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EPIDEMIOLOGIC DATA

Title: Identification of Fluorochemicals in Human Sera. I. American Red Cross Adult Blood
Donors

TEST SUBSTANCE

Identity: PFOA and 6 other fluorochemicals

Remarks: This is a final report. The preliminary report was dated June 25, 2001.

METHOD

Study design: Cross-sectional

Manufacturing/Processing/Use: N/A

Hypothesis tested: To determine levels ofPFOA in the serumofAmerican Red
Cross blood banks in 6 regionsofthe U.S.

Study period: 2000

Setting: N/A

Total population: Serum pooled from 6 ARC blood banks in various geographic regions in the.
US: Los Angeles, CA; Minneapolis/St. Paul, MN; Charlote, NC; Boston, MA; Portland, OR,
and Hagerstown, MD.

Subject selection eriteria: Unknown

Total # of subjects in study: 645 donors, age 20-69 years

Comparison population: N/A

Participation rate: NIA

Subct description: The arly demogapic fos known were age, gender and
location.

Health effects studied: Levels of7 fluorochemicals in human blood serum, including
PFOA. The other chemicals were: PFOS, PFOSAA, MS70, M556, PFOSA, PFHS.

Data collection methods: Each blood bank was requested to provide approximately 10
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samples per 10-year age intervals (20-29, 30-39, etc) for each sex.

Details on data collection: Blood sera samples were analyzed using high-pressure liquid
chromatography/electrospray tandem mass spectrometry (HPLC/ESMSMS) and evaluated
Versus an extracted curve from a human plasma matrix (see report for more details).

Exposure period:Unknown--PFOAserum levels used as surrogate for exposure.

Description/delineation of exposure groups/categories: 332 male donors, 313 female donors.
‘There were 10or more subjects for both males and females in each age category (20-29, 30-39,
etc.) except the 60-69 age group where there were fever

Measured or estimated exposure: NA

Exposure levels: N/A

Statistical methods:
A reliability assessment was done. Geometric means, 95% confidence intervals of the geometric
means, range, interquartile range, raw cumulative 90° percentile, and frequency distributions,
were calculated. Central tendency and distribution ofthe data by age, gender, and location were
presented. Bootsirap analysis was done to calculate mean serum PFOS values for cach 6
Tocations adjusted for 10-year age intervals, gender, and their interaction terms. Multivariable
regression analyses. A reliability assessment was also done for the chemical analyses.

The geometric mean data were calculated under the assumption that for individual serum
fluorochemical values < LLOQ the midpoint between zero and the LLOQ was assigned.
However, PFOA had a lotof subjects with LLOQs.

Other methodological information: Seven sera samples from the preliminary report
were not included in the analysis because the subjects were >70 years old.

RESULTS

Describe results:
The resultsofthe reliability analysis indicate that there was a strong correlation between the split
samples (r= 9) for PFOA.

PFOA did not meet the criteria for @ log-normal distribution based on the Shapiro-Wilk test
“This lack of log normality may be due to the greater percentage of subjects with values less than
the LLOQ (1.92).

‘The geometric meanofPFOAofall subjects was 4.6 ppb (95% CI, 4.3 ~ 4.8). The range was
1.9-52.3 ppb. Arithmetic means were not provided. Males had higher geometric means than
females [4.9 ppb (95%CI, 4.6 — 5.3), 4.2 ppb (95% CI, 3.9 - 4.5), respectively). Age was not an
important predictorofadult serum fluorochemical concentrations.
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‘The geometric mean data were calculated under the assumption that for individual serum
fluorochemical values < LLOQ, the mipoint between zero and the LLOQ was assigned. There
were quite a few subjects with PFOA LLOQs (<2.1 ppb). Ifthese values were assumed to be:
10% or 90%ofthis range between zero and the LLOQ the respective range of geometric means
became 4.0 0 4.8 ppb. These values were not substantially different than those calculated using
the midpoint between zero and the <LLOQ; therefore, the midpoint between zero and the
<LLOQ was used.

‘When stratified by geographic location, the highest geometric mean for PFOA was in the
Samples from Charlotte, NC (6.3 ppb, range: <LLOQ (2.1) 29) and the lowest from Portland
(3.6 ppb, range: <LLOQ (2.1)~ 16.7). The other PFOA geometric means and ranges by
location were: Los Angeles, 4.1 ppb (<LLOQ (2.1) - 34.1); Minneapolis/St. Paul, 4.5 ppb
(<LLOQ (1.9) ~ 20); Boston, 5.4 ppb (1.5 ~ 13.9); Hagerstown, 4.2 ppb (<LLOQ (2.1) ~ 52.3).
The cumulative 90% were highest for Charlotte (13.3), Minneapolis/St. Paul (9.9), Boston (9.7),
and Los Angeles (9.2). Hagerstown and Portland were lower (7.6 and 6.8, respectively).

“The results from a bootstrap analysis, done to calculate mean serum PFOA values for each 6
locations adjusted for 10-year age intervals, gender, and their interaction terms, resulted in
similar means across the locations (4.3 t0 5.3 ppb).

PFOS and PFOA were strongly correlated (r = 63). PFOA had a lower correlation with
PFHS (r= .32).

PFOA (natural log), adjusted for age, gender, and their interaction, was a significant (p < .0001)
predictor of PFOS in a multivariable model. Age and gender were not significant predictors in
this model.

Study strengths and weaknesses: Blood donors cannotbe considered representative ofthe
general population ofthe US.

Research sponsors: 3M Medical Department, Corporate Occupational Medicine

Consistencyofresults: Geometric mean PFOA levels reported in this study are similar to those.
reported in other samplesofelderly in Seattle and children in various locations.

CONCLUSIONS
NA

REFERENCE

Olsen, GW, Burris, 1M, Lundberg, JK, Hansen, KJ, Mandel, JH, Zobel, LR. Identification of
fluorochemicals in human sera. 1. American Red Cross adult blood donors. Final report.
February 25, 2002.

Last updated on: 4/15/02
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EPIDEMIOLOGIC DATA.

Title: Identificationof Fluorochemicals in Human Sera. III. Pediatric Participantsin a Group A

Strptocoeei Clinical Trial Investigation
TEST SUBSTANCE

Identity: PFOA and 6 other fluorochemicals

Remarks: The results reported are final.

METHOD

Study design: Cross-sectional.

Manufacturing/Processing/Use: N/A

Hypothesis tested: To determine the serum concentrationsofselected fluorochemicals in a

sampleof children to provide amore specific understanding ofthe distribution of these
compounds in children.
Study period: Child sera samples were collcted from January 1994 to March 1995. The sera
samples were analyzed in Spring 1999.

Setting: N/A

“Total population: Not reported
Subject selection criteria: The sera samples were provided to 3M by the University of
Minnesota Department of Pediatrics. They were obtained fiom a age clinical trial on Group A
streptococcal infections in children. The children were residentsof23 states in the US. These

linen presented with signs and symptoms of acute-onset pharyngitis. Allofthe children had
positive throat cultures a the nial visit

“Total # of subjects in study: n= 599 children, age 2:12 years

Comparison population: N/A
Participation rate: NA
Subject description: 299 male children, 300 female children from 23 states and the District of

Columbia.
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Health effects studied: PFOA serum levels in blood, as well as 6 other fluorochemicals.

Data collection methods: Blood sera samples were collected using high-pressure liquid
chromatography/electrospray tandem mass spectrometry (HPLC/ESMSMS). Sera were frozen at
“20 degrees C prior to the request for analysis.

Exposure period: N/A

Description/delineation of exposure groups/eategories: Blood sera samples were collected
from children 2 12 years old

Measured or estimated exposure: N/A

Exposure levels: N/A

Statistical methods: Arithmetic means, anges, geometric means and 95% confidence intervals
were calculated. Central tendency and distributionofthe data by age, gender, location and their
respective interaction terms. A reliability assessment was also done.

The geometric mean data were calculated under the assumption that for individual serum
fluorochenical values < LLOQ the midpoint between zero and the LLOQ was assigned.
However, PFOA had a lot ofsubjects with LLOQ.

Other methodological information: N/A

RESULTS

Describe results:

‘The geometric mean of PFOA for allofthe participantswas 4.9ppb (95% CI, 4.7 = 5.1). The
range was <LLOQ (1.9) to 56.1 ppb. Male children had significantly (p<.01) higher geometric
mean PFOA lovels than females: 5.2 ppb and 4.7 ppb, respectively.

‘Age was significantly (p < 05) negatively associated with PFOA in both males and females
when analyzed asa continuous variable in simple regression models.

‘The geometric mean data were calculated under the assumption that for individual serum
fluorochentical values< LLOQ the mipoint between zero and the LLOQ was assigned. There
were quite @ few subjects with PFOA LLOQs (<1.9 ppb). If these values were assumed tobe
10% or 90%ofthis range between zero and the LLOQ the respective rangeofgeometric means
became 4.3 to 4.9 ppb. These values were not substantially different than those calculated using,
the midpoint between zero and the <LLOQ; therefore, the midpoint between zero and the
<LLOQ was used.
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PFOS and PFOA were highly correlated (r= 70). PFOA and PHS were also correlated (r=
48). Adjusted for age, gender, and their interaction, PFOA remained a significant predictor of
PFOS in a multivariable regression model of PFOS (p < 0001).

In bootstrap analyses, the meanofthe 95% tolerance limit for PFOA was 10.1 ppb with an upper
959% confidence limit of 11.0 ppb. When analyzed by age, the youngest children (age 2 years)
had the highest range (1.9 — 34.2 ppb) and cumulative 90% value (17.7 ppb)ofanyofthe age
groups. Age 4 was the next highest group (range, 2.0 ~ 36.1 ppb; 90% value, 10.1 ppb).

Study strengths and weaknesses: These data are cross-sectional data used to determine PFOA.
levels in U.S. children. Very litle descriptive information about the subjects is available. To
date, they are the only data available characterizing serum PFOA levels in children.

Research sponsors: 3M Medical Department, Corporate Occupational Medicine

Consistency of results: To date, no other data have been collectedon PFOS serum levels in
children.

CONCLUSIONS
NA

REFERENCE
Olsen, GW, Burris, JM, Lundberg, JK, Hansen, KJ, Mandel, JH, Zobel, LR. Identification of
fluorochemicals in seraof children in the United States. Interim Report. June 25, 2001.

OTHER

Last updated on: 5/07/02
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EPIDEMIOLOGIC DATA

Title: IdentificationofFluorochemicals in Human Sera. II. Elderly Participantsofthe Adult
Changes in Thought Study, Seattle, Washington

TEST SUBSTANCE

Identity: PFOA and 6 other fluorochemicals

Remarks: The results reported are final.

METHOD

Study design: ~ Cross-sectional.

Manufacturing/Processing/Use: N/A

Hypothesis tested: To determine the serum concentrationsof selected fluorochemicals in a
sampleofelderly persons to provide a more specific understandingofthe distributionof these
compounds in this age group.

Study period: 9/29/2000

Setting: N/A

Total population: 238 serum samples from elderly adult donors from the Adult Changes in
‘Thought study.

Subject selection eriteria: Donors were 63-96 years old. Subjects were identified during an
enrollment phaseofthis community-based prospective cohort studyof dementia and normal
aging conducted collaboratively between the U. ofWashington and Group Health Cooperative
(HMO). Eligible individuals were those with no known historyof neuropsychiatric disease or
dementia.

Total # of subjects in study: 238

Comparison population: N/A

Participation rate: N/A

Subject description: 238 adulis--118 males, 120 females. The mean age was 76years. Female
Subjects had resided in the Seattle area for 53.3 years, males 50.2 years.

Health effects studied: PFOA serum levels in blood, as well as 6 other fluorochemicals.
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Data collection methods: Blood sera samples were collected using high-pressure liquid
chromatography/electrospray tandem mass spectrometry (HPLC/ESMSMS).

Exposure period: N/A

Description/delineation of exposure groups/categories: 65-75 years (n= 121), 75+ 10 85 years
(n=93), 85+ t0 96 years (n = 24).

Measured or estimated exposure: N/A

Exposure levels: N/A

Statistical methods: Arithmetic means, ranges, geometric means and 95% confidence intervals
were calculated. Central tendency and distribution of the data by age, gender, location and their
respective interaction terms. A reliability assessment was also done.

Other methodological information: N/A

RESULTS

Describe results:
“The reliability analysis indicated moderately strong correlations for the split samples with PFOA.
(=.7).

There was a weak correlation between age and years’ residence in the Seattle area (r = 0.2).
Analyzed independentlyofage, there were no significant associations between years resided in
Seattle and PFOA. PFOS and PFOA were highly correlated (¢ = 75). PFOA was less highly
correlated with PFHS (c= 36),

PFOA was not log normaly distributed basedon the Shapiro-Wilk test. The authors postulate
that this lackof normality may be due to the greater percentage ofsubjects with PFOA values <
LLOQ. The geometric meanofPFOA for all samples was 4.2 ppb (95% C1, 3.9 - 4.5).
Arithmetic means were not provided. The range was 1.4 ~ 16.7 ppb. Bootstrap analyses
provided the mean ofthe 95% tolerance limit for PFOA was 9.7 ppb with an upper 95%
confidence limit of 11.3 ppb.

Study strengths and weaknesses: These data are cross-sectional data used to determine PFOA
levels in elderly. Very ltle descriptive information about the subjects is available. The subjects
only characterize PFOA levels in the Seale region. To date, they are the only data available
characterizing serum PFOA levels in the elderly.

Research sponsors: 3M Medical Department, Corporate Occupational Medicine

Consistency of results: To date, no other data have been collected on PFOA serum levels in
the elderly.
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CONCLUSIONS
PFOA levels in these Seattle residents are similar to those found in adults and children in the
us.

REFERENCE
Olsen, GW, Burris, JM, Lundberg, JK, Hansen, KJ, Mandel, JH, Zobel, LR. February 25, 2002.
Identificationoffluorochemicals in human sera. 11. Elderly participantsofthe Adult Changes in
Thought study, Seattle, Washington. Final Report. 3M Company, Medical Department.

Last updated on: 4/24/02
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PHARMACOKINETIC STUDY
Titles Thesex.relted difference in perloroocanose excretion th st
TEST SUBSTANCE
Identity: Perfluorooctanoic acid (PFOA); also referred to as [1-'*CJPerfluorooctanoic acid (ammonium
all APFO)
Remarks: Puy was not specified
METHOD
Methodiguidein folloneds Guideline notnod
Test type: Mammalian Excretion
‘Spectesstraineel typeorline: Holtzmanats
Sex: Male and female
Age and bodyweghtangeofanimals wed:Not noted
Numberof animalssexidose: Tet group: 4 males, 6 females

Cote grow: 7 females
Routofadministration: Ors gavage
a——
Doses: 2mg ofnonionic fluorineasAPFOinavolun of 2mL
Excretion routes, body fds, an tisues monitored and/or sampled during study: Blood and wine
Statistical methods used:Ses methods
Method remarks: Animalswer placed i individualmetabli cage andscifcedbycardspuncture
24 hours afer gavage rcament with APFO,. The blood was allowed 0 cot and the serum collected afer
cenfugaion. The vamofth rine colton, including he voleof water sd o rine he
aabole cages was recorded. Th one unre content ofthe serum and urine was determined at pH
2 The tol orn content ofhe scrum an urine was deenmined by the oxygenborn reverse
action eshnique
For cearanee studiesofAPFO ad inulin th es were anesthetized and the mor] vein was cannulated
Tor contimous infusion of5% mannitol i ston eine an the femoral artery was called for
rowing blood samples. Th roar ladder was sho curiae 10 aban el cllstionsofrin
Tnesvesous doses ofAPFO and infin were given to sach animal nd, followinga 5-min equilibration
period load and urine samples were collected. When collections were completed, propenceid was
imimistered an ddional cesance (et were performed 161 he aft ofprbencid on he erganic
2d rasport system.
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In the cumulative excretion study, the rats were prepared as described for the clearance ests except that
the arterial cannulation was not needed. The rats were dosed iv with a mixtureofradiolabeled APFO and
unlabeled APFO.

RESULTS

Detailed resuits:

24 hours after administrationofthe dose, female rats excreted 76 + 27 percentof the doseof nonionic.
fluorine (as APFO) in urine and had a mean serum nonionic fluorine level of 0.35 ppm.

In males, 9.2 + 3.5 percentofthe doseofnonionic fluorine (as APFO) was excreted. A levelof44.0 +
1.7 ppm nonionic fluorine was inthe serum.

APFO was bound toa similarextent in the plasma ofmale and female rats (97.5% bound).

In females, APFO was markedly reduced by probenecid (from 5.8 to 0.11 ml/min/100 g), indicating that
elimination occurs by an active secretory mechanism, which is inhibited by probenecid.

‘The APFO/inulin clearance ratio was 14.5 for female rats. The ratio was decreased t0 0.46 in females
after probenecid. The APFO/inulin clearance ratio was 0.22 for males, and decreased to 0.12 after
probenecid.

CONCLUSIONS

“The authors concluded thatthe high APFO/inulin clearance ratio in females provided evidence that APFO
is excreted in part by an active secretion mechanism. The decrease in the APFO/inulin clearance ratio in
females from 14.5 to 0.46 afte the administrationofprobenecid supports this conclusion. The lower
APFO than inulin clearances in both sexes afer administrationofprobenecid indicated partial tubular
reabsorptionofAPFO in both sexes. This secretory mechanism is lacking or inactive in males and
‘accounts for the greater toxicity of APFO in male rats.

REFERENCE

Hnhijarvi, H.R. Ophaug, andL. Singer. 1982. The sex-relateddifferenceinperfluorooctanoate
excretioninthe at. Proceedingsof the Society for Experimental Biologyand Medicine; 171:50-55.
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PHARMACOKINETIC STUDY

Title: Elimination and Toxicity of Perfluorooctanoic Acid During Subchronic Administration in the
Wistar Rat

TEST SUBSTANCE

Identity: Perfluorooctanoic acid (PFOA)

Remarks: Purity was not specified

METHOD

Method/guideline followed: No specific guidelinewaslisted.

Test type: 28-Day subchronic toxicity and elimination study

Species/strain/cell type or line: Wistar rat

Sex: Female and male

Age and body weight rangeofanimals used: Newly-weaned

Numberofanimals/sex/dose: 6anmals/scx/dose

Routeofadministration: Oralgavage

Vehicle: 0.9% NaCl solution

Doses: 0,3, 10, 30 mgkgday

Excretion routes, body fluids, and tissues monitored and/or sampled during study: Duringthestudy
period, the animals were weighed once a week and 24 hour urine was collected on study days 7 and 28.
“The behavior and feed andwater consumption were observed regularly. At the endofthe study period,
blood and tissue samples were collectedfrom control and 30 mgkg rats.

‘Statistical methods used: Student's est, Pearson product momen correlationandFisher's exact test
were the principal statistical procedures used for the evaluation of the findings.

Method remarks: PFOA treatment occurred over 28 consceuive days. The administered volumeofthe
saline solutions was always 0.5 ml/100g animal weight. PFOA concentrations in blood and urine samples
were analyzed by gas chromatography.

RESULTS

Detailed results from Day 7: On the seventh dayof the study period, the mean urinary exeretion of
PFOA (mg/24hrs'kg)was lower than the daily dose in all three groupsofmales. A statistically
Significant difference from the daily dose was found in all three groupsof male ras (P<0.05 and P<0.001,
test). In the female animals, noneofthe three groups excreted significantly less PFOA in the urine on
day 7 than they were administered. The mean urinary PFOA concentrationofthe female rats in the lowest
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dose group was significantly higher (P<0.01 than that ofthe male animals. Inthe group receiving the
highest daily doseof PFOA, the urinary PFOA concentration was sigrificanly higher (P<0.05) in the
male animals; however, his can be explained by the sigaficantly lower (P<0.05) mean urinary volume of
the male ras.
Detaled results from Day 28: By test day 28, the males seemed to have also reached the steady sate,
with the exceptionofthe 10 mg/kg group which showed asignificantly lower (P<0.05) excretion of
PFOA than the administered ally dose.
At cach dose level, the mean PFOA concentrations i the plasma ofthe male ris were significantly
higher than thoseofth female animals (P<0.001 for thetwohighest dose groups and P<0.01 for he
lowest dose group).
A detailed satistical analysisof organ weights did ot reveal any differences. The weights ofthe liver
Telative 10 body weights ofmale at showeda significant positive dose response (P<0.001, Pearson). A
possible explanation was the significant dose-related decrease in thebodyweights found i the males
(P<0.05, Pearson); however, he difference between the control males and the lowest-dose group was
more abvious than between anyofth dosed groups (P<0.01, tsi).
Toth high-dose group female, one or more mild inflammatory foci were observed in four liver, which
was not significantly diffrent from control females with oly one small chronic focus (Fisher's exact
test).
Metabolites measured: None

CONCLUSIONS
“The mean urinary excretion suggests that th average rena clearanceof PFOAin the femalerts is about
10 ies higher than in the mae animals. The sex-related diffrence in plasma PFOA concentrations are
best explained by active tubular secretion inthe female kidney. The steady sate was achieved by7 days
nthe female animals only. By the 28° day, both malesand females excreted roughly the same amount of
PFOA in 24 hoursa their daily dose.

REFERENCE

Hanhijarvi, H, M. Ylinen, A.Kojo,and V. Kosma. 1987. Eliminationand oxictyofperfluorooctanoic
acid during subchronic administration in the Wistar rat Pharmacology and Toxicology; 61:66-65.
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PHARMACOKINETIC STUDY

Title: A Proposed Species Difference in the Renal Excretion of Perflorooctancic Acid in the Beagle
Dog and Rat

TEST SUBSTANCE.

Identity: Perfluorooctancic Acid (PFOA)

Remarks: No information on supplier, ot number, oF puriyof substance testedwas given

METHOD
Methodiguidelinefollowed: NA

Test type: Tnvivo

Speciesstrainicll type or line: Beagledogs

Sex: male/female

Age and body weight rangeof animals used: Not sated

Numberofanimals/sex/dose:
Group 1: 6 (3 males and 3 females) given 30 mg/kg PFOA with continuous infusion of 5% mannitol
Solution a 1.7 ml/min. Probenecid was then administered at 30 mg/kg intravenously
Group 2: 4 (2 males and2 female) given 30 mg/kg PFOA only and kept in metabolic cages.

Routeof administration: Intravenous

Vehicle: Notsated

Doses: 30 mgkg - sce above (under Numberofanimals/sex/dose)

Exeretion routes, body fluids, and tissues monitored and/or sampled during study: Group 1: urine
and blood samples
Group 2: blood samples

Statistical methods used: Paired Student'sest used fo determine statistical significanceofthe
eductionofPFOA clearance in each dogbefore and afer administrationof probenecid.

ns
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Method remarks:
Group 1: Dogs were anaesthetized with methoxyflurane. Catheters were fixed in both ureters afier
laparototomy and cystotomy. Urine was collectedat 10 min intervals for 60 min. (Dosingandother
methods described above.)
Group 2: Dogs were kept in metabolic cages afer the injection. Half-ives were determined for cach
animal separately.
PFOA concentrations were analyzed with a GLC-method.

RESULTS

Detailed results: Probenecid effectivelyandstatistically significantly reduced PFOA clearance in each
dog (P < 0.05 for cach dog).
PFOA plasma half-lives (males): 473 and 541 hours
PFOA plasma half-lives (females): 202and 305 hours

Metabolites measured: None. I appears that only PFOA was measured.

CONCLUSIONS

Becauseofthe statistical significance of the reduction of PFOA clearance by probenecid, males and
females have an active secretion mechanism for PFOA. Plasma half-lives were longer in males than
females.

“The authors also compare the clearance rates with those in ats, noting that the glomular ilration rate of
PFOA is similar in both species. However, the active tubular secretion rate of PFOA in the rat and dog.
are quite different.

REFERENCE

‘Hanhijarv, H., M. Ylinen, T. Haaranen, and T. Nevalainen. 1985. A proposed species difference in the:
renal excretionofperfluorooctanoic acid in the beagle dog and rat In; Beynen, A.C. and H.A. Solleveld
(Eds). New Developments in Biosciences:Their ImplicationsforLaboratory Animal Science. Martinus
Nijhoff Publishers. Dordrecht, Netherlands.
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PHARMACOKINETIC STUDY
Tir Tis Dison shldEton Pelosi A ildFl
ae

TEST SUBSTANCE
Identity: (1"“C]Perfluorooctanoic acid (PFOA, 99% pure, specific activity 5.44 mCi/mmol)

Remarks: Synthesizedandpurified ecoding omethods described previously
METHOD

Methotguidetine followed NA
Tost ty: Tnvivo
Specisatranie ype orn: Sprague-Dawley ts
Sex: males and females
Age and body weght range of animals ued:
iWeigh ley = 170-195 gramsWeiehmes 130155 gos

Namberofsnimaluexidos:4 ofach sx or sue disuion experiments
reot 6ont Svenpers
Rout ofadministration: napesioncal
Vetice: Propylene lyolwater (1:1 v4)
Doses: 4 mgkg.

Excretion routs, bod id, and tisues monitored andor sampled duringstudy: ine, plas,
Dr,iy
Staten methods ued Noted
Mthwtrosaehn oon
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RESULTS
Males:

Tissue distribution — Percent dose on a per gram basis (fom highest to lowest) in monitored organs was:
Jive, plasma, Kidneys, heart, tests,ft (epididymal ut pad), gastrocnemius muscle. The iverand plasma
were the primary tissuesof distbution. [See Table 1ofthe study for percentages by time ater
administration] The high concentration in lve was examined further in males by an ins
onrecirclatng iver perfusion technique — 11% ofthe PFOA infused was extracted by the fiver ina
single pass’.

Elimination - Urine and feces were both major routesofelimination. Cumulative excretionof PFOA in
urine and fees aftr 28 ays was 36.4% and 35.1% respectively. The apparent BalEife for whole-body
liminationofPFOA was 15 days (360 hour).

Halflives -
Organ Hs Days

Liver ma 113
Plasma 216 90

Kidney ns6 54
Heart 296 104
Gastrocnemius 208 92
Fa 192 50
Tests 216 90
Blood ma 58

Females:
Tissue distribution — Percent dose on a per gram basis (fom highest o lowes) in monitored organs was:
plasma, kidneys, iver, ovaries. The iver, plasma, and kidneys were the primary tissuesofdisibution.
see Table 2ofthe study for percentages by time afte adminisiation]

Elimination ~ rine wasth majo routeofelimination. Cumulative excretionofPFOA in urine after |
day was 91%, whereas th amount in feces was negligible. The apparent balFife for whole-body
liminationofPFOA was <1 day.

Halftives -
Organ Hs
Liver 38
Plasma 29

Kidney 32
Blood 33

Metabolites measured: Defluorination of PFOA was measured to determine whether it was
metabolized. Specific metabolites were not discussed.
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CONCLUSIONS

sex ifeence iurinary eliminationofPFOA was observed, resulting in diffs whole-body
Cimino MIE ves. However, here asnoapparent Gifs in biliexcretion both mals and
males limited ss than 15 othePFOAdosebythis out. Second, the rete persistence of
PFOA inmalerats was ntdu greater formationofPFOA-Iid conjugates. This, theparent
Compound appearsbetholysue sage 0 ofPFOA in both sexes 3¢wel3 theonly
Compound excreted maine andbile hrefoe differential atofmetablte fomationbysx was not
enponsil of ewiffrencs (The hors i discuss the unpublishedrests ofVanden Heuvel ta
595.main fo possible ink betweeesoseronandnisinofFFOA excretion.)

REFERENCE

VandenHeuvel, J. Kusliks, BL, VonRaelghem,ML.andPeterson, RE. 1991. Tisuedisibution,
meabolsm. nd elimination of pefueroostanoi acd in aleandfemalerts. . Biochem. Toxicol.
6(2):83-92.
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PHARMACOKINETIC STUDY

Title: Renal Excretionof Perfluorooctanoic Acid in Male Rats: Inhibitory EffectofTestosterone

TEST SUBSTANCE

Identity: [“C]-Perfluorooctanoic acid (PFOA, 99% pure, specific activity 544 mCi/mmol)

Remarks: Synthesized according to methods described previously

METHOD

Method/guideline followed: NA

Test type: Invivo

‘Speciesistrain/cel type or line: Sprague-Dawley rats

Sex: males and females

‘Age and body weight range of animals used:
Age =six weeks.
Weight (males) = 170-195 grams
‘Weight (females)= 130-155 grams

Numberof animals/sex/dose: 4/sex/dose

Routeofadministration:intraperitoneally(ip)

Vehicle: Propylene glycoliwater(1:1viv)

Doses: 4 mg/ke (administered as [1"*CJPFOA one week afte vehicle, 1 beta-estradiol, o testosterone
implantation)

Excretion routes, body fluids, and tissues monitored and/or sampled during study:
Urine, plasma, feces, liver tissue, kidney tissue

‘Statistical methods used: Differences between treatment groups were determined by one-way analysis
ofvariance (ANOVA). Duncan's est was performed to compare individual mean values when
ANOVA showed differences. (Levelof significance tested was p<0.05.)
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Dose “C-PFOA/R)**

[  Tive Kidney [Plasma |
1910.12 1485029

[castrated/vehicle 10.11 0.03 0.08%0.05 0.02110.006
castrated/I Theta-estradiol |0.020.001 | 0.02%0.004

040+0.03 107005EI
NT.

16%of dosein4 days.

Sr
similar to sham/vehicle

‘Fecalexcretion:Thiswaslessthanurinaryexcretion.Regardlessoftreatment group,the cumulative:
‘percent of PFOAdose eliminated infecesover4 days wassimilar in sham/vehicle, casirated/vehicle,
‘castrated/| Theta-estradiol groups. Excretion was higherinthecastrated/iestosterone group.
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Hyaline dropletformation (a test for PFOA binding to male-specific protein alpha2u-globulin):
Histopathologic analysis did not reveal formation of hyaline dropletinthe male kidney.

Females: Tissue concentrations: No significant differencesinliver, kidney,andplasma concentrations
of PFOAwere observed among treatment groups (sham/vehicle, ovaricctomized/vehicle,
ovariectomized/testosterone). Urinary elimination: No significant differences; ll rats eliminated about
70%ofthe PFOA dose inurine in 4days. Fecalexcretion: 10significant differences; all excreted less
than 0.5%ofthe dose.

Metabolites measured: None

CONCLUSIONS

‘These resus suggest that testosterone pretreatment inhibits eliminationofPFOA in the male. Also,
probenceid reduced PFOA elimination in castrated male ats that had increased PFOA urinary excretion.
Testosterone is a key determinantofthe sex difference in PFOA elimination in rats.

Remarks: none

REFERENCE

Vanden Heuvel, J.P, Davis, 1W., Sommers, R.,and Peterson, R.E. 1992. Renal excretion of
periluorooctanoic acid in male rat: Inhibitory effect of testosterone. J. Biochem. Toxicol. 7(1):31-36.
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PHARMACOKINETIC STUDY

“Titles Covalent BindingofPerfluorinated Fatty Acids o Proteins in the Plasma, Liver, and Testes of
Rats
TEST SUBSTANCE

Identity: [1-CJPecfuorooctanoieacid(1-“CIPFOA)
Remarks: 999% pur, specific activity = 51.7 mCimimol

METHOD
Method guideline followed: Not specified
Test type: Tnvivo,

Species'strain/cell type or ine: RatHarlan Sprague-Dawley, obained from Harlan Sprague-Dawley
(indianapolis, IN)
Sex: Male
Age and body weight range of animals used: Six-weeks, 170-195 grams

Number of animalsisex/dose; Not specified

Route of administration: Intrapeitoneal (.p)

Vehicle: Propylene glycolivatr(1:1, vv 1 mike)

Doses: 9.4 umole

Excretion routes, body fluids, and issues monitored andlor sampled during study: Liver, plasma,
testes
Statistical methods used: Differences from contol were determined by one-way analysisof vsiance
“The least significant differences test was used t compare individual means where analysis ofvariance
indicated differences. The level of significance foral analyses wasP < 0.05.

Method remarks:
“Test animals and test substances

(1-“CPerfluorooctanoic acid was synthesized and purified as described by LL. Reich etal
(1987). Hemoglobin (2x crystallized, dialyzed and lyophilized),fatty acid free bovine serum
albumin, andal tissue culture media and supplements were abiained from Signa Chemical
Company (St. Louis, MO). Reagent grade solvents were obtained from Aldrich Chemical
‘Company (Milwaukee, WI). Water purification was performed by passing distilled water through
 four-bowl Mill-Q water purification system and a 0.25 am ils (Millipore Corp, Milford,

MA). Rats were individually housed in suspended stainless-steel cages ina temperature-
controle oom (approximately 21°C). A 12-hour ightand 12-hourdark photoperiod was
inaintained. Food (Purina Rat Chow No. 5012, Ralston Purina Co, S. Louis, MO) and water were
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provided ad libitum throughout the study. An acclimation periodofat leas 1-wek was allowed
before initiationof the experiment.

Covalent bindingof PFOA to proteins in vivo
[1-V*CJPertluorooctanoic acid ([1-“CIPFOA) was administered to rats in propyleneglycolwater
(1:1, viv; 1 U/kg) ata doseof9.4 Amol, .p. Al designated times post-treatment, ats were
anesthetized with Nembutal (50 mg/kg, ip); tissues were quickly removed, freeze clamped, and
Stored at -70°C. Blood was removed ina lightly heparinized needle and plasma was separated by.
centifugation. Macromolecular binding was determined on tissue homogenates, which were
brought up to 10% TCAandput on ice for 10 minutes. Toremoveany unbound perfluorinated
acid, samples were washed with 3 mLofmethanolether (3:1) 6 times and then 3 more times
using 3 mLofethyl acetate. Washing was continued,ifnecessary, until no additional PFOA
derived “C could be extracted from the protein. One milliliter of|N NaOH wasaddedto the
protein precipitate and placed ina shaking water bath overnight at 37°C to solubilize the protein
precipitate. The sample was then neutralized with 1 M acetic acid and 1 mL was used for liquid
Scintillationcountingwhile another aliquot was used for protein analysis. The protein analysis
was performed according to O.H. Lowry et al (1951). PFOA-derived radioactivity in all samples
was quantitated using a Packard Liquid Scintillation Analyzer with quench correction performed
witha Packard DPM 1-2-3 software program. Radioactivity in hydrolysates was determined in
Hionic-Fluor scintillation cocktail. Binding was expressed as pmol PFOA equiv/ig protein.

Covalent bindingofPFOA to hemoglobinandalbumin in vitro
C-labeled PFOA was added to tubes containing albumin or hemoglobin in 1.0 mLofphosphate
buffer to givea 2,4, 8, or 100AM solution. Ifmethionine or cysteine were present, they were
added in 1 mLofphosphate buffer o bring the reaction mixture up to 2 mL. All experiments
were done using a fina volumeofbufferof 2 mL. The time of incubation was 1 hour at 37°C.
Protein was precipitated with 10% TCA. To remove any fiee unbound perfluorinated acid,
samples were washed with $ mL ofacetone S times. Samples were vortexed for | minute and
Spun at 2500 revolutions/minute for $ minutes after each acetone wash step. The acetone was
transferred off. Protein samples were then washed with 5 mLofether 2 additional times. Washing.
was continuedifnecessary nil no additional PFOA (as determined by liquid scintillation
counting) could be extracted from the protein. The protein powder was hydrolyzed with | mL of
IN NaOH at 37°C in a shaking water bath overnight. Binding was expressed as pmol PFOA
cquivimgofprotein.

Selectionoftarget tissues for the analysisof PFOA-binding to proteins
“The liver, plasma, and testis were selected as target tissues for the analysisof PFOA-binding to
proteins because theyareeither major tissues ofdistribution for PFOA in rats (liverand plasm)
or they are target organs for perfluorinated acid toxicity (liver and tests).

RESULTS

Detailed results:
‘Covalent binding of PFOA to target issues in rats

“The covalent binding data for PFOA for cach tissue (2 hour, I day, and 4 days after treatment)
were pooled because no time-dependent changes in the absolute and relative concentrations of
covalently bound protein were observed. The tissue elimination half-life for PFOA (average
tissue ty =9 days) showed that there was little difference in tissue conceatationsof PFOA in the
range of2 hours to 4 days. In PFOA-reated ras, the absolute concentrationof covalently bound
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PFOA was significantly higher in the plasma than in the liver. OFthe tissues examined, the testes
had the highest relative concentration of PFOA-derived radioactivity covalently bound to protein.
Approximately 0.4%of the testes PFOA concentration was covalently bound. To determine.
which proteins were modified following in vivo administrationofPFOA, tissucs were
homogenized and subjected to SDS-PAGEautoradiography with fluorography. Due to the small
‘amount of covalently bound '“C found within these tissues, no radioactive protein bands were:
detected when 50 Ag protein was separated on SDS-PAGE and the X-ray film was exposed to the
gel for up to 2 months at 70°C.

Covalent bindingofPFOA to hemoglobin and albumin in vitro
“The covalea bindingof PFOA (0 hemoglobin was diminished by the additionof cysteine with no
effect of methionine in parallel incubations.

Metabolites measured: [1-'“CJPerfluorooctanoic acid

CONCLUSIONS

Despite the metabolic inertness ofthe perfluorinated fatty acids, the results indicated that PFOA.
binds to proteins in theplasma, liver,and testes ina covalent manner. Although PFOA-derived
radioactivity could be found covalently associated with protein following the organic extractions,
the amountofradioactivity associated with any given protcin was not enough to be seen
following SDS-PAGE/autoradiography. The in vitro covalent bindingofPFOA was reduced
followingthe additionofcysteine to the incubation, but not the additionof methionine to the
incubation. Ths, the abilityof cysteine to inhibit PFOA covalent bindingofproteins suggested.
that protein sulfhydryl groups may be involved; sulfhydryl groups may be the sitesofcovalent
attachment of PFOA.

REFERENCE

Vanden Heuvel, 1P., Kuslikis, B.L, and Peterson, R.E. 1992. Covalent bindingofperfluorinated fatty
acids to proteins in the plasma, liver and testesofras. Chem -Biol. Interact. 82:317-328.
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PHARMACOKINETIC STUDY

Til: ChlcpyrmineEahaned Fea ElminaCabri Rats ater Admission of
Ammonium “C)Perfiorooanoate or Potassium [‘CIPerfluorooctanesulfonate
TEST SUBSTANCE

Identity: Ammonium [“Clperfluorooctanoate ((“CI-APFO)

Remarks: [“CI-APFO: specific activity= 0.51 uClimg, radiochemical purity >98%

METHOD
Methodguideline followed: NA

Test type: invivo

Speciesstrain/eel type or line: rat, Chisles River CD.

Sex: male
Age and body weight range of animals used: 12 weeks, 300-342 grams

Numberof animalssex/dose: 5

Routeof administration: intravenous
Vehicle: 0.9% Nacl

Doses: Single doses were administered as follows: animals treated with cholestyramine =13.3 mg/kg
mean, animals not treated with cholestyramine= 13.5 mg/kg mean (control group)

Excretion routes, body fluids, and tissues monitored and/or sampled during study: Urine, feces,
plasina, ed blood cels, and liver were monitored andor sumpled during th study.

Statistical methods used: Data were expressed as means standard deviations, Th students test wes
used to evaluate significanceofdiffrence between two groups ata significance level of p< 0.05.

‘Method remarks: Rats were housed in individual sainesssteel metabolism cages and fused with free
access to waterfor24 hoursprior to administration ofthe test substance. Carbon -labeled [“CJAPFO
as obtained from 3M. Cholesyramine was obtained from Mead Johnson. The dosing solutions were
prepared by dissolving th tet substance in 0.9% NaCl the [“CJAPFO solution contained 2.1 mg/mL),
Cholestyramine (dried nd ground resin 2-620) was mixed, 4% by weight, with Purina Lab Chow. The
adio-labeled es substance was administered asa sinle inavenous dose (aera til vein). Two mL of
he dosing solution was administered to cach of 10 ais. Five rats were given 4% cholestyramine in feed
(ad Foitam; the other ats were given normal Purina Lab Chow. In order o alow a comparison ofthe
Tadiometic results on an absolute basis,th radio labeled doses were not adjusted for individual body
Weights. The average dosesa administered 0 cach group were 13.3 mg/kg (cholstyramine-trated
animals) and 13.5 mg/kg (control animals). Urine and feces samples were collected at intervals for
individual ats 14 days afer administration f the test substance. AL this time, the rat were anesthetized
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PHARMACOKINETIC STUDY

Title: Metabolic HandlingofPerfluorooctancic Acid in Rats

TEST SUBSTANCE

Identity: Perfluorooctanoic Acid (PFOA)

Remarks: Perfluorooctanoic acid (a mixtureoflinear and branched isomers) was supplied by Minnesota
Mining and Manufacturing Compeny, St. Paul, MN SS101. Its purity was not indicated.

METHOD
Method/guideline followed: Not specified

Test type: Fluoride determinations andultrafiltration studies were utilized—Rat in vivo and in vitro;
Human serum-in vitro

‘Species/strain/eell ype or line; Holtzman rat; Human serum

Sex: Rat-female; Human-notspecified

Age and body weight range of animals used: Rats weighed approximately 250 grams, ageofrals was
not specified; Human serum-age and weightofsource was not specified

Numberof animals/sex/dose: Fluoride determination—not specified; Ultrafiltrationstudies—Rats
serum two aliquots; Human serum-three aliquots

Routeof administration: Rats were dosed via stomach intubation

‘Vehicle: Rats were dosed with an aqueous solutionofperfluorooctanoic acid

Doses: Rats were dosed with 2 mg nonionic fluorine as perfluorooctanoic acid; additionally, four rats
were fed a low fluoride (<0.5 ppm) diet; Human serum-0, 75, or 1500 ug nonionic fluorine (as
perfluorooctanoic acid)

Excretion routes, body fluids, and tissues monitored and/or sampled during study: Rat-serum,
urine, and feces were analyzed for fluoride determinations and ultrafiltration studies; Human-serum was.
analyzed for ulrafilration studies
Statistical methods used: Means were statistically compared by calculating Student's value. A P-value
of <0.025 was chosen as indicating significance.

Method remarks:

Fluoridedeterminations—Rats were administered 2 mLof an aqueous solution containing 2 mg of
nonionic fluorine, as perfluorooctanoic acid, by stomach intubation. The animals were placed in
individual metabolic cages and fed rat chow (Purina) and tap water (1pm fluoride)ad libitumfor 4.5, 8,
24, or 52.5 hours. In addition, four ras were placed in metabolic cages and fed a low fluoride (<0. ppm)
et and distilled water for a periodof 96 hours. This resulted in a substantial decrease in ionic fluoride
contentof the feces andfacilitatedthe analysis for nonionic fluorine. Afewcrystalsof thymol were added
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to the urine containersto inhibit bacterial growth during the collection period. Atthe endofthe
experimental period, the urine and feces were collected and the anesthetized animals were sacrificed by
cardiac puncture. The blood was allowed to clot and the serum was collected after centrifugation and
Stored frozen until analyzed. Urine, serum, and feces were also obtained from undosed animals to provide
baseline data. The volumesofurine collections, which included water needed to rinse the metabolic:
cages, and the weightofthe feces were recorded. A small known quantity ofdistilled water was added to
the feces samples, which were then homogenized 10. thick slurry. The serum and urine were analyzed for
onic fluoride at pH 5.0 with the fluoride ion-specific electrode, The ionic fluoride in the diffusate of the
feces was determined at pH 5.0 with the fluoride electrode afer isolationofthe fluoride by diffusion fom
perchloric acid at 60°C (the fluoride in perfluorooctanoic acid is not acid labile under these conditions).
“The total fluorine contentof serum, urine, and feces was determined with the oxygen-bomb reverse
extraction technique. Fifteen mLofrdistilled water was added to the oxygen bomb (prior to combustion
ofthe samples) to act as a fluoride trap. Up to 0.3 mLof serum or urine was pipetted onto a 0.3-gram
pellet of filter paper pulp and fired without drying in the oxygen bomb. Larger volumes (up to 3 mL) of
‘serum low in fluoride were pipetted onto the pellet and lyophilized prior to combustion. The method was
Slightly modified for the analysisofthe feces in that 15 mLof total ionic strength activity buffer (TISAB,
‘Orion Research, Inc.) was added to the oxygen bomb prior to firing instead of 15 ml.ofwater. Blank and
recovery samples were carried through the catire procedure.

Ultrafiltration studies—The pHoftwo 90-mi. aliquotsof human serum was adjusted t0 7.4 by
equilibration with a mixtureof 95% air and $% carbon dioxide. Seventy-five pgofnonionic fluorine (as
perfluorooctanoic acid) was added to one aliquot and 1500 jg was added to the second. After2 hour, 10
mL ofthe spiked serum was removed for determinationofthe initial concentrationofperfluorooctanoic
acid and the remaining serum containing perfluorooctanoic acid was transferred to an Amicon TCFIO
ultrafiltration unt fitted with a Diaflo XMS0 membrane, which retains molecules >50,000 daltons. The
‘sample chamber was flushed with 95% air, 3% carbon dioxide, pressurized with nitrogen, and 15 mL of
ultrafiltrate was collected. An ultrafiltrate was also prepared from pooled serum obtained from four rats
(dosed for the fluoride determination study) 4. hours afer receiving the2mgof nonionic fluorine as
perfluorooctanoic acid by stomach intubation and from 75 mL.ofbuffered (pH 7.4) isotonic saline to
which900 pgofnonionicfluorinehadbeen added.

RESULTS

Detailed results:

Employing the oxygen bomb reverse extraction technique for determinationof otal fluorine, 4 recovery
of 80 £ 1.0 SEM®% was obtained for perfluorooctanoic acid. The recoveryoffluoride from
perfluorooctanoic acid was increased to 94 1.5% when 15 mLof TISAB buffer, insteadof water, was.
used as the fluoride trap inside the oxygen bomb. The quantityof nonionic fluorine was calculated by
Subtracting the ionic fluoride from the total fluorine determined afer ashing in the oxygen bomb and
dividing by either 80 or 94%. The blank forthe procedure employing a 0.3-gram filterpaperpulp pellet
and 15 mLofredistilled water as a fluoride trap was 0.13 + 0.020 ug. The modified procedure used to
determine the total fluoride contentofthe feces had a blankof0.40 % 0.043 pg.

The results obtained in the ultrafiltration studyofthe bindingofperfluorooctanoic acid in serum are given
in Table 1. The control experiment in which perfluorooctanoic acid was added to an isotonic saline
solution buffered at pH 7.4 provided evidence that the ultrafiltration membrane bound very litle
perfluorooctanoic acid. Virtually alof the nonionic fluorine (as perfluorooctanoic acid) added to the
saline solution was ultrafilterable. The addition ofperfluorooctanoic acid to human serum, in amounts
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PHARMACOKINETIC STUDY

Title: Stimulation by oestradiolofthe urinary excretionofperfluorooctanoic acid in the male rat

TEST SUBSTANCE

Identity: Perfluorooctanoic acid (PFOA); 98% pure.

Remarks: The test substance was dissolved in a mixtureof propylene glycol-water (1:1) ata
concentrationof 25 mg/ml.

METHOD

* Method/guideline followed: NA

Test type: invivo

Speciesistrain/cell type or line: rat/Wistar

Sex: male and female

Age and body weight range of animals used: age not specified, male bw range 170-300g, female by
range 150-180g

Numberof animals/sex/dose: Dosed with vehicle: 6 males and 6 females; Dosed with single
intraperitoneal injection of PFOA: 6 females, 6 males, 10 castrated males, 10 castrated males treated with
oestradiol, and 10 intact males treated with oestradiol

Routeofadministration: intraperitoneal injection

Vehicle: propyleneglycol-water (1:1)

Doses: 50 mgke, single injection

Excretion routes, body fluids, and tissues monitored and/or sampled during study: urine, serum

Statistical methods used: one-way anslysisof variance (differences between groups), Student's t-test
for unpaired data (differences between meansoftwo groups)

‘Method remarks: Ras were housed in metabolic cages in groupsof 5. They were fed standard rat chow
‘and tap wateradlibitum. Twenty males were castrated atthe ageof28 days and fier 5 weeks they were.
used in the test. Halfofthe operated and 10 intact malesweredosed with 00 g/kg oestradiol valerate
subcutaneously every second day for the 14 days before the test. Urine was collected in the cages during.
the96 hours afera single doseofPFOA. Blood samples were collected by cardia puncture. Serum
‘samples were ultrafitercd to determine the protein binding ofPFOA in serum. The PFOA contents of
urine, serum, and ultrafiltrates were measured with gas chromatography. The free anionic and possible:
conjugated formsofPFOA in urine were separated and assayed for PFOA concentration.
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RESULTS

Detailed results: Castrationand administrationofoestradiol tothe male ras hadasignificant
stimulatory effect on the urinary excretion of PFOA. During the first 4 hours, female ras excreted 72+
59% (0-6) ofthe dose, whereas intact males excreted only 9 4% (1-6). After he oestradiol weatment,
both intact and castrated males were abl to excrete PFOA in urine in similar amounts s females (61+
199% and 68 + 14% at 24h, respectively). The castrated males without oestradiol treatment excreted
PFOA in urine faster than intact males (50 = 13% at 24 ), but not as fast as females or oestradiol treated
males during the whole test (P < 0.01). At the end ofthe est (96 b, the concentrationofPFOA in the
Serum of intact males was considerably higher (17-40 times) than n the serumofother groups.

Females and intact males trated with PFOA excreted slightly more urine than control animals up to 72h
(P< 0.05) after eament. PFOA may enhance the urine volume excreted.

Ultafiltration and analysis ofthe urine samples indicated that POA is not metabolized and is secreted in
its anionic form. Over 98%ofPFOA was bound o proteins i the serumoffemales and intact males
determined in the samples taken during 12 h aftr dosing

Metabolites measured: none

CONCLUSIONS

No conclusions were given.

REFERENCE

Viinen, M., Hanhijarvi, H.,Jaakonabo, J, and P. Peura. 1989. Stimulation by oestradiolofthe urinary
excretion perfluorooctanoie acid in the male ra. Pharmacology & Toxicology 65: 274-277.
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PHARMACOKINETIC STUDY

“Title: Dispositionofperfluorooctanoic acid in the rat after single and subchronic administration

TEST SUBSTANCE

Identity: Perfluorooctanoic acid (PFOA) from Aldrich-Chemie; purity was not indicated.

Remarks: The test substance was dissolved in
0.9% NaCl solution for intragavage administrationand

. b) propylene glycol-water mixture (1:1)for intraperitoneal administration.

METHOD
Methodguideline followed: NA

Test type: invivo

‘Speciesistrain/cell type or line: rat/Wistar

Sex: male and female

‘Age and body weight range of animals used: a) newly weaned/bw not specified
b) 10 weeks'bw not specified.

Numberofanimals/sex/dose: 2) 18
020

Routeof administration: a) intragavage
; b) intraperitoneal

Vehicle: 2) 0.9% NaCl solution
b) propylene glycol-water (1:1)

Doses: 2)3, 10, and 30 mg/kg/day, daily doses for 28 consecutive days
b) 50 mg/kg, single injection, volume = 0.25 mL/100g

Excretion routes, body fluds, and tissues monitored and/or sampled during study: serum, brain,
liver, kidney, lung, spleen, ovary, tests,andadipose tissue

‘Statistical methods used: The biological halflife ofPFOA in the serum and other tissues was estimated
from the equation (linear regression)ofthe linear relationship between time and concentrationof PFOA
ina semilogarithmic plot

Method remarks: The animals were housed at 21°C, with & dark period from 9 p.m. to 7 a.m. They
were given tap water and regular rat chow ad libitum. The serum was collected by cardiac puncture.
‘Afier decapitation the brain was sampled and the other tissues were sampled at necropsy. The
concenrationsof PFOA in the serum, tissues, and lipid extracts were determined using capillary gas
chromatography.
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RESULTS
Detaled results: 8) Atal three dose levels inthe gevage studs, the levelsofPFOA in the serum and
other isu analyzed were higher in males than females (p < 0.05). The distributionofPFOA was
mainly to the serum, bu iver, kidney, and ung issues also had high concentrations. A significant (p <
0/05) positive correlation was observed between the dose and the concentration of PFOA found in the
liver (7 - 0.996), kidney (¢ = 0.933), spleen (° = 0.95), and lung (¢ = 0.959)of female. No similar
infant conlatonves ond nals Hover,hep sis nd bras concentrations of FFOA
Corelatd positively ith the concentration inthe serum(¢ = 0.969, 0971, and 0.976, respectively).

b) After intraperitoneal injection, the concentrationsof PFOA inthe serum and other tissues assayed were
higher in males than in females during the whole test. PFOA was maialy distributed f th serum, but
Tier, kidney, open, and bran issues also had high concentrations. Twelve hours aftr administation of
PRO, about 10%ofhe dose was found inthe serum of females, compared © about 40% in mals. After
two week, bout 3.5% ofhe dose was stl ef ith serum ofmale. In females, the PFOA levels nthe
Serum, liver, and Kidney decreased in a discontinsous fshion, indicating distinct phases. The half-lives
are concentration of PFOA inthe serum were 24h and 105 h in females and males, respectivly. The
allie of PFOA inthe livof females during the frst week was estimated to be 601, while in males, i
was found fo be 2101. In males, a more linar reltionship between time and PFOA concentration was
Observed. PFOA was not found in the assayof the lipid faction ofthe lver. Similar levels of PFOA
were found in the spleen as i the liver (females = 73 hand males = 170 1). In the kidney, halves of
145 hand 130 h were found fr females and males, respectively.
Metabolites measured: none

CONCLUSIONS
No conclusions were given.

REFERENCE
Yiinen, M., Kojo, A., Hanhijdev, Hand P. Pears. 1990. Dispositionofperfluorooctanoic acid inthe rat
afer single and subchronic administration. Bulletin of Environmental Contamination& Toxicology 44:
i653
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‘EPIDEMIOLOGIC DATA.

Title: Mortality Among Employees ofa Perfluorooctanoic Acid Production Plant

‘TEST SUBSTANCE

Identity: Perfluoroctanoic acid (PFOA)

‘Remarks: The cohort was exposed to PFOA during productionofthe chemical. Many other chemicals
(e.2., benzene, asbestos) were also used or produced at the plant. The workers were exposed to these.
chemicals as well

METHOD

‘Study design: Retrospective cohort mortality study.

Manufacturing/Processing/Use: There was no information in the study on methods used to manufacture.
and process PFOA. PFOA is used as a surfactant, and it is used in a large numberofindustrial
applications and consumer products including plasticizers, lubricants, wetting agents, and emulsifiers.

Hypothesis tested: To determine whether mortality from any cause at the 3M Cottage Grove:
(Minnesota) manufacturing facility was associated with occupational exposure to PFOA.

‘Study period: The study population worked at the plant from Jan 1, 1947 to Dec 31, 1983.

Setting: Minnesota 3M plant that produced PFOA and other chemicals.

Total population: 3537 employees participated inthe study (2788 males and 749 females). 1339of this
total worked in the Chemical Division. 398 (348 males and 50 females)ofthese employees were.
deceased, of which 148 males and 11 females worked inthe Chemical Division.

Subject selection criteria: All workers employed for at least6months at the plant between Jan 1, 1947
to Dec 31, 1983.

Comparison population: Tn SMR analyses: U.S. general population death rates; Minnesota population
death rates. Women were compared only with the U.S. population because cause- and calendar period-
Specific Minnesota rates for women were not available. In proportional hazards analyses: non-Chemical
division workers a the plant.

Participation rate: Six workers employed during this time were excluded because they had incomplete
records, resulting in a 99.8% participation rate (3537/3543). Ofthis population, vital status (alive or
dead) was obtained for 100%of the individuals, and death certificates were obtained for 99.5%of those
who died.

‘Subject description: Individuals employed during the study period were identified through company
personnel records. Mean age at employment was 27.3 years for males and 27.6 years for females. Mean
age at death was 56.4 for males and 55.4 for females.

Healtheffectsstudied: Mortality
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Data collection methods: Vital status was obtained from the Social Security Administration for 1947-
1982, and from the National Death Index for 1979-1989. Work histories and other employee data were
obtained from company personnel records. Death certificates wereobtainedfrom the state health
departments for those employees presumed to be deceased.

Exposure period: The potential exposure period wasfromJan. 1, 1947toDec. 31, 1983.

Description/delineationofexposure groups/categories: PFOA production was restricted to the
Chemical Divisionofthe plant. Employees who worked in the Chemical Division for at least | month
were considered exposed to PFOA. Employees who never worked in the Chemical Division or worked
there for less than 1monthwere considered not exposed to PFOA.

Measured or estimated exposure: Cumulative exposure to PFOA was estimated using the surrogate
measureof months of Chemical Division employment.

Exposure levels: Not measured. Employees were considered eitherexposedor not exposed.

Statistical methods: Stratified Standardized Mortality Ratios (SMR), adjusted for age, sex, and race,
were calculated and compared to U.S. and Minnesota white death rates for men. For women, only state:
rates were available. The SMRs for males were stratified for 3 latency periods (10, 15, and 20 years) and
3 periodsofdurationofemployment (5, 10, and 20 years). Cause-specific mortality ates were compared
between exposed on unexposed workers using stratified SMRs.

Relative risk and 95% confidence intervals were estimated for deaths from all causes, cancer,
cardiovascular diseases, and other selected causes using proportional hazard models (SAS). Age at first
‘employment, yearoffirst employment, and durationof employment were included as covariates in the
model. The appropriateness ofthe proportional hazard assumptions was tested using stratified models
with graphical analysisof log versus follow-up time relationships and models that tested the significance
ofaproduct term between exposure and log follow-up time.

Other methodological information:
‘A nosologist coded the death certificates for underlying causeofdeath for the workers according to ICD
8

Data collected included yearoffirst employment, age at first employment, durationof employment, and
durationofemployment in the Chemical Division. Length of employment at the plant, length of
employment in the Chemical Division, calendaryearof first employment,andage at first employment
were analyzed to determine whether they had an effect on numbersof deaths from all causes and from
specific causes.

RESULTS

Describe results: For all female employees, the SMRs for all causes and for all cancers were less than |
“The only elevated (although not significant) SMR was for Iymphopoictic cancer, and was based on only 3
deaths. When exposure status was considered, SMRs for all causesofdeath and for ll cancers were
Significantly lower than expected, based on the U.S. rates, for both the Chemical Division workers and the
other employees ofthe plant
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In male workers, the SMR were close to 1 for mostofthe causesofdeath when compared to both the
U.S. and the Minnesota death rates. When latency and durationof employment were considered, there
were no elevated SMRs. When employee deaths in the Chemical Division were compared to Minnesota
death rates, the SMR for prostate cancer for workers in the Chemical Division was 2.03 (95% CI.55 -
4.59).

The SMR for prostate cancer for workers in the Chemical Division was 2.03 (95% CI 55 - 4.59). This
was based on 4 deaths (1.97 expected). There was alsoa statistically significant association with length
ofemployment in the Chemical Division and prostate cancer mortality. Based on the results of
proportional hazard models, the relative risk fora 1-year increase in employment in the Chemical
Division was 1.13 (95% CI 1.01 to 1.27). Itroseto3.3 (95% CI 1.02 -10.6)for workers employed in the
Chemical Division for 10 years when compared to the other employees in the plant. The SMR for
workers not employed in the Chemical Division was less than expected for prostate cancer (.58).

Study strengths: Vital status was determined for 100%ofthe cohort.

‘Study weaknesses: There was a potential for misclassificationofexposure because manyof thenon-
Chemical Division employees may have been exposed to PFOA. In addition, exposures were not
‘measured; therefore categoriesof exposure were very broad (ever vs. never exposed). This exposure
misclassification would bias the effect estimates toward the null. Workers were also exposed to other
‘chemicals in the workplace. The authors also note that there are differences in the distributionofage at
risk among the Chemical Division and non-Chemical Division workers and that this could confound the
resultsofthe study. There were also small numbersofdeaths in manyofthe categories for males and
especially for females in all categories. The cohort needs to be followed for many years to come in order
to develop an accurate pictureofthe mortality experienceofthe employeesofthis plant.

Research sponsors: National Institute for Occupational Safety and Health Grant and the 3M.
Corporation

Consistency of results: Currently there are no other mortality studies on PFOA workers

CONCLUSIONS
‘Although an association between employment in the Chemical Division and prostate cancer was
observed, the results must be interpreted carefully. Continued follow up of this study or other studies
with direct exposure measurements might help to confirm the association.

REFERENCE

Gilliland, F.D. and Mandel, 1.5. 1993. Mortality among employees ofa perfluorooctanoic acid
production plant, JOM. 35(9): 950-954.

OTHER
“This study is the second updateofthe mortality study. Another update is expected to cover the years.
through 1997. Tt has not yet been submitted to EPA.
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EPIDEMIOLOGIC DATA

Title: Morality Studyof Workers Employed at the 3M Cottage Grove Facility

‘TEST SUBSTANCE

Identity: Perfluoroctanoic acid (PFOA) and other fluorochermicals

‘Remarks: This study is an updateof the study published by Gilliland and Mandel, J Occup Med 1993,
950.954.

METHOD

‘Study design: Retrospective cohort mortality study.

‘Manufacturing/Processing/Use: The 3M Cottage Grove, MN plant has produced perfluorinated
‘compounds since 1947. A primary product rom this plant is ammonium perfluorooctanoate (APFO), a
potent synthetic surfactant used in industrial applications. APFO rapidly dissociates in biologic media to
perfluorooctancate (PFOA).

Hypothesis tested: To determine whether occupational exposure to PFOA and other fluorochemicals is
related to the mortality experienceof employeesofthe 3M facility in Cottage Grove, Minnesota.

‘Study period: The study population worked at the plant for at least 1 year ince Jan. 1, 1947. The cohort
was followed through Dec. 31, 1997. Currently employed workers were assigned Dec 31, 1997 as ther
last dateof employment.

Settings 3M plant in Cottage Grove, Minnesota that produced PFOA and other chemicals.

Total population: 6678 workers were identified. OFthese workers, 3992 worked atthe plantfoat least
one year. Eighty percentofthe cohort was male.

‘Subject selection criteria: All workers employedatthe Cottage Groveplantfor atleast 1 year. The.
cohort was followed through Dec. 31, 1997. Currently employed workers were assigned Dec 31, 1997 as
their last dateof employment.

Comparison population: In SMR analyses, Minnesota population death ates for whites were used.
Mortality reference rates from 7 regional counties were also used to rule out large variations based on
regional mortality reporting differences.

Participation rate: Death certificates were obtained for 97% (n= 590)ofthe cohort who were deceased.

Subject description: 80% (n= 3183)ofthe employees in the cohort were male. The meen age at
Follow-up was 56.6 years, and the mean numberofyears worked atthe plant was 12.1. The number of
person-years at follow-up was 108198. There were 607 deaths identified in the cohort.

Health effects studied: Mortality
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Data collection methods: A reviewof employee work history recordsof any employee with at last |
year employment were abstracted to record the workers’ name, SSN, 3M identification number, date of
birth, and datsof work history. This cohort was linked to records from the original cohort to update the
employment information and verify other data. The National Death Index was searchedforall ofthe
workers. Discrepancies withthe original cohort were resolved and deaths before 1979 were verified in
the Social Security Death Index. A licensed nosologist coded the death certificates to ICD §.

‘Exposure period: The potential exposure period was from Jan. 1, 1947toDec. 31, 1997.

Description/delineation of exposure groups/eategories: Workers were placed ito 3 exposure groups
basedon job history information. Those groups were: definite PFOA. exposure (jobs where cell
‘generation, drying, shipping and packaging of PFOA occurred throughout the history ofthe plant);
probable PFOA exposure (other chemical division jobs where exposure to PFOA was possible but with
Tower or transient exposures); and not exposed to fluorochemicals (primarily non-chemical division jobs).

‘Measured or estimated exposure: estimated based on job history information

‘Exposure levels: Not measured. Employees were considered exposed (492 workers), probably exposed
(1685),ornot exposed (1815).

‘Statistical methods: Standardized Mortality Ratios (SMR) and 95% confidence intervals were derived
using the PC Life Table Analysis System software developed by NIOSH. This program computes age,
gender, and race-specific SMRs using standard life table methods. The expected numberof deaths are
estimated by multiplying the age, gender, ace, and calendar period tabulated person-yearsoffollow up to
the corresponding cause-specific mortality reference rates. Mortality rates for white Minnesotans were.
used as reference data.

Other methodological information:

RESULTS

Describe results: 607 deaths were identified in the cohort. 46ofthese deaths were in the PFOA
exposure group, 267 in the probable exposure group, and 294 in the not exposed group. The authors also.
Stratified by a minimumofone-year exposure 0 PFOA in both the defnitely-cxposed and probably
exposed groups. 182 workers (17 deaths) were definitely exposed for atleast1 year and 1673 workers
(219 deaths) had probable exposure for at least one year.

‘When all employes were compared to the state mortality rates, SMRs were less than 1 or only slightly
higher foral of the causesofdeath analyzed. Noneofthe SMR were sutstically significantat p= 05.
“The highest SMR reported was for bladder cancer (SMR = 1.31, 95% CI = 0.42 - 3.05). Five deaths were
observed (3.83 expected).

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

Inthe probable exposure group, 3 SMRs should be noted: cancerofthe tests and other male genital
organs (SMR = 2.75, 95% CI = 0.07 ~ 15.3); pancreatic cancer (SMR = 1.24, 95% C1 = 0.45 ~ 2.70); and
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‘malignant melanoma ofthe skin (SMR = 1.42, 95% CI = 0.17 — 5.11). Only 1, 6, and 2 cases were
observed, respectively. The SMR for prostate cancer in this group was 0.86 (95% CI = 0.28 ~ 2.02) (n =
3).

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

“The excess in prostate cancer deaths that was observed in th first study was not as strong in this updated
cohort. Only 1 death was reported in the definite exposure group while 5 were observed in the probable
exposure group. It is difficult 0 interpret these results sinc the exposure categories were modified since
the last study. However, al of the employees in either group were assumed to have some exposure (0
PFOA. The new delineationofexposures further defined the chemical plant employeesof the first study
and placed theminto 2 groups, while the film plant employees sil remained in the non-exposed group.
“The numberofyears that these employees worked at the plant andor were exposed to PFOA was not
reported for prostate cancer.

“The excess mortality in cerebrovascular disease noted in employees in the definite exposure group was.
further analyzed based on numberofyearsof employment at the plant. Three ofthe $ deaths occurred in
workers who were employe in jobs with definite PFOA exposure for more than years but< 10 years
(SMR = 15.03, 95% C1 = 3.02 —43.91). Theother 2 occurred in employees withless than 1 yearof
definite exposure. The SMRwas6.9(95% CI= 1.39 — 20.24) for employees with greater than years of
definite PFOA exposure. When these deaths were further analyzed by cumulative exposure (time-
weighted according to exposure category), workers with 27 yearsofexposure in probable PFOA exposed
jobs or those with 9 yearsofdefinite PFOA exposure were 3.3 times more likely to dieof cerebrovascular
disease than the general population. A dose-response relationship was not observed with years of
exposure.

‘Studystrengths/weaknesses: Its difficult to compare the results ofthe first and second mortality
Studies at the Cottage Grove plant since the exposure categories were modified. Although the potential
forexposure misclassificaion was certainly more likely in the fist study, it may still have occurred in the
update as well. Itis difficult to judge the reliabilityofthe exposure categories that were defined without
measured exposures. Although serum PFOA measurements were considered in the exposure matrix
developed for the update, they were not directly used. In the second study, the chemical plant employees
were sub-divided into PFOA-exposed groups, and the film plant employees essentially remained in the
“non-exposed group. This was an effort to more accurately classify exposures; however, these new
categories do not take into account durationofexposure or lengthof employment. Another limitation to
this study is thet 17 death certificates were not located for deceased employees and therefore were not
included in the study. The inclusion or exclusionofthese deaths could change the analyses for the causes
ofdeath that had a small numberofcases. Follow upofworker mortality at Cottage Grove (and Decatur)
‘needstocontinue. Although there were more than 200 additional deaths included in this analysis, it is a
‘small number and the cohort is still relatively young. Given the resulsofstudies on fluorocheicals in
both animals and humans, further analysis is warranted.

Research sponsors: Universityof Minnesota

Consistency of results: The excess in prostate cancer deaths that was observed in th first study was not
as song in this updated cohort. Only 1 death was reported in the definite exposure group whileS were
observed in the probable exposure group. It s difficult 0 interpret these results since the exposure
categories were modified incethe laststudy. However, all ofthe employees in cither group were
‘assumed (0 have some exposure to PFOA. The new delineationofexposures further defined the chemical
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plant employees ofthe first study and placed them into 2 groups, while the film plant employees still
remained in the non-exposed group. The number ofyears that these employees worked at the plant and/or
were exposed to PFOA was not reported for prostate cancer.

CONCLUSIONS

Follow upofworker mortality at Cottage Grove needs to continue. Although there were more than 200
additiondeaths included in this analysis, itisill a small numberandthe cohort is sill relatively young.
Given the resultsof studies on flurorchemicals in both animals and humans, further analysis is warranted.
(OFparticular interest are bladder cancer, prostate cancer, cerebrovascular discase, cancer and disorders of
the liver, and pancreatic cancer.

REFERENCE

Alexander, B:H. April 26, 2001. Mortality studyofworkers employedatthe 3M Cottage Grove facility.
Final Report. Divisionof Environmental and Occupational Health, SchoolofPublic Health, University
ofMinnesota.

OTHER

“This study differs from the 1993 mortality study in that this one requires 1 yearofexposure for inclusion
in the cohort (as opposed to 6 months). In addition, the exposure categories were more specific.
‘Additional cohort members were included (n = 169) that should have been included in the last study. Itis
not clear why these employees were not included in the 1993 study.
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EPIDEMIOLOGIC STUDY

Title: An Epidemiologic InvestigationofReproductive Hormones in Men with Occupational Exposure
to Perfluorooctanoic Acid

‘TESTSUBSTANCE

Identity: Perfluorooctanoic Acid (PFOA)

Remarks: This paper further examines the observation initially reported by Gilliland in his doctoral
thesis that total serum organic fluorine may be associated with reproductive hormone changes in PFOA.
production workers.

METHOD

Study design: Two cross-sectional studies, utilizing general medical surveillance and analysisof eleven
hormones in serumofmale employees at a PFOA production facility.

‘Manufacturing/Processing/Use: PFOA was produced at the plant by an electrochemical process, which
involved a four-stage process: isolating and converting the chemical to a salt slurry, converting the slurry.
toasaltcake, dryingthe cake, and packaging. The greatestlikelihoodforexposure to PFOA occurred in
the drying area. PFOA, apotent synthetic surfactant, isusedin industrial applications.

Hypothesis tested: Since PFOA has been shown to result in dose-related increases in hepatic, pancreatic:
acinar, and Leydig cell adenomas in laboratory animals and increased serum estradiol levels, PFOA may
Show a similar effect in humans with regard to reproductive hormones, particularly increased estradiol or
decreased testosterone serum levels.

Setting: PFOA production plant (presumed to be 3M plant in Cottage Grove, MN)

Total # of subjects in study: 1993-111 production workers, 1995-80 production workers. Sixty-cight
production workers were common to both cohort years.

Comparison group/population: Employees were divided into four serum PFOA level categories, 0-<1
pm, 1-<10 ppm, 10-<30 ppm, and 230 ppm, in order 0 determine ifan effect existed at the highest
serum levels.

Participation rate: Not specified.

Subject deseription: Characteristicsofsubjectswere not described.

Health effects studied: Potential changes in: serum cortisol, dehydroepiandrosterone sulfate (DHEAS),
estradiol, follicle-stimulating hormone (FSH), 17a-hydroxyprogesterone (17-HP), free testosterone, total
testosterone, luteinizing hormone (LH), prolactin, thyroid-stimulating hormone (TSH), and sex hormone-
binding globulin (SHBG)

Data collection methods: Medical surveillance consisted ofa medical questionnaire, measurement of
height, weight, and pulmonary function; standard biochemical and urinalysis tests; PFOA determination;
‘and several hormone assays.
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Details on data collection: The upper limit ofdetection of PFOA in 1993 was 80 ppm, whereas there
was no upper limitofdetection in 1995. A thermospray mass spectrophotometry assay Was used to
determine serum PFOA levels in 1993 and 1995. Eleven hormones were assayed. Cortisol was assayed
usinga fluorescence polarization immunoassay. Radioimmunoassays(RIA)wereused for DHEAS,
estradiol, 17-HP and total testosterone. Free testosterone was determined using equilibrium dialysis. LH,
FSH, and prolactin were assayed using a microparticle enzyme immunoassay. TSH was determined using
a chémiluminescence immunometric assay. SHBG was assessed via a radioimmunoassay after
chromatographic sample purification. Bound testosterone was calculateda total testosterone less free.
testosterone. The same assays were used for both 1993 and 1995 analyses.

Exposure period: Not specified

Description/delineationofexposure groups/eategories: For the stratified analyses, employees were
divided ino four serum PFOA level categories: 0-<1 ppm, 1-<10 ppm, 10-30 ppm, and 230 ppm in
order to determineifaneffect existed at the highest serum levels. Seventy-five percentoftheemployees
with serum PFOA levels a 10 ppm or greater participated in both years.

Measured or estimated exposure: N/A

‘Statistical methods: Simpleand stratified analyses, analysisofvariance (ANOVA), Pearson correlation
‘coefficients, and ordinary multivariable regression were used to evaluate associations between PFOA and
‘cach hormone, with adjustment or potentialconfoundingvariables. For stratified analyses, employees
were divided into four serum PFOA level categories: 0-<1 ppm, 1-<10 ppm, 10-<30 ppm, and 230 ppm in
order to determine ifaneffect existed at the highest serum levels. For multivariate evaluation, PFOA, age,
body mass index (BMI), alcohol use, and cigarete use were examined as both categorical and continuous
variables. Regression models were fitted with PFOA entered as a continuous variable using linear,
square, and square root transformations. The possible nonlinear associationofestradiol, free testosterone,
‘and bound testosterone was evaluated. Nonlinear dose-response relationships were examined by model fit
‘and by comparing parameter estimates, using indicatorandcontinuous variables. Stepwise selection
procedures were also used. Study results were analyzed using SAS.

Other methodological information: No additional comments.

RESULTS

Describe results: The rangeofserum PFOA was 0 — 80 ppm in 1993 and 0 - 115 ppm in 1995. Serum
PFOA measurements were highly correlated among the 68 employees who participated in the study
during both years.

PFOA was not highly correlated with any of the hormones or with the following covariates: age, alcohol
consumption, BMI, or cigaretes. Mostofthe employeeshad PFOA serum levels les than 10 ppm. In
1993, only 13 employees had serum levels > 10 ppm, and 15 in 1995. However, these levels ranged from
approximately 10 ppm to over 114 ppm. There were only 4 employees in the30 ppm PFOA group in
1993 and only in 1995. Therefore, it i likely that there was nt enough power to detect differences in
either of the highest categories. The mean ageof the employees in the highest exposure category was the
Towest in both 1993 and 1995 (33.3 years and 38.2 years, respectively). Alihough not significantly
different rom the other categories, BMI wasslightly higher in the highest PFOA category.
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Estradiol was highlycorrelated with BMI (c= 41, p< 001 in 1993, and r= 30, < 01 in 1995). In
1995, all employees with PFOA levels > 30 ppm had BMI > 28, although this effect was not observed
in 1993. Estradiol levels in the 30 ppm group in both years were 109% higher than the other PFOA
groups; however, the difference was not statistically significant. The authors postulate thatthe study may
not have been sensitive enough to detect an association between PFOA and estradiol because measured
scrum PFOA levels were likely below the observable effect levels suggested in animal studies (55 ppm
PFOA in the CD rat). Only 3 employees in his study had PFOA serum levels his high. They also
suggest that the higher estradiol levels in the highest exposure category could suggesta threshold
relationship between PFOA and estradiol

Free testosterone was highly correlated with age in both 1993 and 1995. The authors did not report a
negative association between PFOA serum levels and testosterone. There were no statistically significant
trends noted for PFOAandcither bound or ree testosterone. However, 17-HP,aprecursor of
testosterone, was highest in the 30 ppm PFOA group in both 1993 and 1995. In 1995, PFOA was
significantly associated with 17-HP in regression models adjusted for possible confounders. However,
the authors state that this association was based on the resultsof one employee (data were not provided in
the report). There were no significant associations between PFOA and cortisol, DHEA, FSH, LH, and
SHBG.

Study strengths and weaknesses: There are several design issues that should be noted when evaluating
the results ofthis study. First, although there were 2 study years (1993 and 1995), the populations were.
not independent. Sixty-eight employees participated in both years. Second, there were 31 fewer
employees who participated in the study in 1995, thus reducing the power ofthe study. There were also
very few employees in cither year with serum PFOA levels greater than 10 ppm. Third, the cross-
sectional designofthe study does not allow for analysisof temporality ofan association. Since the half-
lifeofPFOA is several years, the authors suggest tha it i possible tha there may be some biological
accommodation to the effects of PFOA. Fourth, only one sample was taken for each hormone for each of
the study years. In order to get more accurate measurements for someofthe hormones, pooled blood
taken in a short time period should have been used for cach participant. Finally, there may have been
Some measurement errorof someofthe confounding variables.

Research sponsors: 3M Company

‘Consistencyofresults: An earlier study reported an association between total serum organic fluorine in
workers and increased estradiol and decreased testosterone levels. However, ti difficult to compare the.
results ofthis study to the previous study because serum PFOA in workers was measured in this study.

CONCLUSIONS

Tn two cross-sectionalstudies in 1993 and 1995, significant hormonal changes among the male production
‘employees were not apparent in relation o their measured serum PFOA levels as had been previously
observed in laboratory animals. However, it shouldbe noted that PFOA serum levels in workers were
much lower than those levels reported to cause effects in laboratory animals.

REFERENCE

Olsen, G.\W. ct al. 1998, AnEpidemiologic InvestigationofReproductive Hormones in Men with
Occupation Exposure to Perfluorooctanoic Acid. JOEM. 40(7):614-622.
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EPIDEMIOLOGIC STUDY

Title: An epidemiologic investigationofplasma cholecystokininand hepatic function in
perfluorooctanoic acid production workers

TEST SUBSTANCE

Identity: Perfluorooctanoicacid(PFOA)

Remarks:

METHOD

‘Study design: 3 cross-sectional analyses based on workers® medical surveillance data collected in 1993,
1995, and 1997)

Manufacturing/Processing/Use: The substance is a synthetic surfactant that is produced via a 4-stage.
electrochemical process involving converting the chemical toa salt shury and then to a sal cake.

Hypothesis tested: To determine whethera positive association exists between plasma cholecystokinin
(CCK) levels and serum PFOA levels in fluorochemical production workers, and to determine whether
PFOA may modulate hepatic responses oobesityandalcohol.

Study period: Medical exams were performed in 1993, 1995, and 1997

Setting: PFOA production plant, Cottage Grove, MN

‘Total population: Not specified

‘Subject selection criteria None specified, although participation in medical surveillance at he plant
was voluntary.

Total# ofsubjects in study: The numbersofparticipants in 1993, 1995 and 1997 were 111, 80, and
74, respectively. There were 68 participants in common for 1993 and 1995, 20 in common for 1993 and
1997, and 17 in common for all three years.

Comparison population: N/A

Participation rate: approx. 70%

‘Subject description: Workers who engaged in the productionof PFOA. No other information
was provided.
Health effects studied: The effectsofserum PFOA levels on hepatic responses to obesity and alcohol,
and CCK levels.

Data collection methods: Plant workers voluntarily participated in biennial medical
surveillance exams which consisted of questionnaire, pulmonary function, height, and weight
‘measurements, biochemical and urinalysis esting, PFOA determination, and some male
reproductive Hormone assays.
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Details on data collection: Hormone data were only collected in 1993 and 1995. These results are
provided in anotherrobustsummary(Olsen et al, 1998).

‘Serum biochemical tests included: alkaline phosphatase, gamma glutamyl transferase (GGT), serum
‘slutamyl oxaloacetic transaminase (SGOT), serum glutamyl pyruvic transaminase (SGPT), otal bilirubin,
direct bilirubin, cholesterol, low-density lipoproteins (LDL), high-density lipoproteins (HDL),
wiglycerides, blood urea nitrogen (BUN), creatinine, and ghicose. Hematology tess included: hematocrit,
hemoglobin, red blood cells, platelets, and white blood cels.

Plasma CCK-33 was measured by direct radioimmunoassay. Serum PFOA was determined by
thermospray (1993 and 1995)andelectrospray (1997) high performance liquid chromatography mass
spectrometry methods.

Exposure period: Not specified.

Description/deineationofexposure groups/categories: For the stratified analyses, employees were
divided into four serum PFOA level categories: 0-<1 ppm, 1-<10 ppm, 10-<30 ppm, and 230 ppm in
order to determine ifaneffect existed at the highest serum levels.

Measured or estimated exposure: N'A

Exposure levels: N/A

‘Statistical methods: Simpleandstratified analyses, Pearson correlation coefficients, ANOVA, and
‘ordinary multivariate regression with adjustment for potential confounding variables.

Other methodological information:

RESULTS

Describe results: The mean PFOA serum level in employees participating in the 1997 study period was.
64ppm (range 0.1 - $1.3 ppm). Themean CCKvaluewas25.5 pg/ml (range 8.8 -86.7 pg/ml). The
highest CCK values were reported in the 2 exposure categories less than 10 ppm. The means were 50%.
higher in these 2 categories than in the categories greater than 10 ppm (p = 06). When adjusted for
potential confounders, multivariable regression modes indicateda weak negative association between
‘CCK and PFOA; however, these data were not included in the report. There were no statistically
significant differences in serum chemistry valuesforparticipants with high CCK or PFOA levels
compared to participants with low CCK or PFOA levels.

‘Serum PFOA levels were not consistently associated with any variables, such as alcohol or cigarette use,
or with any hematological or chemistry parameters, and noneofthe values for such parameters were
Satisticaly significant at anyofthe PFOA levels. There was no evidence that PFOA levels modify
hepatic responses to obesity andlor alcohol.

‘Study strengths and weaknesses: It should be noted that CCK was only messured in 1997. The authors
indicate that the cross-sectional study format does not permita direct analysis ofan observed association
with respect to time. Additionally, the numberofparticipants in 1995 and 1997 was significantly lower
than the numberofparticipants in 1993.
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Research sponsors: 3M Company

Consistency of results: The resultsofthis study are inconsistent with carler findings that PFOA
‘modulates hepatic responses to alcohol and obesity and that there is positive correlation between PFOA.
and CCK levels,

“The following explanations may indicate why this study filed to finda positive association between
PFOA and CCK values:

tis possible that the hepatocarcinogenic effectsofperoxisome proliferators in rodents do not act the
same biochemically in humans.

“The serum PFOA levels observed in workersmay havebeen 100 lowtodetectaneffect. Effects in
animals were observed at higher doses than most ofthe serum levels found in workers.

CCK receptors may be different between rats and humans. Therefore, the monkey may be a more:
appropriate animal model to study the pancreatic effectsofPFOA in humans.

“The involvement ofCCK inthe initiation or promotionof pancreatic cancer is controversial.
“The rat may not be an appropriate model inthe studyof pancreatic cancer in humans, since acinar cell

‘malignancies induced by carcinogens in ras, are are in humans.

CONCLUSIONS
The results do not suggest that there is an association between PFOA levels and increases in plasma CCK.
levels, nor do they suggest the presenceofhepatic toxicity at the PFOA levels observed. tis unlikely
that PFOA levels observed in this study modulate hepatic responses to obesity and alcohol use.

REFERENCE

Olsen, GW. etal. 1998. 3M Final Report: An epidemiologic investigationofplasma cholecystokinin,
hepatic function and serum perfluorooctanoic acid levels in production workers. St. Paul, 3M Company.
Septd.
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EPIDEMIOLOGIC STUDY

Titles Serum Perfluorooctanoic Acid and Hepatic Enzymes, Lipoproteins, and Cholesterol: a Study of
Occupationally Exposed Men

TESTSUBSTANCE

Identity: Total serum fluorine was used as a surrogate for PFOA exposure. Serum PFOA was not
measured due to the costofanalyzingthesamples.

Remarks: Originally, employees were considered “unexposed based on thir job descriptions;
however, when their serum levels were analyzed, these “unexposed” workers had PFOAlevelshigher
than the general population. Therefore, otal serum fluorine was used to classify workers into exposure
ous,

METHOD

Study design: Cross-sectional study

Manufacturing/Processing/Use: This plant produces PFOA, as wellaseveral other specialty chemicals

Hypothesis tested: To determineifworkers exposed to PFOA experienced changes in hepatic enzymes
and lipid metabolism. These effects have been observed in rodents exposed to PFOA.

Setting: PFOA production plant- 3M Chemolite plant in Cottage Grove, MN

Total #of subjects in study: 115

‘Subject selection criteria: Participants were recruited from all employees at the PFOA production plant
who were employed during the period of 1985-1989.

Comparison group/population: All subjects potentially were exposed to PFOA. Therefore, differences
in mean values of the biochemical endpoints were compared.

Participation rate: Presumed to be > 80%

‘Subject description: Mean age = 39.2; mean body mass index = 26.9; 76% drank less than 1 oz. alcohol
‘per day and 17% drank 1-3 oz. alcoholday; 74 percent smoked.

Health effects studied: Possible effectsoftotal serum fluorine on levelsofhepatic enzymes,
lipoproteins,and cholesterol, including: serum glutamyl ovaloacelic transaminase.
(SGOT), serum ghutamyl pyruvic transaminase (SGPT), gamma glutamy! transferase (GGT),
cholesterol, low-density lipoproteins (LDL), and high-density lipoproteins (HDL).

‘Data collection methods: Participants completedamedical history questionnaire,were measured for
height and weight, and donated blood samples by venipuncture.

Exposure period: Unknown.
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Description/delineation of exposure groups/categories: Workers were placed into exposure categories
based on job descriptions; however, hose workers presumed to have litle or no PFOA exposure had total
Serum fliorine levels 20-50 times higher than those levels reported in the general population. Therefore,
workers were classified into groups by total serum fluorine levels. Employees were placed into one of 5
groupsof totalserumfluorine levels: <1 ppm, 1-3ppm, >3 - 10 ppm, >10 - 15 ppm,and > 15 ppm.

‘Measured or estimated exposure: Exposures were estimated. Total serum fluorine was used as a
Surrogate measure for PFOA exposure

Statistical methods: Stratified analysis, ANOVA, Pearson correlation coefficients, and linear
‘multivariate regression were used fo evaluate associations between PFOA and biochemical endpoints.
For stratified analyses, ANOVA procedures were used to asess differences in mean values. Age, body
mass index (BMI), alcohol use, and tobacso use were included in the regression models as potential
confounders. Numberofcigarettes smoked per day was used in the model as continuous variable if
model fit was improved compared with the model using categorical variables.

RESULTS

Describe results: The range ofthe serum fluorine values was 0 (0 26 ppm (mean 3.3 ppm).
Approximately halfofthe workers fell nto the > 1 - 3 ppm category, while 23 had serum levels< 1 ppm.
and 11 had levels > 10 ppm.

“There were no significant differences between categories when analyzed using univariate analyses for
cholesterol, LL, and HDL. PFOA was, however, associated with HDL levels in moderate drinkers. In
the multivariate analysis, there was not a significant association between total serum fluorine and
cholesterol or LDLafteradjusting for alcohol consumption, age, BMI,andcigarette smoking. There
were no statistically significant differences among the categories oftotal seru fluorine for SGOT,
SGPT, and GGT. Increases in SGOT and SGPT occurred with increasing total serum fluorine levels in
bese workers (BMI = 35 kg/m). No workers reported hepatic disease diagnoses or signs, or symptoms
consistent with hepatic disorders. No clinical cases of liver dysfunction associated with PFOA exposure
were found in these workers.

‘Study strengths and weaknesses: PFOA was not measured dircetly and there is no exposure
information provided on the employees (eg. lengthofemploymentexposure). The authors sate that no
adverse clinical outcomes related to PFOA exposure have been observed in their employees; however, it
fs not clear that there has been follow-up of former employees. In addition, the standard deviations
reported for the liver enzymes were very high for manyofthe exposure categorics, indicating instability
nthe results. Many participants in the study were employed in productionof compounds other than
PFOA.

Research sponsors: A NIOSH grant and the 3M Medical Department

Consistency of results: There are no other known studiesof this kind on PFOA.

CONCLUSIONS

PFOA was not associated with marked hepatic changes in humans as had been observed in rodents.
However, PFOA may modulate the fectof alcohol use and obesity on hepatic lipid and xenobiotic
‘metabolism.
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EPIDEMIOLOGIC DATA.

Title: An Epidemiologic Analysisof Episodesof Careof3M Decatur Chemical and Film Plant
Employees, 1993-1998

TEST SUBSTANCE

Identity: POSF-based chemicalsusedatthe Decatur plant

‘Remarks: Episodesofcare analyses are not often used in occupational epidemiologic studics.

METHOD

Study design: Episodeof care comparison

Manufacturing/Processing/Use: The 3M Decatur, Alabama plant began production in 1961. tis made
upofthe film plant and the chemical plant. The3 major productgroups in the chemical plant are
protective chemicals, performance chemicals, and fluoroelastomers. Perfluorooctanesulfony! fluoride
(POSE) is the major sulfonate fluorochemical manufactured at Decatur and is used as the precursor to the
production ofa varietyofperfluorinated amides, alcohols, acrylates, and other fluorochemical polymers.

Hypothesis tested: To use episodesofcare methodology as a screen for morbidity outcomes associated
with long-term, high exposure to POSF-based production at the 3M facility in Decatur, Alabama.

‘Study periods Episodesofcare experienceof 652 chemical employees and 659 film plant employees
‘were analyzedforworkers at the plant who were employedfor atleast 1 year between January 1, 1993
‘and December 31, 1998.

Setting: 3M plant in Decatur, Alabama.

Total population: 1311 workers were eligible for the cohort at least 1 yearof employment at the plant).
“The total worker population was not reported.

‘Subject selection riteria: All workers employed at the Decatur plant for at least 1 yearbetweenJan. 1,
1993 and Dec. 31, 1998. Episodesofcare were limited to theirDecatur time ofemployment for
employees hired, terminated, or died during the study period. However, recordsof employees on
Medicare, long-term disability or who chose HMO coverage were not in the database and would not be
included in the episodes ofcare for that employes.

Comparison population: Chemical and film plant employees were analyzed separately and then
compared to cach other. Employee comparison groups were defined according to their potential
‘workplace exposure to POSF fluorochemical prodiction. Group A: all chemical plant employees and all
film plant employees eligible for the cohort. Group B: all chemical plant employees who worked solely
in the chemical plant and all film plant employees who worked exclusively in the film plant. Group C:
all chemical plant employees with high fluorochemical exposures compared to thir job counterparts in
the film plant. Group D: all plant workers with high fluorochemical exposure for at least 10 years prior
to the study onset comparedtotheir job counterperts in the film plant.

‘Participation rate: 97%ofDecatur employees were eligible for participation in the study.
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‘Subject description: 829%ofthe employees in the cohort were male (530 in the chemical plant and 558
nthe film plant). The mean age was 45.1 in the chemical plant and 48.6 in the film plant. Sixty percent
ofthe chemical plant employees had worked only in the chemical plant and asimilar percentage of film
plant workers had worked exclusively in the film plant. Seventy-six percent ofthe chemical plant
workers had high exposure obs.

Health effects studied: Morbidity. Based on animal data and epidemiologic studies on PFOA and.
PFOS, certain episodesof care were considered a priori. They included: liver and bladder cancer,
endocrine disorders involving the thyroid gland and lipid metabolism, gastrointestinal disorders ofthe
liver and biliary tract,andreproductive disorders.

Data collection methods: The Clinical Care Groups episodeof care software developed by Ingenix, Inc.
was used toprovideacomprehensive grouping ofall visits inpatient and outpatient), procedures,
ancillary services, and prescription drugs used in the diagnosis, treatment and management ofmore than
400 diseases or conditions. The software code constructs an episodeofcare around the index-cligible
record by searching backward and forward in time forthe health claims records that re related o the
disease or condition on the index record. The index record consistsof either procedure codes indicative.
ofa face-to-face encounter or a pharmacy record for a delineating drug.

Exposure period: The episodesofcare that were included in the study were those experienced between
Jan. 1, 1993 to Dec. 31, 1998.

Description/delineationofexposure groups/eategories: Workers were placed into groups according to
potential workplace exposures: workers who were employed solely in the chemical or film plants, those.
who had high exposure jobs,andthosewho worked at last 10 years in jobs with high potential for
fluorochemical exposure.

Measured or estimated exposure: estimated based on job history information.

Exposure levels: Not measured. Employees were placed into exposure categories based on job
description.

Statistical methods: A risk ratio episode ofcare (RREpC) provided the estimate ofrisk between the
observed to expected episodesofcare for chemical plant employees compared to the observed to
expected episodes ofcare among film plant employees. The expected numberofepisodesofcare for both
he film and chemical plant employees was calculated from health claims dataof the 3M manufacturing
‘population in the U.S. Because the chemical and film plant cohorts had slightly different age and gender
Structures, an adjusted ratio was calculated and compared to the unadjusted risk ratio. In most cases, the
Fisk ratios were comparable. Therefore, 95% confidence intervals were only calculated for the unadjusted
risk ratios

Other methodological information: 1t should be noted that from an epidemiologic perspective, an
episodeofcare could represent any and al incident cases, prevalent cases, and/or misclassified cases
(both false positive and fase negative). In addition, types and countsof episodesofcare may differ by
the software used, and it i possible that 2 different diagnoses may be assigned to the same episode.
Certain services, Such as lab procedures and prescriptions may not be reported for the episode. Also, the
endpointofan episode may vary among software programs. The clinical flexibilityof the lgorithm may
differ depending on the software program.
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RESULTS

Describe results: The only increase riskofepisodes for the conditions ofa prior interest were for
neoplasmsofthe male reproductive system and for the overall categoryofcancers and benign growths
(which included cancerofthe male reproductive system). There was an increased riskofepisodes for the
overall cancer category forall comparison groups. The isk ratio was greatest in the group of
employees with the highest and longest exposures to fluorochernicals (RREPC = 1.6, 95% C1= 1.2 ~ 2.1)
Increased riskofepisodes in long-time, high-exposure employees also was reported for male reproductive
cancers (RREpC = 9.7, 95% C1 = 1.1- 458). It should be noted that the confidence interval s very wide
for male reproductive cancers and the sub-categoryofprostate cancer. Five episodesofcare were
observed for reproductive cancers in chemical plant employees (1.8 expected),of which 4 were prostate
cancers. One episodeofprostate cancer was observed in fim plant employees (3.4 expected). This
Finding is important because an excess in prostate cancer mortality was observed in the Cottage Grove
plant morality study. However, the updateofthe study did not confirm this finding.

“There was an increased risk ofepisodes for neoplasmsofthe gastrointestinal tract in the high exposure
‘group (RREPC = 1.8, 95% C1 = 1.2- 3.0) and the long-term employment, high exposure group (RREPC =
29,95% CIL= 1.75.2). Mostofthe episodes were atributable © benign colonic polyps. Similar
‘mbesofepisodes were reported i film and chernical plant employees.

In the entire cohort, only 1 episodeofcare was reported for liver cancer (0.6 expected) and 1 for bladder
cancer (1.5 expected). Both occurred in film plant employees. Only 2 casesofcirthosisofthe liver were.
observed (0.9 expected), both in the chemical plant. There was a greater riskoflower urinary tract
infections in chemical plant employees, but they were mostly due to recurring episodesofcare by the
Same employees. Its difficult to draw any conclusions abou these observations, given the small number
ofepisodes reported.

Chemical plant employees in the high exposure, long-term employment group were 2 % times more likely
to seek care for disordersofthe biliary ract than their counterparts in the film plant (RREPC = 2.6, 95%
CU=12-5.5). Eighteen episodes ofcare were observed in chemical plant employees and 14 in film
plant workers. The sub-categories tha influenced this observation were episodesofcholelithiasis with
‘cute cholecystitis and cholelithiasis with chronic or unspecified cholecystitis. Most of the observed
cases occurred in chemical plant employees.

Risk ratiosofepisodesofcare for endocrine disorders, which included sub-categoriesofthyroid disease,
diabetes, hyperlipidemia, and other endocrine or nutritional disorders, were not elevated in the
comparison groups. Conditions which were not identified a priori but which excluded the mull hypothesis
in the 95% confidence interval for the high exposure, long-term employment group included: disorders of
the pancreas, cystitis, and lower urinary tract infections.

Study strengths and weaknesses: See “other methodological information” section for limitations of
episodesofcare software. The results ofthis study should only be used for hypothesis generation.
‘Although the episodeofcare design allowed for a direct comparisonofworkers with similar
demographics but different exposures, there are many limitations to this design. Episodesofcare are
reported, not disease incidence; therefore, this parameter cannotbe interpreted in any other manner. The
data are difficult to interpret because a large RREPC may not necessarily indicate high riskofincidence.
ofdisease. In addition, manyofthe risk ratios for episodesofcare had very wide confidence intervals.
“The analysis was limited to 6 years. Also, the utilizationofhealth care services may reflect local medical
practice pattern. Individuals may be counted more than once in the database because they can be
Categorized under larger or smaller disease classification. Episodesof care may include the same
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individual several times. Not al employees were included inthe database, suchas hose on long-term
disabily
Research sponsors: 3M Company

Consistency of results: No other morbidity studies have been conducted on fluorochemicas.

CONCLUSIONS
“This sudy should only be used for hypothesis generation regarding workers employed at the Decatur
plant who ae employed in jobs with high exposure to POSF-based uorochemical.

REFERENCE
Olsen, GW, Burlew, MM, Hocking, BB, Skat, IC, Buri, 1M, Mandel, TH. An epidemiologic analysis
ofepisodes ofcareof 3M Decatur chearical and fim plant employes, 1993-1998. Final Report. May
15,2001
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Title: A Cross-sectional analysisofserumperfluorooctanesulfonate (PFOS) and.
Perfluorooctanoate (PFOA) in relation to clinical chemistry, thyroid hormone, hematology, and
urinalysis results from male and female employee participantsof the 2000 Antwerp and Decatur
fluorochemical medical surveillance program

TEST SUBSTANCE

Identity: PFOS, PFOA

Remarks:

METHOD

Study design: cross-sectional

Manufacturing/Processing/Use: Facilities in Decatur, Alabama and Antwerp, Belgium which
‘manufacture perfluorooetanesulfonyl fluoride products. These fluorochemicalscan metabolize
in the body to PFOS.

Hypothesis tested: To provide an aggregate analysisofthe hematology, clinical chemistries,
and hormonal parametersofvolunteer employees in relation to serum PFOS and PFOA levels as
‘measured in the medical surveillance examinations of Antwerp and Decatur employees in 2000.

Study period: March 1, 2000. End date was not reported.

Setting: Occupational. 3M plants located in Antwerp, Belgium and Decatur, Alabama.

Total population: 340 Antwerp employees and S00 Decatur employees working in the
chemical plant area were eligible for inclusion in the surveillance.

‘Subject selection criteria: Voluntary participation in medical surveillance program in Y2000.

Total #of subjects in study: 255 Antwerp employees (206 male and 49 female) and 263
Decatur employees (215 male and 48 female).

Comparison population: N/A

Participation rate: 75%ofemployees at the Antwerp plantanid 50% of the employees at the
Decatur plant who were eligible participaied. 73% ofthe participating Antwerp male employees
‘and 75%of the Decatur employees were engaged in production activities. Only 12%of the
participating Antwerp female employees were engaged in production activities compared to 63%
ofthe Decaturfemale employees.

Subject description: Male Antwerp employees had lower PFOS and PFOA levels, were
Significantly younger than Decatur male employees, had lower BMIs, worked fewer
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years, had higher self-reported daily consumptionofalcohol, had lower mean alkaline
Phosphatase, GGT, AST, ALT and triglyceride values and higher otal bilirubin and HDL
Values. Comparable results were observed for Antwerp female employes vs. Decatur
females.

Health effects studied: To determineifthere were differences in the following parameters
based on PFOS/PFOA levels: hematology (hematocrit, hemoglobin, RBCs, WBC, platelet
count), clinical chemistries (alkaline phosphatase, gamma glutamy! transferase, aspartate
aminotransferase, alanine aminotransferase, total and direct bilirubin, blood urea nitrogen,
creatinine, glucose, cholesterol, low density lipoproteins, high density lipoproteins, and
triglycerides), and thyroid hormones (thyroid stimulating hormone, serum thyroxine, free
thyroxine, serum triiodothyronine, thyroid hormone binding ratio, and free thyroxine).

Data collection methods: Medical questionnaire, work history questionnaire, blood sera
samples, measurements ofheight, weight, and blood pressure, urinalysis (Decatur only),
and standard clinical chemistry and hematology tests, thyroid hormone measurement, and
pulmonaryfunction tess. Values usedfor reference ranges were not provided.

Details on data collection: The site-specific work history questionnaire was administered to all
participants. The data were self-reported. Questionnaire content, design, administration, etc.
were not providedin this report. Data on blood collection (amount, etc.) not provided.
Urinalysis was only assessed for Decatur employees via standard urine microstick analysis which
tested for urine glucose, albumin, and RBCs.

TSH, free T4 and T3 were determined by immunochemiluminometric assay. T4 and THBR
were determined by a cloned enzyme donor immunoassay. FTI was calculated by multiplying
T4 and THBR.

‘Sera samples were extracted using an ion-pairing extraction procedure. In addition to PFOA and
PFOS, the extracts were also analyzed for PHS, PFOSAA, PFOSA, and MSS6
(perfluorooctanesulfonamidoacetate) using high-pressure liquid chromatography electrospray
tandem mass spectrometry and evaluated versus an extracted curve from human serum mais.
All serum values for PFOS and PFOA were above the LLOQ.

Exposure period: Unknown. PFOS/PFOA serum levels indicate exposure.
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Description/delineationofexposure groups/categories: Workers were sraified by plant
location as wella by serum PFOS distribution, production status (production vs. non-production
workers), and gender.

Mean serum PFOS levels for all employees participating in this study at Antwerp (n = 206) and
Decatur (n = 215) were 0.96 and 1.40 ppm, respectively. Levels among production employees
were higher. At Antwerp, the mean PFOS level ofmale production employees was 1.16 ppm.
and 1.63 ppm at Decatur.

Mean PFOA levels for all employees were 1.03 and 1.90 ppm at Antwerp and Decatur,
respectively. Levels among production employees were higher. At Antwerp, the mean PFOA
level of male production employees was 1.28 ppm and 2.34 ppm at Decatur.

Measured or estimated exposure: Serum PFOS and PFOA levels were used to estimate
exposure.

Statistical methods: Descriptive simple and stratified analyses, Pearson correlation coefficients,
analysisof variance, and multivariable regression were used to evaluate associations between
PFOS and PFOA and each hematological and clinical chemistry test and thyroid hormone assay.
For stratified analyses, employees were divided into quartilesoftheir serum PFOS distribution.
Potential confounding factors considered in the analyses included: age, BMJ, alcohol
consumption, cigarette use, years worked at either plant, and type of job.

Multivariable regression models were fitted with PFOS/PFOA analyzed as continuous variables.
Natural log transformations ofthe dependent variables were performed, when necessary, to
normalize variables and to enhance model fit. SAS was used to analyze the data.

RESULTS
Describe results:
Antwerp and Decatur employees were different in several ways (see “Subject description”
above). Therefore, univariate analyses were initially stratified by location and then those
analyses were stratified by gender and production status. They were placed into quartiles
depending on production status. Therefore, the PFOS values in the quartiles are different for
‘male production, non-production, and female employees. In addition, theseanalysesare not
appropriate for PFOA.

Antwerp

“The mean PFOS level for all employees at this plant was 0.96 ppm (range 0.04 - 6.24 ppm).
‘When stratified by production status, the mean was 1.16 ppm for production employees and 0.42
‘ppm for non-production employees. The mean for female employees
was 0.13 ppm.

Mean PFOA serum levels were 1.03 ppm for all male employees at the Antwerp plant. Male
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production employees had higher mean serum levels (1.28 ppm) than non-production employees
(0.34 ppm). These values were significantly different between plants. Female employees had a
‘much lower mean PFOA serum value at the Antwerp plant (0.07 ppm) than at the Decatur plant
(1.23 ppm). Fewerofthe Antwerp females worked at production jobs than the female
employees at Decatur.

Male production employees were placed into the following quartiles based on PFOS levels: Q1
(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 — 1.66 ppm), 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 (range 1.76 — 6.24 ppm) and the lowest was 0.29 ppm (range0.04 — 0.41 ppm). Production
employees in the highest quartile were significantly (p < 05) older and worked more years at
‘Antwerp than employees in the lowest quartile. The only difference in clinical chemistries for
production workers was in BUN. When compared by quartile of serum POS distribution, no
Significant (p <.05) differences among male production employees were observed for thyroid
(TSH, T4, free T4, T3, THBR, FTI)orfor 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 results were not significantly different between any of
the quartile for females.

Decatur

“The mean PFOS level for all employees at this plant was 1.40 ppm (range 0.11 10.06 ppm).
‘When stratified by production status, the mean was 1.63 ppm for production employees and 0.73
ppm for non-production employees. Themean for female employees
was 0.93 ppm. 75%ofmale employees worked in production jobs (n= 161)and 63%offemale
employees worked in production jobs.

“The mean PFOA serum level for all male employees at the Decatur plant was 1.90 ppm. Male
production employees had higher mean serum levels than male non-production employees (2.34
‘ppm and 0.59 ppm, respectively). These values were significantly different between plans.
Female employees had a much higher mean PFOA serum value at the Decatur plant (1.23 ppm)
than at the Antwerp plant (0.07 ppm). There were many more females at the Decatur plant who
worked at production jobs.

Male production employees were placed into the following quartiles based on POS levels: Q1
(mean, 0.55 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), Q (mean, 3.22 ppm; range, 2.31 ~ 10.06 ppm).

‘When male production workers were placed into quartile, the only significant (p < 05)
difference between the quartiles was in ALT (highest quartile different from all 3 others)
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No significant differences between quartiles were observed for thyroid (TSH, T4, free T4, T3,
‘THBR, FTI), hematology (HCT, HGB, RBC, WBC, platelet), or urinalysis (albumin, blood,
sugar).

For female employees (both production and non-production employees), there were no
significant differences among quartiles for demographics, thyroid, hematology, or urinalysis
except for mean platelet count where the third quartile was significantly lower than the 1%
quartile, but the 4% was not.

‘When results were analyzed by numberof employees who had values above the reference range
for hepatic clinical chemistry tests and liver enzyme and bilirubin tess, there was a higher
percentageofmale Decatur production workers in the highest PFOS quartile for ALT, GGT, and
total liver panel than the other quartiles. Most notable were the 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 the percentages for total liver panel (which includes
alkaline phosphatase, AST, ALT, GGT, and total and direct bilirubin) were 18% and 35%,
respectively. This trend was not evident in Decatur non-production employees (although the n
was only 54), in Decatur females, or in anyofthe Antwerp employees. However, cach sub-
population had a different serum PFOS quartile distribution. Therefore, they cannot be directly
compared.

Analyses combiningemployeesfrom bothplants

‘When clinical chemistry resultsof all male employees from both plants were combined (both
production and non-production) (n = 421) and placed into quartiles (n = 105 per quartile), mean
values for triglycerides, alkaline phosphatase, total bilirubin, and ALT were significantly (p <
05) higher in the 4° quartile (mean PFOS level 2.69, range 1.69— 10.06 ppm) than in the first
(mean PFOS level 0.27 ppm, range 0.04 0.42 ppm). It should be noted that the number of
Antwerp production employees were evenly distributed among the quartiles while this was not
the case for Decatur employes. The highest mumberof Decatur employees was in the 4°
quartile. In addition, overall the employees in the 1° quartile were slightly younger, had a lower
BMI, and worked fewer years than employees in the other quartiles.

‘Thyroid results for ths same group indicated that T3 was significantly higher(p < .05) and
THBR was significantly lower (p <.05) in Q4 than Q1. In female employees combined for both
plants (n = 97), alkaline phosphatase and GGT were significantly higher (p <.05) and total
bilirubin significantly lower in Q4 than in Q1. Mostof the Decatur female employees worked in
production jobs while mostof the Antwerp females worked in non-production jobs. Therefore,
Q4 was 92% female production workers and allofthem worked at the Decatur plan.

‘The combined plant data were analyzed for employees who had values above the reference range
for alkaline phosphatase, AST, ALT, GGT, and total liver panel. For male employees for all of
these measures, the levels increasedfrom QI © Q4. 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 of
these tests. For total liver panel, 14%of the employees had values above the reference range in
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Ql as compared to 23% in Q4. The numbersoffemale employees with values above the
reference range was very small (n= §).

EOSandPFOAanalyses

“The above data were not adjusted for potential confounders; therefore, multivariable regression
analyses were conducted. There was a positive significant (p = 04) association between PFOS
and cholesterol and alsoa positive significant (p = 05) association between PFOA and
cholesterol. When both PFOS and PFOA were included in the model, neither were statistically
significant at p=05. PFOS was not significant with HDL although PFOA was negatively
associated with HDL (p = 04). Triglycerides were positively associated with PFOS (p = 01)
and PFOA (p= .002). When both were left in the model, PFOA remained significant (p = .02).
Total organic fluorine (TOF) was highly significant for triglycerides (p= 0009). No significant
associations were observed with PFOS, PFOA, or TOF in relation to alkaline phosphatase, GGT,
AST or total bilirubin. A significant (p = .02) positive association was observed for TOF and
ALT. A positive significant ( = 04) association between T3 and PFOS was observed. Plant
location was highly significant (p < 0001) in the model. BMI, cigarettes/day, alcobolday 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, although the differences were not statistically
significant] THBR, as well as the other thyroid hormones, were not significant in the regression
analyses. Mostofthe thyroid hormones, including TSH, T4, THBR, and FTI, were not
significantly associated with POS, PFOA, or TOF. However, PFOS, PFOA and TOF were
positively associated (p = 04, .01, and .004, respectively) with 3.

Study strengths and weaknesses: Cross-sectional design, voluntary participation, the Decatur
and Antwerp populations were significantly different in certain demographic and clinical
chemistry results as well as in PFOS and PFOA serum levels, PFOA serum levels were higher
than PFOS serum levels, however, employees were analyzed by PFOS levels, total organic
fluorine serum levels were higher than both PFOS and PFOA levels and it is unclear how this is
affecting the analyses, plant populations cannot be compared because quartiles are different for
each subgroup, only one measurement at certain point in time was collected for each test, and
other perfluorinated chemicals in addition to PFOA and PFOA are present in the plants.

Research sponsors: 3M

Consistency of results: These results are somewhat consistent with thoseofthe 1995 and 1997
cross-sectional medical surveillance data, in that all of them conclude that there were no
significant abnormalities in hematological and clinical chemistry parametersofthe Antwerp or
Decatur workers. No decline in cholesterol levels was observed as PFOS serum levels increased.
“The hormone data collected in 1995 was different from that collected in 2000 and therefore:
cannotbecompared. A longitudinal analysisofthese data did not reveal any significant changes
in hepatic or lipid clinical chemistry values; however, there were many limitations to the study.
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CONCLUSIONS
‘The authors concluded that these data continue to suggest that Antwerp and Decatur
fluorochemical production and non-production employees do not have significant changes in
serum cholesterol, lipoproteins, or hepatic enzymes that are consistent with toxicological
findings in laboratory animals. However, the study weaknesses should be considered.

REFERENCE
Olsen GW, Burlew MM, Burris JM, Mandel JH. October 11, 2001. A cross-sectional analysis
of serum perfluorooctanesulfonate (PFOS) and perfluorooctanoate (PFOA) in relation to clinical
chemistry, thyroid hormone, hematology and urinalysis results from male and female employee
participants of the 2000 Antwerp and Decatur fluorochemical medical surveillance program.
Final report. 3M Medical Department.

Last updated: 429/02
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EPIDEMIOLOGIC DATA

Title: A Longitudinal AnalysisofSerum Perfluorooctanesulfonate (PFOS) and
Perfluorooctanoate (PFOA) Levels in Relation to Lipid and Hepatic Clinical Chemistry Test
Results from Male Employee Participantsofthe 1994/95, 1997, and 2000 Fluorochemical
Medical Surveillance Program

TEST SUBSTANCE

Identity: PFOS, PFOA

Remarks:

METHOD

Study design: longitudinal

‘Manufacturing/Processing/Use: 3M Decatur, Alabama plant and Antwerp, Belgium plant

Hypothesis tested: To determine whether occupational exposure to fluorochemicals over time
is related to changes in clinical chemistry and lipid results in employees of2 3M facilities.

Study period: There were 3 time periods during which medical surveillance took place at the.
plants—1994/95, 1997, and 2000.

Setting: 3M plants in Decatur, Alabama and Antwerp, Belgium.

‘Total population: 175 male employees participated in 2000 and at least one of the other
sampling periods.

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 175 participated in 2000. 24% participated in al3 sampling periods (n = 41, Antwerp 20,
Decatur 20), 37% in 1994/95 and 2000 (n = 65, Antwerp 45, Decatur 20), and 39% (n = 69,
Antwerp 34, Decatur 35) in 1997 and 2000.

Subject description: Male employees volunteered to participate in biomonitoring offered at the
plants. In general, Antwerp male employees were significantly younger, had lower BMIs and a
higher daily consumptionofalcohol reported than Decatur male employees. Antwerp male
employees also had lower mean alkaline phosphatase and triglyceride values and higher total
bilirubin and HDL values than the Decatur male employees.
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Health effects studied: To determine whether workers" lipid and hepatic clinical chemistry
results are affected by PFOS and PFOA levels.

Data collection methods: Clinical chemistries and hematology collected—cholesterol (mg/dl),
high density lipoproteins (HDL, mg/dl), triglycerides (mg/dl), alkaline phosphatase (IU/L),
‘gamma glutamy! transferase (GGT, TU/L), aspartate aminotransferase (AST, IU/L), alanine
aminotransferase (ALT, IU/L), total and direct bilirubin (mg/dl. Demographic data collected
via questionnaire.

Details on data collection: Details on data collection methods including questionnaire content,
design, administration, etc. and blood collection methods were not provided.

PFOS and PFOA methodsofanalysis differed slightly each year. In 1994/95, the method used
tetrabutylammoniu to ion-pair with PFOS and PFOA in the serum. The ion-pairs were then
extracted with ethyl acetate and the abstraction product was then analyzed using high-
‘performance liquid chromatograph-thermospray mass spectrometry. In 1997, the serum samples
were analyzed by liquid chromatorgraphy/mass spectrometry, using selected ion monitoring in
the negative-ion mode. In 2000, sera samples were extracted using an ion-pairing extraction
procedure. High-performance liquid chromatography/electrospray tandem mass spectrometry
was used. The samples were evaluated versus an extracted curve from a human serum matrix.

Exposure period: Unknown. PFOS, PFOA levels measured in blood serum.

Description/delineation of exposure groups/eategories: The groupsofemployees were.
stratified into subpopulations A, B, and C. “A” was comprisedofthe employees who
participated in all 3 yearsofsurveillance, “B” contained those employees who participated in
1994/95 and 2000, and “C” contained those who 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 PFOS levels in Males

Antwerp Decatur
199495 187 ppm 262 ppm
1997 1.42 ppm 1.85 ppm
2000 1.16 ppm 1.67 ppm

Mean PFOA levels in Males
Antwerp Decatur

199495 1.08 ppm. 1.90 ppm
1997 1.54 ppm 141 ppm
2000 1.43 ppm 1.83 ppm
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Statistical methods: repeated measures incorporating the random subject effect fitted to a
mixed model using SAS. Restricted maximum likelihood estimatesof variance parameters were
computed. Adjusted regression models were built by introducing all covariates and testing the
covariance structure. Covariates included in the model were age, BMI, numberofalcoholic
rinks per day, and cigarettes smoked per day.

Other methodological information: A total of 175 male employees (100 Antwerp and 75
Decatur) who participated in the 2000 surveillance year also participated in at least one previous
fluorochemical medical surveillance exam since 1994/95. Therefore, ths provided an
opportunityto undertakea longitudinal assessment.

RESULTS

Describe results:

PROS results
‘When mean serum PFOS levels were compared by surveillance year, PFOS levels have been
decreasing in the participants in medical surveillance in both plants. When the data were
analyzed by the 3 subcoborts (those who participated in 2 or more medical exams between 1995
and 2000), Antwerp and Decatur employees in eachofthe 3 subcohorts had lower mean serum
PFOS levels in 2000 than at their yearof entry.

‘When analyzed using mixed model multivariable regression and combining Antwerp and
Decatur employees, there was no association between PFOS and serum cholesterol or
triglycerides in male participants over time. There were also no significant associations between
PFOS and changes over time in HDL, alkaline phosphatase, GGT, AST, ALT, total bilirubin,
and direct bilirubin.

} PFOA results
‘When mean serum PFOA levels were comparedbysurveillance year, PFOA levels in the
employees participating in medical surveillance af the Antwerp plant increased between 1994/95
and 1997 and then decreased slightly between 1997 and 2000. At the Decatur plant, PFOA
serum levels decreased between 1994/95 and 1997 and then increased between 1997 and 2000.
‘When the data were analyzed by plant and the 3 subcohort (those who participated in 2 or more
medical exams between 1995 and 2000), there were no consistent changes across subcohort at
the Antwerp plant. However, among the 3 Decatur subcohorts, mean PFOA levels tended to
increase.

‘When analyzed using mixed model multivariable regression and combining Antwerp and
Decatur employees, there was a statistically significant positive association between PFOA and
serum cholesterol (p = 0008) and triglycerides (p = 0002) over time. When analyzed by plant
and also by subcohort, these associations were limited to the Antwerp employees (p = 005) and,
in particular, the 21 Antwerp employees who participated in all 3 surveillance years (p = 001).
However, the association between PFOA and triglycerides was also statistically significant (p=

169

000066



102) for subgroup B (employees who participated in biomonitoring in 1994/95 and 2000), There
was nota significant association between PFOA and triglycerides among Decatur workers

‘There were no significant associations between PFOA and changes over time in HDL, alkaline
phosphatase, GGT, AST, ALT, total bilirubin, and direct bilirubin.

Total Organic Fluorine (TOF) results
When analyzed using mixed model multivariable regression and combining Antwerp and
Decatur employees, there was statistically significant positive association between TOF and
serum cholesterol (p = 007) and triglycerides (p = 008) over time. However, the interaction
term with time (years) was not significant. This association was more consistent for Antwerp
employees than Decatur employees.

Study strengths and weaknesses: Study limitations include the following:
a very small numberofemployees participated in all 3 study periods (only 24%, n = 41)
different labs were used each year for analysis and different analytical techniques for PFOS and
PFOA
could not analyze female employees due to small numbers
PFOS levels in employees are decreasing over time while PFOA levels are increasing
PFOS and PFOA serum levels in employees are below those causing effects in laboratory
animals
mean serum POS and PFOA levels were significantly lower in Antwerp employees than
Decaur
‘more Antwerp employees than Decatur participating in thi study (57% vs.43%)
there are several consistent differences between the Antwerp and Decatur male populations (cg.,
statistically significant differences in BMI, age, consumptionofalcohol, and differences in
chemistry profiles)
only I measurement at certain point in time was collected for each clinical chemistry test

other perfluorinated chemicals are present inthe plants
al participants were volunteers

Research sponsors: 3M

Consistency of results: This is the fist longitudinal analysis ofthe surveillance data and will
probably not be repeated.

“The positive association between PFOA and serum cholesterol and triglycerides is not consistent
with the hypolipidemia effect observed in rodents (and not observed in primates). In addition,
the authors report that this effect has not been observed at 3M Cottage Grove facility where.
PFOA serum levels in workers are much higher than at the Decatur or Antwerp plant. However,
the most recent data (2000) have not been submitted to EPA for review.

CONCLUSIONS
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A longitudinal analysis over a six-year period of 175 Antwerp and Decatur male employees did
not show significant changes, consistent with toxicological data,oflipid or hepatic clinical
chemistry values associated with PFOS. A positive statistically significant association was
observed between PFOA and cholesterol and triglycerides. When analyzedbyplant 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. The limitations discussed above
should be considered when interpreting these results.

REFERENCE
Olsen, G.W., Burlew, MM, Burris, 1M., Mandel, JH. A Longitudinal AnalysisofSerum
Perfluorooctanesulfonate (PFOS) and Perfluoroocianoate (PFOA) Levels in Relation to Lipid
and Hepatic Clinical Chemistry Test Results from Male Employee Participantsofthe 1994/95,
1997, and 2000 Fluorochemical Medical Surveillance Program. 3M Final Report. October 11,
2001.
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GENETIC TOXICITY STUDIES

“Title: An AssayofCell Transformation and Cytotoxicity in C3H 10T % Clonal Cell Line for the Test
Chemical T-2042 CoC

TEST SUBSTANCE

Identity: T-2942 CoC

Remarks: White powder dissolved in DMSO; composition and purity not indicated

METHOD

Method/Guideline followed: No guideline number specified.

Test type: Cytotoxicity and cell transformation

Test system: Mouse embryo fibroblast

GLP: No

Year study performed: 1950

Species/Strain/cell-type/cell line: Cellsof the C3H 107-172 clone§

Metabolic activation: None

Concentrations tested: 0.1,1.0, 10, 50, 100, 200 g/mL.

Statistical methods used: None

Remarks: The test material was dissolved in DMSO and <20uofthe solution was added to the cultures
‘growing in Eagle Basal Medium (BME). Benzo(a)pyrene and di-epoxybutane were used as positive
controls and DMSO as asolvent control. Priortothe performanceofthe transformation assay, dose range
data were obtained in the formofcytotoxicity measurements as expressed by plating (cloning) efficiency.
‘The approximate in vitro LDS0 cytotoxicity dose was chosen as the median dose for the studyof the
transformation potentialofthe tet chemical. The transformation assay was performed in two phases:
assessmentofcell transformation in the colonymode(phase 1)anddeterminationoffoci transformation
potential (phase 2). Phase | was performedinsix replicates. The test chemicalwas removed 24-hours
after application and the cultures were re-fed every 3 days for 14 to 17 days. Plates were washed, fixed,
and stained at 14 days to score for transformation. Phase 2 was also performed in 6 replicates per dose
(1.0, 10, and 100 g/mL) with butadiene epoxide as a positive control. In phase 2, the cultures were:
processed at 38days after removalof the test substance.

RESULTS

‘Overall transformation results: Negative
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Cytotoxic concentration: approximate LD= 50 g/mL.

Statistical results: None

CONCLUSIONS
‘There was no evidenceoftransformation observed at anyofthe dose levels tested in either the colony or
foci assay methods.

REFERENCE
Gary, V.F., and RL. Nelson. 1981. An AssayofCell Transformation and Cytotonicity in C3H 10 %
Clonal Cel Line for the Test Chemical T-2042 CoC. 3M Company, St. Paul, MN.
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“Title: Mutagenicity Test on T-6564 in an In ¥ivo Mouse Micromucleus Assay

TESTSUBSTANCE

Identity: T6564

Remarks: clear, colorless liquid; composition and purity not indicated

METHOD

‘Method/Guideline followed: Protocol No. 453, Edition 17, modified for 3M Corporation

Test type: n vivo mouse micronucleus assay

GLP: Yes

ear study performed: 1996

Species/Strain:Mouse! Crl:CD-18(ICR)BR

Sex: Male and female

No. animals/sex/dose: Five (micronucleus assay), Three (range-finding studies)

‘Vehicle(ifused): Deionized water

Routeofadministration: Oral gavage

Doses:
Dose Selection Study I: 1000, 1510, 2010, 2540, 3010 mg/kg
Dose Selection Study I: 1010, 1520, 2020, 2530 mg/kg
Micronucleus Assay: 498,995, 1990 mg/kg.

Frequency of treatment: Once

‘Statistical methods used: Analysisof variance; Dunner’ t est

Remarks: The inital body weightof the animals was 22.4 — 28.3 g for females and 31.0 37.7g for
males; their age was 8 weeks. Dosing was achieved using a volume of 10 mL/kg. Based on the results
ofthe dose selection study, the maximum tolerated dose was estimated as 2000 mg/kg. A vehicle control,
using deionized water, and a positive control, using cyclophosphamide at 80 mg/kg, were implemented.
Animals were sacrificed at 24, 48, and 72 hours aftr dosing and bone marrow was extracted, spread on
slides and stained with May-Grunwald solution and Giemsa prior to analysis. The slides were coded for
‘analysis, and scored for micronuclei and the polychromatic erythrocyte (PCE) to normochromatic.
erythrocyte (NCE) cell ratio. One thousand PCES per animal were scored.
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RESULTS

Effect on mitotic index or PCE/NCE ratio by dose level and sex: Negative
Genotoxic effects (unconfirmed, dose-response, equivocal): Negative
Statistical results: Negative

Remarks: All animals in the micronucleus tes group appeared normal immediately after dosing:however, one male froma secondary dose group was found dead 22 hours afer dosing. All other animals
appeared normal. The positive control induced significant increases in micronueleated PCES as compared
othe vehicle contol
In the dose selection studies, here were mortalities a he 1510, 1520, and 300 mg/kg dose levels. Clinical
signsoftoxicity inthe dose election studi were hunched posure, hypoactiity, and rovigh ai cost.
CoNCLUSIONS

“The test article did no induce significant increase in micronuclei in bone marrow polychromatic
erythrocytesandis considered negative in the mouse micronucleus assay.
REFERENCE

Mul, H. 1996. Mutagenicity est on T-6564 in an in vivo mouse micronucleus assay. Study number
17750.0:455. 3M Corporation, S. Paul, MN.
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Title: Mutagenicity Test on T-6564 Measuring Chromosomal Aberrations in Chinese Hamster Ovary
(CHO) Cell: with a Confirmatory Assay with Multiple Harvests
TEST SUBSTANCE
Identity: T-6564, also refered(085 L-13167 and FC-1015-X.
Remarks: The specific gravityofthe test substance was 1.22 g/mL. Substance was a clear colorless
liquid

METHOD
‘MethodGuideline followed: Protocol No. 437C, Edition 4 was modified for 3M Corporation
Test type: In vito cytogenetics
Test systems Chinesehamster ovary celsinculture
GLe: Y
Year study performed: 1996
Species/Straincell-typelell line; Chinese hamster ovary celsjpemanent cll line supplied by Dr.
Wolf, Universityof Califormia, San Francisco. Cell lin had an average cycle time of 12 to 14 hours,
Modal chromosome number was 21

“Type of metabolic activation used: Aroclor 1254 induced at iver S9 homogente, 15.0 ui, pus
NADP a 1.5 mg/ml and sociric acid at 2.7 mg/m.
Concentrations tested:
Rangefinding —0.169, 0.508, 1.69,5.08, 169, 50:5, 169, S08, 1690, 5080 pg/ml

(both with and without activation)
Initial study —

Without activation: 62.5, 125, 250, 500, 1000, 1500,2000 pg/ml
With activation: 250, 500, 1000, 2000, 3000, nd 4000 g/ml

Confirmatory study
Without activation’20.1 hours: 100, 200, 400, 600, 800, 1000, 1200 ug/ml.
Without ativation/44.2 hours: 50, 100, 200, 400, 600, 800, 1000, and 1200 g/ml
With activation/20.1 + 44.2 hs: 500, 1000, 1500, 2000, 2250, 2500, 2750, and 3000 pg/ml

“Test conditions:
Numberof cels: Inthe main studies (both with and without activation), lls were cultured for about 24
hours before treatment by seeding about 1.2 x 10%celsfo the 17.8 hour assay and 0.8x 10° cls forthe
44.2 hour assay. The culture medium used was McCoy's Sa culture medium supplemented with utrients
and anibiotics.
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Negative Controls: In the nonactivation assays, negative controls were cultures with cels and culture
‘medium only. Solvent controls contained only the solvent fo the est article, sterile deionized water at
10.0 abil. Tn the activation studies, naive and solvent controls were the same as those in the
nonactivation studies but also included the $9 activation mix.

Positive Controls: Mitomycin C was used for nonactivation studies. Cyclophosphamide was used in theactivation studies.

Only cells with 21 1 centromeres were analyzed. One hundred cells from each replicate culture of
treatment groups and negative and solvent control groups were analyzed. At least 25 Gels rom the
positive control cultures were analyzed.

Inthe main study (after range-finding study was completed), both initial and confirmatory sudics were
done.

Statistical methods used: Fisher's Exact Test (Sokal and Rohlf 1981) was used to compare the percent
ofcells with aberrations in each treatment group with the control group. Linear trend tess of increasing.
‘numbersof cells with aberrations with increasing dose were also done. Tests were considered to be
significant at ap value of< 0.01

RESULTS

Overall resus:

(1)Without activation —

Initial tial negative (no significant increasesi cels with chromosomal aberrations observed at
concentrations tested)

20.1-hour confirmatory study - negative (no significant increases in clls with chromosomal
aberrations observed at concentrations ested.)

44.2-hour confirmatory study ~ negative (no significant increases in cells with chromosomal
aberrationso polyploidy were observed at concentrations tested)

2) With activation —

Initial trial —negative (no significant increases in cells with chromosomal aberrations observed at
concentrations tested)

20.1-hour confirmatory study ~posiive (a significant inezcase in cells with chromosomal
aberrations was observed at 2500 ug/ml.)
44.2-hou confirmatory study ~ positive (a significant increase in eels with chromosomal
aberrations was observed at 2750 g/m. Also,significant increase in polyploidy was observed
in cultures dosed with 2250, 2500, and 2750 pg/ml.)
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Genotoxic effects: Positive result for chromosomal aberrations at two conceiratons (2500 and 2750ug) in the presenceof activation. Positive for polyploidy and endoreduplication inthe prescce ofactivation.
Cytotoxic concentrations: In the range-fnding study, complete cytotoxicity was observed in cultuzesdosed with 5080 g/ml (oth with and without activation). The lowest dosea which eytotoxic eects
‘were seen in the main study were:
Without activation

Initial - 500 ug/ml
20.1-hr confirmatory - 600 g/ml
44.2-hr confirmatory ~ 400 pg/ml

With activation
Initial - 2000 pg/ml
20.1-he confirmatory ~ 2000 pg/ml
342-hr confirmatory ~ 2250 pg/ml

Statistical results: Two concentrations i the main study (2500 ind 2750 gn) showed significantly
greater numbersofchromosomal aberrations.
Remarks: Sutistcal significance was judged using a rule that was stricter than usually used fo judge
statistical significance (ic, p< 0.01 was used rather than p< 0.05.) No information was available fodetermine whether chromosomal aberrations wee significantat p< 0.05

nth initial rial without activation, mitotic index reductions were 25%, 30%, 7%, and 96% at doses of
125,250, 1000, and 1500 g/ml, respectively when compared with solvent controls.
‘Chromosomal aberrations were analyzed from cultures dosed with 125, 250. 500, nd 1000 ug/ml. In the
initial tia with activation, a mitotic index reductionof 2% was seen at 250 ug/ml when compared with
solvent controls. Chromosomal aberrations were analyzed from cultures dosed with 250, S00, 1000, and2000 ug/ml,
In the 20.1-hour confirmatory ral without activation, mitotic index reductions were 73%, 84%, and 95%at dosesof 800, 1000, an 1200 g/m, respectively when compared ith soln controls. Chromosomal
aberrations were analyzed fom cultures dosed with 200,400, 600, and 800 yg.
Inthe 44.2-hour confirmatory rial without activation, mitotic index reductions were 125%, 61%, 63%, and
92% at dosesof 50,400, 600, and 800 ug/ml when compared with solvent controls. Chromosornal
aberrations were analyzed from cultures dosed with 100, 200, 400, and 600 g/m.
Ta the 20.1-hour confirmatory ial with activation, mitotic index reductions were13%,38%, 15%, 11%,and 30% at doses of 1000, 1500, 2000, 2250, and 2500 g/m, respectively when compared with solvent
controls. Chromesomal aberaions were analyzed from cultures dosed with 1500, 2000, 2250, and 2500
ug/ml
In the44.2-hour confimatory rial with activation, mitotic index reductions were 145%, 17%, 56%, and539% at doses of 1000, 2250, 2500, and 2750 ug/ml when compared with solvent controls. Chromosomal
aberrations were analyzed from cultures dosed with 2000, 2250, 2500, and 2750 g/m.
“The authors describe th following deviations from the protocol — endoreduplication and polyploidy ere
analyzed separately because some dose levels showed increased endoreduplicaton and some showedincreased polyploidy.
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CONCLUSIONS

‘The authors state that T-6564 was considered negative for inducing chromosomal aberations in Chinese
hamster ovary cells expectat asingle dose level (with activation) that induced significant toxicity.

Remarks: Significant toxicity was observed in the 20.1 and 44.2h confirmatory trials with activation at
the highest concentrations tested. These two concentrations were also positive for chromosomal
aberrations. The significance ofa positive response in the presenceofexcessive toxicity i questionable,
however.

REFERENCE

Murki, H. 1996. Mutagenicity Test on T-6564 Measuring Chromosomal Aberrations in Chinese Hamster
‘Ovary (CHO) Cells: with a Confismatory Assay with Multiple Harvest. Final Report. Corning.
Hazleton Inc. CHV Study No.: 17750-04370. September 16.
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“Tide: Mutagenicity Test with T-6564 in the Salmonella~Escherichia ColiMammalian-microsomeReverse Mutation Assay with a Confirmatory Assay

TESTSUBSTANCE
Identity: T-6564, also refered 0 asL-13167 and FCI015X
Remarks: The substancewas clear, colores liquid. No othe information was provided on th testsubstance.
METHOD
Method Guideline followed CHV Protocol 409R, Edition 4. Experimental methods and materials were
based on Ames etal. (1975) and Green and Mariel 1976).
“Test type: Salmonella ~ Escherichia ColiMammalian-microsome Reverse Mutation Assay with a
Confirmatory Assay
Test system: Salmonella pphimurium and Escherichia coli stains
GLe: ¥
Year study performed: 1996
Species/Strain/cll-ypecell line:
Salmonella typhimurium sczins TASS, TAI00, TAIS3S, and TALS37 from Dr. Bruce Ames, Department
of Biochemistry, UniversityofCalifornia, Berkeley.
Escherichia coli strain WP2urA from National Collectionof Industial Bacteria, Torey Research
Station, Scotland.
Metabolic activation: Aroclor 1254-induced rat liver $9 homogenate, plus NADP, H0,
NaH;PO/Na;HPO, lucose.6-phosphate, KCUMgCl,
Concentrations tested:
Rangefinding -

10 doses from 6.67 0 5000 ug/plte
Main study —

100,333, 1000, 3330, 5000 ug plate (ith and without activation)
Test conditions:
Numberofcells: Densityof ester strain cultures were > 0.5 x 10” bacteria per i.
Negative (vlile) controls: These were plate for all ester stains both n the presence and absence of
$9 mi. Positive controls: These were sed both in the presence nd absence ofthe 9 mix; different
chemicals were used depending on the sain being tested.
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‘During therange-finding study, the growth inhibitory effect (cytotoxicity)ofthe test article to the test
system was determined using S. typhimurium sizin TA100. Cytotoxicity was determined to be a
decrease in the mumberofrevertant colonies per plate or thinningofthe background bacterial lawn. No
cytotoxicity was observed in the range-finding study.

‘During the main study, both initial and confirmatorystudieswere conducted.

‘The authors” criteria fora positive tes result was to produce at leasta 2- or 3-fold increase (the amount
dependson the strain tested) in mean revertantsperplte comparedwiththe vehicle control. The increse.
had to be accompanied by a dose response for increasing concentrationsofthe test article.

Statistical methods used: None indicated

Remarks:

RESULTS

Overall results: In the initial assay and confirmatory assay, all data were acceptable and there were no
positive increases in numbersofrevertants per plate both with and without activation. In the
confirmatory assay, however, a non-dose responsive S-fold increase in numberofrevertanis was observed.
in S. typhimurium strain TAS37 in the absence ofS9 mix. This train was retested and all data were
acceptable and no positive increases in numbersof evertants per pate were observed

Genotoic effects: A S-fold increase in revertants occurred in one strain (see Overall Result), but was
not confirmed upon retesting.

Cytotoxic concentration: No cytotoxicity observedinthe range-finding test, and none was noted in the
main study.

Statistical results: NA

Remarks:

Since the positive response seen with S. typhimurium TA1537 occurred at only one dose at the beginning
ofthe dose response curve and was not repeatable, the test agent, T-6564 is considered negative in ths
assay.

CONCLUSIONS

“The authors conclude that under the conditions of the study,T-6564 did notcauseapositive increase in
the numberofrevertants per plateofanytesterstrains, either in the absence or presence of the S9 mix.

REFERENCE

Lawior, T.E. 1996. Mutagenicity Test with T-6564 in the Salmonella ~ EscherichiaColi Mammalian-
microsome Reverse Mutation Assay with a Confirmatory Assay. Coming Hazleton Inc. Final Report,
CHV Study Nos 17750-0-409R. September 13.
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“Title: Mutagenicity Test on T-6342, Measuring Chromosomal Aberrations in Human Whole BloodLymphocytes With a Confirmatory Assay With Multiple Harvests

TESTSUBSTANCE
Identity: T-6342; clear, colorless liquid. No othe information was given on solubilityor puriy.
Remarks:

METHOD
Method Guideline followed: Protocol No: 449C0, Editon No. 2, Modified or 3M Corporation
Test types In vitro mutagenicity assay
“Test systems Human whole blood lymphocytes
GLP: Yes
Year study performed: 1996
Species/Straincell-typelcel line: Humaniwhole blood lymphocytes
‘Metaboli activation: With and without metabolic activation from the S9 supernatant fraction of
Homogenates rom livers ofrats pretreated with Aroclor 1254 for the nonspecific induction of
metabolizing enzymes
Concentrations tested:
Range-finding assay—0.167, 0.500, 1.67, 5.00, 167, 50, 167, 500, 1670, 5000 gm;
Initial rial (withoutactivation) 127, 253, 05, 1010, 1510, 2010, 2510 pg/mL;
Initial rial (with actvation)— 253, 505, 1010, 1510, 2010, 2510, 3010, 4010 pg/mL;
Confirmatory ial (replicate cultures, without activation, 2.1 hour assay)—135, 250, 500, 900, 1200,
1600, 2000 agin;
‘Confimatory rial (replicate cultures, without activation, 46.0 hour assay)—62.5, 125, 250, 500, 900,
1200, 1600, 2000 pg/mL;
Confirmatory tial (replicate cultures, with activation, 2.1 hour ssey and 46.0 hour assay)—250, 500,
1000, 1500, 2000, 2500, 3000 pg/mL
Statistical methods used: Statistical analysis employed a Cochran-Amitage test fo linear trend and
Fisher's Exact Test (Thakur et a. 1985) to compare the percentage ofcels with aberrations (and, if
applicable, the percentageof cols with more thanone aberration), polyploidy.andendoreduplicetion in
treated cell with results from vehicle controls. Test article significance was established where p<0.01
Al factors s tated previously were taken ino account and the final evaluation ofthe tes article was
based upon scientific judgement.

183

000080



Remarks:
Experimental DesignHuman venous blood rom single, normal, healthy male donor ws dra info ster,heparinized Vacutainers. Cultures were inated with 0.3 mL of bloodsml clare (dose range-finding assay) or 0.6 mLofblood/10. mL culture (chromosomal aberrations assays) in 15 mi.centrifuge tubes. The cells wer incubated at approximately 37°Cona slope, with loose caps, inan atmosphereofabout 5% CO in air. The culture medium used was RPT 1640 (RH

Biosciences) supplemented with 15% fetal bovine serum (FBS; Biochemed, Lot# E5331, doserangefinding asay: Lot No. TO6024, chromosomal berratons assay), 1% phytohemaglutinin
(PHA-M; Gibco), penicillin (100 units/mL; Quality Biologicals) and streptomycin (100 ug/mL;
Quality Biologicals), and 2mM L-glutamine (Quality Biologicals). Deionized water (Prepared atCHV, Lot 20) was he solventofchoicefo this assy. The test article was dissolved indeionized water ata concentration of S00 mg/m. The test article solutions and th vehicle:contol, deionized water, wer dosed with dosing volume of 1% (10 uml or this ae.

Negative and Solvent Controls
Tn the nonactivation assays, negative controls wee cultures that contained any cells and culemedium. Solvent controls were cultures hat contained deionized watera th highest
concentration used in est cultures (1% o 10,0 Ln). In the activation sssays, the negative andSolventcontrols wer the samea described i henonsctivation assays, but withthe $9 activation
mix included.

Posiive Control Agents
“The positive control agents, which were usd nthe assays,were mitomycin C (MMC; CASH 50-
07.7, Sigma, Loth 4012508) for the nonacivation series and cyclophosphamide (CP; CASH6055-16: Sigma, Lot 43H0269) in he metabolic activation sis In the chromosomal
aberrations assays,tree concentrations ofMMC (0.08 nd0.10 g/mL initial and confirmatory
trials; 0.1, 0.2, and 0.3 pg/mL, third trial) and CP (20, 30, and 50 pg/mL) were used to inducechromosomal aberations. Onofthe dose lolswasanalyzed in cach ofthe abersion assays.
Both MMC and CP were dissolved in water.

Range-finding Assays
Tn hese assays, cultures were insted with 0.3 mLofbloods mL culture and were incubated for
2.days pio 0 restment.

Assay Without Metabolic Activation
“The lymphocytes were incubated withthe est artic for 19.5 hours st 37°C. The est article waswashed from the cells with phosphatebuffeed saline and fresh complete medium containing
Colcemide (final concentration 0.1 g/mL) was added The cultures wer harvested 2.0 hoursJor

Assay With Metabolic Activation
In his assay, the lymphocytes were incubated with the testarticlefor 3 hours at <37°C inthe
presence ofa rat liver S9 reaction mixture (S9=15 ul/ml, NADP = 1.5 mg/mL, and isocitric acid27 mg/mL). The 9 fraction (Molecular Toxicology, In. Lot0667)wasderived rom heliver ofmale Sprague-Dawley rts, which hd been previously treated with Aroclor 1254. Inonde o avoid posibie nacivationof shot ved and highly reactive ntermedistes producedby
the 59 enzymes through binding 0 serum protins, the medium did not have FBS during heexposure period. After the exposure period, the ces were washed twice with buted saline.
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Complete RPMI cltre medium was added to the cultures, which wee incubate for 18.5 hors.Coleemid® (ins concentration ~ 0.1 igimLywhieh wis ade for the fs 2. hours fo colletotaphase cll.
Assay Balustion

Mitotic index was anlyzed from the surviving dose levels by. analyzing the umber ofmeaphases present i 1000 consecutive cells.
Chromosomal Aberstion Assay With and Withot Metaboli Ackvaton

th chromosomal shea says, elite culture wer ed at cach dose vel and fonegtive control, positive contol,and solvent conv. Th aeration aosays wre sonduciedWiha 22.0-hour harvest me nth nil rial and with 22.1- ind 46.0hous arvet mes in theConfimmatony wil. Chromosomal sberations were analysed omth cles rated at 4 doseSeve and om onofthe positive control dose
Aberaion Assay Without Metabolic Activation

Cullures were initiated 2 days prot o eatment with 0.6 mL.ofwhole blood 10. mL cule in15m, coniage bes Too days ae clare nation, cls were rated with the ot arc at
prodetrminedconoentionfo SproRITAI 19.3 nd 43.3 hours. The ules were wished
ith bufered saline. Complete RPV 1640 mcr, conning 0.1 pgm. Coleanid,wasplaced bak onto the els Two hours Ltr, he cll wer harvested ndidied sides were
Toads. The Sides were stained 5% Giemsa solution for he anys ofchromosomal
Sherations. Table | containsa summary of the eatment shedulaof he sberatons assay
hou metbolc aeivation

Aberation Asay With Miiabolc Activation
Culture were ntted3 days pir 10 esment with 06mL. of whol bood/10. mL culturein
15 mL centrifuge tubes. Two days afte ule mation, he clare wer incubated at 237°C
for3hourinh presence of he test ale an the 9 reaction mire. Afhe 3 hour
expose period th cells were washed vice wih buffered ain nd th cls ware refed ith
Compiie RPMI 1640 mdium. One-enh g/mL Coleemid® was add othe clares during the
Tas 2.0 hours of incubation. The metaphase cells wee arveted and prepared for cyogenciclyss.

Harvest Procedure
“Th cll suspension ws nrifugd, the supernatant was discarded, andhe cll were rated
with hypotonic KCI (0075 Mfor 10 mints. Af setifgaion an remo ofte KCl, he
Cell wer washed 3 times wih fehl prepared inate (bsethan ici! a0 40d,$1, wv. Ardross were prepared fom he harvested cells

Side Preparation and Saving
‘Slides were prepared by dropping the harvested cultures on clean slides. The slides were stained
Wilh 3% Ginn olinfo th alysis ofmito index and cremosomal sberdons. Al
Sides were srdried nd cove Sippel

AbcrsionAnalysis and Assy Evaluation
"Cells were sletedfr good morphology nd any els wit the numberofcentromeres equal 0
he modal mars 46 wer salva. One andre cls, fposse, rom cach epliat cure ¢
ce levels ofhe tet ail, th negative oma he slot conrl and posi contol
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cultures were analyzed forth different typesof chromosomal aberrations (Evans, 1962). At least
25 cells were analyzed for chromosomal aberrations from those cultures with >25% cels with
chromosomal aberrations. Cells with aberrations were recorded. Mitotic index was assessed by
analyzing the numberofmitotic cells/1000 cels; th ratio was expressed as a percentage of
mitotic cells. Chromatid and isochromatid gaps, if observed, were noted in the raw data and were
tabulated. They were not, however, considered in the evaluationofthe ability ofthe test article to
inde chromosomal aberrations. Percent polyploidy and endoreduplicetion were analyzed and
the results were tabulated.

RESULTS

‘Overall results: positive, negative, ambiguous: Negative

‘Genotoxic effects (unconfirmed, dose-response, equivocal - with/without activation): Negative
Cytotoxic concentration:

Range-finding Assay Without Metabolic Activation
Hemolysis was observed prior to wash in th cultures dosed with 5000 g/mL. Reductions of
35%, 6%, 38%, 15%, 18%, 57%, and 100% were observed in the mitotic indices of the cultures
dosedwith0.500, 1.67, 5.00, 16.7, 500, 1670,and 5000 pg/mL.

Range-finding Assay With Metabolic Activation
Hemolysis was observed prio to wash in the cultures dosed with 5000 pg/mL. Reductions of 8%,
5%,49%, 1%, and 100% were observed in mitotic indicesof the cultures dosed with 1.67, 50.0,
500, 1670, and 5000 pgm, as compared with the solvent control culture

Chromosomal Aberration Assay Without Metabolic Activation
InitialTrial—Hemolysis was observed prior 0 wash i the cultures dosed with 2510 g/mL.
Reductions of 38%, 18%, 18%, 50%, 53%, and 95%inthe mitotic indices, as compared with the
solvent control cultures, were observed in the cultures treated with 127, 253, 505, 1010, 1510,
and 2010 pg/mL, respectively.

‘Confimatory Trial—In the 22.1-hourconfirmatory tral, hemolysis was observed prior to wash of
the cultures dosed with 1600 and 2000 g/mL, and a slight evidenceofhemolysis was evident at
harvestoftheculturesdosed with 1600 g/mL. Reductionsof 2%, 14%, 64%, 74%, 93%,and
93% in the mitotic indices, a compared with the solvent contol cultures, were observed in the
cultures dosed with 125, 500, 900, 1200, 1600, and 2000 g/mL, respectively. In the 46.0-hour
confirmatory tial, hemolysis was observed prior to washofthe cultures dosed with 1600 and
2000 g/mL. Reductions of 59%, 93%, 98%, and 98% in the mitaic indices, as compared with
the solvent control cultures, were observed in the cultures dosed with 900, 1200, 1600, and 2000
ng/mL, respectively.

Chromosomal Aberration Assay With Metabolic Activation
Initial Trial—Hemolysis was observed prior fo wash in the cultures dosed with 2010, 2510, 3010,
and 4010 g/mL. No cells were visible prior to the additionofColcemid® to the cultures dosed
with 4010 g/mL. Hemolysis was observedpriorto the additionof Colcemid® to the cultures
dosed with 3010 g/mL. Reductions of 15%, 20%, 15%, 43%, 77%, and 95% in the mitotic
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indices, as compared with the solvent control cultures, were observed in the cultures treated with
253,505, 1010, 1510, 2010, and 2510 pgm, respectively.

‘ConfirmatoryTrial—In the22. -hour confirmatory trial, hemolysis was observed prior to wash
and prior to harvestofthe cultures dosed with 2000, 2500, and 3000 g/mL. Reductions of 15%,
5%, 69%, 82%, 97%, and 100% in the mitotic indices, as compared with the solvent control
cultures, were observed in the cultures treated with 500, 1000, 1500, 2000, 2500, and 3000
g/mL, respectively. In the 46.0-hour confirmatory trial, hemolysis was observed prior to wash
‘andpriorto harvestofthe cultures dosed with 2000, 2500, and 3000 pg/mL. Reductions of 15%,
80%, 100%, and 100% in the mitotic indices, as compared with the solvent control cultures, were:
observed in the cultures treated with 1500, 2000, 2500, and 3000 pg/mL, respectively.

‘Statistical results: The test substance did not significantly increase chromosomal aberrations with or
‘without metabolic activation.

Remarks:

Chromosomal Aberration Assay Without Metabolic Activation
Initial Trial—No significant increase in cells with chromosomal aberrations, polyploidy, or
‘endoreduplication was observed at the concentrations analyzed (253, 505, 1010, 1510 pg/mL),

‘ConfirmatoryTrial—In the 22.1-hour confirmatory trial, no significant increase in cells with
‘chromosomal aberrations, polyploidy, or endoreduplication wasobservedat the concentrations
analyzed (125, 250, 500, and 900 pg/mL). In the 46.0-hour confirmatory tial, no significant
increase in cells with chromosomal aberrations, polyploidy, or endoreduplication was observed at
the concentrationsanalyzed (125, 250, 500, and 900 pg/mL). The sensitivityof the cell culture
for inductionof chromosomal aberrations was shown by the increased frequencyof aberrations
in the cells exposed to MMC, the positive control agent,

Chromosomal Aberrations Assay With Metabolic Activation
nial Trial—No significant increase in cells with chromosomal aberrations, polyploidy, or
endoreduplication was observed at the concentrations analyzed (05, 1010, 1510, and 2010
ng/ml).

‘Confirmatory Trial—In the 22.1-hour confirmatory tral, no significant increase in cells with
‘chromosomal aberrations, polyploidy, or endoreduplication was observed at the concentrations.
‘analyzed (250, 500, 1000, and 1500 g/mL). Inthe 46.0-hour confirmatory tral, due to toxicity,
only 52 metaphases were available for analysis in one ofthe cultures dosed with 2000 g/mL. No
significant increase in cel with chromosomal aberrations, polyploidy, or endoreduplication was.
observed at the concentrations analyzed (500, 1000, 1500, 2000 pg/mL), except for a weak
increaseinendoreduplication at 2000 pg/mL. The successful activationofthe metabolic system
was illustrated by the increased incidenceofcells with chromosomal aberrations in the cultures
treated with cyclophosphamide, the positive control agent.

CONCLUSIONS

The test article, T-6342, was considered negative for inducing chromosomal aberrations in cultured whole
blood human lymphocytes cellswithand without metabolic activation. These results were verified in
independently conducted confirmatory trials.
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“Title: Mutagenicity Test on T-6342, Measuring Chromosomal Aberrations in Chinese Hamster Ovary
(CHO) Cells With a Confirmatory Assay With Multiple Harvests

TESTSUBSTANCE
Identity: T-6342 C; clea, colorless liquid.

Remarks: T-6342 was soluble in sterile, deionized water >4.950 g/L (the tet substance at a
concentrationof 4980 ug/ml in culture medium remained completely soluble ata pH of 7.5).
METHOD

Method Guideline followed: Protocol No.: 4370, Edition No.: 4, Modified for 3M Corporation
Test types Invitro mutagenicity assay
Test system: Chinese hamster ovary (CHO) cells

GLP: Yes

Year study performed: 1996

Species/Strain/cell-type/cel line: Chinese hamsterovary cells (CHO-WBL) froma permanent cll line,
originally obtained from the laboratoryofDr. 5. Wf, Universityof California, Sa Francisco. The cells
used in this study had been recloned to maintain karyotypic stability. This cell line had an average cycle
time of 12-14 hours with a modal chromosome number of 21. The CHO cells were grown in McCoy's Sa.
culture medium, which was supplemented with 10% ftal bovine scrum (FBS), 1% L-ghtamine, and 1%
penicillin and streptomycin, at approximately 37°C, in an atmosphereofsbout 5% CO in ar.
Metabolic activation: With and without at liver $-9

Concentrations tested:
Range-finding assay—0.166, 0.49, 1.66, 4.98, 16.6,49.8, 166, 498, 1660, 4950 pg/mL;
Initial tial (without activation) 125, 250, 500, 750, 1000, 1500, 2000 g/mL;
Initial tial (with activation)—250, 500, 1250, 2500, 3750, 5000 g/mL
‘Confimatory tial (without activation) —125, 249, 498, 746, 995, 1490, 1990 g/m;
Confirmatory tial (with acivation)—249, 498, 1250, 2490, 3730, 4970 g/m;
Repeat rial (without activation)—250, 500, 1250, 2490, 3740, 4980 g/mL.

Statistical methods used: The Fisher's Exact Test with an adjustment for multiple comparisons (Sokal
and Rohl 1981) was employed to compare the percentageof cells with aberrations in each treatment
group with the results from the solvent contros. A incar trend test ofincreasing numberof cells with
aberrations with increasing dose (Armitage, 1971) was also performed. Test article significance was
established where p<0.01

Remarks:
Experimental Design

In the chromosomal aberrations assays, replicate cultures were used at ach dose level and for
negative and solvent controls. Single cultures were used for eachof wo doses of th positive
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control. The aberrations assays were conducted with a 20.0-hour harvest time in the initial tial
‘and with 20.0- and 44.1-hour harvest times in the confirmatory trials. Chromosomal aberrations.
were analyzed from the cultures treated at 4 dose levels and from only oneofthe positive control
doses.

Negative and Solvent Controls
In the nonactivation assays, negative controls were cultures that contained only cells and culture

: ‘medium. Solvent controls were cultures containing the solventforthe test article atthehighest
concentration used in test cultures. In the activation assays, the negative and solvent controls were
the same as described in the nonactivation assays, but with the S9 activation mix included.

Positive Control Agents.
‘The positive control agents, which were used in the assays, were mitomycin C (MMC; CAS# 50-
07-7, Sigma, Loti 2SHO619) for the nonactivation series and cyclophosphamide (CP; CASH
60535-19-2, Sigma, Lot#67F0155) in the metabolic activation series. In the chromosomal
aberrations assays, two concentrationsofMMC (0.08 and 0.10 pg/mL, inital and confirmatory
trials; 0.50 and 1.0 pg/mL, third tial) and CP (5.0 and 10.0 pg/mL) were used to induce.
chromosomal aberrations in the CHO cell. Oneofthe dose levels was analyzed in each ofthe
‘aberration assays. Both MMC and CP were dissolved in water.

Range-finding Assays
In these assays, the cells were culturedfor approximately (+) 24 hours prior to treatment by
seeding = 0.3 x 10° cells/25 cm’ flask into 5 mLofcomplete McCoy's 5a culture medium. Table
1 containsasummaryofthe treatment scheduleofthe range-finding assay. All dosingwas
achieved witha 1% (10 uL/mL) dosingofeach stock solution and the solvent control culture was
dosed with 10 wL/mLofsterile deionized water

‘Assay Without Metabolic Activation
“The cultures were incubated with the test article for 17.8 hours at ~37°C. The test article was
washed from the cells with phosphate-buffered saline and fresh complete medium containing
Colcemid® (final concentration = 0.1 g/mL) was added. The cultures were then trypsinized and
harvested 2.0 hours later.

Assay With Metabolic Activation
In this assay, the CHO cells were exposed to the test article for3 hours at =37°C in the presence.
ofaratliver S9 reaction mixture (S9=15 /ml, NADP = 1.5 mg/mL,and isocitrc acid = 2.7
mg/mL). The $9 fraction (Molecular Toxicology, Inc., Loti 0583) was derived from the liver of
male Sprague-Dawley rats, which had been previously treated with Aroclor 1254. In order fo
‘avoid possible inactivationof short lived and highly reactive intermediates produced by the S9
‘enzymes through binding to serum proteins, the medium did not have FBS during the exposure
period. After the exposure period, the cells were washed twice with buffered saline. Complete.
McCoy's Sa medium was added to the cultures, which were incubated for 16.8 hours. with
‘Colcemid® (final concentration = 0.1 ig/mL)whieh was added for the last 2.0 hours to collect
‘metaphase cells. The cultures were trypsinized, harvested, fixed, and slides were prepared and
stained as describedforthe nonactivationrange-finding assay.

‘Assay Evaluation
Mitotic index was analyzed from the highest five surviving dose levels by analyzing the number
of metaphases present in1000consecutive cels

190

190
000087



Aberration Assay Without Metabolic Activation
‘Cultures were initiated by seeding approximately 1.2 x 10° clls (20.0 hour assay) and 0.8 x 10°
cells (+44.0 hour assay) per 75 cm’ flask into 10 mLofcomplete McCoy's Sa medium. One day
aftr culture initiation, for the initial and confirmatory ral, the cells were incubated at ~37°C
with the test tile at predetermined doses for about 17.7 (20.0 hour assay) and 41.8 (44.1 hour
assay) hours. Al dosing was achieved with a 1% (10 L/L) dosing ofeach stock solution and
the solvent control culture was dosed with 10 L/Lofteri deionized water. The cultures
were washed with buffered saline. Complete McCoy's 5a medium, containing 0.1 g/mL
Colemid®, was placed back onto th cells. Approximately 2 hours late, the cells were harvested
and air-dried sides were made. The slides were stained in 5% Giemsa solution fo the analysis of
chromosomal aberrations. For the third tia, one day afer culture initiation, the cultures were
incubated at ~37°C for hours in the presenceofthe test article in McCoy's 5a medium without
FBS. Afer the3-hourexposure period, the cells were washed twice with buffered saline and the
cells were refed with complete McCoy's Sa medium. One-tenth pg/mL Coleemid® was added
during th last =2.0 hour of incubation. The metaphase cells were harvested and prepared for
cytogenetic analysis.

Aberration Assays With Metabolic Activation
Cultures were initiated by seding approximately 12x 10° cells (20.0 hour assay) and 0.8 x 10°
Gell (44.1 hour assay) per 7 ca flask into 10 mLofcomplete McCoy's Sa medium. One day
afer culture initiation, th culture that were treated under the conditionsofmetabolic activation
‘were incubated at ~37°C for 3 hours in the presenceofthe test article and the $9 reaction mixture
in McCoy's Sa medium without FBS. All dosing was achieved with a 1% (10 uLimL) dosing of
each stock solution and the solvent control culture was dosed with 10 uL/mLofsterile deionized
water. After the 3-hour exposure period, the cells were washed twice with buffered saline and the
cells were refed with complete McCoy's 5a medium. One-tenth pg/mL. Colcemid® was added to
the culture medium during the last ~2.0 hours ofincubation. The metaphase cells were harvested
and prepared for cytogenetic analysis.

Harvest Procedure
Prior © the harvest ofthe cultures, visual observationsof toxicity were made. These observations
included an assessment ofthe percent confluence of th cell monolayer within the culture flasks.
“The cultures were also evaluated fo the presenceofmitoico dead cells floting in the medium.
“The cultures from the dose range-fnding assay were trypsinized is 0 collect mitotic and.
interphase cells and were treated with 0.075 M KCI hypotonic solution. The cultres were fixed
with an absolutemethanol glacial acetic acid (3:1, vv) fixative and washed several times before
air-dried slides were prepared.

Slide Preparation and Staining
‘Slides were prepared by dropping the harvested cultures on clean slides. The slides were stained
with $% Giemsa solution for the analysisofmitotic index and chromosomal aberrations. All
Slides were air-dried and cover slipped using Depex® mounting medium.

Analysisof Aberrations and Assay Evaluation
(Cells were selected for good morphology and only cells with the numberofcentromeres equal to
the modal number 21 2 1 (range = 20-22) were analyzed. One hundred cell, ifpossible, from
each replicate culture at 4 dose levelsofthe test article and from the negative and solvent control
cultures were analyzed for the diffrent typesof chromosomal aberrations (Evans, 1962). At least
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25 cells were analyzedforchromosomal aberrations from oneofthe positive control cultures.
‘Cells with aberrations were recorded. Mitotic index was assessed by analyzing the number of
mitotic cells/1000 cell; the ratio was expressed as a percentageofmitofic cells. Chromatid and
isochromatid gaps, ifobserved, were noted n the raw data and were tbulated. They were not,‘however, considered in the evaluationofthe abilityofthe test article to induce chromosomal
‘aberrations. Percent polyploidy was analyzed from the ~44.0-hour assay.

RESULTS

Overall results: positive, negative, ambiguous: Positive

‘Genotoxic effects (unconfirmed, dose-response, equivocal ~ with/without activation): The tested
substance was positive for clastogenic activity for highly toxic treatmentsofshort duration (3 hours) both
in the presence and absenceof an S9 metabolic activation system. The tested substance was also positive.
for polyploidy for the highly toxic treatments.

Cytotoxic concentration:
“This section only describes the cytoxicity observed at concentrations at which statistically significant
increases in chromosomal aberrations occurred.

Chromosomal Aberrations Assay With Metabolic Activation
InitialTrial—The treatment with 3750 ug/mL was only slightly toxic, but the 5000 ug/ml.
treatment was highly toxic, causing about 95% reduction in monolayer confluency for one culture:
‘and about 75% reduction for the replicate culture. Floating dead cells and debris were abundant,
and only 94 metaphases were analyzable from the culture with greater toxicity (5000 ug/mL).

ConfirmatoryTrial—
For the 20 hour harvest, the confluency ofthe cultures treated with 4970 ug/m. was reduced by
bout 70% and the mitotic index was reduced by 43%. For the cultures treated with 3730 ug/ml
(20 hour harvest), there was approximately a 30% reduction in confluency and an 18% reduction
in mitotic index.

Aberration Assays Without Metabolic Activation; 3-Hour Treatment
20hourharvest—A 30% reduction in confluency occurred in the cultures treated with 2490
ug/mL. The next higher dose, 3740 ug/m, was so toxic that oly a small mumberofmetaphases
could be examined.
44hourharvest—A 55% reduction in monolayer confluency occurred in the cultures treated with
3740ug/mLandthe2490 ug/ml. treatment resultedin a 30% reduction. The mitotic index was.
significantly reduced (57%) forthe high dose (3740 ug/L).

Statistical results:
‘Chromosomal Aberration Assays With Metabolic Activation

Initial Trial—Significant increases in cells with chromosomal aberrations were observed in the
cultures dosed with 3750 and 5000 pg/mL.
‘Confirmatory rial—For the 20 hour harvest, a significant increase in cells with chromosomal
‘aberrations (simple and complex) was observed fo the cultures dosed with 4970 g/mL.
‘Although the 4970 g/mL treatment was too toxic to yield sufficient metaphases for analysis, it
was, nevertheless, notedthat the percent polyploid cels increased significantly.
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Chromosomal Aberration Assays Without Metabolic Activation; 3-Hour Treatment
“A significant increase in the numberofcll with chromosomal aberrations was observed in the
cultures dosed with 3740 g/mL (7.5%). A significant increase in percent polyploidywas also
observed in the cultures dosed with 3740 g/mL. The mitotic index was significantly reduced
(57%) forthe 3740 g/m. dose.

Remarks:
Range-finding Assay Without Metabolic Activation

In the culture treated with 4980 g/mL, no visible mitotic cels were observed; the cell monolayer
was <5% confluent and the culture consisted onlyof debris and dead cell, floating or attzched. A
severe reduction in the mumberofvisible mitotic cells was observed in the culture dosed with
1660 pg/mL. The cell monolayer looked unhealthy and the degreeofconfluency was reduced.
about 15%; floating dead cells and debris were noted. Floating debris was also observed in the
culture dosed with 498 g/mL, but otherwise the culture was similar to the negative control.
Mitotic indices were analyzed from the cultures dosed with 16.6, 49.8, 166, 498, and 1660 gil
and compared 0 the solvent control. At 1660 ug/L, the mitotic index was essentially zero.
However, litle or no reduction in mifotic index was observed at the next lower doseof498
ng/mL.

Range-finding Assay With Metabolic Activation
‘An unhealthy cell monolayer was observed in the culture dosed with 4980 pg/mL. The cell
‘monolayer confluence was reduced by approximately 85% nd severe reduction in the number
ofvisible mitotic cells occurred (about 63%). At the next lower dose of 160 pg/mL, the
‘monolayer confluence was the sume as the solvent control and the mitotic index was only
somewhat reduced (about 27%).

Chromosomal Aberration Assays Without Metabolic Activation
InitialTrial—No significant increases in cels with chromosomal aberrations were observed for
the cultures analyzed (750, 1000, 1500, and 2000 pg/mL.) Unhealthy cell monolayers, floating
dead cell and debris, severe Iosof visible mitotic cell, and sbout 25% reduction in cll
monolayerconfluence were observed in the cultures dosed wih 1500 and 2000 ug/L. Slightly
unhealthy cell monolayers, floating dead cells and debris, a eduction in the numberofvisible:
mitic cell, and about 159% reduction in cell monolayer confluence were observed in the
cultures dosed with 1000 g/mL. A th lowest analyzed doseof750 pg/mL, the cll monolayers
appeared 0 be almost nommal, with only a slight reduction in the numberofvisible mitotic cells
and about a 15% reduction in the degreeofconfluence. Severe reductions in mitotic index,
relative to the solvent control cultures, occurred at all dose levels (95%, 86%, 67%, and 57% at
2000, 1500, 1000, and 750 g/m, respectively).

‘Confimatory Trial—For the 20-hour harvest, no significant increases in cells with chromosomal
aberrations were observed for anyofthe cultures analyzed (746, 995, 1490, and 1990 ug/ml). A
95% reduction in mitotic index was observed at 1990 g/mL; whereas, a 25% reduction in
mitotic index was observed at 746 g/m. The cell monolayer confluence was reduced by bout
25% at 1990 pg/mL and only 83 metaphases could be scored from ane ofthe replicate cultures.
To compensate, 117 metaphases were scored from the replicate culture, in order o score a total of
200 metaphases for this dose. For the 44.1-hour harvest, chromosomal aberrations were analyzed
from the cultures dosed with 249, 498, 746, and 995 g/mL. No significant increases in cells with
chromosomal aberrations were observed for anyofth cultures analyzed. Percent polyploidy was
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scored at this harvest time and no significant increases were noted. The two highest applied doses
Of1990 and 1490 ug/m. were lethal. Treatment with 995 g/mL. was severely toxic, resulting inabout 40% reductions in monolayer confluence and 79% reduction in mitotic index. At 746
gm, However, th ticity was much les (about 15% reduction in confluency and 18%
teduction in mitotic inde, compared to the solvent control cultures).

Chromosomal Aberration Assays With Metabolic Activation
InitialTrial—Chromesomal aberrations were analyzed fromthe cultures dosed with 1250, 2500,3750, and 5000 pg/mL in the presence ofthe rat ivr 59 metabolic activation system. Significant
increases in cells with chromosomal aberrations were observed inthe cultures dosed with 3750
and S000 g/mL. The treatment with 3750 ug/L. was slightly tsic, but te S000 g/mL.
(rcatment was highly toxic, causing about 5% reduction in monolayerconfluency To one culture
and about 75% reduction or the replicate culture. Floating dead cells and debris were abundant
and only 94 metaphass were analyzsble from th culture with great toxicity. However, the
mitotic index was reduced by only 13%, compared tothe solvent control cultures.
‘Confirmatory Trial—For the 20 hour harvest, a significant increase in cells with chromosomal
abernations (simple nd complex) was observedfo the cultures dosed with 4970 g/mL. This
toxic treatment reducedth confluency by about 70% and caused a 43% reduction in the mitotic
index. The treatment with 3730 g/m. caused sbout 30% reduction i th confluency and 18%
reduction i the mitoic index. There was no clastogenic activity observed at 730 ug/L. For the
4.1-hour harvest, no significant increases i cells with chromosomal sberations were observed
for any ofthe cultures analyzed (498, 1250, 2490, 3730 g/mL). Although the 4970 pg/ml.
{rcatment was t00 toxic © yield sufficient metaphases for analysis, it was, nevertheless, noted hat
the percent polyploid cll increased significantly. At 3730 gm, there was litle or not-1o
{oriciy evident. The successful activation by the metabolic systr was lustated by th large
increase in percent eels with chromosomal aberatons (at 20 hours harvest) i the cultures
exposed to cyclophosphamide.

Chromosomal Aberration Assays Without Metabolic Activation; -Four Treatment
For the 20-hour harvest,nosignificant increases n ell with chromosomal sbertions were
observed in the cultures analyzed (250, 500, 1250, 2490 pg/mL). At 2490 pg/mL, a 30%
reduction in confluncy was observed. However, the next highest dose, 3740 g/mL, was 50 toxic
hat only a small numberofmetaphases could be examined. For the 44-hour harvest,
chromosomal aberrations were analyzed rom the cultures dosed with S00, 1250, 2490, and 3740
pg/mL. A significant increase in the numberofcells with chromosomal aberrations was observed
in the cultures dosed with 3740 pg/mL (7.5%). A significant increase in percent polyploidy was
also abserved in he cultures dosed with 3740 ug/m. Relative o the solvent controls, the 3740
g/mL treatment resulted in about 55% reduction in monolayer confluency and the 2490 pg/mL.
‘rcatment resulted in about 30% reduction. The mitotic indexwas also significantly reduced
(575%) for the high dose.

CONCLUSIONS
“The test article, T-6342, was evaluated a being clastogenic to cultured CHO cels for highly toxic
ireamentsofshort duration (g., 3 hours) both inthe presence and absence ofan 59 metabolic ctivation
‘system. Polyploidy was also induced for the highly toxic treatments.
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Title: Mutagenicity Test on T-6342, Measuring Chromosoma] Aberrations in Human Whole Blood
Lymphocytes With a Confirmatory Assay With Multiple Harvests

‘TESTSUBSTANCE

Identity: T-6342; clear, colorless liquid,

Remarks: No other information was given about puriyorsolubility

METHOD

‘Method/Guideline followed: Protocol No.: 449C0, Edition No.: 2, Modified for 3M Corporation

Test type: Invitro mutagenicity assay

Test system: Human whole blood lymphocytes

GLP: Yes

Year study performed: 1996

‘Species/Strain/cell-type/cell line; Human/whole blood lymphocytes

Metabolic activation With and without metabolic activation from S9 supernatant fractionof livers of
als pretreated with Aroclor 1254 for the non-specific inductionof metabolizing enzymes.

Concentrations tested:
Range-finding assay—0.167, 0.500, 1.67, 5.00, 16.7, 50.0, 167, 500, 1670, 5000 pg/mL;
Initial trial (withoutactivation) —127, 253, 505, 1010, 1510, 2010, 2510 pg/mL;
Initial rial (with activation)— 253, 505, 1010, 1510, 2010,2510, 3010, 4010 pg/mL;
Confirmatory rial (replicate cultures, without activation, 22.1 hour assay)—125, 250, 500, 900, 1200,
1600, 2000 pg/mL;
Confirmatory trial (replicate cultures, without activation, 46.0 hour assay)—62.5, 125, 250, 500, 900,
1200, 1600, 2000 pg/mL;
Confirmatory tral (replicate cultures, with activation, 22.1 hour assay and 46.0 hour assay)—250, 500,
1000, 1500, 2000, 2500, 3000 pg/mL.

Statistical methods used: Statistical analysis employed a Cochran-Armitage fest for linear trend and
Fisher's Exact Test (Thakur et al., 1985) to compare the percentageofcells with aberrations (and, if
applicable, the percentageof cells with more thanoneaberration), polyploidy, and endoreduplication in
treated cells with results from vehicle controls. Test artcle significance was established where p<0.01.
All factors as stated previously were taken into account and the final evaluation of the test article was
based upon scientific judgement.

Remarks:
‘Experimental Design

‘Human venous blood from a single, normal, healthy male donor was drawn into sterile,
heparinized Vacutainers. Cultures were inated with 0.3 mLofblood/S mL culture (dose range-
finding assay) or 0.6 mLof blood/10.0 mL culture (chromosomal aberrations assays) in 15 mL
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centrifuge tubes. The cels were incubated at approximately 37°C ona slope, with loose caps, in
an atmosphere of about%CO in air. Th culture medium usd was RPMI 1640 (RHBiosciences) supplemented with 15% fetal bovine serum (FBS; Biochemed, LottES331,dose
range-fnding assay; Lot No: T06024, chromosomal sbertions assay), 1% phytohemaglutiin
(PHAM; Gibco), penicillin (100 unit/mL; Quality Biologicals)and streptomycin(100 gm;
Quality Biologicals), and 2mM L-glutamine (Quality Biologicals). Deionized wter (Prepared at
CHV, Loth 20) was th solventofchoice or this assay. Th test article was dissolved in
deionized wate at a concentrationof S00 mg/mL. The tet article solutions and the vehicle
control, deionized wate, were dosed witha dosing volume of 1% (10 uLmL) for this assay.

Negative and Solvent Controls
nthe nonactivation assays, negative controls were cultures that contained only cells and culture
medium. Solvent controls were cultures that contained deionized water at the highest
concentration used in test culures (1% or 10.0 WLnL) In the activation assays, the negative and
Solvent controls werethesamea described in the nonactivation assays, but with the $9 activation
mix included.

Positive Control Agents
“The positive contol gens, which were used inthe assays, were mitomycin C (MMC; CAS# 50-
07-7, Sigma, Lot 40H2508) fo th nonactivation series and cyclophosphamide (CP; CAS¥
6055-19-2, Sigma, Lot# 43H0269) inthe metabolic activation seris. In the chromosomal
aberrations assays, three concentrations ofMMC (0.0 and 0.10 g/mL, inital and confirmatory
rials; 0.1, 02, and 03 pg/mL, third tia) and CP (20, 30, and 50 g/m) were used o induce.
chvomosomal aberrations. Onéofthe dos levels was analyzed i cachofthe aberration says.
Both MMC and CP were dissolved in water.

Range-fnding Assays
In these assays, cultures were iniiated with 0.3 mLofbloods mL culture and were incubated for
2 days prior to ucatment.

Assay Without Metabolic Activation:
“The lymphocytes were incubated with he test arc for 195 hours at ~37°C. The tet arile was
washed from th cels with phosphate-buffred saline an fresh complete medium containing
Coleemid® (final concentration = 0.1 g/mL) was added. The cultures were and harvested 2.0
hours later.

Assay With Metabolic Activation
In this assay, the lymphocytes were incubated wit thtest article for3 hours at 37°C in the
presenceofa at ver S9 reaction mixture (9-15 lim], NADP = 1.5 mg/mL, and isoctric acid
2.7 mg/mL). The $9 fraction (Molecular Toxicology, Ic., Lott 0667) was derived from the
tiveofmale Sprague-Dawley rats, which had been previously treated with Aroclor 1254, In
onder to avoid possible inacivation ofshor lived and highly reacive intermedises produced by
the S9 enzymes through binding to serum proteins, the medium didnot have FBS during the
exposure period. After the exposure period, the ces were washed twice with buffered saline.
‘Complete RPMI culture medium was added t the cultures, which were incubated or 13.5 hours
Colcemid® (final concentration = 0.1 g/mL)which was added for the ast 2.0 hours to collect
metaphase calls
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Assay Evaluation
Mitotic index was analyzed from the surviving dos levels by analyzing the numberofmetaphases
present in 1000 consecutive cell.

Chromesome Aberration Assay—With and Without Metabolic Activation
Tn the chromosomal abemation assays, eplicae cultures were used at cach dose level and for negative
‘controls, positive contol, and solvent controls. The sberratio assays were conducted with 2 22.0-hour
harvest ime in the intial tial and with 22.1- and 46.0-hou harvest times in the confirmatory rials.
Chromosomal aberrations were analyzed from the cultures reed at 4 dose levels and from oneofthe
positive control doses

Chromosome Aberration Assay Without Metabolic Activation
Cultures wer initiated 2 days prior to treatment with 0.6 mLofwhole blood/10.0 mL culture in 15 mL

centrifuge tbe. Two daysafterculture ination els were treated with the test article at predetermined
concentration for approximately 19.3 and 43.3 hours. The cultures were washed with buffered saline.
Complete RPMI 1640 medium, containing 0.1 pg/mL. Colcemid®, was paced back ontoth cells. Too
ours ater, the cells were harvested and air-dried sides were made. The sides were tained in 5%
Giemsa solution forth analysis of chromosomal aberrations. Table 1 contains summaryof the
atm schedule ofthe aberrations assay without metabolic activation
Chromesome Aberration Assay With Metabolic Activation
Cultures were ited 2 days prior treatment with 0.6 mLofwhole blood/10.0 mL culue in 15 mL
centrifuge bes. Two daysaftrculture intation, he cultures were incubated at =37°C for 3 hours inthe
presence ofthe test arile and the 9 reaction mixture. ARe he 3-hour exposure period, the cels were
washed twice with buffered saline and the cells were refed with complete RPMI 1640 medium. One-tenth
gm Colcemid® was added 10th culture durin the lst ~2.0 hours of incubsion. The metaphase
lls wre harvested and prepared for cytogenetic analysis. Table 1 contains summary ofthe restment
schedule of the aberrations assay with metabolic activation.

Harvest Procedure
“The cell suspension was centrifuged, the supematant was discarded, andthe cell were treated with hypotonic KCI (0.075

M) for ~10 minutes. After centrifugation and removal ofthe KC, the cell were washed3 times with
reshly prepared fixative (absolute methanol glacial acetic acid, 3:1, vx). Air-drid sides were prepared.
from the harvested cells.

Slide Preparation and Staining
Slides were prepared by dropping the harvested cultures on clean slides The slides were stained with 5%
Giemsa solution forth analysis ofmitotic index an chromosomal aberrations. Al sides were air-dried
and cover sipped.

Aberrations Analysis and Assay Evaluation
(Cells were selected for good morphology and only cells with the numberof centromeres cqual to the
modal number 46 were analyzed. One hundred cels,if posible, from each replicate culture at 4 dose
levelsofthe est article, the negative control,thesolve control, and positive control cultures were
analyzed forthediffrent typesof chromosomal aberrations (Evans, 1962). At least 25 cells were
analyzed for chromosomal aberrations fiom those cultures with >25% cells with chromosomal
abernations. Cells with aberrations were recorded. Mitotic index was assessed by analyzing the number of
Initoti calls/|000 cells: the ratio was expressed as percentageofmitotic cells. Chromaid and
isochromatid gaps, if observed, were noted in the raw daa and were tabulated. They were no, however,
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considered in the evaluationofthe abiltyofthe test article o induce chromosomal aberrations. Percent
polyploidy and endoreduplication were analyzed and the results were tabulated.

RESULTS
Overall results: positive, negative, ambiguous: Negative

Genotoxic effets (unconfirmed, dose-response, equivocal — withAwithout activation: Negative.

Cytotoxic concentration:

Range-finding Assay Without Metabolic Activation
Hemolysis was observed prio to wash in the cultures dosed with 5000 g/mL. Reductions of
35%, 6%, 38%, 15%, 18%, 57%, and 100% were observed in the mitotic indicesofthe cultures
dosed with 0.500, 1.67, 5.00, 16.7, 500, 1670, and 5000 gm.

Range-finding Assay With Metabolic Activation
Hemolysis was observed prior to wash in the cultures dosed with 5000 pg/mL. Reductions of 8%,
5%, 4%, 1%, and 100% were observed in mitotic indicesof the cultures dosed with 1.67, 50.0,
500, 1670, and 5000 gm, as compared with the solvent control culture

Chromosomal Aberration Assays Without Metabolic Activation
InitialTrial—Hemolysis was observed prior to wash in the cultures dosed with 2510 g/mL.
Reductionsof38%, 18%, 18%, 50%, 55%, ind 95% in the mitotic indices, a compared with the
solvent control cultures, were observed in the cultures treated with 127, 253, 505, 1010, 1510,
and 2010 pg/mL, respectively.

‘Confirmatory Trial—In the 22.1-hour confirmatory ral, hemolysis was observed prior o wash of
the cultures dosed with 1600 and 2000 g/mL, and a sight evidenceofhemolysis was evident at
harvestofthe cultures dosed with 1600 ugimL Reductions of2%, 14%, 64%, 74%, 93%, and
93% in the mitotic indices, as compared wit the solvent contol cultures, were observed in the
cultures dosed with 125, 500, 900, 1200, 1600, and 2000 pg/mL, respectively. In the 46 0-hour
confirmatory tial, hemolysis was observed prior to wash ofthe cultures dosed with 1600 and
2000 g/m. Reductionsof 59%, 93%, 98%, and 98% inthe mitotic indices, as compared with
the solvent control cultures, were observed in the cultures dosed with 900, 1200, 1600, and 2000
g/mL, respectively.

Chromosomal Aberration Assays With Metabolic Activation
InitiaTrial—Hemolysis was observed prior to wash inthe cultures dosed with 2010, 2510, 3010,
and 4010 pg/mL. No cells were visible prio to the additionof Colcemid® to the cultures dosed
with 4010 g/m. Hemolysis was observed prior to the additionof Colcemide® to the cultures
dosed with 3010 g/mL. Reductions of 15%, 20%, 15%, 43%, 77%, and 95%in the mitotic
indices, as compared wih the solvent control cultures, were observed in th cultures treated with
253,505, 1010, 1510, 2010, and 2510 pgm, respectively.
Confirmatory Trial—In the 22.1-hou confirmatory trial, hemolysis was observed prior o wash
and prio o harvest ofthe cultures dosed with 2000, 2500, nd 3000 pg/mL. Reductions of 15%,
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59%, 69%, 82%, 97%, and 100% in the mitotic indices, as compared with th solvent controlcultures, were observed in th cultures rated with S00, 1000, 1500, 2000, 250, and 3000
ugimL, respectively. Inthe 46 0-hour confirmatory tial, hemolysis was observed prior fo wash
and prior to harvestofthe cultures dosed with 2000, 2500, and 3000 g/mL. Reduction of 15%,50%, 100%, and 100% in the mitoic indice, s compared with the solvent contol cultures, were
observed in the cultures treated with 1500, 2000, 2500, and 3000 g/mL, respectively.

Statistical results: The est substance did not significantly increase chromosomal aberrations with or
without metabolic sctivation.
Remarks:

Chromosomal Aberration Assays Without Metabolic Activation
iolTrish—No significant increase in cells with chromosomal aberrations, plyploidy, or
endoreduplication was observed at the concentrations analyzed (253, 505, 1010, 1510 g/mL).
‘Confimatory Trial—1n the 22.1-bour confirmatory trial, no significant increase in cels with
chromosomal aberrations, polyploidy,orendordupliation was observed at the concentrations
‘analyzed (125, 250, 500, and 900 g/mL). In the 46.0-hourconfirmatory trial, no significant
increase in cels wilh chromosomal aberrations, polyploidy, or endoreduplication was observed at
the concentrations analyzed (125, 250,500, and 900 g/mL). The sensitivity ofthe cll culure
for inductionofchromosomal aberrations was shown by the increased frequency ofberrations
inthe cells exposed to MMC, the positive control gent.

Chromosomal Aberration Assays With Metabolic Activation
InitialTrial No significant increase in cels swith chromosomal berratons, polyploidy, or
endoreduplicaton was observed at th concentrations analyzed (505, 1010, 1510,and2010
ug/ml).

‘ConfirmatoryTrial Inthe 22.1-hour confirmatory til, no significant increas in cels with
hromosomal aberrations, polyploidy, or endoreduplication was observed at the concentrtions
‘analyzed (250, 500, 1000, and 1500 pg/mL). In the 46.0-hour confirmatorytrial,dueto toxicity,
only 52 metaphases were available or analysis in one ofthe cultures dosed with 2000 ug/mL. No
Significant increase in cels ith chromosomal aberrations, polyploidy, or endoreduplication was
observed at the concentrations analyzed (500, 1000, 1500, 2000 pg/mL), except for a weak
increase in endoreduplication at 2000 g/mL. Th successful activation ofthe metabolic system
wasillustratedby the increased incidenceof cll with chromosomal aberration in the cultures
‘neated with cyclophosphamide, the positive control agen.
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CONCLUSIONS

‘The test article, T-6342, was considered negative for inducing chromosomal aberrations in cultured whole.
blood human lymphocytes cells with and without metabolic activation. These results were verified in
independently conducted confirmatory tials.

Muli, Hemalatha. 1996. Mutagenicity Test on T-6342, Measuring Chromosomal Aberrations in Whole
Blood Lymphocytes With a Confimatory Assay With Multiple Harvests. Corning-Hazelton, Inc. (CHV),
Vienna, VA. CHV Study No.: 17073-0-49CO.
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GENETIC TOXICITY (IN VIVO)

“Tile: Mutagenicity test on T-6342 in an in vivo mouse micronucleus assay
TESTSUBSTANCE
Tdentity: T6342

Remarks: Iti clear, colores liquid. The purity and chemical deny ofthe est substance were notindicated.

METHOD
‘MethodGuideline followed: Thi study was conducted using modificationsofthe procedures suggested
by Heddle etal. (1983). Protocol No. 435, Edition 17 (no reference given), modified for 3M Corporation.
Test type: Mouse micronucleus assay
GLP: Yes
Year studyperformed: 1995

‘Species/Strain: Mouse/Crl:CD-1®(ICR)BR

Sex: Male and female
No. animalssex/dose: 1 fotreatment groups, § for control groups
Vehicle (if used): Deionized water

Route of administration: Oral gavage

Doses: 1250, 2500, and 5000 mk; Doses selected onth basis ofa previous study
Frequency oftreatment: Single dose

Statistical methods used: The analysisof the dat ws performed using ANOVA (Winer, 1971) on
ier untransformed (when variances were homogenous) orrank transformed (when variances wereheterogeneous) proportions ofels with icronucle pe animal. Ifthe ANOVA was significant
(P<0.05), a Dunnett's t-test (Dunnett, 1955; 1964)wasused to determine which dose groups,ifany, weresignificant different fromth negative control. Analyses were performed separately for each harest
{ime and sex combination.
Remarks: The animalswere dosed with the appropriate amount ofth testsubstanceand euthanized
approximately 24, 4, or 72 hours after dosing fr extraction ofthe bone marrow. Ten animals (5 males
and 5 females) were randomly assigned to each dose/harvest time group. Ten animals (5 males and 5
females) were assigned o the control groups. The native control animals were dosed ith the vehicle,
deionized water. The positive control animals were dosed with $0 mg/kg cyclophosphamide (CP). Both
control groups were cuthanzed afer 24 hours. Afr the bone marrow was collected, it was spread onto
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slide, dried, and stained with May-Grumwald solutionandGiemsa. The sides were scored for
micronuclei and the polychromatc erythrocyte (PCE) to normochromatic erythrocyte (NCE) cel ri.
One thousand PCEperanimal were sored. The frequency ofmicronuclesid cels was expressed as
percent micronucleated cells basedon the total PCEpresentinthe scored optic field. The normal
requencyofmicronuclei in this straini about 0.0-0.4%

RESULTS
Effect on mitotic index or PCEINCE ratio by dose level and sex:

Troiment |Wart|_%SeamedPEs Ratlo PCEINCE
[Males 1Females| Males | Females

Vehiclecontrol: |24h| 0.14 10,02 0021002| 0641007 | 0631005

cp):
1250mgfke: [28T o281005 0.001000 | 0.691009 | 0751017

0.0010.00 0021002 | 0681008
0067002 | 0021002 | 0361008 | 0591005

2500 mle: [28h10121004 | 0041002 0.641005
0.021002 0.0210.02 0651 0.01
0.201007 0.0610.02 0.641007 |

S000 mike 0061004 | 0.101004 | 0801008 | 0791005
0151005 | 0061002 | 0561010 | 0.63006
0.1710.03 0.1710.04° | 0.241005"

“Significantly differen from the comespondingvehiclecontrol (p< 0.05.
Genotoie effects (unconfirmed, dose-response, equivocal): Negative

Statistical results: No significant increasesinmicronucleated polychromatc erythrocytes were
observed
Remarks: Due0 toxicity,the PCE/NCE ratios ofthe males and femalesfrom the 5000 mg/kg dose
group at he 72hourharvestgroupwere significantly owertha th vehicle contol animal.

203

000100



coxcLusions
The test teil, T-6342, did not induc significant increas in micronuclei bone marrow
polychromatic erythrocytes under the conditions ofthis assay and is considered negative in the mousefoauininidy
REFERENCE

Marl, H. 1995. Mutagenicity test on T-642 in an nwo movse micronucleus assy. Coming HazletonTne. Vienna, Virginia. 3M Corporation. S. Pau, MY.
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GENETIC TOXICITY (IN VITRO)
“Title: Evaluationof the Abilty ofT-7524 o Induce Chromosome Aberrations in Cultured Peripheral
Human Lymphocytes

TESTSUBSTANCE
Identity: T7524
Remarks: The specific gravity ofthe est substance was 1.23. Substance was a brown pase of98%purity; the remaining 2% was |-methyl-20pyrrolidinone.
METHOD

‘Method/Guideline followed: OECD Guideline 473; EEC Directive 67/S48/EEC; OPPTS Guideline
870.5375; Japanese Ministry ofHealth and Welfare and Japanese Ministy ofInternational Trade andIndustry.
Test type: Tn vito cytogenetics

“Test systems Cultured human lymphocytes

Gp: Y
Year study performed: 2000

Specie/Straincell-typelell lie: cell obisined from healthy adult male volunteers
“Typeof metabolic activation used: rat liver mictosomal enzymes routinely prepared from adult male
Wistar rats, obtained from Charles River, Sulzfeld, Germany. Animals were housed at NOTOX ina
special oom under standard laboratory conditions, as described in the Standard Operating Procedures
(SOPs). Rats were injected intraperioneally with Aroclor 1254 induced in com oil. Livers were washedand minced and supernatantwasusedforscivaion

Concentrations tested:
Without $9-

First Experiment: 1000, 3330 and 5000 g/ml

‘Second Experiment: 33, 560, 1000, 1300, 1800, 2400,and 3330 gf.
333, 420,560, 750, 1000, 1300, and 1800 pg/ml

With $9.1.8% vA) -
Experiment 1: 1000,3333and 5000pg/
Experiment 2.1000, 3333, and 5000 ug/ml
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Test conditions:
Range Finding Test: Lymphocy cultures (0.4m loo faheathy mle donor plus 5 mor 4.5culture medium, with ad wihou $9 respecivel and 0. (9 mgm) pychaemagghuiiny wereCultured or 4 hours and thea exposed 1 selected does of1-752 or 3h 24h and 8 in heabsenceofS9-mixo fo 3 hinth prescnce of 9 mix. Afle3 rs he ls exposed 0 T7524 wereFined once with lof HSS and incu nS ml ule mcd ornos20.22(04 aonme). The cells rested for 24 brand43 hri bse of 9-mi were not ns afer cament but werefied inmdiaey afr24h and 48. Based o th elsof doserane.Tin 1, appropriateangeofdose eveswaschosen fo he cytgensic sey.
Experiment 1: Lymphocytes were cultured for 45 hours and the exposed in duplicate 0 sleted dosesoF T-7524 for 3 hours with and without S9-mix. After hrs, the cells wre rinsed with ml HBSS andincubated in’ ml clue medium or another 20.2 br (24h Satin tn). Based on the mitotic index ofihe dose range finding eta the fst cytogenetic assay, sppropist dose evel wet selected or hesecond ytogencicsay-he highest doe evel ested nied the mitt nexby approxmAlcly 0%or mors the mirc index of he lowest dose sed was approximately he sa she svt control
Experiment 2: Calls were curedfor48 had theca cxposd in duplicate sled doses ofT-7524 for 24 hand48 in he absenceofS. or for 3 inthepresence ofSm. Afr3 ream,ells inthe resnceofSmwere ised once with S mi HBSS and ncbated in ml cure mediumfor 4.46 (4 fixation time). The cls read for 24 hand 45 wih, S9-mix were ot rived aferratment but were harvested immediately afer 24 hand45 fixation me
Chromosome preparation: Duinhe as:3 ofculture, el division was rsd by addin ofthe
spindle inhibitor colchicine (0.5 ug/ml medium). Thereafter the cell cultures were centrifuged for 5 min81300 rpm and the supernatant ws moved. Cells he reining sl pele were swollen by 3 minresent wilh hypotonic 0.56% (1)pots chide sation at 7C. Ale bypotoiewesiment, thecells were fixed with changesofmano: acetic aid Fat (31 v4).
Std preparation: Fixed els wee dropped on cleaned sides hit were imersed for 24 rin 11 mix796% (11) ethanol thr and leaned win ase. The sides wre marked with he NOTOX studyidentification number and group umber. Twode werprepared ale. Sides wee set 0 diy andthen stained fo 10-3 min wih $% (14) Giemsa solution i ap water. Slides were then nse iwater and se dry. The dry des were cleared by ping in xylene befor tey wers embeddedNicoMount and mound wih coves
Mai index scoring: The mitotic ndsofcach culture was deteined by counting the number ofmetaphases per 1000 els. At east 3 analysable concentrations wer usd; he highest concentaionsalyzed wer hose cultures wher the mitotic nde as nied approimaely S0% o mors compared{othe solvent conl. The mite index ofthe loves dose eve analyzed was about hs sam heite indexofthe solvent. Cultures ted with a ereddos were sso examined orChromosome sberatons.
Counting chromosome aberrations: To prevent isles were randomly coded prior to examinationofchromosome sbrtions and scored. Anadeive Iie] with the NOTOX sady > moe and codeWas stuck over th marked fd. At east 100 mtaphse chromosome spreads per clare were examinedby ight microscopy for chromosome shrraions. Ih umberoferat cols (aps xchnded wee 25of mre in SO otaphises, no more metaphases were examined. Only meapheses wit 4 chromosomesWere analyzed. Numbers of cls with sberaonsind mbesofseraons wrecao.
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RESULTS

‘Genotoxic effects: T-7524 did not induce a statisticallyorbiologically significant increase in numbers of
cells with chromosome aberrations.

Cytotoxic concentrations:
Without $-9:

3 hr treatment;24 hr fixation: notoxic dose;highestdose tested 5000 pg/ml
24 h treatment; 24h fixation: 2400and 3330 pg/ml
48 h treatment; 48h fixation: 1300 and 1800 g/ml

With $9
3hr treatment; 24 hr fixation: no toxic dose; highest dose tested 5000 ug/ml
3hr treatment; 48 hr fixation: no toxic dose; highest dose tested 5000 ug/ml.

CONCLUSIONS

‘When tested without S-9 and with 24 h continuous treatment, T-7524, induced a statistically significant
increase in the numberof chromosome aberrations at 1000 g/m when gaps were included in the total
numberofaberrations. However, when gaps are excluded the numberof aberrations are within the
historical control rangeofthe laboratory. This increase was not seen at 1000 pg/ml with 48 hour
‘continuous treatment. Because this increase occurred at the middle dose only, included gaps, and the
chromosome aberrations seen, excluding gaps are within the historical control rangeofthe performing.
laboratory and no increase occurred with 48 h continous treatment, the increase is not considered to
constitute a positive response.

Based on the above results, T-7524 is not lastogenic in human lymphocytes under the experimental
conditionsofthe study.

Remarks: none

REFERENCE

NOTOX. 2000. Evaluation ofthe Ability of T-7524 0 Induce Chromosome Aberrations in Cultured
Peripheral Human Lymphocytes. NOTOX Project Number 292062. Hertogenbosch, The Netherlands.
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Title: CHOHGPRT FORWARD MUTATION ASSAY - ISO (T-6889.7)

Test Substance: Ammonium Perfluorooctanoate (FL-143)

Identity: CAS: 3825-26-1; T6889.7

Remarks: The chemical was white, crystalline, solid; Lot# 332: at pH 4 — 7 it was soluble atlg.

METHOD:

Method/Guideline followed: Biological EvaluationofMedical Devices — Part 3: Tests
for Genotoxicity Carcinogenicity and Reproductive toxicity,
ANSO/AAMUISO 109933: 1993

OECD Guideline #476
Hsic, 1981

“Test ype: In vitro gene mutation in mammalian cell in culture

Test system: Chinese hamster ovary (CHO) cells

GLP: Y

ear study performed: 2002

Species/Strain/cell-type/cell line: CHO-K1 lineof CHO cells

Metabolic activation: Aroclor 1254 induced rat liver S9 homogenate plus NADP and isocitric
acid,
Concentrations tested: Test article was dissolved in culture medium ata top dose of § mg/mL.
1:128, 1:256, and 1:512 dilutionsof the 5 mg/mL solution were tested both with and without
activation.

Statistical methods used: Statistical program, Tallarida, R.S. and RB. Murray's
Pharmacological Calculations Procedure; ANOVA and Newman-Keuls Test for Confirmation.

Remarks: There were no significant protocol deviations. Duplicatesof each concentration were:
tested. The negative control or both the activation and non-activation assays was culture
mediuny; the positive control was ethylmethanesulfoxide for the non-activation assay and
demethylbenzathracene for the activation assay. Cultures were exposedto chemical for 17 hours
for the non-activation-assay and for 5 hours in the activation assay. After exposure, cells were
washed 2X and supplemented with complete medium. Forty-eight hours and 64% aftr exposure
the cells from the non-activation and activation assays respectively were trypsinized, counted,
and plateda 1 x 10°cells per 100 mum dish. The cells were passed every 4-72 hours to maintain
exponential growth during phenotypic expression for6 days. Following phenotypic expression
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ells were grown in hypoxanthine-free Ham's F-12 medium with 10 uM 6-thioguanine, fetal
‘bovine serum and antibiotics at a density of2 x 10/100mmPetri dish for9 days to allow mutant
colonies to develop. Cloning efficiency was determined a the same time by plating cells in
selective medium without thioguanine. Both setsofcultures were incubated for9 days to allow
colony formation. At the endof the incubation period, plates were fixed in methanol and stained.
with Giemsa. Only colonies with 50 or more cells were counted.

RESULTS

Overall results: positive, negative, ambiguous: Negative

Genotoxic effects (unconfirmed, dose-response, equivocal - with/without activation):
Negative both with and without activation.

Cytotoxic concentration: Both with and without metabolic activation cytotoxicity ranged from
50% cell survival ata dilution of 1:128 to 80% or greater at dilutionof 1:512. These doses
were chosen for treatment and are adequate.

Statistical results: Negative

Remarks: The test article did notinduceastatistically significant increasein the number of mutant
colonies in treated cultures vs those in the control cultures. Positive and negative controls reacted as
expected indicating that the test system was behaving properly.

coxcLUsIoNs

Author's conclusions re ha th testagentdoes not inducegene mutationinChinesehamsterovary
(CHO)cellsincultures hisis correctassited,

REFERENCE

Sadhu, D. 2002 CHO/HGPRT FORWARD MUTATION ASSAY — ISO (T6.889.7) Toxicon
Corporation, Bedford, MA, Toxicon Final Report: 01-7019-G1 Submitted to: 3M, St. Paul
Minnesota 55144-1000.
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E TOXICI

Title: An Acute Inhalation Toxicity StudyofT-2305 CoC in the Rat .

TESTSUBSTANCE

Identity: AmmoniumPerfluorooctanoate; CAS#: 3825-26-1

Remarks: Fine white powder, received from 3M Company; composition and purity not indicated.

METHOD

Method/guideline followed: Guideline number not stated.

GLP: No

Year study performed: 1979.

‘Species/Strain: RavSpraguc-Dawley (211 to 264 grams)

Sex (Males/females/both): Both

No. of animals/sex/dose: S/sex/group

Routeof Administration: Inhalation

Remarks: The nominal test concentration was 18.6 mg/L, with a total of 17.90 gramsoftest material
delivered in a total volumeof 960 litersofdry air. The test material was sieved and packed into the
cylinder ofaWright dust-feed mechanism. The flow rateofdry air was 16 liters/minute. The resulting
dust-laden air was passed into the 32.3 liter glass exposure chamber housing the test animals for an
‘exposure periodof one hour. The animals were observed for abnormal signs at 15-minute intervals
during the exposure,uponremoval fromthe chamber, hourly for4 hours after removal fromtest chamber,
‘and daily thereafter for 14 days prior to sacrifice.

RESULTS

Number of deaths at each dose level (by sex): There were no deaths.

Remarks: During the exposure period, thestudy animals exhibited excessive lacrimation and salivation,
decreased activity, labored breathing, gasping, closed eyes, mucoid nasaldischarge,and irregular
breathing. After removal from the exposure chamber, red nasal discharge (10/10), yellow stainingofthe
‘anogenitalfur (9/10), dry rales (6/10),redmaterial around the eyes (5/10), excessive salivation (4/10),
excessive lacrimation (1/10),andbodytremors(1/10) were observed in the rats. Excessivesalivation,
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lacrimation and body tremors had abated by the one-hour post-exposure observation and there was no red
material observed around the eyes atthe two hour post exposure observation. Red nasal discharge (10/10)
‘yellow staining ofthe anogenital fur (710) and dry rales (5/10) were still seen at the one hour post-
‘exposure observation. During the 14-day observation period, excessive lacrimation (6/10) and salivation
(3/10), mucoid nasal discharge (10/10), dry rales (8/10), dry red material around the nose (2/10), and
‘moist rales (1710) were observed intherats. Weight gains appeared normal. Necropsy findings showed
lung discoloration in 8/10 rats (a higher than normal incidence).

CONCLUSIONS

It was concluded from the study results that the test substance is not fatal to rat at a nominal exposure of
18.6 my/L for one hour. Immediate effets oftreatment were excessive lacrimation, salivation, decreased.
activity. Labored breathing, gasping, closingofthe eyes, mucoid nasal discharge, irregular breathing,
yellow stainingofthe ano-genital fur, and dry rales. The persistenceoflacrimation, salivation, mucoid
‘nasal discharge, dry rales, dry red material around the nose and moist rales along with lung discoloration
seen at necropsy indicate that the material may have a prolongedorresidual effect at 14 days.

REFERENCE

Bio/dynamics Inc. 1979. An Acute Inhalation Study of T-2305CoCin the Rat. 3M Company, St. Paul,
MN. Project No. 78-7184.
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ACUTE TOXICITY

Title: Acute Oral Toxicity (LD) StudyinRats

TESTSUBSTANCE

Identity: AmmoniumPerfluorooctanoate; CASH: 3825-26-1

Remarks: White powder, 3M Lot No. 340; composition and purity not indicated

METHOD

Method/guideline followed: Guideline number not stated

GLP (¥/N): No

ear study performed: 1978

Species/Strain:RatCharles River CD.

Sex (Males/females/both): both

‘Numberofanimals/sex/dose: S/sex/dose

Vehicle: 40% acetone/60% com oil

Routeof Administration: Oral gavage

Remarks: The test materialwas administered atthe following dose levels: 100, 215, 464, 1000, and
2150 mg/kg ina volumeof 10 mL/kg. The rats weighed 180-218 g a study initiation. Animals were
observed for morality and phamcotonic signs during the first four hours afer dosing, at 24 hours and.
daily thereafter fora total of 14 days. Body weights were recorded immediately prior fo dosing and at 7
‘and 14 days. Animals that died on study were subjected to gross necropsy as were all survivors at the end
ofthe 14 day observation period.

RESULTS

‘The following clinicalsignswere observed: ptosis, piloerection, hypoactivity, decreased limb tone, ataxis,
comeal opacity, hypothermic to touch, and death. Signs observed at necropsyofanimals which were
found dead or sacrificed moribund included: 1) congestion, pitting and red foci in the lungs; 2) distended
stomachs; or stomachs filled with fluid including dark red or red fluid, stomachs containing dark red
particulate material; stomachs with hyperemic or thickened mucosa or erosionofthe glandular mucosa: 3)
intestines filled with red fluid; and 4) pale discolorationofth livr;S) red staining around the nose and
mouth. Animals that survive to day 14 had thickened stomach mucosa, hyperemic glandular stomach
mucosa, hydrometraof the uterus and mottled colorationofthe kidneys. Signs were observed at all
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treatment levels. Treatment did not appear to have an effect upon weightofthe animals that survived to
terminal sacrifice

Number of deaths at each dose level (by sex):
100 meg: 1/5 males, 0/5 females.
215 mykg: 0/5 males, 0S ferales.
464 mg/ke: 2/5 males, 3/5 females
1000 mgkg: 3/5 males, 5/5 females
2150 mgkg: 5/5 males, 5/5 females

Remarks:

CONCLUSIONS
LD (male rats) = 680 mg/kg, with 399 — 1157 mg/kg 95% confidence limit
Duo (female rats) = 430 mg, with 295- 626 mg/kg 95% confidence limit
LD (combined sexes) = 540 mg/kg, with 389 — 749 mg/kg 95% confidence limit

REFERENCE
FluoradFluorochemical FC-143 Acute Oral Toxicity (LDic) Study in Rats. 1978. Study No. 137-091,
Intemational Research and Development Corporation. Sponsored by 3M Company.
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ACUTE TOXICITY
Title: AcuteOral Toicty StudyofT6669 in Rats (OECD Guidelines)
TESTSUBSTANCE

Identity: AmmoniumPerfluorooctancate; CASH: 3825-26-1

Remarks:Puynot sated

METHOD

Method/guideline followed: OECD Guidelines
GLP (YN): Y

[—
SpeciesStrain: albinorai of CiCD (SDYBRstan

Sex (Male Females both): bn
Numberofsnimalisexiloss Ssexdose
Vetice disld water
Routeof Administration gavage
Remarks: Dosesof250 and 00mg were teste, Al dose eels wer adiinisiered as volumes of 10mlsbody weight. The ris weighed 08.269 andwer .12 weeks od. Clinical observations wereconductedat 1, 2.5,ad4hours ater test atrial administration andaac dayfor 14 dye. MortalityChecks were conducted vic day (momingandamon for 13 days and on th moring oF Day 14,Bods weights were determinedonDays 0,7, and 14or death ifsuv xcesded1 oy. All amsweresubee fanshred10 mesos
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RESULTS

LDSO: Males: > 500 mglkg
Females: between 250 and 500 mgkg.

Number of deaths at each dose level (by sex):
250 mg/kg ~ none; 500 mg/kg ~ 2/5 males and 5/5 females.

Remarks: All animals exhibited body weight gain throughout the study. All animals treated at 250
mg/kg appeared normal during the study except for two females that exhibited red-stained faces andor a
wet urogenital area within 24 hoursoftest material administration. Clinical signsoftoxicity observed in
the animals treated with S00 mg/kg were: red-stained face, yellow-stained or wet urogenital arca,
ypoactiviy, hunched posture, staggered gait, and excessive salvation. There were no test-material
related lesions observed at necropsy, although at 250 mg/kg one female had large pelvises in both
kidneys. At S00 mg/kg,one malehad a cannibaliscd righ flank, one female had multiple dark brown
areas in the glandular mucosaofthe stomach, and a second female had a clear fluid in the lumen of the
bilateral hornsofthe uterus.

CONCLUSIONS

None were specified beyond the results.

REFERENCE

Glaza, SM. 1997. Acute Oral Toxicity StudyofT-6669 in Rats. Coming Hazleton Inc. CHW
61001760. January 10. Sponsored by 3M, St. Paul, Minnesota.

OTHER
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ACUTE - SKIN IRRITATION

Titles Primary Skin Irritation Study—Rabbits

TESTSUBSTANCE

Identity: T-1395

Remarks: no other identifying information was given.

METHOD

Note pH of test material: Not specified

Method/Guideline followed: Similar to test in Section 1500.41 ~ Hazardous Substances and Articles,Administration and Enforcement Regulations, Federal Register, Vol. 38, No. 187, p. 21019+, 27
September 1973.

Test Type:in vivo

‘Species/strain/cell type: albino rabbits

Sex (males/females/both): Notspecified

Numberofanimals/sex/dose: 6 total

‘Total dose: Doses of 0.5g were placed on an intact site and an abraded site. Sites were examined while
dry and after applicationofwater at the endofthe experiment.

Vehicle: Notspecified

Length of time test material is in contact with animal/cell; Wrappings were removed after 24 hours.
but there was no indication about whether th site was washed. Readings were also made at 72 hours.
‘Grading scale: Scores for erythema and eschar formationaswella edema formation were presented.
Remarks: Six albino rabbits had their hair clipped from their backs and flanks, and five tenths of one
‘gram (0.5 g) of test material was placed on abraded-dry or intact-dry prepare tet sites, then covered with
‘gauze patches and an impervious material was wrapped around the sit to keep the bandage in place.
After 24 hours and 72 hours the coverings were removed and the degree of erythema and edema was
recorded according to a standardized scale (the Draize method).
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RESULTS

In all cases it is reported the primary skin imitation scores were 0, indicating no reddening or swelling
detected. No clinical signs were reported.

Primary irritation score: zero

Remarks: There was no indicationof reliability and no QA/QC.

CONCLUSIONS

Based on the results, the substance was not classified as a primary irritant

REFERENCE

Gabriel, Karl. Summary of: Primary Skin Irritation Study ~Rabbits. Performed by: Biosearch.
‘Submittedto 3M Company, 3M Center, St. Paul, MN.

OTHER

General remarks: This summary was based ona summary report and only limited data tables. No
detailed report was available. Therefore, the contentsofths summary, in reference to the protocols and
resultsofthe study, ae limited.
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ACUTE-BYEIRRITATION
Tis primary Bye ionStudy-Ras
TESTSUBSTANCE

dent: T1395
[oO—————
METHOD

A—
MethodGaldeime followed Simin 0 sn Sete 1500.42. Huzaedous SubstancesandAvice,Nieto odEom Regions Foret esta Voy oa StSoper 1973.
—
Speersypeo line: adit albinorb
Sex ualesfomateibothy: Notpid
Numberofsimabscxiose Gigi ose
Tota doe: 0.1 ramp,
Lengthof me test materia contactwith sumac;Sond 3snl 50 consmSals
Observation period: 1, 24, 45, 721, andSd dey
rrer30 Secs nS ails wh 3008 ofwr No oefotoson he ets wr

RESULTS

Gorn: Wovspsitng
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Irritation score:
Afr sec: Al cores for Cornea an Irs were zeros (for all rabbit). In two rabbits, scores forconjunctiva were 4, and in 1 rabbit th score was 2, throughout he observation period
Afer 30sec: All score for Comea and Iis were zeros (for all rabbits). In one rabbit scores for‘Conjunctvae were 4 at 1-48 hrs, and increased t 6 1 72 hrs and at 5 and 7 days. In | rabbit he scorewas 4 throughout the observation period and in 1 rabbit the score was throughout he observationperiod.

“Tool used to assess score: Scoring was done according o theIiustratedGuide forGrading Exe
ImitationByHazardous Substances.
Description oflesions: None
Remarks: None

CONCLUSIONS
“The ony conclusion providedi study was tha the tet substance was not an ocular icant.
Remarks This conclusion is suspect due 0 the positive scores observed during th study. However,
without additional information onthe scoring method, thre is io way to provide an informed judgment
about the results.
REFERENCE

Gabriel, Karl, Summary of: Primary Eye Iitation Study— Rabbits. Performed by: Biosearch
Submitted to 3M Company, 3M Cente, St. Paul, MN.

OTHER
General remarks: This summary was based on asummary report and only limited daa tables. Nodetailed report was available. Therefor, the contentsofthis summary, in reference fo the protocols andresults of th study, are limited.
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ACUTE-EYE IRRITATION

Title: PrimaryEyeIritation-Rabbit

TEST SUBSTANCE

Identity: 3M identified the test substanceasT1395.

Remarks: The test substance was notfurthercharacterized.

METHOD

Note pH oftest material: Not specified

MethodGuideline followed: The methods employed in the testing, evaluation, and gradingofthe test
material are those described in Section 1500.42-Hazardous Substances and Articles, Administration and
Enforcement Regulations, Federal Register, Vol. 38, No. 187,p. 27019, 27 Sept 1973.

Test Type: in vivo

‘Speciesstrain/cell type or line: Albino rabbit/Not specified

Sex (males/females/both): Not specified

Numberofanimals/sex/dose: 6/single dose

Total dose: 0.1 gram

“Test conditions: The test substance was instilled into the right eyesofthe test animals; the left eyes were.
not reated and served as controls. The test substance was not washed from the treated eyes.

Length of time test material is in contact with animallcell: The exposed eye was not washed
following administrationofthe test substance.

Observation period: 1,24, 48, and 72 hours post-exposure; § and 7 days post-cxposure

Scoring method used: Interpretationofthe results was made in accordance with the greding system
outlined in “Ilustrated Guide for Grading Eye Irritation By Hazardous Substances”.

Remarks: Healthy young adult animals were usedinthis study.

RESULTS

Corrosive: Not specified

Irritation score: No overall iritation score was given. Individually, | hour after applicationofthe test
substance, 66 animals exhibited irs iitation scores of5 and 4/6 animals exhibited conjunctivae imitation
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scores of 10; the remaining two animals exhibited conjunctiva imitation scores of6 and . 66 animalscontinued to display iiationofthe iis and conjunctiva (iiation cores: 5 nd 2-6, respectively) up (048 hours aftr administrationofthe test substance. Iiaton scores and incidenceofirtation haddecreased by day 7 ofthe study, at which time 2/6 animals exhibited iis ritation scores of$ and 1/6animals exhibited a conjuncivae tation score of2.No comeal iitaton ws observed in any of theanimals throughout the study.
“Tool used to assess sore: Interpretation of the results was made in accordance withthe grading systemoutlined in “Ilustrated Guide for Grading Eye Iritation By Hazardous Substances.
Description of lesions: Not specified
Remarks: None,
CONCLUSIONS
Remarks: Based on the resulis oftis study and the source used for interpreting th results, the authorsconsidered the test substance to bea primary ocular ant; agree with this conclusion.
REFERENCE
3M Company. 1976. Primary Eye Iiation Study-Rabbits.
OTHER
Remarks: This summarywasbased on a summary report; therefor,the contents ofthis summary, in
ference 0 the protocols and resusofthe study, are limited.
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ACUTE - SKIN IRRITATION

“Title: Primary Skin rritation Test with T-3371 in Albino Rabbits
TEST SUBSTANCE

Identity: Riker Laboratories, Inc. identified the test substance as T-3371.
Remarks: The test substance was not further characterized.

METHOD

Note pH of test material: Not specified

Method Guideline followed: ICAO

Test Type: in vivo

Species/strain/eell type: RabbitNew Zealand White Albino

Sex (males/females/both): Female

Numberofanimals/sex/dose: 3/exposureperiod
Total dose: 0.5 gram

Vehicle: None

Lengthoftime test materialis in contact with animallcell: 3minutes, 1 hour,or 4 hours
‘Test conditions: One day prior to applicationofthe est substance, the hair was shaved from the back
‘and flanks of each rabbit. For each rabbit, two test sites were selected. The test sites were lateral to the
‘midline ofthe backand approximately 10centimeters apart The test substance was applied t0 each ofthe
test sites and occluded with 2-inch square gauze patches. The patches were secured with gauze wrap;
then, the trunk of each animal was wrapped with impervious plastic sheeting for the duration of theexposure period. Afer the exposure period, all wrappings were removed and the test sites were examined
for ineversible damage and scoredfor erythema and edema.

‘Grading scales The authors presented separate irritation scores for erythema and edema, each based on a
grading scale of - 4. Test sites were also observed for the presenceorabsenceofchemical bur, eschar,necrosis, and epithelial sloughing.

Remarks: Animals were housed in standard wire-mesh cages in temperature and humidity controlled
rooms with food and water offeredad ibitun.

m
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RESULTS

Results: The test substance produced irreversible tissue damage following a 3-minute, 1- hour, and 4-
hour contact period. Moderate erythema and edema, as well as chemical bum, eschar, and necrosis were
‘produced following allthree contact periods. An endpoint was not achieved due to the extreme irritation
following cach contact period.

Primary irritation score: Not reported

Remarks:

CONCLUSIONS

‘The chemical produced irreversible tissue damage to the skin of female albino rabbits; including moderate
erythema and edema, chemical burn, eschar, and necrosis. Inadequate information was presented in the:
report to evaluate qualityofthestudyand validity ofthe conclusion.

REFERENCE

Primary Skin Icitaion Test with T-3371 in Albino Rabbits. 1983. Safety Evaluation Laboratory, Riker
Laboratories, Inc. St. Paul, Minnesota. Experiment #0883EB0079
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AcuteTorry
Tile: Ace On Tish Sry as
TESTSUBSTANCE

dentin: 3Midentified testsetsaT1585
Remarks:Th stisnws otfehrc.
METHOD

Mehotiguideline lle Not ciel
GLP (Y/N): No

Veneta peor 1976
SooBSi 2000 gs
Selemons: Maladfle
Number suimslssions Sheen
Veh: $0
Route ofAdis: Or
Tet condos:Exchsist wasweighed nddosedbydictadmissionof he cs substansoma eam+ png nd Song meeTn neme pe aewo mpgmdbesmat wereSeoo nd weHon son of het banceeee ome ocSone
Remarks: Thestainsweredriv ofod rotwt fo 28hoespriodos
RESULTS

LDg: <1,000 mgrkg.

Warrofestaenhon ve tyes. 00mgli,5 Sr
Remark61%ofmales 09)ad80% f res (45) dict lovin iiohe st4 ongmonteted
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gastric mucosa and writhing; the number ofanimals, which exhibited these signs, was not specified. The
three surviving animals exhibited no change in inital and final body weight

CONCLUSIONS

Remarks: The authors concluded the LD to be < 1,000 mg/kg; I agree with this conclusion.

REEERENCE
Acute Oral Toxicity in Rats-T-1585. 1976. 3M Company.

OTHER

Remarks: This summary was based on a summary report submitted by 3M; therefore, the contents of
this summary, in reference to the protocols and resultsofthe study, ar limited.
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ACUTE - EYE IRRITATION
Title: Primary Eye Irtation Study - Rabbits

TESTSUBSTANCE
Identity: T-1585

Remarks: No other specifications regarding the test substance were noted.
METHOD

Note pHoftest material: Not specified
Method/Guideline followed: Section 1500.42 ~ Hazardous Substances snd Articles, Administration and.
Enforcement Regulations, Federal Register, Vol. 38, No. 187, p.27019, September 27, 1973.
Test Type: in vivo

Speciesistrain/celltypeorline:Rabbit Albino
Sex (males/females/both): Not specified
Numberof animalsisex/dose; Gsingledose
Total dose: 0.15
Length of time test materialis in contact with animaicell: 7days
Observation period: 1h, 24h, 481,721, 5.4, end 7d.

Scoring method used: Used grading system outlined in “Ulustraed Guide for Grading Eye Iitation by
Hazardous Substances”
Remarks; The test substance (0.1 g) was administered o the right cyeofeach rabbit, while the untreatedeye servedas acontol. The test material was not washed romth eyes. At each observation, the trated
eyes were sored for comeal opacity and are, iis, and conjunctival redness, chemosis, and discharge.
RESULTS

Corrosive: Not specified
ritation score: Corneal pacity and area = 4; Iris = 2; Conjunctival redness = 2; Conjunctival chemmosis= 4; Conjunctival discharge = 3

‘Tool used to assess score: “[lustratedGuideforGradingEveIrtatonByHazardous Substances.”
Descriptionof lesions: None
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‘Remarks: The scores for all the rabbits were the same for each category and observation. The scoresremained the same through day 7. Only a summary tableofscores was given, with no descriptionofthe
effect.

CONCLUSIONS

‘The test substanceis a primary ocular iritant and requires cautionary labeling. Inadequate information is
presented in the report to evaluate the qualityofthe study and the validity ofthe conclusions.

REFERENCE

Biosearch, Inc. 1976, Primary Eye Irritation Study ~ Rabbits. Philadelphia, PA. 3M Company. St.
Paul, MN.
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Acute TOXICITY
Tite: Acute Dermal Toxicity StudyofT6342 in Rabbits
ESTSUBSTANCE

Mdentity: T6342 cea, colorless liquid.
Remarks: None
METHOD

Method Guideline followed: OECD Guideline TP2071. Most likey tis shoukd be OECD Guideline404 or Dermal Tocity. OECDGuidlinesdono begin with eters and do nt 0 a high 4-4 mnbers.
GLP: Yes

Yearstudy performed: 1995
Specestesin: Rabbits Hra(NZW)SPE
Sex (malesfemales both): Both
Numberofanimals/sex/dose: 5 males, femalessingle dose
Total dose: 2000 mg/kg

Velie: None
Routeof administration: Dermal
Remarks: The rabbis had the hair clipped from their backs before the appropriate amount of the test.substance was apiid o the intact skin. The sce of aplication was covered with a suse porch andocclusive dressing. Colas were used to seta the animal, Afr he 34 hour expose period, thecolas and dressings wer removed. The test sites were washed with tap war and dispose paper{owel. Clinical observations and mortality checks wer made st spproximatly 1, 3.5, nd 4 hours hertest material administration nd twice daily thereafefo 14 days. Body weights were desrmind before{est material was applid, a Day 7 and on Day 19. The inital dermal iation reading was made 30minutes after removal of the test. material ad on Days 3, 7, 10, ad 1d. At he cnd of the study, the‘imal were euthanized and Subjeted0eto.
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RESULTS

Number of deaths at each dose level (by sex): none

Remarks: All animals appeared normal and exhibited body weight gains throughout the study, with the
exceptionofone male that lost weight during the first week. Dermal imitation consisted of slight to
moderate erythema, edema, and atonia, and slight desquamation, coriaceousness, and fissuring. No
visible lesions were observed at necropsy. The dermal LDSO0 in rabbits was greater than 2000 meg.

CONCLUSIONS

‘The dermal LDSofT-6342 wasgreaterthan2000mg/kgin male and female rabbits. The test substance
produced slight to moderate dermal irritation. No clinical signs duringthestudy or visible lesions at
necropsy were noted.

REFERENCE

Glaza, S. 1995. Acute dermaltoxicitystudyof T-6342 in rabbits. Coming Hazelton, Inc. Madison, WI.
ProjectID:HWI 50800374. 3MCompany. St. Paul, MN.
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SKIN SENSITIZATION DATA
Tile: AssentofCont Hyperscsitity0T7528 inthe Albin Gunes Pig (MximisionTes)
TEST SUBSTANCE,
ent: T7524
Remarks: Purity was 98% the comsining24vas Lmehy2pyrlcinan. Substancews browpate with specie gravis of 1.33
METHOD

Methodgideline followed EC methodsfor hedesmanofxis,st amendedbyComission Dire9 EC; OECD Guideline Numba 406: Mgnseon and gman 1970
Stud duration: shout50days
Lp am:
Year studyperformed: 200
Sposa: Guineapig Dunkin Harley sin
Sex Females
Number of amas pe due group: 10st group: Sorel group
Routeof administration: Ieaderns snd idensdinision
fe———

Concentrations: Staring and siegesconcsnationswes ake fomths lowing sis1%, 24, 59,1035, 20% 30, an 1005, nd ons hor tan 19 fmt Thre ws moindication abot which dose wer sd or nui or chlnge.Vole nt nde.
Vehicles osinised
Induction method: nde iecions of fosconsentswsused. Dermalecionser eesed34018ho

A ————Derm escons were ssesed 4and 43 hoes fsexpo
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Main study:

Induction (concentration and method):

Day 1: Three injections were made at clipped scapular region:
1:1 wi mixtureofFreund's Complete Adjuvant with water,
test substance at 5% concentration, and
a 1:1 wiv mixture of 10% test substance with Freund's Adjuvant.

‘The vehicle was not indicated.

Day 7: Ten percent sodium-dodecyl-sulfte (SDS) was applied epidermallyto aclippedarea
between injection sites; this provoked a mild inflammatory reaction.

Day 8: Fifty percent test substance concentration was applied epidermally to the SDS-treated
area and held in place with Micropore tape. The dressing was removed aftr 48 hrs.
Induction vehicle: Not indicated.

Challenge (concentration and method):

Day 22:A fifty percent concentrationofthe test substance was applied epidermally to the
clipped flank. Vehicle was not indicated

Challenge vehicle: Not indicated.

Post-observation period:

Sites were assessed 24 and 48 hours aftr induction and challenge phases.

Grading scale: ‘The sourceofthe scale was not indicated, but both iritation and challenge reactions
were graded. Results were evalusted according to EC riteia for classification and labeling requirements
for dangerous substances and preparations.

Statistical methods used: None.

Remarks: A reliability checkofthe test (study date not indicated) was done using alpha-
hexylcinnamicaldehydeasa positive control. Skin reactions were indicative ofa sensitisationrateof 100
percent for this compound.

RESULTS

‘Toxic responselefects by dose level: No mortality occurred and no systemic toxicity was observed.
Body weights and body weight gain were similar between controls and treated groups.

Induction and challenge scores: During induction, skin effects were enhanced by the 10% SDS
treatment, During challenge, no skin reactions were evident afer challenge in treated groups and
controls. Light yellow staining was seen at the estsubstance-reated skin sites (24 and 48 hours post
challenge). The saining did not hamper scoringofthe skin reactions.

Sensitization: A sensitization rae of0 percent was determined.
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Remarks: none.

CONCLUSIONS

There was no evidence that T-7524 caused skin hypersensitivity in guinca pigs.
Remarks: none,

REFERENCE

NOTOX. 2001. AssessmentofContact Hypersensitivity 0T-7524 in the Albino Guinea Pig
(Maximisation-Test). NOTOX Project number 292027. Hetogenbosch,The Netherlands.
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REPEAT DOSE DATA

“Title: 5 Daily Dose Oral Toxicity Study with T6669 in Rats

TESTSUBSTANCE

Identity: The test material was perfluorooctanoic acid, ammonium salt, T-6669 (FC-143), Lot No. 235.,
CASRN 3825-26-1

Remarks: Its described as a white powder that is 93-97% ammonium perfluorooctanoate.

METHOD

‘Method guideline followed: The study was conducted in accordance with a company protocol TP678S
dated December 20, 1996 included in the report.

Study duration: 20 days.

GLP (YIN): Y

Year study performed: 1997

Species/strain: RayCrl:CDE(SD)BR VAF/Plus®

Sex: Male

Numberofanimals per dose group: 10

Route of administration: Oral gavage

Doses tested and frequency: 0, 5.0, 14.0, or 42.0 mg/kg/day. Doses were administered once daily for 5
consecutive days.

Posttreatment observation period: 15 days

Statistical methods used: Methods are outlined in the report and include ANOVA
(Winer, 1971), Levene's Test (Levene, 1960),and Dunnett's multiple comparison
test (Dunnett, 1964).

Remarks: Ina deviation from the protocol, the animals weighed between 303 and 395 gat study
initiation; the protocol tated weights between 210 and 250 g. The animals were provided food and water
ad libitum. Reverse osmosis water was used as the vehicle and the dose volume was 5 mL/kg. The
animals were observed twice a day for mortality and moribundity. Each animal was removed from its
‘cage and examined for clinical signs before dosing and at approximately 1, 2.5, and 4 hoursafter each
dose administration and daily thereafter. Bodyweights were measured daily. Blood samples were
collected on Days -2 (predose, though the protocol states that the predose sample is collected on Day -1),
6,9, 15, and 20. On Day 6, ive animals per group were sacrificed, and the liver was removed from cach
‘animal and weighed. The right lateral lobe ofthe liver was collected from each animal, weighed, and
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analyzed for palmitoyl CoA oxidase activity. The remaining liver isu was also collected and weighed.On Day 20, th remaining animals were sacrificed and thei livers were collcted and weighed.
RESULTS

NOAEL (dose and effect): Greater than 42 mek, the highest ose tested. ANOEL of <50 make,the lowest dos ested based on higher hepatic palmitoy] CoA oxidaseactivity was determined byth study author.
LOAEL (dose and effect): Greater than 42 mg/kg, the highest dose tested. A LOEL of5.0 mg/kg, based on higher hepatic palmitoyl CoA oxidase activity reported in study,
Tole responseleffcts by dose level: All animals survived o scheduled sacrifice. Notreatmentrelatedclinical signs were observed i any groups

5.0 make: higher hepatic palmitoy] CoA oxidase activity (24 U/G compared to 5 1U/G for
controls)
14.0 mgkg: significantly reduced mean body weight gains during dosing period, higher hepaticpalmitoy] CoA oxidase activity (39 UG compared to $ UGfor controls)
42.0 mg/kg: significantly reduced mean body weight gains during dosing period, higher hepatic
palmitoyl CoA oxidase activity (39 1U/G compared to § UG for controls

Statistical resus: The lower mean body Weight gins forthe mid-and high-dose groups were
statistically significant compared to controls (p 0.05)
Remarks: Though the mid- and high-dose lvel groups exhibited ower body weight gains during the
Gosing period, they showed recovery usally within the fis 3 days after dosing was completed. Theoverall mean body weight gains were not significantly diffrent between any groups.
CONCLUSIONS
“The author stated that based on significant increases in the levelsofpalitoyl CoA oxidase activity, anindication ofperoxisome proliferation, at all dose levels tested, the no effect level of 1-669 1 ess than5.0 mak when administered to male Crl:CDE(SD)BRVAFPlus8rats for § consecutive days.
Remarks: Theauthor designated the no effect level based on significant increases i th levels ofpalmitoy] CoA oxidase activity. However, enzyme induction may be transient and inthe absence ofther
changes is not clearly indicative of oxic effet, therefore no LOAEL was detemined by this Study.

REFERENCE

Henwood, S. 1997. 5 Daily Dose Oral Toricity Study with T-6669 in Rats. Coming Hazleton, Inc.,Madison, WI. Laboratory Project Identification: CHW 6329-197. 3M, St. Paul,MN
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REPEAT DOSE DATA

“Title: 28-Day Oral Toxicity Study with FC-143 in Albino Mice; IBT NO. 8532-10655
TEST SUBSTANCE

Identity: Fluorad® Fluorochemical FC-143, also referred to as PFOA ammonium salt, ammonium
perfluorooctanoate, PFO, FC-116, FC-126, FC-169, FC-143,oras @ major component ofFX-1003
(octanoicacid, pentadecafluoro- ammonium salt, CASRN 3825-26-1),
T-1742CoC, Lot No. 269.

Remarks: The purity ofthe test substancewasnot indicated.

METHOD

Method/guideline followed: Notstated

Study duration: 28 days

GLP (YIN): N

Year study performed: 1977

Species/strain: Charles River CD albino mice:

Sex: male and female

Number of animalsperdose group: 10 (Smalesand § females)

Routeofadministration: Diet - Purina rat chow

Doses tested and frequency: 0, 30, 100, 300, 1000, 3000, 10000, 30000 ppm

Post-observation period: None

Statistical methods used: A test was used to compare mean body weights, liver weights, and liver to
body weight ratios among groups, butthe ype of test was not noted.

Remarks: Daily observations for behavioral reactions or mortalities were made, Weekly body weight
measurements were taken. Gross pathologic examination was conducted a fina sacrifice on al surviving
mice. It was sated that “a represenative setof organs and other tissues was removed and preserved in
neutral buered formalin for future histopathologic examination.” However, organs examined were not
specified. Liverweightsand liver 0body weightratioswerecalculated. Microscopie examination was
‘conducted on livers from ell sacrificed mice. Samplesof livers and blood were sent to 3M for analysis,
but the results, ithe analyses were completed, renot included.
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RESULTS
'NOAEL (dose and effect): none; effects at all doses.

LOAEL (dose and effect: 30ppm (hepatocellular hypertrophy; hepatocellular degeneration andornecrosis cytoplasmic vacuoles i duct proliferation; creased five weight, increased ver tbody
‘weight ratios; body weight loss).

Tosi responseefects by dose level
30 ppm: (sce LOAEL)
100 ppm: increased fiver weights cyanosis hepatocellular degenersion andlor necrosis bile ductproliferaon; hepatocellular hypertrophy; cytoplasmic pid vacuoles; body weight los500 ppm: muscular weknes coughedfur, cyanosis eputocelllar degencradon andor neceosi; bile
duct proliferation; body weight loss
1000 ppm: muscular weakness; roughed fur; cyanosis;hepatocellulardegeneration and/or necrosis;hepatocellular hyporrophy: cytoplasmic vacuoles (befors death by day 5)
3000 ppm: muscular weakness; oughed fr (before death during week 1)
10000 ppm: muscular weakness; roughed fur (before death during week 1)
30000 ppm: muscular weakness; roughed fur (before death during week 1)

Statistical resus:
The following parameters wre significantly diferentfom controls(a alevel of at eatp < 0.05):(8) Body weightloss:
30 pm: femalesatweek+
100ppm:malesat weeks 14; femalesatweeks2-4
300 ppm: males at weeks 1.4 females a weeks 13
1000 pun: males and fernles at week 1 (animals died afer week 1)
(B) Absolute liver weight increase:
30 ppm: malsand females
100 pom: mals ad females
Not reported at other doses because mice died befor day 25.
(©) Relative liver weight increase:
30 ppm: females
100 ppm: males
Not reported at other doses because ice died before day 28.

Remarks: Body weight was suppressed in dose-related manner increased amounts of food were
consumed although food waste was also seen.
1000 ppm and higher: all males and females diedwithin the first9daysof esting.
300 ppm: al mice except 1 male died within 26 days ofesting.
30 and 100 ppm tcst groups: one animal died in each group. No her deaths occurred. Gross pathology
Showed enlargement andor discoloration of| or mare lve obulsinllanimals sarifced afr 28 dupe
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CONCLUSIONS

No conclusionsweregiven by the study authors,

Remarks: All mice fed APFO lost weight. Reductions in body weight gain were followed by weight
losses in mice fed 30, 100, or 300 ppm. A dose-related pattern was sean in the depressed body weights.
Relative and absolute liver weights were increased in mice fed 30 ppm or more APFO. Gross
pathological examinationofkidneysorother organs besides livers is not discussed. Treatment.related
changes were observed in the livers among all APFO treated animals including enlargement andor
discoloration of 1 or more liver lobes. Histopathologic examinationofll APFO treated mice revealed
diffuse cytoplasmic enlargementof hepatocytes throughout the liver (penlobular hypertrophy)
accompanied by focal to multifocal cytoplasmic vacuoles. Degenerationand/or necrosisofhepatocytes.
and focal bile duct proliferationwasalso noted in mice within all groups.

REFERENCE

Chiistopher, B. and Marias, AJ. 1977. 28-Day Oral Toxicity Study with FC-143 in Albino Mice, Final
Report, Industrial Bio-Test Laboratories, Inc. Study No. 8332-10655, 3M Reference No. T-1742CoC, Lot
269.
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REPEAT DOSE DATA

Titles 28-Day Oral Toxicity Study with FC-143 in Albino Rats.

TEST SUBSTANCE

Identity: Fluorad® Fluorochemical FC-143, also referred to as PFOA ammonium salt, ammonium
perfluoroocianate, PFO, FC-116, FC-126, FC-169, FC-143,oras a major component of FX-1003
(octanoic acid, pentadecafluoro-, ammonium salt, CASRN 3825-26-1),
T-1742CoC, Lot No. 269.

Remarks: Purityofthe test substance was not indicated

METHOD

Method/guideline followed: Not sated

Study duration: 28 days

GLP (YN): N

Year study performed: 1977

‘Species/strain: CharlesRiverCD albino rats

Sex: male and female:

Numberofanimals per dose group: 10 (S males and $ females)

Routeofadministration: Diet - Purina rat chow

Doses tested and frequency: 0, 30, 100, 300, 1000, 3000, 10000, 30000ppm

Postobservation period: None

Statistical methods used: A test was used to compare mean body weights, liver weights, and liver to
body weight ratios among groups, but the typeoftest was not specified.

Remarks: Animals were observed daily for clinical signsoftoxicity. Body weight and food
‘consumption wre determined weekly. Liver weights, body weights, and liver weight to body weight
ratios were determined at terminal sacrifice. Gross pathological examination was conducted on all
surviving rat. It i sated that the study included a complete examinationofgross pathology and Aa
‘complete set@ of tissues and organs were examined, but the specific lst is not supplied. Livers were
weighed to determine relative organ weight then stained for histopathologic examination. Samples of
livers and blood were sent to 3M for analysis, but the result, ifthe analyses were completed, are not
included.
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RESULTS

NOAEL (dose and effect): none; effects bserved at lowest test dose:

LOAEL (dose and effect): 30 ppm (increased liver weight and hepatocyte hypertrophy)

Toxic responseleffects by dose level: All animals given 10000 or 30000 ppm dicd within the first week.
of testing. There were no premature deaths or other clinical signs of toxicity in the other groups. Males

at 300 ppm showed slightly reduced body weight gains. Body weigh gains among anima fed 1000 ppm
or more were significantly reduced in a dose-dependent manner. Reduced food intake was evident among.
ats fed cither 1000 or 3000 ppm. Treatment-relted morphologic changes in thliverwere observed
among all male and female test animals. The primary lesion consistedoffocal to multifocal cytoplasmic
enlargement (hypertrophy)ofhepatocytes among animals in est groups 0, 30, and 100 ppm and
multifocal to diffuse enlargement ofhepatocytes was seen among animals in test groups 300, 1000, and
3000 ppm

Statistical results: Differences in body weight between the contol and treatment groups were
statistically significant a 1000and 3000ppm. Absolute liver weighs were significantly increased for
males at 300 ppm and in females at 1000 and 3000 ppm. Relative liver weight was significantly
increased for males at 3000 ppm.

Remarks: Gross pathological exam did not reveal rcatment-rlated effcts in kidneys or other organs
besides livers. The maineffectwas focal to multifocal cytoplasmic enlargementof hepatocytes among
animals fod 300 ppm. In anima fed 1000 ppm or more the effect was multifocal to diffuse enlargement
ofhepatocytes. The severity/degtee oftissue involvementof thse lesions was more pronounced in male
fest animals. Absolute liver weights in males at 1000 and 3000 ppm are not significantly different than.
controls only because of body weight reduction in the higher dose animals.

CONCLUSIONS

“The authors gave no conclusion.

Remarks: All animals in the 10,000 and 30,000 ppm groups died before the endofthe first week. Body
weight gains were reduced in the groups receiving 1000 or more ppm. Reduced food intake was observed
in rats fed 1000 ppm or higher ina dose-related manner.

Relative liver weighs were increased in males fed 30 ppm or more and females fed 300 ppm or more.
Treatment related changes were observed in the livers among all APFO treated animals. The severity of
effects was more pronounced in male test animals

REFERENCE
Metrick, M. and Maris, A.J. 1977. 28-Day Oral Toxicity Study with FC-143 in Albino Rats, Final
Report, Industrial Bio-Test Laboratories, Inc. Study No. 8532-10654, 3M Reference No. T-1742CoC, Lot
269, September 29, 1977.
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REPEAT DOSE DATA

Titles Ninety-Day Subacute Rhesus Monkey Toxicity Study

TESTSUBSTANCE

Identity: Fluorad@® Fluorochemical FC-143, also referred to as PFOA ammonium salt, ammonium
periluorooctanoate, PFO, FC-116, FC-126, FC-169, FC-143,oras a major component of FX-1003
(octanoic acid, pentadecafluoro-, ammonium salt, CASRN 3825-26-1)

Remarks: The test substance used in tis study was obtained from the sponsor, 3M. Company, St. Paul,
MN. The lot numberof FC-143 used inthisstudy was 340. The test substancewas a white powder.

METHOD

Method/guideline followed: Not stated

Study duration: 90-day

GLP (Y/N): No

ear study performed: 1978

Species/strain: Rhesus monkey

Sex: Male and female

Number of animals per dose group: Two per sex per group

Routeofadministration: Oralgavage

Doses tested and frequency: 0 (control group), 3, 10, 30, and 100 mg/kg/day, 7 days/week, for 90 days

Post-observation period: None

Statistical methods used: All statistical analyses compared the treatment groups with the control group,
by sex. The tests were compared by analysisofvariance (one-way classification), Bartlet’ test for
homogeneity and the appropriate t-test (for equal or unequal variances) as described by Steel and Torrie:
(1960) using Dunnett's multiple comparison tables to judge significanceofdifferences.

Remarks: Ten male thesus monkeys (2.60 3.90 kg) and 10 female rhesus monkeys (295 - 3.80 kg)
were used inthis study. The monkeys were housed individually in hanging wire mesh, “squeeze type”
cages and maintained in a temperature, humidity, and light controlled environment. Purina Monkey Chow
was fed twice/day and fresh apples were fed 3 times/week. Water was availablead libitum. Prior to test
‘substance administration, the staffveterinarian conducted acomplete physical examination. Only
monkeys in good health were selected for the study. The test compound, suspended in 0.5% Methocel®,

was administered by gavage at afrequency of7 days/week for 90 days. All doses were given in aconstant
volume. The same volume of 0.5% Methocel® was given to the vehicle control group. Individual daily.
doses were based upon the body weights obtained weekly. The monkeys were observed twice daily for
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‘general physical appearance, behavior,andpharmacotoric signs. General physical examinations were
conducted inthe contol period and monthly during the suds. Blood and urine samples were obtained foranalysis from all monkeys once during the control period, then again 1 and3 months afte study nitatin.
‘After completion ofthe tet substance administration period, al surviving monkeys were anesthetized
with Semmylan® (Phencyclidine HC), exsanguinated, and ncropsied. At necropsy, the heart liver,
adrenals, spleen, pituitary, Kidneys, testesiovaris, and brain were weighed; representative tissues were
collected in buffered neural 10% formalin. Byes were fixed in Russel’ fixative, Thethyroid parathyroid
was weighed aftr fixation. Histopathology was performed on th following organs from all monkeys in
the control and treatment groups: adrenals, aorta, bone, brain, esophagus, eyes, gallbladder, heart (with
coronary vessels), duodenum, leu,jejunum, cecum, colon, tectum, kidneys, iver, lung, skin,
‘mesenteric lymph node, etropharyngeal Iymph node, mammary gland, nerve (with muscle), splecn,
pancreas, rostat/uterus, rib junction (bone marrow), salivary gland, mbar spinal cord, pituitary,
Stomach, testes/ovares, thyroid, parathyroid, thymus, trachea, tonsil, ongue, urinary bladder, vagins,
identifying tattoo, and any issues(s) with lesions. Histopathology was performed on the following organs
from all monkeys in the control and treatment groups: adrenals, aort, bone, brain, csophagus, eyes,
gallbladder, heart (with coronary vessels), duodenum, ileum, jejunum, cecum, colon, rectum, kidneys,
liver, lung, Skin, mesenteric lymph node, rtropharyngeal lymph node, mamsry sland, nerve (with
muscle), spleen, pancreas, prostateaterus, ib junction (bone marrow), salivary land, lumbar spinal cord,
pituitary, stomach, testes/ovaris, thyroid, parathyroid, thymus, trachea, tonsil, tongue, rinary bladder,
vagina, identifying tattoo,andany tissues(s) with lesions

RESULTS
NOAEL (dose and effect): 0 (control) and 3 mg/kg/day—Soft stool, moderatetomarked diarchea, and
frothy emesiswere occasionally observed at bothofthese dosage level.

LOAEL (dose and effect): 30 mg/kg/day—Clinical signsoftoxicity, adverse histologic changes in the.
adrenals, bone marrow, spleen,and lymph nodes,anddeaths.

Toxic responseleffects by dose level: There was no mortality at the 0,3, and 10 mg/kg/day dosage
levels. Three monkeys in the 30 mg/kg/day dosage group, and al 4 monkeys in the 100 mg/kg/day dosage
group, dicd during this study.

3 mgkg/day— Soft stool andlor moderate to marked diarrhea, frothy emesis were noted at this
dosage level.

10 mg/ke/day—The following symploms were noted i one monkey: anorexia during week 4,
pale and swollen face during week 7, and black stools during week 12.

30 mgkgday—Three monkeys died during weeks 7, 12, and 13ofthe study. From week 4,
these 3 monkeys were anorexic. All 4 monkeys in tis group showed slight to moderate, and
sometimes severe, decreased activity. In addition, swollen face, eyes, and vulva, a wela pallor
of the face and gums were noted in ail 4 monkeys. Other symptoms observed in somelall
‘monkeys included the following: emesis, ataxia, black

stools, dehydration, ptosis of the eyelids, and lossofbody weight. The surviving male had
decreased numbersof erythrocytes, decreased hemoglobin, decreased hematocrit, and increased
platelets. Prothrombin ime and activated prothrombin time were also increased. These increases
were apparent at | month but were much more marked at three months. There wes # decrease in
alkaline phosphatase levels at one month (365 vs 597 in the contro) which persisted in the one
surviving male (360vs 851 IU inthe control) at3 months. SGOT levels were reduced at one.

21

000138

ee



month (59 vs 29 U/l in the contro) and in the one surviving male at 3 months (88 vs 45 [U/l in
the contol). SGPT was elevated at | month (44 v a control valueof 15 IU) and at3 months(46 v531 IU inthe control group). Cholesterol in the one surviving male was elevated (240 vs
165 mg/100 ml). Total protein and albumin in thi animal were reduced: total protein was 5.52 v5.a control level of 8.21 8/100 ml and toal albumin was 2.00 vs a control level of4.82 g/100 ml.
During th pathological studies, th following compound-elaed symptoms were observed in
male and female monkeys: marked lipid depletionofthe adrenals, light to moderate
ypocelluariy ofthe bone marrow, and moderate atrophy of lymphoid folliclesofthe spicen andIymph nodes.
100mk dey— All monkeys from the 100 mg/kg/day dosage level died during weeks 2 of
the study. In addition, the monkeys in this group showed the sume signsoftoxicity as the
monkeys dosed 30 mg/day. However, the signs of toxicity observed in the 100 mg/kg/day
dosage group (anorexia, frothy emesis, pale face, pale gums, swollen face and eyes, decreased
activity, prostation, body weight loss, and body trembling) sppeared carler in th Study than was
observed in the 30 mg/kg/day dosage group. During the pathological studies, he following
compound elated symptoms were observed in male and female monkeys: marked diffuse lipid
depletionofthe adrenals, sight to moderate bypocelllarty ofthe bone marrow, and moderate
atrophyof lymphoid follicles ofthe spleen andlymph nodes.

Statistical results: There were atistcally significant decreases in body weightforthe male monkeys at
the 30 ma/ka/day dosage level during week 13 ofthe study. The female monkeys ofthe 30 mg/kg/day.
dosage level and the morikeys of the 100 mg/kg/day dosage level were already dead at this time.
Statistically significant variations in sex-group mean weights ofa few organs occurred between the
control and experimental groups. The statistically significant variations were the following: decreased
absolute and relative heart weight or females in the 10 mg/kg/day dosage group (p < 0.05, p< 0.01,
respecively), decreased absolute bran weight for females in the 10 mg/kg/day dosage group (p < 0.01),
and increased relative pituitary weight for males in the 3 mg/kg/day dosage group (p < 0.05). These
variations were ofunknown biological significance and were not accompanied by morphologic
alterations.
Remarks: Following one monthof reatmen, glucosewassignificantly elevated inthe 3 mg/kg/day
group (117 v5 89 me/100 ml in the contol). The authors ofthe report atribute this 0. single high value
for male #7366 who had a value of 131. The other three monkeys in the 3 mg/kg/day group had levels of
112,105,and 120 mg/100 mi. Glucoselevel in the 10 and 30 mg/kg/day groups were 104and 122
me/100 ml, respectively, aftr one monthoftreatment. At three monthsof restmen, glucose levels were
81,9, 83, nd 66 mg/100 ml inthe control, 3, 10 and 30 mekg/day groups respectively. SGPT waseldvated inthe 10 and 30 mg/day dose groups at | month, but were comparable to control at 3 months.
“There were no treatment elated changes in urinalysis studs at any time period sudied.
CONCLUSIONS
“The test substance caused clinical signsof toxicity, adverse histologic changes in the adrenals, bone
marrow, spleen, nd lymph nodes, and deaths in male and female thesus monkeys when administered at
dosage levelsof 30 and 100 mgka/day.
Remarks:Thetet substance was not sufficiently characterized.

REFERENCE
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3M Company, International Research and Development Corporation. 1978. Ninety-Day Subacute Rhesus
Monkey Toxicity Study. Laboratory study number 137-090.
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Title: 26-Week Capsule Toxicity Study with Ammonium Perfluorooctanoate (APFO) in
Cynomolgus Monkeys.

TEST SUBSTANCE
Identity: Ammonium Perfluoroctancate (PFO); Perfluorooctanoate (PFOA)
Remarks: APFOa White Powder; Lot 332; 95.2%pure

METHOD

Method/guideline followed: No guideline followed.

Study duration: 40 weeks, 26-week treatment period, followed by 13 weeks recovery.
GLP (YN): ¥

Year study performed: 1998/1999

Species/strain: Cynomolgus monkeys

Sex: Males

Numberofanimals per dose group: 6 animals/group for groups 1,3, and 4; 4 animal/group or group 2.

Routeof administration: Oral capsule

Doses tested and frequencyofadministration: 0 mg/kg/day, 3 me/kgday, 10 mefke/ or 30120
‘mekg/day for 26 weeks

Post-observation period: 13 weeks

Statistical methods used: Levene’stes for variance homogeneity: ANOVA, Dunnett's test
ANCOVA, covariate-adjusted means, 5% two-tailed probability level

Remarks: Dosingofanimals in the 30 mg/kg/day dose group was stopped from days 11-21 because of
toxicity. When dosing was resumed on Day 22, animals received 20 mg/kg/day and this group was
designated the 30/20 mg/kg/day.

Animals were observed twice daily for mortality and moribundity and were examined at least once daily
forsignsof poor health or abnormal behavior; food consumption was assessed qualitatively. Ophthalmic:
‘examinations were done before initiationoftreatment and during weeks 26 and 40. Body weight data
‘were recorded weekly before the staroftreatment, on Day |of treatment an weedy thercafer. Blood
and urine samples were collectedforclinical hematology, clinical chemistry, and urinalysis before the
start of reatment and at specified intervals during treatment and recovery. Blood samples were also taken
for hormone determinations
“The following organs were weighed at scheduled and unscheduled sacrifices; paired organs were weighed
separately: adrenal (2), bain, epididymis (2), kidney (2), iver, pancreas, testis (2),andthyroid (2) with
parathyroid. Organ to body weight percentages and organ to brain weight ratios were calculated.
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“The following issues were collected for histopathology: aden (2), aorta, brain, cecum, colon,
duodemum, epididymis (2), esophagus, eyes [preserved in Davidson's fixative (2), femur with bone
‘marrow (articular surface ofte distal end), gallbladder, heart leu, jejunum, kidneys (2), lesions, liver,
lung, mesenteric lymph node, mammary gland, pancreas, pituitary, prostate, rectum, salivary gland
[mandibular (2), sciatic nerve, seminal vesicle (2), skeletal muscle (thigh, Sin, spinal cord (cervical,
thoracic, and lumbar), spn, stemum with bone marrow, stomach, ests [(2) preserved in Bouin's
Solution, thymus, thyroid (2) with parathyroid, trachea and urinary bladder.

Blood, urine and fces were collected during Week 2 and every 2 weeks hereafter during treatment and
recovery for PFOA concentration analyses. In addition, blood was collected from the animal in Group
that was sacrificed in moribund condition. Animals were not fasted before collctions. Samples were
collected without anticoagulant, maintained at room temperature, and allowed to clot. Samples were
centrifuged within anhourofcollection, serum was harvested and sored at ~10°C to ~30°C until packed
ondry ice and shipped to 3M for analysis.

‘Whole blood was collected from the vena cavaofeach animal at both scheduled and unscheduled
sacifce, divided into approximately equal sized samplesofserum (collected without anficoagulant),
whole blood and plasma using potassium EDTA as the anticoagulant, Samples were stored at —10 to 30°
C. Whole blood was collected from the animals in the control group at terminal sacrifice using sodium
heparin as an anticoagulant, One-half was transferred into cryotubes and pooled. The remaining one-half
was centrifuged and separated into plasma and red blood cells. The plasma and red blood cells were
pooled and transferred into cryofubes. All samples were stored frozen at -60°C to ~80°C until shipped
frozen on dry ice to 3M for possible future analysis
Atleast 2mL of urine and a least 5g offeces were collected at the same imea blood for serum
collection for PFOA determinations. Animals were not fasted before collections. Urine was collected on
wet ce; both urine and feces were collected overnight; stored at 10°C to ~30°C wat shipped on dry ice
103M for analysis.

A non-formalin liversample was collected from each anima at both scheduled and unscheduled sacrifice.
‘The sample was weighed, lashfrozen in liquid nitrogen, stored at 60°C to ~80°C and shipped frozen on
dry ce to 3M for analysis.

‘The right lateral lobeofthe lver was collected rom each animal at necropsy for palmitoyl CoA oxidase:
activity analyses. Represeniative samplesof liver, right and lef testes, and pancreas were collected from
each anima for cell proliferation evaluation using proliferation cel nuclear antigen (PCNA).

All avaiable bile (up o 5 mL) was collected at both scheduled and unscheduled sacifices, flash-frozen in
liquid nitrogen and stored at ~60°C to ~80°C until shipped to the UniversityofDundee for bile acid
determination.

“The decision to analyze blood for testosterone was made after terminal sacrifice. Aliquotsofplasma from
the prestudy time period, collection Days 35, 66,94, and 183 and recovery Days 220, 248 and 276 were
sent to Ani Lytics Inc. where they were analyzed for testosterone.

Results: NOAEL (dose and effect leve): 10 mg/kg/day, death; hypoaciviy; weight loss; ew or no feces;
low or no food consumption, mildly increased tglycerides; and moderate to marked increases in serum
enzyme concentrations (i. aspartate aminotransferase, lanine aminoiransferas, sorbitol dehydrogenase,
and creatine kinase) and a mildly increased serum ble acid concentration
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LOAEL (dose and effect level: 30 mg/kg/day, death; hypoaciiviy; weight loss; few or no feces; low or
no food consumption; mildly increased triglycerides; moderate to marked increases in serum enzyme.
concentrations i.c. aspartate aminotransferase, alanine aminotransferase, sorbitol dehydrogenase, and
creatine kinase) anda mildly increased serum bile acid concentration.

‘Toxic response by dose level: 30/20 mg/ke/day: death; hypoacivity, weight loss, few or no feces, low or
no food consumption; mildly increased triglycerides; and mildly to moderately decreased absolute
neatcophil count, total protein concentration and albumin concentration. Two animals n this dose group,
‘one terminated in moribund condition and one for who treatment was stopped becauseoftoxicity had
mildly increased scrum bile acid concentrations.

Statistical resus: Statistically significant lower body weight during Week 2 for Group 4 animals; mean
‘body weight changes for Group 4 were significantly lower than controls during Weeks 7,9 and 24.
Statistically significant increases in mean absolute liver weight and mean liver-to-body weight
percentages in animalsfromall dose groups at terminal sacrifice. Mean liver to brain weight was
significantly increased in animals in the 10 mg/kg/day dose group. No effects were noted at recovery
sacrifice.

Remarks

‘Two animals, one male from the 30/20 mg/kg/day dose group and one male from the 3 mg/kg/day dose:
‘group ware sacrificed in moribund condition during the study. The male in the
3020 mg/kg/day dose group was sacrificed on Day 29. This animal exhibited signsof hypoactivity,
weight loss, few or no feces, low or no food consumption and the entire body was cold to the touch before.
death. The animal from the 3 mg/kg/day dose group was sacrificed on Day 137. This animal showed
clinical signs of limited use and paralysis ofthe hind limbs, ataxia and hypoactive behavior, few feces andno food consumption.

Males given 30 mg/kg/day from Days 1-11 had clinical signsoffew feces and low food consumption and
they lost weight during week 1of treatment. Based on these signs, treatment was stopped on Day 11 and
was not resumed until Day 22. When treatment was resumed, the dose was lowered to 20 mg/kg/day; this
‘group was then designated the 30/20 mg/kg/day dose group. Of the remaining animals in this group, only
2 tolerated this dose level for the remaining 23 weeksoftreatment. Treatmentofthree males given 30720
‘mg/kg/day was halted on Days 43 (Week 7),66 (Week 10), and$1 (Week 12) respectively. Clinical signs
in these animals included thin appearance, few or no feces, low or no food consumption, and weight loss.
‘The animals appeared to recover from compound-related effects within 3 weeks afer cessation of
treatment.

Mean body weight changes were notably lower during Weeks 1 and 2 for males receiving 30 mg/kg/day.
During week 2, ths change was statistically significant. Treatment was stopped on Day 11 and when it
was resumed at 20 mg/kg/day on Day 21, mean body weight changes were significantly lower than
controls during Weeks 7,9 and 24, Overall mean body weight changes through Week 27 were notably.
lower for the males in the 30/20 mg/kg/day dose group.

“There was an increased incidenceof low or no food consumption for animals in the 30/20 mg/kg/day dose.
‘group that was considered to be treatment related.

‘There were no consistent or clearly dose-related effects on estrone, estradiol, estriol, thyroid simulating
hormone, or testosterone that were seen in any treatment group over time. In general, thyroid hormones.
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were decreased beginning on Day 35 in animals in the 10 or 30/20 mg/kg/day dose groups.
Trifodothyronine remained depressed through Day 183 in the 3020 mg/kg dose group. Total hyrosin
was decreased beginning on Day 33 in animals administered 10 or 30720 mg/kg APFO per day. The effect
on thyroxin was most pronounced at Day 35 in animals administered 10 mg/kg/day and Day 66 in
animals administered 3020 mg/kg/day. Thereafe, th effect began to diminish and recovery vas
observed cither inthe ast 3 monthsofdosing or during the recovery phase ofthe experiment. No changes
in chlocestokinin concentrations were seen over time in ther dose group.

“Toro males from the 30/20 mg/kg/day dose group, the ne sacrificed on Day 29 and one for whom
treatment was stopped becauseofpoor health, had moderate to marked increased serum enzyme.
concentrations (i.¢. aspartate aminotransferase, alanine aminotransferase, sorbitol dehydrogenase, and
creatine kinase) and a mildly increased serum bil acid concentration.

At3 mg/kg/day or 10 mg/kg/day, APFOhadnoeffcts on hematology, coagulation, clinical chemistry, or
urinalysis. At 30/20 mgkg/day there wer slight increases in triglyceride concentrations and mild to
‘moderate decreases in absolute neutrophil count ota protein concentration and albumin concentration.
“Two animals in the 3020 mg/kg/day dose group had markedly increased serum enzyme activities and
mildly increased serum bie acid concentrations.

“There was no evidence ofpersistentordelayed tox effects on clinical pathology tes rsuls during the
recovery period

Enhanced cell proliferation was equivocal in the liversoftreated monkeys; it was not seen in the pancreas
or testesof rated animals.

“There were notreatment related macroscopic ormicroscopic changes in any organs a the terminal
sacrifice, including lve, adrenal, spleen, pancreas, and testis. There were no treatment. related effects on
terminal body weights oron absolute or relative organ weightsa recovery sacrifice indicating tht the
liver weight changes scen at terminal sacrifice were reversible over time. There no tratment-elated
‘macroscopic or microscopic findings at ecovery sacrifice.

Ofthe two males sacrificed in a moribund condition, the male from the 30/20 mg/kg/day dose group had
esophageal and gastric lesions that were indicative ofan injury that occurred during dosing and liver
lesionsthat were presumed tobedue to th test material. Thecauseof death in the male from the3
‘mg/kg/day dose group was not determined.
Nine hundred forty seven liver, sera,urine and feces samples were collected from monkeys in treatment
groups 1,2, 3 and 4 and sent 1 3M for analysis during the treatment phase ofthe study. Of the 947
Samples, 202 were serum, 19 were liver, 272 were urine and 272 were feces specimens. During the
recovery phase ofthe study,a totalof 9 samples from Groups 1 and 3 were sn to 3 M for analysis. OF
these, 32 were serum specimens, 4 were liver, 28 were urine and 28 were feces specimens, Serum, liver
and urine samples were analyzed at 3M; fecal samples were shipped to Centre Analytical Laboratories for
analysis. Samples were analyzed for PFOA.

Sera, liver, and urine were extracted using an on-pairing reagent and methyl-err-buty ether (MBE) or
ethyl acetate. Extracts were analyzed using high-performance liquidchromatography<lectrospray/iandem
‘mass spectrometry (HPLC-ES/MS/MS) in the multiple response monitoring mode. PFOA level in sera
and liver were quantitated by extemal calibration (without an intemal standard reference), while the urine
‘analysis was performed by internal calibration (with an intemal standard reference). All blanks in th liver
assays were below the lower limitofquantitation (LOQ) for the compound of interes; in some instances
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the blanks were above the LOQforseraandurine samples, Becausetherewere endogenous levels of
fluorochemicals in unexposed monkey sera and liver, rabbit sera and liver was used as surrogate matrix.
‘Monkey urine was used for standardization and QC samples inthe urine analysis. Fecal samples were
extracted with acetonitie, filtered through a glass acrodise filer, passed throvigh carbon SPE column
and collected. The columns were eluted with acetonitrile followed by scetonitiliascorbic acid in
methanol. The combined extracts were evaporated to almost dryness and reconstituted with metharol 0a
final volume of 2 mL. The samples were analyzed using electrospray LC/MS/MS. THPFOS was used as 3.
surtogate standard but was used only to monitor the efficiencyof the extraction procedure and was not
used to calculate the amountof PFOA in the est samples.

Matix spike samples were prepared from control samplesof sera, liver and urine with each batch. Sera
samples were spiked with ether monkey and/or rabbi sea at a inal concentrationof250-500 ng/mL.
Liver samples were spiked at levelof approximately 250 ng/g and urine samples were spiked at
approximately 60 ngimL. These levels approximate the background levels inthe sre, liver and urine of
the Group 1 (0 mg/kg/day) monkeys.

Low levelsofPFOA were often detected in the sea, liver, urine and feces ofthe Group 1 animals.
However, these levels were significantly lower than those found inthe low (3 mg/kg/day) dose animals.
PFOA was found in the sera, lverurine and fecesoftreated animals; levels increased with dose.
Although PFOA was detected in the serum, liver, urine and fecesofcontrol animal, levels in tissues
from treated animals were significantly higher than those seen in the controls. PFOA levels n the sera of
test animals increased with dose but decreased over time during treatment. Serum levels went from 126 +
36.1 ug/mlinGroup 2 animalsand 1597 + 2392pg/mLinGroup 4animalson Day 9t0 52.5 £9.14
hgmL in Group 2 and $1.5 + 77.6 ugimL in Group 4 during Weeks 26:27. This seems to be the case for
urine and feces also.

Levels in the urine were 73.5.% 38.1, 221 & 124, and 909:+ 209 ug/L in Groups 2,3, and 4 respectively
on Day 9 and 51.6% 13.7, 109.475.2, and 19.2 + 27.0 ug respectivelyinthesesumegroupsDuring.
Week 26. In the feces, PFOA levels were less thanth limit ofquantitation i the control animals, and
7436.54, 15.4% 10.2 and 56.6+73.7 ug/gin Groups 2,3, and 4respectivelyduringWeek2andwere
292.4135, 43.04 36.9 and 10.3 20.8 uggduringWeek26.As mightbeexpected, once treatment.
Stopped, PFOA levels in bothurineand feces fell 0 levels that were comparable to control levels During
Weeks 38-34, levels in the feces ofthe control animals were 0.279 + 0.732 ug/g and 0.387 + 0.372 in
Group3 samples. There isno explanation forthehigh levels of PFOAseen inthe fecesofthe control
animals during Week 22. PFOA appears to be preferentially excreted in the urine rather than the feces
although it i obviously excreted in both urine and feces throughout treatment.

PFOA levels in serum als decreased over time during recovery nti they reached 1.18 + 0.827 pg/mL.
Serum in Group 3 as compared t 0.0738 0.00256 i the controls during Week 40.
Its difficult 0 draw any firm conclusions about comparative levels in liver and serum since there is only
one time period, Week 27, for which data forliver and serum can be compared. At this pot, levels in
serum appear fo be higher than those in the fiver. Tis s not a definitive statement however because there
is only tis one ime point aailable for comparison and because dosingoftheee animals inthe 30.20
mglkg dose group had stopped by Week 12 and ths may have affected levels in these animals. At week
27, serum and liver levels intheGroup4animalsare similar

During the late periodsoftreatment, it appears tht levels at 10 mg/kg/day in serum, urine and feces are
higher than they are at 30/20 mg/kg/day. This may be because dosing or tree animals in the 30/20
make dose group was stopped during treatment, on Days 43, 66, and 81 respectively. This may have
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affected PFOA levels in tissues from animals in Group 4. However, in the one comparative sample that is
available for the liver, levels in Group 4 are higher at Week 27 than they are in Groups 2 and 3. At Week

27, PFOA levels inthe liverare 15.3 +3.02, 14.0:+ 7.55,and 42.8 + 63.3forGroups2,3,and4
respectively. The PFOA level in the control liver at Week 27 5 0.177 0.0730. By Week 40, levels in the
livers from Group 3 animals are 0.114 3 0.0441 and the levels in the control are below the limits of
detection.

PFOA levels in serum are shown in Tables 1 and 1A; levels in the liver are shown in Tables 2 and 24;
levels in the urine are shown in Tables 3 and 3A and levels in the feces are shown in Tables 4 and 4a.
Individual animal values are presented in Tables 1, 2,3, and 4 respectively. Values in Tables 14, 24, 3A
and 4A are group averages + the standard deviation associated that group at each time period.
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Tae 1A
PFOA Concentrations in the Serum (g/mL)ofTreated Animals
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fortified sample recovery was 117% with an SDof 22%.

Reference

‘Thomford, PJ (2001) 26-Week Capsule Toxicity Study with Ammonium Perfluorooctanoate
(APFO) in Cynomolgus Monkeys. Study performed by Covance Laboratories Inc., Madison
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REPEAT DOSE DATA

“Tithe: Ninety Day Subacute Rat Tosicity Study

TESTSUBSTANCE

Identity: Fluorad Fluorochemical FC-143. Also referred to as PFOA ammonium salt, ammonium
‘perfiuorooctanoate, PFO, FC-116, FC-126, FC-169, FC-143, oras a major componentof FX-1003
(octanoic acid, pentadecafluoro-, ammonium salt, CASRN 3825-26-1)

Remarks: White powder, 3M stock no. 98-0211-0008-0 Lot 340; purity ofthe test substance was not
indicated.

METHOD
Method/guideline followed: No guideline number stated

Study duration: 90 days

GLP (Y/N): No

Year study performed: 1977-78

‘Species/strain: Charles River CD rat

Sex: Maleand female

Numberof animals per dose groups animals/sex/group.

Routeof administrations Dietary

Doses tested and frequency: 0, 10, 30, 100, 300, and 1,000 ppm.

Post-treatment observation period: None

Statistical methods used: Statistical analysis comparing resultofthe treatment groups with the control
group was performed by analysisof variance (one-way), Bartlett's tet for homogeneityofvariances and
the appropriate t-test (for equal or unequal variances) using Dunnett's multiple comparison tables to judge
significanceof differences.

Remarks: Initial ageof the testanimalswasnot given; however, the mean initial body weightofthe
males was 222-254 g and the initial weightof the females was 151-179g.Thetest chemical was mixed.
with 500g offeed at weekly intervals. The treated animals were observed twice daily for clinical signs of
toxicity and for mortality. Individual body weights were recorded weekly. Blood and urine samples were
collected prior to study initiationand at 1and 3 monthsoftreatment to evaluate hematology,
biochemistry, urinalysis, and serum samples. Food consumption was recorded. At 90 days, the animals
were sacrificed and necropsied for macroscopic and microscopic examination. Histopathology was
performed on the following organs from rats from the control, 100, 300, and 1,000ppm dose groups:
brain with cervical cord, lumbar spinal cord, peripheral nerve, eyes, pituitary, thyroid with parathyroid,
adrenals, lung, heart with coronary vessels, aorta, spleen, mesenteric lymph node, thymus, bone with
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marrow (stemum), salivary gland, small intestines (duodenum, jejunum leu) colon, pancreas, iver,
kidneys, urinary biadder, estes, ovaries, prostate, uterus, ski (mammary gland), any tissue(s) with gross
lesions. Livers from rats from the 10 and 30 ppm dose groups were also examined microscopically and
liver samples from all dose groups were frozen and sent o the sponsor for analysis.

RESULTS
NOAEL
Males: 30 ppm
Females: 300 ppm

LOAEL
Males: 100ppm (decrease in food consumption, liver sions)
Females: 1,000 ppm (iver lesions, increased liver weight)

Remarks: One female inthe 100 and one female in the 300 ppm group died during collectionofblood.
“These deaths were not considered (0 be treatment related. Al ther animals survived uni scheduled.
sacrifice
“There was a significant eduction in mean body weight in males in the 1,000 ppm group (362 g vs 466
inthe control group). Food consumption was reduced in males in the 100, 300 and 1000 ppm groups, but
the differences were not statistically significant.

Males in the 30, 100, 300 end 1,000 ppm groups had significantly reduced numbers oferythrocytes at the
end ofthe trcatment period. The values were 7.95, 7.05, 7.16, 6.72, and 6.94 in the contra, 30, 100, 300
and 1000 ppm groups, respectively. Males had reduced leukocyte values compared to the controls n all
dose groups, but ere statistically significant at the 300 ppm group only; leukocyte values were 10.64,
8.88,0.33, 5.35, 7.63, and 8.06 in the control, 10, 30, 100, 300 and 1,000 ppm groups, respectively. A
similar phenomenon was scen with hemoglobin values which were reduced at all dose levels but were
Significant at the 10 ppm dose level only. Hemoglobin values were 16.2, 14.7, 15.0, 15.4, 149, 13.1 in
the control, 10, 30, 100, 300 and 1000 ppm groups, respectively. There was no similar effect upon the
hematological parametersoffemale rats in the study.

Males at the 30, 100, 300, and 1,000 ppm dose levels had increased glucose levels (mg/100 m) which
were statistically significant at all bu the 100 ppm dose level. Reported glucose levels were 121, 120,
136, 134, 143 and 135mg/100mlforthe 0, 10, 30 100, 300 and1,000ppm groups, respectively. BUN.
levels were elevated in males at the 100, 300, and 1,000 ppm dose levels; mean values at 90 days were
20.4,23.9 and 35.1 mg/100 mi for the three dose groups, respectively, compared to 16.2 mg/100 ml for
ihe controls. Alkaline phosphatase was elevated in males in the 100, 300, and 1,000 ppm groups; the
levels were 147, 204 and 212 TU/ fo th thece groups, respectively, compared o 104 TU/ forthe
controls. Females showed nosimilarchangesin biochemical measurements.

Neither males nor females showed any treatment related changes in urinalysis parameters although
females from all groups showeda higher frequency ofoccult blood in the urine than did males.

“The only gross necropsy observation was noted in mals atthe 1,000 ppm dose level. These animals had
enlarged livers which showed varying degreesof surface discoloration. Neither females from the 1,000
ppm dose level nor males orfemalesfrom the lower dose levels showed such effects.
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Both absolute and relative liver weights were significantly increased in males in the 30, 300 and 1,000
ppm groups and in one female inthe 1,000 ppm group. Compound-related liver lesions occurred in all
male rats in the 100, 300 and 1,000 ppm groups. These lesions consistedoffocal to multifocal, very slight
to light hypertrophyofhepatocytes in centrilobular to midzonal regionsofthe affected liver lobules. In
some instances these lesions wre accompanied by increased amount of yellowish-brown pigment
resembling lipofuscin in the cytoplasmofhepatocytes and occasionally in sinusoidal lining cells. The.
incidence and severity ofthe lesions was more pronounced among male rats at the 1,000 pprm dietary.
level.

CONCLUSIONS

“The test substance resulted in a significant reduction in mean body weight in males at 1000 ppm, a
significant reduction in the numberoferythrocytes in males at 30, 100, 300 and 1000 ppm, and liver
lesions in males at 100,300and 1000pp.

REFERENCE

Goldenthal, E., D. Jessup, R. Geil, N. Jefferson, and R. Arceo. 1978. Ninety day subacute toxicity study:
Fluorad Fluorochemical FC-143. 3M Company. Study no. 137-089.
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REPEAT DOSE DATA

Title: 13-Week Dietary Toxicity Study with T-5180, Ammonium Perfluorooctanoate
(CAS No. 3825.26-1)in Male Rats

TEST SUBSTANCE

Identity: T-5150, Ammonium perfluorooctancate (APFO), CAS No. 3825-26-1, Lot No. 115. Itisa
lightly colored poser
Remarks: Purityof th test substance was not indicated

METHOD
‘Method/guideline followed: Guideline 82-1 (source not specified). The study was conducted in
compliance with Hazleton Wisconsin, Inc. (HWI) protocol TP9321 dated November 30, 1990.

Study duration: 13 weeks
GLP (YN): Y
Year study performed: 1993
Species/strain: RauSprague-Daviey, Ce.CDEBR

Sex: Male
Numberof animals per dose group: 55in each group, except pair-fed controls, which had 45 animals
Routeof administration: Dietary

Doses tested and frequency: 0 (par-fd and nonpairfed control) 1, 10, 30, or 100 ppm (approximate
mean compound consumption at week 13 of 0.05, 047, 1.44, and 497 ma/kgiday) fedad bum. Fifteen
animalspe groupwere sacifced at4, , and 13 weeks. The remaining 10 animals per group (all groups
exceptpair.fed controls) were sacrificed afer 13 weeksof treatment and § weeks without treatment.
Posttreatment observation period: § weeks
Statistical methods used: Levene’s est was used fo est for variance homogeneity. In cases of
heterogeneityof variance ap 5 0.05, ransformations were usd t stabilize the variance. ANOVA was
performed on the homogenous or ansfomed data. 1f he ANOVA was significant, Games and Howell
Modified Tukey-Kramer test was used for pairwise comparisons between groups. One-way ANOVA was
used to analyze body weights, cumulative body weight gains, food consumption, clinical chemistry,
hormone values, organ weighs, organ-o-body weight percentages, and organ-{o-brain weight ratio.
Body weights, cumulative bods weight gains, and food consumption values were analyzed for al groups
(except pair-fd controls) using the SAS program according to HWI methods. Group comparisons were
evaluated at the 50% two-tailed probability level. In he analysisof the data, animals in groups exposed
011,10, 30, and 100 ppm APFO were compared o the conrol animals inth nonpair-fed group, while
the daa fom th par.fed control animals were compared (0 nia exposed {0.100 ppm APO.
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Remarks: Male rats were used to characterize the effects ofthe test substance on testicular physiology.
‘At study initiation, the animals were approximately 41 days old and weighed 181 0229 g. The
appropriate amountofthe test substance was thoroughly mixed with rodent chow before providing it ad
libitum 0 the animals. Conteol groupsof pair-fed and nonpar-fed rats were maintained ona basa diet
not containing the test substance. Al dicts were assayed weekly for the first four weeks to determine the
dietary concentrationofthe test substance; thereafter, weekly analyses were performed on the control diet
and one test diet, elected sequentially.

“Throughout the study, animals were observed twice dailyfosignsoftosiciy. Individual body weight
data wre recorded on th first ay, weekly thereafer, and on the dayof necropsy. Food consumption
data were collcted daily for pair-fed groups and weekly for nonpair-fed groups. Serum samples
collected from 10 animals/group at each scheduled sacrifice were analyzedforesradil, foal
testosterone, luteinizing hormones, and test material content. At necropsy, samplesofliver, testes, lungs,
and subeutancous adipose tissue were collected from cach animal and frozen for possible test material
residue analysis. A section of liver was obtained from all animals at cach scheduled sacrifice. For 5
‘animals/group at each scheduled sacrifice th liver was assayed for the levelofpalmitoy] CoA oxidase as
an indicatorofperoxisome proliferation. Fifteen animals/group were necropsied aftr 4, 7, and 13 weeks
of treatment, as wella 10 animals/group at the end ofthe 8-week recovery period. The macroscopic
‘examinations included the external surfaceof the body, all orifice, the cranial cavity, the extemal
surfaces ofthe brain and spinal cord, the nasa cavity and paranasal sinuses, and the thoracic, abdominal,
and pelvic cavites and viscera. The brain, liver, lungs, estes, and accessory sx organs (seminal vesicle,
prostate, coagulating gland, urethra) were weighed. Organ-to-body weight percentages and organ-{o-
brain weight ratios were calculated. The following were examined microscopically (when present):
lesions, brain, liver, lungs, testes, and accessory sex organs. Electron microscopy was also used to
evaluate tissues from the brain, liver, ungs, testes, and accessor sex organs

RESULTS

NOAEL (dose and effect): 1.0 ppm

LOAEL (dose and effect): 10 ppm

Toxic responseleffects by dose level: One animala the 100 ppm dose level was sacrificed during week.
4 due to severe neck sores, butal other animals survived until scheduled sacrifice. No clinical sigas of
toxicity were observed in any groups during treatment of recovery.

10 ppm —higher hepatic palmitoyl CoA oxidase activity, decreased mean body weight gains,
increased absolute and relative liver weights, and hepatocellular hypertrophy
30 ppm — higher hepatic palmitoyl CoA oxidase activity, decreased mean body weight gains,
increased absolute and relative liver weights, and hepatocellular hypertrophy

100 ppm — lower body weights and cumulative body weight gains, lower food consumption,
higher hepatic palmitoyl CoA oxidase activity, increased absolute and relative liver weights,
hepatocellular hypertrophy, and elevated estradiol levels

Statistical results: High dose animals exhibited consistently significantly lower bods weights and
cumulative body weight gains compared (0 hose ofthe nonpair-ed group. They also consumed.
Significantly less food than the nonpair-ed controls at weeks | and 2. Animals at dose levelsof30 and
100 ppm exhibited higher hepatic palmitoy) CoA oxidase activities that were statistically significant at
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weeks 5, 8, and 14. Animals fed 10 ppm had transiently higher hepatic palmitoy] CoA oxidase activity
that was statistically significant at week 5. Absolute and relative liver weights were significantly higher
in the animalsofthe high dose group than the pair-fed controls at weeks 4,7, and 13.

Remarks: Though statistically significant increases in hepatic palmitoy! CoA oxidase activities were
reported during treatment, no difference was seen after the S-wek recovery period. The effect was dose-
dependent and reversible. Increased absolute and relative liver weights and hepatocellular hypertrophy
were observed in animals fed 10, 30, or 100 pp; absolute and relative liver weights were significantly
higher in the animals ofthe high dose group than the pair-fed controls at weeks 4, 7, and 13. The
progressionofhepatocellular hypertrophy did not appear to be affected by the lengthoftreatment. The
changes observed are suggestive ofa test material effect on intracellular metabolism and may be
associated with peroxisome proliferation. There was no evidence of increased liver weightsofanimals
after the recovery period, which indicates that the effects were reversible. Animals in the high dose group
exhibited consistently significantly lower body weights and cumulative body weight gains than those of
the nonpair-fed control group. They also consumed significantly less food than the nonpair-fed controls
at weeks I and 2. Overall, no significant difference in mean food consumption between nonpair-fed and
pair-fed groups was noted. Though there was no statisicaly significant difference, the estradiol levels in
the high dose animals appeared to be elevated at week 5

CONCLUSIONS.
“The study author concluded that the no observed adverse effect level (NOAEL) for the test substance
when fed ad libitum 0 rats for atleast 13 weeks was 100 ppm and that the no observed effect level
(NOEL) was 1.0 ppm.

‘Remarks: In animals fed 10, 30, and 100 ppm, the report describes reatment-related liver effects that
‘may be considered adverse, including increased absolute and relative fiver weights, hepatocellular
hypertrophy, and significantly increased hepatic palmitoyl CoA oxidase activities. On the basis ofthese
findings, the LOAEL was 10 ppm and the NOAEL was 1.0 ppm.

REFERENCE
Palazzolo, M. 1993. 13-Week dietary toxicity study with T-5180, ammonium perfluorooctancate (CAS
No. 3826-1) in male rats. Hazleton Wisconsin, Inc. Madison, WI. 3M Company. St. Paul, MN.
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REPEAT DOSE DATA

Title: Two Year Oral (Diet) Toxicity/Carcinogenicity StudyofFluorochemical FC-143 in Rats

TESTSUBSTANCE

Identity: Fluorad® Fluorochemical FC-143, also referred to as PFOA ammonium salt, ammonium
perfluorooctanoate, PFO, FC-116, FC-126, FC-169, FC-143, or as a major componentof FX-1003
(octanoic acid, pentadecafluoro- ammonium salt, CASRN 3825-26-1)

‘Remarks: The test substance,a white powder, was analyzed prior to the start ofth study, after
approximately one year from the startofthe study, and at the terminationofthe dosing period. No
detectable changes were found. The composition and purityofthe test substance were not indicated in
the main bodyofthe study report.

METHOD

‘Method/guideline followed: Guideline number not stated

Study duration: Two years

GLP (YN): Yes

Year study performed: 1981 - 1983

‘Species/strain: Sprague-Dawley rat [Cr:COBS" CD(SD)BR]

Sex: Maleffemale

Numberofanimals per dose group: The control and high-dose groups contained 65 rats/sex and the
low-dose group contained 50 ratssex.

Routeofadministration: Dict

Doses tested and frequency: Low-dose: 1.3 mg/kg/day (males), 1.6 mg/kg/day (females)
High-dose: 14.2 mg/kglay (males), 16.1 mg/kg/day (females)

Posttreatment observation period: None

‘Statistical methods used: Bartlett's test for homogeneityofvariance was used to analyze the test data. If
this test was not significant at alpha = 0.001, the data were further analyzed by comparing cach treated
group to the control group using a two-tailed Dunnett’ test at the alpha = 0.05 significance level.

Remarks: Test animals were 39 to 41 daysofage when treatment began. An interim termination at one.
‘year included 15 rats/sex from both the control and high-dose groups. All animals were observed daily
throughout the dosing period. Weekly physical examinations included palpation for any masses present
‘and pharmacotorxic observations. Body weights and feed consumption were recorded weekly or bi-
weekly. Eye examinations using indirect ophthalmoscopy and/or slit lamp biomicroscopy were.
performed at the one-year period. Clinical pathology determinations included hematology, clinical
(serum) chemistey and urinalysis. Tests were conducted on samples obtained at 3, 6, 12, 18, and 24
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‘months from randomly selected animalsofeach dose group. Hematologic tess included total red and
white blood cell counts, hemoglobin, hematocrit, and a differential white blood cell count. Clinical
chemistry parameters included total bilirubin, toal protein, albumin, blood urea nitrogen (BUN), glucose,
alkaline phosphatase (AP), creatine phosphokinase (CPK), aspartate aminotransferase,and calcium.
Urine tests included pH, specific gravity, albumin, glucose, bilirubin, occult blood and ketones.
Metabolic examinations involved collectionofurine and fecal samples. Post mortem examinations were
‘performed on allanimalsandthe weighs ofthe adrenal glands, bran, teste, heart, kidneys, liver, spleen,
‘and uterus were recorded from 15 randomly selected rats/sex/group. Samplesofmany different issues.
were collected and observed microscopically from these animals

RESULTS

Survival rates:
“Generally, survival rates fo the FC-143-treated rats were good during the full two yearsofthe study.
Fever deaths were seenin high-dose males and females than in the controls.

Neoplastic effects:

Percent Neoplastic Lesions in Males

[em|ow [om |

[Pheochromocytomabenign[4[8T 8 ]
Pheochromoeytoma, malig. | 0 | 2 JT0]

‘Hepatocellular carcinoma. [TmTe
[wiry 7
[Adenoma 13T73612 |

[Leydigeelladenoma | 0 | a4Tar

C-cell adenoma ooT&T5%
[Ceellearcinoma[510[0]

Source: Table 19
“Significantly different (p <0.05)from controls
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Percent Neoplastic Lesions in Females
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Percent Non-neoplastic Lesions in Males
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PercentNon-neoplasticLesionsinFemales

i —————[Nodularbyperisa 0[65——er”I

[Cusodegenemion[0[3[5Hepsosslnlaratbasoph. |T6116| 4 |Hyperplastic node 0 5I— I ——— ierPortal mono. celal, | 3%|»3 |[News 1 lo |___p—— 4]
[alveolarmacrophages 3[ww[CHemonbage| | 2 |3
[pervas mono mf [26[ae|g[Vascularmineralization |ae5[Pacumonin mersital 14 | 6 | is
I———

[Naseularmin. |
Gay0
Cow TBTw i
[Turple 0Te aThyzoid

& colbpeina Co[517]Gee —————
[Cotegmas—[—® 1mw|
[hcnaramoply [Bm[5[SevanGladSildeniis, chrome | 7[3]5 |
[Soon
Chenosiooss 1%[eTa |Source: Tbe30
“Significantdiffrent(p<0.05) rom coirls

264

000161



Listofstatistically different non-neoplastic effects (increased compared with controls, unless
indicated; p <0.05):

Males (13 mg/kg)
Chronic sialadenits (salivary gland)
Perivascular mono, infil. ung)"
Interstitial pneumonia lung)”
Hemosiderosi (spleen)

Males (14.2 mg/kg):
Cystoid degeneration (liver)
Megalocytosis (liver)
Poralmononuclear cll infilation (liver)
Alveolar macrophages (lung)
Hemorrhage (lung)
Vascular mineralization (testisepididymis)
Chronic sialadenids (salivary gland)
Perivascular mono. infil ung)"

Females (1.6 mgke):
Vascular mineralization (lung)
Tubular hyperplasia (ovary)
Chronic myocarditis”
Perivascular mono, infil. (ung)
Hemosiderosis (spleen)

Females (16.1 mg/ke):
Megalocytosis (liver)
Tubular hyperplasia (ovary)
Hemosiderosis (spleen)

“Decreased incidence relative to controls
‘Genetic toxicity studies (study type and results):

None

Remarks:

“Dose-elated decreased in mean body weights in excess of 10% was observed in high-dose males and
females.
“Mean feed consumption (as grams dietkg bw) was increased inal of the FC-143 treated males
throughout the study when compared to male control feed consumption. Overall the variations were
elated tothe variation in body weight among groups. Actual mean feed consumpiion was decreased in
high-dose males relative to controls for the fist yearofthe study.
“Dose-related occurrenceof ataxia in females was th only clinical sign observed.
-A statistically significant (p<0.05) decrease in red blood cell parameters was noted in the high-dose:
males as compared fo the controls,
A statistically significant (p<0.05) increasei relative liver and kidney weights was found in high-dose
males and an increase in relative Kidney weights was found in high-dose females.

265

000162



Histopathologial effects wer note inthe ivrofhigh-dose males and femalesUrinary findings included increased incidence and severityof albumin and occult blood inal male andfemale control and FC-143-teated groups at 12, 18, and 24 months. These findings were morepronounced in males than in females athe termination ofthe study
Rats given the test article experiencedasuspected oubreakofsialodacryoadenits (SDA) viral infectionbetween the ist and second months ofth study:however, the presenceof aviruswas otconfimmed.
CONCLUSIONS
The study resusar summarized as follows:

Treatment elated changes were found more commonly in males than in females ofcachofthe two
treatment groups, which were supported by arlie pharmacokinetic
studies demonstrating a higher retentionof FC-143 by males than
females.

“The est mateial was considered t0 be carcinogenic in the at, inducingtesticularLeydig cel tumorsin the males and mammary gland tumors in females.
Based on decreases i body weight gain, increase in liver and kidney weights and toxicity inthe

hematological and hepatic sysems, the LOAEL for male and female rats
i300ppm(male: 14.2 mg/kg/day; female. mg/kg/day). [The
LOAEL for male rats is 1.3 mg/day if salivary gland sialadenits is
based upon; the LOAEL for female rats s 1.6 mg/kg/dayifincreases in
the incidencesof ataxia a clinical sign) andof ovarian tubular
hyperplasia (may be reversible) are based upon,

“The dose-dependent increases in neoplastic and non-neoplastic lesions were s follows:
«testicular Leydig cel adenoma (p <0.05a high dose) and vascular mineralizationofthe testes(9005 athigh dose)
+ thyroid Cell adenomas in low-dose males
«thyroid Cell hyperplasia in high-dose females
« mammary gland fibroadenomas in females (p <0.05a high dose)
« lung lesions in mais (p <0.05 at high dose)
«salivary land saladnits in mals (p <0.05 at ow and high doses)
« ovarian tubular hyperplasia in females (p<0.05 at low and high doses)
+ megalocyosis inthe liverofmales and females (p < 0.05 at high dose) with incresses in relative
liver weight and elevationsofserum enzyme activities indicative of liver toxicity
+ cystoid degeneration and portal mononuclear cell infiltration inthe liverof males (p <0.05 at
Tigh dose)

Remarks: Influenceofpotential viral infection in male Sprague-Dawley ata both doses on the
response 0 th test substanceino ler. Sialodacryoadenits virus(SDAV)is common viral infection
of F344 rat; evaluation of29 dict contol rat groupsa 5 different laboratories with and without viral
infection found no consistent influence ofvial infection on body weight, survival, or tumor prevalence
(Rao, etal, 1988).
REFERENCE
3MCompanyRiker Laboratories, Inc. Two Year Oral (Diet) Toxicity! Carcinogenicity Study of
Fluorochemical FC-143 n Rats Experiment No. 0281CRO0L2. St. Paul, MN. SEHQ-1087-0394, Oct.
16, 1987.
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Rao, G.N. ,Edmondson, J. and HasemanJK. Influenceofviral infectionson tumor incidences, body
weight and survivalofFischer 344 rats. Toxicologist, 8:16, 1988,
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REPEAT DOSE STUDIES

Title: MechanismsofExtrahepatic Tumor Induction by Peroxisome Proliferators in Male CD Rats:
TEST SUBSTANCE

Identity: Ammonium perfluorooctanoate:

Remarks: The substance was 98-100% pure.

METHOD

Method/guideline followed: None

Study duration: 2 years

GLP (Y/N): Unknown

ear study performed: 2001 (publication date)

‘Species/strain: Crl: CD BR rats from Charles River Breeding Laboratories (Raleigh, NC).

Sex: Males

Number of animals per dose group: 156

Routeof administration: diet

Doses tested and frequency: 0, 300 ppm

Post-observation period: None

Statistical methods used: One-vay analysisof variance. When corresponding F-test for differences
‘among groups was significant, pairwise comparisons were made with Dunnett’ test. The Bartlett's test
for homogeneityofvariance was also performed. Nonparametric procedures included Kruskal-Wallis test
for equal medians and Mann-WhitneyU test forpairwise comparisons.

Remarks: Hormonal analysiswasconducted in 10 rats. Blood was collected from the tal vein about
1.3,6,9, 12,15, 18, and 21 months afer initiationofthe study. Serum was prepared and frozen and then
analyzed for testosterone, estradiol, luteinizing hormone, follicle stimulating hormone,andprolactin
concentrations. All samples were analyzed simultaneously in duplicate.

Rats were euthanized at interim timeperiods (1,3, 6,9, 12, 15, 18, and21 months). Testes,
epididymides, accessory sex gland (ASG) unit with fluid, coagulating gland/seminal vesicle (with fluid
removed),prostate,and liver were weighed.
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At 24 months, surviving rats were necropsied. Brun, heart, liver, spleen, kidneys, ASG unit, coagulating
glandiseminal vesicles with lid removed, prostate, epididymides, and tests were ieighed at necropsy.
Liver, testes, epididymides, pancreas, and organs with gross lesions were examined microscopically for
lesions

Six ats/group were selected for evaluationsofcel proliferation. For each tissue type, 1000 cells were
scored

Six atsgroup were selected or evaluationofperoisome proliferation. oxidation activity from liver
and Leydig cell peroxisomes was measured at al infrim time points. f-oxidation activity was
determined using the methodofLazarow (1981).

RESULTS
Toxic responses and effects:

Body weight, food consumption, and survival: From test days§ 0 630, body weight was significantly
decreased in the C8 group versus thead libium conteol group. The decreased body weight wes primarily
due to reduced ‘food efficiency’. On day 714 ofthe tet, survivali the C8 group was increased
compared with the control group (statistical significance not indicated). [Hematological changes were
discussed ina separate article.)

Liver: Relative liver weights and hepatic oxidation activity were significantly increased atal times (p
<0.05) when compared with one or more control groups. C8 produced astatistically significant increase
(p<0.05) in incidenceofhepatocellular adenomas (10/76, 13% vs. 280, 3% in controls).

Testis: Testis weights were saistically igaificanly increased (p < 0.05) at 24 months in C8-treated rats
Incidences of Leydig cell hyperplasia and adenomas were also statistically significantly increased (p<
0.05); the incidenceofLeydig cel tumors was 8/76(11%) as compared to 0/80 (0%) in controls,

Pancreas: Pancreatic acinar cel proliferation was statistically significantly increased (p < 0.05) at 15,
18, and 21 months. Incidenceof acinar cell hyperlpasia and adenomaswassignificantly increasedinCS
ras (p < 0.05). Carcinoma was observed inoneCS-ireaed rat (not sasticaly significant). The
combined incidence ofacinar cell adenomaandcarcinoma was8/76 (11%) whereas that ofthe control
was 080 (0%).

Serum hormone measurements: Serum estradiol concentration were significantly elevated (p < 0.05)
at 1,3, 6,9, and 12 months compared to control groups. There were no consistent differencesin serum
testosterone, FSH, prolactin, or LH concentrations in th treated rats when compared tothe controls.

Statistical resus: Statistically significant results are reported above.

Remarks: A full angeoforgans and tissues was not examined histologically. Therefore, tis unknown
Whether the mammary gland tumors observed in the earlier multidose study (3M, 1987) was induced in
this study.

269

000166



CONCLUSIONS

‘The study demonstrate that C8, peroxisome proliferator induces hepaticaswellasextrahepatic tumors.
(tests and pancreas) in CD rats. Data from this study also suggest that the inductionofLeydig cell
tumorsbyC8 is a result of a sustained increase in serum estradiol concentration

Remarks: none
Last Modified: 7/03/01
REFERENCE

Bicgel, L.B., Hurt, M.E, Frame, S.R., 0"Connor, .C.,and J.C. Cook. 2001. Mechanismsof
‘extrahepatic tumor induction by peroxisome proliferatorsinmaleCD rats. Toxicological Sciences. 60:
44-55,

3M. Final report of* Two year oral (die) toxicity and carcinogenicity studyof fluorochemical FC-143
(perfluorooctanane ammonium carboxylate) in rats. Vol. 1-4, FM/RIKER Exp. No. 0281Croo12; SEHQ-
1087-0394, Oct. 16, 1987.
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DEVELOPMENTAL TOXICITY
“Title: Oral Teratology StudyofT-2998CoC in Rats

TEST SUBSTANCE

Identity: Ammonium Perflurooctanoate (APFO) or T-2998C0C (FC-143)
Remarks: Purityof the test substance was no indicated.

METHOD

Method Guideline followed: The procedure complies with the general recommendations ofthe FDA
issued in January, 1966 (“Guidelines for Reproduction Studies for Safety EvaluationofDrugs for Human
Use". The study was conducied according 0 the 1978 Good Laboratory Practice Regulations and SafetyEvaluation Laboratory's Standard Operating Procedures.

GLP (VN): Yes

Year study performed: 1951

Speces/Strain: Rat Sprague Davley-derived CD
Number of animals per dose: 22
Route of administration: Oral gavage

Dosing regimens Five groups of 22 fime-mated Sprague-Dawley ats were administered , 0.5, 1.5, 5,
and 150 mg/kg/day APFO in water by gavage on gestation days (GD) 6-15. A constant dose volume ofS
mg was administered.
Doses: 0,005,1.5,5, and 150 mg/kg/day
Statistical methods used: Dunne’ es for dam and pup weights, number offetuses, number
of resorption sts, number ofimplantation sites and numberofcorpora ute; Chi square for
percent abnormaliies.
Remarks — Detail and discuss any sigoificant protocol parameters and deviations: Based on the
resus ofa range-finding study, an upper dose level of 150 mg/ke/day was set for the definitive study in
‘which five groupsof 22 ime-maled Sprague-Dawley rats were administred 0, 0.05, 1.5, 5, and 150
mg/kg/day APFO in disilled wate by gavage on gestation days (GD)
6-15. Doses were adjusted according to body weight. Dams were monitored on GD 3.20 for clinical
signs of toxicity. Individual body weights were recorded on GD 3, 6,9, 12, 15, and 20. Animals were
sacificed on GID 20 by cervical dislocation an the ovaries, utr, and contens were examined fo the
numberof corpora tea, numberof viable and non-viabie fetuses, umberofresorption sites, and number
of implanation its. Fetuses were weighed and sexed and subjected fo xteral gross necropsy.
Approximately one-third ofth fetuses were fxed in Bouin=s solution and examined for visceral
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‘abnormalities by free-hand sectioning. The remaining fetuses were subjected to skeletal examination
using alizarin ed.

RESULTS

NOAEL (dose and effect) ~ maternal and developmental: The NOAEL for matemal toxicity is 5
mg/kg/day. The NOAELfordevelopmental toxicity is 150 mg/kg/day, the highest dose tested.

LOAEL (dose and effect) - maternal and developmental: The LOAEL for maternal toxicity is 150
mg/kg/day, based on statistically significant reductions in mean matemal body weight, ataxia, and death.
No signsof developmental toxicity were observed at any dose level.

‘Toxic responseleffects by dose level - maternal: Signsofmatemal toxicity consistedofstatistically
significant reductions in mean maternal body weights on GD 9, 12, and 15; and ataxia and death, all at the
high-dose group of 150 mg/kg/day.

Toxic response/effects by doselevel -developmental: No satstcally significant signs of
developmental toxicity were seen at any dose level.

Statistical results:

‘Maternal data: Statistically significant reductions (Dunnett’s est, p<0.05) in mean maternal
body weight were observed on gestation days 9, 12, and 15. No statistical information was
available for other signsof matemal toxicity (ataxia and death).

Fetal data: A statistically significant increase (Chi-square, p<0.03) in ane sternebrac missing
was observed atthe highest dosed-groupof 150 mgkg/day.

Remarks—Additional informationto adequately assess the data:

Signsof maternal toxicity consistedofstatistically significant reductions in mean maternal body weights
on GD, 12, and LS a the high-dose group of 150 mg/kg/day. Mean matemal body weight on GD 20
continued to remain lower than controls, although the difference was not statistically significant. Other
signs of matemal toxicity occurring only at the high-dose group included ataxia and death observed in
three rat dams. No other effects were reported. AdministrationofAPFO during gestation did not sppear
to affect the ovaries or reproductive tract contactofthe dams.

A significantly higher incidence in fetuses with one missing sternebrae was observed at the high-dose
‘group of 150 mg/kg/day; however ths skeletal variation also occurred in the controls and the other three
dose groups (at similar incidence but lower than the high-dose group) and therefore was not considered to
be treatment.related. No significant differences between treated and control groups were noted for other
developmental parameters that included the mean numberofmales and females, total and dead fetuses,
the mean number ofresorption sits, implantation sites, corpora luteaandmean fetus weights. Likewise,
afetal lens finding initially described as a varietyofabnormal morphological changes localized to the
areaofthe embryonal nucleus, was later determined to be an artifactofthe free-hand sectioning technique
and therefore not considered to be treatment-rlated.
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CONCLUSIONS

Comment on authors conclusions and whether you agree:

Conclusions are summarized aboveandthis reviewer agrees.

REFERENCE

Gorter, E. 1981. Oral Teratology StudyofT-2998CoC in Rats. Riker Laboratories, Inc., St. Paul, MN.
Experiment #0681TROL10, December 1981.
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DEVELOPMENTAL TOXICITY

“Title: Oral Teratology StudyofT-3141CoC in Rabbits

TEST SUBSTANCE

Identity: Ammonium Perfluorooctanoate (APFO) or T-3141CoC (FC-143).

Remarks: According tothestudy authors,theanalytical report (AppendixIV) demonstrated that T-
3141CoC has an analysis within specifications, is stable and is representativeof commercial material. By
this analysis, the Cs acid was 97.6% and 98.4%ofthe test substance pre-study and post-study,
respectively.

METHOD

‘Method/Guideline followed: The procedure complies with the general recommendationsofthe FDA
issued in January, 1966: AGuidelinesfor Reproduction Studies for Safety Evaluationof Drugs for Human
Use@

‘Typeof study: Developmental Toxicity

GLP (YIN): Yes.

Year study performed: 1981

‘Species/Strain: New Zealand White/Minikin rabbits

Numberofanimals per dose: 13

Routeofadministration: Oral gavage

Dosing regimen: Four groups of 18 pregnant New Zealand White rabbits were administered 0, 1.5, 5, and
50 mgkg/day APFO in distilled water by gavage on gestation days (GD) 6-18. A constant dose volume
of1 mig was administered.

Doses: 0, 15, 5, and 50 mg/kg/day

Statistical methods used: Dunnetr=s t test for dam and pup weights, numberoffetuses, number of
resorption sites, number of implantation sites and numberofcorpora tes; Chi-square test with Yates
correction for percent abnormalities.

Remarks-Detail and discuss any significant protocol parameters and deviations: Based on the
results ofa range-finding study, anupperdose levelof 50 mg/kg/day was set for the definitive study in
whichfourgroups of 18 pregnant New Zealand White rabbits were administered 0, 1.5, 5, and 50
mg/kg/day APFO in distilled water by gavage on gestation days (GD) 6-18. Pregnancy was established in
ach sexually maturefemaleby i.v. injection ofpituitary lutenizing hormone in order to induce ovulation,
followed by artificial insemination with 0.5 mi ofpooled semen collected from male rabbit; the day of
insemination was designated as day 0ofgestation. A constant dose volume of1ml/kg was administered.
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Individual body weights were measured on GD 3, 6,9, 12, 15, 18, and 29. The docs were bserved dailyon GD 3-29 for abnormal clinical signs. On GD 39, the does were euthanized and the ovaries, uterus andcontents examinedfo the number ofcorpora ues five and dead fetuses, resorption and implantation
sites. Fetuses were examined for gross abnormalities and placed in a 37°C incubator for a 24 hourSurvival heck. Pups were subsequently euthanizedandexamined fr visceral and skeletal sbnormalitics.Abloodsamplewastaken from six doeprior tdosingand thenon GD 18and 29; afiver sample wastaken from the same animals on GD 29. All samples were sent othe sponsor for analysis. Thisinformation was unavailable at the ime of tis review.
RESULTS
NOAEL (dose and effect) - maternal and developmental: A NOAELofS0 mg/kg/day, the highestdos ested, for maternal toxicity was indicated. A NOAEL for developmental ticity could not be
established since signs ofdevelopmental tosicitywere seen at ll doses, with statistical significance t thehighest dose
LOAEL (dose and effect) - maternal and developmental: No signs ofmaternal toxicity were observedatany dese level. The LOAELfordevelopmental toxicity is 0 mg/kg/day, based on dose relied
increases ina skeletal variation, with satiscal significance atte high-dose group.
Toxic response/effcts by dose level B maternal: Signsof matemal toxicity consisted of satsicaly
significant ransient reductions in body weight gain on GI) 6.9 when compared o controls; body weight
gain retumed to control levels on GD12-29.
“Toxic responseefecs by dose level B developmental Signs ofdevelopmental oxiciy consisted of a
dose-related increase ina skeletal variation, extra ibs or 13 ib, with saistcal significance at th high-
dose group ofSO mg/kg/day
Statistical results:
Matemal data: Statistically significant reduction in mean body weight gains (Dunnett=s est,
<0.05) between gestation dey 6.9 were observed in the highest dosed-groupof S0mgkeday.
After gestation 9, mean body weight gains were comparable to control animalsfo all dosed-groups.
Fetal data: Dose-related increases in a skeletal variation, extra ribs or 13* rib, with statistical significance
(Dunnett=s test, p,0.05) at the high-dose group (38% at 50 mg/kg/day, 30% at 5 mg/kg/day, 20% at 1.5
makeday, and 16% at  mgkg/day). A statistically significant increase (Dunnet-s tet 0.05) in 13°
ibssumed occurred inthe mid-dose group ofS mgkgday
Remarks - Additional informationtoadequately assess the data:
Signsofmaternal ticity consisted of statistically significant transient reductions in body weight ain on
GID 6.9 when compared to controls; body weight gains returned to control levels on GDI2:29.
AdministrationofAPO during gesaton did not appear (0 affct the ovarics of reproductive tract
contents ofthe docs. Six deaths occurred during the study: however, ive ofthe six deaths were atiibuted
10 gavage errors. No clinical or ther reatment.rlatd sgas were reported.
No significant differences were noted between controls an treated groups for the number of males and
females, dead or live fetuses, and fetal weights. Likewise, there were no significant differences reported
for the number of resorption and implantation sites, corpora ues, the conception incidence, abortion at,
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or the 24 hour mortality incidenceofthe fetuses. Gross necropsy andskeletalvisceral examinations wereunremarkable. The only signofdevelopmental toxicity consisted ofa dose-related increase in a skeletalvariation, exta ibs or 13° ib, with statistical significance a th high-dose group (38% at 50 mg/kg/day,30% atS mgkelday, 20% at 1.5 mg/kg/day, and 16% at mgkgiday).Astatistically significant
increase in 13" ibs-spurred occurred in the mid-dose group ofS mg/kg/day; however, the biological
significance ofthis effect is uncertain since in both the igh and low-dose groups, this effect occurred at
the same rate and was not statistically significantly different from controls.

CONCLUSIONS
Comment on author=s conclusions and whether you agree: This reviewer docs not agree with the
conclusionsofthe authors that the findingof exta ibs, or 13" i, in this particular study are not sign of
developmental toxicity. While it is greed that the biological significance of an altered incidence of
anatomical variations i difficult 0 asess, the incidence of 13° ib inthis study showed a dose-related
increase with statistical significance a th highest dosed-group, in the absenceofmaternal toxicity, andtherefore is evaluated as a possible indicationofdevelopmental osiciy.

REFERENCE,

Gortaer, E.G, E.G. Lamprecht, M.T. Case. 1982. Oral teraology study ofT-3141CoCinrabbits. 3M
Company. Riker Laboratories, Inc. St. Paul, MN. Experiment No. 0631TB039S, February 1952.
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DEVELOPMENTAL TOXICITY
“itl: The Embryo-Feal Toxicity and Teratogenic Potential ofAmmonium Perfhuorooctanoat i the Rat

TESTSUBSTANCE
Identity: Ammonium perfluorooctanoste (APFO),pentadecafluorooctanoicacidammoniumsalt,
ammonium perfluorooetanoat, ammoniun perfluorocaprylae, PFO, FC-116, FC-126, FC-169, FC-143,
ora a major component of FX-1003 (CASRN 3825.26-1)
Remarks: The test substance, APFO [CF(CF:)(COONH,], was btsned from 3M (St. Paul, MN
55144). Is purity was >95% he contaminants present wee [CF,(CF:).COONHL] and PFOA isomers. No
inhibitor, carriers, or additives sere present. DegradationofAPFO was considered insignificant unless
the temperature was to exceed 250°C (unpublished Du Pont data).

METHOD
Method Guideline followed: Not specified

GLP (Y/N): Not specified

Year study performed: 1984
Species'Steain: RaSprague-Davley derived, Cel:CD (SD)BR strain.
Numberof animals per dose: For the inhalation portion of the study, to tials with 12 mated female
rausgrouprial. Two additonal, pai-fd groups (6 dams/group), were added to Experiment 1 (eratology),
‘and two groups (6 dams/group) were added to Experiment 2 (dams allowed to liter). For the gavage-
exposure portion ofthe study, 25 and 12 mated female rats at each exposure concentration were included
in Experiment |(tratology) and Experiment 2 (dams allowed to fitter, respectively.
Routeofadministration: Inhalation snd ral

Dosing regimen list all with units): For the inhalation potionof th stdy, the two tils consisted of
12 pregnant Sprague-Dawley rats per group exposed to APFO by whole-body vapor inhalation 0.0, 0.1,
1, 10, and 25 mg/m’ 6 hours/day, on GD 6-15; two additional groups (6 dams per group) that were pair-
1dt the 10 and 25 mg/mgroups, were added 0each nail Inthe oral ortonofthe study,25and 12
Sprague.Dawley ats for the first and second trials, respectively, were administered 0 and 100 mg/kg/day
'APFO in com oil by gavage on GD 6-15
Doses: For inhalation exposures: 0, 0.1, 1, 10, and 25mg/m’,with two additional groups pair-fedtothe
10 and 25 mg/m’ groups; for oral exposures: 0and 100 mg/ke/day.

Statistical methods used: The ltr was used as the experimental unit for he purposeofsatsical
‘evaluation (Staples and Haseman, 1974; Haseman and Hogan, 1975). The significance ofdifferences in
the incidenceofpregnancy, clinical sign, and maternal death was determined by use ofthe Fisher.exact
probability test (Siegel, 1956). A two-way analysisofvariance was used to detect differences in feed
consumption mong breeding ots and between groups. Dunnet’s test (Seel and Torrie, 1960) was used
to test the statistical significanceofdifferences between the control and APFO groups in maternal body
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weight, in body weight gain, and in feed consumption when the one-way analysisofvariance was
significant. The presenceof concentationrelaed responses for the inhalation potionofthe study was
determined by Jonckheer’s test (Jonckbeere, 1954). The significanceofdifferences in incidence of
structural alterations between the control group and the APFO group was determined by applicationofthe
‘Mann-Whitney U test (Mann and Whitney, 1947). When more than 75% tics occurred in the data, the
Fisher'sexactprobability test was applied (Haseman and Hoel, 1974). The level ofsignificance selected
was p (0.05. Variability bout means was expressed as standard error ofthe mean (SE). In addition,
several reproductive indices were calculated for some esuls from Experiment 2 dams alowed to lite).
Remarks - Detail and discuss any significant protocol parameters and deviations: The study design
consistedofan inhalation and an oral portion, cach with wo rialso experiments. The fist rial was the
teratology portion ofthe study, in which the dams were sacrificed on GD 21; while in the second tial, the
dams were allowed to liter and the pups were sacrificed on day 35 post-partum. For the inhalation
portion ofthe study, the two ral consisted of 12 pregnant Sprague-Dawley ais per group expased fo
'APFO by whole-body vapor inhalation (0.0, 0.1, 1, 10,and 25 mg/m’6 hours/day, on GD 6-15. In the
oral portion ofthe study, 25 and 12 Sprague-Dawley at for the fist and second tials, respectively, were
administered 0 and 100 mgkg/day APFO in corn oil by gavage on GID 6-15. For both routs of
administration, females were mated on an as-needed bass and when the number of mated females were
bred, they were ranked within breeding days by body weight and assigned fo groups by rotation in order
ofrank. Finally, two additional groups (six dams per group) that were pair-fedtothe10 and 25 mg/m’
sroups, were added to cach rail.

For the teatology portion of the study (rial one), dams were weighed on GD 1, 6,9, 13, 16, and 21 and
abserved daily for abnormal clinical signs. On GD 21, the dams were sacrificed by cervical dislocation
and examined for any gross abnormalities, iver weights were recorded and the reproductive statusofeach
animal was evaluated. The ovarie, uterus and contents were examined for th numberofcorpora utes,
liveand dead fetuses, resorptionand implantation sites. Pups (lve and dead) were counted, weighed and
sexed and examined for external, visceral, and skeletal alterations. The heads ofall control and high-dose
group fetuses were examined for visceral alterations a wel as macro- and microscopic evaluation of the
eyes.

For trial two, inwhichthedamswere allowedt liter, the proceduze was the same as that for
trial on up to GID 21. Two days before the expected dayofparturition, each dam was housed in
an individual cage. The dateofparturition was noted and designated Day 1 post-partum (PP).
Dams were weighed and examined for clinical signs on Days 1,7, 14, and 22 PP. On Day 23 PP
all dams were sacrificed. Pups were counted, weighed, and examined for extemal alterations.
Each pup was subsequently weighed and inspected for adverse clinical signs on Days 4,7, 14,
and 22 PP. The eyesof the pups ere also examined on Days 15 and 17 PP for the inhaiaton
portion and on Days 27 and 31 PP for the gavage portion ofthe study. Pups were sacrificed on
Day 35 PP and examined for visceral andskeletal alerations

RESULTS
'NOAEL (dose and effect) - maternal and developmental:

Inhalation: For tial one - the NOAEL for matemal toxicity is | mg/m’; the NOAEL for
developmental toxicity is 10 mg/m. For trial two — the NOAEL for matermal toxicity is Img/’ the
NOAELfordevelopmental toxicity is 10 mg/o’.
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Oral: A NOAEL could not be determinedforeither maternal or developmental toxicity since this
portion ofthe study used only one dose level.

LOAEL (dose and effect) maternal and developmental:
Inhalation

ortialone the LOAEL for maternal toxicity is 10 mg/?, based ontreatment: elated clinical signs.
(consistingofwet abdomens, chromodacryorrhea, chromorhinorrhes, and ageneral unkept appearance),and significant reductions in food consumption and body weight; the LOAEL for developmental toxicity
is 25 mg/m’, based on reductions in mean fetal body weights anda statistically significant increased
incidenceoffetuses with partially ossfid stemebrac
For trial two the LOAEL for maternal toxicity is 10 mg/?, based ontreatmentrelated clinical signs
consistingofwet abdomens, chromodacryorrhes, chromorhinorrhea, andageneral unkept appearance; the
LOAEL for developmental toxicity is 25 mg/m’, based on satsticaly significant reductions in pup body
weigh.

Oral: A LOAEL could no be determined for thermaternal or developmental toxicity since this
portion ofthe study used only one dose level.

Toxic esponseleffects by dose level - maternal:
Inhalation

At10and 25 mg/m’, treatment.related clinica signsofmatemal toxicity, and reductions in food
‘consumption and body weight at 25 mg/m’, statistically significant increases in iver weights; lethargy
and death
Oral

A100 mg/kg/day, the only dose tested: clinical signsoftoxicity, reductions in food
‘Consumption, reductions in body weight gains, and deaths.

Toxic response/effects by dose level - developmental:
Inhalation

A125 mg, reductions in mean feal and pup body weights and statistically significant
increases in the incidence offetuses with partially ossifid stemebrac.

oal
A100 mgkgiday, the only dose tested, no signsofdevelopmental toxicity were observed.

Statistical results:

inhalation - maternal
AC 10 and 25 mg/m’ reatmentreated clinica signsofmatemmal tricity (no statistical significance
assigned), significant reductions in food consumption (21.8 + 0.46 vs 23.4 £0.38 in controls), and
significant reductions in body weight with statistical significance at 25 mg/m? (Dunnett's tes, 0<0.05);
41.25 mgm’: statistically significant increases in mean liver weights (two-tailed MannWhitney U test,
P<0.05); lethargy (4 out of 12) and death (3 out of 12 dams).

halation -developmental
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At 25 mg/m, reductions in mean fetal (p= 0.002) and pup body weights (p = 0.02, andstatistically significant increases (p = 0.04 by the two-tailed Mann-Whitney U test) in theincidenceof feuses with partially ossified stemebrae.

Oral:maternal
At 100 mg/kg/day, the only dose tested: clinical signsoftoxicity (no statisticalsignificance asigned), reductions in food consumption (no statistical significance assigned),reductions in body weights gains (p < 0.05), and deaths (3 out of 12 dams).

Oraldevelopmental
No statistically significant differences were noted between rated and control groups for any ofthe parameters measured.

Remarks — Additional information to adequately assss the data:
InhalationExposure
“Trial One:
Treatment elated clinical signsof materal toxicity for trial one (teraology) occurred at 10 and 25
mg/m’and consistedof wet abdomens, chromodacryorhea, chromorbinorthes, general unkept
appearance, and lethargy in four dams a the endof the exposure period (high-concentation group only).Three out of 12 dams died during treatment at 25 m/s’ (on GD 12, 13, and 17). Food consumption wassignificantly reduced at both 10.and 25 mg/m’; however, no significant differences were noted between
(reat and pair-fed groups. Significant reductions in body weight ere also observed at these
concentrations, with statistical significancea thehigh-concantation only. Likewise, statistically
significant increases in mean iver weights were seen at the high-concentration group, Under theconditions ofth study, a NOAEL and LOAEL for maternal toxicity of| and 10mg respectively, wasindicated.
No cffcts were observed on the msintenanc ofpregnancyo th incidence ofesrptons. Mean albody weights were significantly decreased in the 25 mg/m’ group and in th control group pair-fed 25
m/v. A detailed microscopic visceral and eye examination of the fetuses did not reveal any treatmentrelated effects; however in th control group that was pai-fed 25 mg/n’, statistically significant
increased incidenceoffetuses with pataly osified semebrae was obsérved. Under the conditions of
the study, a NOAEL and LOAEL for developmental oxicity of 10 and 25 mg/n’, respectively, wasindicated
Trial Two:
Clinical signsofmatemal toiciy seena 10 and 25 mg/m’ were similar in type and incidencea those
described for tial one. Matemal body weight gain during treatment at 25 mg/m was less than controls,
althoughthe diffrence was not statistically significant. In addition, 2 out of 12dams died duringrsatment at 25 mg/m. No other reatment related effect wre reported, nor were any adverse effectsnoted for any of the measurementsof reproductive performance. Under he conditions ofthe study, a
'NOAEL and LOAEL for maternal tosicity of1and 10 men, respectively, were indicated.
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Signs of developmental toxicity in hs group consisted ofstatistically significant reductions in pup body
weight on Day IPP (6.1 gt 25 mg/m’ vs. 6.8 gin controls). On Days 4 and 22 PP, pup body weights
continued to remain lower than contol, although the difference was not statistically Significant (Day 4
PP:9.7 gat 25 mg/or v5.10.3 in controls; Day 22 PP: 49.0 gat 25 mg’ v. 50.1 in controls. No.
significant effects were reported following external examination ofthe pups or with ophthalmoscopic
examination of the yes. Under the condition ofthe study, a NOAEL and LOAEL for developmental
toxicityof10.and 25 mg/ny, respectively,were indicated.

OlExposure
“Trial One:

“Three outof25 dams did during treatment of 100 mg/kg APFO during gesation (one death on GD 11;40 on GD 12). Clinical signsofmaternal toxicity in the dams that died wee similar o those seen with
inhalation exposure. Food consumplion and body weights were reduced in treated animals compared to
controls. No adverse signsoftosiciy were noted for any ofthe reproductive parameters such a5
‘maintenanceofpregnancy or incidenceofesorpions. Likewise, no significant differences between
treated and control groups were noted for fetal weights, or inthe incidencesofmalformations and
variations; nor were thre any effects noted following microscopic examination ofthe eyes.
“Trial Two:

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

CONCLUSIONS
Comment on author's conclusions and whether you agree: The author's conclusions appear tbe
supported by the data

REFERENCE
Provide full citation of study reviewed: Staples, RE. etal. 1983. The Embryo-Fetal Toxicity and
Teratogenic PotentialofAmmonium Perfluorooctanoaie (PFOA) n the Rat. Fundamental and Applied
Toxicology. 4:429-440. This study wes performed at Haskell Laboratory for Toricology and Industrial
Medicine, Newark, DE 1971
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REPRODUCTIVE TOXICITY STUDIES

Title: ORAL (GAVAGE) TWO-GENERATION (ONE LITTER PER GENERATOIN)
REPRODUCTION STUDY OF AMMONIUM PERFLUOROOCTANOATE (APFO) IN RATS
~ARGUS RESEARCH LABORATORIES STUDY NUMBER: T-6889.6, 2002.

TEST SUBSTANCE

Identity: Ammonium Perfluorooctanoate, CAS No. 3825-26-1

Remarks: The test substance was received on November 7, 2000 and stored a room temperature.
Solutionsofthe est substance were prepared weekly at the testing facili and prepared formulations
were stored refrigerated, protected from light. Information regarding the purity, identity, strength and
‘compositionofthe test articlei on fil with the Sponsor.

METHOD

Method/Guideline followed (ie, OECD 414, etc.): The requirementsofthe U.S.
Environmental Protection Agency (EPA) were used as a basis for the study design.

‘Typeofstudy (one-generation, two-generation, etc): Two-generation reproductive toxicity

GLP (Y/N): The study was conducted in compliance with the Good Laboratory Practice (GLP)
regulationsofthe U.S. EPA and the Organization for Economic Co-Operation and Development
(OECD). There were no deviations from the GLP regulations that affected the quality or
integrityofthe study. Quality Assurance Unit findings derived from the inspections during the
conductofthis study have been documented.

Year study performed: 2001

‘Species/Strain: Sprague Dawley rats

Sex (males/females/both): Both

Number of animals per dose; 30

Route of administration: Gavage
Dosing regimen (ist all with unit): Five groupsof30 ratspersex per dose group were administered
PFOS by gavage for six weeks prior to and during malting. Treatmentof the FO male rats continued until
mating was confirmed, and treatmentofthe FO female rats continued throughout gestation, parturition,
and lactation.

Doses: 0, 1,3, 10, and 30 mg/kg/day

Premating exposure period for males/females (P and F1,if appropriate): Male and female P
aeneration ats were given test substance one daily, beginning at approximately six weeks ofage
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(at1eas 70 days befor cohabitation) and continuingunlthe day before sacrifice. FI generation
males and females were given dosages once daily, beginning at weaning (approximately 70 days
before cohabitation) and continuing until the day before sacrifice
‘Statistical methods used Continuous data (body weights, body weight changes, feed
consumption data, durations of gestation and delivery te averagesfo pup body weights and
percent male fetuses or pups and morality, and cumulative survival) were analyzed using
Bart's Test of Homogeneityof Variance and Analysis ofVariance (ANOVA) when
appropriate (i. Barlet's Test was not significant or p>0.001). Ithe ANOVA was significant
(p=0.05), Dunett’s Test was used fo identify he statistical significance ofthe individual
groups. Ifthe ANOVA was not appropriate, i, = 0.001 the Kruskal-Wallis Test was used. In
cases where the Kruskal-Wallis Test was statistically significant (p < 0.05), Dunn's Method of
Multiple Comparisons was uscd to ident the statistical significanceofthe individual groups. If
there were grote than 75% es, Fisher's Exact Test was used. Al other natural delivery data
involving discret data were evaluated using Kruskal-Wallis Test procedures previously
described.
Remarks - Decal and discus any significant protocol parameters and deviations:

EOGeneration:
“The FO animals were examined twice daily for clinical signs, abortions, premature deliveries, and deaths.
Body weights of FO male rats were recorded weekly dring the dosage period and then on the day of
sacrifice. Body weightsofFO female ats were recorded weekly during the pre- and cohabitation periods
and then on gestation days (GD) 0,7, 10, 14, 18, 21, and 25(inecessary) and on lactation days (LD) 1,5,
8, 11,15, and 22 tcaminal body weight). Food consumpion vlues in FO male ats wer recorded weekly
ring the treatment period, while in FO female rat, values were recorded weekly during the
precobabitation period, onGDs 0,7, 10,14, 18, 21, nd 25 and on LDs 1,5, 8, 11, and 15

Estrous cycling was evaluated daily by examination ofvaginal cytology beginning 21 days before the
sceduled cobabitation period and continuing uni confirmationofmating byth presenceof sperm in a
Vaginal smear or confirmation ofa copulatory plug. Onth dayof scheduled sacrifice, the sageof the
estrous cele was assesed.
Within cach dosage group, consecutive order was used 0 assign parental generation rats {0 cohabitation,
one male rat per female rat. The cohabitation period consisted ofamaximum of 14 days. Female rts
‘with evidenceofsperm in & vaginal smear or copulatory plag were designated as GD 0 and assigned to
individual housing. Parental females were evaluated for lengthof gestation, fertility index, gestation
index, number and sexofoffspring pr liter, numberof implantation sic, general condition ofthe dam
and ler during the postpartum period lite size and viabily, viability index, lactation index, percent
Survival, and sex ratio. Maternal behavior ofthe dams was recorded on LDS 1,5, 8, 15, and 22.
FO generation animals were sacrificed by carbon dioide asphyxiation (day 106 0 110 ofthe study for
male rats, .. after completion ofthe cohabitation period; and LD 22 or female rats), necropsied, and
examined for gross lesions. Gros necropsy included examination ofextemal surfaces and orifices, 5
wel as internal examinationof issues and organs. Individual organs were weighed and organ-to-body
weight and organ-to-brain weigh ratios were calculated or the brain, kidneys, spleen, varie, estes,
thymus, liver, adrenal lands, pitiary, uterus with oviducts and cervi, ef cididymis (whole and
cand), right epididymis, prostate and seminal vesicles, (with coagulating lands and with and without
uid). Tissues retained in neutral buffered 10% formalinforpossible histological evaluation included the
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pititary, adrenal glands, vagina, uterus, with oviduct,cervix and ovaries, right testis, seminal vesicles,
tight epididymis, and prostate. Histological examination was performed on tissues rom 10 randomly
Selected ras er sex fromth control and high dosage groups. All gross lesions were examined
Histologically. All FO generation rat that died or peared moribund were also examined.

Histological examination of the reproductive organs in the low and mid-dose groups was conducted in
vats hat exhibited reduced fet by citer filing tomate, conceive, sire,o deliv healthy offspring; or
for which estrous cyclicty or sperm number, motility, or morphology were altered. Sperm number,
motility, and morphology were evaluated in te lef caud epididymis ofFO generation male rats;
testicular spermatid concentrations were evaluated in the left tests. The number and distribution of
implantation ites were recorded i FO generation female rats. Rats that did not deliver a liter were
Sacrificed on GD 25 and examined for pognancy status. Ur ofappsrenly nonpregnant ais were
examined to confi the absence ofimplantation sites. A gros necropsyofthe thoracic, abdominal and
pelvic viscera was performed. Female rts without a confimed mating dat that did ot deliver ier
were sacrificed on an estimated day 25 ofgestation.
At scheduled sacrifice, afte completionofthe cohabitation period in FO male rats and on LD 22 in FO
female ats, blood samples (10 males and 10 females each fo he 10 and 30 mg/kg/day dose groups: 3
males and 3 female fo he conrol group) were collected and froze for future analysis. The methods
ection cites thatliversamples were alo collected, but no othr deals were provided and the reuls id
not appear tobe available at the time ofthe report.

ELGeneration:
“The FI generation pups in cach ler were counted once daily. Physical signs including variations from
expected lactation behavior and gross external physical anomalies) wer recorded for the pups cach day.

Pupbody weightswee recordedonLDs 1, 5,8, 15and 22. On LD 12, all FI generationmalepupswere
examined for the presenceof nipples. Pups that died befors examination ofth ler for pup viability on
LD 1 were evaluated for vital statusa ish. Pups found dead on LDs 210 22 were examined for gross
lesions and for the causeof death. All FI generation rais were weaned on LD 22 based on observed
growth and viabilityofthese pups.

At weaning (LD 22), two FI generation pups per sx per ltrper group (60 male and 60 female pups per
group) were selectedfo continued evaluation, resuling in 600 total rats (300 rats per sex) assigned to the
ive dosage groups. At leat two male pups and wo female pups per liter, when possible, were selected.
FI generation pups not selected for continued observation for sexual maturation were sacrificed. Three
pups per sex perlitter were examined for gross lesions. Necropsy includeda single cross-sectionofthe
head at the level ofthe fronal-paietal suture and examination ofth cross-sctioned brain for apparent
hydrocephaly. The bra, spleen and thymus from one ofthe three selected pups per sx pe lerwere
weighedand he brain, spleen,and thymus from the three selected pupspersex pe literwere retained for
possible histological evaluation. All remaining pups were discarded without futherexamination

The FI gencration ras were given the same dosage level ofthe est substance and in th same manner as
hei respective FO generation sires and dams. Dosages were given once daily, beginning at weaning and
continuing until the day before sacrifice. FI generation female ais were examined for age ofvaginal
patency, beginning on day 28 postpartum (LD 28). FI generation male ras were evaluated for age of
preputial separation, beginning on day 39 postpartum (LD 39). Body weights were recorded when rats
ached sexual maturation. A tableofrandom units was used 1 asign FI gencration ats 0 cohabitation,
one male rat per female rat. random assignment 0 cohabitation resulted in the pairing ofFI generation
Siblings, an alternate asigament wes made. The cohabitation period consisted ofamaximum of 14 days.
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Body weightsofthe F1 generation male rats were recorded weekly during the postweaning.
period and on the dayofsacrifice. Body weightsofthe F1 generation femal rats were recorded
weekly during the postweaning period to cohabitation, and on DGs 0, 7, 10, 14, 18, 21 and 25 (if
necessary) and on LDs 1,5, 8, 11, 15 and 22. Food consumption values for the F1 generation
male rats were recorded weekly during the dosage period. Food consumption values for the F1
‘generation female rats were recorded weekly during the postweaning period to cohabitation, on
GDs0,7, 10, 14,18, 21 and 25and on LDs 1,5, 8,11 and 15. Because pupsbegin toconsume
‘maternal food on or about LD 15, food consumption values were not tabulated after LD 15.

At scheduled sacrifice, after completionofthe cohabitation period in male ras and on LD 22 in female
rats, blood samples (10 males and 10 females cach for the 10 and 30 mg/kg/day dose groups;3 males and
3 females for the control group) were collected and frozen for future analysis, but only the serum analyses
forthe FO generation were presented in the report. The methods section cite that liver samples were also
collected, bu no other details were provided and th results did not appear to be available at the time of
the report

F2 generation litters were examined aftr delivery to identify the number and sexofpups, sillinhs, lve
births and gross alterations. Each liter was evaluatedforviability at least twice each dayofthe 22-day.
postpartum period. Dead pups observed at these times were removed from the nesting box. Anogenital
distance was measured foral live F2 generation pups on LDs 1 and 22.

RESULTS

NOAEL (dose and effect) for FO, F1, and F2 (as appropriate): A NOAEL for the FO
parental males could not be determined sinctreatment elated effects were seen a all doses
tested. The NOAEL for FO parental females = 10 mg/kg/day. A NOAEL for the FI males could not be
determined sincetreatment elated effects were seen at all doses tested. The NOAEL for F1 generation
females = 10 mg/kg/day. The NOAEL forthe F2 generation offspring = 30 mg/kg/day; the highest dose
tested.

LOAEL (dose and effect)~for FO, F1, and F2 (as appropriate): The LOAEL for FO parental males is
considered to be | mg/kg/day, the lowest dose tested, based on significant increases in the liver and
kidney weights-to-terminal body weight and to brain weight ratios. The LOAEL for FO parental females
is considered to be 30 mg/kg/day, based on significant reductions in kidney weight and kidney weight-o-
terminal body weight and to brain weigh ratios observed at the highest dose. The LOAEL for FI
‘generation mals is considered to be | mg/kg/day, based on significant decreases in bod weights and
body weight gains, and in terminal body weighs; and significant changes i absolute liver and spleen
weights and in the ratiosof iver, Kidhey, and spleen weights-o-brain weights; and based on significant,
dose-related reductions in body weights ind body weight gains observed prior to and during cohabitation
and during the entire dosing period. The LOAEL for F1 generation females is considered to be 30
‘mg/kg/day, based on statistically significant increases in postweaning mortality, delays in sexual
‘maturation, decteases in body weight and body weight gains, and decreases in absolute food
consumption, all observeda the highest dose tested. A LOAEL for the F2 generation could not be
determined; under the conditions of th study, notreatment elated effects were observed at any doses
tested.

Toxic responseleffects by dose level ~ parental/F1:
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Toxic effects in FO generation animals: FO males; Statistically significant increases in clinical signs wereobserved inthe high-dose group. Significant reductions in body weight and body weight gain were
reported for mostofthe dosage period and continuing until termination ofthe study in the 3, 10, and 30mg/kg/day dose groups. Absolute food consumption values were also significantly reduced during theseperiods atthe 30 mg/kg/day dose group, while significant increases in relative food consumption valueswere observed in the 3, 10, and 30 mg/kg/day within those same periods. At necropsy, statistically
significant reductions in terminal body weights were seen at 3, 10, and 30 mg/kg/day. Absolute weightsofthe left and right cpididymides, left cauda epididymis, seminal vesicles (with and without fluid),
prostate, pituitary, leftandright adrenals, spleen, an thymus were also significantly reduced at 30
mg/day. The absolute weigh ofthe liver was significantly increased in al dose-groups. Kidneyweights were significantly increased in the 1,3, and 10 mg/kg/day dose groups, but significantly
decreased in the 30 mg/kg/day group. All organ weight-o-terminal body weight and ratios were
significantly increased in all treated groups. Organ weightto-brain weight ratios were significantly
reduced for some organs atthe high dose group, and significantly increased for other organs among alltreated groups. Increased thickness and prominence ofthe zona glomerulosa and vacuolationofthe cells
of the adrenal cortex were observed in the 10 and 30 mg/kg/day dose groups. FO females; The weighis of
the left and right kidney, and the ratios ofthese organ weights-to-terminal body weight and of the left
Kidney weightto-brain weight were significantly reduced at the highest dose of30 mg/kg/day.
Toxic effets in the FI generation animals: FI males; Necroscopic examination revealed statistically
significanttreatment elated effects at 3, 10, and 30 mg/kg/day ranging from tan areas in the lateral and
median lobes ofthe liver to moderate to sight dilation ofthe pelvisof ne or both kidneys. Statisticallysignificant, dose-related decreases in terminal body weights were observed. The absolute weightsofthe
liver and spleen were significantly decreased at all treated groups. The absolute weightsofth left and/or
right kidneys were significantly decreased in the 30 mg/kg/day dose group. The absolute weight ofthethymus was alo significantly decreased in the 10 and 30 mg/kg/day dose groups. The absolute weight of
the prostate, brain and left adrenal gland were significantly decreased in the 30 mg/kg/day dosage group.
‘The ratios ofthe weights ofthe seminal vesicles, with and without fluid, liver and lef and ight kidneys to
the terminal body weights were significantly increased inal treated groups. The ratios ofthe weights of
the Ie testis, with and withoutth tunica albuginea and th right tests tothe terminal body weight, were.significantly increased at 3 mg/kg/day and higher. The ratiosofthe weights ofthe left cpididymis, eft
cauda epididymis, right epididymis and brain o the terminal body weight were significantly increased at
10 mg/kg/day and higher. The ratios ofthe weigh ofthe seminal vesicles with lid to the brain weightwere increased at | mg/kg/day and higher, with siaisical significance at 1 and 10 mg’kg/day. The ratios
ofthe liver weight-to-brain weight were significantly increased in the 1 mg/kg/day and higher dosage
groups, and the ratiosofthe left and right kidney weights-to-brain weight were significantly increased inall treated groups. The ratiosofthe spleen weight-t-brain weight were significantly decreased at 1
mg/kg/day and higher,andth ratiosofthe thymus weight-to-brain weight were significantly decreased at
10 and 30 mg/kg/day. The ratios ofthe left and right estes weight-o-brain weight were increased in the 3
mekg/day and higher dosage groups. These ratios were significantly increased at 10 mg/kg/day (righttests only) and 30 mg/kg/day. Treatmentrelated microscopic changes were observed inth adrenal
‘glandsofhigh-dose animals (cytoplasmic hypertrophy and vacuolation of the cells ofthe adrenal cortex)
and in the liverof animals treated with 3, 10, and 30 mg/day (hepatocellular hypertrophy). FI
females; Statistically significant increases inth average numbersofestrous stages pr 21 days were
observed in high-dose animals (4.7 versus 54 in control). Statistically significant decreases in bodyweights and body weight gains were observed in high-dose animals on days 50 and 57 postweaning,
during precohabitation (recorded on the day cohabitation began, when FI generation rat were 92-106
daysofage), and during gestation and lactation. Decreases in absolute food consumption were observed
during during precohabiation and during gestation and lactation in animals rcated with 30 mg/kg/day.
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Toxic responseleffects by dose level offspring (FI/F):
‘Tonic effects in F1 generation male pups consistedofsignificant reductions in pup body
weight on a per litter basis in the 30 mg/kg/day group on days 1, 5, and 8oflactation. Significant
increases in reatment-rlated deaths (7 anima total) were reported in F1 males in the high dose group of
30 mg/kg/day. One rat was moribund sacrificed on day 39 postweaning and another was found dead onday 107 postweaning, but the majority ofthe FI male rats were found dead on days 2-4 postweaning.
Body weights and body weight gains were statistically significantly reduced prior 10 and during
cohabitation and during the entire dosing period in all treated groups. Statistically significant reductions
in body weights were observed at 10 and 30 mg/kg/day during days 8-15, 22-29, 29-36, 43-50, and 50-57
postweaning. Body weight gains were also significantly reduced in the 30 mg/kg/day group on days 1-5,15-22, 36-43, 57-64,and64-70 postweaning. Statistically significant, dose-related reductions in bodyweight gains were observe for the entire dosage period (days 1-113 postweaning). Absolute food
consumption values were significantly reduced at 10 and 30 mg/kg/day during the entire precohabitation
period (days 1-70 postweaning), while relative food consumption values were significantly increased.
Statistically significant delaysinsexual maturation (the average dayofpreputial separation) were
observed in high-dose animals versus concurrent controls (52.2 daysof age versus 48.5 daysofage,
respectively). Toxic effects in FI generation female pups consisted of significant reductions in pup body
‘weight on aper liter besis in the 30 mg/kg/day group on days 1, 5, and § of lactation. An increase in
treatment-related mortality (6 animals total)wasobserved in F1 females on postweaning days 2-8 at the:
highest doseof 30 mg/kg/day. Statistically significant decreases in body weights and body weight gains
were observed in high-dose animals on days§, 15, 22, and 29 postweaning, and during lactation.
Decreases in absolute food consumption were observed during days 1-8, 8-15 postweaning and during
lactation in animals treated with 30 mg/kg/day. Statistically significant delays in sexual maturation (the
average dayofvaginal patency) were observed in high-dose animals versus concurrent controls (36.6
daysofage versus 34.9 daysofage, respectively).

Statistical results:

FO generation male animals: Statistically significant increases (ps 0.01) in clinical signs were observed
in the high-dose group. Significant reductions (ps 0.05 or p< 0.01) in body weight and body weight gain
‘were reported for mostofthe dosage period and continuing until terminationofthe study in the 3, 10, and
30 mg/kg/day dose groups. Absolute food consumption values were also significantly reduced (p< 0.01)
during these periods at the 30 mg/kg/day dose group, while significant increases (p< 0.05 or ps 0.01) in
relative food consumption values were observed in the 3, 10, and 30 mg/kg/day within those same
periods. At necropsy, statistically significant reductions (p< 0.01) in terminal body weights were seen at
3,10, and 30 mg/kg/day. Absolute weights ofthe left and right epididymides, let cauda epididymis,
‘seminal vesicles (with and without fluid), prostate, pituitary, [eft and right adrenals, spleen, and thymus
were also significantly reduced (p< 0.05or ps 0.01) at 30 mg/kg/day. The absolute weightofthe liver
wis significantly increased (p< 0.01) in all dose-groups. Kidney weights were significantly increased (p<
0.05 or p= 0.01) in the 1, 3, and 10 mg/kg/day dose groups, but significantly decreased (p< 0.05 or ps:
0.01) in the 30 mg/kg/day group. All organ weight-to-terminal body weight and ratios were significantly
increased (ps 0.05 or ps 0.01) in all treated groups. Organ weight-to-brain weight ratios were
significantly reduced for some organs at the high dose group, and significantly increased for other organs
among all trated groups.

FO generation female animals: The weights ofthe lft and right kidney, and the ratiosof these organ
weights-to-terminal body weight andofthe let kidney weight-to-brain weight were significantly reduced
(=0.05or p< 0.01) at thehighestdoseof30 mg/kg/day.
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FI generation offspring: Males; Significant reductions (ps 0.01) in pup body weight ona perJit basis was observed in the 30 mg/ke/day group on days 1, 5, and 8 oflactation. Significantincreases in weatment-elated deaths (7 animals total) were reported in F1 males in hehigh dose groupof 30 mg/day. One rat was moribund sacrificed on day 39 postweaning andanother was found dead on day 107 postweaning, but the majorityofthe FI male rats were founddead on days 2-4 postweaning. Body weights and body weight gains were statisticallysignificantly reduced prior 0 and during cohabitation and during the entire dosing period in altreated groups. Statistically significant reductions (ps 0.05 or p< 0.01) in body weights were
observed at 10and 30 mg/kg/day during days 8-15, 22-20, 29-36, 43-50, and 50-57 postweaning.Body weight gains were also significantly reduced (p< 0.05 or p< 0.01) in the 30 mg/kg/daygroup on days 1-8, 15-2, 36-43, 57-64, and 64-70 postweaning. Statistically significant (p< 0.05or p< 0.01), dose-related reductions in body weight gains were observed for the entire dosageperiod (days 1-113 postweaning). Absolut food consumption velues were significantly reduced(p=0.01) at 10 and 30 mg/kg/day during the entire precohabiation period (days 1.70
postweaning), while relative food consumplion values were significantly increased (ps 0.05 or p<0.01). Statistically significant delays (p< 0.01 in sexual maturation (the average dayof preputilseparation) were observed in high-dose animals versus concurrent controls (52.2 daysofageversus 45.5 daysofage, respectively). Females; significant reductions (p< 0.01) in pup bodyweight on a per liter basis in the 30 mg/kg/day group on days 1,5, and 8oflactation. Anincrease in treatment related morality (6 animals total was observed in F1 females
on postweaning days 2-8 at thehighest doseof 30 mgrkg/day. Statistically significant decreases(p=0.05 or p= 0.01 in body weights and body weight gains were observed in high-dose animals
on days , 15, 22, and 29 postweaning, and during lactation. Significant decreases (p= 0.05 or pe
0.01) in absolute food consumption were observed during days 1-8, 8-15 postweaning and during0.02) lactation i animals reated with 30 mg/kg/day. Statistically significant delays (p< 0.01) in
0.03) sexual maturation (he average dayofvaginal patency) were observed in high-dose animals0.04) versus concurrent controls (36.6 daysofage versus 34.9 daysof age, respectively)
FI generation adult animals: Males; Necroscopic examination revealed statistically significant (p< 0.05or p= 0.01) treatmentrelated effects at 3, 10, and 30 mg/kg/day ranging from tan ars in the lateral and‘median lobesofthe liver to moderate to sight dilation ofthe pelvisof ne or both kidneys. Statisticallysignificant (p= 0.05 or p= 0.01), dose-related decreases in terminal body weights were observed. Theabsolute weighs ofthe live (p= 0.01) and spleen (ps 0.05 or p= 0.01) were significantly decreased atall trated groups. The absolute weighs ofthe left and/or right Kidneys were significantly decreased (p<0.01) in the 30 mgkg/day dose group. The absolute weightofthe thymus was alo significantly
decreased (p= 0.01) inthe 10 and 30 mg/kg/day dose groups. The absolute weightofthe prostate, brainand left adrenal gland were significantly decreased (p= 0.05 or p< 0.01) in the 30 mg/kg/day dosage‘group. The ratios of the weights ofthe seminal vesicles, with and without fluid, lver and lef and rightKidneys tothe terminal body weights were significantly increased (ps 0.05 or p< 0.01) inal treated
‘groups. The ratiosofthe weights ofthe lef testis, with and without the tunica albuginea and the righttestis to the terminal body weight, were significantly increased (p< 0.05o p= 0.01) at 3 mg/kg/day and.higher. The ratiosofthe weights ofthe left epididymis, of cauda epididymis, right pididymis and brainto the terminal body weight were significantly increased (p <0.05 or p < 0.01) at 10 mg/kg/day andhigher. The ratios of the weight ofthe seminal vesicles with lid to the brain weight were increased at |
mg/kg/day and higher, with statistical significance (p < 0.05) at 1 and 10 mg/kg/day. The ratiosoftheliver weight-o-brain weight were sigaificanly increased (p<0.01)in the | mg/kg/day andhigher dosage‘groups, and the ratios ofthe lef and right kidney weighis-to-brain weight were significantly increased (p
0.05 or p< 0.01) inal treated groups. The ratiosof the spleen weight-{o-brain weight were significantly
decreased (p< 0.05 orp < 0.01) at 1 mg/kg/day and higher, nd th ratios ofthe thymus weight-o-brainweight were significantly decreased (p= 0.05 orp < 0.01) at 10 and 30 mglkg/dey. The ratioofthe left
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and right testes weight-to-brain weight were increased in the 3 mg/kg/day and higher dosage groupsThese ratios were sigaificantly increased (p < 0.05 orp < 0.01) at 10 mg/kg/day (right ests only) and 30mg/day. Females; Statistically significant increases (p < 0.01) in the average numbersof estrousstages per 21 days were observed in high-dose animals (4.7 versus 5.4 in controls). Statisticallysignificant decreases (p 0.03 op < 0.01) in body weights and body weight guns were observed in high-dose animals on days 50 and 57 postweaning, during precohabitaton (recorded on the day cohabitationbegan, when FI generation ats were 92-106 days ofage), and during gestation and lactation. Significantdecreases (p< 0.05 orp < 0.01 in absolut food consumpiion were observed during duringprecohabitation and daring gestation and lactation in animals treated with 30 mg/kg/day.
F2 generation offspring: Under the conditions ofthe study, no statistically significant, treatment-
related effects on any ofthe observed parameters were notedi the F2 generation offspring
Remarks:
Prior to mating, the study authorsnoted a satstcaly significant increase in the average numbers ofestrus stages per 21 days in high-dose animals (5.4 versus 4.7 in controls). For this calculation, the
numberof independent occurrencesofestrus in the 21 daysofobservation was determined. This type of
calculation can be used as a screen for effects on th estrus cycle, but a mre detailed analysis should thenbe conducted to detemine whether there is truly an effect. 3M Company (2002) recently completed an
analysis that showed there were no effects on th estrus cycle; there vere no differences n the number offemales with > 3 dyas ofestrus or with > 4 daysof diestrus in the control and high dose groups. Analysesconducted by the US EPA (2002) also demonstrated that there were no differences inthe estrus cycle‘among the control and high dose groups. The cycles were evaluated as having either regular 4.5 day
cycles (R), uneven cycling (IR; defined asbrefperiods wit regular pattern) or periodsofprolongeddiestrus (defined as 4-6 day diestrus periods) extended estrus (defined as 3 or days ofcomificd smears),possibly pseudopregnant, (PSP: defined as 6-greater daysof leukocytes) or persistent estrus (PE; defined
as orgreaterdaysofcornified smears). The data are summarized in below. The two groups were not
different in any of the parameters measured

Type APFO
Ovarian Pattern Irregularity Control (30mgrkg)
R 18 20

Ri Total 10 9
- 3dayEstrus 2 1
. 4 day diestrus 2 2
- no pattem 6 6
PSP 1
PE 1 1

Thus, th increase inthe number ofestrus stagesper 21 days that was notedby th study authors is due to
the wayinwhich the calculationwasdone, andis not biologically meaningful
Parental Males (0)
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One FO malera in the 30 mg/kg/day dose group was sacrificed on day 45 ofthe study due to adverseclinica signs (emaciation, cold-t-touch, and decreased mor activity). Necroscopic examination in thatanimal revealeda pale and tan liver, and red testes. All other FO generation male rats survived toscheduled sacrifice. Statistically significant increases in clinical signs were also observed in male rats inthe high-dose group that included dehydration, urine-stained sbdominal fur, and ungroomed cost.
Significant reductions in body weight and body weight gain were reported for mostofthe dosage periodand continuing until termination ofthe study in the 3, 10, and 30 mg/day dose groups. Absolute foodconsumption values were also significantly reduced during these periodsa the 30 mg/kg/day dose group,while significant increases in relative food consumption values were observed in the 3, 10, and 30mgkg/day within those same periods.
No treatment-related effects were reported at any dose level for any ofthe mating and fertility parametersassessed including, numbersofdays to inseminate, numbers ofats that mated, fertility index, numbers ofras with confirmed mating dates during the first and second weekofcohabitation, and numbers ofpregnant rats per rats in cohabitation. At necropsy, noneofthe sperm parameters evaluated (sperm‘number, motility, or morphology) were affected by treatment at any dose level.
At necropsy, statistically significant reductions in terminal body weights were seen at 3, 10, and 30mg/kg/day. Absolute weights ofthe left and righ cpididymides, left cauda epididymis, sevinal vesicles(with and without fluid, prostate, pituitary, lft and right adrenals, spieen, and thymus were alsosignificantly reduced at 30 mg/day. The absolute weight ofthe seminal vesicles without fluid wassignificantly reduced in the 10 mg/kg/day dose group. The absolute weight of the liver was significantlyincreased in all dose-groups. Kidney weights were significantly increased in the 1, 3, and 10 mg/kg/day
dose groups, but significantly decreased in the 30 mg/kg/day group. All organ weightto-terminal bodyweight and ratios were significantly increased in all treated groups. Organ weight-to-brain weigh ratioswere significantly reduced for some organs atthe high dose group,andsignificantly increased for otherorgans amongal treated groups.
No treament.rlated effects were seen at necropsy or upon microscopic examinationofthe reproductiveorgans, wih the exception ofincreased thickness and prominence ofthe zona glomerulosa andvacuolation ofth celofthe adrenal cortex in the 10 and 30 mg/kg/day dose groups.
Serum analysis for the FO generation males sampled at the endofcohabitation showed that PFOA waspresent in ll samples tested, including controls. Control males had an average concentration of 0.034%0.0148 ug/l PFOA. Treated males had 51.19.30 and 45.3412.6 ugl, respectively for the 10 and 30mg/kg/day dose groups.
Parental Females (FO)

No treatment.reated deaths or adverse clinical signs were reported in parental females at any dose level.
Notreatmentrelated effects were reported for body weights, body weight gains, and absolute and relativefood consumption values.
There were no testment-related effects on estrous cyeliciy, matingo fertility parameters. None of the
natural delivery and ler observations were affected by treatment, tht i, the numbersofdams deliveringHitter, the duration ofgestation, th averages for implantation sts per delivered ltr, the gestation index
(numberofdams with one of more livebom pups numberofpregnant rats), the numbersofdans with
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stillborn pups, dams with all pups dying, liveborn and stillborn pups viability index, pup sex ratios, andmean birth weights were comparable o controls among all treated groups
Necropsy and histopathological evaluation were also unremarkable. Terminal body weighs, organ‘weights, and organ-to-terminal body weight ratios were comparable o contol valuesforall treated‘@roups, except for kidney and liver weighs. The weightsofthe left and right kidney, and the ratios ofthese organ weighis-o-terminal body weight and ofthe left kidney weight-to-brain weight weresignificantly reduced at the highest doseof 30 mg/kg/day. The ratioof iver weights-to-terminal bodyweight was also significantly reduced at3 and 10 mg/kg/day.

Resultsof the serum analysis in FO generation females sampled on LD 22 showed that PFOA was preseatin all samples tested, except in controls where the level was below the limitsofquantitation
(0.00528ug/1). Treated females had an average concentration of 0.37+0.0805 and 1.02:0.425 ug/l,
respectivelyforthe 10and 30 mg/kg/day dose groups.

F1 Generation - Males

No effects were reported at any dose level fo the viability and lactation indices. No differences between
treated and control groups were noted for the numbers of pups surviving per litter, the percentage male
‘pups, litter size and average pup body weight per iter at birth. Pup body weight on a per litter basis was.
significantly reduced in the 30 mg/kg/day group on days 1, 5, and §of lactation. Ofthe pups necropsied.
at weaning, no statistically significant, reatment-related differences were observed for the weightsof the
brain, spicen and thymus and the ratiosofthese organ weighs to the terminal body weight and brain
weight

Significant increases intreatmentrelated deaths (7 animals tota) were reported in FI males in the high
dose groupof 30 mg/kg/day. One rat was moribund sacrificed on day 39 postweaning and another was
found dead on day 107 postweaning, but the majorityofthe F1 male ats were found dead on days 2-4
postweaning.

Statistically significant increases in clinical signsoftoxicity were also observed in F1 males during most
ofentire postweaning period. These signs included an increased incidenceofannular constrictionofthe

tail at alldoses,with statistical significanceatthe 1, 10, and 30 mg/kg/day; asignificant increase at 10
and 30 mg/kg/day in the numberofmale rats that were emaciated; anda significant increase in the
incidenceofurine-stained abdominal fur, decreased motor activity, and abdominal distention at 30
mg/kg/day.

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

Statistically significant (ps 0.01)delays in sexual maturation (the average dayof preputial separation)
were observed in high-dose animals versus concurrent controls (52.2 daysofage versus 48.5 daysofage,
respectively).
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No apparent effects were observed on anyofthe mating or fertility parameters including fertility and‘pregnancy indices (numberof pregnancies per numberofrats thet mated and rats in cohabitation,respectively), the numberofdays to inseminate, the numberof ats that mated, and the numberofratswith confirmed mating dates during the frst week. No satstically significant, treatment-related effectswere observed on anyofthe sperm parameters (morility, concentration, or morphology).
‘Necroscopic examination revealed statistically significant treatmentrelated effects at 3, 10,and 30‘mg/kg/day ranging from (an areas in the lateral and median lobes ofthe liverto moderate to slight dilationofthe pelvisof one or both kidneys.

Statistically significant, dose-related decreases in terminal body weightsofparental F1 males wereobserved. The absolute weightsofthe liver were significantly increased and the absolute weightsofthespleen were significantly decreased at all treated groups. The absolute weighsofthe left and/or right
Kidneys were significantly increased in the 1 and 3 mg/kg/day dose groups and significantly decreased inthe 30 my/kg/day dose group. The absolute weight ofthe thymus was also significantly decreased in the10 and 30 mg/kg/day dose groups. The absolute weightofthe prostate, brain and left adrenal gland were
significantly decreased in the 30 mg/kg/day dosage group. The ratios ofthe weightsof the seminal
‘sicles, with and without fluid, liver and left and right kidneys to the terminal body weights were
significantly increased in all treated groups. The ratios ofthe weightsofthe lef tests, with and withoutthe tunica albuginea and th right testis to the terminal body weight, were significantly increased at 3‘mg/kg/day and higher. The ratios ofthe weightsofthe left epididymis, lef cauda epididymis, right
epididymis and brain tothe terminal body weight were significantly increased at 10 mg/kg/day and
higher. The ratiosofthe weightofthe seminal vesicles with fluid tthe brain weight were increased at 1
mg/kg/day and higher, with satistical significance at 1 and 10 mg/kg/day. The ratiosofthe liver weight-fo-brain weight were significantly increased in the | mg/kg/day and higher dosage groups, and the ratios
ofthe left and right kidney weights-to-brain weight were significantly increased in al treated groups. The
ratiosofthe spleen weight-to-brain weight were significantly decreased at 1 mg/kg/day and higher, and
the ratiosofthe thymus weight-to-brain weight were significantly decreased at 10 and 30 mg/kg/day. The
ratiosofthe left and right testes weight-to-bran weight were increased in the 3 mg/kg/day and higher
dosage groups. These ratios were significantly increased at 10 mg/kg/day (right testis only) and 30mg/kg/day.

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

FI Generation ~ Females

No effects were reported at any dose level for the viability and lactation indices. No differences between
treated and control groups were noted for the numbersofpups surviving per litter, the percentage male
pups, liter size and average pup body weight per litter a birth. Pup body weight ona per litter basis was
also significantly reduced in the 30 mg/kg/day group on days 1, 5, and§ of lactation. Ofthe pups
necropsied at weaning, no statistically significant, reatment.related differences were observed for the
weights of the brain, spleen and thymus and the ratiosofthese organ weighs to the terminal body weight
and brain weight.
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An increase in treatment.related morality (6 animals total) was observed in F1 females on postweaningdays 2-8at the highest doseof 30 mg/kg/day. No adverse clinical signsof treatment.related toxicitywere reported for any dose level during any timeof the study period.
Statistically significant decreases in body weights and body weight gains were observed in high-doseanimals on days 8, 15, 22, 29, 50, and 57 postweaning, during precobabitation (recorded on the daycohabitation began, when F1 generation rats were 92-106 daysofage), and during gestation and lactation.Decreases in absolute food consumption were observed during days 1-8, 8-15 postweaning duringprecohabitation and during gestation and lactation in animals reated with 30 mg/kg/day. Relative food‘consumption values were comparable across all treated groups.

Statistically significant (p< 0.01) delays in sexual maturation (the average dayof vaginal patency) wereobserved in high-dose animals versus concurrent controls (36.6 daysofage versus 34.9 daysofage,respeciively).

No effects were observed on estrous cycliity, or on anyofthe mating and fertility parameters (numbersofdays in cohabitation, numbers ofats that mate, fertility index, rats with confirmed mating dates
during the first weekofcobabitation and number ofrats pregnantper rat in cohabitation). There werehowever, statistically significant increases in the average numbersofestrous stages per 21 days in high-
dose animals (47 versus 5.4 in controls).

All natural delivery observations were also apparently unaffected by treatment at any dose level
Numbersofdams delivering liters, the durationofgestation, averages for implantation sites per delivered
lite, the gestation index (numberofdams with one or mare liveborn pups/numberofpregnant ats), thenumbersof dams with sillborn pups, dams with all pups dying and liveborn and stillborn pups werecomparable among treated and control groups.

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

F2 Generation Offspring

No treatmentrelated adverse clinical signs were observed at any dose level. Likewise, no treatment-
related effects were reported following necroscopic examination, with the exception of no milk in
stomach in pups that were found dead. The numbersofpups found cither dead or stillborn did not show adose-response (3/28, 6/28, 10/28, 10/28, and 628 in 0, 1,3, 10, and 30 mg/kg/day dose groups,
respeciively) and therefore were unlikely related o treatment. Terminal body weights in F2 pups werenot significantly different from controls. Absolute weightsofthe brain, spleen and thymus and the ratiosofthese organ weights-o-terminal body weight and to brain weight were also comparable among treated
and control groups.

No effects were reported at any dose level for the viability and lactation indices. No differences between
treated and control groups were noted for the numbersofpups surviving per litter, the percentage male
pups, ltr size and average pup body weight per liter when measured on LDs 1, 5, , 15,0r 22,
Anogenital distances measured for F2 male and female pups on LDs 1 and 22 were also comparable
‘among the five dosage groups and did not differ significantly.
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CONCLUSIONS
Dosing with APFO at 30 mg/kg/day appeared to delay the onset ofsexual maturation in both male andfemale FI offspring. The authorsof the study contend tha the delays in sexual maturation (prepuialseparation or vaginal patency) observedi high-dose animals are due tothe fact hat these animals haveadecreased gestational age, a variable which they have defined as the time in days from evidenceof matingin the FO generation until evidenceofsexual maturation in the FI generation. The authors tae thatgestational age appeared to be decreased in high-dose animals at the timeofacquisition (the time whensexual maturation was reached), which they belive meant the animals in that group were younger andmore immature than the control group, in which there was no significant difference in sexual maturation.
In order totes this hypothesis, the authors covarid the decreases in body weight and in gestational agewith the delays in sexual maturation in order to determine whether or not body weights and gestationalage were contributing factor. When the delays in sexual maturation were covaried with the significantlyreduced body weight atthe timeofacquisition, the difference was till significant, but at the p< 0.05versus p= 0.01. This indicate tha the delay in sexual maturation was partly related o body weigh, butnot entirely. When the delays in sexual maturation observed at the high dose group were covered withsestational agea the timeof sexual maturation, there was no significant diffrence i th me ofonset ofsexual maturation between controls and high-dose animals. This indicates that the effectof delayedsexual maturation could possibly be atributed to decreased gestational age.
“The authors also covarid the decreases in both body weight and in gestational age with the significantincreases in the average numberof estrous stages per 21 days that were observed atthe high doseof 30mg/day and found that th difference between rcaed and control animals was sill significant.
‘While it is known and commonly accepted that changes in the body weightsofoffspring canaffect the time to sexual maturation, whether or not gestational age, as defined by the authors,also affects the timeofacquisition is purely speculative, especially since there was no data
provided by the authors to support this relationship. Additionally, covaring the delay in sexual
‘maturation with gestational age i problematic from a statistical standpoint. Since there was no.
significant change in the lengthof gestation at 30 mg/kg/day, based on the authors’ definition of
“gestational age”, the decreases in gestational age would have to be due mostly to changes in
time to sexual maturation. Therefore, sexual maturation is essentially being covaried with itself.
Stil, even ifarelationship between gestational age and time to sexual maturation were shown, it
merely offers an explanation for the observed delays in sexual maturation in high-dose animals,
but does not diminish its significance.
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Ecotoxicity Study

TOXICITY TO AQUATIC PLANTS (SELENASTRUM CAPRICORNUTUM)
TEST SUBSTANCE
Identity: Perfluorooctanoic acid, tetrabutylammonium salt; may also be
referred to as PFOA tetrabutylammonium salt,
tetrabutylammonium perfluorooctanoate, N2803-2, or as a major
‘componentof L-13492. (Octanoic acid, pentadecafluoro-,
tetrabutylammonium salt, CAS #95658-53-0)
‘Remarks: The 3M production lot number was 2327. The test sample is
referred to by the testing laboratory as L-13492. The T.R. Wilbury study
number is 841-TH. The purityofthe sample was not sufficiently
characterized, although current information indicates it is a solution of
44.9% tetrabutylammonium perfluorooctanoate, 27.9% water, and 27.2%
isopropanol.
Thefollowing summary applies 1 thetestsampleas a mistureof the

test substance in an isopropanol water solution with incompletely
characterized concentrationsof impurides. Data may not accurately.
relate toxicityof the test sample with thatof the test substance.
METHOD
Method: U.S. EPA-TSCA Guideline 797.1050
Test: Acute static
GLP: Yes
Year completed: 1995
Species: Selenastrum capricornutum
Source: Originally from The Culture CollectionofAlgae at the University
of Texas at Austin, maintainedin culture medium at T.R. Wilbury, Inc,
Marblehead, MA.
Element basis: growth rate.
Exposure period: 96-hours
‘Test organisms laboratory culture: Algae cultures were growing in USS.
EPA-recommended sterile enriched medium for at least 14 days prior to
test initiation.
Statistical methods: The average specific growth rate was calculatedas
the natural logofthe numberofcells/mL at the exposure period minus the
natural logofthe numberofcells/mLat 0hours divided bythe exposure
period. The percent change from the control was calculated by
‘sublracting the treatment average specific growth rate from the control
average specific growth rat, dividing the difference by the average
specific growth rate in the control, and multiplying that value by 100. The
ECS0 values were calculated based on a nonlinear regression estimation
procedure (Bruce and Verstecg, 1992). The NOEC was determined using.
a parametric one-way analysis ofvariance and the average specific
‘growth in each test vessel at the endofthe test.
Test Conditions:
Dilution water source: The algae medium was prepared to U.S.
EPA recommended concentrations by spiking deionized water with
‘nutrient stocks, The pHofthe synthetic algal medium at test
initiation was 7.5.
Stock and test solutions preparation: A 16 mg/L primary stock

295

000192

a_————————— EE ——————



solution was prepared in sterile enriched media. Appropriate.
amounts ofthis stock solution were added directly to dilution water
to formulate the test media. A 1,000 mg/L isopropyl alcohol stock
solution was also prepared and evaluated.
Exposure vessels: 250 mL glass Erlenmeyer flasks containing
100 mLof test solution.
Agitation: Continuous at 100 pm
Numberofreplicates: 3
Initial algal cell loading: 1.0 X 104 cells/mL
Number of concentrations: Five plus anegative control
Lighting: ~400 fi from continuous cool-white fluorescent lighting
Water chemistry:
PH range: (0-96 hours)
7.5 - 10.4 (control exposure)
7.47.6 (16 mg/Lexposure)
7.4 10.4 (1,000 mg/Lisopropy! alcohol exposure)
‘Test temperature range: (096 hours)
23.4-237°C
RESULTS
Nominal concentrations: Blank control, 1.0, 2.0, 4.0, 8.0, 16.0 mg/L.
A test was performed simultaneously with isopropyl alcohol, a component
that represents 27%ofL-13492, at 4.4 and 1,000 mg/L.
Element value and 95% confidence interval:
24-hour ErC10 (growth rate)= <1.0 mg/L (CT not calculable)
24-hour ErCS0 (growth rate)= 15 (9.8 - 316)mg/L
24-hour ErC90 (growth rate) = >16 (7.7 ->16) mg/L
48-hour EC10 (growth rate) = <1.0 mg/L (CI not calculable)
48-hour EXCS0 (growth ate)= 14 (8.2 — >16) mg/L
48-hour ErC90 (growth ate) = >16 mg/L (CI not calculable)
72-hour ErC10 (growth rate) = <1.0 mg/L (CI not calculable)
72-hour ErCS0 (growth rate) = 7.1 (4.1 ~ 11)mg/L
‘72-hour ExC90 (growth rate) = >16 mg/L (C1 not calculable)
96-hour ErC10 (growth rate) = <1.0 mg/L (CI not calculable)
96-hour EXCS0 (growth rate) = 49 (3.5 ~ 6.7) mg/L.
96-hour ErC90 (growth rate)= >16 mg/L (CI not calculable)
96-hour NOEC: 1.0 mg/L
Algal growth was not affected by isopropyl alcohol concentrationsof 4.4 or
1,000 mg/L.
Element values are based on nominal concentrations.
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Biological observationsafter 96-hours:

‘Nominal Mean Percent Percent
Concentration, | Number | Inhibition vi | Inhibition via
mg of Cells per | Density Growth Rate

mL
[Control "T2000 —[-—— -
[ro Tisnmoo [5 To |
o"hrso0Tse 56]
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Control response: Satisfactory
Biological observations after 96-hours for isopropyl alcohol:

Nominal Mean Percent
Concentration,| Number | Inhibition
mg/L ofCells per | via

mL Density

[Control TT249000 [|
[4aTieoo0015

Observations: Algal cell counts in each test vessel were determined by
‘means ofdicot microscope counts with a hemocytometer. After 96 hours
ofexposure, there werenosignsofaggregation, flocculation or adherence:
ofthe algae o the flasks in the control or any test reatment group. In
addition, there were no noticeable changes in cel size, colo or
morphology when compared to the control.
Reversibilityof Growth Inhibition: Effectofth test substance was.
determined to be algistatic based on the results ofthe post-definitive test
exposure.
Remarks: Testing was conducted on the mixture as described in the Test
Substance Remarks field. The values reported apply to that mixture and
not the fluorochemical component alone.
CONCLUSIONS
“The test sample 96-hour ECS0 and 95% confidence interval for
Selenastrum capricornutum was determined to be 4.9 mg/L with a 95%
‘confidence intervalof3.5 ~ 6.7 mg/L. The 96-hour no observed effect
‘concentration (NOEC) for th test substance in solution was 1.0 mg/L.
‘Algae growth nthe vessels containing isopropyl alcohol was not affected.
at4.4 or 1,000 mg/L, indicating thatthe concentrationofisopropyl alcohol
in L-13492 can not, by itself, account for the toxicity ofL-13492 to algac.
No signsofaggregation, flocculation, or adherence were noted in any of
the test solutions. This est substance was determined to be lgistatic
‘Submitter: 3M Company, Environmental Laboratory, P.0. Box 33331, St.
Paul, Minnesota, 55133
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DATA QUALITY
Reliability: Klimisch ranking 2. Thestudy lacks analytical measurement
oftest substance concentrations in the test solutions and sample purity is
not sufficiently characterized.
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REFERENCES

‘This study was conducted at T.R. Wilbury Laboratories, Inc., Marblehead,
MA, at the requestofthe 3M Company, Lab Request number N2332,
1995,
OTHER

General remarks: The major concen for trying to determine the validity for this test is that
ONLY NOMINAL TEST CHEMICAL CONCENTRATIONS were used. OPPT recommends
that measured test chemical concentrations be used, 50 that one can accurately determine the test
chemical concentration to which to the test organisms are exposed.Ifit is determined that the
nominal concentrations are only, for example 50%ofthe measured concentrations, the toxicity
values can be and must be adjusted downward by 50% . Ifanalytical measurementsofsome sort
had been furnished, we could calculate chemical recovery rates, and take into account hydrolysis,volatility, and other physicochemical processes that might lower the actual test organism
‘exposure concentrations.

Purity of the test material also is a major concer and was not sufficiently characterized in this test, Tn
‘some tests it appeared that 100% test chemical was used, fo others a chemicaloflesser purity
(approximately 85%) was used. Water, a solvent (isopropanol) or & combinationofboth was used in
other tests, for no obvious stated reason. In fact, 3M in their summaryofcach test state: "Data may not
accurately relate toxicity ofthe test sample with thatof the test substance.” 1 agree with this concern. In
addition, ifthiswas a “typical” TSCA section 4 review, I would reject these studics, pending receipt of
additional information on purity and studies on analytical measurementsofthe test chemical in the test
medium.
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Ecotoxicity Study

TOXICITY TO AQUATIC PLANTS (SELENASTRUM CAPRICORNUTUM)
‘TEST SUBSTANCE
Identity: Perfluorooctanoic acid, tetrabutylammonium salt; may also be
referred to as PFOA tetrabutylammonium salt,
tetrabutylammonium perfluorooctanoate, N2803-2, or as amajor
componentof L-13492. (Octanoic acid, pentadecafiuoro-,
tetrabutylammonium salt, CAS #95658-53-0)
Remarks: The 3M production lot number was 2327. The test sample is
referred to by the testing laboratory as N2803-2. The T.R. Wilbury study
‘number is 890-TH. Thepurityofthe samplewasnot sufficiently
characterized, although current information indicates itis a solution of
44.9% tetrabutylammonium perfluorooctanoate, 27.9% water, and 27.2%
isopropanal
Thefollowing summary applies tthe test sample as a mistureof the

test substance in an isopropanolwater solution with incompletely
characterized concentrationsof impurities. Data may not accurately.
relate toxicityof the test sample with thatof the test substance.
METHOD
Method: U.S, EPA-TSCA Guideline 797.1050
Test: Acute static:
GLP: Yes
Year completed: 1995
Species: Selenastrum capricornutum
‘Source: Originally from The Culture CollectionofAlgae at the University
of Texas at Austin, maintained in culture medium at TR. Wilbur, Inc.
Marblehead, MA.
Element basis: Algal cel count (cells/mL), and specific growth rate.
Exposure period: 96-hours
Test organisms laboratory culture: Algac cultures were growing in U.S.
EPA-rccommended sterile enriched mediumforat least 14 days prior to
test initiation.
Statistical methods: The average specific growth rate was calculated as
the natural logofthe numberofcells/mL at the exposure period minus the
‘natural log ofthe numberofcellsim. at 0 hours divided by the exposure
period. The percent change from the control was calculated by
subtractingthe treatment average specific growth rate from the control
average specific growth rate, dividing the difference by the average
specific growth rate in the control, and multiplying that value by 100. The
ECS0 values were calculated by probit analysis. The NOEC was
determined using a parametric one -way analysisofvariance and the
average specific growth rate and the numberofcells/mL in each est
vessel at the endofthe test.
Test Conditions:
Dilution water source:Thealgae medium was prepared to U.S.
EPA recommended concentrations by spiking deionizedwaterwith
nutrient stocks. The pHofthe synthetic algal medium at test
initiation was 7.5.
Stock and test solutions preparation: A 160 mg/L primary stock
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solution was prepared in teil enriched media. Appropriste
amounts ofthis stock solution were added directly to dilution water
to formulate th test media.
Exposure vessels: 250mL glass Erlenmeyer flasks containing 50
mL of test solution.
Agitation: Continuously at 100 pm
Number of replicates: 3
Initial algal cel loading: 1.0 10° cells/mL.
Numberof concentrations: Five plus a negative control
Lighting: Continuous lighting at 380 fl-c using cool-white
fluorescent lamps
Water chemistry:
pH range: (0-96 hours)
7.5 ~ 108 (control exposure)
75-84 (16 mL exposure)
Test temperature range: (0-96 hours)
234-237°C
RESULTS
Nominal concentrations: Blank control, 0.99,2.0,4.0, 8.0,16.0 mg/L.
Element value and 95% confidence interval:
24-hour EC10 (cell density) = 4.1 (0-9.0) mg/L.
24-hour ECS0 cell density) =>16 (1.7 ->16) mg/L24-hour EXCS0 (growth rate)=>16 mg/L. (Cl no calculable)
24-hour ECO0 (cell density) = >16 mg/L (CI not calculable)
48-hour ECIO (ell density) = 1.2 (0.99— 1.6) mg/L
48-hour ECS0 (cell density) = 7.1 (60 8.6) mg/L
48-hour EXCS0 (growth rate) = >16 mg/L (Cl not calculable)
48-hour EC90 (cel density) = >16 mg/L (C1 not calculable)
72-hour ECI0 (ell density)= 0.9 (<0.99~1.9) mg/L72-hour ErC10 (growth rate) = 2 (1.6 2.8)mL
72-hour ECS0 (cll density)= 2. (11 -5.8) mg/L
72-hour ERCS0 (growth ate)= 11 (9.4- 15)mg/L.
72-hour ECO0 cell density)= 8.4 (4.5 ~ 16) me/L.
72-hour EXC90 (growth rat) = >16 mL (Cl not calculable)
96-hour ECIO (ell density)= 1.4 (<0.99- 24) mg/L
96-hour ECO (growth rae) = 23 (<0.99 3.6) mg/L.96-hour ECS0 (cel density) = 2. (107.7) mg/L
96-hour EICS0 (growth rate) = 8.4 (5.9 - 14) mg/L
96-hour EC90 (cell density) = 6.0 (3.5 - >16) mg/L
96-hour E-C90 (growth ate) = >16 mg/L (C1 not calculable)
96-hour NOEC (cel density): 099 mg/L
96-hour NOEC (growth rat): 2.0 mg/L
Element values were based on nominal concentrations.
Control response: Satisfactory
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Biological observations after 96-hours:

Nominal Mean Percent Percent
Concentration,| Number | Inhibition via| Inhibition via
mL ofCells per | Density Growth Rate

mL
[Conwol "3207000[= ]-—— |
[oso aemo0[13 [a2
[207 aas0000 24 [5
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[80 Tieoo00 Tos sz |
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Observations: Algal cell counts in each test vessel were determined bymeansofdirect microscope counts with a hemocytometer. After 9 hours
of exposure, there were no signsofaggregation, flocculation or adherence:
of the algae 0theflasksin the controlorany test treatment group. In
addition, there were no noticeable changes in cel size, oloror
‘morphology when compared to the conirol.
ReversibilityofGrowth Inhibition: Effetofthe test substancewas
determined tobe algistatic based onthe resultsofthe post-defnitve test
exposure.
Remarks: Testing was conducted on the mixture as described in the Test
Substance Remarks field. The values reported apply to that mixture and
not the fluorocheical component alone,

CONCLUSIONS
“The test sample 96-hour ECS0 and 95% confidence interval for
Selenastrum capricormutum was determined using two calculation
methods. The test substance 96-hour ECSO forSelenastrum
capriconutum was determined to be 2.9 mg/L with a 95% confidence
interval of 1.0~ 7.7 mg/L, when calculated using cell density. The 96-hour
ECS0 for Selenastrum capricornutum was determined to be 8.4 mg/L with a
95% confidence intervalof 5.9— 14 mg/Lusing growth ate. No signs of
aggregation, flocculation, or adherence were noted in any of the test
solutions. This tes substance was determined tobealgisatic.
‘Submitter: 3M Company, Environmental Laboratory, P.O. Box 33331, St.
Paul, Minnesota, 55133
DATA QUALITY
Reliability: Klimisch ranking 2.Thestudy lacks analytical measurement
oftest substance concentrationsi the test solutions and sample purity is
not sufficiently characterized.
REFERENCES
“This study was conducted at T.R. Wilbury Laboratories, Inc., Marblehead,
MA, atthe requestofthe 3M Company, Lab Request number N2803-2,
1995.
OTHER
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‘General remarks: The major concern for rying to determine the validity for this test is thatONLY NOMINAL TEST CHEMICAL CONCENTRATIONS were used. OPPT recommendsthat measured test chemical concentrations be used, so that one can accurately determine the testchemical concentration to which 0 th test organisms are exposed. IFit is determined that thenominal concentrations are only, for example 50%ofthe measured concentrations, the toxicityvalues can be and must be adjusted downward by 50%. Ifanalytical measurements ofsome sorthad been fumished, we could calculate chemical recovery rats, and take into account hydrolysis,volatility, and other physicochemical processes that might lower the actual test organismexposure concentrations

Purityofthetest material also isa major concern and was not sufficiently characterizedin this test, Tn‘Some tests it appeared that 100%test chemicalwasused, for othersachemicalof lesser purity(approximately 85%) was used. Water, solvent (isopropanol) or a combination of both was used inother tests, for no obvious stated reason. In fact, 3M in their summary ofeach test tate: "Data may riotaccurately relate toxicityofhe tet sample with that of the test substance.” 1 agree with this concern. Inaddition, ifthiswas a “typical” TSCA section 4review, I would eject these studies, pending receipt ofadditonal information on purity and studies on analytical measurementsofthe test chemical in the test
medium,
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Ecotoxicity Study

TOXICITY TO AQUATIC PLANTS (SELENASTRUM CAPRICORNUTUM)
TEST SUBSTANCE
Identity: Perfluorooctanoic acid, ammonium salt; mayalsobereferred to
‘as PFOA ammonium salt, Ammonium perfluorooctanoate, PFO,
FC-116, FC-126, FC-169, or FC-143. (Octanoic acid,
pentadecafluoro-, ammonium salt, CAS # 3825-26-1)
Remarks: The 3M production lot number was 427. The test sample is
FC-143, referred to by the test laboratory as N2803-4. The TR.
Wilbury study number is $95-TH. Thepurityofthe sample was
‘not sufficiently characterized, although current information
indicates it is a mixture of96.5-100% test substance and 0 —
3.5% C6, C7, and C9 perfluoro analogue compounds.
METHOD
Method: U.S. EPA-TSCA Guideline 797.1050.
Test: Acute static
GLP: Yes
Year completed: 1996.
Species: Seleriastrum capricorutum
‘Source: Originally from The Culture Collection ofAlgae a the University
ofTexas at Austin, maintained in culture medium at TR. Wilbury, Inc.,
Marblehead, MA.
Element basis: Algal cell counts (cells/ml),andspecificgrowthrates.
Exposure period: 96-hours
Statistical methods: Cell densities, growth rates and percent inhibition
values used to estimate the C10, ECS0, and EC90 values and 95%
confidence limits were calculated using the computer softwareofC.E.
Stephan. Thenoobserved effect concentration (NOEC) was calculated
using one-way analysisofvariance (ANOVA).
Analytical monitoring: pH andtemperature
Test Conditions:
Algal nutrient medium: U.S, EPA-recommended sterile enriched
medium, prepared by spiking deionized water with nutrient stocks.
‘The pHofthe synthetic algal medium at test initiation was 7.5.
‘Stock and test solutions preparation: A 1,000 mg/L primary
stock solution was preparedinsterile enriched media. Appropriate
‘amounts of this stock solution were added directly to dilution water
to formulate the test media.
Exposure vessels: 250 mL glass Erlenmeyer flasks containing 50
mLoftest solution.
Agitation: Shaken continuously at 100pm
Numberofreplicates: 3
Initial algal cell loading: 1.0X 104 cells/mL.
Number of concentrations: Five plus a negative control
Lighting: ~400 fi from continuous cool-white fluorescent lighting
‘Water chemistry:
PH range: (0-96 hours)
7.5 - 9.6 (control exposure)
5.4-7.4(1,000mg/L exposure)
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Test temperature range: (0-96 hours)
235-237°C
RESULTS
‘Nominal concentrations: Bk control, 62, 130, 250, 500, 1,000mg/L.
Element value and 95% confidence interval:
72-hour ECIO (cell density) = 310 (110-440) mg/L
72-hour ExCLO (growth rate)= 470 (380 - $50) mg/L.
72-hour ECS0 (cel density) = 520 (250 ~ 1,000) mg/L.
72-hour EXCS0 (growth rate) = >1,000 mg/L (C.1. not calculable)
72-hour EC90 (cel density)=>1,000 mg/L (C.1 not calculable)
72-hour ErC90 (growth rate) = >1,000 mg/L (C.. not calculable)
96-hour ECO (cell density) = 97 (77- 120) mg/L.
96-hour ErCLO (growth rate)= 220 (160 - 280) mg/L.
96-hour ECS0 (cell density) = 310 (280 - 350) mg/L
96-hour EXCS0 (growth rate) = >1,000 mg/L (C.L not calculable)
96-hour EC90 (cel density) = 1,000 (830 - >1,000)mg/L.
96-hour EXC90 (growth rate) = >1,000 mg/L (C.1 not calculable)
96-hour NOEC (cell density): 62 mg/L
96-hour NOEC (growth rte): 500 mg/L.
Element values based on nominal concentrations

Biological observationsafter96-hours:
‘Nominal Mean Percent Percent
Concentration,| Number | Inhibition via| Inhibitionvia
mg ofCells per | Density Growth Rate

mL
[Comrol 1d07000 |-— 1-. |
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Control response: Satisfactory
‘Observations: Algal cel counts in each test vessel were determined by
meansof direct microscope counts with2hemocylomeer. After9 hours

of exposure, there were no signsof aggregation, flocculation or adherence:
ofthe algaetotheflasksin the controlorany test reatment group. In
addition, there were no noticeable changes in cel size,color or
morphology when compared to the control.
ReversibilityofGrowth Inhibition: Effectofthe test substance was
determined to be algistatic based o the resultsofthe post-defnitve test
exposure.
CONCLUSIONS
The test sample 96-hour ECS0 and 95% confidence interval for
Selenastrum capricornutum was determined using two calculation
methods. Bycell density, itwas 310 (280 - 350) mg/L,and by growth rate

305

000202

——— ee ————————————————— EE—————————



1,000 mg/L. The96-hour NOEC was determined to be 62 mg/L using
cell density and 500 mg/L using growth rate. No signsof aggregation,
flocculation, or adherence were noted in anyofth test solutions. This
test substance was determined to be algistati.
Submitter: 3M Company, Environmental Laboratory, P.O. Box 33331, St.
‘Paul, Minnesota, 55133.
DATA QUALITY
Reliability: Klimisch ranking = 2. The study lacks analytical
‘measurementoftest substance concentrations in the test solutions and
the sample purity is not sufficiently characterized.
REFERENCES
This study was conducted at T.R. Wilbury Laboratories, Inc., Marblehead,
MA, at the requestofthe 3M Company, Lab Request number N2803-4.
OTHER

‘General remarks: Themajor concern for trying to determine the validity for this test is that
ONLY NOMINAL TEST CHEMICAL CONCENTRATIONS were used. OPPT recommends
that measured test chemical concentrations be used, so that one can accurately determine the test
‘chemical concentration to which to the test organismsareexposed. If itis determined that the.
‘nominal concentrations are only, for example 50%ofthe measured concentrations, the toxicity
‘values can be and must be adjusted downward by 50%. Ifanalytical measurementsof some sorthad been furnished, we could calculate chemical recovery rates, and take into account hydrolysis,volaility,andotherphysicochemical processes that might lower the actual test organism
exposure concentrations.
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Ecotoxiciy Study

Title: Multi-Phase Exposure/Recovery Algal Assay Test Method

TEST SUBSTANCE

Identity: Perfluorooctanoic acid, ammonium salt; may also be referred to as PFOA ammonium salt,
Ammonium perfluorooctanoate, PFO, FC-116, FC-126, FC-169, or FC-143. (Octanoic acid,pentadecafluoro-, ammonium salt, CAS # 3825-26-1)

Remarks: The 3M production lot numberwas 37. The testsamplewas FC-143. Thepurity was not
‘completely characterized, although information indicate it isa mixtureof 96.5-100percent test substance.
and 03.5% Ce, Cy, and C; perfluoro anelogue compounds. The chemical is soluble in war at ambient
room temperature.

METHOD

Methodguideline followed: Modified from and modeled after ASTM-E-35.23 Draft No. 2, OECD;
AG. Payne. (as described in USEPA 600/9-78-018)

Test type: Static:

GLP (Y/N): No

Year study performed: 1981

Species: Selenastrum capricornutun (7 day old stock)

Supplier: USEPA ~ ERL in Corvallis, Oregon.

‘Measureofgrowth used: biomass i cell ry-weight (mg/L); cell count (no.mL)

Concentrations used: Range-finding: 0, 100, 250, 500, 750, 1000, 1500 mg/L;
Main study: 0, 100, 180, 320, 560, 1000, 1800mg/L (nominal values).

Exposure period: 4,7, 10, and 14 days

Analytical monitoring: There was no information on the measurement ofthe chemical during the test.
‘There was no information on detection mitsofthe chemical or impurities.

Statistical methods: ECS0 values and 95% confidence limits were calculated using the linear regression
model 3M Sixcur
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Test conditions:
-The algal culture was stored inthe darkat4 before use. The inital algal cell count in the stock culturewas 277,000 cellsmL.
~ Miners (inorganic) standard mitient medium was used for ultring/tsting algae. This was preparedwith ll mineral nutrients essentialforalgal growth. The pH was adjusted (7.54.0. prior t use 1 heassays. This nutrient medium was the diluent for all operations tht usd algae including the preparationof stock solutions.
Exposure vessels were 250 mL Elenmeyer flasks with S0 mLoftet solution and stoppered withautoclaved fou pgs.

- During the test, the temperature was 23 + 2C. The light was by fluorescent illumination of 400 ftcandles 10%, and cultures wet agitated with continuous shaking platforma 100 rpm
- Initial algal loading was 1.0 x 10° cells/mL
- Algal recovery response was evaluated following the exposure periods.There was no information on dilution wer source, contaminants, of chemistry ofthe wate.“Three replicates wre taken at cach dose.
Remarks: pH values were acceptable according to OPTS Harmonized Guidelines. Water hardness wasnot presented.

RESULTS

Dose associated with each endpoint (as mg/L):

ECs0s
Number of Days Exposed Cell Dry Weight (mg/L) Cell-Count (uo.cellmL)

4 149 (57-340)! 4928.75)7 70 Ga-118) 30 (1.40)10 4915.96) 275.50)
1 7325147) B(14sn

195% Confidence Limits

ECI0s
NumberofDays Exposed Cell-Count (no. cells/mL)

4 5367)
7 33024)
10 29(1-5)

52-8)

95% Confidence Limits
ECo0s

Number of Days Exposed Cell-Count (no. cel)
4 624 (CLL. not calculated)
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7 283 (150-590)
10 386 (C1 not calculated)
14 307 (CL not calculated)

195% Confidence Limits

‘Was control response satisfactory (yes/no/unknown): unknown

Statisticalresults, as appropriate: No p-values were reported

Remarks: After exposure ceased, the algal cells recovered and resumed logarithmic growth when
resuspended in fresh nutrient medium in theabsenceofthe test substance.

CONCLUSIONS
Ammonium perfluorooctanoate exhibitsa 14-day ECS0 (cell count) valueof43 mg/L with a 95%
confidence interval of 14 0 81 mg/L.

‘Submitters’ remarks: The authors indicateaKlimisch ranking of2. The study meets the criteria for
quality testing at the ime it was conducted. However, the study lacked information on test substance.
purity and actual measurementsofth test substanceisolution.

REFERENCE
Elnabarawy, MT. 1981. 3M Technical Report Summary, Malti-Phase Exposure/Recovery Algal Assay
Test Method. ReportNumber 006. Project Number 9970030000. October 16.

OTHER

‘General remarks: This summary was based on a summary report and only limited data tables. No
detailed report was available. Therefore, the contentsofthis summary, in reference to the protocols and
resultsofthe study, are limited.
‘The major concern for trying to determine the validity for this test is that ONLY NOMINAL TEST
CHEMICAL CONCENTRATIONS were used. OPPT recommends that measured tes chemical
‘concentrations be used, o that one can accurately determine the test chemical concentration to which to
the test organisms are exposed.Ifit is determined that the nominal concentrations are only, for example
50%of the measured concentrations, th toxicity values can be and must be adjusted downward by 0%
Ifanalytical measurementsofsome sort bad been furnished, we could calculate chemical recovery rates,
and take into account hydrolysis, volatility, and other physicochemical processes that might lower the
actual test organism exposure concentrations. As itis we are operating in the dark on this issue.
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INVERTEBRATE TOXICITY

“Title: Acute Toxicity to Aquatic Invertebrates (Summaryofthree 48-hour studies in dict)

TEST SUBSTANCE

Identity: Perfluorooctanoic acid, ammonium salt; also referred to as PFOA ammonium salt, ammoniumperfluorooctanoate, PFO, FC-116, FC-126, FC-169,orFC-143. (Octanoic acid, pentadecafiuoro-,
ammonium salt, CASH 3825-261)

Remarks: The 3M product lot number used was 37. The test sample was FC-143. It's purity was not
‘completely characterized, although information indicated itwas a mixture of 96.5-100% test substance.
‘and 03.5% C6, C7, and C9 perfluoro-analogue compounds.

METHODS

Method/guideline followed: Not stated

Test type: Static

GLP (Y/N): No

Year study performed: 1952

Species: Daphnia magna
‘age = First-Instar young
length =0.5- 1.5 mm

‘Supplier: USEPA-ERL Duluth, MN

Concentrations tested: 0, 10, 30, 100, 300, 1000 mg/L in two tests; 0, 10, 100, 500, 1000 in third study;
nominal concentrations

Exposure period: 48 hours

Analytical monitoring: No monitoringofthe test substance concentrations was done

‘Statistical methods: Chi-square test was used

Test conditions:
“Dilution water used was carbon-filtered well water (all three tests), with a temperatureof24C in two

tests (the temp. in the third test was not given).
“Test solutions were made from a common stock solution with a concentrationof Sg/L.
“Two replicates were taken
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“NumberofDaplia were 10-20 pe replicate
Exposure vessels were 250 mL glass beakers containing 200 mL est solution (6 cm in depth)“Water hemisty during the test was as follows:

“Temp ranged from 22-24C
pH was 8.fo the ets in which it was reported (measured at 48 hours)DO was 82-8. ppm fo ests in which it was reported nd for which it could be read
(measured at 48 hours)

Remarks: pH and hardness measurements were not presented fo dilution water hardness durin the testwasnot presented. Information on diet was aso not presented.
RESULTS
Doseof each endpoint (35 mg/L): 48-hour ECS0 ranged from 126 mg/L (with CL. 6 0 183 mL) to >1000 mg’
Remarks:

~ Lowest est substance concentration causing 100% mortality was 500 mL (from bothreplicates ofa single test)
~ Mortalityofcontrols was 10%i one replicate ofone test
~ Abnoma responses included marked reduction in locomotion at 1000 mg/L in on fest
Was control response satisfactory (ses/no/unknown): It appears that the contol response wissatisfactory, given the information provided.
Statistical results, as appropriate: Some statistically significant results are presented (p valuesassociated with Chi-square ets), but tis unclear wha they refer to.

CONCLUSIONS,
“The test sample resus (i. he large range in ECS0 values) were inconsistent. The authorssugaest that this difference may be duc to differences in dit.

‘Submiters” remarks: The Klmisch ranking for the study was 3. Several reasons were indicated,including: the method was not described, sample purity was not properly characterized and lackedanalytical confimation oftet substance concentrations. They aso note the values from mulipe testscontradict each other. The authors alonot thet they conducted the studies specificallyto vane det.
Reviewers” remarks: Although the authors indicate that diet may be the causeofthe differences inECS05,no information on diets is presented
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REFERENCE

Not enough infomationexceptwhat submitters includein their reference section, which states: “These:studies were conducted by the 3M Company, Environmental Laboratory, St. Paul, MN, completed fromMay to June, 1982”

OTHER

‘General remarks: This summary was basedon a reportandonly limited data ables. No
detailed report was available. Therefore, the contents ofthis summary, in reference to the
protocolsandresults ofthestudy,are limited.

‘The major concen for rying to determine the validity for this est is that ONLY NOMINAL‘TEST CHEMICAL CONCENTRATIONS were used. OPPT recommends that measured testchemical concentrations be used, so that one can accurately determine the test chemical
‘concentration to which to the test organisms are exposed.Ifit s determined that the nominal
‘concentrations are only, forexample 50%ofthe measured concentrations, the toxicity values can
be and must be adjusted downward by 50%.Ifanalytical measurementsof some sort had beenfumished, we could celculate chemical recovery rates, and take into account hydrolysis, volatility,and other physicochemical processes that mightlower the actual test organism exposure
concentrations.
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INVERTEBRATE TOXICITY

Title: Chronic Toxicity to Freshwater Invertebrates (Daphnia magna)

TEST SUBSTANCE

Identity: Perfluoroocianoic acid, ammonium salt; also referred to as PFOA ammonium salt, ammonium
periluorooctancate, PFO, FC-116, FC-126, FC-169, or FC-143. (Octanoic acid, pentadecafiuoro-,‘ammonium salt, CASH 3825-26-1)

Remarks: The 3M product lot number used was 264. The test sample was FC-143. 10s purity was not
‘completely characterized, although information indicated it was amixture of 96.5-100% test substance
and 0-3.5% C6, C7, and C9 perfluoro analogue compounds,

METHODS

Method/guideline followed: USEPA-1982, OECD 1981

Test types: Semi-staic life-cycle toxicity

GLP (Y/N): No

Year study performed: 1984

Species: Daphnia magna
‘Age = < 24-hour neonates

Supplier: 3M Environmental Laboratory St. Paul, MN

Concentrations tested: Acute test: 25,40, 63, 100, 160, 250, 400, 630 mg/L.
Chronic test: 0,5, 8, 13,22, 36, and 60 mg/L, nominal concentrations,
(Resuls, however, were based on mean measured concentrations ~ se¢ below)
Exposure period: 21 days

Analytical monitoring: Not stated

Statistical methods: Acute test: Probit analysis. Chronic test: moving average angle method. Ascl
Corp, Duluth, MN recalculated statistics in 1998. NOECs and LOECs were generated using Toxstat.
Reproduction was normal and homogenous therefore Dunnett's Test was used. Fisher's Test was used
for survival. C505 (for reproduction) were generated using ICp program. Survival ECS05 were
‘generated using “Trimmed Spearman-Karber'.
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Test conditions:

“Dilution water source was aeratedcarbon iltered well water
Dilution water chemistry was

hardness: 240 mg/Las CaCO3
alkalinity: 230 mg/L as CaCO3
pH: 78
COD: 04mg

“Media renewal informationrational: medium was changed once every two days“Exposure vessels were 250 ml glass beakers (containing 200 mLof solution 0 a depthofsbout 5am; 1 animalper 40 mi, no aration during the tet)~Ambient laboratory lightingwas used (cool-white fluorescent, at ambient levels, 16 hours per
day)Four replicate beakers were used

“There were 20 animals per concentration (5 per replicate)
“Water temperature durin the test was 22 + 2C

A suspensionof fish food and yeast containing me dry solids per 1 ml mixture was fed on adaily basis

Remarks: pH and hardness measurementsofwate during the test ere not presented. Also, the OPPTSharmonized guidelines stat that hardness should be a maximum of 180 mg/L as CaCO3 during the test ifchemistry prior o the test was indicativeof during the test, the hardness valueof240 mg/Lofthe dilutionwater was oo high.

RESULTS

Doseof each endpoint (as mg/L):

14 day NOEC (survival) = 60 mg/L
14 day NOEC (reproduction) - § mg/L
21 day NOEC (survival) = 22 mg/L
21day NOEC (reproduction) = 22 mg/L
14 day ICSO (reproduction) = 40 (28-48) mg/L
21 day ICS0 (reproduction) = 43 (35-46) mg/L

All element concentrations were based on mean measured concentrations and the reported
endpoint values are from the reanalysis of the data by Ascl Corp.

Remar ks:

- All surviving first generation daphnids appeared normala the end ofthe tet. In the 36 and 60mg/L treatments, survival was statistically different from the negative control group.
~ Neonates started to be produced on Day 7. Reproduction was statistically significantly different romthe control (Dunnet’) at the 13, 22, 36, and 60 mg/L concentrations after 14 days, and in the 36 and 60
mg/L test solutions at21 days.
- 100% mortality was not observed at any dose
~ No mortality was seen in the controls
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‘Was control response satisfactory (yes/no/unknown): Yes, based on the fact that there was no
mortality.

Statistical results, as appropriate: It appears some result are statistically significant, based on
computer printouts. However, lackof information made these difficult to interpret.

CONCLUSIONS

‘There were no adverse effects on survival or reproduction at concentrations< 22 mg/L for 21 days.
‘Submitters’ remarks: The Klimisch ranking was 3. The study was apparently well conducted
according to the methodology available at the timeofthe statof the test.

Reviewers’ remarks: none

REFERENCE

3M Company. Chronic toxicity to freshwater invertebrates. [No other information available]

OTHER

‘General remarks: This summary was based on a summary report and only limited data tables.
No detailed report was available. Therefore, the contentsofthis summary, in reference to the
protocols and resultsofthe study, are limited.

Also, an acute est was conducted, possibly as a range-finding study. However, the purpose of
the acute test was not very clearfromthe study.

“The major concen for trying to determine the validity for this test is that ONLY NOMINAL
‘TEST CHEMICAL CONCENTRATIONS were used. OPPT recommends that measured test
‘chemical concentrations be used, so that one can accurately determine the test chemical
conceniration to which to the test organismsare exposed. Ifit is determined that the nominal
‘concentrations are only, for example 50%ofthe measured concentrations, the toxicity values can
be and must be adjusted downward by 50%. Ifanalytical measurements of some sort had been
funished, we could calculate chemical recovery rates, and ake into account hydrolysis, volatility,
‘and other physicochemical processes that might lower the actual test organism exposure
concentrations.
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INVERTEBRATE TOXICITY

Title: Acutetoxicity to aquatic invertebrates (Daphnia magna)

TEST SUBSTANCE

Identity: Perfluorooctanoic acid, ammonium salt; also referred to as PFOA ammonium salt, ammoniumperluorooctanoate, FC-116, FC-126, FC-169, or FC-143. (Octanoic acid, pentadecafluoro-, ammoniumsalt, CASH 3825-261)

Remarks: The 3M production lot number was 390. The test sample was FC-126,a white powdery solid.is purity ws not sufficiently characterized, although current information indicates itis amixture of 78-
93% test substance and 7-22% CS, C6, and C7 perfluoro analogue compounds.

METHODS

Method/guideline followed: Not sated

Test type: Static

GLP (YN): No

Year study performed: 1987

Species: Daphnia magna
‘Age =< 24 hour neonates.

Supplier: 3M Environmental Labs.

Concentrations tested: 0,100, 180, 320, 560,and 1000 mg/L, nominal concentrations

Exposure period: 48 hours

Analytical monitoring: None because concentrations were nominal.

Statisticalmethods: Probitanalysis

Test conditions:

“Dilution water source was carbon-filered well water with the following chemical characteristics: .
Temp was 21C
DO was 9.4 ppm
pH was 7.9

“Test solutions were prepared by direct weights addition
Stabilityof the test chemical solution was not noted
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“Exposure vessel was a 250 mL Pyrex glass beaker containing 200 mL test solution (10 6 emdepth)
“Numberofdaphnids per replicate was 10
“Water chemistry during test:

DO
control: 9.0 mg/L
1000 mg/L exposure: $8 mg/L.
PH
control: 80
1000 mg/L: 8.1

Temp
2c

Remarks: No other detailsofthe test conditions were presented, including water hardness.
RESULTS

Doseofeach endpoint (as mg/L): 43-hour ECS0 was 221 mg/L (95% CL: 186-261)

Remarks:
- Lowest test substance concentration causing 100% mortality was 560 mg/L at 48 hours (both
replicates)

- There was no mortality in the controls

‘Was control response satisfactory (yes/nofunknown): Yes, based on the fact that there was no.
‘mortality

Statisticalresults,asappropriate: Notpresented

CONCLUSIONS

‘The 48-hour ECS0 was determined tobe 221 mg/L (witha 95 % C.L. of 186-261)

‘Submitters’ remarks: The data quality Klimisch ranking was 2. Testing met the criteria for quality
testing. However, sample purity was not properly characterized and it lacked analytical confirmation of
test substance concentrations.

Reviewers’ remarks: none

REFERENCE

3MCompany. 1987. [Report tile no given] Lab Request Number E1262-1. Completed on
April 30.

OTHER

General remarks: This summary was based ona summary report and only limited data ables.
No detailed report was available. Therefore, the contentsofthis summary, in reference to the
protocolsandresults ofthe study, are limited.
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“The major concern for trying to determine the validity for thi tet is that ONLY NOMINALTEST CHEMICAL CONCENTRATIONS were used. OPPT recommends that measured testchemical concentrations be used, so that one can accurately determine the test chemical‘concentration to which tothe test organisms are exposed. Ifit is determined that the nominal‘concentrations are only, for example 50%ofthe measured concentrations, th toxicity values canbe and must be adjusted downward by 50% . Ifanalytical measurementsofsome sort had beenfurnished, we could calculate chemical recovery rates, and take into account hydrolysis, volatility,and other physicochemical processes that might lower the actual tes organism cxposure.concentrations.
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‘TOXICITY TO INVERTEBRATES

Title: Static Acute Toxicityof EX-1003 to the Daphnid, Daphnia magna
TEST SUBSTANCE

Identity: Perfluorooctanoic acid, ammonium salt; may also be referred to as PFOS ammonium salt,
‘ammonium perfluorooctanoate, PFO, FC-116, FC-126, FC-169, FC-143,oras a major componentof FX-
1003. (Octanoic acid, pentadecafluoro-, ammonium salt, CASRN 3825-26-1)
Remarks: The 3M production lot number was 2327. The purityof the test sample, FX-1003, was not
sufficiently characterized, though available information indicated itwas a solutionof<45% ammonium
perfluorooctanoate, 50% water, <3% inert perfluorinated compound, and 1 — 2% Cand C; perfluoro-
analogue compounds.

METHODS

Method/guideline followed: OECD 202

Test type: Static

GLP (YIN): Yes

Year study performed: 1990

‘Species: Daphnids used in the test were less than 24 hours old at the startofthe test. They were produced
from an in-house culture that was maintainedunder test conditions for at least 14 days. Prior to testing,daphnids were maintained in 100% dilution water (collected from wells at EnviroSystems in Hampton,New Hampshire) under satic conditions. During acclimation, daphnids were not treated for disease and
were freeof apparent sickness, injuries, and abnormalities at the beginningofthe test. Daphids were fed
‘yeast, trout chow, and the freshwateralga Selenastram capricornutum once daily before the test.
Daphnids were not fed during the test.

‘Supplier: EnviroSystems-daphnids, 3M-test substance

‘Concentrations tested: A screening test was performed prior to the definitive toxicity test. Nominal
concentrationsofthe test substance were 0.1, 1, 100 and 1000 mg/L; the numberofreplicates was not
indicated. For the definitive test, four replicatesofcach ofthe following test substance concentrations
were used: 0 (blank control), 150, 250, 400, 600, and 1000 mg/L.

Exposure period: 48 hours

Analytical monitoring: Test substance concentrations were not measured during the study.
Dissolved oxygen, pH, conductivity, and temperature were measured and recorded daily in cach
test chamber containing live test animals.
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Statistical methods: Resultsofth toxicity test were interpreted by standard statistical techniques(Stephan, 1983). The probit, moving average, or linear interpolation method was used fo calculatehe 48-hour ECs (based on immobilization) sing nominal concentrationsof thetest substance.
“Test conditions: Water used or acclimation ofthe est organisms, and or al ticity testing, wascollected from well at Enviro ystems in Hommpton, New Hampshire, Water was adjusted ts hardness of180 mg/L as CaCO, and aerated in 500-gallon polyethylene tanks prior to est nition. During theacclimation period (24-hours prior o the est ntiation), th dilution water temperature was 19.8°C. Nostock solution was prepared, as the tet substance was added diretly to dilation water contained in thetest vessels without th use ofa solvent. The stabilityofthe est solutions was not indicated. Nominalconcentrationsofthe test substance were 0 (blank contol, 150, 250, 400, 600, and 1000 mg/L. Fourveplicates ofeach es concentration were used. Twenty daphnids were randomly and equally disebuted‘amongfour replicates ofeach reatment. Exposurevesselswere 250 mL lass bakers containing 200ml.of th test solution (approximately 7cm depth). Test vessel were randomly aranged in an incubatorduring the 48-hour tes. During the tes, the following wat chemistry ranges (0 48 hours) weredetermined: Conductivity 800 ~ 900 umhos/cm (control exposure and 1000 mg/L exposure) pH 8.1 -8.2 (contol exposure), §.3 8.4 (1000 ma exposure) Temperature 195 — 20.1°C (control exposure and1000 mg/L exposure); Dissolved 03 9.09.5 mg/L (control exposure), 9.1 - 9.5 mL. (1000 mel.exposure). Aeration was no required during the study to maintain dissolved oxygen concentrations aboveacceptable levels. A 16-hourlightand Shoutdark photoperiod was automatically maintained with coo
white fluorescent lights that provided an intensityof 45 Es" mi. Loading rate during the toxicty test was.approximately 0.018 gL.
Remarks: No additonal comments

RESULTS
Doseofeach endpoint (as mg/L):

Screening test: LC= 1000 mg/L, NOEC = 100 mg/L
Definitive test (based on immabilization): 24-hour ECs >1000 mL, 46-hour ECs= 584 mg/L (95% confidence level = 400 — 1000 mg)

Remarks: For the screening test, after 48 hoursofexposure, thre was 60% survival at 1000 mg/L and100% survival aa other tested concentrations. For the definitive test, ll test vessels maintained a clearappearance throughout the study. 100% survival occurred in the coms] exposure. Control daphnids hadan average wet weight (blotted dry) of 0.0007g at the endofthe tet. Loading rte during the toxicity (eswas approximately 0.018 g/L. Exposureof daphnid to th reference toxican, sodium dodecyl sulfate,resulted in a 48-hour LCxpof 33 ma/L and a 48-hour ECs of 16 mL.
Was control response satisfactory (yes/na/unkaown): yes
Statistical results,as appropriate: No additonal comments

CONCLUSIONS“The est sample 48-hour ECS0forDaphnia magna was determined to be S84 mg/L, witha 95%confidence intervalof400 1000 mg/L.
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‘Submitters’ remarks: Klimisch ranking 2. Testing meets the criteria for quality testing, However,sample purity was not properly characterized and no attempt was made to confirm test substance
concentrations.

Reviewers” remarks: The submitters’ conclusions appear to be accurate, based on the data.

REFERENCE
EnviroSystems, Inc. 1990. Static Acute Toxicityof FX-1003 to the Daphnid, Daphnia magna.
Hampton, NH. EnviroSystems study number 9013-3.

OTHER

‘General remarks: The major concen for tring to determinethe validity for this test is that
ONLY NOMINAL TEST CHEMICAL CONCENTRATIONS were used. OPPT recommends
that measured test chemical concentrations be used, so that one can accurately determine the test
chemical concentration to which t the test organisms are exposed.Ifitis determined that the
nominal concentrations are only, for example 50%ofthe measured concentrations, the toxicity
values can be and must be adjusted downward by 50% . Ifanalytical measurementsofsome sort
had been furnished, we could calculate chemical recovery rates, and take into account hydrolysis,
volatility, and other physicochemical processes that might ower the actual test organism
‘exposure concentrations

Purityofthe test materia also is a major concern and was not sufficiently characterized in this
test. Tn some tests it appeared that 100% test chemical was used, for others a chemical oflesser
purity (approximately 85%) was used. Water, a solvent (isopropanol) or a combination of both
was used in other tests, for no obvious stated reason. In fact, 3M in the summary ofeach test
state: "Data may not accurately relate toxicityofth test sample with thatofhe test substance.”
Tagree with this concen. In addition,ifthis was a “typical” TSCA section 4review, I would
reject these studies, pending receiptofadditional information on purity and studies on analytical
‘measurements ofth test chemical in th test mediu.
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AQUATIC PLANTS TOXICITY
“Title: Growth and Reproduction Toxicity Test with N2803-3 and the Freshwater Alga, Selenastrumcapricomutum

TEST SUBSTANCE

Identity: Perfluorooctanoic acid; mayalsobe referred to as PFOA, FC-26,orFX-1001. (Octanoic acid,‘pentadecafluoro-, CASRN 335-671)

Remarks: The 3M production lot number was 269. The test sample was FC-26, referred to by the testlaboratory as N2803-3. The purity ofthe sample was not sufficiently characterized, although currentinformation indicated it was a mixtureof96.5 ~ 100% test substance and 0— 3.5% Ce, Cy, and Cyperfluoro-homologue compounds. The testsamplewas a white powder. Asstated bythesubmitter, thesample preparation directions given to the laboratory were to dissolve the test material ina 50:50water:isopropanol solution. In the protocol amendment, it was stated that the sample was combined withisopropanol in a 50:50 ratio prior to use.

METHODS

Method/guideline followed: USEPA-TSCA Guideline 797.1050

Test type: Static:

GLP (Y/N): ¥

Year study performed: 1995

‘Species: The algae were acclimated in sterile, enriched media and maintained at test conditions for atleast 14 days prior to the definitive test. The sub-sampleofalgae used to inoculate media at the start ofthe definitive testwas froma 10-day old culture.

Supplier: The supplierofthe algac culture was the Culture CollectionofAlgae at the UofTexas atAustin.

Measure of growth used: numberofcells/mL, growth rate

Concentrations tested: For the range-finding test, the following concentrationsoftest substance were.used: 0.050, 0.50, 5.0, and 50 mg/L (the numberof replicateswasnot specified).Forthedefinitive test,‘one dilution water control and five nominal concentrations were used in the study. The 50:50 mixture ofisopropanol and test substance (N2803-3) was considered to be 100% test substance during theperformanceofthe toxicity test. All esults were reported both on the basisof test substance as-tested(50% N2803-3 and 50% isopropanol)and test substance as-received (N2803-3 without isopropanol). Theas-tested concentrations were: 0, 63, 125, 250, 500, and 1000 mg/L; the as-received concentrations were:0,32,63, 130, 250, and 500 mg/L. Three replicatesofeach control and test concentration were utilizedunder static test conditions.

Exposure period: 96 hours
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Analytical monitoring: Concentrations ofth tet substance were not measured during the study. ThePH in each test vessel was measured atthe beginning and end ofthe est. Incubator temperature was‘measured and recorded daly. The temperature inarepresentative vessel ofwate, which was incubatedwith the test vessels, was continuously recorded.
Statistical methods: Cel densities, growth rae, and percent inhibition values, which were used toestimate 72- and 96-hour ECso values and 95% confidence limits, were calculated using thebinomialinterpolation method (Stephan, 1984). Al calculations were performed using the number ofcellimL, the average specific growth ate, and the nominal concentrationsofthe est substance. The no-observed-ffect-concentration (NOEC)wascalculated using« parametric one-way analysisofvariance.(ANOVA), the number ofcells/mL, and the average specific growth rate in cach test vessel at the end ofthe test

“Test conditions: The sigal medium was prepared according to USEPA recommended concentrations bycombining de-ionized water and nutrient stocks. Water used forthe acclimation ofthe test organisms and.forall toxicity esting was sterile, enriched media, adjusted oa target pHof 7. with 0.1 MHC] prior touse (the pHofthe synthetic algal medium at tes initiation was 7.4). Algal medium was used for culturing,anda the diluent. A chemical characterizationofa repesenative sample oftest media, and water used toformulate test media, was performed. Phosphorous, nitrate, and chloride were detected at the followingconcentrations: 0.46, 0.08, and 14 mL, respectively. Heavy metals detected in the diluent and tesmedium included cadmium (0.0002 mg/L) and lead (0.08 mg/L). Other potential contaminants were atorbelow the levelofdetection. The test substance (as-received) was assumedto have apurty of 100%active ingredient and 0 be stableunder storage and testing conditions. A 1000 mg/L primary stocksolution ofthe test substance (as-tested) was prepared by combining N2803-3 (as-tested) and stile,enriched media. Appropriate amounts ofthis stock solution wre added directly o dilution wate toformulate the test media. Algae were distributed among three replicateofeach treatment at the rate of10,000 cells/mL. Exposure vessels consisted of250 mL glass Erlenmeyer flasks containing 50 mLoftestsolution. Test vessels were randomly arranged ona rotary shaker adjusted 0 100 1pm in an incubatordaring the test. The pHofthe tet solutionsforthe 250, 500, and 1000 mg/L exposure concentrationswere in the range of 2.9-4.0 at test initiation. As tated by the submite, his low pH may have adverselyaffected the survival and subsequent growth ofthe algac. The measured water chemistry values (0-96hours) were as follows: pH range=7.4 ~ 103 (control exposure),2.9-3.0 (1000 mg/L exposure), meantemperature ange = 23.5 - 24°C. A 24-hour light and 0-hour dark photoperiod was automatically‘maintained with cool-white fluorescent ights tht provided a ight intensityofspproximately 380footcandles. Algal cell counts in each test vessel were determined daily by meansofdirect microscopecounts with a hemocytometer.
‘Remarks: Water hardness was not indicated. The pH for many exposure concentrations was ouside theaccepted range forS. capricormutum toxicity testing (7.5 + 0.1). As stated by the
submitter, there appears to be a discrepancy between the sample preparation directions given to theIaboratory and the procedure conducted by the laboratory to prepare the test solutions,

RESULTS
Dose ofeach endpoint (as mg/L): The NOEC fr the range-finding study was 50 mg/L. Forthedefinitive study, the 96-hour ECs (nd associated 95% confidence limits) was 180 mg/L (125 -250mg/L), based on test substance astesed (50% N2803-3 and 50% isopropanol) and 90 mg (63 - 130mg/L), based on test substance as-received. The 96-hour NOEC and LOEC values were 125 and 250
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ma respectively, based on st substan assed. The 96-hour NOEC and LOEC values were 63 and130 mu respectively, based an the fst substance as recived. Th cll growth dota revs oeable 1

Table 1: Cell growth data of acute toxicity test with N2803-3 andthe freshwater alse, Seenasiramcapicormutem
‘Nominal ‘Numberofcells/ml,x10"(hour) Percent Percentconcentration Inhibition| Tnhibiionstented, | Hours aa

mg/L. Density Growth[ [* sm» %] ne
[Camm 0 ar me[wm enSTNS J 2
[osToTiTie[su ise 7ET EST EST EC BTS010 <i0J <io[<0 =io to |100]CowTio1=o|<io |=to |=o |100 | 100]

Remarks: Aer6 hours ofexposure, ther wer no ignofaggregation location, or adherens ofihe sgae to the Tsk nth contol any fst rcament rou. In addin, ther wore no otcclechanges in cel siz, color, or morphology when compare fo the contol. Th oft ofN2303-3 wtermine 0b alga, not aca, based on he elsofhe postdefive ot Expose. AsSte by th smite, biological da generatedby previous expoofalgae fo props] acahol(Ward, et a. 1995) demonssted that 1000mL.ofSaprop aicanol dé otib srows, Ths cingindicated htth concenutionofSapropy kohol nthe st chemical dc ot accountTtie toyofN2803-3. Test substance concentrations shove 125 mel. ecuced pH values t 4.0 nd lowers the lowPH may hve cased iinofiggow a higher concenraions of et subotance. The owectConcentration of et Subsiance served 10 cause 100% moray was 250 mel
Was contrl response satisfactory (sesnofnknown): yes
Statistical results, as appropriate No additional comments
concLusios

TheNOC frtherange finding study ws 50 mL. Forte definive study, the 96-hour ECagwas 150mL, based on ts substance acid, and 9 mel, base on 651 ubsance10Teed. The 96-hour
'NOEC and LOEC values were 125 and 250 mg/L (as-tested) and 63 and 130 mg/L (as-received),Tspeciely.
Submitters? remarks Klmich aking 3.The study lacks analytical measurementof est substanceconcentrationinthest souions. Sample purty is not suficendy characterised. Additonal, threpeas be discrepancy between te sample preparation deeionsgv0 boston ad tne
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procedure conducted by the lsboratory o prepare the test solutions. Survival and growth of the algae mayhave been adversely affected by inital low pH values in the higher tet substance concentrations
Reviewers? remarks: The conclusions appear fo be supported by the data. The low pH, which may have.further increased growth inhibition, was clearly stated asa possible source oferror.
REFERENCE
TR. Wilbury Laboratories, Inc. 1995. Growth and Reproduction Toxicity Test with N2803-3 and theFreshwater Alga, Selenasirum capricornutum. Marblehead, MA. Study number B93-TH.
OTHER

‘General remarks: The major concern for trying to determine the validity for ths testi thatONLY NOMINAL TEST CHEMICAL CONCENTRATIONS were used. OPPT recommendsthat measured test chemical concentrations be used, so that one can accurately determine th testchemical concentration 0 which to th fest organisms are exposed. Ifit is determined tht the‘nominal concentrations are ony, for example 50% ofthe measured concentrations, the toxicityvalues can be and must be adjusted downward by 50%. If analytical measurements of some sorthad been fumished, we could calculate chemical recovery rates, and take into account hydrolysis,volailty, and other physicochemical processes that might lower the actual tet organism.exposure concentrations.

3s

000222

ee



TOXICITY TO INVERTEBRATES
Title: Acute Toxicity of N2803-3 to the Daphnid, Daphnia magna

‘TEST SUBSTANCE

Identity: Perfluorooctanoic acid; may also be referred to as PFOA, FC-26, or FX-1001. (Octanoie acid,pentadecafluoro-, CASRN 335-67-1)

Remarks: The 3M production lot number was 269. The test substance was a white powder. The test‘sample, FC-26, was referred to by the test laboratory as N2803-3. The purity ofthe sample was notsuiciently characterized, although available information indicateditwas amixtureof 96.5 — 100% testsubstance and 0 — 3.5% Ce, Cs, and Cy perfluoro- homologue compounds.

METHODS

Methodiguideline followed: U.S. EPA-TSCA Guideline 797.1300

Test type: Static:

GL (Y/N): Yes, with one exception: the stability ofth test substance was assumed, but not verified

Year study performed: 1996

‘Species: Water used for acclimationofthe test organisms was deionized water collected at TR. WilburyLaboratories in Marblehead, MA. Daphnids employed in the study were less than 24 hours old. Test
specimens were produced by adult daphnids that were maintained under test conditions for more than 7
days. The original culture was obtained from Aquatic Research Organisms, Hampton, NH. During
acclimation, dephnids were not trated for discase, they were freeof apparent sickness, injuries, and
abnormalities at test initiation. There was no mortality during the 48 hours preceding the start ofthe test.
‘The culture was supplied with a yeast/rout chow mix and the freshwater alga Selenasirum capricornutumdaily during acclimation. Daphnids were not fed during the test.

‘Supplier: T.R. Wilbury Laboratories supplied the test organisms. 3M, the sponsor, supplied the test
substance.

‘Concentrations tested: For the static screening test, the nominal concentrationsofthe test substance(as-received) were: 0.050, 0.50, 5.0, 50, and S00 mg/L. For the static definitive test, two replicates of
‘ach concentration were used. The following nominal concentrations were utilized: 0 (blank control),
130, 200, 360, 600, and 1000 mg/L (tested as a 50:50 mixtureoftest substance and isopropanol). The
nominal concentrationoftest substance (as-received) in solution was 0 (blank control), 65, 110, 150, 300,
and 500 mg/L.
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Exposure period: 48 hours

Analytical monitoring: Test substance concentrations were not measured during the study. All toxicitytests were based on nominal concentrationsoftest substance. Dissolved oxygen, pH, conductivity, andtemperature were measured and recorded dily in each test chamber that contained ive animals, Thetemperature in a beakerofwater incubated among the test vessels was recorded continuously during thetest

Statistical methods: LCs and EC: values were calculated, when possible, by probit analysis, moving‘average method, or binomial probability with non-linear interpolation (Stephan, 1983).
Test conditions:

‘Water usedfor acclimationof the test organisms andforall toxicity testing was deionized water collectedLTR. Wilbury Laboratories in Marblehead, MA. Water was adjusted to hardness of 160 ~ 180 mg/L asCaCO; and stored in 500-gallon polyethylene tanks, where it was aerated and continuously passed
through a partice filter, ultraviolet sterilizer, and activated carbon. Achemical characterization ofarepresentative sampleofdilution water detected iron at 0.03 mg/L; all other potential contaminants werebelow the levelofdetectionornot present. The test substance was prepared by combining N2803-3, asreceived from the sponsor, with isopropanol ina 50:50 ratio. However, the test substance preparation
directions given to the laboratory were to dissolve the test material in 50:50 water isopropanol solution.
‘This 50:50 mixture was then considered to be 100% test substance during the toxicity test, but ll results
are reported on an active ingredient basis (active ingredient i the est substance as-received minus theisopropanol). The tes substance was assumed to have a purity of 100% active ingredient and to be stable
‘under storage and testing conditions. For th test organisms, measurements made during the 7 days prior
10 the start ofthe definitive test with N2803-3 indicated a culture temperature range of 19.5  20.5°C and
a dissolved oxygen concentration ofat least 9.1 mg/L. A 1000 mg/L stock solution was prepared by‘combining 2.0gof the test substance (50:50 mixtureof N2803-3 and isopropanol) and dilution water to afinal volumeof2000 mL. The tet vessels were 300 mL glass beakers that contained 250 mL of test
solution (approximate depth was 9 cm) during the test. Appropriate amountsofthe stock solution were.added to dilution water in test vessels to formulate test media with the use ofa solvent. Twenty daphnids
were indiscriminately and cqually distributed among two replicatesofeach test concentration. Test
vessels were randomly arranged in an incubator and loosely covered during the 48-hour test During thedefinitive test, the following ranges were estimated from measurements: dissolved oxygen = 8.7 — 8.8
mg/L, temperature = 19.4 ~ 20.7°C, conductivity = 570 - 610 mhos/cm, pH = 8.3 8.5. A 16-hour light‘and S-hour dark photoperiod with a 15-minute transition period was automatically maintained with cool.white fluorescent lights that provided a light intensityof 58 footcandles. Aeration was not equired tomaintain dissolved oxygen concentrations above an acceptable love.
A static test was conducted with 390 mg/L isopropanol anda dilution water control, Two replicates of
ach concentration and 10daphnidsreplicate were used. This test was conducted in a manner similar to
the test with N2803-3. Measurements made during the 7 days prior to

initiation of the isopropanol toxicity est. These measurements indicateda culture temperature range of20.1209 and a dissolved oxygen concentration ofat least 8.3 mg/L. The test vessels were randomly
armanged in a water bath and the light intensity was 13 - 25 footcandics. The following ranges wereestimated from measurements during the test: dissolved 0; = 8.1 - 8.5 mg/L, temperature = 20.4 -
209°C, conductivity = 530 - 540 umbosiem, pH = 8.3 — 8.5.
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Remarks:No additional comments

RESULTS
Doseof each endpoint (as mg/L): LCi and ECq values and 95% confidence intervals‘Based on est substance as-received:

24-hour LCso = 500 (300 - >500) mg/L
24-hour Cig = £20 (370 490) mg/L
48-hour LCyy = 400 (350 460) me/L
45-hourECiy = 360 (300 500) mg/L
45-hour NOEC = 180 mg/L

Based on test substance as-ested (50:50 atoof N2803-3:isopropanol):
2d-hour LC: =1000 (600 - 1000) mg/L24-hour ECas = $40 (740 ~ 970) mg/L48-hour LCs = 800 (700 - 920) mg/L.
48-hour EC = 720 (660-780) mg/L
48-hourNOEC = 360 mg/L

Remarks: During the toxicity tes with 390 mg/L isopropanol, no morality or sublethal effects wereobserved and the 48-hour EC: and Cio values were > 390 mg/L. For the screening est (48-hours post-exposure), there was at least 95% survival at0 (blank contro, 0.050, 0.5, and 5.0 mg/L. Also, there was.15% survival at S00 mg/L (surviving daphnids exposed to 500 mg/L were immobilized) During thedefinitive toxicitytestwith N2803-3, n0 insoluble materialwasnoted during th tet. After 48 hours of‘exposure, the control daphnids had an average wet weigh (bloted)of 0.53 mg. The test substance
(2803-3) did not cause 100% mortality at ny concentration tested. No mortality was observed in thecontrol during the definitive teso screening tet. Table 1 depicts cumulative percent mortalityofthedefinitive test.

‘Table1. CumulativePercentMorality

Was control. Nominalatested hows hows response
satisfactory | concentration (mg
[Blankcomrol T7770 0

we 71To|
20 170T —]

[se 7170—T70 |
[eo70015 |
Cow15Ts |

(vesinolunknown): Yes

Statistical results as appropriate: No additional comments

CONCLUSIONS
“The as-ested test substance (N2603-3) 48-hour LCS0 for Depa magna was determined to be800 mg/L with a 95% confidence intervalof700— 920 mg/L. The as-csted test substance 48-
hour ECS0 for Daphnia magna was determined to be 720 mg/L with 2 95% confidence interval of
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660 ~ 780 mg/L. The as-testd test substance 48-hour no-observed-effect-concentration (NOEC)was 360 mg/L. The 48-hour LCSO for Daphnia magna, based on the concentrationofestsubstance in solution was determined to be 400 mg/L, with a 95% confidence intervalof 350 —460 mg/L. The 48-hour ECso for Daphnia magna, based on the concentrationoftest substance insolution was determined to be 360 mg/L, with a 95% confidence intervalof 300 - 500 mg/L. The48-hour no- observe-cffect-concentration (NOEC) fo the test substance in solution was 150mylL.

‘Submitters’ remarks: Klimisch ranking 3. The study lacks analytical measurementoftest substance‘concentrations in the test solutions and sample purity is not sufficiently characterized. Additionally, there‘appears to bea discrepancy between the sample preparation directions given to the laboratory and theprocedure conducted by the laboratory to prepare the test solutions.
Reviewers’ remarks: The author's conclusions appear to be supported by the data
REFERENCE

TR. Wilbury Laboratories, Inc. 1996. Acute Tosicityof N2803-3 to the‘Daphnid, Daphnia magna. Marblehead, MA. Study number $92-TH.
OTHER

‘General remarks: The major concen for trying to determine the validity for this test is thatONLY NOMINAL TEST CHEMICAL CONCENTRATIONS were used. OPPT recommendsthat measured test chemical concentrations be sed, so that one can accurately determine the testchemical concentration to which o th test organisms are exposed. IFit is determined that thenominal concentrations are only, for example 50%ofthe measured concentrations, the toxicityvalues can be and mst be adjusted downward by 50%. Ifanalytical measurementsofsome sorthad been furnished, we could calculate chemical recovery rates, and take into account hydrolysis,volatility, and other physicochemical processes that might lower the actual test organism‘exposure concentrations
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AQUATIC PLANTS TOXICITY

“Title: Growth and reproduction toxicity test with FC-1015 and the freshwater alga, Selenastrium
capricornutum

TESTSUBSTANCE

Identity: Perfulorooctanoic acid, ammonium salt; may also be referred to as PFOA ammonium salt,
Ammonium perfluorooctanoate, PFO, FC-116, FC-126, FC-169, FC-143oras the major component of
FC-1015. (Octanoic acid, pentadecafluoro-, ammonium salt, CAS #3825-26-1)

Remarks: The test sample is FC-1015. Its purity was not sufficiently characterized, though current
information indicates it is a 30% straight carbon chain versionofFC-143 in §0% water. The 3M product
lot number was “HOGE 205.” Data may not accurately relate toxicityofthe test sample with thatofthe
test substance. Data were used to compare toxicityofthe branched/straight chain ammonium
perfluorooctanoate homolog mixture in FC-143v. what is supposedto be the 100% straight carbon chain
‘ammonium perfluorooctanoate in FC-1015.

METHODS

Method/guideline followed: OECD 201, USEPA-TSCA, Guideline 797.1050

Test type: static

GLP (Y/N): N

Year study performed: 1996

Species: Selenastrum capricornutum

‘Supplier: Universityof Texas at Austin

Measureofgrowth used: algalcellcounts (cells/mL),celldryweights

Concentrations used: 0, 210, 430, 830, 1670, and 3330 mg/L. The concentrations were nominal. Three
replicates at each concentration were tested.

Exposure period: 96 hours.

Analytical monitoring: none

Statisticalmethods: Probitanalysis

‘Test Conditions: The algae were grown in sterile enriched nutrient medium per USEPA 1978 guideline
and were allowed 14 daysforacclimation to the conditions. The nutrient medium provided all mineral
‘mutrients essential for algal growth and also served as the diluent for all algal operations. The pHof this
synthetic algal medium was adjusted to 7.5 prior to use in assays. For preparationofthe test solution, a
3330 mg/L stock solution was prepared by diluting 3.33 oftest substance in 1 literofwater. Aliquots
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were then added dicey o diluion wate in test vessels to creat est solutions. The exposure vesselsused were 250 mL. Erenmeyers containing100mi. test olutionand capped with inverted glass beakers.The vessels were loaded with an initial concentrationof 1.0 x 10* cell.and shaken continously at100 pm. Four hundred foot-candiesoflighting were provided by continuous cool-white fluorescentlighting. The water chemistry parameters measured during the est included: pH = 7.5-10.8 (control) and7.4-7.6 (3330 mg/L exposure) and temperature = 24.0-24.2 incubator). Three replicatesoftheexperiment were performed. Measurementsof dilution water chemistry were also performed (seeAppendix for parameters and detection limits). The only chemical detected was iro at 0.03 mg/L
Remarks: The pH range for the control was outside acceptable limits, but th other tested sample waswithin the acceptable range. Wate hardness, during the study,wasnot indicated.

RESULTS
Doseof each endpoint (as mg/L): Values calculated using cel count (cells/mL):

24h ECS0 = 2510 (1340-3330) mglL
48 hECS0> 3330 mgL
72h ECS0 = 2040 (1190-3330) mg/L96h ECS0= 1980(1710-2360)mg/L96h NOEC =210mg/L
96 h LOEC = 430 mg/L
Values calculated using the average specific growth rate:
24h ECS0 ~ 1700 (673-3300) mg/L
38 hECS0>3330mgL
72hECS0> 3330 mplL
96h EC50> 3330 mg/L
96 h NOEC = 430 mg/L
96h LOEC = 830 mg/L

Remarks: Aliquots of the 3330 mg/L test solution were diluted with algal medium and cultured for 72.
Hours. Based on growth observed in the recovery phase, th effect on algal growth was found to bealgistatic
‘Was control response satisfactory (yesno/unknown): yes
Statistical results, as appropriate: none

CONCLUSIONS

FC-1015 exhibits 96 hour ECS0 cel count value of 1980 (1710-2360 mg/L) and a 96 hour ECS0 growthfate valueof >3330 mL. The 96 hour No Observed Effect Concentration (NOEC) is 210 mg/L for cll
count and 430 mg/L. for growth rate. The Lowest Observed Effect Concentration (LOEC) is 430 mL forcell count and $30 mL or growth rae. Thi test substance was determined tbe algisatc
Submitters” remarks: For data reliability, this study was assigned a Klimisch rating of2. The studymeets criteriaforquality testing. However, i lacks information onth purityofth tet substance andactual measurementsof the amount of test substance in solution. Also, no explanation is given ss (0 why.the 48 hour values were in excessof 24 hour values.
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Reviewers’ remarks: none

REFERENCE

‘Ward, T, Nevius,J. and R. Boeri. 1996. Growthand reproduction tosicity test with FC-101S and thefreshwater alga, Selenastrum capricormutum. TR. Wilbury Laboratories, Inc. Lab Request number
P1624. 3M Company, St. Paul, MX.

OTHER

General remarks: The major concen for trying to determine the validityfortistest i that
ONLY NOMINAL TEST CHEMICAL CONCENTRATIONS were used. OPPT recommends
that measured test chemical concentrations be used, so that one can accurstely determine the test
chemical concentration o which to the test organisms are exposed. Ifit is determined that the
‘nominal concentrations are only, for example 0%ofthe measured concentrations, the toxicity
values can be and must be adjusted downward by 50% . Ifanalytical measurements ofsome sort
had been furnished, we could calculate chemical recovery rates, and take into account hydrolysis,volatility, and other physicochemical processes that might lower the actual test organism
‘exposure concentrations.

Purityofthe test material also is a major concern and was not sufficiently characterized in this
test. Tn some tests it appeared that 100% test chemical was used, for others a chemical oflesser
purity (approximately 85%) was used. Water,a solvent isopropanol)or combinationofboth
was used in other ests, for no obvious stated reason. In fact, 3M in their summaryofcach test
state: "Data may not accurately relat toxicityo th test sample with thatofthe test substance.”
Tagree with this concen. In addition,ifthis was a “typical” TSCA section 4 review, I would
reject these studies, pending receiptofadditional information on purityandstudies on analytical
measurements of the est chemical in the est medium.

APPENDIX

‘Chemicalmeasurementsofdilution water

Parameter: Detection Limit:

Metals
Aluminum 0.1 mg.
Arsenic 001 mg
Boron 0.5 mg
Cadmium 0.0002 mL
Chromium 0.01 mglL
Cobalt 003 mglL
Capper 0.005 mg/L

Tron 0.03 mg/L.
Lead 0.005 mglL
Mercury 0.0003 mg/L.
Nickel 0.03 mglL

Silver 0.02 mg.
Zine 002mg
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Nite 005 mgNIL
Chloride Img
Fluoride 01mgL
Toul organic carbon mg
Total phosphorous 003 mel
Organochiorine Pesticides 05 ollToxapene 2pOrganophosphorous Pesticides 0.5ug
Dimethoate 20481TEP 20 upMonocrotophos 20g

PCBs 05 ug
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INVERTEBRATE TOXICITY

Title: Acute toxicityofFC-1015 to Daphnid, Daphnia magna

TEST SUBSTANCE

Identity: Perfluorooctanoie acid, ammonium salt; mayalsobe referred to as PFOA ammonium salt,Ammonium perfluorooctanoate, PFO, FC-116, FC-126, FC-169, FC-143o as the major component of
FC-1015. (Octanoic acid, pentadecafiuoro-, ammonium salt, CAS #3825-26-1)

Remarks: The test sample is FC-1015. Its purity was not sufficiently characterized, though current
information indicates it s a 30% straight carbon chain version of FC-143 in 80% water. The 3M productot number was “HOGE 205.”

METHODS

Method/guideline followed: USEPA-TSCA, Guideline 797.1300

Test type: static

GLP (YN): N

Year study performed: 1996

Species: Daphnia magna, less than 24 hours old, wet weight = 0.35 mg.

Supplier: initial brood stock from Aquatic Biosystems

Concentrations used: 0, 430, 730, 1200, 2000, and 3300mg/L. The concentrations were nominal. Two
replicates at cachconcentrationwere tested.

Exposure periods 48 hours

Analytical monitoring: none

Statistical methods: Probit analysis

“Test Conditions: The deionized dilution water used in the test was adjusted to a hardness of 160-180
mg/L (as CaCO), which is within the acceptable range. The water was passed through aparticulate filer,
ultraviolet sterilizer, and activated carbon. Water used for the test had a hardness of 176 mg/L and an
alkalinity of 108 mg/L as CaCO, and it contained <0.01 my/L particulate matter and <1 mg/L total
organic carbon. Further measurementsofdilution water chemistry were also performed (sce Appendix
for parameters and detection limits). The only chemical detected was iron at 0.03 mg/L. Test solutions
were created by direct weights addition. Glass beakers (300 mL) containing 250 mL test solution (9 cm
depth) were used as exposure vessels. They were lightly covered during the experiment. Two replicates,ach of 10 daphnids, wer tested at each concentration. Cool-white fluorescent lights at 130 foot-candles:
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were used for lighting. A daily photoperiod of 16 hours light and§ hours dark with a 15 minute transitionperiod was maintained throughout the testing period.
“The water chemistry parameters measured during the study included: conductivity range = 610-620pumhosicm (control) and 710-720 mhosiem (2000 mg/L exposure), pH = 8.2:8.3 (control) and 8.1.8.2(2000 mgL exposure), temperature = 20.4-20.7C (contol) and 20.3-20.8 °C (3000 ma. exposure), anddissolved oxygen = 8.1-9.1 mg/L (control) and 8.19.1mg/L (2000mg/Lexposure). The 2000 mg/L.(second highes) concentaion was used because the highest concentration resulted in foal mortal by48 hours

Remarks: Wate hardness, during the study, was no indicated.
RESULTS
Doseofeach endpoint (as mg/L): 24 hour ECS0= 1790 (1550-2070) mg/L

8 hour C50 = 1200 (730-2000) mg/L
48 hour NOEC = 730 mg/L.

Remarks: none
Wascontrol responsesatisfactory (vesinofunkaown): yes
Statistical results, as appropriate: none

CONCLUSIONS
The FC-1015 48 hour ECS0 was determined tobe 1200 mg/L with 8 95% confidence intervalof 730-2070 mg/L. The 48hourNo Observed Effect Concentration (NOEC) was 730 mg/L.
Submitters’ remarks: For data reliability, he study as assigned a Klimisch rating of2. The studymeets the rieia for quality esting. However,th study lacks information on purty ofthe fet substanceand actual measurements ofthe amount oftest substance i soon.
Reviewers’ remarks: none

REFERENCEWard, T, Nevius, ,and R. Boeri. 1996. Acute toxicityof FC-1015 to Daphnid, Daphniamagna. TR. Wilbury Laberatorics, Inc. Labrequest number P1624. 3M Company, St. Paul,MN,

OTHER
General remarks: The major concern for tying to determineth validity for tis testis thatONLY NOMINAL TEST CHEMICAL CONCENTRATIONS were used. OPPT recommendsthat measured test chemical concentrations be usd, so that one can sccurately detenmine the test.chemical concenraion o which 0 the tst organisms are exposed. Ifits determined tht thenominal concentrations re only, foe cxample 50%ofthe measured concentrations, the toxicityvalues can be and must be adjusted downward by 50% . Ifanalytical measurements of some sortTad been fumished, we could calculate chemical recovery ate, and ake into sccount hydrolysis,
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volatility, and ther physicochemical processes that might ower the actual tet organism
exposure concentrations.
Purityofthe test material als is major concen and was not sufficiently characterized in this
test. Tn some ests it appeared that 100% test chemical was used, for others a chemical of lesserpurity (approximately 85%) was used. Wate, asolvent(isopropanol)or a combination ofboth
was used in othr ests, fo 10 Obvious sated reason. In ct, 3M in thir summaryofcach (ststate: “Data may not accurately relate toxic ofthe test sample with that ofthe test substance.”
Tagree with this concen. In addition,ifthis was “typical” TSCA section 4 review, I wouldeect these studies, pending receipt of additional information on purty and studies on analytical‘measurementsof the test chemical in th test medium.

APPENDIX

‘Chemicalmeasurementsofdilutionwater

Parameter Detection Limit:

Metals
‘Aluminum 01mg
Arsenic 001 mg
Boron 05 mgL
Cadmium 00002 mgt.
Chromium 001mg
Cobalt 003 mpl
Copper 0.005 mL
Tron 003 mglL
Lead 0.005 mglL
Mereury 00003 mg.
Nickel 003mg
Silver 0.02 mg/LZine 002mg

Nie 0.05 mg NIL
Chloride Img
Fluoride 0.1 mg
Total organic carbon Img
Total phosphorous 003 mg/L
Organochiorine Pesticides 05g
Toxaphene 2gOrganophosphorous Pesticides 0.5 ug/L
Dimethoate 2080
TEP 20081

Monocrotophos 20g
PCBs 05g

36

0002233

——— EE————————



Ecotoxicity Study

ACUTE TOXICITY TO AQUATIC INVERTEBRATES (DAPHNIA MAGNA)
‘TEST SUBSTANCE
Identity: Perfluorooctanoic acid, ammonium salt; may also be referred to
‘2s PFOA ammonium salt, Ammonium perfluorooctanate, PFO,
FC-116, FC-126, FC-169, or FC-143. (Octanoic acid,
pentadecafluoro-, ammoniumsalt, CAS # 3825-26-1)
Remarks: The 3M production lof number was 427. The test sample is
FC-143, referred to by the test laboratory as N2803-4. The TR.
‘Wilbury study number is $95-TH. The purityofthe sample was
not sufficiently characterized, although current information
indicates it is a mixtureof96.5- 100% test substance and
03.5% C6, C7, and C9 perfluoro analogue compounds.
METHOD
Method: U.S. EPA-TSCA Guideline 797.1300
Test type: Acute static
GLP: Yes
Year Completed: 1995
Species: Daphnia magna
Supplier: Obtained from cultures maintained by T.R. Wilbury Laboratories
Inc, Marblehead, MA from an original culture from Aquatic Research
‘Organisms, Hampton, NHL
Analytical monitoring: DO, conductivity, pH, and temperature.
‘Exposure period: 48-hours
‘Test organism age: < 24-hours
‘Statistical methods: Interpreted by standard statstial techniques.
‘Computer methods (Stephan, 1983) were used to calculate LC505 and
ECS0s.
Test conditions
Dilution water: Deionized water adjusted toa hardness of 160-180
mg/L as CaCO
Dilution water chemistry:
Hardness: 164 mg/L as CaCO3
Alkalinity: 106 mg/L as CaCO}
TOC: < 1.0 mg/L
Residual chlorine: <0.1 mg/L
Lighting: Cool-white fluorescent bulbs with an intensity of 110 flc.
Photoperiod of 16-hours light, § -hours dark with a 15 minute
transition period.
Stock and test solutions preparation: A1,000mg/L primary.
stock solution was prepared in dilution water. Afier mixing, the
primary stock was proportionally diluted with dilution water to
prepare the test concentrations. No insoluble material was noted
during the test
Exposure vessels: 300 mL glass beakers containing 250 mL of
test solution. The approximate depthoftest solution was 9 cm.
Number of replicates: 2
‘Numberofdaphnids per replicate: 10
Numberof concentrations: five plusa negative control

337

000234

SE ————— ereE—————————



Wate chemistry during the study:yrsByal commep pont)S187mLBoma pes)Contact range(5oy
540-560 umhos/em (control exposure)
710-720pmhos/cm(1,000mg/Lexposure)
DH range (0-48 hous)
80-83 (control exposure)
8.08.2(1,000mg/Lexposure)um
19.1 20,5°C (control exposure)1947203 (000 mar expo)RESULTSos I ,Nominal concnteatons. Bank con 130,220,360,600, 00 gL.Elment vito and 959 conden teva
24-hour EC50 = 780 (600 - 1,000) mg/L.
24-hour LCS0 = >1,000 mg/L (C.L. not calculable)Show C30 730600 1000mu
48-hour LCS0 = 720 (600 ~ 1,000) mg/L.
48-hour NOEC = 360 mg/L.Flment vtusbed os minsconcn.
Cumlatisepert immobilization includes mrt

er ———
TotoTo—To——Befotofo fo—Tis—|
foe TwTw]

Note: A 1000 mg, ll dapbnidswere immobilized a 4 hows and deabitinigsConCLOSIONS
The test substance 48-hour LCS0 for Daphnia magna was determined to
be 720 mg/L with a 95% confidence intervalof600. 1,000 mg/L. The testSine 5how ECS orephedraaToma witha 55 content meatoF he 15.
hour no observed effect concentration (NOEC) was 360 mg/L.Submitar SE Company Enrommentl Laborer, 0. Box 33531, St.Fo Miso So
DATA QUALITYRei:Kimskin2 Thsd aks aynmessecat

pootheycramer
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REFERENCES
‘This study was conducted at T.R. Wilbury Laboratories, Inc., Marblehead,
MA, at the requestofthe 3M Company,LabRequest number N2803-4
OTHER

‘General remarks: The major concern for trying to determine the validity for this test s that
ONLY NOMINAL TEST CHEMICAL CONCENTRATIONS were used. OPPT recommends
that measured test chemical concentrations be used, so that one can accurately determine the testchemical concentration to which to the test organisms are exposed. Ifiti determined that the
‘nominal concentrations are only, for example50%of the measured concentrations, the toxicity
values can be and must be adjusted downward by 50%. Ifanalytical measurementsofsome sorthad been furnished, we could calculate chemical recovery rates, and take into account hydrolysis,
volatility, andotherphysicochemical processes that might lower the actual test organism
‘exposure concentrations.
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Ecotoxicity Study

ACUTE TOXICITY TO AQUATIC INVERTEBRATES (DAPHNIA MAGNA)
TEST SUBSTANCE
Identity: Perfluorooctanoic acid, tetrabutylammonium salt; mayalsobe:
referred to as PFOA tetrabutylammonium salt,
tetrabutylammonium perfluorooctanoate,oras amajor
componentof L -13492. (Octanoic acid, pentadecafluoro-,
tetrabutylammonium salt, CAS # 95658-53-0)
Remarks: The 3M production lot number was 2327
The test sample i referred to by the testing laboratory as L-13492. The
‘TR. Wilbury study number is $40-TH. The 3M Environmental Laboratory
Request Number is N2332. The purityofthesamplewasnot sufficiently
characterized, although current information indicates itis asolution of
44.9% tetrabutylammonium perfluorooctanoate, 27.9% water, and 27.2%
isopropanol
Thefollowing summary applies o the test sample as a mixtureofthe
test substance in water solution with incompletely characterized
concentrationsofimpurities. Data may not accurately relate toxicity
of the test sample with thatofthe test substance.
METHOD
Method: U.S. EPA-TSCA Guideline 797.1300
Test type: Acute static
GLP: Yes
Year Completed: 1995
Specles: Daphnia magna
Supplier: Obtained from cultures maintained by T.R. Wilbury Laboratories
Inc, Marblehead, MA from an original culture from Aquatic Research
‘Organisms, Hampton, NH.
Analytical monitoring: DO, conductivity, pH, and temperature were.
‘monitored daly.
Exposure period: 48-hours
‘Test organism age: <24-hours
Statistical methods: LCS50 and ECS0 values calculated, when possible, by
probit analysis, moving average method or binomial probability with nonlinear
interpolation using the computer softwareofCE. Stephan.
‘Test conditions
Dilution water: Deionized water adjusted to a hardness of 160-180
mg/L as CaCO3IL
Dilution water chemistry: Not given.
BACK TO MAIN.Lighting: Cool-white fluorescent bulbs with an intensity of 20 fl-c.
Photoperiod of 16-hours light, § -hours dark with a 15 minute
wansition period.
Stock and test solutions preparation: A100mg/L primary stock
solution was preparedindilution water. After mixing, the primary
stock was proportionally diluted with dilution water to prepare the:
test concentrations. No insoluble material was noted during the
test,
Exposure vessels: 300 mL glass beakers containing 250 mL of
test solution. The approximate depthoftest solution was 9 cm.
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‘The vessels were loosely covered during the test.

Numberofdaphnids per replicate: 10

8.58.7mg/L (control exposure)

a
620 — 640 pmhos/cm (100 mg/L exposure conc.)
‘pH range (048 hours)
8.48.6 (control exposure)
8.5 -8.6 (100 mg/L exposure conc.)

20.5 - 20.7°C (control exposure)
20.5 - 20.6°C (100 mg/L exposure conc.)ft
48-hour EC50 = 34 (30 - 39) mg/L.
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‘Paul, Minnesota, 55133
DATA QUALITY
Reliability: Klimisch ranking 2. The study lacks analytical measurement
oftest substance concentrations in the tes solutions and sample purity is
not sufficiently characterized.
REFERENCES
‘This study was conducted at T.R. Wilbury Laboratories, Inc., Marblehead,
MA, at the requestofthe 3M Company, Lab Request number N2332,
1995.
OTHER

‘General remarks: Themajor concernfortrying to determine the validity for thi test i that
ONLY NOMINAL TEST CHEMICAL CONCENTRATIONS were used. OPPT recommends
that measured test chemical concentrations be used, so that one can accurately determine the test
chemical concentration to which to the test organisms are exposed. If it is determined that the
nominal concentrations are only,for example 50%ofthe measured concentrations, the toxicity
values can be and must be adjusted downward by 50%. Ifanalytical measurementsof some sort
had been furnished, we could calculate chemical recovery rates, and take into account hydrolysis,
‘olalty, and other physicochemical processes that might lower the actual test organism
exposure concentrations.

Purityofthe test material also is a major concern and was not sufficiently characterized in this test. In
some tests it appeared that 100% test chemical was used, or others a chemicalof lesser purity
(approximately 85%) was used. Water, a solvent (isopropanol) or a combinationofboth was used in
other tests, for no obvious stated reason. In fact, 3M in their summaryof cach test sate: “Data may not
accurately relate toxicityofth test sample with thatof he test substance.” 1 agree with this concem. In
addition,ifthis wasa “typical” TSCA section 4 review, I wouldreject these studics, pending receipt of
additional information on purity and studies on analytical measurementsofthe test chemical in the test
medium.
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Ecotoxicity Study

ACUTE TOXICITY TO AQUATIC INVERTEBRATES (DAPHNIA MAGNA)
TEST SUBSTANCE
Identity: Perfluorooctanoic acid, tetrabutylammonium salt; may also be:
referred to as PFOA tetrabutylammonium salt,
tetrabutylammonium perfluoroocianoate, N2§03-2 or as a major
component of L-13492. (Octanoic acid, pentadecafluoro-,
tetrabutylammonium salt, CAS # 95658-53-0)
‘Remarks: The 3M production lot number was 2.
The test samplei referred to by the testing laboratory as N2803-2. The
TR. Wilbury study number is 889-TH. The purityofthe sample was not
sufficiently characterized, although current information indicates itis a
solutionof44.9% tetrabutylammonium perfluorooctanoate, 27.9% water,
‘and 27.2% isopropanol.
Thefollowing summary applies 10 thetestsampleas a mixtureof the
test substance in an isopropanollwater solution with incompletely
characterized concentrationsof impurities. Data may not accurately
relate toxicityof the test sample with thatofthe fest substance.
METHOD
Method: U.S. EPA-TSCA Guideline 797.1300
Test type: Acute static:
GLP: Yes
Year Completed: 199.
Species: Daphnia magna
Supplier: Obtained from cultures maintained by TR. Wilbury Laboratories
Inc, Marblehead, MA from an original culture from Aquatic Research,
Organisms, Hampton, NH.
Analytical monitoring: DO, conductivity, pH, and temperature were
monitored daily.
Exposure Period: 48-hours
Test organism age: < 24-hours
Statistical methods: LCS0 end ECS0 values calculated, when possible, by
‘probit analysis, moving average methodorbinomial probability with non-linear
interpolation using the computer softwareof C.E. Stephan.
‘Test conditions
Dilution water: Deionized water adjusted toahardnessof 160-150
mg/L as CaCOIL.
Dilution water chemistry:
Hardness: Not noted
Alkalinity: Not noted
pH: Not noted
Lighting: Cool-white fluorescent bulbs with an intensity of 110 fi.
Photoperiodof 16-hours light, § -hours darkwith a 15 minute
transition period.
Stock and test solutions preparation A 200 mg/L primary stock
Solution was prepared in dilution water. After mixing, the primary
stock was proportionally diluted with dilution water to prepare the
test concentrations. No insoluble materialwasnoted during the
test.
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‘Exposure vessels: 300 mi glass beakers containing 250 mL of

87-9.0 mg/L (100 mg/L exposureconc.)
Conductivity range (0 — 48 hours)

670-720 umhos/em (100 mg/L exposure cone.)
pH range (0 - 48 hours)
8.3-8.5 (control exposure)

fs
Nominal concentrations: Blank control, 13, 22, 36, 60, 100 mg/L.

24-hour EC50 = 72 (63-83) mg/L.

‘48-hour EC50 = 62 (36- 100) mg/L
48-hour LC50 = 93 (74 —>100) mg/L.
48-hour NOEC = 13 mg/L
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36, and 60 mg/L (noted as “less active than control daphnids), but were
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CONCLUSIONS
“The test substance 48-hour LCS0 for Daphnia magna was determined to
be 93 mg/L with a 95% confidence interval of 74 - >100 mg/L. The test
substance 48-hour ECS0 for Daphnia magna was determined to be 62
mg/L with a 95% confidence intervalof 36 ~ 100 mg/L. The test
substance 48-hour no observed effect concentration (NOEC) was 13
mg/L.
Submitter: 3M Company, Environmental Laboratory, P.O. Box 33331, St.
Paul, Minnesota, 35133
DATA QUALITY
Reliability: Klimisch ranking 2. The study lacks analytical measurement
of test substance concentrations in the test solutions and sample purity is
not sufficiently characterized.
REFERENCES
‘This study was conducted at T.R. Wilbury Laboratories, Inc., Marblehead,
MA, at the requestofthe 3M Company,Lab Request Number N2803-2,
1996,
OTHER

General remarks: The major concem for tryingtodetermine the validity for this test i that
ONLY NOMINAL TEST CHEMICAL CONCENTRATIONS were used. OPPT recommends
that measured test chemical concentrations be used, o that one can accurately determine the test
chemical concentration to which to the test organisms are exposed.If tis determined that the
‘nominal concentrations are only, for example 0%ofthe measured concentrations, the toxicity
values can be and must be adjusted downward by 50%. Ifanalytical measurementsofsome sort
had been furnished, we could calculate chemical recovery rates, and take into account hydrolysis,
volatility,andother physicochemical processes that might lower the actual test organism
exposure concentrations.

Purityofthe test material alsois a majorconcernand was not sufficiently characterized in this test. In
‘some tests it appeared that 100% test chemical was used, for others a chemicalof lesser purity
(approximately 85%) was used. Water, a solvent (isopropanol) or a combinationofboth was used in
other tests, for no obviousstatedreason. In fact, 3M intheir summaryofeach test sate: "Data may not
accurately relate toxicityofthe test sample with thatof the test substance.” 1 agree with this concern. In
addition,ifthis wasa “typical” TSCA section 4review, I would reject these studies, pending receipt of
additional information on purity and studies on analytical measurementsofthe test chemical in the test
medium.

345

000242



TOXICITY TO FISH

‘Title: Acute Toxicity to Fish

TEST SUBSTANCE

Identity: Perfluorooctanoic acid, ammonium salt; may also be referred to as PFOA ammonium salt,
Ammonium perfluorooctanoate, PFO, FC-116, FC-126, FC-169,or FC-143. (Octanoic acid,
pentadecafluoro-, ammonium salt, CASRN 3825-26-1)

Remarks: The 3M product lot number was 83. The test sample was FC-143. The purityofthe sample:
was not sufficiently characterized, though current information indicates it is a mixture of 96.5 — 100% test
substance and 0 3.5% Cg, C; and Cs perfluoro analog compounds.

METHODS

Method/guideline followed: Not sated

Test type: Static

GLP (Y/N): No

Year study performed: 1974

Species: Fathead minnow (Pimephalespromelas)
Average weight = 1.6 g
Average length = 2 inches

‘Supplier: Not stated

Concentrations used: 0, 10, 20, 30, 40, 50 mg/L. nominal

Exposure period: 96 hours

Analytical monitoring: The test substance concentrations were not measured.

Statistical methods: There were no statistical methods given by the study authors; theLC was
determined graphically.

Test Conditions:
~One replicate was performed.
~Dissolved oxygen range (24-96 hours)= 4.7 - 5.7 mg/L (control) and 4.0 - 49 mg/L (50 mg/L)
-pH range (24-96 hours) = 7.0- 7.1 (control) and 6.4 - 6.5 (50 mg/L exposure)
“Temperature range = 70 - 72 degrees Fahrenheit
~Water hardness was not indicated.
“Dilution water was carbon-filtered city water from St. Paul, MN.

Remarks: Further details on the test conditions and procedures were not provided.
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RESULTS

Doseofeach endpoint (as mg/L): 96 hour LCs = 70 mg/L (C.1. not calculated) based on nominal
concentrations,

Remarks: Observed mortalityofthe controls was 10% at both 72 and 96 hours. There was no other
‘mortality with the exceptionof 20% mortality in the 50 mg/L group.

‘Was control response satisfactory (ves/no/unknown): unknown,seeRemarks above

Statistical results,as appropriate: Percent survival versus concentration (mg/L) was plotted to
obtain a calculated LCs value.

CONCLUSIONS

‘The study authors concluded that the acute LCs to fathead minnow was equal to 70 mg/L (C.1. not
calculated) based on nominal concentrations.

Submitter's Remarks: Reliability - Klimisch ranking 3. There was insufficient documentationofthe
methodology. The LCso was extrapolated from an insufficient numberofdata points. The general pre-test
health and ageoffish were not noted. Sample purity was not properly characterized and i lacks
‘analytical confirmationoftest substance concentrations.

Reviewer's Remarks: The pH levels during the test period were within the acceptable range; however,
the water hardness was not given. Testing should have been done with two replicates. The umber of
‘organisms per dose and the loading rate were not indicated.

REFERENCE

3M Company. [No title given]. Lab Request number 2340. St. Paul, MN.

OTHER

Remarks: This summary was based on a summary report and only limited data tables. No detailed
report was available. Therefore, the contentsofthis summary, in reference to the protocols and results of
the study, are limited.

‘The major concern for trying to determine the validity for this testis that ONLY NOMINAL TEST
CHEMICAL CONCENTRATIONS were used. OPPT recommends that measured test chemical
concentrations be used, so that one can accurately determin the test chemical concentration to which to
the test organismsareexposed. Ifit isdetermined that the nominal concentrations are only,forexample:
50%ofthe measured concentrations, the toxicity values can be and must be adjusted downward by 50%
Ifanalytical measurementsofsome sort had been furnished, we could calculate chemical recovery rates,
and take into account hydrolysis, volatility, and other physicochemical processes that might lower the.
‘actual test organism exposure concentrations. As it is we are operating in the dark on thi issue.

347

0N0244

———————————————————————



TOXICITY TO FISH

Title: Acute Toxicity to Fish

‘TESTSUBSTANCE

Identity: Perfluorooctanoic acid; may also be referred to as PFOA, FC-26, or FX-1001. (Octanoie acid,
pentadecafluoro-, CASRN 335-671)

Remarks: 3M production lot number 269. The est sample was FC-26. The purity of the sample was not
sufficiently characterized, though current information indicates it is a mixtureof 96.5-100% test
substance and 0-3.5% Ce, Cs, and Cs perfluoro homologue compounds

METHODS

Method/guideline followed: Notstated

Test type: Static

GLP (Y/N): No

Yearstudy performed: 1974

Species: Faihcad minnow(Pimephalespromelas)
‘Average length = 2 inches
Average weight = 1.5 g

Supplier: Not stated

Concentrations used: 0, 50, 125, 250, 375, 500mg/L nominal

Exposure period: 96 hours

Analytical monitoring: Nominal concentrations were not measured

‘Statistical methods: There were no statistical methods given by the study authors; theLCsowas.
determined graphically.

Test Conditions:
One replicate was performed.
“Temperature 69-70 degrees Fahrenheit
“Dissolved oxygen range (24-96 hours) was between 4.7 and 5.7 mg/L for the control exposure and
between 3.8 and 5.2 mg/L for the 375 mg/L test exposure.

Water hardness was not given.
pH range (24-96 hours) was 7.0 07.2forthecontrolexposureand6.0 0 6.7for the 375 mg/L exposure.
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Remarks: No further details were provided on the test conditions or methods.

RESULTS

Doseofeach endpoint (as mg/L): 96-hour LCs = 440 mg/L (C.L not calculated) based on nominal
concentrations

Remarks: For concentrations of0 to 375 mg/L, survival was 100%. For the S00mg/L concentration,
survival was 100% at 24 hours, but 0% at 48-96 hours.

‘Was control response satisfactory (yes/no/unknown): Yes

Statistical results, as appropriate: Concentration (mg/L) versus percent survival was graphed to
obtainan LCs

CONCLUSIONS

Submitter’s Remarks: Reliability - Klimisch ranking of3. This study lacks documentation and
information on the methodology. Sample purity was not properly characterized. Test concenirations were
not characterized. Conditionofthe fish priortostudy initiation is not known.

Reviewer's Remarks: Testing should have been performed in two replicates. Water hardness during the
study period was not given. The numberoforganisms per dose and the loading ate were not indicated.

REFERENCE

3M Company. [No ite given. Lab Request Number 2485. St. Paul, MN,

OTHER

Remarks: This summary was based on a summary report submitted by 3M, therefore, the contents of
this summary, in reference to the protocols and resultsofthe study, are limited.

“The major concen for trying to determine the validity for thi tet is that ONLY NOMINAL TEST
CHEMICAL CONCENTRATIONS were used. OPPT recommends that measured test chemical
concentrationsbe used, so that one can accurately determine the test chemical concentration to which to
the test organisms are exposed. If it i determined that the nominal concentrations are only, for example
50%of the measured concentrations, th toxicity values can be and must be adjusted downward by 50%
Ifanalytical measurementsofsome sort had been furnished, we could calculate chemical recovery rates,
‘and take into account hydrolysis, volatility, and other physicochemical processes that might ower the.
‘actual test organism exposure concentrations. As it is We are operating in the dark on this issue.
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TOXICITY TO FISH

Tite: Acute Toxicity to Fish

TESTSUBSTANCE
Identity: Perfluoroocianoic acid, ammonium salt; may be referred to as PFOA ammonium salt,
Ammonium perfluorooctancate, PFO, EC-116, FC-126, FC-169,or FC-143. (Octanoic acid,
pentadecafluoro-, ammonium salt, CASRN 3825-261)

Remarks: The 3M production lot number was 83. The test sample was FC-143. The purityofthe sample.
was not sufficiently characterized, though current information indicates it i a mixtureof96.5-100% test
substance and 03.5% Cs Cs, and Cs perfluoro analogue compounds.

METHODS

Methodguideline followed: Not sated

Test type: Static

GLP (Y/N): No

Year study performed: 1978

Species: Bluegill sunfish (Lepomis machrochirus)
‘Average length = 4 cm
Average weight =0.20

‘Supplier: Not stated

Concentrations used: 0, 135, 150, 240, 320, 420 mg/L nominal

Exposure period: 96 hours

Analytical monitoring: Concentrationswere not measured.

Stadstical methods: No stated

Test Conditions:
“Dilution: carbon-filtered well water,
Dilution water chemistry:
temperature = 19 degrees Celsius.
dissolved oxygen = 9.1 ppm.
pH=79
~One replicate.
“Exposure vessels were tanks containing 16 litersoftest solution
20 fish per replicate
“Loading rate = 0.25 g/L
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“Water chemistry during study (24-96 hours):
dissolved oxygen = 53-69 mg/L (control, 5.17.3 mg/L (420 mg/L exposure)
pH range = 7.9 (control), 7.8-8.0 (420 mg/L exposure)
test temperature = 18-19 degroes Celsius

Water hardness was not stated

‘Remarks: No further details were provided on the test methods or conditions.

RESULTS

Doseof each endpoint (as mg/L): 96-hour LCS0> 420 mg/L based on nominal concentrations

Remarks: No mortalities occurred in thecontrolsor 135-240 mg/L groups. Mortalities in the320and
420 mg/L groups both consistedofone in twenty fish dead at 72 hours

‘Was control response satisfactory (yesinofunknown): Yes

Statistical results,as appropriate: Not sated.

CONCLUSIONS

Submitter’s Remarks: Reliability - Klimisch ranking 3. Testing acks information on the method
followed. No information on stock or test solution preparations was provided. Average fish weight is
‘suspect. Sample purity was not properly characterized and it lacks analytical confirmationof test
substance concentrations.

Reviewer's Remarks: Only one replicate was performed. Waterhardness during the study period was.
not indicated.

REFERENCE

3M Company. [No itl given]. Lab Request number 3844. St. Paul, MN.

OTHER

Remarks: This summary was based on a summary report submitted by 3M, therefore, the contents of
this summary, in reference to the protocols and results ofthe study, are limited.
‘The major concern for trying to determine the validity for this test is that ONLY NOMINAL TEST
CHEMICAL CONCENTRATIONS were used. OPPT recommends that measured test chemical
concentrations be used, so that one can accurately determine the test chemical concentration to which to
the test organisms are exposed. Ifit is determined that the nominal concentrations are only, for example
50%ofthe measured concentrations, the toxicity values can be and must be adjusted downward by 50%
Ifanalytical measurementsof some sort had been furnished, we could calculate chemical recovery rates,
and take into account hydrolysis, volatility, and other physicochemical processes that might lower the
actual test organism exposure concentrations.
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TOXICITY TO FISH

Title: Acute Toxicity o Fish

TESTSUBSTANCE
Identity: Perflurooctanoic acid, ammonium salt; may alo be referred to as PFOA ammonium sal,
Ammonium perfluorooctancate, PFO, FC-116, FC-126, FC-169, or FC-143. (Octanoic acid,
pentadecaluoro-, ammonium salt, CASRN 3825-26-1)
Remarks: The 3M production lot umber was 83. The tet sample was FC-143. The puriyofthe
sample was not sufficiently characterized, hough current information indicates t i amixtureof 96.5 —
100% test substance and 0 3.5% Ce, Cy, and Cs perforo analogue compounds.

METHODS
Method/guideline followed: Not stated

Test type: Static

GLP (YIN): No

ear study performed: 1978

Species: Bluegill sunfish (Lepomismachrochirus)
“Average length =3.0 cm
‘Average weight= 12g

‘Supplier: Not stated

‘Concentrations used: 0, 420, 560, 750, 1000,1350 mg/L nominal

Exposure period: 96 hours

Analytical monitoring: Concentrations were not measured.

Statistical methods: Not sated

Test Conditions:
Dilution wate source: carbon-filered well water
“Dilution water chemistry: temperature = 19 degrees C, dissolved oxygen = 9.9'ppm, pH = 7.6
~One replicate, 20 fish per replicate
“Test performedintanks containing 16 ters est solution
“Loadingrate = 15 gL
“Water chemistry during test (24 - 96 hours):
Dissolved oxygen range = 5:6 to 6.5 mg/L (contro) and 4.9 to 5.9 mg/L (750 mg/L exposure)
pH range = 7.8 (contro) and 7.6 to 7.8 (750 mg/L exposure)
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Temperature = 19 to 20 degrees C
“Water hardness not given

Remarks: No further details were provided on the testing methods or conditions.

RESULTS

Doseof each endpoint (as mg/L): 96-hour LCSO = 569 ma/L, based on nominal concentrations

Remarks: The 95% confidence interval was 500 -636 mg/L. 100% morality occurred by 48 hours in
the 1000 and 1350 mg/L concentration groups.

‘Was control response satisfactory (yes/no/unknown): One out of twenty fish died at 48 hous in the
control group.

‘Statisticalresults,as appropriate: Not sated

CONCLUSIONS

‘Submitter’s Remarks: Reliability — Klimish ranking 3. Testing lacks information on the method
followed. No information on stock or test solution preparations was provided. Sample purity was not
properly characterized and the study lacks analytical confirmationoftest substance concentrations.

Reviewer's Remarks: Only one replicate was performed and water hardness during the test period was.
not given.

REFERENCE

3M Company. [No itl given). Lab Request number 3844. St. Paul, MN.

OTHER

Remarks: This summary was based on a summary report submitted by 3M, therefore, the contents of
this summary, in reference to the protocols and resultsofthe study, are limited.
‘The major concem for trying to determine the validity for this test is that ONLY NOMINAL TEST
CHEMICAL CONCENTRATIONS were used. OPPT recommends that measured test chemical
concentrations be used, so that one can accurately determine the test chemical concentration to which to
the test organisms are exposed. I it i determined that the nominal concentrations are only,forexample
50%of the measured concentrations, the toxicity values can be and must be adjusted downward by 50%.
Ifanalytical measurementsofsome sort had been fumished, we could calculate chemical recovery rates,
‘and take into account hydrolysis, volatility, and other physicochemical processes that might lower the
actual test organism exposure concentrations.
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TOXICITY TO FISH
Title: Chronic Toriciy to Fish

TEST SUBSTANCE
Identity: Perfluorooctanoic acid, ammonium all; may also be referred toas 75.03, PFOA ammonium
salt, ammonium perfluorooctanoste, PFO, FC-116, FC-126, FC-169,orFC-143. (Octane acid,peniadecafluoro-, ammonium sal, CAS # 3825.26.1)
Remarks: The 3M production lot number was 3. The et sample was FC-143. The esting laboratory
refers to it as “78.03. The purty ofthe sample was not sufcintly characterized, though current
information indicates it being a mixture F96.5% - 100% est substance and 0 3.5% Ce, Cr, and Cy
peftuoro analogue compounds.
METHODS

‘Method/guideline followed: The methodology for the eg and fy exposure closely followed that
presented in “Proposed recommended bioassay procedure for egg and fry stages of freshwater fish,” US.
EPA, 1972.
“Test type: Flow-through

GLP (YAN): No
Year study performed: 1975

Species: Fathead minnow (Pimephales promelas)
Pre-treatment: Eggs were placed ina 60 mg/L malachite green solution for 15 sconds to
eliminate possible fungus growth.

“Test fish age: Eggs within 48-hours after fertilization
Supplier: U.S. Environmental Protection Agency's Environmental Research Laboratory in Duluth, MN.
Concentrations ested: Blankcontol, 62, 125,25, 50, 100 mg/L.
Exposure periods 30 days post bach
Analytical monitoring: Temperature, dissolved oxygen concentration, and pH were monitored dily.
Weekly samples were taken from cach aquarium fo determinationofammonium perfluorooctanoate
concentration. All samples taken during the test were stored in polyethylene boule and shipped on May
31,1978 to the 3M Company.

Statistical methods: Meansof measured biological parameters rom duplicate aquaria were subjected to
analysisofvariance (Steele and Toric, 1960, completely randomized block design, P-0.0S), Data for
percentage survival and percentage hatch were transformed 0 re sin square root ofpercentage prior toanalysis.
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Test conditions:
Dilutionwater source and contaminants: Wellwaterpumped to 3 concete reservoir where it was aeratedefor flowing 0 the exposure system through aged PVC pipe
Dilution water chemistry (0-30 days):

total hardness = 31.38 mL as CaCO,
alaliity = 26 -32 mg/L a5 CaCO;
PH=70-7.4
Specific conductance = 149 170 Omhoslem

Stock and est solution preparation: A modified, proportional diluter with 0.50 dilution actor wasused. Th dilutr delivered five nominal concentrations ammonium perfluorooctancate ranging fom 100106.2 mg/L and control wate o duplicate test aquaria A 4 ler glass Mariott botle toxicant deliverysystem was used to deliver 6.6 mL ofa nominal amma perluorooctanoate stock concentration of20.4 m/min distilled wate to the mixing chamberofthe diluer
Fry exposure vessel ype: Glass test aquarium measuring 30.5%30.5x30.5 cm ith a 17.5 om high

standpipe drain, water volumeof 16 irs.
Egg cups: Acrylic tubes (3 cm O.D., 7 em long) with 40meshNite screen on one end. An egg cuprocker arm apparatus, as described by Mount (1968), was used0 gentlyoscillate theegg cups inthe est water
Diluer: Delivered 0.50 lesof est water to cach aquarium 195 tims per dy, yielding a 90% est

water replacement ineof approsinately 10 hours.
Feeding: Fry werefd ivebrine shrimp naupli three tines daily on weekdays and vice daily on

weekends throughout the exposure period.
Numberofreplicates: Two replicates. There were 50 eggsfor the atchabily testand 40 from

cach egg cup.
“Water chemisiy during es

Dissolved oxygen: >95% saturation
PH: 70-73
Temperature: 25 + 1 degrees Celsius, maintained by water bath

Remarks: At he termination ofthe est the fry from the control and the high concentration (100 mg/L)‘were preserved in 10% buffered formalin while the fry fromth other tes aquaria were frozen. Ten
formalin-preserved fy (5 from each replicate) from the control and the high concentration underwent
hisopathological examination of transverse section ofthe nares and cephalic extensionofthe eral
line. The remaining preserved fry and frozen fry were analyzed at a later date (by 3M Company) for
ammonium perfluorooctanoste concentrations.

RESULTS
Doseofcach endpaint (1s mg/L): 30-day NOAEL> 100 mg/L

Nominal  TSoDwsPosthuwch|Concentration Fach % | Suvival%| Mean length| Mean weight
(mg/L) in mm inmg

(= SD)
Control 5 5 200) @

5 95 55 2109 7s
CeaosTo1 200)|5 |
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REFERENCE

‘The effectsof continous exposure to 78.03 on hactchabilityof eggs and growth and survivaloffy of
fathead minnow (Pimephales promelas). 1978. Report #BW-78-6-175. Research report submitted to 3MCompany, St. Paul, MN by EG&G Bionomics Aquatic Toxicology Laboratory, Wareham, MA.

OTHER

‘General remarks: The major concen for trying to determine the validiy for this test s that ONLY
NOMINAL TEST CHEMICAL CONCENTRATIONS were used. OPPT recommends that measured test
chemical concentrations be used, so that oni can accurately determine the test chemical concentration towhich to the test organisms are exposed. If iti determined that the nominal concenrations are only, for
‘example 50%ofthe measured concentrations, the toxicity values can be and must be adjusted downward
by 50%. Ifanalytical measurementsof some sort had been furnished, we could calculate chemical
recovery rates, and take into account hydrolysis, volatility, and other physicochemical processes that
‘might lower the actual test organism exposure concentrations. As it is we are operaling in the dark on thisissue.
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FISH ECOTOXICITY

Titles 96-hour acute state toxicity to fathead minnow — FX-1001

TEST SUBSTANCE

Identity: Perfluoroctanoic acid, also referred to as PFOA, FC-26, or FX-1001. (Octanoic acid,
pentadecafluoro-, CAS #335-67-1)

‘Remarks: The 3M production lot mumber was not noted. The test sample was FX-1001. Its purity was
not completely characterized, although information indicated it was a mixtureof 95-98 percent test
substance and 1-5 percent perfluorochemical inerts.

METHODS

Method/guideline followed: Not noted

Test type: Static

GLP (Y/N): No

Year study performed: 1985

‘Species: Pimephales promelas,
average length = 4.1 cm;
average weight = 0.50 g;
age not noted

Supplier: Dale Fatiigof Brady, NB

Concentrations used: 0, 690, 750, 810, 870, 930 mg/L (nominal values).

Exposure period: 96 hours

Analytical monitoring: No measurements were taken. Also, there was no information on detection
limitsof the chemicalorimpurities inthe sample.

Statistical methods: Probit analysis
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‘Test Conditions:
-Fish were pretreated with 25.0 mg/L tetracycline HCI, § months prior to study to fight diseases
-Dilution water chemistry:

Carbon filtered well water
DO 9.5 ppm
pH 78
Temp 19C

~ Water chemistry during the test:
Dissolved oxygen range (24-96 hours):

7.37.7 mg/L (control)
6.1-6.7 mg/L (870 mg/L)*
‘pH range (24-96 hours):
7.5 7.7 (control)
7.5- 7.5 (870 mg/Ly*

#870 mg/L test group (second highest concentration) data given because total mortality occurred
in the highesttest concentration by 48 hours.

Test temperature (24-96 hours):
1920C

- Stock solution was prepared by dissolving 45 g test substance (neutralized with NaOH to pH.
7.5) in 3 liters water. Test solutions were prepared by transferring stock solution aliquots to make
5liters at the selected test concentrations,

- Loading rate: 0.50g fish/L.
- Stabilityofthe test chemical solutions was not noted

- Exposure vessels were glass beakers with 2 24 cm inside diameter and a 26 cm depth, and
contained $ liters test solution.

“Two replicates were taken at each dose, with 5 fish per replicate

Remarks: Water hardness was not presented. The pH values are acceptable according to the OPPTS.
‘harmonized guidelines.

RESULTS

Doseofeach endpoint (as mg/L): 96-hour LCS0: 843 mg/L (C.L: 811-878), based on nominal
concentrations.

Remarks:
- 930 mg/L was the lowest test substance concentration causing 100% mortality (seen at 48
hours)

- There was no mortality in controls
- Surfacingofthe fish occurred at dosesof $10, 870, and 930 mg/L

‘Was control response satisfactory (yes/no/unknown): Yes, based on zero mortality.

Statistical results, as appropriate: No p-values were reported.
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CONCLUSIONS

‘The test sample 96-hour LCS0 for fathead minnow was determined tobe843 mg/L with a 95% C.L. of
811-878 mg/L.

Submitter remarks: The data quality ranking was a Klimisch ranking of2 because testing met criteria.
forquality testing. However, sample purity was not properly characterized and it lacked analytical
‘confirmationoftest substance concentrations.

Reviewerremarks: none

REFERENCE

3M Company. 1985. 96-hour acute satic toxicity to fathead minnow~FX-1001. Environmental
Laboratory, St. Paul, MN. Lab Request Number C1006. February 2.

OTHER

General remarks: This summary was based on a summary report and only limited data tables.
No detailed report was available. Therefore, the contentsofthis summary, in reference to the
‘protocols and resultsofthe study, are limited.
“The major concern for rying to determine the validity for this testis that ONLY NOMINAL
‘TEST CHEMICAL CONCENTRATIONS were used. OPPT recommends that measured test
chemical concentrations be used, so that one can accurately determine the test chemical
concentration to which to the test organisms are exposed. Ifitis determined that the nominal
concentrations are only, for example 50%of the measured concentrations, the toxicity values can
be and must be adjusted downward by 50%.If analytical measurementsofsome sort had been
furnished, we could calculate chemical recovery rates, and take into account hydrolysis, volatility,
and other physicochemical processes that might lower the actual test organism exposure:
concentrations,
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FISH ECOTOXICITY
Title: Acute Toriciy to Fish
TEST SUBSTANCE

Identity: Perfluorooctanoic acid, ammonium sal; also refered t as PFOA ammmoniur sal, ammonium
perfluorcoctanoate, FC-116, FC-126, FC-169,orFC-143. (Octanoi acid, pentadecafluoro-, ammoniumsal, CAS#3825.26-1)
Remarks: The 3M product lot number used was 390. The tet sample was FC-126,a white powderysold. Is purit was not completely characterized, although information indicated twas & mixture of76-93% test substance and 7-22% C6, C7, and C9 perfluoro analogue compounds.
METHODS

Method/guideline followed: Notstated

Test type: Static

GLP (VN): No

Year study performed: 1987

Species: Pimephaespromelas
Average length = 3.5 om
‘Average weight= 030g

Supplier: Dale FatofBrady, NB
Concentrations tested: 0, 100, 150, 320, 560, and 1000mg/L
Exposure period: 96 hours
Analytical monitoring: Non because nominal concentrations were used
Statistical methods: Prob analysis
Test conditions:

“Dilution water source carbon-flered well water
“Dilution wate chemistry:

Tempof21C
DO of 93 ppm
pHor7S

“Test solutions were prepared by direct weights addition
361

000258



Stability ofthe est chemical solutions was not noted
“Exposure vessels were 4 Liter Pyrex glass beakers containing 3 liters test solution
“Two replicates were used
- Six ish per replicate were used.
“Loading rate was 0.6 gL.
“Water chemistry during fest:

DO range (24-96 hours):
667.4 mg/L (control)
5666mglL (320 mglL®)

PH range (24-96 hours):
777.9 control)
77:80 (G20 mg/L)

Temp (24-96 hours: 20C
*This group was used because total mortality occurred at higher doses

Remarks: No other details on test conditions were given, including water hardness. The pH values are:
within acceptable ranges according to OPPTS Harmonized guidelines.

RESULTS
Doseof each endpoint (as mg/L): The 96-hour LCSO for fathead minnow was determined to be 301
ma/L (95% CI: 244-370),

Remarks:

- Surfacingoffish was observed at 180 and 320 mg/L (both replicates)
- Lowest test substance concentration causing 100% morality was 560 mg/L
- No morality was observedi the controls

‘Was control response satisfactory (vesimo/unknown): Yes, based on th fact that thre was no
‘mortality

Statistical results,as appropriate: Not presented

CONCLUSIONS
Rounding the resuls 0.2 significant figures, the test sample 96-hour LCSO for fathead minnow
was determined to be 300 mg/L with a 95% confidence intervalof240-370 mg/L.

Submitters” remarks: Data quality was given Klimisch rankingof2. Testing met the criteria for
quality testing. However, the sample purity was not properly characterized and it lacked analytical
confirmationofthe test substance concentrations.

Reviewers’ remarks: none

REFERENCE
3M Company. 1987. St. Paul, MN. Lab Request Number E128201, completed on May 1

362

000259



OTHER

General remarks: This summary was based on a summary report and only limited data tables.
No detailed report was available. Therefore, the contentsofthis summary, in reference to the
protocols and resultsofthe study, are limited.
‘The major concern for trying to determine the validity for ths test is that ONLY NOMINAL
‘TEST CHEMICAL CONCENTRATIONS were used. OPPT recommends that measured test
‘chemical concentrations be used, so that one can accurately determine the test chemical
‘concentration to which to the test organisms are exposed. Ifit is determined that the nominal
concentrations are only, for example 50% of the measured concentrations, the toxicity values can
‘be and must be adjusted downward by 50% .Ifanalytical measurementsofsome sort had been
furnished, we could calculate chemical recovery rates, and take into account hydrolysis, volatility,
‘and other physicochemical processes that might lower the actual test organism exposure:
concentrations.
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TOXICITY TO FISH

Title: Static Acute ToxicityofFX-1003 to the Fathead Minnow, Pimephales promelas

TESTSUBSTANCE

Identity: Perfluorooctanoic acid, ammonium salt; may also be referred to as PFOA ammonium salt,
‘ammonium perfluorooctanoate, PFO, FC-116, FC-126, FC-169, FC-143,oras a major componentofFX-
1003. (Octanoic acid, pentadecafluoro-, ammonium salt, CASRN 3825-26-1)

Remarks: The 3M production lot number was 2327. The test sample was FX-1003. The purity of
FX-1003 was not sufficiently characterized; however, available information indicated it was a
solution of <45% ammonium perfluorooctanoate, 50% water, <3% inert perfluorinated compound
and 1-2% Cs and C; perfluoro- analogue compounds.

METHODS

Method/guidelinefollowed: OECD 203

Test type: Static

GLP (YN): Yes

ear study performed: 1990

Species: Prior to testing, juvenile fathead minnows were acclimated for 63 days in 100% dilution water
under flow-through conditions in an all glass aquarium. Fish were acclimated to the target test
temperature (23  2°C) for 14 days before test initiation. During acclimation, fish were not treated for
disease and werefreeof apparent sickness, injuries, and abnormalities a test initiation. Fish werefed a
‘commercial fish food, onceortwice daily,forthe acclimation period. The average length and weight
values ofthe fish were 3.8 cm and 0.45 grams (wed) respectively.

‘Supplier: The fish used in the toxicity test were purchased from a commercial supplier (Aquatic
Research Organisms, Hampton, NH. The sponsor, 3M, provided the test substance.

Concentrations tested: A screening toxicity test was performed with the following five nominal
concentrations: 0.1, 1, 10, 100, and 1000 mg/L. For the definitive toxicity test, five nominal
concentrations and one blank dilution water control were used. Two replicatesofeach concentration were.
used in the definitive toxicity test and the nominal concentrations tested were: 0, 150, 250, 400, 600, and
1000 mg/L. Both tests were performed under satic conditions

Exposure period: 96 hours

Analytical monitoring: Dissolved oxygen, pH, conductivity, and temperature were measured and
recorded daily in each test chamber that contained live fish. Concentrationsofthe test substance were not
‘measured during the test.
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Statistical methods: Non-linear interpolation, moving average, and/or probit analysis; however, resultsofthe toxicity test could not be interpreted by standard statistical techniques due to 100% survival at the
highest tested concentration.
Test conditions:

The screening tes was performed using nominal concentrations (0.1, 1.0, 10, 100, and 1000 mg/L) ofthe
test substance uader similar conditions a thoseofthe definitive test.

Water used for acclimationofthetestorganisms,and for all toxicity testing,waswell water collected
from well at EnviroSystems in Hampton, NH. Water was adjusted 0 a hardness of$8 mg/L as CaCO;
and stored in tanks, where it wasaerated. A chemical characterizationof a representative sampleof the
natural well water used asthe dilution water for the toxicity test was performed; the following values
were determined: pH = 7.4, conductivity = 1500 umhos/em. Organochlorine pesticides,
organophosphorous pesticides, andPCBswere below the levelof detection, or not present. The est
vessels were 19.6 L glass aquaria that contained 15 L oftest solution (approximate water depth was 17
cm). Stabilityof the test substance was not indicated. No stock solution was prepared as test material was
added directly o dilution water contained in the test vessels without the use ofa solvent. The following
nominal concentrations were used in the definitive est: 0, 150, 250, 400, 600, and 1000 mg/L. Twenty
fish were randomly and equally distributed smong two replicatesof cach treatment. The loading rate was
determined to be approximately 0.30 gL. Test vessels were randomly amanged in a water bath during the
96-hour fest Static conditions were maintained throughout the study. A 16-hour ight and 8-hour dark
photoperiod was automatically maintained with cool-white fluorescent lights that provideda light
intensityof 35 Es m”. Aeration was employed afte 48 hours to maintain dissolved oxygen
concentrations above acceptable levels. Fish were not fed during the test. The following water chemistry
ranges (0 - 96 hours) were determined: conductivity = 1200 ~ 1500 umhos/em (control exposure), =
1300 - 1600pmhos'em(1000mg/L.exposure);pHrange = 7.4— 8.4 controlexposure), = 7.8 ~ 3.2 1000
mg/L exposure); temperature range = 21.0 - 22°C (control and 1000 mg/L exposure); dissolved Os= 6.1
9.2 mg/L (control exposure), = 6.2.1 (1000 mg/L exposure). The pH and hardnesswerewithin the
accepted ranges (6.0 < pH <8.5; 40<hardness<180 mg/L) for the duration of the study.
Remarks: No additional comments

RESULTS
Doseofeach endpoint (as mg/L):

Screening test:
‘96-hour LCS0 > 1000 mg/L, 96-hour NOEC> 1000 mg/L

Definitive test:
96-hour LCS0> 1000 mg/L, 96-hour NOEC > 1000 mg/L

Remarks: All test vessels remained clear throughout the test. 100% survival occurred in the control
‘exposure and al other est exposures inthe serening test and in the definitive test
Was control response satisfactory (yes/nojunknown): Yes

Statistical results as appropriate: Results ofthe toxicity est could not be interpreted by standard
Satistical methods due to 100% survival at the highest tested concentration.
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CONCLUSIONS
The 96-hour LCS0 and96-hourNOEC were determined to be >1000 mg/L.

‘Submitters’ remarks: Klimisch ranking2. Testingmeetsthe criteria for quality testing. However,
sample purity was not properly characterized and the test lacked analytical confirmationof est substance
concentrations.

Reviewers’ remarks: The conclusions appear to be supported by the data.

REFERENCE
EnviroSystems, Inc. 1990. Static Acute ToxicityofFX-1003 o the Fathead Minnow, Pimepliales
~promelas. Hampton, NH. Study number was 9014-3,

OTHER

General remarks:
‘The major concen for trying to determine the validity for this test is that ONLY NOMINAL TEST
CHEMICAL CONCENTRATIONS were used. OPPT recommends that measured test chemical
concenirations be used, so that one can accurately determine the test chemical concentration to which to
the test organisms are exposed. Ifit is determined that the nominal concentrations are only, for example
50%ofthe measured concentrations, the toxicity values can be and must be adjusted downward by 50%.
If analytical measurementsofsome sort had been fumished, we could calculate chemical recovery rates,
‘and take into account hydrolysis, volatility, and other physicochemical processes that mightlower the
actual tet organism exposure concentrations.
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TOXICITY TO FISH
“Title: Acute ticityof N2803-3 to the Fathead Minnow, Pmephales promelas
TEST SUBSTANCE

entity: Perflcrooctanoi acid; may also be refered o as PFOA, FC-26, or FX-1001. (Octanoi acd,pentadecafluoro-, CASRN 335-67-1)
Remarks: The 3M production lot mumbe was 269. The est subsance ws white powder. The testsample, FC-26, was refered to by th laboratory as N2803-3. The purityofthe sample was not
sufficiently characterized; however, available information indicated it was a mixtureof 96.5 - 100% estsubstance and 0 - 3.5% Ce, Cr, and C; perfluoro- homologue compounds. The tes substance (*a-
received) was combined with isopropanol ina 50:50 ratio prio o use. The substance resulting rom tismixture was referred0 s the “as tested” substance.

METHODS
Method/guideline followed: US. EPA-TSCA Guideline 797.1400
Test type: Static
GLP (VIN): Yes
Year study performed: 1996

Species: Juvenile fathead minnows were acclimated under flow-through conditions in 270 L fiberglass
tank. During acclimation, the ish were not treated for discas, The fish were free ofapparent sickness,
injuries, and abnormalities attest inition. Mortality during the final 48 hoursofacclimation was <3%5
During the 14-day period before tet nation, the acclimation temperature range was 21.0°C — 22.3°Cand the dissolved oxygen concentration was at last 8.0 mg/L. During acclimation, ish were fed daily,except during th 48 hours immediatly preceding the es. The average otal length and wet weight of thetest organisms were 33.4 mm and 0.35 rams, respectively.

Supplier: Juvenile fithead minnows were procured from Aquatic Biosystems, Fort Collin, CO. Thesponsor, 3M, supplied th test substance.

‘Concentrations tested: For he static screening tes, the following nominal concentrations, as-recsived,
were used: 0, 005,0.5, 5.0, 50, and 500 mg. For th static definitive test, th following nominalconcentrations, a-testd, were usd: 0, 130, 220, 36, 600, and 1000 mg/L For the sti test with
isopropanol, nominal concentrations of (dition water contro) and 500 mL isopropanol were used.
Exposure period: 96 hours
Analytical monitoring: Dissolved oxygen, pH, temperature, and conductivity were measured and
recorded daily in eachtest chamber. The temperature in one testvesselwas recorded at least hourlyduring the test. Concentrationsof the test substance were not measured during th study.
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Statistical methods: 1.Cso values were calculated by non-linear inerpolaton (Stephan, 1983), when
possible, using probit analysis, moving average method, or binomial probability.
“Test conditions:
For the static screening test, nominal concentrationsofthe tet substance, as-received, were 0 (dilution
water contro, 0.05, 0.50, 5.0, 0, and 500 mg/L. The screening test was performedundersimilar
conditions as those ofthe definitive test.

‘Water used for acclimation ofthe test organisms, andfo all toxicity testing, was deionized water
collected a T.R. Wilbury Laboratories in Marblehead, MA. Waterwas adjusted toahardnessof 40 - 48
mg/L as CaCOy and sored in polyethylene tanks. In the tanks, thewaterwas aerated and continuously
passed through a particle filer, ultraviolet serlzer, and activated carbon, In chemical characterization
ofa representative sampleof dilution water, iron was detected at 0.03 mg/L. Other metals and potential
contaminants were ither below th level ofdetection, or not present. The test substance, as-received, was
combined with isopropanol ina $0:50 ato prior use. Tis 50:50 mixture was then considered t0 be
100% test substance during the osicity test. The tet substance was assumed to havea purity of 100%
active ingredient and 0 be table under storage and testing conditions. The test vessels were 20 L glass
aquaria, which contained 15 L oftest solution (approximate water depth was 18 cm). Twenty fathead
‘minnows were indiscriminately and equally distributed amon two replicatesofcach treatment.
Appropriate amounsof test substance were added directly to luton water in the est vessels to

formulatethe media. The test concentrations, as-ested, for the definitive test were: 0, 130, 220, 360, 600,and1000mg/L.The est vesselswere looselycoveredand randomlyarranged in waterbh during the
96-hour test. A 16-hour light and 8-hour dark photoperiod, with 15-minute transition period, was
automaticaly maintained with cool-white Tuorescent lights that provided light intensity of 31
footcandles. Acration was initiated afte 72 hours to maintain dissolved oxygen concentrations above.
acceptable levels. Measured water chemisiry duringth test provided th following ranges (0 96 hours):
Dissolved 0; = 6.4 8.7 mg/L (control exposure), = 5.2 - 9.0 mg/L (220 mg/L exposure); Conductivity =
110-370 pmhos/em (control and 220 mg/L exposure); pH = 7.17.6 (control exposure), = 3.0 7.4 (220
mL exposure) Temperature = 21.8 - 22.6°C (contol and 220 mg/L exposure). The pH values ofthe
test solutions for the 360, 600, and 1000 mg/L exposure concentrations were in the range of3.0 - 4.3 at
test initiation. These low pH values were outside th acceptable range for aquatic toxicity studies (6.0
<pH<8.5). Hardness was within the acceplable range for toxicity studies (40 - 130 mg/L, as CaCO»).
For th sat toxicity test performed with isopropanol, a similar protocol ws followed as that for the
screening and definitive oxicity tess with N2803-3.0 (dilutionwater contro) and 500 mL isopropanol
(nominal concentration) were used. Test vessels were randomly arranged ina water bath and the light
intensity was 28 footcandlcs.
Remarks: No additional comments

RESULTS
Dose of cach endpoint (as mg/L) in the definitive test:

Test substance concentration, as-ested, and associated 95% confidence limits:
24-hour LCio = 280 (220 360) mg/L
48-hour LCin = 280 (220 360) mglL72-hour LCi = 280 (220 360) mL96-hour LCs= 280 (220- 360)mg/L96-hourNOEC = 220 mg/L
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‘Test substance concentration, as-received, and associated 95% confidence limits:
24-hour LCsg = 140 (110 - 180) mg/L.
48-hour LCso = 140(110-180)mg/L.
72-hour LCso= 140 (110- 180) mg/L.
96-hour LCsp = 140 (110-180)mg/L.
96-hour NOEC = 110 mg/L

Remarks: For the screening test, the following survival rates were observed: 100% survival in the
control, 90% survival at 0.05 mg/L, 100% survival at 0.50, 5.0, and 50 mg/L, and 0% survival at S00
‘mg/L. For the definitive test, no insoluble material was observed in anyofthe test vessels during the
study. 100% survival occurred in the control exposure and these fathead minnows did not exhibit any
sublethal effects. Fish in the 130 and 220 mg/L exposure concentrations appeared normal. Total mortality
was observed within 24 hours in the 360, 600, and 1000 mg/L exposure concentrations; therefore, the.
lowest concentration, which caused 100% mortality, was 360 mg/L. During the toxicity test with 500
mg/L isopropanol, no mortality or sublethal effects were observed; the 96-hour LCeg value was >500
mg/L.

‘Was control response satisfactory (yes/nofunknown): Yes

‘Statistical results, as appropriate: No additional comments

CONCLUSIONS
The as-tested 96-hour LC was determined to be 280 mg/L, with a 95% confidence intervalof220 - 360
‘mg/L. The as-tested 96-hour no-oberved-ffcet-concentration (NOEC) was 220 mg/L. The 96-hour LC:o,
based on the test substance as received, was determined to be 140 mg/L, with a 95% confidence interval
Of 110 180 mg/L. The 96-hour NOEC for the test substance, as-received, was 110 mg/L.

Submitters” remarks: Klimisch ranking 3. The study lacked analytical measurementoftest substance.
concentrations in the test solutions and sample purity was not sufficiently characterized. Additionally,
there appeared to be a discrepancy between the sample preparation directions given to the laboratory and
the procedure conducted by the laboratory to prepare the test solutions. The absenceofpartal mortality at
intermediate doses resulted in a sharp dose-response curve. As a result, the LCso values determined in this
study may not accurately reflect the true toxicityofthe solution. The low pH values observed in the high
concentrations tested may have had an adverse effect on survival.

Reviewers’ remarks: The conclusions appear to be supported by the daa.

REFERENCE
TR Wilbury Laboratories, Inc. 1996. Acute toxicity of N2803-3 to the Fathead Minnow, Pimephales
promelas. Marblehead, MA. Study number $91-TH.

OTHER

‘General remarks:Themajor concen for trying to determinethe validity for this test is that
ONLY NOMINAL TEST CHEMICAL CONCENTRATIONS were used. OPPT recommends
that measured test chemical concentrations be used, so that one can accurately determine the test
chemical concentration to which to the test organisms are exposed. Ifit is determined that the
nominal concentrations are only, for example 50%ofthe measured concentrations, th toxicity
values can be and must be adjusted downward by 50%.Ifanalytical measurementsofsome sort
had been furnished, we could calculate chemical recovery rates, and take into account hydrolysis,
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volatility, and other physicochemical processes that might lower the actual test organismexposure concentrations.

‘Purityof the test material also is a major concer and was not sufficiently characterized in thistest. Tn some tests it appeared that 100% test chemical was used, for others a chemicalof lesserpurity (approximately 85%) was used. Water, a solvent (isopropanol) or a combinationofboth
was used in other test, fo no obvious tated feason. In fact, 3M in ther summaryofeach teststate: "Data may not accurately relate toxicityof the test sample with thatofth test substance.”Tagree with this concern. In addition, ifthis was a "typical TSCA section 4 review, I wouldreject these studies, pending receipt ofadditional information on purity and studies on analyticalmeasurements ofthe test chemical in the test medium.
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FISH ECOTOXICITY
Tide: Acute toxicity of FC-1015 othe fathead mina, Pimephales promelas
TESTSUBSTANCE
Identity: Perflvoroosianoic acid, ammonium salt; may also be referred to as PFOA ammonium sal,Ammonium perfluorootanoate, PFO, FC-116, FC-126, FC-169, FC-143 of as the major component ofFC-1015. (Octanoic acd, pentadecafhuor, ammoniumsalt, CAS #3825-26-1)
Remarks: The test sample is FC-1015. Is purity was not sufficiently characterized, though current
information indicates it is a 30% straight carbon chain versionof FC-143 in 30% water. The 3M productTot numberwas “HOGE 205.”Datamay not accurately relate toxicityofthe test sample with tha of thefest substance. Data were used to compare toxicity ofth branched/straght chain ammonium
perfluorooctanoate homolog mixture in FC-143 vs. what i supposed o be the 100% straight carbon chainammonium perfuorooctanoate in FC-1015.

METHODS
Method/guideline followed: USEPA-TSCA 1983.797.1400
Test type: siatic
GLP (VN): N
Year study performed: 1996

Species: Pimephales promelas. The fish were juveniles with a average lengthof 35mmand averageeight of 036g (wet).
Supplier: Aquatic Biosystems
Concentrations used: 0,530, 830, 1330, 2100, and 3300 mg/L. The concentrations were nominal. Tworeplicates at each concentration were performed.
Exposure period: 96 hours
Analytical monitoring: none.
Statistical methods: LCS0 values were calculated using the Stephan compute program, 1983
“Test Conditions: The dilution water used was deionized water adjusted for hardness and passed through
particulate filer, ulaviolt Seize, and activated carbon. The dilution water chemistry was measured

as follows: hardness = 44 mg/L as CaCO, alkalinity = 29-30 m/L as CaCO, and TOC < | mg/L. ForTighting, cool-white Tuorescen lights at 30 fot-candies wee used. A daily photoperiod of 16 hours lightand $ hours dark witha 13 minute transition period was maintained throughout the testing period. Thetest solutions were crested by direct individual weight additions. Afra 14 day acclimation period, thefish were exposed, at a loadingof 0.24g fs, in 20 L glass aquaria conaining 15 ters tet Solution t
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an approximate depth of 18 cm. Two replicates were tested at each concentration. Twenty fish were used
in each replicate.

‘The water chemistry parameters measured during the study included: conductivity range = 180-190
smhos/cm (control) and 300-320 umhos/em (2100 mg/L exposure), pH = 7.3-7.9 (control) and 7.2-7.7
(2100 mg/L exposure), emperature = 22.0-22.4 °C (control) and 21.5-22.5 °C (2100 mg/L exposure), and
dissolved oxygen =5.89.2 mg/L (control) and 5.7-9.2 mg/L (2100 mg/L exposure). The 2100 mg/L.
(second highest) concentration was used because the highest concentration resulted in total mortality at 72
hours. The pH range was within the acceptable range. Measurementsofdilutionwaterchemistry were.
also performed (see Appendix for parameters and detection limits). The only chemical detected was iron
20.03 mg/L.

Remarks: Water hardness,duringthe study, was not indicated.

RESULTS

Dose of each endpoint (as mg/L): 96 brLCS0=2470 (2100-3330) mg/L
96 hr NOEC = 830 mg/L.

Remarks: none

‘Was control response satisfactory (yes/no/unknown): yes

Statisticalresults,asappropriate: none

CONCLUSIONS

‘The test sample 96 hour LCS0 for fathead minnow was determined to be 2470 mg/L with a 95%
confidence intervalof 2100-3330 mg/L.

‘Submitters’ remarks: Fordata reliability, the study was assigneda Klimisch rating of2. Testing meets
the criteriaforquality testing. However, sample puritywasnot properly characterized and it lacks
‘analytical confirmationoftest substance concentrations.

Reviewers’ remarks: Themajor concern for trying to determine the validity for this test is that
ONLY NOMINAL TEST CHEMICAL CONCENTRATIONS were used. OPPT recommends
that measured test chemical concentrations be used, so that one can accurately determine the test
‘chemical concentration to which to the test organisa are exposed. Ifit is determined that the
‘nominal concentrations are only, for example 50%ofthe measured concentrations, the toxicity
values can be and must be adjusted downward by 50%. Ifanalytical measurementsofsome sort
had been fumished, we could calculate chemical recovery rates, and take into account hydrolysis,
volatility, andother physicochemical processes that might owerthe actual test organism
exposure concentrations.

Puryofthe test materia als is a major concern and was not sufficiently characterized in this
test. In some tests it appeared that 100% test chemical was used, for others a chemical oflesser
purity (approximately 85%) was used. Water, a solvent (isopropanol) or a combinationofbath
was used in other tests, for 10 obvious stated reason. In fact, 3M in their summaryofcach fest
state: "Data ay not accurately relat toxicityof th test sample with thatofth tes substance.”
Tagree with this concern. In addition, if thiswas a “typical” TSCA section 4 review, [ would
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eect these studies, pending receiptof additional information on purity and studies on analyticalmeasurementsof the test chemical in th test medium.

REFERENCE

Ward, T., Nevius, J. and R. Boeri. 1996. Acute toxicity of FC-1015 tothe fathead minnow, Pimephalespromelas. TR. Wilbury Laboratories, Tn. Lab Request number P1624. 3M Company, St. Paul, MN.
OTHER
General remarks: none

APPENDIX

‘Chemicalmeasurementsofdilutionwater

Parameter: Detection Limit:
Metals

Aluminum 0.1 mg‘Arsenic 001 mg.
Boron 05 mal
Cadmium 0.0002 mg/L.
Chromium 0.01 mg
Cobalt 0.03 mg/L
Copper 0.005 mg/L
Tron 0.03 mL
Lead 0.005 mglL
Mercury 0.0003 mg/L.
Nickel 0.03 mg/L
Silver 0.02 mg/L.
Zinc 002mg

Nite 0.05 mg NL
Chloride mg/L
Fluoride 0.1 mglLTotal organic carbon 1mglL
Total phosphorous 0.03 mg/L.
Organochlorine Pesticides 05ug
Tosaphene ug

‘Organophosphorous Pesticides 0.5 ug/L.
Dimethoate: 20g
TEPP 201Monocrotophos 20ueLPCBs 05 ug
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ACUTE TOXICITY TO FISH (FATHEAD MINNOW)
TEST SUBSTANCE
Identity: Pefluorooctanaic acid, ammonium salt; may also be refered to
45 PFOA ammonium salt, Ammonium perfluorooctanoste, PFO,
FC-116, FC-126, FC-169,orFC-143. Octanoic acid,
pentadecafluoro- ammonium sal, CAS # 3825.26.1)
Remarks: The 3M production lot umber was 427. The est sampleis.FC-143, refered ©bythe est laboratory as N2803-4. The TR.
Wilburystudy number is 895TH. The purityofthe sample wisnot suffcenty characterized, although cure information
indicates itis a mixtureof 96.5 - 100% test substance and 0 -
3.5% C6, C7, and C9 perucro analogue compounds,
METHOD
Method: U.S. EPA-TSCA Guideline 797.1400
Type: Acute static
GLP: Yes
Year completed: 1995
Species: Pimephales promelas
Supplier: Aquatic Biosystems, Fort Colins, CO
Analytical monitoring: DO, conductivity,pH and temperature
Exposure period: 96-hours
Statistical methods: LCS0 values calculated, when possible, by probit
analysis, moving average method or binomial probability with non-linear
interpolation usin the compute software of CE. Stephan.
Test fish age: No noted.
Length and weight: Average length = 28.6 cm
Average weight - 0.19g (wet)
Loading: 0.13 gL
Pretreatment: None
Test conditions:
Dilution Water: Deionized water adjusted t0 a hardnessof 40-48
mL as CaCO
Dilution water chemistry: Not noted
Lighting: Cool-white fluorescent bulls witha intensityof 30 ec.
Photoperiod of 16-hour igh, § -hours dark witha 15 minute
wansiton period.
Stock and tet solutions preparation: Test substanceadded
directly to the dilution water in the test vessels.
Concentration dosing rate: Once
Stability ofthe est chemical solutions: No insoluble material
was noted during the tes.
Exposure vessels: 20L glass aquaria containing approximately 15
Lof test solution, water depth approximately18 cm
Numberofreplicates: 2
Number offish per replicate: 10
Number of concentrations: iv plus a negative control
Water chemistry during the study:
Dissolved oxygen range (0 96 hours):
7.28.5 mg/L (control exposure)
67-85 mg/L (1,000 mL exposure)
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‘Conductivity range (0-96 hours)
140 180 umhos/cm (control exposure)
280 - 380 mhos/em (1,000 mg/L exposure)PH range (0-96 hours)
73-76 (control exposure)
747.5 (1,000mg exposure)
Test temperature range (0-96 hours)
22.0-22.6°C (control exposure)
21:8 -22.5°C (1000 mg/L exposure)
RESULTS
Nominal concentrations: B contol, 160, 250, 40, 630, 100 mg/L
Element value and 95% confidence interval:
24-hour LCS0 => 1,000 mg/L (CL. not calculable)
hour LCS0 = 790 (630 1,000) mg/L
72-hour LCS0=760 (630~ 1000) mg/L.
96-hour LCS0 = 740 (660 - 830) mg/L
96-hour NOEC = 400 mg/L
Element values based on nominal concentrations
Statistical Evaluation of Mortality: The 48 and 72-hour LC50 values
were determined by binomial interpolation. Probit was used to calculate
the 96-hour LCS0.
Biological observations after 96-hours: Fish inthe control and the 160,
250, and 400 mg/L exposure concentrations appeared normal. Dark
discoloration and eratic swimmingofwo fish was observed at the 24-hour
observation period in the 1,000 mg/L exposure concentration.
Cumulative percent mortality:

Nominal [9%
Test bows | hours
Cone,
ms

[Conwol To "To "To To]
foo "To"To To To |
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foo To"To To To |
[oo To "To To To |
[ooo 5 Te0 Too Joo

Lowest concentration causing 100% mortality: None
‘Mortality ofcontrols: None
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CONCLUSIONS
“The test sample 96-hour LCS0 for fathead minnow was determined fo be
740 mg/L with a 95% confidence intervalof 660 ~830 mg/L. The 96-hour
no observed effects concentration (NOEC) was 400 mg/L.
‘Submitter: 3M Company, Environmental Laboratory, P.0. Box 33331, St.
Paul, Minnesota, 55133
DATA QUALITY
Reliability: Klimisch ranking = 2. The study lacks analytical
‘measurement of testsubstance concentrations in the est solutions and
sample puriy is not sufficiently characterized.
REFERENCES
“This study was conducted at T-R. Wilbury Laboratories, Inc., Marblecad,
MA, at th request of the 3M Company, Lab Request number N2503-4
OTHER

‘General remarks: The major concern for trying to determine the validity for ths testi that
ONLY NOMINAL TEST CHEMICAL CONCENTRATIONS were used. OPPT recommends
that measured test chemical concentrations be used, 50 tht one can accurately determine th test
chemical concentration to which fo the test organisms are exposed. Ifit i determined that the
nominal concentrations are nly, for example 50%ofthe measured concentrations, the toxicity
vals can be and must be adjusted downward by 50% . If analytical measurementsofsome sort
had been furnished, we could calculate chemical recovery rats, and ake into account hydrolysis,
volailt, and otherphysicochemical processes that might lower the actual test organism
exposure concentations.
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ACUTE TOXICITY TO FISH (FATHEAD MINNOW)

TEST SUBSTANCE
Identity: Perfluorooctanoic acid, etrabutylemmonium salt; may also be
referred to as PFOA tetrabutylammonium salt,
tetrabutylammonium perfluorooctanoate, N2§03-2, oras amajor
‘componentof L-13492. (Octanoic acid, peniadecafluoro-,
tetrabutylammonium sal, CAS  95658-53-0)
Remarks: The 3M production lot number was 2. The test sample is
referred 0 by the testing laboratory as L-13492. The TR. Wilbury study
number is $39-TH. The 3M Environmental Laboratory Request Number is:
'N2332. The purityofthe sample was not suficiently characterized,
although current information indicates itis a solutionof44.9%
tetrabutyammonium perfluorooctanoate, 27.9% water, and 27.2%
isopropanol
Thefollowing summary applies to the test sampleas a mixtureof the
test substance in an isopropanolwater solution with incompletely
characterized concentrationsof impurities. Data may not accurately
relate toxicityof thetestsample with thatof the test substance.
METHOD
Method: U.S. EPA-TSCA Guideline 797.1400
Type: Acute static
GLP: Yes
Year completed: 1995
Species: Pimephales promelas
‘Supplier: Aquatic Biosystems, Fort Collins, CO
Analytical monitoring: DO, conductivity, pH and temperature were
‘monitored daily.
Exposure period: 96-hours
Statistical methods: LCS0 values calculated, when possible, by probit
‘analysis, moving average method or binomialprobability with non-linear
interpolation using the computer softwareof C.E. Stephan.
Test fish age: Not noted.
Length and weight of fish in control: Average length = 32.8 mm
Average weight= 0.28
Loading: 0.19 g fish/L.
Pretreatment: None
BACK TO MAIN
Test conditions:
Dilution Water: Deionized water adjusted to 2 hardnessof 40 -48
mg/L as CaCO
Dilution water chemistry: Not noted.
Lighting: Cool-white fluorescent bulbs with an intensityof 28 fc.
Photoperiodof 16-hours light, § -hours dark with 1 minute
transition period.
Aeration: Initiated afer the 72-hour DO measurements.
‘Stock and test solutions preparation: Tes substance was
added directly 10 the dilution water in the test vessels on a
weight/volume basis. No insoluble material was noted during the
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test
Concentrations dosing rate: Once
Exposure vessels: 20L glass aquaria containing spproximately 15
L of test solution, water depth approximately 18 cm. Vessels were
loosely covered during the tet.
Numberofreplicates: 2
Number of fish per replicate: 10
Number of concentrations: five plus a negative control
‘Water chemistry during the study (from a representative
sampleofdilution water):
Hardness: 44 mg/L as CaCO3
Alkalinity: 38 mg/L as CaCO3
PHT
Dissolved oxygen range (0-96 hours):
61-88 mg/L (control exposure)
51-89 mL (1,000 mg/L exposure)
Note: aration was supplied o test vessels at 72-
hours
Conductivity range (0-96 hours)
170 180 mhos/em (control exposure)
200-210 pmboséem (1,000 mg/L exposure)
PH range (0-96 hours)
72-79 (control exposure)
73-78 (1,000 mg/L exposure)
Test temperature range (096 hours)
22.1 -22.2°C (control exposure)
219-22.2°C (1,000 mg/L exposure)
BACK TO MAIN

RESULTS
Nominal concentrations: Blank control, 130, 220, 360, 600,1,000mL.
Element value and 95% confidence interval:
2dchour LCS0 = 1,000 (600- >1,000) mg/L
48-hour LCS0 = 940 (600 >1,000) mg/L
72-hour LCS0 = 890 (600 - >1,000) mg/L
96-hour LCS0 = §90 (600 - >1,000) mg/L.
96-hour NOEC = 600 mg/L
Element values based on nominal concentrations.
Remarks: Testing was conducted onthe mixture as describedin the Test
Substance Remarks field. The values reported apply to that mixture and
not the fluorochemical component alone.

Cumulative percent mortality:
Nominal | 24-  [48- [7

Test hows [hours | hours
Cone,
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Lowest concentrationcausing 100% mortality: None
Mortality of controls: None:
CONCLUSIONS
“The test substance 96-hour LCS0 for fathead minnow was determined to
be 890 mg/L with a 95% confidence interval of600 - >1,000 mg/L. The
test substance 96-hour no observed effect concentration (NOEC) was 600
mgL.
BACK TO MAIN
‘Submitter: 3M Company, Environmental Laboratory, P.O. Box 33331, St.
Paul, Minnesota, 55133
DATA QUALITY
Reliability: Klimisch ranking 2. The study lacks analytical measurement
oftest substance concentrations in the test solutions and sample purity is
not sufficiently characterized.
REFERENCES
“This study was conducted at T.R. Wilbury Laboratories, Inc., Marblehead,
MA, at th request ofthe 3M Company, Lab Request number N2332,
1995,
OTHER

‘General remarks: Themajorconcern or trying to determine the validity for this test is that
ONLY NOMINAL TEST CHEMICAL CONCENTRATIONS were used. OPPT recommends
that measured test chemical concentrations be used, 50 that one can accurately determine the test
chemical concentration to which to the est organiss re exposed. Iii determined that the
nominal concentrations are only, for example 50%ofthe measured concentrations, the toxicity
values can be and must be adjusted dowmward by 50% . If analytical measurements ofsome sort
had been furnished, we could calculate chemical recovery rate, and tak into account hydrolysis,
volailt, andotherphysicochemical processes hat might lower the actual test organism
exposure concentrations.

Purity ofthe test material als is major concern and was not sufficiently characterized in tis test. Tn
Some tests it appeared that 100% test chemical was used, for ohers a chemicaloflesser purity
(approximately §5%) was used. Water, solvent isopropanol) or a combinationofboth was used in
other tests, for no obvious stated reason. In fact, 3M in their summaryofeach test state: "Data may not
accurately relate toxicity ofthe est sample wih thaof he es substance.” | agree with this concern. In
addition,if thiswas a "typical" TSCA section 4 review, wouldrejectthesestudies, pending receipt of
additional information on purity and studies on analytical measurementsofthe test chemical i the test
medium.
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ACUTE TOXICITY TO FISH (FATHEAD MINNOW)
TEST SUBSTANCE
Identity: Perfluorooctanoic acid, tetrabutylemmonium salt; may also be
referred to as PFOA tetrabutylammonium salt,
tetrabutylammonium perfluorooctanoate, N2803-2,oras amajor
‘componentofL-13492. (Octanoc acid, pentadecafluoro-,
tetrabutylammonium salt, CAS # 95658-53-0)
Remarks: The 3M production lot number was 2. The test sample is
referred to by the testing laboratory as N2803-2. The T.R. Wilbury study
number is 888-TH. The purityofthe sample was not sufficiently
characterized, although current information indicates it is solution of
44.9% tetrabutylammonium perfluorooctanoate, 27.9% water, and 27.2%
isopropanol.
Thefollowing summary applies to the test sample as a mixtureof the
test substance in an isopropanol/water solution with incompletely
characterized concentrationsof impurities. Data may not accurately
relate toxicityof the test sample with thatofthe test substance.
METHOD
Method: U.S. EPA-TSCA Guideline 797.1400
Type: Acute static
GLP: Yes
Year completed: 1995
Species: Pimephales promelas
Supplier: Aquatic Biosystems, Fort Collins, CO
Analytical monitoring: DO, conductivity, pH and temperature were
monitored daily.
Exposure period: 96-hours
Statistical methods: LCS0 values calculated, when possible, by probit
‘analysis, moving average method or binomial probability with non-linear
interpolation using the computer softwareof C.E. Stephan.
Test fish age: Not noted.
Length and weightoffish in control: Average length = 34.9 mm
Average weight = 036g
Loading: 0.24 g fish/L
Pretreatment: None
Test conditions:
Dilution Water: Deionized water adjusted to & hardnessof 40-48
mg/L as CaCO
Dilution water chemistry: Not noted.
Lighting: Cool-white fluorescent bulbs with an intensityof25 fu.
Photopeiod of 16-hours light, 8 -hours dark witha 15 minute:
transition period.
Aeration: Initiated after the 72-hour DO measurements.
‘Stock and test solutions preparation: Test substance was.
‘added directly to the dilution water in the test vessels on a.
weight/volume basis.
Concentrations dosing rate: Once.
Exposure vessels: 20 L glass aquaria containing approximately 15
Loftest solution, water depth approximately 18cm. Vessels were
loosely covered during the test.
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Number ofreplicates: 2
Numberoffish per replicate: 10
Numberofconcentrations: ive pusanegative control
‘Water chemistry during the study:
Dissolved oxygen range (0 96 hours):
638.6mL (control exposure)
46-84 mg/L (1,000 mg/L exposure)
Note: aeration was supplied o test vessels at 72-
ours
‘Conductivity range (0-96 hours)
140-150 pmhos/cm (control exposure)
170-180 umhos/cm (1,000 mg/L exposure)
pH range (0-96 hours)
7.47.7 (control exposure)
75-77(1,000mg exposure)
Test temperature range (0-96 hours)
21.6 ~21.9°C (control exposure)
216 - 219°C (1,000mg/L. exposure)
RESULTS
Nominal concentrations: Blank control, 160, 250, 400, 630,1,000mg/L.
Element value and 95% confidence interval:
24-hour LCS0 = >1,000 mg/L (CI not calculable)
48-hour LCS0 = >1,000 mg/L (Cl not calculable)
72-hour LCS0 = 970 (630- >1,000) mg/L
96-hour LCS0 =960 (830 - >1,000) mg/L
96-hour NOEC = 630 mg/L
Element values were based on nominal concentrations

Remarks: Testing was conducted on the mixture as described in the Test
‘Substance Remarks field. The values reported apply to thatmixtureand
not 10 the fluorochemical component lone.
Cumulative percent mortality:

Nominal [24 [48 |B [9%
Test hows [hows [hours | hours
Cone,
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Lowest concentration causing 100% mortality: None
Mortalityof controls: None
CONCLUSIONS
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“The test substance 96-hour LCS0 for fathead minnow was determined to
be 960 mg/L with a 95%confidence intervalof830 ->1,000mg/L. The
test substance 96-hour no observed effect concentration (NOEC) was 630
mgL.
Submitter: 3M Company, Environmental Laboratory, P.O. Box 33331, St.
Paul, Minnesota, 55133
DATA QUALITY
Reliability: Klimisch ranking 2. The study lacks analytical measurement
of est substance concentrations in thetest solutions and sample purity is
not sufficiently characterized.
REFERENCES
“This study was conducted at TR. Wilbury Laboratories, Inc, Marblehead,
MA, at the requestofthe 3M Company, Lab Request number N2803-2,
1995,
OTHER

‘General remarks: The major concern for trying to determine the validity for this test is that
ONLY NOMINAL TEST CHEMICAL CONCENTRATIONS were used. OPPT recommends
that measured test chemical concentrationsbeused, so that one can accurately determine the test
chemical concentration to which o the test organisms are exposed. Ifit is determined that the
nominal concentrations are only, for example 50%ofthe measured concentrations, the toxicity
values can be and must be adjusted downward by 50%. Ifanalytical measurementsofsome sort
had been furnished, we could calculate chemical recovery rates, and take into account hydrolysis,
volatility, and other physicochemical processes that might lower the actual test organism
exposure concentrations.

Purityofthe test material also is &major concern and was not sufficiently characterized in thi test. In
some tests itappeared that 100% test cheaical was used,for others achemicalof lesser purity(approximately 85%) was used. Water,solvent (isopropanol)or a combination ofboth was used in
other ests, for no obvious stated reason. In fact, 3M in their summaryof each test stat: "Data may not
‘accurately relate toxicityofthe test sample with thatofthe test substance.” agree with this concen. Tn
addition,i thiswas a typical” TSCA section 4 review,Iwould rect these studies, pending receipt of
‘additional information on purity and studies on analytical measurementsofthe test chemical in the test
‘medium.
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TOXICITY TO MICROORGANISMS

Titles Microtox Toxicity Test

TEST SUBSTANCE

Identity: Perfluorooctanoic acid, emmonium sat; alo referred to as PFOA ammonium sal, ammonium
perfluorooctanoate, FC-116, FC-126, FC-169,orFC-143. (Octanoic acid, pentadecafluoro-, ammonium
salt, CASH 3825-26-1)

Remarks: The 3M production lot number was 390. The test sample was FC-126,a white powdery solid.
ts purity was not sufficiently characterized, although information indicated it was a mixtureof 75-93
percent test substance and 7-22 percent CS, C6, and C7 perfluoro analogue compounds.

METHOD

Method/guideline followed: Beckman's Microtox “BASIC” Procedure

Test type: Static

GLP (¥/N): No

ear study performed: 1987

Speciesistrain: Photobacterium phosphoreum

Supplier:Notnoted.

‘Concentrations tested: 0,420, 560, 750, and 1000 mg/L as nominal concentrations.

Exposure period: 30 minutes

Analytical monitoring: No measurementsofthe test substance were taken throughout the test,

Statistical methods: Not noted

Test conditions:
“Dillient was 2% NaCl Microbic’s Reagent
“Deionized water pH was 6.5
- A 2000 mg/L stock solution was prepared by dissolving 200 mg test solution in 100 mL diluent,
-Test solutions were prepared using aliquotsofthe stock solution.
- Media was not renewed
Stabilityofthe test chemical solutions was not noted.
“Exposure vessels were cuvetes.
~Two replicates were taken.

Remarks: none

RESULTS
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Doseofeach endpoint (as mg/L): 5 minute EC20= 810 mg/L
Sminute ECS0 = >1000mg/L
5 minute EC80 => 1000 mg/L.
15 min EC20 = 520 mg/L
15 min ECS0 =>1000 mg/L.
15 min EC80 =>1000 mg/L.
30 min EC20 = 420 mg/L
30 min ECS0= 870 (810-930) mg/L
30 minEC80=> 1000 mg/L.

‘Was control response satisfactory (yes/no/unknown): unknown

Statisticalresults,as appropriate: Not noted

Remarks: none

CONCLUSIONS

“The 30-minute ECS0 was determined to be $70 mg/L with 95% confidence intervalsof 810 to 930 mg/L

‘Submitters’ remarks: A Klimisch data quality ranking of2 was given. Testing meets all criteria for
quality testing, but lacks analytical confirmationoftest substance concentrations. Characterizationofthe
test sampleisalso lacking.

Reviewers’ remarks: none

REFERENCE

3M Company. [No title given.] Lab Request Number E1282. St. Paul, MN.

OTHER

General remarks: This summary was based on a summary report and only limited data tables. No
detailed report was available. Therefore, the contentsofthis summary, in reference to the protocols and
resultsofthe study, are limited.
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‘TOXICITY TO MICROORGANISMS DATA

“Title: Microbies Microtox) Toxicity Test

TESTSUBSTANCE
Identity: PFOA ammonium salt aso refered fo as ammonium perfluorooctanoste, PFO, FC-116, FC-
126, FC-169, FC-143,o asamajor componentof FX-1003 (octanoi acid, pentadecaflucro-, ammonium
sal, CASRN 3825-26-1),a stated in the submiter’s summary.

Remarks: The 3M production lot number was 2327; the tes substance was FX-1003. The purity
ofthe test substance was not sufficiently characterized, though current information indicated it
was a solution of< 43% ammonium perfluorooctanoate, 50% water, < 3% inert perfluorinated
compound, and 1 ~2% Cs and C7 perfluoro-anslogue compounds.

METHOD
Method/guideline followed: Microbics Microtox™ “BASIC” Procedure

Test type: Static

GLP (YN): No

Year study performed: 1990

Speciesistrainisupplier: Photobacterium phosphoreun/3M

Doses (concentrations) tested: 0 (blank control), 125, 250, 500, and 1000 mg/L

Exposure period: 30 minutes

Analytical monitoring: Concentrationsofthe test substance were not measured during the sudy.

Test conditions: Two replicatesofeachofthe four test concenizations and blank control were prepared
using aliquotsofthe stock solution, a 2000 mg/L solution prepared in Millipore Milli-Q water. 2%
NaCl Microbie’s Reagent was use as the diluent. Th ital pH of 6.8 was adjusted to pH 6.7 with dilute
H:S0,; for osmotic adjustments, 200 mg NaCl was added to 10 mi ofsample. The final solutions were
clear and colorless. Cuvettes wero useda the exposure vessels. Percent oflightloss by the dosed
organisms, in reference to the mean light generated by the control organisms, was used to asess the
toxicity ofthe test substance.

Statistical methods: EC, and ECo values were calculated using a statistical linear-regression program
provided for Microtox

Remarks: The test conditions and procedureswere notfutherdescribed.

385

0N0282



RESULTS

Doseofeach endpoint (calculatedbystatistical linear-regression program):
S-min ECco >1000 mg/L.
15-min ECyo >1000mg/L
30-min Co >1000 mg/L

‘Was control response satisfactory (ves/nofunknown): Unknown

‘Statistical results, as appropriate: Not specified

Submitter’s remarks: Testing met all criteria for quality testing, but lacked analytical confirmation
oftest-substance concentrations. Also, there was a lackof characterization ofthe test sample.

Reviewer's remarks: Unable to determine% mortality of the controls.

CONCLUSIONS
‘The authors conclude the FX-1003 30-minute ECsoforPhotobacteriumphoshphoreunt o be >1,000 mg/L
(nominal concentration).

‘Submitter’s remarks: Klimisch-ranking 2. The study summary applies to the test sample as a mixture of
the test substance in water solution with incompletely characterized concentrationsofimpurities. Data
may not accurately relate toxicityofthe test sample with thatofthe est substance.

Reviewer's remarks: None

REFERENCE
3M Environmental Laboratory. 1990. Microbics Microtox() Toxicity Test. St. Paul, Minnesota. Lab
request number G2882.

OTHER

Remarks: This summary was based on a summary report and limited raw dat. No detailed
report wes available. Therefore, the conteats ofthis summary, in reference to the protocols and
resultsofthe study, are limited.
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‘TOXICITY TO MICROORGANISMS

Title: Microbics Microtox® Toxicity Test of FC-143

TESTSUBSTANCE

Identity: Perfluorooctanoic acid, ammonium salt; may also be referred o as PFOA ammonium salt,
Ammonium perfluorooctanoate, PFO, FC-116, FC-126, FC-169, or FC-143. (Octanoie acid,pentadecafiuoro-, ammonium salt, CAS # 3825-26-1)

Remarks: The test sample is FC-143. Its purity was not sufficiently characterized, though current
information indicate itis a mixtureof 96.5 ~ 100% test substance and 03.5% Cy, C5, and Cy perfluoro‘analog compounds. The 3M product lot number was 427.

METHOD

‘Method guideline followed: Microbics Microtox® “BASIC” Procedure

Type (tet type): static

GLP (YIN): N

Year study performed: 1996

Speciesistrain: Photobacterium phosphoreum

Supplier: Microbics

‘Concentrations tested: 0, 125, 250, 500, and 1000 mg/L. The concentrations were nominal. Two
replicatesofeach were tested af ach concentration.

Exposure periods 30 minutes

Analytical monitoring: none

Statistical methods: ECS0 values were calculated by a statistical linea regression program provided for
Microtox®.

‘Test conditions: A primary 2000 mg/L stock solution was prepared in Millipore Milli-Q" water. The
PH ofthe stock solution was then adjusted from .8 t0 7.6 using 1.0 N NaOH. An osmoiic adjustment
was made using 200 mg NaCl dissolved in 10 mL stock solution. The water hardness was not reported.
Appearanceoftest solutions was noted as “clear and colorless.” All test solutions were made by
proportional dilutions. The tes temperature was not noted. Cuveties (3 mL) were used as the exposure
Vessels. Two replicates at each of four concentrations were tested, along with two controls.

Remarks: The numberofmicrobes per replicate and the growth phaseofthe microbes were not
indicated.

RESULTS
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Doseofeach endpoint (as mg/L): § minute ECS0 1000 mg/L
15 minute ECS0 = 800 (790 — 820) mg/L
30 minute ECS0 = 730 (630 - 850) mg/L.

‘Was control response satisfactory (ves/no/anknown): unknown

‘Statisticalresults,as appropriate: none

Remarks: none

CONCLUSIONS

‘The FC-143 30 minute ECS0for Photobacterium phosphoreu was determined to be 730 mg/L with a
95% confidence intervalof630 to 850 mg/L.

Submitters’ remarks: For data reliability, the study was assigned a Klimisch ranking of2. Testing
‘meets all criteria for quality testing, but lacks analytical confirmationoftest substance concentrations.
‘There is alsoa lackofcharacterizationofth test sample.

Reviewers’ remarks: none

REFERENCE

3M Environmental Laboratory. 1996. Microbics Microtox® Toxicity Testof FC-143.
Lab Requestnumber P1626. St. Paul, Minnesota.

OTHER

General Remarks: This summary was based on a summary report and only limited data tables. No
detailed report was available. Therefore, the contentsofthis summary, in reference to the protocols and
resultsofthe study, are limited.
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TOXICITY TO MICROORGANISMS
itl: Microbes Microox® Toricity Test of FC-118

TESTSUBSTANCE
Identity: Perfluorooctanoie acid, ammonium sal; may alo be refered to as PFOA ammonium sl,Ammonium perfluctooctanoate, PFO, FC-116, FC-126, FC-169, FC-143,or as the major component ofFC-118. (Octanoic acid, pentadecafluoro-, ammonium sal, CAS # 3825.26-1)
Remarks: The test sample is FC-118. ls purity was no sufficiently characterized, though current
information indicate ts 20% FC-143 in 80% water. The 3M product lot number as not noted. Datamay not accurately relate oxiiy ofthe est sample with that ofte test substance

METHOD
Methodiguideline followed: Microbics Microtox® “BASIC” Procedure
Type (test type): sate

GLP (VN: N
ear study performed: 1996

Speciesstrain: Photobacteriumphosphoreun
Supplier: Microbics

Doses (concentrations) used 0,625, 1250, 2500, and 5000 mg/L.Theconcentrations were nominal.
Two replicates were tested at cach concentration.
Exposure period: 30 mines

Analytical monitoring: none
Statistical methods: ECS0 values calculated by stitial linea regression program provided
for Microtox®.
“Test Conditions: Aprimary 10g/L stock solution was preparedin Millipore Mill-Q™ water. The pi
ofthe sock solution was 6.0 (no adjustment) and an osmotic adjustment was made using 200 mg NaCl
disolved in 10 mL stock solution. Appearanceof test solutions was noted as “lear and colorless.” All
test solutions were made by proportional dilutions. The test temperature was not noted. Cuvetes (3 mL)
were uscd as th exposure vessels. Two replicates were (sted at cach concentration, as wel a thecontol

Remarks: The numberofmicrobes per replicate andth growth phase ofthe microbes were notindicated.

RESULTS
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Dose of each endpoint (as mg/L): 5 minute ECS0 = 4460 (4020 ~ 4950) mg/L
15 minute ECS0 = 3360 (3090- 3641) mg/L.
30 minute EC50 = 3150 (2910 - 3420) mg/L

‘Wascontrolresponse satisfactory(ves/no/unknown): unknown

Statistical results, as appropriate: none

Remarks: none

CONCLUSIONS

‘The FC-118 30 minute ECSOfor Photobacterium phosphoreun was determined to be 3150 mg/L with a
95% confidence intervalof 2910-3420 mg/L.

‘Submitters’ remarks:Fordata reliability, the study was assigneda Klimisch ratingof2. Testing meets
all criteria for quality testing, but lacks analytical confirmationoftest substance concentrations. There is
alsoa lackof characterization of th test sample.

Reviewers’ remarks: none

REFERENCE

3M Environmental Laboratory. 1996. Microbics Microtox® Toxicity Testof FC-118. Lab Request
number P1626. St.Paul, Minnesota.

OTHER

‘General Remarks: This summary was based on a summary report and only limited data tables. No
detailed report was available. Therefore, the contentsofthis summary, in reference to the protocols and
resultsofthe study, are limited.
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‘TOXICITY TO MICROORGANISMS

“Title: Microbics Microtox® Toxicity TestofFC-1015-X

TESTSUBSTANCE

Identity: Perfluorooctanoic acid, ammonium salt; mayalsobe referred to as PFOA ammonium salt,Ammonium perfluorooctanoate, PFO, FC-116, FC-126, FC-169, FC-143, or as the major componet of
FC-1015 or FC-1015-X. (Octanoic acid, pentadecafluoro-, ammonium salt, CAS # 3825-26-1)

Remarks: The test sample is FC-1015-X. Tis purity was not sufficiently characterized, though current
information indicates itis a 30% straight carbon chain versionof FC-143 in 80% water, The 3M product
lot number was not noted. Data may not accurately relate toxicity ofthe test sample with that ofthe test
substance. Data were used to compare toxicityofthe branched” straight chain ammonium
perfulorooctanoate homolog mixture in FC-143 vs. FC-1015-X.

METHOD

‘Method/guideline followed: Microbics Microtox® “BASIC” Procedure:

Type (test type): static

GLP (YIN: N

Year study performed: 1996

Speciesistrain: Photobacterium phosphoreum

Supplier: Microbics

Doses (concentrations) used: 0, 416, 832, 1665,and 3330mg/L. Theconcentrationswere nominal.
‘Twvo replicates were tested at ach concentration.

Exposure period: 30 minutes

Analytical monitoring: none

Statistical methods: ECS0 values calculated by statistical linear regression program provided
for Microtox®.

‘Test Conditions:A primary 6.660 g/L stock solution was prepared in Millipore Milli-Q™ water. The
PHof the stock solution was 6.9 and an osmotic adjustment was made using 200 mg NaCl dissolved in 10
mL stock solution. Appearanceoftest solutions was noted as “clearand colorless.” All test solutions
were made by proportional dilutions. The test temperature was not noted. Cuvettes (3 mL) were used as
the exposure vessels. Two replicates were tested at each concentration, as well as two controls.

Remarks: The numberof microbes per replicate and the growth phaseofthe microbes were not
indicated.

RESULTS
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Dosesofeach endpoint (as mg/L): S minute ECS0 = 2300 (2070- 2560) mg/L
15minuteECS0 = 1960 (1730 - 2210) mg/L
30minuteEC50 = 1950 (1760-2160)mg/L

‘Was control response satisfactory (ves/no/unknown): unknown
Statisticalresults,as appropriate: none

Remarks: none

CONCLUSIONS

‘The FC-1015-X 30 minute ECS0 for Photobacterium phosphoreum was determined to be 1950 mg/L with295% confidence intervalof 1760-2160mg/L.

‘Submitters’ Remarks: For data reliability, the study was assigned a Klimisch rating of2. Testing meetsall criteriafor quality testing, but lacks analytical confirmationoftestsubstance concentrations. There is
alsoa lackofcharacterization ofthe test sample.

Reviewers’ Remarks: none

REFERENCE
3M Environmental Laboratory. 1996. Microbics Microtox® Toxicity Test ofFC-1015-X. Lab Request
‘number P1626. St. Paul, Minnesota.

OTHER
General Remarks: This summary was based on a summary report and only limited data tables, No
detailed report was available. Therefore, the contentsofthis summary,i reference to the protocols andresults of this study, are limited.
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‘TOXICITY TO BACTERIA
Title; Activated Sludge Respiration Inhibition

TEST SUBSTANCE

Identity: Perfluorooctanoic acid, ammonium salt; may also be referred to as PFOA ammonium salt,Ammonium perfluorooctanoate, PFO, FC-116, FC-126, FC-169, or FC-143. (Octanoic acid,pentadecafluoro-, ammonium salt, CAS # 3825-26-1)
Remarks: The 3M productionlotnumber was 37. The test samplewasFC-143. The purityofthesubstance wasnot sufficiently characterized, though current information indicates itwasamixtureof96.5— 100% test substance and 0 — 3.5% Ce, C, and Cs perfluoro analogue compounds.
METHODS

Method/guideline followed: Protocol reference EAR, 11/8/79

Test type: Not noted.

GLP (VIN): No

ear study performed: 1950

Test organism: Activated shudge mixed liquor

Source: Metro Wastewater Treatment Plant, St. Paul,MN.

Concentrations tested: Blank control, 1000 mg/L

Exposure period: Seven minutes

Analytical monitoring: None

Statistical methods: Graphed dissolved oxygen versus time in minutes.

“Test conditions: Not noted other than the stock solution was prepared with 0.6 g FC-143 diluted to 100
mL with DL water.

Remarks: No further details on testing methods were provided by the submiter.

RESULTS
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Doseofeach endpoint (as mg/L): No acute inhibitory effect on activated sludge respiration rate at 1000‘mg/L with a contact time of7 minutes.

Remarks: Results basedonnominal concentrations.

‘Was control response satisfactory (yes/nofunknown): unknown

Statistical results as appropriate: Not noted

CONCLUSIONS

Limited contact time estimates that ammonium perfluorooctanoate is not expected to inhibit the activity
ofactivated sludge.

Submitters” remarks: Klimisch ranking 3. Testing lacks recordofmethodology used. The method was
not an agency approved method. There is lackofcharacterizationofthe test sample and test solutions not
analyzed for test substance concentrations.

Reviewers’ remarks: No ECS0 or other effect level was given.

REFERENCE

3M Company. [No ite given. Lab request number 56255. St. Paul, MN,

OTHER

‘General remarks: This summary was bascd ona summary report and only limited data ables
No detailed report was available. Therefore, the contentsofthis summary, in reference to the.
protocols and resultsofthe study, are limited.
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TOXICITY TO BACTERIA

Title: Activated Sludge Respiration Inhibition Test

TEST SUBSTANCE

Identity: _Perfluorooctanoic acid, ammonium salt; also referred to as PFOA ammonium salt, Ammonium
‘perfluorooctanoate, FC-116, FC-126, FC-169,orFC-143. (Octanoic acid, pentadecafluoro-, ammonium
salt, CAS# 3825-26-1)

Remarks: The 3M production lot numberis 390. The test sample was FC-126, a white powdery solid.
“The purity was not completely characterized, although information suggested it was a mixtureof 78-93
percent test substance and 7-22 percent CS, C6, and C7 perfluoro analogue compounds.

METHODS

Method/guideline followed: OECD 209

Test type: Static

GLP (Y/N): No

‘Year study performed: 1987

‘Test Organism: Activated sludge mixed liquor was used the same day it was collected.

Source: Metro Wastewater Treatment Plant, St. Paul, MN.

Concentrations tested: 0, 100, 180, 320, 560, and 10000 mg/L test material solution. (Two blank
‘controls - 0 mg/L - were used, as well as a reference substance.)

Exposure period: 30 minutes; 3 hours

Analytical monitoring: It was not stated whether the concentrations were monitored throughout the test.

Statistical methods: Not stated.

Test conditions:

- Dilution water was aerated, distilled, deionized water with a pHof6.7
- Synthetic sewage was prepared according to OECD Guideline #209
-Suspendedsolidswere 2.7 g/L

- Test solutions were prepared by adding individual weights to solutions containing 284 mL
distilled water, 16 mL synthetic sewage feed, and 200 mL inoculum. ThepHofthe solutions was
adjusted to 7.0 using 1 N NeOH. The reference solutions were created using 500 mg/L stock
solutionof3,5-diochlorophenol,
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- pH ofthe activated sludge mixed liquor was 7.8 (initial) and 8.0 (final); pHofthe 1000 mg/L testconcentrationwas 7.4 (initial) and 8.1(fina)
+ Temperatureofthe test was 20-21 C (for both 30 min and 3 h),~ Exposure vessel type was not described.
~Numberof replicates not stated, except that two blankcontrols were used.
~ Respiration inhibition was determined by measuring dissolved oxygen consumption.
Remarks: Hardnessofthe dilution water was not presented.
RESULTS

Doseofeach endpoint (as mg/L):
At30 min: ECS0 (or respiration inhibition) = > 1000 mg/LAt3 hrs: ECS0 (for respiration inhibition) => 1000 mg/L.

Remarks:
- A reference substance was used, but no results were presened.

~ Noneof the doses resulted in 100 percent inhibition.

‘Was control response satisfactory (ves/no/unknown): Control response appeared adequate; less than |
‘percent respiration rate inhibition occurred. Also, th difference between the two controls was 2.2percentat 30 minutes and 0.8 percent at 3 hour; his meets th guideline criterionofbeing within 1S percent of
cach other.

Statistical results, as appropriate: none

CONCLUSIONS

“The authors sate that the test material induced 38 percent inhibition in respiration rate at 1000mg/L aftr3 hoursof exposure.

‘Submitters’ remarks: The authors state tha th Klimisch data quality ranking was 2, and tht th study
meets the criteria for quality testing. However, the study lacked characterization ofthe est substancepurity and analytical confirmationofconcentrations. Also, no results were presented for the reference
compound.

Reviewers’ remarks:

REFERENCE
3M Company. Activated Sludge Respiration Inhibition Test. Environmental Laboratory; Lab
Request Number E1282. St. Paul, MN.

OTHER

General remarks: This summary was based on a summary report and only limited data tablesNo detailed report was available. Therefor, th contentsofthis summary, in reference to the
protocols and results of the study, are limited.
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TOXICITY TO BACTERIA

Title; Activated Sludge Respiration Inhibition

TEST SUBSTANCE

Identity: Perfluorooctanoic acid, ammonium salt; may also be referred (0 as PFOA ammonium salt,
Ammonium perfluorooctanate, PFO, FC-116, FC-126, FC-169, FC-143,oras a major componentof FX-
1003. (Octanoi acid, pentadecaluoro-, ammonium salf, CASRN 3825.26-1)

Remarks: The 3M production lot numberwas2327. The test samplewasFX-1003. Thepurity ofthe testsubstancewasnot sufficiently characterized, though available information indicated it wasasoution of<45% ammonium perfluorooctanoate, 50% water, <39% inert perfluorinated compound and 1-2% C; and.
C; perfluoro- analogue compounds. The test substance was a lear liquid. The reference substance usedfor this study, 3,5-dichlorophenol, was Aldrich red label, lot numberD7-060-0.

METHODS

Method/guidelinefollowed: OECD 209

Test type: Static

GLP (YN: No

Year study performed: 1990

‘Test organism: Mixed liquor activated sludge was collected from Metro Wastewater Treatment Plant.
‘The test organisms were used on the day obiained. The condition ofth organisms was not specified.
‘Supplier: Metro Wastewater Treatment Plant

Concentrations tested: 0 (blank control and 1000 mg/L FX-1003 were used for each exposuse period
(30 minutes and 3 hours). Two replicates ofthe blank control and one replicate of 1000 mg/L FX-1003
were used for each exposure period. A reference control, 3,5-dichlorophenol, was included at a
‘concentration of 10 mg/L. One replicateofth reference control was used for ach exposure period.
Nominal concentrations ofthe est substance and reference control were used during thi study.
Exposure period: 30-minutes and 3-hours

Analytical monitoring: Dissolved oxygen concentrations were monitored inorderto determine.
respiration inhibition,asdetermined by oxygen consumption.

Statistical methods: Notspecified

“Test conditions: The inoculum contained 3.2 g/L.of mixed liquor suspended solids. The tet substance:
was created by a mass addition to & solution containing 284 mL Millipore Milli-Q® water, 16 mL
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synthetic sewage fod, and 200 mL inoculum. The test substance vas spares isle with water: Arence solution wes ceed ing S00 mi tock solutionof3.5-hrophero Th mil andfinal pH of he acvated Sug mixed gio was 7 snd 7.1. reserve Th ial pf of he 1000mL test soluion was 3. The ial pH ofthe rfeence solution10mg/L 3.-diehorophenl, was7."The mperatr rang was 20 21°Cduringthe sy. To ples fh Sak contand one
replicateofeach concentrationof FX-1003 (1000 mg/L) and 3,5-dichlorophenol (10 mg/L), were used forach expose period CO mints nd 3 hows).
Remark: No additonalcoments
RESULTS

Dose of each endpoint (as mg/L): 30-minute ECS0 >1000 mg/L
‘3-hour C50 >1000 mg/L.

Remarks: Testing was conducted on the mixtureofthe described cst substance, Th values reporidapy to tht mitre and nt te tt subncs,
Was control response stfacory(sesnoankao: Yes
Statistica revolt, as appropriates No addon comments
‘CONCLUSIONS“The FX-1003 hour ECS0foactivated she respon iinwas determined 0 be >1000mL.
Submiters’ remarks: Kiinisch ranking2. Testing mes ll ea for qaliy testing but aksanalytical confimarion of et substance concenration. Thee 1 ackofharacenzaonofte fsSample. Th estingrodwas not Fly documented.
Reviewers’ remarks: The conclusions sppe to be supported by th data, however, mid data wereavailable to dene 366s ho dy.
REFERENCESM Environmental Laboratory. 199. Activated Shdge Respirtion ain. t. Pl, Minnesoa LabReaves amber G2682
OTHER

General remarks: This summary was sed on sry sporta iiddu bls. Nodied report was availble. Thrsor, he cotntsof ths summary in erence therosa and estofhe sd, as Bd.
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TOXICITY TO BACTERIA
Title: Activated Shudge Respiration Inibiion Test
TEST SUBSTANCE

Identity: Perfluorooctanoie acid, ammonium salt; may also be refered 0 as PEOA terabutylammniumsalt, Ammonium perflorooctanoste PFO, FC-116, FC-126, FC-165, FC-143, oras a major component of
GC-1015 or FC-1015-X. (Octanoic acid, pentadecafluoro-, ammonium salt, CAS # 3825-26-1)

Remarks: The test sample was FC-1015-X. IVs purty was not suficintly characterized, though currentinformation indicatesitisa 30% straight chain version of FC-143 in 80% water. The 3M product lot
number was “HOGE 205." Data were used 0 compare the toxicity ofthe branched! siraight chain‘ammonium perfluorooctanoae homologue mixture in FC-143 with what is supposed (0 bs the 100%
right carbon chain ammonium perfluorooctanoate in FC-1015-X.
METHODS

‘Method/guideline followed: OECD Test #209

Test type: sate

GLP (VIN): 10

Year study performed: 1996

“Test Organism: activated shdge
Supplier: The activated shudge mixed liquor was collected rom the Mero Wastewater Treatment Plant
int Paul, MN.
‘Concentrations ested: 420, 540, 1660,and 3320 me/L. Two blank controls anda reference substance
were also ested. The concentrations were nominal.
Exposure periods 30 minutes and3 hows
Analytical monitoring: none

Statistical methods: none
“Test conditions: The dion water us was Millipore Milli-Q water. A stock solution ofthe
reference substance, 3-dihlorophenal, was prepared by dissolving 500 mg in 10 mL IN NAOH, diluted
10.30 mL, then brought to the point of incipient precipitation with 1N H;SOy and diluted to 1L. The pH.
ofthe reference solution was measured to be 7.2. The test substance was added directly to he test
vessel.
Synthetic sewage per OECD guidelines (Test #209) was used.
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‘The temperature ranged from 19.1 to 22.1 °C. Initially, total suspended solids were measured at 3.22 gL.
At the end ofthetest, TSS = 1.3 g/L. The initial pH = 7.8, while the finalpH =7.9. The waterhardness
was not indicated.

‘The element basis was respiration inhibition as determined by oxygen consumption.

Remarks: Authors reported that values were corrected to 20C for calculations.

RESULTS

Dose of each endpoint (as mg/L): 30 min ECS0 > 3320 mg/L
3hEC5023320 mg/L.

Remarks: Testing was conducted on the mixtureofthe test substance as described in the test substance
remarks field. The values reported apply to that mixture and not th test substance. A reference
substance of 3,5-dichlorophenol was used, but ECS0 values were not reported.

‘Was control response satisfactory (ves/nofunknown): unknown

Statistical results,asappropriate: none

CONCLUSIONS

‘The FC-1015-X 3 hour ECS0 for activated sludge respiration inhibition was determined to be
ereater than 3320 mg/L.

‘Submitters’ remarks: The study was assigneda Klimisch ranking of2. Testing meets all criteria for
quality testing, but lacks analytical confirmationof test substance concentrations. There s a lack of
characterizationofthe est sample.

Reviewers’ remarks: none

REFERENCE

3M Company Environmental Laboratory. 1996. Lab Request N2169. St. Paul, MN.

OTHER

‘General remarks: This summary was bascd ona summary report and only limited data ables.
No detailed report was available. Therefore, the contentsofthis summary, n reference to the
protocols and resultsofthe study, are limited.
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MICROBICS MICROTOX® TOXICITY TEST
TEST SUBSTANCE
Identity: Perfluorooctanoic acid, etrabutylammonium salt; mayalsobe
refered t0 as PFOA tetrabutylammoniun salt,

tetrabutyammonium perfluorooctanoate, N2803-2, o as amajor
componentof L-13492. (Octanoic acid, pentadecailuoro-,
tetrabutylammonium sal, CAS # 95658-53-0)
Remarks: The 3M production ot numberwas2. The test sample is
refered to by th testing laboratory as L-13492. The purity ofthe sample
was not sufficiently characterized, although current information indicates it
isa solution of#4 9%terabutyammonium perfluorooctanoate, 27.9%
‘water, and 27.2% isopropanol.
Thefollowing summary applies 1 the est sample as a mixtureofthe
est substance in an isopropanolwater solution with incompletely
characterized concentrationsofimpurities. Data may not accurately
relat toxicityofthe test sample wth thatof the tes substance.
METHOD:
Method: Microbics’ Microtox® “BASIC” Procedure.
GLP: No
Year Completed: 1995
Species: Photobacterium phosphoreun
‘Analytical monitoring: pH, light output
Replicates: 2
Statistical methods: ECS0 values calculated by satistial linear
regression program provided for Microtox®
Test organism source: Microbics Corporation, Carlsbad, CA
Test Conditions:
Dilution water: Millipore Mill-Q TM water.
Stock and test solution preparation: A primary 2000 mg/L stock
Solution was prepared in Millipore Milli-Q water. The pHofthe
stock solution was then adjusted from 4.7 10 6.7 using 0.1 N NaOH
and an osmoic adjustment was made using 200 NaCl dissolved in
10 mL stock solution. Appearance oftest solutions was noted 15
“clear and colorless”. A I test solutions were made by proportional
ilutions
Exposure vessel: 4 mL glas cuvettes
Numberofreplicates: Two
Numberofconcentrations: Four plus blank control.
Element Basis: Percent light loss.
RESULTS
Nominal concentrations: Blank control, 125, 250, 500, 1000mg/L
Element value and 95% confidence interval:
S-minute ECS0 = 630 (590-665) me/L.
15-minute C50 = 300 (270 - 330) mg/L
30-minute ECS0= 260 (220- 300) mg/L
Element values based on nominal concentrations.
Remarks: Testing was conducted on a mixture a described inthe Test
Substance Remarks field. The values reported apply to that mixture and
not the fluorochemical component alone.
CONCLUSIONS
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“The test sample 30-minute ECS0 for Photobacterium phosphoreun was
determined to be 260 mg/L with a 95% Confidence Intervalof 220-300
mgL.
Submitter: 3M Company, Environmental Laboratory, P.O. Box 33331, St.
Paul, Minnesota, 55133
DATA QUALITY
Reliability: Klimisch ranking 2. Testing meets ll criteria for quality
testing, but lacks analytical confirmation of test substance concentrations
in the test solutions and sample purity is not sufficiently characterized.
REFERENCES
“This study was conducted by the 3M Company, Environmental
Laboratory, St Paul, MN,LabRequest number N2169, 1995
OTHER
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Title: Bioconcentration test of Perfluoroalkylcarboxylic acid (C=7-13) [This test is performed.
using Perfluorooctanoic acid (Test substance number k-1519)] incarp

TEST SUBSTANCE
Identity: K-1519. Perfluorooctane sulfonic acid, potassium salt. Lot number A37626B.
Remarks: Test substance number K-1519. The test substance is a white powder. Purity
determined to be 98%. The test substance was treated as 100% purity.

METHOD:
Method/guideline followed: Method for Testing the Degree of Accumulationof Chemical
‘Substances in Fish Body” stipulated in the “Test Method for New Chemical Substance” July 13,
1974, Revised October 8, 1998, Kanpogyo No. 5, Planning and Coordination Bureau,
Environmental Agency; No 615, Pharmaceutical Affairs Bureau, Ministryof Health and
Welfare: and No. 392, Basic Industries Bureau, Ministry of Intemational Trade and Industry,
Japan), and Bioconcentration: Flow-through Fish test Guideline 305, June 14, 1996)” in the.
‘OECD Guidelines for Testing of Chemicals.
Type: Flow-through system
GLP (Y/N): Yes
Year: December 18, 2000
‘Species: Carp (Cyprinus carpio)
Supplier: Fuluokaken yabegawa fishermen’s cooperative association
Length and weight at test termination:

Mean lengih = 6.8-8.6
Mean weight = No weight recorded

Loading: 2 and 20 ug/L respectively
Fish Age: Yearling fish
Analytical monitoring: High-performance liquid chromatography-Mass spectrometry
Pretreatment:
Test water: Aliquotoftest water for level 1 and level 2 were one and two mi respectively for

HPLC-mass spectrometry.
Test Fish: Fish were taken from each test tank and pretreated for HPLC-Mass Spectrometry.

Measurementof body weight and length, chopped into pieces, making sample fine, taking out 1
5 grams. Treated with acetonitrile (20 mL), homogenized, washed, and centrifuged. Residue
Supernatant Filtration and sampled for LC-MS analysis

Numberof concentrations: Two plusa negative control
Test concentration: (mean measured): Negative control, 5 and 50 ug/L.
Uptake period: 28 days
Depuration period: Not stated.
Test conditions:

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

‘Specific conductance: Not recorded
Hardness: 111 mg/L
Alkalinity: 96.1
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pH: 78
Dissolved Oxygen: <6
Temperature: 24.3 10 25.6C

Stock and test solution preparation: Based on preliminary test results for the 96 hour LCS0
value and analytical detection limit, test concentrationsofthe test substance were decided as
follows. The control wassetas a blank test. Level I was 5 ug/L and Level 2 was 50 ug/L. The
fest substance was dissolved with ion-exchanged water to prepare 500 mg/L stock solution.
Diluter flow rate: 2 mL/min for stock solution and 800 mL/min for dilution water; 1155
litersday for test water were supplied.
Exposure Vessels: 100 lierglass tank
Numberofreplicates: None
Numberoffish per vessel:

Level 1 and 2: 28
Contol: 8

Diet: Nippon Formula Feed Mfg. Co, Ld.

‘Water chemistry ranges during the study:
C INepComwol  JSOugL _ Tsugl |

lp: (76-78 [76-78 76-78 | :

Photoperiod: Artificial lightof white fluorescentlamp (14 hrs./day)
Light intensity: Artificial lightof white fluorescent lamp

Collectionoftissue samples: Analysisoftest fish was performed six times at each level in
durationofexposure. Four fish were taken out at each sampling time and divided into two
groups, and then both were analyzed individually. Analysisof control fish was performed before
the experimental starting and after the experimental completion. Four fish were taken out at each
sampling time and divided into two groups, and then both were analyzed individually. The fish
were sampled for there lipid content by fixing theme in chloroform-methanol extraction with
gravimetric analysis
Statistical methods: Calculationoflipid content was as follows: Lipid content (%) = (T-To)'S x
100
Where
To = Weightof vessel (2)
T= Weightofsampleofgravimetric analysis (containing vessel) (g)
= Weight of finesampletaken out for analysis of lipid content.

Two fish were employed to measure the lipid content becauseof insufficient size.

‘Confirmationofthe steady-state was reached. It was evaluated that a steady-state had been
reached when there successive analysisofBCEs made on samples taken at intervalsof at least 48
hours were within 20%ofeach other. When BCFs were aless than 100, it was evaluated that a
steady-state had been reached afer 28 days even if BCF were over 20%ofeach other.
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Bioconcentration factors (BCF):
Level 1 (5 ug/L) apparent steady-state BCF Time to reach 50% clearance:

TTT
[owtTass Taeo [ael Jas6 [483 [a6l |azi+oior]

PFOA Concentration in Tissue of Carp Exposed to 5 and 50 ug/L:

= CAww

Test organism mortality:
Negative control: None documented.

AnalysisofPFOA in the test water and carp was performed using high-performance liquid
chromatography-mass spectrometry (HPLC-MS) analysis. The test waterofeach level was.
analyzed once before first analysisoftest fish and at the same time as the analysisofthe test fish.
Steady state was reached when three successive analyses of BCFs made on samples taken at

was evaluated thata steady-state had been reached after 28 days.

Concentrationoftest substance in test water at a steady-state
‘The mean concentrationofthe test substance in test water at a steady state were 94% of
‘nominated concentrations.
The measured lipid contentsinthetestfish were 3.10% before initiationofexposure and 2.82%==
(CONCLUSIONS
In this study, PFOA BCF ranged from 31 for level 1 and 5.1.9.1 for level 2 in the tissuesofcarp.
‘Test concentrations of5 and 50 ug/L were used. The fish were exposed for 28 days.
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