (4) For the desiccator assay, lates were preparedas for the standard assay but no
fest chemical was added to the agar. The stains tested were S. typhimurium TAS and TA 100. The test
was performed both with and without metabolic activation. Pltes without ids were placed side by side in
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a perforatedshelfin a Olt desiccator. A known volume of T-2247 was added to a glass Petr dish that
was placed in the centerof and attached tothe bottom ofthe shel. In decreasing order, 5.0 ml, 1.0 ml, 0.5
ml and 0.1 mloftest chemical were added to the desiccator. The negative contol chemical as water; the
positive control chemical was 1,1-dichloroethylene. Both were treated n thesame manner as T-2247. The
desiceator was sealed and placed on a magnetic timer plate in 4 room maintained at 37° C. A magnetic
stirer with vanes was placed in the baseof cach desiccator to ensure adequate dispersion of the chemical
Plates were incubated for 8 hours, removed from the desiccatrs, their lids replaced and they were
incubated at 37C for an additional 42 hours before revertant were counted.

ANNAC AACA andnd nna

Overall results: positive, negative, ambiguous: All estswere negative.

Genotoxic effects (unconfirmed, dose-response, equivocal - with/without activation): Negative both
with and without activation

Cytotoxic concentration: T-2247 was not cytotoxic.
In the plate incorporation assay, T-2248was (oxi to strain TALS3S at1000 plate and to al other stains
at S000 plate when tested without activation I was oxic at 1000 g/plat to sirsin TA1S37 and at S000
ugplate for all other strains when tested with metabolic activation.
T-22458 was slightly toxic 0. cerevisiae D3 at % concentration without metabolic activation,
Statistical results; No statistical results were determined.

Remarks: In the first assay with T-2248andS. cerevisiae D3 without metabolic activation there seemed to
be some slight indication of mutagenicity at the highest concentration tested, 5%. The assay was repested
at 1%, 2%, 4%, and 5% concentrations with and without activation. There was no indication of a
mutagenic dose response and the testing laboratory concluded that T-2248 did not cause recombination in

cerevisiae D3. There were no test-specific confounding factors in any aspect ofthe test,

CONCLUSIONS Nii)
“The testing laboratory concluded tht T-2247 and T-2248 were nonmutagenic for S. typhimurium TAIS3S,
TAI00. TAIS7, TAIS3S, and TA98 when tested in a plate incorporation assay with and without
‘metabolic activation; that T2247 did not induce mutation in S. typhimurium TASS and TA100 when tested
in a desicator assay fo volatile chemical and that neither chemical induced recombination in S. cerevisiae:
D3.
“These conclusions are accurate,

REFERENCE

Simmon, V.F. 1978. IN VITRO MICROBIOLOGICAL MUTAGENICITY ASSAYS OF 3M COMPANY.
COMPOUNDS T-2247 CoC AND T-2248 CoC. SRI International, Final Report Prepared for 3M
Company. St. Pau, Minnesota 55101.
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REPEAT DOSE STUDIES
“Title: First ninety-day thesus morikey toxicity study, 1979

TEST SUBSTANCE

Identity: Potassium perfluorooctylsulfonate,CAS# 2798.39-3

Remarks: FC-95, purtynot specified.

METHOD

Method/guideline followed: None

Study duration: 90 days

GLP (VIN): No

Vearstudy performed: 1978

Species/strain: Rhesus monkey

Sex: Males and females

Numberof animals per dose group: 2/sex/group

Routeofadministration: Gavage

Doses tested and frequency: 0, 10, 30, 100, 300 mke/day

Post-observation period: None

Statistical methods used: None

Remarks: Distilled water was used for the vehicle control. The males weighed 3.05-3.80 kg at studyinitiation and the females weighed 2.75-4.10 ke. The monkeys were observed daily for genera clinicalsigns and body weights were recorded weekly. Hematological and clinical chemistry analyses and
urinalysiswere conducted at the beginningof th study. The study was terminated after 20 days due to the
death of the monkeys. At necropsy the heat iver, adrenals, spe, pituitary, kidneys, testes ovaries and
brain were weighed. Thethyroidparathyroid were weighed afte fixation. Tissues were preserved in
buffered neutral 10% formalin the eyes were preserved in Russel’ fixative. The following organs from
control and al trated groups were examined microscopically: adrenal, aorta, brain, esophagus, cyes,gallbladder, heart (with coronary vessels), duodenum, ileum, jejunum, cecum, colon, rectum, Kidneys,live, lung, skin, mesenteric lymph node; retropharyngeal lymph node, mammary gland, nerve (withmuscle), spleen, pancreas, prostae/uterus, bonefboe marrow (sb junction), salivary gland, lumbar spinal
cord. pituitary, stomach, tesesiovares, thyroid, parathyroid, thymus, trachea, tonsil, tongue, urinary
bladder and vagina.
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RESULTS . ~

NOAEL(doseandeffect): None

LOAEL (dose and effect): None
Toxic responselefects by dose level: All of the monkeys in the trated groups died.
Statistical results: None

Remarks: The monkeys in the 300 mg/kg/day group died between days 2-4, the morikeys in the 100
‘mg/kg/day group died between days 3-5, the monkeys in the 30 mg/kg/day group died between days 7-10,
and the monkeys in the 10 mg/kg/day group died between days 11-20of westment. The monkeys from allthe groups showed similar signsof toxicity including decreased activity, emesis with some diarthea, bodyiffening, general body trembling, twitching, wealess, convulsions and prostaton. A necropsy, several
of the monkeys in the 100 and 300 mykg/day groups had a yellowish-brown discolorationofthe fiver;histologic examination showednomicroscopic lesions. Congestion, hemorrhage and lipid depletion ofhe
adrenal cortex was noted in ll treated groups. No othe lesions were noted.

CONCLUSIONS

Remarks: Authors conclusions sated above i results. Reviewer agrees.

REFERENCE

Goldenthal, 1, D.C. Jessup, R.G. Geil andJ 5. Melvin. 1979. Niney-day subacute thesus monkey
toxicity study. Study No. 137.087, Intemational Research and Development Corporation, Mattawan, MI.
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“Title: Secondninety-dayrhesusmonkey toxicity study, 1978

TEST SUBSTANCE

entity: Potassium pesfluorooetylsulfonate, CAS # 2795-39-3

Remarks: FC, puriy not specified.
METHOD

Method/guideline followed: None

Study duration: 90 days
GLP (VIN): No

earstudyperformed: 1975

Specicsistrain: Rhesus monkey

Sex: Malesand females.

Numberof animalsperdose group: 2/sexgroup
Routeof administration: Gavage

Doses tested and frequency: 0,05, 1.5, 4.5 mg/kg/day
Post-observation period: None.

Statistical methods used: Body wis, hematological, biochemical and urinalysis and organ wis were‘compared by analysis of variance (one-way classification), Bartlet’ tet and the appropriate test singDunner’ mliple comparison ables to judge significanceofdifferences.
Remarks: Distilled water was used for the vehicle control. The males weighed 2.55355 kg at studyinitiation and the females weighed 2.7-3.75 kg. The monkeys were observed daily for general clinicalsigns and body weights were recorded weekly. Hematological and clinical chemistry analyses andurinalysis were conducted at the begining ofthe study andafer 30and90daysoftreatment. At necropsythe hear, liver, adrenals, spleen, pituitary, kidneys, testesovaries and brain were weighed. | Thethyroidparathyroid were weighed afe fixation. Tissues were preserved in buffered neutral 10% formalin:the eyes were preserved in Russel's fixative. The following organs from control and all treated groupswere examined microscopically: adrenals, aorta, bain, esophagus, eyes, gallbladder, heart (with coronaryvessels). duodenum, ileum, jejunum, cecum, colon, rectum, kidneys, fiver, ung, skin, mesenteric lymph
node retropharyngeal lymph node, mammary gland, nerve (with muscle), spleen, pancreas,prostate uterus,bonefbone marrow (sib junction), salivary gland, lumbar spinal cord, pituitary, stomach, esteslovaries,thyroid, parathyroid, thymus, trachea, tonsil, tongue, urinary bladder and vagina.

RESULTS

NOAEL (dose and effect): None.
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LOAEL (dose and effect): 0.5mg/kg/day: Soft stools, diarhea, anorexia, emesis, occasional decreases
in activity: slight reduction in serum alkaline phosphatase

“Toxic responseleffects by dose level: 4.5 mgkg/day - 4/4 monkeys dicd between weeks 5-7, clinicalsigns (anorexia, emesis, black stool, dehydration) significant reduction in serum cholesterol, markeddiffuse ipid depletion in the adrenals, moderate diffuse atrophy ofpancreatic acinar cell, moderate diffuseatrophyofserousalveolar cels.
1.5 mg/gkiday — clinical signs (sot stools, diarhea), reduced body weight, reduced serum alkalinephosphatase activity and serum potassium (females), reduced serum cholesterol (1/2 females), reduced
inorganic phosphate (112 females).
0.5 mkigday - clinical signs, (Sof stools, diarhea), sot stool, diarrhea, anorexia, emesis, occasional
decreases in activity; light reduction in serum alkaline phosphatase.

Statistical results: The statistical results are presented, but should be viewed with caution due 10 the smallnumberofanimals
4.5 mukday - significant eduction in serum cholesterol
15 mukgday ~ significant reduction in serum alkaline phosphatase activity and serum potassium
(females)
Remarks: All monkeys in the 4.5 mgkg/day group died or were sacrificed in xtremis between week 5and 7 of the study. Beginning on the first or second day of the study, these monkeys exhibited signs ofgastrointestinal tract toxicity including anorexia, emesis, black stool and dehydration. All of the monkeys
had decreased activity and just prior o death showed marked to severe rigidity, convulsions, generalized
body trembling and prosiraton. The mean body weight decreased from 3.44 kg at the beginning of thestudy 1027 kg at week 5. After 30 days of treatment, there was a significant reduction in serumcholesterol and a 50% reduction in serum alkaline phosphatase activity. At necropsy, mean organ weights
were comparable among the control and treated monkeys. Histologic examination showed severaltreatment related lesions. All the male and females had marked diffuse lipid depletion in the adrenals
Oni male and two females had moderate diffuse atrophy of the pancreatic exocrine cells with decreased
cel size and lossof zymogen granules. Two males and one female had moderate diffuse atrophy of theserous alveolar cells characterized by decreased eel size and lossof cytoplasmic granules,
All monkeys in the 1.5 mg/kg/day group survived until the endof the study. During the first week of thestudy, the monkeys had decreased activity. Signsofgastrointestinal tract toxicity were noted occasionallyduring the study and included black tool, diarehea, mucous in the stool and bloody stoolat the end ofthestudy. anorexia, dehydration or general body trembling were noted. Although statistical significance wasno achieved, the mean body weight of the males dropped from 3.15 kg at the beginning of the study 10293 kg at the end ofthe study, and the mean body weight ofthe females dropped from 3.22 k 0 2.75 kt.One of the females had very low serum cholestrol and another had a reduction i inorganic phosphate.Necropsy revealed no treatment related lesions.

All monkeys in the 0.5 mg/kg/day group survived until the end ofthe study. Signs of gastrointestinal tracttonicity were noted occasionally during the study and included diathea, soft stols, snorexia and emesis.Occasionally, decreased activity was noted in three of the monkeys. Necropsy revealed no treatmentrelated lesions.

CONCLUSIONS

Remarks: Authors conclusions sated above in results. Reviewer agrees.
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REFERENCE.

Goldenthal, E.L, D.C. Jessup, R.G. Geil and 1.5. Mehring. 1978. Ninety-day subacute rhesus monkey
toxicity study. Study No. 137-092, Intemational Resestch and Development Corporation, Mattawan, MI.
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“Title: Ninety day study in at, 1978.

‘TEST SUBSTANCE

Identity: Potassium perfluorooctylsulfonate,CAS# 2795-393

Remarks: FC-95, puriynotspecified.

METHOD.

‘Method/guidelne followed: None

Study duration: 90 days
GLP (VIN): No.
ear study performed: 1978

Speciesistrain: CD rat

Sex: Malesand females

Numberofanimals per dose group: Ssex/group.

Routeof administration: Dict

Doses tested and frequency: 0,30, 100, 300, 1000, 3000 ppm
Equivalent 00, 2,6, 18, 60, 200mg/day
Post-observationperiod: None.

Statistical methods used: Body wis, hematological, biochemical and urinalysis and organ wis were
‘compared by analysis of variance (one-way classification), Bare’ test and the appropriate test using.
Dunnett's multiple comparison tables to judge significanceofdifferences.

Remarks: The males weighed 196-232gand the females weighed 165-206ga study initiation. The
animals were 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 days of treatment. At necropsy the heat, lve, adrenals, spleen, pituitary, kidneys,
testeslovaries and brain were weighed. The thyroidjparathyroid were weighed afer fixation. Tissues were
preserved in buffered neutral 10% formalin; the eyes were preserved in Russell's fixative. The following
organs from control and al rested groups were examined microscopically: adrenals, aora, brain,
esophagus, eyes, gallbladder, heart (with coronary vessels), duodenum, leu, jejunum, cecum, colon,
rectum, Kidneys, liver, ung, skin, mesenteric lymph node, retropharyngeal lymph node, mammary land.
nerve (with muscle), pleen, pancreas, prostateluterus, bone/bone marrow (sb junction), salivary gland,
lumbar spinal cord, pituitary, stomach, testes/ovaries, thyroid, parathyroid, thymus, traches, tonsil, tongue,
urinary bladder and vagina.
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RESULTS

NOAEL (dose and effect): None

LOAEL (dose and effect: 30ppm (2 mg/kg/day)basedona significant increase in relative and absolute
liver weights.

“Toxic responseleffcts by dose level: 3000 ppm — 10/10 ats died between days 7-5. 1000 ppm — 10/10
ats. died between days 8-13. 300 ppm — S/S male ras died between days 13.25; 5/5 female rats died
between days 15-25. At 300, 1000 and 3000 ppm — histologic lesions in the primary (thymus, bone
marrow) and secondary (spleen, mesenteric lymph nodes) lymphoid organs, stomach, intestines, muscle
and skin. 100 ppm — 2/5 males and 2 females did during week 5and a third male died during week 11,
mean body weights were reduced by 16.7% (males) and 163% (females) at study termination, food
consumption significantly reduced, significant reduction in hematocrit (males), erythrocyte (mals).
emoglobin (males& female), eukoeyte (males), and reticulocyte (females) counts, significant increase
in absolute (females) and relative (males & female) liver weight and relative kidney weight. At 100, 300,
1000 and 3000ppm- slightto marked focal necrosisof hepatocytes.
30 ppm - Significant reduction in food consumption (males), significant increase in absolute and relative
liver weight (females).
ACall dose levels — very sight to sight cytoplasmic hypertcophy of hepatocytes in the centrilobular ro
midzonal regions, especialy in males.
Statistical results: 100 ppm ~significant reduction in food consumption

Remarks: Allof the rats in the 300, 1000 and 3000 ppm groups died. Death occurred between days 13-
25 and days 18-28 for the males and females, respectively. in the 300 ppm group. At 1000 ppm, death
‘occurred between days 8-14, and at 3000 ppm, the ras died between days 7-8of treatment. The ras in ll
aroups showed signsof toxicity including emaciation, convulsions following handling, hunched back, red
material around the eyes, yellow material round the anogenital region, increased sensitivity to extemal
simul, reduced activity and mois red material around the mouth or nose.

“Three males and two females in the 100 ppm group died priortoscheduled sacrifice. Two of the males
and the two females died during week $ and the third male died during week 11 of the study. At study
termination, mean body weights were reduced by 16.7% and 16.3% in the male and female groups,
respectively. Average food consumption during the entire swdy period (gratiday) was significantly
reduced for males and females at 100 ppm. After 30 days of treatment, hematologic values were
comparable among the control and 100 ppm groups. Clinical chemistry analyses at one month showed
significant increase in mean glucose in males, blood urea nitrogen values in males and females, and
creatinine phosphokinase and alkaline phosphatase values for females. After 90 days of treatment at 100
ppm. the two surviving males had significantly reduced erythrocyte, hemoglobin, hematocrit and leukocyte
count: he thee surviving females had significantly reduced hemoglobin and reticulocyte counts, as well
as Slightly lower erythrocyte, hematocrit and leukocyte counts. Twoof the surviving females showed
Slight to moderate increases in plasma ghiamic oxalacetc and pyruvi transaminase activities. Urinalysis
sess were comparsble among trated and control groups a 30 and 90 days. Relative liver weight was
Significantly increased in the males and absolute and elativ liver weights were significantly increased in
the females. Relative kidney weights were significantly increased in both sexes.

All ats inthe 30 ppm group survived uni the endof the study. At study termination, mean body weights
were reduced by 8.7 and 8% in the males and female, respectively. Average food consumption durin the
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ene study period (gratday) was significantly reduced for the males at 30 pym._ Hematologic values
were comparable among the control and 30 ppm group at 30 and 90 days. One female showed  slighly
clevated glucose level and one male showed slightly increased alkaline phosphatase eve at 30 days. At
90 days, one male showed moderate increases in glacose, blood urea nitrogen and y-ghuaml
ranspeptdase activity. The females had significant increases in absoluteand relative liver weights. The
males had significant decreases in absolute and relive adrenal weights, absolute thyroidparathyroid
‘weight and absolut ptuary weight The biological significance of he changes in male organ Weighs is
unclear since similar changes wre not notedn higher dose groups.
At necropsy, treatment elated gross lesions wee present in all treated groups and included varying
degrees of discoloration andor enlargement ofthe ives and discoloration ofthe glandular mucosa of the
Stomach. Histologic examination also showed lesions in all veated groups. Centrilobulrto midzonal
cytoplasmic hypertrophy of hepatocytes and focal necrosis was observed n the lve: the incidence and
Telatve severity were aratr inthe males. In addon, especially among ats in the 300 1000 and 3000
pom soups, ucatment related histologic lesions were noted i the primary (thymus, bone marrow) and
Secondary (spleen, mesenteric lymph node) lymphoid organs, stomach, ntesings, muscle and skin. Tn the
{ymus, this consisted of depletion in the number and size of he lymphoid folces and in the bone
marrow bypocellulrity was noted. The spleen was slighty avoid with coresponding decrease in the
size and number of ympheid follicles and cell and similar depletion was noted in the mesenteric lymph
nodes. Mucosal hyperkeratosis andor acanthosis was observed in the forestomach and. mucosal
Hemorrhage were noted in the sandula porion of th stomach. Decrease atrophy in he height and
dhicknes of the vill wee noed n the small intsin. Atrophy ofthe skletal muscle was ted, as well
ax epidermal hyperkeratosis ando acanthosis was ned in the sin.

coNcLUSIONS

Remarks: Authors conclusions stated sbov in results, Reviewer ages.
REFERENCE
Golden, EL. D.C. Jessup, R.G. Gil and J. Ming. 1978. Ninty-dy subacuterat oxiiy study.
Study No. 137-085, Inemational Research and Desclopment Corpration, Mattawan, Mi.
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“Tile: 4-Week Capsule Toxicity Study with Perfluaroctane Sulfonic Acid Potassium Salt (PFOS: T-6298)in Cynomolgus Morikeys. Unaudited Draf, 1995.
TEST SUBSTANCEIps pSTANCE
Identity: Potassium Perflurooctylsulfonate, CAS No.: 2195-39-3

Remarks: T-6295, purity not specifid.

METHOD

Methodguideline followed: Range finding- Unaudited Draft report, sections missing

Study duration: 28 days

GLP (VIN): Y, report contains GLP statement, but a submitted, unaudited draft report with sectionsmissing

ear study performed: 1995

‘Species/Strain: MonkeyCynomolgus

Sex: both

Number of animals per dose: 2 per sex, 0 mg/kg/day; 3persex, 0.02 mg/kg/day:
persex, 20 mgkg/day

Routeof administration: Capsule in stomach
Doses tested and frequency: 0 mg/kg/day; 0.02 mg/kg/day;2.0 mglkg/day
Postobservation period: none
Statistical methods used: none
Remarks: Monkeys were observed at last daily for general clinical signs and body weights wererecorded twice weekly. Hematological and clinical chemistry analyses were conducted on samplescollected before the beginning of the study at day 7 (baseline values) and day 29. Additional bloodsamples for clinical chemistry were collected on study days 2, 7, and 14. Blood samples for serum PFOSconcentrations were taken on days +7, 2,3, 7, 14, and 29. Inaddition, samples from day -7 and day 29were analyzed for levelsofestradiol, estrone, stio, thyroid stimulating hormone, riodothyronine, andthyroxin. The study animals were terminated as scheduled at 30 days. At necropsya sample of iver wascollected from each animal for paimitoyl CoA oxidase activity analyses. Samples of Tver, testes, andpancreas were collected for proliferation cell nuclear antigen evaluation. A sample of fiver was alsocollected from each animal for PFOS concentration analysis. The following organs from control and allreated aroups were examined microscopically: adrenals, eye, Kidney, ivr, lung, spleen, pancreas, femoralbone marrow, testes, and thymus.
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RESULTSee——————
NOAEL(doseandeffct): None determined.

LOAEL (dose and effet): None determined

Toxic responselefectsbydoselevel: NonedeterminedStatistical results: None, high-dose 00 few animals(1 male, 1 female
Summary Hormone Analyses Data in Males on Females on Days 7 and 29

Toe| Se Foro TH Twine| Thm
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CONCLUSIONS
Estradiol, estrone, thyroid stimulating hormone (TSH), thyrosin, and riodothyronine levels were ower inthe high dose animals a he nd of the study. Sine the numbers oftested animals are small (one male ndone female in th high-dose group) and baseline levels are variable, i no clear if hese hormone Jvc]changes are treatment elated.
Remarks: None

REFERENCE

‘Thomford, PJ. 1995. 4-Week Capsule Tonicity Study with Pefluoroctane Sulfoni Acid Potassium Salt(POS: T-6205) in Cynomolgus Monkeys. Unaudited Draft. Study No.T-6295.6, for 3M, . Paul MN, byCovance Laboratories Inc.. Madison, WI.
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“Tie: 26-Week Capsule Toxicity Study with Perfluorooctane Sulfonic Acid Potassium Salt (PFOS;T6295) in Cynomolgus Monkeys, 2002

TEST SUBSTANCE

Identity: Potassium perfluorooctylsulfonate, CAS#2795.39-3

Remarks: FC-95, T6295, purty not specified

METHOD

Method/guideline followed: No guideline followed.

Study duration: 78 weeks, 26-week treatment period, followed by 52 weeks recovery.
GLP (VIN: Y

‘Vearstudy performed: 2000

Species/strain: Cynomolgus monkeys

Sex: Males and females

Number of animals per dose group: 6 animals/sex/dose group fo groups 1,3, and 4;
animalssex fo group 2.

Route of administration: Oral capsule

Doses tested and frequency: 0mglkg/day,0.03 mg/kg/day, 0.15 mykgiday,or 0.75 mg/kg/day
Postobservation period: 52 weeks

Statistical methods used: Levene’s tes for variance homogeneity: ANOVA, Duets test
ANCOVA, covarite-adjusted means, 5% two-tiled probability level.

Remarks: Animals were observed twice daily for mortality and moribundiy and were examined at leastonce 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. Bodyweight data were recorded weekly before the start of treatment, onDays—1 and | and weekly thereaferBlood and urine samples were collected for clinical hematology, clinical chemistry, and urinalysis beforethe start of treatment and at specified intervals during treatment and recovery. Blood samples were alsotaken for hormone determinations. Samples of serum were collected at various time points during heStudy and sent to 3M for analysis of PFOS levels. The following organs were weighed at scheduled andunscheduled sacrifices; paired organs were weighed separately: adrenal (2), bran, epididymis (2), kidney
(2), liver, ovary (2), pancreas, testis (2), and thyroid (2) with parathyroid. The following tissues werecollected for histopathology: adrenals (2), ora, brain, cecum, cervix, colon, duodenun, epididymis (2),esophagus, eyes (2), femur with bone marrow, gallbladder, hear, ileum, jejunum, kidneys (2), lesions,liver, lung, mammary gland, mesenteric. lymph node, ovary (2), pancreas, pituitary, prostate, rectum,salivary gland (mandibular (2), sciatic neve, seminal vesicle (2), skeletal muscle (thigh), skin, spinal cord(cervial, thoracic, and lumbar), spleen sternum with bone marrow, stomach, testis (2), thymus, thyroid (2)with parathyroid, trachea, urinary bladder, uterus, and vagina. Live specimens fromthe0.15snd 0.75
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mg/day recovery annals were collected via biopsy and analyzed for PFOS levels,
Serum and liver specimens collected from test animals were sent o the 3M Laboratory and analyzed forthe presence of PFOS. Serum was harvested from blood that was centrifuged within one hourofcollectionLiver specimens were flash frozen in liquid nitrogen. Both liverand serum samples were stored in fecserSet to maintain specimens at -60 to 80°C uni shipped to the 3M Lab. Samples were shipped frozen andon dry ice from Covance Laboratories to 3M periodically from August 1998 through March 2000 whichcovered the in-life phase of the study. One received at 3M specimens were stored in freeze at either -55°C + 10:20°Cor -20°C + 10°C.
During the first 26 weeks of the study a total of 550 serum specimens and 30 liver specimens werecollected.OF the serum specimens, 151 were from Group 1,99 from Group 2, 152 from Group 3 and 148from Group 4. Eight liver samples were collected from Group 1, § from Group 2, 12 fom Group 3 and 14from Group 4. In the recovery Groups, 72 serum and 4 liver samples were collected from Group 15 72Serum and4 liversamples from Group3and 80 serum and4 lver samplesfrom Group 4.
Liver and serum samples were extracted using an fonpairin reagent and methyl-ertbutyl cther (MBE),Liver samples were homogenized prior 0 extraction. Sample extracts were analyzed using high-pressureliquid _chromatography.-ectrospraytandem mass spectrometry (HPLC-ESMSMS)in the. multipleresponse mode. PROS levels were quantitatedbyextemal standard calibration.
Liver samples were homogenized in water. An aliquot of each liver homogenate and all scrum sampleswere spiked with THPFOS and extracted using an fon-pairing extraction procedure. An fon-pairing reagentwas added 10 the samples and the ion pairs were partitioned into MIBE. The extracts were evaporated untildry on a nitrogen evaporator and then were reconstituted n 1.0 mLofmethanol and passed through a 0.2
jm nylon filer
“The analyses were performed by monitoring one or more product ions selected from a single primary foncharacteristic of the luorochemical of interest using HPLC/ES/MS/MS. Molecular fon 499, he primaryfon for PFOS (CiFy5S0;) analysis, was fragmented to produce on 99 (FSO). lon 99 was monitored for
quantitative analyse

RESULTS

NOAEL (dose and effect):0.15 mg/kg/day.
LOAEL (dose and effec): 0.75 mg/kg/day. Death, liver effects, effect on cholesterol
“Toxic responseleffcts by dose level: Death at 0.75 mg/kg/day: increased absolute liver weight, liver tobody weight percentages, liver 10 brain weight ratios in females at 0.75 mg/kg/day; absolute and relativeJiver weight; Males and females in the 075 mg/kg/day dose-group had lower total cholesterol and Towerhigh density lipoprotein cholestrol,liverorgan weights.
Statistical result: The difference in weight at the end of treatment between the control and the 0.75mg/kg/day female restment groups was statistically significant; th effect on total cholesterol and highdensity lipoprotein cholesterol in the 0.75 mg/kg/dose group was statistically significant; in males in the0.75 mykglday dose group the liver organ weights and the organ-to body weight percentages werestatistically significant and in females the liver weights, the organ-to-body weight percentage and theorgan-brain weight rato wereal significant.
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Remarks

‘Males weighed 3.3-3.4kgand females weighed 2.8-2.9 kg a the beginningofthe study. At the end of 26weeksof treatment, males weighed 3.7, 3.8, 3.5, and 33 ke for the 0, 0.03, 0.15 and 0.75 mg/daytreatment groups respectively. Females weighed 3.1, 3.1, 3.1 and 2.8 ke for the 0, 0.03, 0.15 and 0.7%mg/day treatment groups respectively. The difference between the control and the 0.75 mg/dayfemale treatment groups was statistically significant. At the end of the recovery period, differences in‘weight between the contol and treated animals were io longer abvious.
“Two males from the 0.75 mg/kg/day group did not survive to the scheduled sacrifice. One animal diedafter dosing on Day 155 (Week 23). Clinical signs noted in tis animal included: constricted pupil, palegums. few, mucoid, liquid and black-colored feces, low food consumption, hypoactviy, laboredrespiration, dehydration, and recumbent position. In addition, the animal was cold to the touch. Anenlarged fiver was detected by palpation. Causeofdeath was determined to be pulmonary necrosts withsevere acute inflammation. On day 179, the second male was sacrificed in a moribund condition. Clinicalsigns noted included fow food consumption, excessive salivation, lsbored respiration, hypoactiviy andataxia. Causeofdeath was not determined.

Males and females in the 0.75 mg/kg/day dose-group had lower total cholesterol and males and females inthe 0.15 and 0.75 mg/kg/day groups had lower high density lipoprotein cholesterol curing treatmentHowever, only the effect in the 0.75 mgkg group was statistically significant. The effect on tolcholesterol worsened with time. By day 182, mean total cholesterol for males and females inthe high doseeroup were 68% and 49% lower, respectively, tha than levels in the control animals. The effect on highdensity lipoprotein was greater than that seen with cholesterol. On day 182, the mean high densitylipoprotein levels were 79% and 62% lower in males and females, respectively, from the high dose groupthan they were in male and female control animals. Males in the high dose group also had lower tolbilirubin concentrations and higher serum bile acid concentrations than males in either the conteo or othertreatment groups. The effect on total cholesterol was reversed within S weeksofrecovery and th effect onhigh density lipoprotein cholestrol was reversed within9weeksofrecovery.
Estradiol values were lower in males given 0.75 mglkg/day on days 62, 91, and 152 by because ofvariation nly the day 152 value was significant. Esrone values were generally higher in the treatedfemales on days 37 62 and 91 by again because of variation in the data none of these values weresignificantly differen. Trilodothyronine values were notably lower on days 91 snd 152 in males andfemales given 0.15 and 0.75 mg/day. There were other instances in which hormone values in rested‘roups were different rom thoseofcontrols bu these differences were not consistent over timeor betweensexes, were not clearly dose-related and did not appear to be related (0 the administration of the testmaterial, Apparent differences in the sexual maturity of both males and females used in the studycomplicates the interpretation of the hormone das,
At terminal sacrifice, females inthe0.75 mg/kg/day dose-group had increased absolut liver weight, liver.to-body weigh percentages, and liver-to-brain weight ratios. In males, liver-10 body weight percentageswere increased in the high-dose group compared to the controls. “Moved” livers were observed in twohigh-dose males and in one high-dose female. OF the two males not surviving until the scheduled terminalsacrifice, one had a “motled” and large liver. Threeof 4 high-dose males (including those that did notsurvive to scheduled sacrifice) had centrilobular or diffuse hepatocellular hypertrophy that was alsoobscrved in all high-dose females. Centrilobular or diffuse hepatocellular vacuolation occurred in 2of 4females and2 of4 males in the high-dose group.
No PFOS related lesions were observed at recovery sacrifice indicating tha the effects seen at terminalsacrifice may be reversible.
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PROSvaluesonan RSD basis were 22.2:+ 0.0269 in Group | males and 16,8 = 0.0178 in females in Group1327.0 £4.66 and9.73+2.15in males and females in Group 2; 33.1 = 19.5 in males and 21.4 + 149 infemales in Group 3, and 6.03 + 23.9 in males and 500 + 13.6 in females in Group4. At Week 79 values inthe liver were 71.0-+ 33.4inmales and 21.4 + 10.8 in females in Group4. At Week 80, values were 149 +1.38 in Group 3 males and 23.5 + 4.98 in Group3 females.

CONCLUSIONS —on

PFOS is toxic to cynamolgous monkeys at 0.75 mg/kg/day causing death, alterations in total cholesterol,and effecting liver weight and causing hepatocellular hyperophy and vacuolation in both tested males‘and females. However, the effects on cholesterol and th liver appear to be reversible after a 52 weekrecovery period
REFERENCE

‘Thomford, PJ. (2000). 26-Week Capsule Toxicity Study with Perfluorooctane Sulfonic Acid PotassiumSalt (PFOS; T6295) in Cynomolgus Monkeys. Unaudited Draft Final Report Prepared for 3M, St Paul,Minnesotaby Covance Laboratories, Inc. Madison Wisconsin 53704-2595. April 12, 2000. S02 pp.
Seacar, AM. Amslytcal Laboratory Report from the 26-Week Capsule Toxicity Study withPerfluoroctancsulfonic Acid Potassium Sat (T-6295) in Cynomolgus Monkeys on the Determination of thePresence and ConcentrationofPrfluorooctanesulfonate (PFOS) in Liver and Serum Sample. 3M MedicalDepartment Study: T-6295.7; Covance In-Life Study:#6329-223. Analytical Study; FACT TOX-030: 3MLaboratory Request No. U2279.
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DEVELOPMENTAL TOXICITY STUDIES
“Title: Oral Teratology Study of FC-95 in Rats - Experiment No. 06S0TRO008
“TEST SUBSTANCE

Identity: Potassium Perfluorooctylsulfonate, CAS No. 2798.39-3

Remarks: FC.95, Lot 640.

METHOD -
Method/Guideline followed (ic., OECD 414, ete): Actual guideline followed was not specified but‘appears 0 be similar in design to OECD 414,

GLP (Y/N): The procedure complies with the genera recommendations of the FDA issued in January,
1966 ("Guidelines for Reproduction Studies for Safety Evaluation ofDrugs for Human Use”), The studywas conducted according 10 the 1978 Good Laboratory Practice regulations and Safety Evaluation
Laboratory's Standard Operating Procedures.

‘Vear study performed: 1950

Species/Strain: Sprague-Dawley rats
Numberof animals per dose: 22

Routeof administration: Gavage
Dosing regimen (ist all with units): Four groups of 22 time-mated Sprague-Dawley rats were‘administered Potassium Perfluorooctylsulfonat incom oil by gavage on gestation days6-15. Doses were‘adjusted according to the mst recent recorded body weight.

Doses:0, 1.5, and 10 mkeday
Statistical methods used: The animals will be assigned cages according toa computer-generated random
numbers table. The statistical methodsobe used for analysis ofthe dataare: Dunnet's test for dam and
pup weights, number of fetuses, number of resorption sits, number of implantation sites and number of
corpora lutea; Chi square for percent abnormalities.

Remarks- Detail and discuss any significant protocol parameters and deviations:
Potassium Pefluorooctylsulfonate was administered in com ofl by gavage to four groupsof 22 timemated
Sprague-Dawley ras weighing 175-261g, at doses of 0, 1, 5, and 10 mgkg/day PFOS on days 6.15 ofgestation (Gorter, 1980). Purina Laboratory Chow and water were available ad libitum. The animals
were dosed according to 3 constant dose volume of § mig ofbody weight and observed daily from day 3through day 20 ofgestation for abnormal clinical signs
Body weights were recorded on days 3, 6,9, 12, 15, and 20 of gestation and the rats. All animals weresacrificed on day 20 by cervical dislocation and the ovaries, uteri and contents were examined for thenumber of corpora lutea, numberofviable and non-viable fetuses, number of resorption sits, and numberof implantation sites. Fetuses were weighed and sexed and subjected to exteral gross necropsy.
Approximately one-third of the fetuses were fixed in Bouin's solution and examined for visceralabnormalities by fre-hand sectioning by the Wilson technique. The remaining fetuses were subjected (0.4
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skeletal examination using alizarin red.

er—————————

NOAEL (dose and effect)~ maternal and developmental: A NOAEL of5 mg/kg/day for matemal
toxicity was indicated. No signsofmatema toxicity were reported at doses of$ mg/kg/day and below. A
NOAEL for developmental toxicity could nt be established: signsofdevelopmental ticity were evident
atall doses.
LOAEL (dose and effect) ~ maternal and developmental: A LOAEL of 10 mg/kg/day for maternal
toxicity was indicated based on significant reductions in mean body weighs during gestation day 12-20 at
the high-dose group of 10 mg/kg/day. A LOAEL of | mg/kg/day for developmental toxicity was indicated
based on abnormalitiesofthe lens ofth eye.

“Toxic responselffects by dose level - maternal: Significant reductions in mean body weights during GD
12:20 at the high-dose group of10mg/kg/day.
“Toxic responseleffects by dose level- developmental: Unusually high incidences of developmental
variations and abnormalitiesofhe lens ofth eyewereobserved inal dose groups.

Statistical results: At 10 mg/kg/day, mean maternal body weights were statistically significantly lower
than controls (Dunnett's testp < 0.05). Mian lier data and pup weights were not significanly different
from controls (Dunes ¢ est p<0.05). Number of fetuses with gross findings were not significantly
different from controls (Chi-square p<0.05).
Number and percent of fetuses with skeleton findings were no significantly different from controls (Chi-
square p<0.05).
Number and percent of fetuses with internal findings - - developmental lens abnormalities with secondary
lens aberrations were significantly higher than controls (Chi-square p<0.05).

Remarks Additional information to adequately assess the data: Signsof matermal toxicity consisted
ofsignificant reductions in mean body weights during GD 12-20 at the high-dose group of 10 mgke/day.
No other signs of matemal tonicity were reported. Developmental toxicity evident at doses of 10
‘mg/kg/day consistedof reductions in the mean numberofimplantation sites, corpora lutea, resorption sites
and the mean numbers of viable male, female, and total fetuses, but the differences were not statistically
significant. In addition, unusually high incidences of unossifed, assymetrical, bipartite, and missing
stemebrae were observed in all dose groups; however, these skeletal variations were also observed in
contol fetuses at the same rate and therefore were not considered to be treatment related. The most
notable signofdevelopmental toxicity observed in all dose groups consistedof abnormalitiesofthe lens of
the eye. which was not seen in control. The proportion of fetuses withthe lens abnormality inoneo both
lenses was significantly higher in he high dose group. All eye abnormalities appeared to be localized to
the area of the embryonal lens nucleus, although a varietyofmorphological appearances were present
‘within that location. According (0 the author, his abnormality appeared to be an amest n developmen of
the primary lens fibers forming the embryonal len nucleus. Secondary lens fiber development progressed
normally except immediately surrounding the abnormal embryonal nucleus. An amendment to the results
and discussion section concludes that the gross finding ofa lens cleft was an arifct created by freehand
sectioning and the range of gross ens observations and the differences among the dose group incidences
were due 10 the maner and frequency in which the lens left artifact was created by free-hand sectioning
and the limitations inherent in visualizing the embryonal nucleus. Additionally, 4 subsequent study
(Wetzel 1893)ofsimilar design was not able to repeat this finding.
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CONCLUSIONS

Given the explanation that the eye abnormalities reported at dosesas ow as | mg/kg/day in this study may
have been due fo an artifact ofsectioning and that thse findings could no be repeatedin asecond study of
similar design, i is enirly plausible tha th lens defect observed in ths study is not treatmentorlated.

REFERENCE

Gorter, E.G. 1980. Safety Evaluation Laboratory and Riker Laboratories, Inc. Experiment Number
06S0TRO00S, December, 1980. “Oral Teratology Study of FC-95 in Rats".
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“Title: Rat Tctology Say T-3351 Final Report-Project No. 154-160
TEST SUBSTANCE
entity: PossumPerluoroocy sulfone, CAS No. 2795-39-3
Remarks: T-3351, Lot No, $0275

hi METHOD
MethodGuideline followed (i, OECD 414, ete): Actual guideline followed was not specified butappears to be similar in desig to OECD 414.
GLP (VIN): Quality Assurance inspections of the study and review of th final rport were conductedaccording 10 the sndard operating procedures of the Office of Quality Assurance and according 6 thgeneral requirements oftheGood Laboratory Practice regulutons that wer sed on December 23, 1078,bythe Food and Drug Administration fo compliance on and feJune 20, 197.
Year study performed: 1953
SpesesStrain:Sprague.Davey rats
Numberofanimals per dose: 25
Route of administestion: Gavage
Dosing regimen lis all with unit): Four groups of 25 pregnant SpragueDavey rts wereadministeredPotasium Perfuorooctysulonate in om oil by gavage on gestation days 6.15. Doses were adusedaccording oth most recent recordedbodyweight
Doses: 0,1, 5, and 10 mkgiday
Statistical methods used: Statistica methods usedfo analysisofthe data: Dunn's estfo contol vscompound-reted group mean comparisons. I he variances ere proved 6 be homogeneous, he dn“wereanalysed by one-way clasification analysis of variance (NOV A) Mean eal body weigh pes er‘were satsticaly analysed as follows: Bart's test fo homogeneity of variances was pesfomed by one.ay classificationof covariance (ANCOVA)
1FANCOVA was significant, contro ve. restment group comparisons were analysed using he Games andHowell modification of the TukeyKram honesty significant diffrence et. Tests for omogenry ofarinces, ANOVA, and ANCOVA were evaustd a he 5% ane-ailed proaity owl Cont o¢compoun-reted group mean comparisons of the above dia were evahated a he 5 two-iledprobability evel. Percent etal vibilhy, percent ft los (dead and resoring eased), persent ony. vrand tral resorpions, and the umber of dead fetuses were analyse by nonparame neway ANOVAand the Terpstra-Jonckhece est for trend. The iter was used 5s the experimental uit. Tormology deta‘wer analysed using he Coclran-Armitage test for lincar rend in proporions. If significant rend vsnote, the results ofFisher's “exact” test ere valued at theone tale, 0 evel. 1a significant rend‘wasnt observed, o f there was a significant rend with severe departure from , th rests of Fisher's“enue” test were evaluatedatth two-ld. 5% eel
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Remarks- Detail and discuss any significant protocol parameters and deviations:Potassium perflurooctylsulfonate was administered in com oil by gavage to four groups of 25 pregnantSprague-Dawley rats at doses of 0, 1, 5, and 10 mg/day PFOS on gestation days (GD) 6-15 (Wetzel,1983). Sexually mature Spraguc-Davey rats, one per sex per cage, were paired until confirmation ofmating or until two weeks had clapsed. Mating was confirmed by daily vaginal examinations for thepresence and viabilityofspermor the presence ofa copulatory plug. The day of confirmation of matingwas designated as day0ofgestation. Purina Rodent Laboratory Chow S001 and tap water were availablead libitum. A dose volume of3 mUkgofbody weight was administered anddoseswere adjusted accordingto the most recently recorded body weight measurements. Dams were observed twice daily for signs ofmortality and moribundity and once dailyfor clinical signs of toxicity. Individual body weights and foodconsumption were recorded on GD 6, 8, 12, 16, and 20. Animals were sacrificed on GD 20 by CO;asphyxiation and the fetuses were delivered by cesaran section on GD 20. A gross necropsy wasperformed on all dams. The uterus from each female was excised, weighed and examined for the numberand placement of implantation sites, number and of live and dead fetuses, number of early and lateresorptions, and any abnormalitis and then weighed again afe the contents were removed. The ovaries‘were examined forthe numberofcorpora lutea. Each female was examined by gross necropsy. Each fetuswas sexed, weighed, and examined extemally. Approximately one-third of the fetuses were fixed inBouin's solution and examined for visceral abnommalities by the Wilson technique, with particularatention tothe eyes, palate, and bran. The remaining fetuses were subjected to. skeletal examination thatincluded evaluation of the skull, long bones, vertebral column, rib cage, extremities, and pectoral andpelvic girdles using alizarin red;bonealignment and degreeofossification were also evaluated.
RESULTS

NOAEL (dose and effect) - maternal and developmental: The NOAEL for maternal toxicity is |mg/day. The NOAEL for developmental toxicity is | mg/kg/day.

LOAEL (dose and effect) ~ maternal and developmental: The LOAEL for maternal toxicity ismy/kg/day,based on clinical signsoftoxicity, decreases in body weight ind food consumption, decreasesin uterine weights, and a increased incidence in gastrointestinal lesions

The LOAEL for developmental toxicity is § mgkg/day, based on decreased fetal body weight andincreases in external nd visceral anomalies and variations

“Toxic responseleffects by dose level - maternal: Clinical signs of toxicity, decreases in body weightsand food consumption at 5 and 10 mglkgiay; decreases in werine weights, increased incidence inastrointestinal lesions, and two deaths at 10 my/kg/day.

“Toxic responseleects by doselevel -developmental: Decreased feta weight a S and 10 mg/kg/day;external and visceral anomaliesand skeletal variations at 10 mg/kgday.

Statistical results: Statistically significant differences between controls and treated were nated for thefollowing maternal endpoints: mean_body weight gain, mean total food consumption, and mean graviduterine weight. Nonparametric analysisofthe mean incidence of te resorption, otal resorptions, numberof dead fetuses, and fetal loss did not indicate statistical significance; however, there was a significantJinear trend towards an increased incidence in these data with respect to control. The primary trendcomponent was contributed by the high-dose group. Statistically significant treatment.rlated increases inthe incidences ofvisceral anomalies and skeletal variants were also observed.
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Remarks — Additional information (0 adequately asess the data: Evidence of materal toxicity, thtwas observed at th 5 and 10 mgkgday dose groups both during and following treatment and considered10 be trcatmentelted, consisted of hunched postr, anorexia, bloody vaginal discharge, uicrine Sainsalopecia, rough aios, and bloody crus. Significant decease in mean body Weight ans ring GD 6.86-16. and 020 wer also observed at the 5 and 10 mgkday dose groups. These reductions were‘ considered to be treatmentelated sine mean body weight gains were greater than conrols turing thepostexposue period (GD 16-20). Significant decreases i mean ttl food consumption wer observed on(GD 17:20 in hel mgkgday dos group, and on GID 7-16 nd 0-20 in bth he and 10mikedoydocesroups. The mean gravid trine weight in the 10 mglkgday dose group was significantly lower whencompared with controls. The mean terminal body weights minus he rad wine Weights wer lower 1all rested groups, with significant decreasesat 5and 10 mkg/dy. High-dose animals ako exhbied 11increased incidence in gastrointestinal lesions. No significant differences were observed in pregnancyates, numberofcorpora lutea, and number and placement of implantation sits among treated and contre!sroups. Two dams i he 10 mkg/day dos group were found deadon GD 17.
Signs of developmental toxicity included a dose-related trend toward an increased incidence of atevesotions, otal resorpions, umberof dead fetuses, and eal os, ahhough, non of these ffcks werestatistically significanily different from controls. Significant decreases in hean fal weights for bothnals and females were observed in he and 10 mgkg/day dose groups, The percentof male fuses was52%, 54%, and 60% for 1,5, and 10 mekgday, respectively, compared o 4454 in controls. StatsicallySignificant increases in incomplete closure ofhe skull were observed i the lov and Nighdoeroups bu20 in the middose group. Statistically significant increases n the incidences in the number of Herscontaining fetuses with visceral anomalies, delayed ossification, and skeletal variations were observed inthe high dose group of 10 mgkgidy. These included external and visceral anomalies ofthe clef palate,subcutancous edema, and cryptorchsm as wel as delays in skeletal ossification of the skull pectoral girdle,' ribcage, vertebral column, pelvic girdle and limbs. Skeletal variations in the ibs and serch were alsoobserved a his dose lve.

concLusions

“The developmental eye abnormalities hat were sen in Gorn (1980) wer not observed in th presdevelopmental toxicity study even though the sudy design and doses were. the same. Findings ofabnormaiis in eye development wer nally houghttobe cament relied but then ates suggesed 4being artifacts of sectioning
REFERENCE

Wetzel, LT. 1983. Hazehon Laboratories America, In. Project Nsber: 4-160, December 19, 1985“Rat Teratology Study, T3351, Fin Report
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Title: ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF PFOS IN RABBITS
3VT-6295.10, ARGUS RESEARCH LABORATORIES STUDY NUMBER: 6295.10, 1999.

¢ “TEST SUBSTANCE

Identity: Potassium Perfluorooctylsulfonate (PFOS), CAS No. 2795-39-3

Remarks: FOS — Lot 217, 98.4% pure (SMD Analytical Request 53030) Analytical Documentation
filed along with final report. Note: Same lot 2s used in two-yearratPFOS carcinogenicity study (-6295,
Covance 6329-153),

METHOD. .

‘Method Guideline followed (ie OECD 414, ete): The requirements ofthe International Conference on
Harmonization (ICH) Harmonized Tripartite Guideline on Detection of Toxicity to Reproduction for
Medicinal products, stages C and Dofthe reproductive process in a non-rodent species were used as the
basis for study design (U.S. Food and Drug. Administration, 1994. Federal Register, September 22, 1194,
Vol. 59, No. 183).
GLP (VIN): The study was conducted in compliance with the Good Laboratory Practice (GLP)regulations ofthe U.S. Food and Drug Administration (FDA), the Japanese MinistryofHealth and Welfare
(MHW) and the European Economic Community (EEC). There were no significant deviations from the
‘GLP regulations that affected the qualityo integrityofthe study.

Yearstudy performed: 1999

‘Species/Strain: New Zealand White rabbits

Numberof animals per dose: 22 (additional otal of 19 rabbis, 3-5 per dose, were included in a satellite
Study to determine the concentrationsof PFOS. in maternal liver and serum)
Routeof administration: Gavage

Dosing regimen (ist all with units): Four groups of 22 pregnant New Zealand White rabbits were
administered Potassium Perfluorooctylsulfonate (PFOS) in 0.5% Tween-80 by gavage on gestation days 7-
20. A dose volume of5mikg was administered, adjusted daily on th basis of individual body weights
Doses: 0,0.1, 10, 2.5, and 3.75 mgkg/day (In the sacl study the numberofdocs was 3,5, 3,3 and §
in the contol, 0.1, 1.0,2.5 and 3.75 mg/day groups, respectively)

Statistical methods used:
’ “The animals will beassignedto individual housing on the basi of computer-generaed random units. The

fitterwas the unitofmeasurement. Clinical observation and other proportion data were analysed using the
Variance Test for Homogeneity of the Binomial Distribution. Continuous data (c.g, maternal body
weights, body weight changes, feed consumption values and liter averages for percent male fetuses,
percent resorbed conceptuses, fal body weighs, fetal anomaly data and fetal ossification site data) were
analyzed using Barlet’s Test of Homogeneity of Variances and the AnalysisofVariance. IF the Analysis
of Variance was significant, Dunnett’s Test was used to identify the statistical significance of the
individual groups. IFthe Anaiyssof Variancewasnot appropriate, theKruskal-Wallis Test was used.
In cases, in which Kruskal-Wallis Test was statistically significant (»<0.05), Dunn's Method of Muliple
Comparisons was used to identify the statistical significanceof the individual groups. Count data obtained
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at Caesareanesectioning were evaluated using the procedures described for the Kruskal-Wallis Test
Remarks — Detail and discuss any significant protocol parameters and deviations: Timed-pregnant
New Zealand White rabbits (obained from Covance Research Products, Inc.), 22 pe group, were given
dosesof0, 0.1, 1.0, 2.5 or 3.75 mykg/day PFOS in 0.5% Tween:$0 by gavage on gestation days 7-20. A

* dose volume of 5 mUkg was administered, adustd daily on the basis of individual body weights. The
does were observed twice daily for viability, and clinical observations were recorded 1 hour prio to and
afte dosing during the treatment period and one daly during the post-estmen period (ic. gestation days
20.29). Matermal body weights were recorded on gestation days 0 and 6-29; food consumption was
recorded daily throughout the study. On gestation day 29, the does were euthanized; a gros necropsy of
the thoracic, abdominal and pelvic viscera was conducted and the numberofcorpora lic in ach ovary
was recorded. The uteri were examined for number and distribution of implantation, live and dead
fetuses. and carly and late esorptons. The fetuses were weighed, sexed and examined for extemal
abnormalities. All fetuses were examined fo visceral and skeletal sbromaites nd the brainofone-half
ofthe fetuses were freehand cros-sectioned and examined in sis.
in the satellite study. the docs were cuthanized on gestation day 21, blood samples were collected, and he
liver was weighed and sectioned. The fetuses were removed and examined fo extemal abnormaliics
Fetuses and placentae were pooled per liter. All samples were sent tthe Sponsor (3M) for analysis. At
his ime, only the liver and serum analyses have been Reported (3M Environmental Laboratory, 2001).

RESULTS

NOAEL (dose and effect) maternal and developmental: The NOAEL for matemal toxicity is 0.1
mykeday. The NOAEL for developmental toxicity s 1.0 mg/kg/day:
LOAEL (dose and effect) ~ maternal and developmental: The LOAEL for matemal toxicity is 1.0
maka/day. based on abortions, incidencesofscant feces, and decreases in body weight gains and food
consumption. The LOAEL for developmental toxicity is 2.5 mg/kg/day. based on reductions in body
weight and increased incidences in fetal ateatons.
“Toxic responseleects by dose lel - maternal: Matemal toxicity was evident at dos levels of 1.0
mgkeday and above and consisted of the following: abortions at 2.5 mg/kg/day and sbove occurring on
GD 22-28; increased incidence of scant feces at1.0mgkgday and above; reductions in meanbodyweight
and ody weight gain at doses of 1.0 mg/kg/day and sbove; reductions in absolut and relative food
consumption at 2.5 mg/kg/day and above.

“Toxic responselefects by dose level ~ developmental: Developmental foxcity was evident at doses of
2.5 mekuiday and above and consisted of the following: reductions in mean fetal body weight a 2.5
mekeday and above: delayed ossification at 2.5 mg/day and above,
Statistical results:
Maternal data: Statistically significant increases inabortions were observedat 3.75 mg/kg/day. Tcidences
of sant feces at 3.75 mgkgiday reached satistical significance (pSOO1). Maternal body weigh gains
were reduced or body weight losses occurred in the 10, 2.5, and 3.75 mg/kg/day dosage groups at most
measured intervals during dosing these. reductions were significant( p<0.05 or 001) in the 375
mkg/day dose group on GDs 10-13, 13-16, and 16-19. Dosagedependent, significant body weight
reductions or body weight losses (p=0.0S or 0.01) occured in the 1.0.2.5, and 3.75 mgkglday dosage
roups for the entire dosage period calulated as GD 7-21). Dosage-dependent reductions in body weight
gains occurred in the 25 and 3.75 mykg/day dosage groups for the tir period of gestation (GD 0-29)
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and for the gestation period afer the ination of dosing (GD 7-2% significant at p00 in the 2.5
ngigiday dosage group). Average body weighs were significantly reduced (0.05or 0.01) on GD 17.
24 inthe 3.75mgKg/day dosage group. Absolute and eltve food consumpiion values were significantly
reduced (0.05or D1) inthe 2.5 nd 3.75make day dosage groups forthe ir dosage prod (GD 7-

. 21, and th ire peiod afte th nationofdosage(GD 7-29).
Fea daa: Fetal body weights otal, mle and female) were significantly reduced (<0.05 and p< 01,
respectively) in the 2.75 nd 3.75 dosage groups. Significant delays (0.05 and 0.01 i ler and foal
verges for ossification were seen at both 2.5 nd 3.75 mg/day dosage groups.
Remarks:
Maternal toxicity was evident at doss of 1.0 mg/day and above. Onedoe inthe 2.5 mg/kg/day group
and sine does in the 3.75 mg/kg/day bord. All abortions occured on gestion days 22:28 and were
considered treatmentreatd by the study authors. There was a significant increase in the incidence of
Scant fces inthe 3.75 mg/day grou. Scant fos were als noted in one and thee docs nthe 10 and
25 mgkeiday groups, respectively. Mean maternal body weight gains were significantly reduced in the
5.75 mg/kg/day group on gestion days 10-13, 13.16, 16-19 and 21.24. Mean body weigh gains were
aso calculatedfo th rcament period (Jays 7-21), post-rcaument period (days 21-29) and duration of the
Study (days 7-29). There was significant reduction in mean maternal body weight gain during the
tecatment period in the 1.0, 2. and 3.75 mykgday groups. Mean body weigh gan fothe entire study
periodwas aso significantly reduced in the 2.5 mg/kg/day group. Mean food consumption (£keday) was
Significantly reduced i th 2.5 mg/day group on gestation days 1619, 19-21 and 21.24, as wel as for
ihe entire study period (days 7-29). Mean food consumption was significantly reduced in the 375
mg/kg/day group on gesaton days 13-16, 16-19, 1921 and 21.24, as wel as the entire treatment period
(GD 7-21) and the entire period afer he initionofdosage (GI) 7.29). Pregnancy occured in20 (0%).
19.56.89), 19 (86.4%). 17 (77.3%), and 21 (95.4%) rabbis in cach dosage group. Ceasaransectioning
observationson GD 20 wer basd on 20, 18, 19,16, and 12 pregnant rabbits n cachofthe ive respective
dosage groups.
In the stelle study ofdoes banged on gestationday 21,thelve and serum analyseswer reported by3M Environmental Laboratory (2001). Al serum and liver sumples including those fom unrated
Controls) had detectable levels of PFOS; the values ae presented below. Data fom analysis of fal and
placenta tissueswerenotpresented in he rept.
Average Concentration of PEOS in RabbitLiver andSerumby Dose Group:
Doscproup PROS cone. PFOS conc.
ehpdn) erg scum gm)
00 029 00650
oi 151 273
in 15 238
2s sn iss
57s a6 589
Qualitative, increasing concentrations of PFOS were found in samples of liver and serum as doses of
PROS increased. The eels ofPFOS are much higher in he lvr tha in the serum.
“These values should be viewed with caution. I was sated that because radio-labele reference material
was not available, i i not possible 0 verify re recoveryof endogenous analyte fom sues.” Matrix
Spike. secovery indicates the accuracy of quantitation fo be +/- 30%. It is aso noted that liver
Concentrations may be biased high. The any conclusion prescid in the abort report s that “PFOS
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was observed in the iver and serumofall rabbits dosed with the test article.”

Developmental toxicity was evidenta doses of 2.5 mg/kg/day and above. The number of corpora utes,
resorptons, live/dead fetuses, ier size and sex ratio were comparable among treated and control groups.
Mean fetal body weight (mal, female and sexes combined) was significantly reduced in the 2.5 and 3.75
mgkgday groups. There was also a significant reduction in the ossification of the sternum (iter
averages) in the 2.5 and 3.75 mg/kg/day groups, and a significant reduction in the ossification of the hyoid
liter averages), metacarpas (ltr averages) and pubis (iter and fetal averages) in the 3.75 mg/kg/day
group. Other fetal gross external, soft issue and skeletal alterations (malformations and variations) were
Considered unrelated to treatment because the incidences were nat dosage-dependent andlor were within
historical control range.

CONCLUSIONS -

Conclusions are summarized above and this reviewer agrees.

REFERENCE :

Chistian, M.S., Hoberman, AM., and York, RG. 1999. Argus Research Laboratories, Inc. Protocol
‘Number: 418-012, January 1999. “Oral (Stomach Tube) Developmental Toxicity Study of PFOS in
Rabbits”.

3M Environmental Laboratory. 2001. Analytical Laboratory Report, FACT TOX-099, February 9, 2001.
“Determination of the Concentration of Potassium Perfluorooctanesalfonate (PFOS) in Rabbit Liver and
Serum Samples.”
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REPRODUCTIVE TOXICITY STUDIES
Title: COMBINED ORAL (GAVAGE) FERTILITY, DEVELOPMENTAL ANDPERINATALIPOSTNATAL REPRODUCTION TOXICITY STUDY OF PFOS IN RATS- ARGUS.RESEARCH LABORATORIES STUDY NUMBER: 62955, 199.
TEST SUBSTANCEmgeee.-@G  @ ——— eee

, entity: Possum Perfluroosylsulfonte, CAS No. 2765.39:
Remarks: The test arile, FC95 (a 217), was received on May 20, 1998, and sored at rom{emperatuce. Prepared suspensions were sored t room temperature overnight Information essing thepurty deity, sient and compasiton ofthe5 ail + on Fe with he Sponsor
METHOD —
Method Guideline followed (i, OECD 414, et): This study was designed o evalu ICHHarmonized Trparite Guideline sages ACF. A modification ofte requirements of he US. pond snDrug Admiistaion (FDA) weresed 2.3 basi fr the dy dei
Typeofstudy (one generation, vo-generaton,et): Two-gencraion reproductive oxy
GLP (VIN: “The study was conducted in compliance with the Good Laboratory Price (GLP)regulonof the U.S. Foo snd Drug Admission (FDA), te Japanese Minit af Hcl and eine(MHW) and he European Economic Community (EEC). There were no significa devtons ros thGLP regions hat fied thalyor kyofhe stu. Quality Asorane Unik ndingssefrom he inspections durin te conduct ofisdy ave ben documenmed

. Year study performed 1969
SpeciesSrain: Sprague Davey as
Sex alesemalestboth: Both
Numberofanimalsperdose: 35
Route of administration: Govage
Dosing regimen (ist all with units): Five groups of 35 ras er sex per dose group wee administredFFOS by gavage for six wes prio10 and during mating. Taunt mal rts cominocd sno sobefore sacrifice (aproximatly 22 days total) Teal rs were ated throughout estan. prioand laciion.

Doss: 0.0.1.0, 16, nd 3.2myheldny
Premating exposure period for mlesfemales (P and F1,ifappropriate Sx weeks for P; Nin andaNaf week for F1.

* Statistical methods used: Proportion data were analyzed using the Variance Test for Homogeneityof theBinomial Distribution. Continous dt (ody weights,bodyweight changes and fod consump) winalyzed using Bares Tet of Homogeneity of Variant and Analyste of Vranee (ANGUA). fi
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ANOVA was significant (p < 0.05), Dunnett's Test was used to identify the statistical significance of theindividual groups. Ifthe ANOVA was not appropriate, th Kruskal-Wallis Test was used. In cases wherethe Kruskal-Wallis Test was statistically significant p < 0.05), Dunn's Method of Multiple Comparisonswas usedto identify the statistical significanceofthe individual groups.
If here were greater than 75% tie, Fisher's Exact Test was used. Fisher's Exact Test was also used toevaluate necropsy data for the pups which were stillbom or found dead. Data obtained at Cesarean.sectioning, natural delivery, preweaning reflex/physical developmental data and postweaning behavorsldata involving discrete data (numberofcorpora lutea, numberofpups perlite, tals to a criterion) wereevaluated by the Kruskal-Wallis Test
Remarks- Detail and discuss any significant protocol parameters and deviations:
FOGeneration:
Parental animals (FO) were observed twice daily for clinica signs. Body weights and food consumptionvalues were recorded weekly durin the treatment period in male rts; and weekly during mating and thendaily during gestation, and on lactation days 1, 4, 7, 10, 14, and at sacrifice in female ras. Each dosage‘group consisted of two sets of femal rats. One set consistedofth frst ten female rats with confirmationof mating tis group was dosed until gestation day (GD) 10 and delivered via Caesarean-sectoning. Theremaining females comprised th second set which delivered nauraly. During the 21-day lactation period,the dams were evaluated for clinical signs during parturition and length of gestation, and then cach lerwas evaluated at least twice daily for size and pup viability at birth. Pup observations during the 21-daylactation period included physica signs, body weights, nursing behavior, surface righting reflex, pinaunfolding, eye opening, acoustic startle response andai righing reflex. Pupil consiriction was evaluatedonly on lactation day 21. On lactation day 4, liters were randomly culled to four male and four femalepups. The remaining pups were sacrificed and necropsied. The FO male rats were sacrificed andnecropsied afer the end of dosing at the time of parturition (acttion day 1). The testes, epididymides,prostate, and seminal vesicles were weighed. Evaluations of sperm number, motility, and morphologywere not included in th protocol. The FO generation females tht delivered by Cacsarcanscctioning weresacrificed on GD 10 and necropsied. Pregnancy siatus was confirmed, the ovaries were examined for henumber and distributionofcorpora lutea, implantation sites were determined, and embryos were examinedfor viability. The FO generation females that delivered naturally were sacrificed on lactation day (LD) 31and necropsied. Ovaries were examined as above and the number and distribution of implantation sicswas recorded. The liver from cach parental at was removed, weighed and analyzed. Blood samples werecollected from male rats that had mated and from $ femalerats on LD 21 for pharmacokinetic analysis:Vives from the pups from the liters ofthese five dams were aso collected for analysis.

ElGeneration;
Since FI generation pup viability was significantly reduced in the 1.6 and 3.2 mg/kg/day dosages groups,only the 0.1 and 0.4 mg/kg/day dosage groups were carried into the second generation. Twenty.fwe Flzeneration rats per sex per dose group were administered PROS by gavage at doses of 0, 0.1, and 0.4‘mg/kg/day beginning on LD 22 and continuing through the day before sacrifice. At 24 daysofage, one ratper sex per liter in cach dosage group was tested in a passive avoidance paradigm. On LD 28, femaleswere evaluated for the ageofvaginal patency and on LD 34, male rats were evaluated fo the age ofprepuial separation. One rat per sex per litter were evaluated in a water-filled Momaze on LD 70.Assignment to cohabitation within each dosage groupbegan on LD 90. Females with evidence of matingwere considered tobeat GD 0 and assigned o individual housing for th remainder ofthe dosing periodThe FI generation male rats were sacrificed afer mating, necropsied and evaluated as described i the 10‘generation. All FI generation females were allowed to deliver naturally. Dams that delivered liters were
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acrifced and nccropsiedon LD 21. All F2 generation pups were sacrificed, necropsied, and examined onLD21 as previously described or the FI generation pups.
ui Lo

NOAEL (dose and effect) -for FO, F1, and F2 (as appropriate: The NOAEL for the F0 generationmale and female parental animals = 0.1 mg/kgday, the lowest dose tested. The NOAEL bo she p1generation male parental animals could not be determined since treatment related signs of toxiiy wereobserved at 0.1 and 04 mg/kg/day; the NOAEL for the FI generation female parental animale — 0mg/kg/day. The NOAEL for the F1 generation offspring = 0.4 mg/kg/day. The NOEL for the rogeneration offspring= 0.1 mgke/day.

LOAEL (dose and effect) —for FO, FI, and F2 (as appropriate): The LOAEL for the FO generationmale and female parental animals = 0.4 mykg/day, based on reductions in body weight gain and foodconsumpion. The LOAEL for the FI generation male animals = 0.1 mgkgiday based on ignificmntreductions in absolute food consumption; the NOAEL for the FI gencration female. animate — 0.4mg/kg/day based on reductions in body weight and food consumpion. The LOAEL for the FI generationoffspring = 1.6 mg/kg/day, based on significant reductions in the numberof implantation sites, er sie.pup viability, growth and survival. The LOAEL forthe F2 generation offpring - 0.4 melke/day, based asignificant reductions in pup growth
" ‘Toxic responseffects by dose level - parental:Toxic cffcts in FO generation animals: reductions in bothbodyweight gains and in absolute and relativefood consumption at the 16 and 3.2 mekyday dosage groups durin the pr-mating period. Followingmating. food consumption was significantly reduced in the 0.4. and 1.6. mghgdy dosage groupeTerminal body weights were also significantly reduced in the 1.6. 3.2 mg/kg/day dose groups. Signe offeproduciv toicity inthe FO generation males were seen a the highest dose group of 23 me day andincluded significant reductions in th absolut weightsof the seminal vesicles (with fluid) and the presture.A significant increase in the number of males with brown lve at 3.2 mgkg/day dose group wee sereported. The only findings reported in the FO dams occurred in the 0.4, 1.6, and 3.2mgkg/eay dosage‘roups and included localized alopesia durin pre-mating gestation, and laciion; nd reduesons in pecsweight and food consumpion value observed during the pre-mating period and continuing throughoutgestation and lactation.

Toxic effets in FI generation animals: FI males; the only reported effects were significant reductions inabsolute food consumption on postwesning days 1-8 occurring at the 0.1 and 0.4 mg/kg/day dose JenclsFI females: observations a the0.4 mg/day dosage group included, reductions i bady weighs on day |postweaning, significant osss in body weight on LDs 1-4, and significant reductions in food consumpon days 1-8 postweaning and during lactation.
i Toxic responseieffects by dose level offspring (FI/F2):

Toxic effect in the FI generation pups consisted of reduced pup viability at the two highest dosegroups(16 and 3.2 mglkgday). The reductions in pup viability began to appear on LD 3 postelling 1s 1 6mg/kg/day dose group, with over 26% ofthe pupsfounddead betwen LD 2-4. In the 3.2 mg/kg/day dosegroup 45% ofthe pups were founddeadon LDI; no pups survived beyond LD 1. Sutisticaty sigmficunincreases were observed in the number of dams with sillbom pups at th 3.2mg g/day dose group.Viability and lactation indices were significantly reduced in thes same dosage groups (viabiy en0% at 3.2 mykday and 66% at 1.6meg day; lactation index 94.6% at 16 mg/kg/day). Suiscalysignificant reductions in pup bods weights were also observed at th two highest dosage groups. Gestaion
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length was significantly reduced at 3.2 mg/day. Significant reduction in the number of implantationsites followedby aconcomitant reduction in liter size was observed at 3.2 mgkgsay. Other adverse signein the 3.2 mg/kg/day dose level associated with reductions in pup viability and maternal care inchuiedJitters with pups that were not nursing or who hadnoevidenceofmilk in the stomach, as well as maternalcannibalzationofpup that were stillborn or found dead.

{Toxic effects in the F2 generation pups consisted of reductions in mean pup body weights (on a per lerbasis) observed at 0.1 mg/kg/day on LD 4 and 7. At 0.4 mg/kg/day, statistically significant rections inmean pup body weightswereobserved on LDs 7-14.

Statistical results:
FO gencration male animals: Significant reductions (p < 0.05 or p< 0.01) in body weight gain at 0.5mkeday and higher. Absolute and relative food consumption values were significantly reduced (p <005 or p < 0.01) in the 1.6 and 3.2 mg/kg/day dosage groups. A significant increase (p < 0.01) in thenumber of male rats in the 3.2 mg/kg/day dosage group with brown liver. The gross lesions of the liverwere considered to be treatment related because the incidences were dosagedependent, Significantreduction (p < 0.05 andp < 0.01) in tenminal body weights were observed in the 1.6 and 3.2 mg’kgdaydosage groups. Significant reductions ( < 0.05 orp < 0.01) inthe absolute weights ofthe seminal vesicleswith fluid and the prostate were observed in the 3.2 mgke daydosage groupFO generation female animals: Significant increases (p< 0.0 or p < 0.01) in localized alopecia wereobserved in the 04, 1.6, and 3.2 mykg/day dosages groups. Significant reductions in body weight andbody weight gains and food consumption (p < 0.05 or p < 0.01) were observed in the 1.6 and 3.2mg/kg/day dosage during premating and gestation and then in 04 mg/kg/day dosage group and aboveduring lactation.” Significant reductions (p < 0.01) in gestation length, implantation sits, and Ter sizewere observed ai 3.2 mg/kg/day.
FI generation offspring: Pup viability was significantly reduced ( < 0.05 orp < 0.01) in the 1.6 and 3.2mg/kg/day dosage groups. Significant increases (p < 0.05 orp < 0.01) were observed in the number ofdamswithstillborn pups, while Significant reductions (p < 0.05o p < 0.01)were observed in the viabilityinde, lactation index, and averages for suriving pups at 3.2 mg/kg/day. Adosage dependent pattem ofreduced pup body weight was evident in cach dosage group, with statistical significance (p< 0.01) in the16nd 3.2 mg/kg/day dosage groups.FI generation adult animals: Males - Significant reductions (p < 0.05 or p < 0.01) in absolute foodconsumption at 0.1 and 0.4 mg/kg/day; females- significant (p = 0.05) body weight loss on lactation days1-4 a1 0.4 mg/kg/day: and significant reductions (p = 0.05) in food consumption at 0.4 mg/kg/day on days.18 postweaning.
F2 generation offspring: Pup body weights tended to be reduced in the 0.1 mg/kg/day dosage group onlactation day 4 and 7. but were comparable to controls by lactation day 14. Pup body weights in th 0.4mg/kg/day dosage group tended to be reduced, though not significantly, on lactation days 4-21, withsignificant reductions (p < 0.05 and p < 0.1, respectively) on lactation days 7 and 14, as compared tocontrols.
Remarks: In theFO generation male rats, there were no treatment.related clinical signs of toxicity, nomortality,and no effects on matingoron anyof he fertility parameters evaluated in any dose group testedReported effects included reductions in both body weight gains and in absolute and relative foodconsumption at the 16 and 3.2 mg/kg/day dosage groups during the pre-mating period. Following mating.food consumption was significantly reduced in the 0.4 and 1.6 mg/kg/day dosage groups. Terminal bodyweights were also significantly reduced in the 1.6 and 3.2 my/keiday dose groups. Body weights, bodyweight gains, absolute and relative food consumption were unaffected by treatment at the 0.1 mg/kg/daydosage group. Signs of reproductive toxicity in the FO generation males were seen at the highest dose‘roup of 3.2 mg/day and included significant reductions in the sbsolute weightsof the seminal vesicles
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(with fluid) and the prostate. A significant increase in the number of males with brown liver at 3.2mg/day dose group was also reported.
In the FO generation female rats,nodeaths were reported at any dose level, Tn dams sacrificed on GD 10for Caesarean-sectioning, there did not appear 1 be any effects on cstrous cycling, mating and frillyparameters, the numbersofcorpora lutea and implantations, or in the number of viable or nonvisblembryos. The only findings reportedi the FO dams occuredi the 0.4, 1.6, and 3.2 mg/kg/day dosage‘groups and included localizedalopecia during pre-mating, gestation, and lactation: and reducons in body‘weight and body weight gain and food consumption values observed during the pre-mating period amicontinuing theoughou gestation and lactation
Reversible delays in reflex and physical development were observed in the FI generation offspring. Theability 0 surface right was significantly delayed in the 1.6 and 3.2 mg/kg/day dosage groups on Lbs 3-10(delays in the 3.2 mg/kg/day dose group were abscrved on LID 1, afer which there werenosurviving pupsremaining for further observation). By the end of the abscrvaton period, however, all surviving pups inthe 1.6 mg/kg/day dosage group had the ability to surfice right. There were no delays observed in theability 10 surface right in dose groups < 0.4 mg/kg/day. Similar responses were seen fo pina unfoldingand eye opening. Although there were transient delays seen with these signs of physical developmentcross all dose groups, by the end of the observation period responses in pups were similar 10 controlThe timeofdevelopment of the acoustic stare reflex and th abily 0 ait ight were both significantlyreduced inthe 1.6 me/kg/day dosage group. No effects on thes reflexes were observed in the low dose10up of0.1 mg/kg/day andonlyatransient delay (onLD 16 only) in the ability to ar right was scen in the0.4 mg/kg/day group. At the end of lactation (LD21), all ive pups in all dose groups (0,0.1, 0.4, and 1.6mikg/day) had pupil constriction response.
“The mst significant finding reported in the offspring was thaofreduced pup viability at the two highestosc groups. The reductions in pup viability began to appear on LD 4 postcaling in the 1.6 m/e daydose group, with ver 26% ofthe pups found dead between LD 2-4. Inthe 3.2mg kiadose group 455%of the pups were found dead on LD: no pups survived beyond LD 1. Asa result, th viability index wasreatly reduced in these dosage groups (0% at 3.2 mg/kg/day and 66% at 1.6 mg/kg/day), The lactationindex was also significantly reduced (94.6%) in the 1.6 dosage group. In addition, gestation length wossignificantly reduced in the high-dose group and there also was a significant eduction in the number ofimplantation site followed by a concomitant reduction in ier size. Statistically significant reductions inPup body weights were also observed at the two highest dosage groups. Other adverse signs n the 5.2meke/day dose level associated with reductions in pup viability and matemal care included litters wihpups that were not nursing or who had no evidence of milk in the stomach, as well as matemalcannibalization of pups that were stillborn or found dead. The percentage of male pups was comparableacross all dosage groups.

Since FI generation pup viability was significantly reduced in the 1.6 and 3.2 mgkgday dosages groups,only the 01 and 0.4 mg/kg/day dosage groups were caried into the second generation.
Clinical observations in the FI generation mal rats appeared unremarkable. No treatmentrelted deathswere reported and no statistically significant differences were reported for any ofthe following parametersbody weightsbody weight gains, average day of preputial separation; values for leaming, short-termretention. long-term retention or response inhibition a evaluated by performance in passive voidunceofwatermaze performance paradigm; mating or fertility parameters; necroscopic examinations; absolute orrelativeweights forth rightoef testis, seminal vesicles, rightepididymis, or prostate; and terminal body weights. The only reported effects were significant reductions.in absolute ood consumption on postweaning days1-8occuring at the 01 and0.4 mg/kg/day dose levels.
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Clinical observationsfor the FI generation females were likewise unremarkable. Observations at the 0.4mg/day dosage group included, reductions in body weights on day | postweaning, significant loses ibody weight on LDs 1-4, and significant reduction in food consumption on days 1-8 postweaning andduring lactation. There were no satisticlly significant diffrence reported for any of the followingparameters: values for leaming, short-term retention, long-term retention of response infibiion.evaluated by performance in pasive avoidance or watermaze performance paradigm mating and feriyparameters; gestation index; pregnancy rates; and necroscopic examinations
Evidenceof eatment-related effects in the F2 generation pups consisted of reductions in mean pup bodyweights (on a per iter buss) observed at 0.1 mg/kg/day on LD 4 nd 7. Body weights were comparable tocontrol levels by LD 14. At 0.4 mg/kg/day, satisically significant reductions in mean pup body weightswere observed on LDs 7-14. Mean body weights on LD21 continued to remain lower than contol,although th difference was not statistically significant (46.5 g in 0.4 mgkg(day dose group ve. 50 g incontrols). Clinical and nectoscopic observationsofthe F2 generation pupswere unremackable. No othertoxicologicaly significant effects were reported

Liver and sera samples collected from the initial population ofdosed animals (FO) an theroffspring (F1)were analyzed for the presence of PROS. The FO results for the FO animals were:
Doscgroup Average PFOS conc. Average PFOS conc.(mgkgiday) in serum (ugml) iniver (ug/g)
oo: female 0.0307 female0.171

male 0.0244 male0.6650 female 528 female 14.5
male 10.5 male 54.90a female 189 female 55.0
male 45.4 male 176.16: female 82 female 184
male 152 male 32332 female NR* female NR®
male 273 male 1360*samples not received

‘Qualtativly, the FO results indicate al ats (including controls) had detectable levels of PFOS in serumand livers. PFOS concentration increased with dose. PFOS concentrations were higher n the liver than inthe serum, and males had greatly increased PFOS concentrations in serum and liver when compared withfemalesofthe same dose group. Pooled lver sumples from the Flanimals sacrificed shortly afer bith hadower PFOS concentrations than adults of the FO generation of the same dose group. The average PFOSconcentrations in pooled liver samples from FI animals shorly afer bith were 0.0511, 6.19, 57.6, and70.4 ugg inthe 0.0.0.1, 0.4, and 1.6 my/kg/day dose groups, respectively. These quantitative values forthe PFOS concentration in the liver and serum should be viewed with caution. The accuracy ofquantitationi + 30%, the purity of the analytical reference substance is unknown, and there were severaluncorrected dilution rors.

coNcLUSIONS ee eectseterna
‘Conclusions stated above and tisrevieweragrees.
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CROSS-FOSTERING/DEVELOPMENTAL TOXICITY STUDY.
Title: ORAL (GAVAGE) CROSS-FOSTERING STUDY OF PFOS IN RATS - ARGUS RESEARCHLABORATORIES STUDY NUMBER 418.014, 3M T-6295.13, JULY 1990.
TEST SUBSTANCEI AN
Tdentity: Potassium Perfluoroactysulfonate, CAS No. 2795-39.3
Remarks: The test article, FC-95 (Lot 217) was received on October 21, 1998, and stored at roomtemperature. Prepared suspensions were storeda room temperature. Information regarding the entity.strength, composition, and purityofthe test artile is on ie with the sponsor
MAAN00 nnA RATA
Method/Guideline followed (i, OECD 414, et): For the cross-fostering study: The requirements ofthe USS. Food and Drug Administration (FDA) were used as the bass of the study deen, fc. theInternational Conference on Harmonization: Guideline on detection of toxicity to. reproduction formedicinal products, Federal Register, September, 22, 1994, Val. 59. No. 133. For the PFOS bioanalysisUS FDA GLP Final Rule 21 CFR 5, with exceptions: Two separate study directors were assigned to thein-lifc phase and the analytical phase of this study. The ABS final eport docs not have a Sctement ofCompliance. The QAU statement in the ABS final report indicates compliance with EPA 40 CFR Part792, rather than FDA 21 CFR Par 58. Dose confimmation analyses were not conducted according 10 the‘GLP regulations; analytical method was not fully validated. Not all rw data were verifiedb the groupleader or designe.
GLP (Y/N): The study was conducted in compliance with the Good Laboratory Practice (GLP)regulations of the U.S. FDA, the Japancse Ministry of Health and Welfare, and the Furopean EconomicCommunity. There were no deviations from the GL regulations that affected the quality or ntgrity ofthe study. Quality assurance Unit findings derived from the inspections during the conduc of ths stadare documented.
Year study performed: 1999
Species/strain: Sprague-Dawleyrats
Numberof animalsperdose: 25

Routeof administration: Gavage
‘Dosing regimen (ist all with units): Two groupsof25 femalerats wereadministered PFOS by gavagebeginning 42 days prio to mating to unrest (breeder) males, and continuing throughout gestation ndintoday21of lactation.
Doses: 0, 1.6 mg/day
Statistical methods used: Averages and percentages were calculated. Litter values were used whereappropriate.
Remarks- Detail and discuss any significant protocol parameters and deviations: Two groups of25
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female Sprague-Dawley rats were administered 0 and 1.6 mg/day PFOS in 0.5% Tween-80 by gavage,beginning 42 days prior to mating to unread (breeder) males, and continuing throughout gestation sndinto day 21 of lactation. A dose volume of§ mLkg was administered, adjusted daily on the bass ofindividual body weight. Parental femaleswere observed twicedaily for viability and clinical observationswere recorded | hour prior to and after dosing during the treatment period. Maternal body weighs wererecorded once during the acclimation period and then daily during the treaument period and at sacrifice:food consumption was also recorded once during the acclimation period and then daily during gestationand on days1. 4, 7, 10, and 14 of lactation. During parturition, females were continually evaluated forclinica signs and also for durationofgestation, length of parturition, liter izes, and pup viability at birthMaternal behavior was recorded daly throughout lacaton. All matermal ats were sacrificed by carbondioxide asphyxiation on day 22 of lactation and a gross necropsy of the thoracic, shdominal, and pelvicviscera was performed; any gross lesions were preserved for future analysis. In addition, the number anddisiributon of implantation ites were recorded. Rats that did notdeliver a liter were not included in thecross-fosering procedure and were sacrificed on lactation day 25, examined for gross lesions, and the uteri‘examined to confirm the prescncelabsence of implantation sits. Dans with no surviving pups weresacrificedafter the last pup was found dead, missing,orpresumed cannibalized.
Following completion of parturition, litters were immediately removed from ther respective dams andplaced with cither a conrol- or PFOStrated dam for rearing. This cross-fostering procedure resulted infour groups of 12-13 damsorpups as follows: A) control dams with liters from PFOS-teated dams, i.c.in utero exposure only: B) control dams with lites from contol dams, i... negative control; C) PROS.treated dams with liters from PFOS-treated dams, i... both in utero and post-natal exposure: and D)PFOS-teated dams with ltrs from control dams, .., postnatal exposure rly,
On day 1 oflactation (sich), cach pup was individually weighed and each liter was evaluated twice dailyduring lactation for viability. Pups were observed ance daily for clinical signs and gross extemal physicalanomalies. Pup body weights were recorded on days 1,4, 7, 14, and 21of lactation, and then a sachfceOn day 4 of lactation, cach cross-fosteed liter was culled to'S males and 5 females. On day 21 oflactation, all pups were sacrificed via decapitation and examined for gross lesions. Pups found dead ofsacrificed because of moribundity were examined for gross lesions and for the cause of death or themoribund condition. The lungs, liver, and any gross lesions were collected from selected pups at varioustimepoints (or the FO generation, blood, milk, and liver samples were collected on LD 14: milk wascollected 2-6 hours postdosing; for the FI generation offspring, blood was collected on LD 14) andprescrved for possible future analysis. Liversampleswere evaluated via clectron microscopy. In addition,samples of blood, milk (including the milk-secreting glands), and liver were collected. from selectedmaternal ras and pups (blood and liver samples were pooledper liter) atvarious imepoints for analysts ofPFOS concentration. Only the analysis ofthe sera samples are available at this te
RESULTS

Toe responsefeffects by dose level - maternal: Mean maternal body weight and body weight gains at16 mg/kg/day were reduced compared to controls durin premating and continuing throughout gestation.Mean matemal body weight changes i th treated group were comparable to those seen in control animalsduring lactation. During the premating period, and on into gestation and lactation, food consumption wasreduced in treated animals as compared o controls. Reductions in gestation length, the average number ofimplantation sits, delivered sizes, and live iter size were observed in treated animals.
“Toxic responselects by dose level - developmental: Pup martalty was observed in two of the cross-fostered groups. On lactation days 2-4, approximately 19%ofthe pups in group C were either found deador presumed cannibalized. Pup mortality was also observed in group A at rate of 9%. In addition, the
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number of live pups on day 4 oflactation, numbers of surviving pups per ier, and five liter sizes werealso reduced in these twogroups. Pup mortalityi groupsB andDduring lactation days 2-4 werea 1.6%and 1.1%, respectively. Reductions in pup body weights were observed in groups A and C on day | oflactation. Pup body weights in group D were comparable o controls during that same period. Fromlactation day 4-21, pup body weights in groups A, C, and D were reduced when comparcd to group B(negative control), with the reductions greatest in group C. Two liters in group A and ane iter on groupsdid not nurse. Milk analysisofthe stomachsofpups found no milk in the stomachsof $7%, 100%, and7% ofthe pups found dead and necropicd in groups A, C, and , respectively.
Electron microscopic examination ofthe liver revealed an increas in the number of peroxisomes in pupsfrom dams treated with 1.6 mg/kg/day PFOS.

Statistical results: The method of staistical analysis consisted of calculationof averages (mean + 5.0.)and percentages. Statistical significance was not assessed. The data were presented accordingtoday ofestation/lactation and compared by dose and by cross-fostered group. Liter values were used whereappropriate. The data aretoo cumbersome to cite here.
Remarks — Additional information to adequately assess the data: All matcmal rats survived (0schedule sacrifice. Signs of clinical toxicity observed in the dams during the study period (eehromorhinorehea, scaly tail, abrasion on the head, neck, ail andor forelimb, missing, broken sndiormisaligned incisors, and localized alopecia, among other) were not considered to betreatment reliedsince they also occurred inthe control animals. All pregnant animals delivered ive offspring.
Following crossfosteringon LD 1, live liter sizes were comparable between treated and control. Sexratios and the lactation index were comparable among al groups. Signsofclinical toxicity were observedin pups. but were not considered to be treatmentrelted since they also occurred in group B (negativecontrol)a the same rate. No significant differences were observed between group B and the other groupsfollowing examinationof pup lungs.
PROS concentrations in the serumofuntreated dams ranged from below the limit of detection (0.05 ugh)105.34 ug/ml. Serum PFO concentrations inthe pups from untreated dams, fostered with untreated dams,were below the limit of detection. Serum PFOS concentrations in the pups from treated dams, fosteredwith unireated dams, ranged from 47.6ug 0 59.2 ug/ml. PROS concentration in the serumof trateddams ranged from 59.2 ug/ml to 157 ug/ml. Serum PFOS concentrations in the pups from untreated dans,fostered with treated dams, ranged from below the limit of detection to 35.7 ug/ml. Serum PFOSconcentrations in the pups from trated dams, fostered with treated dams, ranged from 79.5 uml t0 96.9uml. These data indicate that exposure10PFOS can occur bath in utero and viamilk from treated dann.
CONCLUSIONSOeell J
Pups from control dams that were coss-fosered with PFOS-trated dams (postnatal exposure only) hadthe same low mortality rat (1.1%) as pups from control dams cross-fostered with control dams (1.6%:negative contro). Mortality rates in the remaining two groups, however (ie. control dams with ites fromPFOS-treatcd dams, ic. in utero exposure only; and PFOS-treaed dams with liters fromPFOS resteddams, i... both in utero and postnatal exposure), had higher morality rates at 9.6 % and 19.25%,respectively. Under the conditions of the study, this limited data sppest to indicate that reduced pupsurvival is mainly a result of in utero exposure 0 PFOS and that postnatal exposure via milk in‘conjunction with in utero exposure may also contribute to reduced pup survival. In contrast, exposure.during lactation lone, through milk rom exposed dams,docs not appeartohave any adverse affect on pupviability. Additionally, analysis of PROS concentration showed that PFOS was observed in the ses ofFOfemale rats exposed during the in-ife phase of the study. Additionally, PFOS was observed in sera
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samples taken from F1 generation pups from female rats exposed fo the test substance, and in FIencration pups exposed via lactation, but not exposed in eroThese ae the conclusionsofthestudy authors and tis reviewer agrees.
REFERENCEDovel,
Christian, M.S., Hoberman, A.M, and York, R.G.1999c. Testing Facility: Argus Research Laboratories,ne. Protocol Number 418.014, Sponsor: 3M Corporate Toxicology, Study Number 1.629515, July 33,1999. Oral (Gavage) Cross-Fosteing Study of PFOS in Rats,
3M Environmental Laboratory. 1999. Analytical Laboratory Report on the Determinationof the Presenceand Concentration of Perfluorooctanesulfonate (PFOS) (CAS Number: 2759.39.3) in the Serum ofSprague-Dawley Rats Exposed to Potassium Perfluorooctancsulfonate via Gavage, Laboratory Report No.2779, Requestor Project No. 3M Tox 6295.13. Study initiation date: June 10, 1999. Completion atsigning (2/11/00). Sampleanalysis completion June 28, 1999. Study Identification Number: FACT Tox108
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REPEAT DOSE DATA
“Titles 104-Week Dietary Chronic Toxicity and Carcinogenicity Study with Perluorooctane Sulfonic AcidPotassium Salt (PROS; T-6295) in Rats
TEST SUBSTANCETST SUpSTANCE
Hdenity: Perfluorooctane Sulfonic Acid Potassium Salt (PFOS; T-6295)
Remarks: The tet substance, Lot No. 217, i a light colored, free flowing powder, andi 86.9% pure. Theimpurities ofthe test substance were not indicated inthe main bodyof he study report,
METHOD. eeeect LL)
Method/guideine followed: Guideline number not stad
Study duration: Twoyears
GLP (VIN): Ves

earstudyperformed: 19982000
Species/strain: Sprague-Dawley rat [CF:COBS" CD(SD)BR)
Sex: Male and female
Numberof animalsperdose group: The control and high-dose groups contained 70 rat's and thelow, mide, and mid-high dose groups contained 60 rats. A high-dose recovery group contained 40.

Routeof administration: Dict
Doses testedand frequency: Control (Group 1): 0 ppm; low-dose (Group 2): 0.5 ppm mid dose:(Group 3):2 ppm: mid-high dose (Group 4): ppm; high-dose (Group 5)20 ppm.
Posttreatment observation period: A high-dose recovery group (Group 6) was observedfor52 weeksafer $2 weeksoftreatment,
Statistical methods used: Levene’s test was done to test for variance homogeneity. In the case ofheterogeneity of variance at P<0.05, transformations were used to stabilize the variance. Onc-vay analysisof variance [ANOVA] was used to analyze body weights, body weight changes, food consumption,‘continuous clinical pathology values, palmitoy] CoA oxidase activities and organ weight dota. ANOVAwas done on the homogencous or transformed data. If the ANOVA was Significant, Dunnett's test wasused for pairwise comparisons between trated and contol groups. Group comparision were evaluated atthe 5.0%, two-tailed probability level,
Remarks: The animals were observed twice daily (a. m. and pam)formortality and moribundit; findingswere recorded as they were observed. Al least onc prior to treatment and weekly thereaher, Coch animalwas removed from its cage and examined; abnormal findings or an indication of normal was recorded.Body weight data were collected weekly through Week 17, once every 4 weeks thereafer, and at Week
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105. Food consumption data were collected weekly for the first 16 weeks and once every 4 weeksthereafter. During Weeks 4, 14, 27, and 53, blood and urine were collected for hematology, clinicalchemistry, urinalysis, and urine chemistry tests from 10 animals’se in Groups 1 through 5. Blood wascollected for cholesterol and triglyceride determinations from all animals prior to the teminal sacrificeduring Week 105 (Week 103 for Temas in Group 3) and the recovery sacrifice (Group 6) during Wek106. Blood films were also prepared for animals at the terminal and recovery sacrifice. Five animalssexin Groups 1 through $ were sacrificed during Week 4; livers were collected and weighed. [The Tversamples were collected for PFOS analysis, mitochondrial sciviy, hepatocellular proliferation rotemeasurements by proliferation cell nuclear antigen (PCNA), and determination of palmitoyl-CoA onidaseactivity. In addition, liver samples were collected for PFOS analysis (Weeks 14, 33, 103, 105, and 106),hepatocellular proliferation rate measurement [by PCNA at Week 14 and by bromodeoxyuridine (BrdU)immnohistochemistry at Week 53] and palmitoyl-CoA oxidase determination (Week 4and 14)

RESULTS

Survival rates:
here was a significant increased trend in survival that occurred in the mals that was due to significantincreases in survival in mid-high (5.0 ppm) and high-dose (20.0 ppm) groups as compared to that of thecontol group. None of the other rested groups in the males revealed any significant differences insurvival. No significant trend wsnote in survival in females. There was a significant decrease in survivalin the mid-dose (2.0 ppm) group and not in the mid-high (5.0 ppm) and high-dose (20.0 por) groups a3compared 10 that ofthe control

Neoplaste effects:

The results of the study show that POS is carcinogenic, inducing tumors of the liver, and of the thyroidand mammary glands.
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Listofstatistically different non-neoplastic effects (increased compared with controls,p< 005:
Maies (0.5ppm:

Liver - Degeneration, Cystic
Males 2 ppm:

Liver- Degeneration, Cystic
Liver- Hypertrophy, Hepatocellular Centrilobular

Males (5 ppm):
Lives- Degeneration, Cystic
Liver - Hypertrophy, Hepatocellular Centilobular
Liver- Vacuolation, Hepatocellular Midzon /CentilobularMales 20 ppm):
Liver- Degeneration, Cystic
Liver- Hypertrophy, Hepatocellular Centrilobular
Liver- Vacuolation, Hepatocellular Midzonal / CentilobularLiver- Granular Cytoplasm, Eosinophilic, Centrilobular
Liver- Pigment Hepatocellular, Cenrilobular
Liver- Necrosis, Individual Hepatocyte

Females 0.5 ppm):
None

Females (2 ppm:
None

Females 5 ppm):
Liver- Hypertrophy, Hepatocellular Centrilobular
Liver - Granular Cytoplasm, Eosinophilic, Centrilobular
Liver - Infilrate, Macrophage, Pigmented

Females 20 ppm):
Liver- Hypertrophy, Hepatocellular Centilobular
Liver- Granular Cytoplasm, Eosinophilic, Centrilobular
Liver- Inflate, Macrophage, Pigmented
Liver- Pigment Hepatocellular, Centrilobular
Liver - Necrosis, Individual Hepatocyte.
Liver- Infitate, Lymphohistiocytic
Liver - Hypertrophy, Hepatocellular, Perportal

Remarks:

“The eyetic degeneration of the liver is believed to be due 10 old ageof the animal and is not considered tobe ircatment.related. However, Asignificant increase in hepatocelula centrilobular hypertrophy wasasoobserved in mid-dose (2 ppm) male ras. Therefore, the NOAEL for the male rat is considered to be 0.5ppm. The author concluded that the NOAEL for both male and female rts are 2 ppm (which we do notagree).
“There was no effect on hepatic palmitoyl-CoA oxidase activity. There were alsonostatistically significantincreases in cell proliferation as measured by proliferative cel nuclear antigen (PCNA) at weeks4 and 19,or by bromodeaxyuridine (BrdU) at week 3.
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There was no effect on hepatic palmitoyl-CoA oxidase activity. There were alo no statisticallysignificant increases in cel proliferation as measured by proliferative cll nuclear antigen(PCNA) or by bromodeosyuridine (BrdU).5. PFOS was observed in the serum and liver of rats dosed with perfluorooctane sulfonic acidpotassium sal (PFOS T-6295). Trace levels of POS were often detected in the serum and liver ofthe contol animals.

REFERENCE eee eee
3M. (2002). 104-Week Dictary Chronic Toxicity and Carcinogenicity Stady with Perfluorooctane SulfonicAcid Potassium Salt (PFOS; T-6295) in Rats. Final Report, 3M T-6295 (Covance study no: 6329-183),Volumes 1-IX , 4068 pages, January 2, 2002. 3M, S. Pau, Minnesota.
Seacar, AM, Thomford, P.J, and Butcahoff, J.L. Terminal observations in Sprague-Dawley ras afterlifetime dictary exposuretopotassium perfluorooctanesulfonate. ToxicolSci/Toxicologist,66(1-9) 185,2002
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EPIDEMIOLOGIC DATA.
“Title: Identificationof Fuorochemicals in Sera of American Red Cross Adult Blood Donors:
TEST SUBSTANCE

Identity: PROS and 6otherfluorochemicals
Remarks: The results reported are preliminary. The fnal report is expected November 2001
NereeLL
Study design: Cross-sectional
ManufacturingProcessingUse: NIA

Hypothesis tested: To determine the levels of PFOS in the serumof American Red Cross blood banks in6 regions ofthe US.

Study period: 2000

Setting: N/A

“Total population: Serum pooicd from 6 ARC blood banks in various geographic regions in the US: LosAngeles, CA; Minneapoli’St Paul, MN; Charlotte, NC; Boston, MA; Portand, OR. and Hagerstown, MD.
Subject selection criteria: Unknown

“Total# ofsubjectsinstudy: 652donors,age 20-69 years
Comparison population: N/A

Participation rate: N/A

Subject description: Noinfomation was provided on he individ rom hm the sea spl wre

Health effects studied: PFOSlevels in blood
Data collection methods: Blood sera samples were analyzed using high-pressure liquidchromatography electrospray tandem mass spectrometry (HPLC/ESMSMS)
Details on data collection: No information was provided as to how the blood was drawn, stored, ctc.
Exposure period: Unknown--PFOS serum levels used as surogateforexposure.
Description/delineationofexposure groups/eategories: N/A
Measured or estimated exposure: N/A
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Exposure levels: N/A
Statistical methods: Arithmetic means, ranges, geometric means and 95% confidence intervals werecalculated. Central tendency and distributionofthe data by age, gender, locationand their respectiveinteraction temswil be done inthe fina report. A relabiliyassessment is also being analyzed.
Other methodological information: N/A

RESULTS=.

Describe resus: The mean serum PFOS level was 43.7 pb. The range was 4.27 t 1656 pb. Aralysessraifedby age, gender, and geographic location will be forthcoming in the ina report
Study strengths and weaknesses: These data ae cross-sectional data used to determine PFOS levelsin the general population. No other descriptive information about the subjects is available in thspreliminary report. The sample size s relatively smallBlood donors cannotbeconsidered representativeof the general population ofthe US,
Research sponsors: 3M Medical Department, Corporate Occupational Medicine
‘Consistency of results: Mean PFOS levels reported in this study are similar to those reported ear inpooled blood samples, although they are on th higher endof te range
CONCLUSIONS -
NA

REFERENCEREeeell
Olsen. GW, Buris, JM, Lundberg. JK, Hansen, KJ, Mandel, JH, Zobel, LR. Idenification offuorochemicals inseraof American Red Cross adult blood donors. Interim report. June 25, 2001
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EPIDEMIOLOGIC DATA
“Tiles An Epidemiologic Analysis ofEpisodesofCareof 3M Decatur Chemical and Film PlantEmployees, 1993-1995
TEST SUBSTANCE erredbergmretttoe ltt LLL
Identity: POSF-based chemicalsusedat the Decatur plant
Remarks: Episodes ofare analysesarenot ofin used in occupational epidemiologic suis.
METHOD

Study design: Episodeofcare comparison
Manufacturing/Processing/Use:The 3M Decatur, Alabama plant began productionin 1961. 11 is made.up of the film plant and the chemical plant. The 3 major product groups in the chemical plant areprotective chemicals, performance chemicals, and fluoroelastomers.  Perfluorooctancsulfony! fluoride(POSF) s the major sulfonate fluorochemical manufactured at Decatur and is used a the precursor to theproduction ofa varietyofperfluorinated amides, alcohol, acrylates, and other fuorochemidal polymere
Hypothesis tested: To use episodes of care methodology as a screen for morbidity outcomes associatedwith long-term, high exposure to POSF-based production at the 3M facility in Decatur, Alsbarm.
Study period: Episodesofcare experienceof652 chemical employees and 659 film plant employeeswere analyzed for workers at the plant who were employedforat last 1 year between January I. 1993 anDecember 31, 1995.
Setting: 3M plant in Decatur, Alabama,
Total population: 1311 workers were cligibl forthe cohort (at least | yearof employment at the plant).he total worker population was no reported.
Subject selection criteria: All workers employed at the Decatur plant for at least | year between Jan, 1,1993 andDec. 31,1998. Episodesof carewere limited to their Decatur timeof employmentfor employeesHired, temminated,ordid during the study period. However, ecords ofemployees on Medicare longtermdisability or who chose HMO coverage were not in the database and would not be included i the episodes.ofcare fo that employes.
Comparison population: Chemical and film plant employees were anslyzed separately and thencompared 0 eachother. Employee comparison groups were defined accordingfotei potenti workplaceexposure 0 POSF Muorochemical production. Group A: all chemical plant employees and al im plantemployees eligiblefor the cohort. Group B: all chemical plant employees wh worked solly ih thechemical plant and all film plant employees who worked exclusively in the film plant. Group C1 allchemical plant employees with high fluorochemical exposures compared to ther job counterpans in thefilm plant. Group D: al lant workers with high fluorochemical exposure for at east 10 years prior to thestudy onset compared 0 theijob counterparts inth filmplant,
Participation rate: 97% ofDecatur employees were eligibleforparicipation in the study.
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Subject description: 82%ofthe employees in the cohort were male (530 in the chemical plant and 558 inthe fm plan). The mean age was 45.1i th chemical plant and 45.6 in the fim plant. Sixty percent ofthe chemical plant mployees hd worked ony in the chemical plant anda similar percentage ofHm plantworkers had worked exclusively in the film plant. Seventy-six percent ofthe chemical plan workers hodhigh exposure jobs,

Health effects studied: Morbidity. Based on animal data nd epidemiologic studies on PFOA and PEOS,certain episodes of care were considered a prior. They included: lier and bladder cancer. endnnn:disorders involving the thyroid gland and lipid metabolism, gastrointestinal disorders of1he Tues anbiliary tract, and reproductive disorders.
Data collection methods: The Clinical Care Groups episode of care software developed by Ingen, Inc.vas sed 0 provideacomprehensive grouping ofall visits inpatient and owpatent, procedure, ancillaryservices, and prescription drugs used in the diagnosis, treatment and management of more than 400diseases or conditions. The software code constructs a episode ofcare around the index-cligible recordby searching backward and forward in time for the health claimsrecords that are related 0 th disease or‘condition on the nde record. The index record consistsofeither procedure codes indicative ofafacoto-face encounterora pharmacy recordfor delineating drug,
Exposure period: The episodesofcarethatwereincluded inthe study were those experienced betweenJan. 1, 1993to Dec. 31, 1998.
Descriptiondelineation of exposure groups/categories: Workers were placed into groups according topotential workplace exposures: workers who were employed solely in the chemical or film plants, hosewho had high exposure jobs, and those Who worked at least 10 years in jobs with high potential forfluorochemical exposure.
‘Measured or estimated exposure: estimated basedon job history information.
Exposure levels: Not measured. Employees were placed ino exposure categories based on jobdescription
Statistical methods: A risk rato episode of care (RREpC) provided the estimate of isk between theobserved 0 expected episodesofcarfo chemical plant employees compared tothe observed to expectedepisodesofcare among film plant employees. The expected numberofcpisodcsofcare fo both the fimand chemical plant employees was calculated from heath claims dataof the 3M manufacturing populationin the U.S. Because th chemical and film plant cohorts bad slightly different age and gender sirctures, anadjusted ratio was calculated and compared to he unadjusted isk ato. In most cases, the ssk ratios werecomparable. Therefore, 95% confidence intervals were only calculated for the unadjusted rik ratios
Other methodological information: It should be noted that from an epidemiologic perspective, anepisodeofcare could represent any and all incident cases, prevalent cases, and/or misclassified cases (bothfalse positive and false negative). In addition types and countsofepisodes of carc may differ by thesoftware used, and i i possible that 2 different diagnoses may be assigned to the same episode. Certainservices sucha ab procedures and prescriptions may not be reportedfo the episode. Alo, he endpointof an episode may vary among software programs. The clinical flexibilityofthe algorithm may giferdepending on the software program.
RESULTS

Describe results: The only increased risk of episodes for the conditions of a priori interest were for
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neoplasms of the male reproductive system and for the overall categoryofcancers and benign growthsChih includedcancerof the male reproductive system). There wasan increased iskof episodes or heoveral cance category for all comparison groups. Th risk ratio was greatestn he groupofemployee.with the highest and longest exposures to florochemicals (RREPC = 1.6, 95% C1 = 1.2 + 3.1). Increasedisk of episodes in long-time, highexposure employees also was reported for mal reproductive. cancers(RRERC = 6.7, 95% CI = 1 - 455). It shouldbe noted that the confidence interval is very wide for majereproductive cancers and the sub-categoryofprostate cancer. Five episodes ofcare were obseroed foreproductive cancers in chemical plant employees (1.8 expected), of which 4 were prostate cancers. Oneepisodeofprostate cancer was observed in film plant employees (3.4 expected). Ths finding i importantbecause an excess in prosate cancer morality was observed in the Cotage Grove plant mortality study:However, the updateofthe study did not confirm this finding
There was an increased risk of episodes for neoplasms of the gastrointestinal rat in the high exposuregroup (RREDC = 18, 95% C1 = 1.2- 3.0) and the long-term employmen, high exposure group (RREpC ~29, 95% Cl = 1.7 = 5.2). Most of the episodes were atributable to benign colonic polyps. Similarnumbers ofepisodes were reported in fim and chemical plant employees.
nthe entire cohort, only 1 episode of care was reported for iver cancer (0.6 expected) and I for bladdercancer (1.5 expected). Both occurred in film plant employees. Only2 casesof cihosis of the iver wereobserved (0.9 expected), both in the chemical plant. There was a greater risk of lower urinary tractinfections in chemical plant employees, but hey were mostly due to recurring episodes ofcareby the same.employees. I is difficult to draw any conclusions about these observations, given the small number ofepisodes reported.

‘Chemical plant employees in the high exposure, long-term employment group were 2 ims more likely10 seek care for disordersofthe biliary tract than theircounterparts in the film plant (RREPC.< 2.6, 95% C1= 1.2 5.5). Eighteen episodesofcare were observed in chemical plant employees and 14 in film plantworkers. The sub-catcgorics that influenced this observation were episodes of cholelithiasis with acutecholecysitis and cholelithiasis with chronic or unspecified cholecystitis. Most of the observed casesoccurred in chemical plant employees.
Risk ratios of episodes of care for endocrine disorders, which included sub-categories of thyroid disease,diabetes, hyperlipidemia, and other endocrine or nuiitonal disorders, were not clevated in the comparisonroups. Conditions which were not identified a priors but which excluded the mull hypothesis in the 950%confidence interval for the high exposure, long-term employment group. included: disorders of thePancreas, ysis, and lower urinary rat infections
Study strengths and weaknesses: See “other methodological information” section for limitations ofepisodes of care software. The resuls of this study should only be used for hypothesis generation.Although the episode ofcare design allowedfor adirect comparisonof workers with Similar demographicsbut different exposures, thre are many limitations to this design. Episodes of care are reported, motdisease incidence; therefore, this parameter cannot be interpreted in any other manner. The daa arcdifficult {0 interpret because a large RREPC may not necessarily indicate high risk of incidenceof diseaseIn addition, manyofthe risk ratios for cpisodes of care had very wide confidence intervals. The analysewas limited t0 6 years. Als, the wilizaton of health care services may reflect local medical pracicepaterns. Individuals may be counted more than once in the database because thy can be categorizedunder larger or smaller disease classifications. Episodesofcare may include the same individual severaltimes. Not al employeeswere included in the database, sucha those on long-term disability.
Research sponsors: 3M Company
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Consistencyofresults: Noothermorbidity studies have been conducted on fluorochernicals
CONCLUSIONSeve
This study should only be usdfo hypothesis generation regarding workers employeda the Desstur plantwho are employed in jobs with high exposure to POSF-based flurochemicals.

REFERENCE -
Olsen, GW, Burlew, MM, Hocking. BB, Skrat, JC, Burris, JM, Mandel, JH. An epidemiologic analysis ofpisos of care of 3M Decatur chemical and film plant employees, 1993-1998. Final Report. May 18,2001
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EPIDEMIOLOGIC DATA
“Tite: Idenificationof Fuorochemicals in SeaofChien in the United States
TEST SUBSTANCEeeeetl 11
Identity: PROS and 6other luorochemicals
Remarks: The results reported are preliminary. The final report is expected November 2001.
METHOD. -
Study design: Cross-section.
ManufacturingProcessing Use: NIA
Hypothesis tested To determine the serum concentrations of selected fluorochemicals in a sample ofehildren 0 provide@ more specific understanding ofthe distributionofthese compounds in children,
Study period: Child sera samples were collected from January 1994 to March 1995. Th sera sampleswere analyzed in Spring 1999.

Setting: NIA

“Total population: Not reported
Subject selection criteria: The sera samples were provided to 3M by the University of MinnesotaDepartment of Pediatrics. They were obtained from a large clinical rial on Group A streptococcalinfections in children. ‘The children were residents of 23 states in the US. These children presented withsigns and symptomsofacute-onset pharyngitis. Al of the children had positive throat cultures atthe intial

“Total# ofsubjects in study: n= 599 children, age 2-12 years
‘Comparison population: N/A

Participation rate: N/A
‘Subject description: No information was provided on the hildeen from whom the sera samples were.taken.

Health effects studied PFOS serum levels in blood, as wel as 6 ther luorochemicals.
Data collection methods: Blood sera samples were collected using high-pressure liquidchromatography/elecirspray tandem mass spectrometry (HPLC/ESMSMS), The samples were collectedfrom equal numbersof male and female children residing in 23 states.
Details on data collection: No information was provided as to how the blood was drawn, stored, tc
Exposure period: NA

a
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Descriptionelineaionofexposure roupscatsgores: Bloodsersmpes were collected fromchildren 2 12 yeurs ad.
Measured or estimated exposure: NA
Exposure levels NA
Statistical methods: Arete means, ranges, comer means and 95% confidence nena werecalled. Cena tendency and disribuion of the dy by age, genders location an he reconinteraction cms willbe done i th sl po. A abysob ho bengns
Other methodslogica information: NA
ResuLTswes LLCL
Describe result: The mean PROS sera level was 43.5 pb. The range was 67 - 515 ppb. Ansyseststiied by age, gender, and geographic oaion will be Focoming nthe oy rece.
Study strengths and weaknesses: These dat are crosssectional daa sed to etme PFOS levels inUS. childen: Noater descriptive information about th subjects vata bse pelos wm“Thsamplesiz is eativel smal
Research sponsors: 3M Medial Depimen, Corporate Occupational Mine
Consistency ofresus: To dae mo tee dt ave been collected on POS serum eels i hire.
concLusionsLcAoSA
Na
A
Olsen. GW. Burris, IM, Lundberg, JK, Hansen, KJ, Mandel, JH, Zobel, LR. Kdentfication oforochemicals in srofchildren sh United States. rim Report. J 3, 200.

ss



ENVAMRD(002)1FINAL

EPIDEMIOLOGIC DATA
“Tiles Morality StudyofWorkersEmployedatthe 3M Decatur Facility
TEST SUBSTANCEJ TaNCe
entity: Several perfluorooctanesufony! luoride-based fluorochemicals, including PFOS
Remarks: This study is an update ofthe study published by Mandel and Johnson, 1995,
METHOD — ttm)
Study design: Retrospective cohort morality study.
Manufacturing/Processing/Use: The 3M Decatur, Alabama plant began production in 1961. It is madeup of the film plant and the chemical plant. The 3 major product groups in the chemical plant areprotective chemicals, performance chemicals, and fluorolastomers.  Perfluoroociancsulfony! fluoride(POSF) is the major sulfonate fluorochemical manufactured at Decatur and is used a the precursor to theproduction ofa varietyofperflurinated amides, alcohols, acrylates, and othr fluorochemical polymers,
Hypothesis tested: To detrmine whether occupational exposure to luorochemicals is related to moralityofemployees ofthe 3M facility in Decatur, Alabama
Study period: The study population worked at the plant for at least | year since it began production in1961. The cohort was followed through Dec. 31,1997, Currently employed workers were assigned Dec31,1997 as thei ast date ofemployment,
Setting: 3M plant in Decatur, Alabama
“Total population: 3512 workers were identified. Of these workers, 2083 worked at the plantfor at leastone year. Eighty-four percent ofthe cohort was male.
Subject selection criteria: Al workers employed at the Decatur plant fora eas | year, The cohort wasfollowed through Dec. 31, 1997. Currently employed workers were assigned Des 31, 1997 as their astdate of employment.
Comparison population: In SMR analyses, Minnesota population death rates for whites were used.Mortality reference rats from 7 regional counties were also used to rule out large variations based onregional morality reporting differences.
Participation rate: Death certificates were obtained for 96% (n= 139)ofthe cohort who were deceased.
‘Subject description: 84%of the employees in thecohortwere male. The mean age at follow-up was 51.1ears. and the mean numberofyears worked at the plant was 14.9. The numberofperson-years at followup was 50970. There were 145 deaths identified in the coor. The high exposure group was lightlyyounger than th other 2 groups but worked 3 years longerat the plant han th other 2 expasure groups
Health effects studied: Mortality
Data collection methods: A review: of employee work history records of any employee with at last |year employment were abstracted 10 record the workers” name, SSN, 3M identification number, dae of
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birth, and datsofwork history. ‘This cohort was inked torecords from the original cobort to update thecmployment information and verify other data. The National Death Index was searched for al of the‘workers. Discrepancies with the original cohort were resolved and deaths before 1979were verified n theSocial Security Death Index. A licensed nosologist coded th death certificatesto ICD §.
Exposure period: The potential exposure period was from the plant opening in 1961 to Dec. 31, 1997,
Descriptionidelineation of exposure groupsicategories: Workers were placed into 3 exposure groupsbased on ob history information: high exposure, low exposure, and no exposure. There were 145 death inthe cohort: 65 in the high exposure group, 27 in the ow exposure group and $3 in the non-xposed group.
Measured orestimated exposure; estimated based on job history information.
Exposure levels: Not measured. Employees were placed into 3 exposure categories based on jobdescription: low exposure (n =289), high exposure n= 752), non-exposed(1-813),
Statistical methods: Standardized Morality Ratios (SMR) and 95% confidence intervals were derivedusing the PC Life Table Analysis System software developed by NIOSH. Tis program comps age.gender, and race-specific SMRs using standard life table methods. The expected number of deaths 10estimated by muliplying the age, gender, rac, and calendar period tabulated person-years of follow up tothe comresponding cause-specific morality reference rates. Morality rates for white Minnesotans wereused as reference data,

Other methodological information:
RESULTS — -
Describe results: 145 deaths were identified n th cohort: 65 ofthese deaths were in th high exposure‘group. When the entire cohort was analyzed, SMR were not levated for mostofthe cancer types and fornon-malignant causes. SMR that were above 1 (cancer of the esophagus, liver, breast, urinary organs,bladder. and skin) wer also levated when the cohort was limited to any employee ever employed in 5high exposure job (except breast cancer). Only 2 or 3 deaths were reportedforeachofthese causespecificcategories and were not statistically significant, except for badder cancer
Workers who were employed in high exposure jobs were greater than 12 times more likely to die ofbladder cancer than the general population ofAlabama (SMR = 12.77, 95% C1 = 2.63 - 37.35). This effectremained when the data were analyzed using county death rats. Three male employees in the cohort diedofbladder cancer, and all ofthe deaths occurred in employees who had worked in high exposure obs for atfeast 5 years (SMR = 24.49, 3 observed deaths, 0.12 expected). All of them had worked at he Decaturplant for more than 20 years. In th previous cohort mortality study, | bladdercancer deathwasreported.
Two deaths were reported for liver cancer. One was in the low exposure group and one in the high‘exposure group. The SMR for workers who were employed in cither ighor low exposure jobs was 3.08(95% C1 = 0.37 ~ 11.10). Five cascsofcirrhosis of the lver were reported in this cohort, 2 in the highexposure group. | in the low exposure group, and 2 inthe non-exposed. The observed did hot exceed theexpected mortality experience i any ofthese groups.
Study strengths and weaknesses: A lager cohort was followed in this update of the original study, thusreporting twice as many deaths; however, the cohort i fairly young and the numberof deaths is still smal“There were small numbers of deaths in many of the categories for males and especially for females in alicategorie, thus limitingthepowerofthe study. Death certificates were locatedfor 96%ofthe cohort, but
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the 6notobained could greatly impact the resusof theanalyses since the number ofdeaths in most of thesub-cohors was very small. Biological measurements of fluorochemicals were not availabe; therefore.exposure categories based on job descriptions were used as a surmogate for exposure. The categories aremore specific in this update of the study; however, there is still a potential for misclawifcation ofexposure. Based on the results ofthe biomonitoring conducted on employees in a random sample ofDecatur employees in 1995. the geometric mean of PFOS in film plant employees was 0.136 pom.However, in this study, fim plan employees are considered non-exposed. In addition 0 flurocheminle.workers were exposed foother chemicals in the workplace.
Research sponsors: Universityof Minnesota
‘Consistency of results In the firs study, there was an excessofbladder cancer; however, this was basedon only 1 death. Three additonal deaths have now been reported.
CONCLUSIONS

Workers employed at the Decatur plan who are employed in jobs with high exposure to POSE-basedluorochemicals are at increased risk ofdeath frombladdercancer.
REFERENCE

Alexander, BH. April 26, 2001. Morality studyof workers employe atthe 3M Decatur facility. FinalReport. Division of Environmental and Occupational Health, School of Public Health, University ofMinnesot.

oTHERemterect sees te
“This study isthe second updateofthe mortality study.
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EPIDEMIOLOGIC DATA
“Tiles. Identificationof Fuorochemicals in Human Sera. 1. American Red Cross Adult Blood Donors
TEST SUBSTANCE

Identity: PFOS and6other fuorochermicals
Remarks: This is. final report. The preliminary report was dated June 25, 2001

METHOD . <1
Study desiga: Cross-sectional
Manufacturing/Processing/Uses NA
Hypothesis tested: To determine the levels of PFOS in the serumof American Red Cross blood banks inregionsofhe USS,
Study period: 2000

Setting: NIA

Total population: 6 ARC blood banks in various geographic regions in the US provided 645 scrumsamples fiom adult donors. The 6 regions included: Los Angeles, CA; MinneapolivSe. Paul, MN:Charlot. NC: Boston, MA; Portland, OR, and Hagerstown, MD.
‘Subject selection criteria: Unknown
Total# ofsubjects in study: 645 donors, ge 20-69 years
‘Comparison population: N/A
Participation rate: N/A
Subject description: The only demographic factors known were age, gender, and location.
Health effects studied: Levelsof 7 flvorochemicals in human blood serum, including PFO. The otherchemicals were: PFOA, PFOSAA, MS70, M536, PFOSA, PFHS,
Data collection methods: Each blood bark was requested to provide approximately 10 samples per 10-year age interval (20-29, 30-39, etc)for ach sex.
Details on data collection: Blood scra_samples were analyzed using highpressure liquidehomatography/electrospray tandem mas spectrometry (HPLC/ESMSMS). 24 samples were split andanalyzed0provide an estimateof th reliability ofthe analyses conducted. The analytical lab was blind10the identity ofthese split samples. Theseanalyses were performed concurrently with all other analyses ofthe study to minimize experimental eror
Exposure period: Unknown-PFOS serum levels usedas sumogate for exposure
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Descriptionelineation of exposure groups/ategoies; 332 male donors, 313 female donors. Theewere 10 or mor subjects for both mals and femses in cach age every (30.39, 0.39, ey cnet.6069 252 sroup wher thre were ower
Measured or estimated exposures N/A
Exposure levels: NA
Statistical methods: A reliably sessment was done. Geometric means, 95% confidence nena ofthe geometric means, range, interquartile range, raw cumulative 90% percentile, andfrequencydistributions, were calulted. Cental tendency and diibuionof te dts by ger endo and espnwere presented. Bootstrap analysis was don (0 cca mean serum PFOS alos or cach 6 ovum.adjusied or 10-yar age inervals, gender, and tee eration tem. Muliaible regen apesA elabily assessment was iso done forhe chemical snl
Other methodological information: NA
RESULTS
Describe results: The results of the elaity analysis indict that there was 4 strong colonbetween the pli samples (r= 9 for PROS (awell 36 PFOA and PRIS).
PROS i the only chemical that met the reria fr lognormal distribution based on the Shapiro Wikes
The geometric mean serum PFOS eve foal actions and gender was 34.9 ppb (9SCH, 33.3-36.5 ppb).The range was < LLOQ (4.3 ppb) 1 1656 pb. Males had inifianty higher (p< 05) geometric muonPFOS levels than females. The geometric mean for all males was 37 pps (95% CT. 38.5 40.3) md woe.31.3 pp for al females (95% C1, 300 34.3). Age was no an porn: predictor of sd semNuorachemical concentrations.
When stifcd by geographic locaton the highest geomet mean for PFOS was n the samples fomChilo, NC (SL ppb. range: 19:3 166.0) and he lowest from Boston 05.0pb, rage: 43873)The other PFOS geometric means and ranges by location wer: Los Angeles, 404 pon (6.6 - 20501MisncapliSt. Paul, 33.1 pb (7 - 07.01 Portand. 270 pin (6.0 1630) Hagerstown, 35.3pp 062260) The cumulative 90% were highest for Chrlre 1053), MinnapolisS. Pa (17, Loe Angles(70.1), 30d Hagerstown (69.5). Portland and Boston were mach lower (49.4 nd 457. raped),
The results fom a bootstap analysis, done to calculate man serum PFOS values for exch 6 ostionsadusied fo 10-year age nteral, gender, and thi traction rms feud in silo une for Bos(29.0 ppb. Los Angele (35.0 pb), Minneapolis. Paul (34. pp and Hagerstown (349 py. Howensrihe me for Charlde was much ower (39.0 poi) and he can for Portand wis alg Highs (5.5ob.
Bootstrap analysesfo PFOS calculateda mean ofthe 95% lean limit of5. ply with an upper 95%confidence lit of 00.0 ppb. The mean of the 99% oerance iit was 157 ob with an wer 95%confidenceinitof207.0 pp. A he lowest tolerance it analyzed (30%), (he an or PROS ae 70.7ob wih anupper95% confidence init of 74. pb.
“The highest serum PEOS messurement ntisp was 165 ppfom male blood dor, 67 yeas old
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from Portland. The next highest donor evel was 329 ppb from a male donor, 62 years old also fromPortland. The next8 highest serum PFOS values (range 139—226 ppb) were measured in 4 females and §males representing Charlot (n=) Hagerstown (3-2), Los Angeles (n=1)and Minneapolis’. Paul (no)
PROS and PFOA were strongly correlated (r= .63) PFOShad a lower correlation with PFOSAA (r = 42)and M70 (r = 20). Both PFOSAA and MS70, adjusted for age, gender, and their imeraction, weresignificant predictors of PFOS in a multivariable model. PFOSAA was the sronger of th independentvariables. Age and gender were not significant predictors in models that examined the significantassociation between PFOS and PFOA.
Study strengths and weaknesses: Blood donors cannot be considered representative of the generalpopulation ofthe US,

Research sponsors: 3M Medical Department, Corporate Occupational Medicine
‘Consistency of results: Mean PFOS levels reported in his study are similar to those reported in otherpooled blood samples.
CONCLUSIONS ul
NA

REFERENCE

Olsen. GW, Burris, JM, Lundberg, JK, Hansen, KJ, Mandel, JH, Zobel, LR. Identification ofuorochemicals in human sera. 1. American Red Cross adult blood donors. Final report. February 25.2002.
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EPIDEMIOLOGIC DATA
Tile: IdentificationofFluorochemicals in Human Sera. IL. Elderly Participantsofthe Adult Changs in“Thought Suds, Seatle, Washington
TEST SUBSTANCE

Identity: PFOS and6ther luorochemicals
Remarks: The resuls reported are final
METHOD

Study design: Cross-sectional.
ManufacturingProcessingUses NIA
Hypothesis tested To determine the serum concentrations of selected florochemicals in a sample ofelderly persons to provide a more specific understandingofthe distribution ofthese compounds in ths agesoup.

Study period: 9292000

Setting: NIA
“Total population: 238 serum samples from elderly adult donors from the Adult Changes in Thoughtstudy.

Subject selection criterias Donors were 65-96 years old. Subjects were identified during an enrollmentphase of this community-based prospective cohort study of dementia and normal aging conductedcollaborativelybetweenthe U. ofWashingtonand GroupHealthCooperative (HMO). Eligible individualswere those with no known historyof neuropsychiatric disease or dementi.
Total ofsubjects in study: 235

‘Comparison population: N/A
Participation rate: N/A

Subject description: 238adults 18 males, 120 females. The mean age was 76 years. Female subjectsad resided in the Seattle area for 53.3 years, males 50.2 years.
Health effects studied PFOS serum levels in blood, as wel as 6 other luorochemicals.
Data collection methods: Blood sera samples were collcted using high-pressure liquid chromatography!electrospray tandem mass spectrometry (HPLC/ESMSMS).
Exposure period: N/A
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Description/delineation of exposure groupscategories: 65-75 years (i= 121), 75+t 55 years (n= 03),8541096 years (n= 24),
Measured or estimated exposure: N/A
Exposurelevels: N/A
Statistical methods: Arithmetic means, ranges, geometric means and 95% confidence intervals werecalculated. Central tendency and distribution of the data by age, gender, location and thir respectiveinteraction tems. A reliability assessmentwasalso done.
Other methodological information: N/A

RESULTS
I

Describe results:
The geometric mean of PFOS for all samples was 31.0 ppb (95% Cl, 28.8:33.4). The range was 3.4 - 175pb. There was no significant (p < 05) difference in geometric means for males and females In simplelinear regression analyses, ape was negatively (p < 05) associated with PFOS in men but notin women,“The man ofthe 95% tolerance limit for PFOS was 84.1 ppb with an upper 95% confidence limit of 104.0pb.
Study strengths and weaknesses: These data are cross-sectional data used to determine PFOS levels inelderly. Very ile descriptive information about the subjects is available. The subjects only characterizePFOS levels in the Scat region. To date, they are the only data available characterizing serum PROSlevels in the elderly
Research sponsors: 3M Medical Department, Corporate Occupational Medicine
‘Consistency of result:Todate, no other data have been collected on PFOS serum levels in elderly.
CONCLUSIONS -
PFOS levels in these Seattle residentsare similar to those found i adults and children in the U.S.
REFERENCEEe
Olsen. GW, Buris, IM, Lundberg, JK, Hansen, KJ, Mandel, JH, Zobel, LR. February 25, 2002.enificationof luorochemials in human sera. 11. Elderly participantsofthe Adult Changes in Thoughtstudy. Seattle, Washington. Final Report. 3V1 Company, Medical Department,
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EPIDEMIOLOGIC DATA
Tie: IdentificationofFluorochemiclsinHumanSera. 11. PediatricParticipants in a Group ASteeptococci Clinical Trial Investigation
TEST SUBSTANCE eee eee ee
Identity: PFOS and6other fuorochermicals
Remarks: The results reported sre final

ee

Studydesign: Cross-sectional.
Manufacturing/Processing/Use: NA
Hypothesis tested: To determine the serum concentrations of selected fluorochemicas in a sample ofchildren to provideamore specific understanding ofthe distributionofthese compounds in children.
Study period: Child sera samples were collected from January 1994 to March 1995. The sera sampleswere analyzed inSpring 1999.
Setting: N/A

“Total population: Not reported
Subject selection criteria: The sera samples were provided to 3M by the University of MinnesotaDepartment of Pediatrics. They were obtained from a large clinical trial on Group A streptococcalinfections in children. The children were residents of 23 states in the US. These children presented withsigns and symptomsofacute-onset pharyngitis. Al ofthe children had positive throat culures atthe intial

Total# ofsubjects in study: n= 599 children, age 212 years
Comparison population: N/A

Participation rate: NIA
Subject description: 299 male children, 300 female children from 23statesand the Districtof Columbia.
Health effects studied: PFOS serum levels in blood,aswell as othe fluorochemicals,
Data collection methods: Blood sera samples were collcted using high-pressure liquidchromatography/electrospray tandem mass spectrometry (HPLC/ESMSMS). Sera were frozen at 20degreesC prio to the request fo analysis
Exposure period: NA
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Description/delineationof exposure groups/eategories: Blood serasamples were collected fromchildren 2 - 12 years old.
Measured or estimated exposure: N/A
Exposure levels: N/A
Statistical methods: Arithmetic means, ranges, geometric means and 95% confidence intervals werecaleulued. Central tendency and distribution of the data by age, gender, location and thei respectiveinteraction tems. A liability assessmentwas also done.
Other methodological information: N/A

RESULTS eet LC LE
Describe resus:
The geometric mean of PFOS for alofthe participants was 37.5 ppb (95% C1, 33.3:36.5). The range was67 to 515.0 ppb. Male children had significantly (p<01) higher geometric mean PFOS levels thanfemales: 40.1 ppband 35.2 ppb, respectively. In bootstrap analyses, the mea ofthe 95% tolerance limitfor PFOS was 88.5 ppb with an upper 95% confidence limit of 97.0 ppb. When stratified by age, the‘scometric mean {ended to riseforeach age group from age 2 (28.6 ppb) through age 9 (42.8 poy where itwas highest, and then started to decrease gradually 10 32.8 ppb at 12 years. In simple lincar regressionanalyses. age was not significantly (p< 05) associated with PROS. Although thedat werenot provided.‘raphical presentationofog PFOS levels for ach state by gender were similar acros the states, howeveritis difficult10interpret thse data given the limited sample izefocach genderTocaton subgroup.
Study strengths and weaknesses: These data are cross-sectional data used to determine PFOS levels inUS. ehildren. Verylitledescriptive information about th subjects is avilable. Todate, hey are te onlydataavailable characterizing serum PFOS levels in children,
Research sponsors: 3M Medial Department, Corporate Occupations! Medicine
Consistencyofresus: To date, nootherdata have been collected on PROS serum level in children.
CONCLUSIONSLNorovONs
NA

REFERENCE.

Olsen, GW, Buris, JM, Lundberg, JK, Hansen, KJ, Mandel, JH, Zobel, LR. Identification ofAuorochemicals in seraof children i the United State. Interim Report. June 25, 2001
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EPIDEMIOLOGIC DATA
Title: A Cross-sectional analysis of serum perfluorooctanesulfonate (PFOS) and. Perfluorooctanoate(PFOA) in relation to clinical chemistry, thyroid hormone, hematology, and urinalysis results from maleand female employee participantsofthe 2000 Antwerp and Decatur florochemical medical surveillanceprogram
TEST SUBSTANCE ee J
Identity: PFOS, PFOA
Remarks:
METHOD erentLU
Study design: crosssectional
Manufacturing/Processing/Use: Facilites in Decatur, Alabama and Antwerp, Belgium whichmanufactu pesluoroocanesulfony florid products. These flucrochemicals can mebolize in the body© PROS,

Hypothesis tested: To provide an aggregate analysis of the hematology, clinical chemists, andhormonal parametersof volunteer employees in elation to serum PFOS and PFOA. love a¢ measured jnthe medical surveillance examinationsof Antwerp andDecatur employees in 2000,
Study period: March 1, 2000. Enddatewas not reported.
Setting: Occupational. 3M plants located in Anterp, Belgium and Decatur, Alabama.
“Total population: 340 Antwerp employees and S00Decaturemployees working in the chemical plantareawere eligible for inclusion i the surveillance.
Subject selection criteria: Voluntaryparticipation in medical surveillance program in Y2000.
“Total# ofsubjects in study: 255 Antwerp employees (206 male and 49 female) and 263 Decaturemployees (215 male and 48 female).
Comparison population: N/A
Participation rate: 75% of employees at the Antwerp plant and 50% of the employees at the Decaturplant who were eligible participated. 73%of the participating Antwerp male employees and 75%of theDecatur cmployees were engaged in production activities. Only 12% of the participating Anowerp femaleemployees were engaged in production activites compared to 63% ofthe Decatur female employees.
Subject description: Male Antwerp employees had lower PFOS and PFOA levels, were significantlyyounger than Decatur male employees, had lower BMls, worked fewer years, had higher self-reporteddaily consumpion of alcohol, had Tower mean alkaline phosphatase, GGT, AST, ALT and wiglyeeridevals and higher total bilirubin and HDL values. Comparable resultswere observed for Antwerp femaleemployeesvs.Decaturfemales.
Health effects studied: To determine ifthere were differences in the folowing parameters based on
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PFOSIPFOA levels: hematology (hematocit, hemoglobin, RBCs, WRCs, platelet count), clinicalchemistries (alkaline phosphatase, gamma. glutamyl transferase, aspartate. aminotransferase, slanineaminotransferase, total and ditcct bilirubin, blood urea nitrogen, creatinine, glucose, chalesérol. lowdensity lipoproteins, high density lipoproteins, and triglycerides), and. thyroid. hormones. (throstimulating hormone, serum thyroxine, fee thyroxine, serum triiodothyronine, thyroid hormone bindingratio, and fee thyroxine),
Data collection methods: Medical questionnaire, work history questionnaire, blood sera samples,measurements of height, weight, and blood pressure, urinalysis (Decatur only), and standard clinicalchemisiy and hematology tests, thyroid hormone measurement, and pulmonary fonction tests. Valuesused for reference ranges were not provide.
Details on data collection: The site-specific work history questionnaire was administered o allparticipants. The data were self-reported. Questionnaire conten, design, administration, etc. were notprovidedi his report. Dataon blood collcton (amount, tc.) not provided. Urinalysis was only ssessedfor Decatur employees via standard urine microstick analysis which testedforurine glucose, albumin, andRBCs.
TSH, free T4 and T3 were determined by immunochemiluminometric assay. T4 and THBR weredeterminedby cloned enzyme donor immunoassay. FTI was calculatedbymultiplying T4and THER.
Sera samples were extracted using an ion-pairing extraction procedure. In addition to PFOA and PFOS,the extracts were also amlyxd for PEHS. PFOSAA, PFOSA, and MSSG(perfiuorooctanesulfonamidoacetat) using high-pressure liquid chromatography electrospray tandem massspectrometry and evaluated versus an extracted curve from 3 human serum matrix. All sera values forPFOS and PFOA were above the LLOQ.
Exposure period: Unknown. PFOS/PFOA serum levels indicate exposure.
Description/delineation of exposure groupsicategories: Workers were statfied by plant location sswell a5 by serum PFOS distribution, production status (production vs. non-production workers), andgender.

Mean serum PROS levels for all employees participating in this study at Antwerp (1 = 206) and Decatur (1= 215) were 0.9 and 1.40 ppm, respectively. Levels among production employees were higher. AtAntwerp, the mean PFOS level ofmale production employees was 1.16 ppm and 1.63 pp at Decatur
Mean PFOA levels fo all employees were 103 and 1.90 ppm at Antwerp and Decatur, respectively.Levels among production employees were higher. At Antwerp, the mean PFOA level of mle production‘employes was 1.28 ppm and 2.34 pm at Decatur
Measured or estimated exposures Serum PFOS and PFOA levelswereused(0estimate exposure.
Statistical methods: Descriptive simple and straifid analyses, Pearson correlation coeficients, analysisofvariance, and multivariable regression were usedto evaluate associations between PROS and PFOA andeach hematological and clinical chemisry test and thyroid hormone assay. For siratfied amalyscs,employees were divided into quarts of heir serum PFOS distribution. Potential confounding fsetorsconsidered in the analyses included: age, BMI, alcohol consumption, cigarette use, years worked at eitherplant. and ype ofjob.
Multivariable regression models were fited with PFOSIPFOA analyzed as continuous variables. Natural
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log transformations of the dependent variables were performed, when necessary, to normalize variablesand to enhance model it. SAS was used to analyze the daa.
Other methodological information:

a
Describe results:
Antwerp and Decatur employees were different in several ways (sec “Subject description” above).Therefore, univariate analyses were initially stratified by location and then those analyses were stratifiedby sender and production status. They were placed into quartiles depending on production status.Therefore, the POS values in the quartiles are different for male production, non-production, and femaleemployees.

Aner
The mean PFOS level for all employees at this plant was 0.96 ppm (range 0.04 - 6.24 ppm). Whenstratified by production status, the mean was 1.16 ppm for production employees and 0.42 ppm for non‘production employees. The mean for female employeeswas 0.13 ppm.

Male production employees were placed into the following quartiles based on PFOS levels: QI (mean,0:29 ppm range, 0.04 - 0.41 ppm, Q2 (mean, 0.58 ppm; range 0.41 ~ 0.78 ppm), Q3 (mean 1.18 ppm:range 0.79.— 1.66ppm).Q4 (mean, 2.61 ppm; range,1.67 6.24 ppm).
In male production employees (n = 150), the highest quartile mean serum PFOS level was 2.61 ppm (range1.76 — 6.24 ppm) and the lowest was 0.29 ppm (range 0.04 -0.41 ppm). Production employees in the.highest quartile were significantly (p < 05) older and worked more years at Antwerp than employees in thelowest quartile. The only difference in clinical chemistries for production workers was in BUN. Whencompared by quartile of serum PFOS distribution, no significant (p <05) differences among maleproduction employees were observed for thyroid (TSH, T4, free T4, T3, THBR, FTI) or for hematology(HCT. HGB, RBC, WBC, platelets). The same held true for non-production employees (n = 56).
For all female employees, BUN was significantly different (higher) between 1" quartile and 3° and 4°quartile. Thyroid and hematology resus were not significantly different between anyofthe quartiles forfemales.

Decatur
The mean PFOS level for all employees at this plant was 1.40 ppm (range 0.11 - 10.06 ppm). Whenstratified by production status, the mean was 1.63 ppm for production employes and 0.73 ppm for no.production employes. Themeanforfemale employees was0.93 ppm. 75% ofmaleemployeesworkedinproduction jobs (n= 161)and 639% offemale employees worked in production jobs.
Male production employees were placed into the following quartiles based on PFOS levels: QI (mean,055 ppm range, 0.11 ~ 0.75 ppm), Q2 (mean, 1.01 ppm; range 0.76 ~ 1.30 ppm), Q3 (mean 1.74 ppm;range 1.32-2.29 ppm),Q4(mean, 3.22 ppm; ange, 2.31 ~ 10.06 ppm).
When male production workers were placed into quartiles, the only significant(p < .05) difference betweenthe quartiles wasin ALT (highest quartile differentfromall 3 others).No significant differences between quartiles were observed for thyroid (TSH, T4, free T4, T3, THBR,FTI). hematology (HCT, HGB, RBC, WBC, platelets), or urinalysis (albumin, blood, sugar).
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For female employees (both production and nor-production employees), there were no significantdifferences among quartiles for demographics, thyroid, hematology,ourinalyss except for mean platelet‘count where the third quartile was significantly lower than the1” quartile, but the 4° way not.
When results were analyzed by numberofcmployees who had valuessbovethereference range for hepaticlinical chemistry tests and liver enzyme and bilirubintest,there wasahigher percentage ofmale Decaturproduction workers in the highest PFOS quartile for ALT, GGT, and total liver panel than the otherquarls. Most notable were th results for ALT where 8% of employees in the lowest exposure group(Q1) and 28% in the highest exposure group (Q4) had values above the reference range, while hepercentages for otal liver panel (which includes alkaline phosphatase, AST, ALT, GOT. and total anddirt bilirubin) were 18% and 35%, respctivly. This trend was no evident in Decatur non-productionemployees (alihough the n was only 54), in Decatur females, or in any of the Antwerp smployeesHowever, each sub-population had a different serum POS quartile distribution. Therefore they cannot bedirectly compared,
Analyses combining employees from both plants
‘When clinical chemistry results of all male employees from both plants were combined (both productionand non-production) (n = 421) and placed into quartiles (n = 105 per quartile), mean values fortriglycerides, alkaline phosphatase, total bilirubin, and ALT were significantly (p < .05) higher in the 4auartlc (mean PFOS level 2.69, ange 1.69 - 10.06 ppm than in the fist (mean PFOS love 0.27 pom,ange 0.04 0.42 ppm). 1t should be noted that the numberof Antwerp production employees ere evenlydistributed among the quartiles while this was no th case for Decatur employees. The highest number ofDecatur employees was in the 4 quartile, In addition, overall the employees in the 1 quartic werelightly younger, hada lower BMI, and worked feweryearsthan employees in the othr quarts
“Thyroid results for this same group indicated that T3 was significantly higher (p < 05) and THBR wassignificantly lower (p < 05) in Q4 than QI. In female employees combined for both plants (n = 97).alkaline phosphatase and GGT were significantly higher (p <05) nd total bilirubin sgnifcantly ower inQ4 than in QI. Most of the Decatur female employees worked in production jobs while most of theAntwerp females worked in non-production jobs. Therefore, Q4 was 92%female production workers andallofthem worked at the Decatur plant,
The combined plant daa were analyzed for employees who had values above the reference range foralkaline phosphatase, AST, ALT, GGT, and total liver panel. For male employees for all of thesemeasures, he levels increased from 1 10 Q4. In QI, 4% ofthe employees had values sbove th referenceange for ALT and 6% for GGT, while 12% was reported for Q4 for both of these tests, For total iverpanel, 149%of the employees had values above the reference range in QI as compared to 33% in O4, Theumbers offemale employees with values above th reference range was very smal (n ~ 5).
he above data were not adjusted for potential confounders; therefore, mulivarisbe regression snalyseswere conducted. There was a positive significant(p = .04) association between PFOS and cholestrol andalso a positive significant (p = .05) association between PFOA and cholesterol. When both PFOS andPFOA were included inthe model, neither were siatsically significant a p=.05. PFOS was no significantwith HDL alfough PFOA was negatively associated with HDL (p = .04). Triglycerides were positivelyassociated with PFOS (p =.01)and PFOA (p = 002). When both were ef in the model, PFOA semainesignificant (p = 02). Total organic fluorine (TOF) was highly significant for tilycerides (p = 0009). Nosignificant associations were observed with PFOS, PFOA, or TOF in relation to alkaline phosphaiase.‘GGT. AST or total bilirubin. A significant (p = .02) positive asociation was observed for TOF and ALT.A posive significant (p = 04) asociation between T3 and PROS was observed. Plant location was highlysignificant (p <= 0001) in the model. BMI, cigaretesiday, alcoholiday were also significant. (In the
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univariate analyses, Antwerp employees had higher mean T3 levels than Decatur employees overall.However, for cach plan (individually) T3 values increased by quartile as PFOS serum levels increased,although the differences were not statistically significant] THER, as well s the other thyroid homme.were not significant in the regression analyscs. Mostofthe thyroid hormones, including TSH, T4, THBR.and FTI. were not significantlyassociated with PFOS, PFOA,or TOF. However, PFOS, PFOA ond TOFwere positively associated (p= 04, 01, and 004, respectively) with T3
Study strengths and weaknesses: Cross-sectional design, voluntary participation, the Decatur andAntwerp populations wer significantly diferent in cerain demographic and climeal chemist esuls 1.wells in PFOS serum levels, PFOS serum levels are declining thereby making t harder o detect an effoetifone is presen, plant popultions cannot be compared because quarts are differentforeach subgroup.only one measurementa a certain pont in time was collected for cach tes, other perfluorinted chermiealysuch as PFOA,arepresent in th plans,
Research sponsors: 3M
‘Consistency of results: These results are somewhat consistent with those of the 1995 and 1997 cross-sectional medical surveillance data, in that all ofthem conclude that threwereno significant abnormalitiesin hematological and clinical chemistry parameters of the Antwerp or Decatur workers. No decline incholesterol levels was observed as PFOS serum levels increased. The hormone data collected n 1995 wasdifferent from hat collected in 2000 and therefore cannot be compared. A longitudinal analysis of thesedata did not reveal any significant changes in hepatic or lipid clinical chemistry values; however, therewere many limitations o the study.

CONCLUSIONS

“The authors concluded that these data continue (0 suggest that Antwerp and Decatur Muorochermicalproduction and non-production employees do. not have significant changes in serum cholesterolJipoproteins, or hepatic enzymes that are consistent with toxicological findings in laboratory anima.
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EPIDEMIOLOGIC DATA
Titles A Longitudinal Analysis of Serum Perfluorooctanesulfonate (PFO) and Perfluorooctanonte(PFOA) Levels in Relation to Lipid and Hepatic Clinical Chemistry Test Resuls from Male EmployesParticipants ofthe 1994/95, 1997, and 2000 Fluorochemical Medical Surveillance Program
TEST SUBSTANCETee
Identity: PFOS, PFOA
Remarks:

TOee ll
Study design: longitudinal
Manufacturing/Processing/Use: 3M Decatur, Alabama plant and Antwerp, Belgium plant.
Hypothesis tested: To determinewhetheroccupational exposure o florochemicals over time is relatedto changes in clinical chemistry and lipid ess in employeesof 2 3M facilites
Study period: There were 3 time periods during which medial surveillance took placeat the plants—1994/95, 1997, and 2000.

Setting: 3M plants in Decatur, Alabama and Antwerp, Belgium
“Total population: 175 male cmployces participated in 2000 anda esst one oftheothersamplingperiods.
‘Subject selection criteria: Employees participated voluntarily.
Comparison population: n/a

Participation rate: 106/175 (61%) participated in 1994/95, 110/175 (63%) participated in 1997, and 175participated in 2000. 24% participated i al 3 sampling periods (n = 41, Antwerp 20, Decatur 20), 37% pn1994/95 and 2000 (n = 65, Antwerp 45, Decatur 20), and 39% (a = 69, Antwerp 34, Decatur 39) in 1997and 2000.

Subject description: Male employees volunteeredtoparticipate in biomanitoring offered at the plants. Tngeneral, Antwerp male employees were significantly younger, had lower BMIs and a higher daily‘consumption of alcohol reported than Decatur male employees. Antu male employees also had lowermean alkaline phosphatase and triglyceride values and higher total bilirubin and HDL values than theDecatur male employees.
Health effects studied: To determine whether workers! lipid and hepatic clinical chemistry results areaffected by PFOS and PFOA levels.
Data collection methods: Clinical chemistries and hematology collected—cholestrol (mg/d, highdensity lipoproteins (HDL, mg/dl). triglycerides (mg/d), alkaline phosphatase (IU/L), gam lutamytransferase (GGT, IU/L), aspartate aminotransferase (AST, IU/L), alanine aminotransierase (ALT, IU/L).total and direct bilirubin (mg/d). Demographic data collected via questionnaire.
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Details on data collection: Details on daa collection methods including questionnaire conten, design,administration, cc. and blood collectionmethodswerenotprovided.
PFOS and PFOA methods of analysis differed slightly cach year. In 199495, the method usedetrabutylammonium to ion-paie with PFOS and PFOA in the serum. The ion-pairs were then entraciedwith ethyl acetate and the abstraction product was then analyzed using high-performance. hquidchromatograph-thermospray mass spectrometry. In 1997, the serum samples were analyzed by liquidchromatorgraphy/mass spectrometry, using selected fon monitoring in the negativ.ion mode. In 2000,sera samples were extracted using an ion-pairing extraction procedure. High-performance liquidchromatography/electrospray tandem mass spectrometry was used. The samples were evaluated versus anextracted curve rom a human serum matix,

Exposureperiod: Unknown. PFOS, PFOA levels measured in blood serum.
Description/delineation of exposure groups/eategories: The groupsofemployees were broken intosubpopulations A, B, and C. A was comprised of the employees who participated in al 3 years ofsurveillance, B contained those employees who participated in 1994/95 and 2000, and C contained thoseWho participated in 1997 and 2000.
‘Measured or estimated exposure: PFOS and PFOA levels were measured in workers’ blood serum. No.ambient exposure data are available.
Exposure levels:

Mean PROS levels
Antwerp Decatur199495 187 ppm 262 ppm

1997 142 ppm 185 ppm2000 116 ppm 167 ppm

Mean PFOA levels
Antwerp Decatur

199495 10S ppm 1.90 ppm1997 154 ppm. £41 ppm2000 1.43 ppm 183 ppm

Statistical methods: repeated measures incorporating the random subject effct fied (0 a mixed modelusing SAS. Restricted maximum likelihood estimatesofvariance parameterswerecomputed. Adjustedregression modelswerebuilt by introducing all covariaes and esting the covariance structure. Covariatesincluded inthe model were age, BMI, numberofalcoholic drinks er day, and cigarettes smoked per day
Other methodological information: A total of 175 maleemployees(100 Antwerp and 75 Decatur) whoparticipated in the 2000 surveillance year also participatedi at least on previous fuorochemical medicalsurveillance exam since 1994/95. Therefor, this provided an opportunity to undertake a longitudinalassessment,
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RESULTS

PFOS results
When mean serum PFOS levels were compared by sursillance year, PFOS levels have been decreasing inthe participants in medical surveillance in both plants. When the daa were analyzed by the 3 subcohorts(hose who participated in 2 or more medical exams between 1995 and 2000), Antwerp and Decaturemployees in cach of the 3 subeohorts had lower mean serum PFOS levels in 2000 than at thei year ofentry.
When analyzed using mixed model multivariable regression and combining Antwerp and Decaturemployees, there was no association between PFOS and serum cholestrol or triglycerides in’ malparticipants over time. There were also no significant associations between PFOS and changes over timein HDL alkaline phosphatase, GGT, AST, ALT, total bilirubin, and direct bilirubin,
PFOA results
When mean serum PFOA levels were compared by surveillance year, PFOA levels in the employeesparticipating in medical surveillance at the Antwerp plant increased between 1994195 and 1997 and thendecteased slightly between 1997 and 2000. AL the Decatur plant, PFOA serum levels decreased between1994/95 and 1997 and then increased between 1997 and 2000. When the datawereanalyzedbyplant andthe 3 subcoborts (hose who participated in 2 or more medical exams between 1995 and 2000), thre wereno consistent changes across subcohort a the Antwerp plant. However, among the 3 Decatur subcohort,mean PFOA levels tended to increase.
When analyzed using mixed model multivariable regression and combining Antwerp and Decaturemployees, there was a statistically significant postive association between PFOA and serum cholesterol(p=0008)and tiglycerides (p =0002)overtime. Whenanalyzedbyplan and also by subcohort, theseassociations were limited to the Anwerp employees (p = 005) and, in particular, the 21 Anowerpemployees who participated in all 3 surveillance years (p = 001). However, the association betweenPFOA and triglycerides was also sutisically significant (p = 02) for subgroup B (employees whoparticipated in biomonitoring in 1994/95 and 2000). There was not a significant association betweenPFOA and triglycerides among Decatur workers.
‘There were no significant associations between PFOA and changes over time in HDL, alkalinephosphatase, GGT, AST, ALT, total biirabin, and dirt bilirubin,
Total Organic Fuorine (TOF) results
When analyzed using mixed model mulivariable regression and combining Antwerp and Decatur‘employees, there wasa statistically significant positive association between TOF and serum cholesterol (p= 007) and triglycerides (p = 008) over time. However, th interaction term with time (years) was norsignificant. This association was more consistentfor Antwerp employees than Decatur employees.
Study strengths and weaknesses: Study limitations include the following:1 Avery small number ofemployees participated in al 3study periods (only 24%,1= 41)2. different labs were used each yearfor analysis and diferent analytical techniques for PFOS.3. could not analyze female employeesdue to small numbers4. PFOS levels in employees are decreasing over ime and are blow those levels causing effects inlaboratory animals

5. serum PFOS levels were approximately 0.5 ppm lower in Antwerp employees than Decatur6. more Antwerp employees thanDecaturparticipating inthis study (57% v3 43%)7. PFOA levels fluctuating direction depending on the plant)8. there are several consistent differences between the Antwerp and Decatur male population (eg.
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satisically significant differences in BMI, age, consumptionofalcohol, and differences in
chemisty profiles)

9. low levelsof PFOS and PFOA measuredin cach program year among these employeesas
compared with those that cause effects in laboratory animals

10. blood sampling was conductedonlyoncepersampling period at a certain point n ime.

Researchsponsors: 3M

‘Consistencyof results: This is the frst longitudinal analysisofthe surveillance data and wil probably be
the last since PFOS is being phased out.

“The positive association between PFOA and serum cholesterol and triglycerides is not consistent with the
ypolipidermia effect observed in rodents (and not observed in primates). In addition, this effect has not
been observed at 3M's Cotage Grove facility where PFOA serum levels in workers are much higher than
atthe Decatur or Antwerp plant.

CONCLUSIONS _ :

A longitudinal analysis overa six-year periodof 175 Antwerp and Decatur male employees did not show
Significant changes, consistent with toxicological data, of lipid or hepatic clinical chemistry values
associated with PFOS. A positive sttistcaly significant association was observed between PFOA and
Gholesterol and wiglycerides. When analyzed by plant and also by subcohort, these associations were
limited to the Antwerp employees and, in particular, the 21 Antwerp employees who participated in all 3
surveillance years.
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